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Preface

The XIHth International Congress ofArachnology was held at the Museum
d'histoire naturelle of the City of Geneva, from 3rd to 8th September 1995, under

the aegis of the Centre International de Documentation Arachnologique (C.I.D.A.).

Members of the local organizing committee were: Carole Ambord, Corinne

Charvet, Louis de Roguin, Albert Keller, Volker Mahnert (President) and Christian

Wyler.

105 oral scientific communications and 48 posters were contributed by the

198 participants (plus 25 accompanying persons, making a total of 223 in-

scriptions) from most European countries, Russia and the new countries of the ex-

USSR, North and South America, Australia, New Zealand, China, Hong Kong,

Japan, Thailand, Israel, Egypt, and South Africa. Most of the communications were

presented in English, only a few being given in the other official congress

languages (French, German, Italian, Spanish). The Congress was officially opened

on Monday, 3rd September, by Mr Alain Vaissade, Minister of Culture and Mayor

of the City of Geneva, in presence of the University Authorities.

On behalf of the Organizing Committee, I would like to record my thanks to

the entire staff of the Museum, who did a wonderful job in creating a friendly

ambiance of hospitality, thus encouraging frequent and successful discussions, and

to the different organizations which supported this congress: Fonds national Suisse

de la recherche scientifique (grant no. 3101-041639.94); City of Geneva and its

Natural History Museum; Canton and Republic of Geneva; University of Geneva

(Faculty of Science and Department of Zoology and Animal Biology); Canton of

Vaud; International Science Foundation, Washington; Bank Kleinwort Benson,

Geneva; Carl Zeiss AG, Zurich; CIBA-Geigy, Basle; Swiss Bank Corporation,

Geneva.

As editor of the proceedings of this congress, I which to express my gratitude

to 62 colleagues from around the world for their assistance with refereeing all

submitted papers; without their help and positive criticisms. I would never have

succeeded in publishing this special number of Revue Suisse de Zoologie with such

a relatively short delay.

To all who attended the congress we express our thanks for the presentation

of interesting lectures and posters, and for all the pleasant hours we spent in your

company. To all of us who had been involved here, the Museum seemed be very

empty after you had left. I will be glad to meet you again at the next congress in

Chicago.

Volker Mahnert

Geneva, April 1996
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An emendation of the generic concept of Pachyloides

,

with the description of a new species

(Opiliones, Gonyleptidae, Pachylinae)

Luis Eduardo ACOSTA
Catedra de Diversidad Animal I

Facultad de Ciencias Exactas, Fisicas y Naturales

Universidad Nacional de Cordoba

Av. Velez Sarsfield 299, 5000 Cordoba, Argentina.

An emendation of the generic concept of Pachyloides, with the des-

cription of a new species (Opiliones, Gonyleptidae, Pachylinae). - The
diagnosis and scope of the genus Pachyloides are emended, to comprise

not only species with 7 tarsal segments in legs III and IV, but also those

with 6 tarsomeres in those legs. As a result, three new combinations arise,

all removed from Parabalta: Pachyloides sicarius, Pachyloides borellii

and Pachyloides alticola. The genus Daguerreia is determined to be a

junior synonym of Pachyloides; one of its species is transferred to the latter

{Pachyloides maculatus), the remaining one {Daguerreia inermis) is

considered incertae sedis. A new species, occurring in montane forests of

the Argentinian provinces of Tucuman and Catamarca, is here described as

Pachyloides cochuna (tarsal segments 6:n:6:6); it can be separated from

other members of the genus by the presence of a tuberous apophysis on

coxa IV of the male.

Key-words: Opiliones - Gonyleptidae - Pachyloides - systematics -

Neotropics.

INTRODUCTION

Like many other genera of Pachylinae, whose current definitions go back to

the Roewerian system, Pachyloides Holmberg, 1878 remained hitherto an ill-defined

entity, in need of revision. The genus was monotypic when first described, but then

about 12 species have been further assigned to it (see complete list below).

Roewer (1913) characterized Pachyloides by the combination of four main

features: ocular mound with paired armature, palpal femur armed with a subapical

spine, dorsum and free tergites unarmed, and tarsal formula 6:n:7:7. According to

Manuscript accepted 13.12.1995.

Proceedings of the XHIth International Congress of Arachnology, Geneva, 3-8-IX.1995.
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these "traditional" criteria, the nearest relative of Pachyloides would be Parabalta

Roewer, 1913, since it shows the same character states, save the number of tarsal

segments on legs III and IV (6:n:6:6 in the latter; Acosta 1992). Parabalta was

originally erected for the Chilean Gonyleptes reedii Butler, 1876 (type species by

monotypy). In 1925 Roewer added to it two new species from NW Argentina, P.

sicaria and P. borellii, and later Ringuelet (1963) described Parabalta alticola, from

the Argentinian province of La Rioja. Six species usually deemed to belong to

Neopucroliella Roewer, 1931 have been transferred to Parabalta by Soares &
Soares (1954), as they believed that those genera were synonyms. Their view has not

been supported (Ringuelet 1956, 1959; Acosta 1993) and Neopucroliella has been

currently mantained as valid. However, one of the species assigned to it must remain

in Parabalta: P. cristobalia (Roewer, 1943), from Chile (Acosta 1993). Thus, this

genus comprises so far two nominal species from this country and three from

Argentina.

I first noticed the inadequacy of the generic taxonomy while revising the two

supposed Argentinian Parabalta species described by Roewer (1925) (Acosta

1992). Although fitting well into the classical definition of Parabalta, the habitus of

these species parallels closely that of Pachyloides thorellii Holmberg, 1878 (type

species), even more than the latter resembles some other presumed Pachyloides. As I

have already noted (Acosta 1992), the reliability of the tarsal formula as the only

diagnostic character seems not to be convincing. First, the character proved to be

somewhat variable in some species of Pachyloides: 7,9% of the studied tarsi III and

IV of P. thorellii bear 6 segments instead of 7, while this percentage rises to 20,3% in

Pachyloides tucumanus Canals, 1943. Such variability may affect only one pair of

legs, or even a single tarsus. This was probably not noticed by Ringuelet (1959), so

that he misidentified examples of P. thorellii and P. tucumanus with tarsomeres

6:n:6:6, determining them wrongly as Parabalta sicaria. Ringuelet (1959) also

assigned to this nominal species some individuals belonging to a yet unnamed form,

which I describe below as Pachyloides cochuna. Ringuelet's mistakes are surprising,

for he seemingly took into account exclusively the tarsal formula for identification,

instead of considering the whole morphology, which would have provided him with

many good diagnostic features.

In fact, these difficulties emphasize the already mentioned morphological

closeness between Pachyloides proper and the supposed Argentinian Parabalta

species. When reviewing these forms (Acosta 1992) I was not able to study the

Chilean Parabalta -which include the type species-, so I was then unable to decide

whether the case was one of full generic synonymy or if those species should be

transferred to Pachyloides. I have now studied the Chilean species (the revision of

Parabalta, with at least three new forms, will be published elsewhere), and it is now
clear that the solution corresponds to the second alternative. Parabalta is well defined

by its external and genital morphology, and it is geographically limited to central

Chile, in contrast to the wide trans- and cisandean range suggested by the old,

erroneous concepts (Fig. 1). The transfer of P. sicaria, P. borellii and P. alticola to
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Fig. 1. A: Supposed ranges of the genera Pachyloides (rhombs) and Parabalta (stars),

according to the data hitherto available in the literature: "1" indicates a site where a harvestman

genus "near to Parabalta" was mentioned (Maury & Roig Alsina, 1982). B: Known localities

of the same genera, after the changes proposed in this paper (new localities have been added);

circles: species from southern Brazil, that probably should be removed from Pachyloides (see

text); x: type locality of Pachyloides fischeri and Pachyloides tuberculatus, junior synonyms of

Discocyrtus dilatatus: ?: localities from which "Parabalta" sicaria was cited, but I have not

been able to check the specimens.
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Pachyloides requires a modification of the diagnosis of the genus, to include the

forms with 6 tarsites in legs III and IV, among them the new species P. cochuna.

Further, there is a nominal genus which must be synonymized with

Pachyloides: Daguerreia Canals, 1933. When first described, it included only

Daguerreia maculata Canals, 1933. The brief original diagnosis does not indicate

which characters justify the creation of a new genus, or the differences from other

genera. This diagnosis - which followed closely the Roewerian style - cannot be

distinguished from that of Pachyloides. Apart from this, the genital morphology (Figs

6-7) confirms that they are the same genus. Pachyloides maculatus n. comb, differs

from «typical» Pachyloides by its darker coloration, instead of the reddish-hazel

colour characteristic of most species in the genus. But many other external features,

e.g. the armature of leg IV of male, show clear similarities. It is strange that no author

has even suggested this affinity. More surprisingly, Soares & Soares (1947)

described Daguerreia inermis from Brazil, upon a single female and without stating

why they decided to place their new species in Daguerreia and not into another

genus. This form probably does not belong in Pachyloides (Pinto-da-Rocha, in litt.),

and thus it must remain as incertae sedis until its generic position can be clarified.

Abbreviations of the collections cited are as follows: CDA (Catedra de

Diversidad Animal I, Facultad de Ciencias Exactas, Ffsicas y Naturales, Universidad

Nacional de Cordoba), IML ( Institute Miguel Lillo, Tucuman),MACN (Museo

Argentino de Ciencias Naturales, Buenos Aires), MHNG (Museum d'histoire

naturelle de Geneve), and SMF (Senckenberg Museum, Frankfurt).

Genus Pachyloides Holmberg, 1878

Pachyloides Holmberg, 1878:72.

Pachyloides: Ringuelet 1956:19 [=Canalsia]; 1959: 351 [complete synonymy].

Canalsia Mello-Leitao, 1930:139.

Daguerreia Canals, 1933: 5, syn. n.

Type species: Pachyloides thorellii Holmberg, 1878, by indication (monotypy).

Distribution (Fig. 1 B): Argentina: provinces of Buenos Aires, Entre Ri'os,

Cordoba, Mendoza, San Juan, La Rioja, Catamarca, Tucuman, Salta and Jujuy.

Uruguay. Southern Bolivia. Southern Brazil?

Emended Diagnosis: Eye mound with paired armature, two apophyses or

conical tubercles, sometimes very small. Dorsal scutum generally unarmed, with

granulation arranged in transverse rows or irregularly; in many species it is very

conspicuous, and in some cases a pair of paramedian granules on areas III and IV are

larger than the rest, even resembling low tubercles. Palpal femora armed with one

mesal, subapical spine. Tarsal formula: 6:n:6-7:6-7. Penis: apical plate of truncus

bearing 5-7 pairs of lateral spines, in two groups (subapical and basal); stylus with a

short ventral process, with a bifurcated tip.

Comparisons: Parabalta differs from Pachyloides by many features of its

external morphology, especially the general habitus {Parabalta being larger animals.
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Figs 2-9

Morphology of distal end of penis in four gonyleptid species: 2-3. Parabalta reedii (Butler). 2,

dorsal view, 3. lateral view; 4-5. Pachyloides thorellii Holmberg, 4, dorsal view, 5, lateral

view, 6-7. Pachyloides maculatus (Canals) comb, n., 6. dorsal view. 7. lateral view, 8-9.

Pachyloides cochuna n. sp.. 8. dorsal view, 9, lateral view. Scale lines: 0. 1 mm.
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with dorsal scutum almost smooth) and the armature of leg IV of male (among other

differences, nearly all species of Parabalta bear strong, ventral apophyses on tibia IV,

while this segment is always unarmed in Pachyloides). The most important difference

concerns the genital morphology: a dorsal, finger-like projection at the basis of stylus

characterizes penes of Parabalta (Figs 2-3); this structure is lacking in Pachyloides

(Figs 4-9). On the other hand, the nearest relative of Pachyloides is the genus

Neopucroliella, with general habitus and morphology of penis very similar (cf.

Acosta 1993: figs 6-7). Hitherto these genera have been differentiated largely by the

tarsal formula (5:n:6:6 in Neopucroliella). Whether they are synonyms, or if the latter

should be ranked as a subgenus of Pachyloides, is yet to be determined.

Included species: Pachyloides thorellii Holmberg, 1878 [=Pachyloides

delicatus Mello-Leitao, 1931]; Pachyloides sicarius (Roewer, 1925) comb, n.; Pachy-

loides borellii (Roewer, 1925) comb, n.; Pachyloides maculatus (Canals, 1933)

comb, n.; Pachyloides tucumanus Canals, 1943; Pachyloides alticola (Ringuelet, 1962)

comb, n.; Pachyloides aelleni Silhavy, 1979; Pachyloides hades Acosta, 1989; Pa-

chyloides cochuna n. sp., here described; Pachyloides iheringi Roewer, 1913 (*);

Pachyloides armatus Roewer, 1916 (*); Pachyloides bellicosus Roewer, 1913 (*);

Pachyloides calcartibialis Roewer, 1916 (*); Pachyloides fallax Mello-Leitao, 1932

(*); Pachyloides taurus Mello-Leitao, 1937 (*); Pachyloides spinosus (Canestrini,

1888) Species inquirenda.

* The six asterisked species, which occur in southern Brazil, constitute a

homogeneous group, that may prove to belong to another genus, as suggested by their

external morphology. The question still remains to be solved, until data from their

genital morphology become available.

Excluded species:

Pachyloides orientalis Roewer, 1913: belongs to the genus Discocyrtus Holmberg,

1878 (Acosta, in press).

Pachyloides fischeri Muller, 1918: junior synonym of Discocyrtus dilatatus Sorensen,

1884 (Acosta, 1995).

Pachyloides tuberculatus Muller, 1918: junior synonym of Discocyrtus dilatatus

Sorensen, 1884 (Acosta 1995).

Incertae sedis: Daguerreia inermis Soares & Soares, 1947:217.

Pachyloides cochuna n. sp. (Figs 8-14)

Parabalta sicaria: Ringuelet 1959 (part.):365, figs 51 a, b [misidentification:

material in MACN with catalog numbers 3398 and 3397].

Holotype ( 6 ) and allotype ( 9 ) (MHNG), 1 6 and 1 9 paratypes (CDA), 1 6 and 1 9
paratypes (SMF): Rio Cochuna, province of Tucuman, Argentina, 10/1/1993 (L. Acosta, D.
Hauser);4 6 paratypes (MACN 3398) and 5 9 paratypes (MACN 3397), Esquina Grande,
province of Catamarca, Argentina, 17-20/VII/1950 (Cranwell-Navas).

Other material examined: ARGENTINA. Province of Tucuman.- Between Alpachiri

and Rio Cochuna, 770 m, 1 1/1/1993 (L. Acosta, D. Hauser), 1 9 (CDA), 780 m, 1 6,3 9
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(CDA), 790 m, 1 J, 1 9 (CDA), 950 m, 1 6\ 2 9 (CDA), 980 m, 4 <J, 5 9 (CDA), 1000 m 5

9 (CDA); Rio Cochuna, 1070 m, 10/1/1993 (L. Acosta, D. Hauser), 12 6. 15 9 [not types]
(CDA); same loc, 6/111/ 1963 (W. Weyrauch), 3 6 (IML); 8 kin from Rio Cochuna to La
Banderita, 1570 m. 12/1/1993 (L. Acosta. D. Hauser), 1 6 (CDA); La Banderita, 1700-1750 m
12/1/1993 (L. Acosta, D. Hauser), 1 9 (CDA).

Etymology. The species is named aft«.T the type locality.

Table 1

Measurements (mm) o f holotype 6 and al lotype 9 of Pachyloides cochuna n. sp.

Holotype 8 nAllotype x

Scutum, length/width 6.75/6.71 6.24/5.67
Leg I, total/femur length 12.35/3.09 10.67/2.68
Leg II, total/femur length 18.69/4.73 16.24/4.09

Les III. total/femur length 15.94/4.29 13.65/3.62
Leg IV , total length 21.78 18.07

trochanter 1.94 1.21

femur 4.96 4.29
patella 2.01 1.74

tibia 4.29 3.59

metatarsus 6.37 5.30

tarsus 2.21 1.94

Pedipalp. total/femur length 7.21/1.88 6.81/1.68

Chelicera, total length 2.1 1 1.94

Ocular tubercle, width/height 1 .02/0.62 0.87/0.35

Distribution: Only known from the SW corner of the province of Tucuman and

bordering area in the province of Catamarca. Collected between 770 m and 1 700 m,

in the biogeographic unit known as the "yungas", both in the subtropical montane

rainforest and in the aliso forest belt (though it seems to be more abundant in the

former biotope).

Description:

Coloration: General colour in preserved specimens hazel, living individuals

lighter and more reddish. Dorsal surface with finely granular pigment, forming

reticulation on prosoma and lateral areas, and leaving clear spaces around mesotergal

granules. Limits of scutum areas usually bordered by darker lines. Coxa IV dorsally

uniform hazel, except anterolateral angle, with open reticulation, that extends to the

whole ventral surface of the animal. Rest of leg IV more reddish, with faint pigment,

except metatarsus and tarsus, yellowish-hazel.

Measurements: Holotype and allotype: Table I. Dorsal scutum length, 5:

5,30-7,20 mm (x= 6.41 mm. n= 31). 9: 5,30-6.57 mm (x= 6.07 mm, n=40).

Morphology: Eye mound with a pair of conical apophyses. All scuta] areas

with one row of granules. Granulation of scutum less conspicuous on anterior areas,

increasing posteriorly in number and size of granules. Lateral areas with incons-
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Figs 10-14

Pachyloides cochuna n. sp. 10-13: Holotype male (MHNG), 10. Dorsal scutum, coxae IV, right

trochanter and femur IV, dorsal view, 1 1. Coxa, trochanter and femur IV (right), ventral view,

12. Coxa, trochanter, femur and patella IV (right), prolateral view, 13. Eye mound, posterior

view. 14: Allotype female (MHNG), dorsal scutum, coxae IV. right trochanter and femur IV,

dorsal view. Scale lines: 2 mm in Figs 10-12, 14; 0.5 mm in Fig. 13.
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picuous row of granules. Legs I-III unarmed. Tarsal formula: 6:7-10:6:6 (6:8/9:6:6 in

holotype, 6:7/8:6:6 in allotype). Tarsi I showed unusually high degree of variability,

7,2% of the studied tarsi having 5 tarsomeres: a single female had 7 tarsomeres in legs

I (its tarsal formula was unique in being 7:8/9:6/7:7). Five of the 71 examined

individuals had 7 segments in at least one tarsus III and/or IV. Variation of number of

tarsomeres on leg II:

8 9 10 n

14 29 14 2 59

45 31 3 79

Male. Areas I-II with small granules, these become pearl-like in areas III, IV,

V and free tergites. In area III. and especially area IV. two slightly larger paramedian

granules, sometimes looking like low tubercles. In most examples the row in area V
leaves a median sector free of granules, as do the rows in free tergites I and II. Coxa

IV expanded sideways, its posterolateral angle armed with a tuberous apophysis,

opposite a prolateral apophysis on the trochanter; above it, a strong apophysis point-

ing backwards. Trochanter: in addition to the mentioned prolateral apophysis, there is

a strong, finger-shaped one, latero-distal and pointing upwards. Femur: dorsal surface

covered by dense pearl-shaped granulation: prodorsal row of larger granules, whose

size increases towards distal end; pro- and retroventral borders with a row of short,

acute apophyses, each increasing in size distally; subdistally, the retroventral row is

suddenly curved downwards, and then appears the largest apophysis, apicomedial.

Patella and tibia covered by small granules. Penis: Figs 8-9.

Female. Scutum granulation much less conspicuous. Leg IV armed with only

an acute, prolateral apophysis on coxa, and a spur-like, apicomedial apophysis on

femur.

Diagnosis and comparisons: In general P. cochuna resembles those Pachy-

loides species bearing a finger-like, upward-pointing apophysis on trochanter IV (P.

tucumanus, P. thorellii, and to some extent P. hades), but the new species is more

robust. Moreover, the presence of a tuberous apophysis on coxa IV of the male is

unique to this species within the genus. Pachyloides cochuna was confused with P.

sicarius by Ringuelet (1959), although the latter species lacks such a finger-shaped

apophysis on the trochanter; indeed, these two species share only the tarsal formula.
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A revision o{Asteron, starring male palpal morphology
(Araneae, Zodariidae)

Barbara BAEHR 1 & Rudy JOCQUE?
1 Zoologische Staatssammlung, Miinchhausenstr. 21, D-81247 Miinchen, Germany
- Musee Royal de l'Afrique Centrale, B-3080 Tervuren, Belgium.

A revision of Asteron, starring male palpal morphology (Araneae,

Zodariidae). - The revision of the genus Asteron, described in 1991 on two

species, will result in an important diversity increase as more than 100

species are already recognized.

The evolution in the genus is characterized by a spectacular development

of the male palp and more precisely by the size increase of the distal

tegular apophysis which is directed in the opposite direction of the

embolus. A cladistic analysis of the 12 supposedly monophylectic groups

(simplex, parasimp Iex, simile, reticulation, longiconductor, brachycon-

ductor, queenslandicum, howi, crassicalcar, mas, humphreysi and longi-

spina) is carried out. The most plesiomorphic species of the simplex-group

has a palpal morphology which is comparably simple as in the most ances-

tral species of Storena (Australia), Tenedos (South America) and an as yet

undescribed genus from South Africa.

The distribution pattern of the species-groups is presented. Just as for

Storena, the ancestral groups of Asteron are found in the eastern part of

Australia whereas the derived groups live in Western Australia.

The details of the distribution corroborate the hypothesis that the

Australian Zodariidae have a double origin.

Keywords: Zodariidae - Asteron - systematics - phylogeny - zoogeography

- historical biogeography

INTRODUCTION

In "We'll meet again", Jocque (1993) explained the double origin of the

Australian Zodariidae. Whereas only Asceua and Malinella reached Australia from

the Oriental region during the recent Ice ages, all other zodariid genera but one are

endemic to Australia (Jocque 1991). Cyrioctea belongs to the southern continental

fauna and is found in Australia as well as in South Africa and Chile.

Manuscript accepted 16.12.1995.
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The only Australian genus that has been revised so far is Storena (Jocque &
Baehr 1992, 1995), an excellent example of an isolated endemic Australian genus.

According to its phylogenetic relationships and its distribution pattern, it belongs to

the old tropical and subtropical fauna of Gondwanaland (Baehr & Jocque 1994). The

revision of the genus Asteron is the next step to review the poorly known, but

apparently extremely rich zodariid fauna of Australia. With the analysis of the

phylogenetic relationships, we aim to discover the origin of the genus and reconstruct

its dispersion on the Australian continent just as we did for Storena (Baehr &
Jocque, 1994).

MATERIAL AND METHODS

Apart from Asteron mas Jocque, 1991 and Asteron reticulatum Jocque, 1991,

no other species have been described in that genus. In the course of this study an

additional number of about a hundred species was discovered.

As in the genus Storena, the females are very rare and so far no strictly female

characters were used for the cladistic analysis. Although somatic characters are

relatively variable in this genus, it was impossible to recognize any characters we

were able to polarize. The male palps on the other hand vary to a large extent and

show a spectacular development with increasing complexity. Considering the number

of species discovered (around 100) it was decided to limit the analysis to the level of

species-groups. All examined males could be included in one of the 12 species-groups

so far recognized.

Abbreviations used

BA base of embolus

DP distal prong

DTA distal tegular apophysis

E embolus
EA embolar apophysis

LTA lateral tegular apophysis

P prong

R ridge

PD prolateral prong of DTA
PL plate

VTA ventral tegular apophysis

PHYLOGENETIC RELATIONSHIPS

The phylogenetic relationships of the species-groups are reconstructed accor-

ding to the cladistic principles of Hennig (1966). We followed the considerations of

Hennig (1966) and Brundin (1966 ), which establish that plesiomorphy and the place

of origin of a taxon are correlated.

Both authors independently made a cladistic analysis. Both methods used to

analyse the data yielded a single cladogram with minor differences between them.

The extent and the origin of these differences are explained below.The main outgroup
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Fig. 1. Cladogram of the species groups of Asteron.



18 BARBARA BAEHR & RUDY JOCQUE

Table 1

Character states used in the analysis of the phylogenetic relationships of speciesgroups Asteron.

Different apomorphic states are distinguished by lower case letters. States of a morphocline are

indicated by a number.

No. Character Plesiomorphic state

1. 1 lbia 2 retrolateral apophyses with deep concavity

2- LTA absent

3. LTA: structure conical

4. V 1 A: structuie trapezoid

j. DTA: structure membranous, spoon like
c DTA: structure of prolateral appendage short

7
/

.

P^T" A cVianpL/l A. Ml til »C i\\ \~\yc\ 1 'i tf*

v

1 1 'innpniTi tip i^rwi \/f*

\

8. DTA: tip of retrolateral appendage blunt

9. DTA: structure of retrolateral appendage without prong

10. Embolus rigid

1 1. Embolus shape short, not longer than VTA, fingerlike

12. Base of embolus embolus merges gradually with tegulum

13. Embolar apophysis absent

14. Embolar apophysis rounded

15. Base of embolus. separate from tegulum, chitinous plate

16. Prolateral ridge on tegulum absent

17. Ridge: length not reaching the base of bulbus

18. Ridge: shape convex

19. Ridge: structure without prongs

20. Cymbium without strong distal spine

Apomorphic state

la with 3 or 4 apophyses, ventrolateral one pointed

lb with 3 or 4 apophyses, ventrolateral one bipointed

lc with 3 or 4 apophyses, ventrolateral one distally swollen or hook-shaped
2 present

3a hookshaped

3b small, like a claw

3c 1 small, spiniform in vertical direction

3c2 small, spiniform in horizontal direction

3d reduced

4a I large, curved

4a2 large, spirally folded

4b very large, hook-shaped

4c small, reduced to a prong or plate on base of embolus
4d reduced

5a tunnel-shaped

5b large, sickleshaped, with a distal fold

5b 1 without retro and prolateral appendage
5b2 sickleshaped with distal fold and with retro and prolateral

appendage, main part on retrolateral side

5b3 semicircular, main part on dorsal side, retrolateral appendage as long as prolateral

appendage

prolateral appendage at least as long as half of cymbium and broad
7 concave

8 sharp tip

9a with additional blunt prong near base
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9b with additional blunt prong at a distance from base
10 flexible

11a as long as bulbus, cylindrical, semicircular

lib as long as bulbus. curled

11c as long as bulbus, tapered towards extremity

tlcl longer than bulbus, root thin

1 lc2 longer than bulbus. root directed retrolaterad or forwards and bent over ±1 80
°

llcl 1 longer than bulbus, root widened and flat

1 2a basis bent over ± 1
80°

12b basis separated from tegulum. plate-shaped

1 3 present

14 bifurcate

15a connected with small prong (VTA), discoidal or semidiscoidal

1 5a 1 connected with prolateral plate (VTA), semidiscoidal

15b connected with big hook-shaped VTA
15b 1 elongate, conical, connected with LTA, VTA reduced

15b2 elongate, dorsoventrally depressed, connected with LTA, VTA reduced
1 6 present

1 7 reaching basal part of tegulum

18 with concavity

19a with distal, freestanding prong (DP) on basal part of ridge

19b with distal prong (DP) on basal part of ridge, curved under embolar base

20 with one strong distal spine

used is Storena which is the sister-group of Asteron (Jocque 1991) and has recently

been revised (Jocque & Baehr 1992, 1995). The results of the character analysis are

presented in tables 2 and 3. The senior author used the method of Hennig (see Sudhaus

& Rehfeld 1992), whereas the junior author made a numerical cladistic analysis with

the program PeeWee (Goloboff 1994). All characters were run unordened. The combi-

nation of Whennig and Empezar with default concavity (K = 3) resulted in a single tree

with length 108.5 and consistency index 0.73. The length of the tree is not very relevant

as much depends on the weight of the characters which are attributed by the program

itself.

CHARACTERS

Only characters of the male palp were used. The numbers in brackets refer to

the character numbers in table 1

.

Tibia (1) with 2-4 apophysis. Cymbium (20) without or with distal spine.

Embolus (10, 1 1) (E) very variable, ranging from a short, rigid, fingerlike prong to a

curled whip-shaped structure with a prolateral embolar apophysis (13, 14) (EA) or to

a long semicircular structure. The base of the embolus (12) (BA) can be separated

from the tegulum as a plate (15) with various shape, ranging from a short prong

(P=VTA?) to a plate (PL). It is not quite sure that this prong is homologous with the

VTA. The tegulum is provided with a lateral tegular apophysis (LTA) (2,3). a ventral

tegular apophysis (VTA) (4). a membranous distal tegular apophysis (DTA) (5-9) and

a prolateral ridge (R) ( 16-19). The three tegular apophyses and the ridge are variable
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in shape or can be lost. In some species-groups the ridge is provided with a distal

prong (DP). Only the distal tegular apophysis (DTA) exists in all species and

develops into a conductor with a prolateral (PD) and a retrolateral appendage.

Fig. 2

Asteron simplex-group, 2. Male palp, ventral view .

RESULTS

The species could be divided in 12 supposedly monophyletic species-groups.

Although the species have still to be described the groups were given provisional

names in order to facilitate the discussion.

The ancestral groups

The species-groups simplex (1 species), parasimplex (1 species), simile (1

species) and reticulatum (4 species) are represented by a few species only. With the

exception of the brachyconductor-group (1 species) and the longiconcluctor-group (2

species), the more derived groups queenslandicum (21 species), howi (19 species),

crassicalcar (12 species), mas (21 species), humphreysi (10 species) and longispina

(9 species) are rich in species. These more derived groups present a well separated

unit, based on the synapomorphies of the DTA (5b) and the structure of the embolar

base (12b).
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Table 2

Character states of species-groups of Asteron numbered as in Table 1 : - plseiomorphic states;

numbers: apomorphic states

1 2 3 4 5 6 7 8 9 10

simplex - - - _ _ _ _

parasimplex 2

simile la 4a 1 10
reticulatum la 2 3a 4a2 5a 10
brachyconductor 2 ?h 4b 5bl 10
longiconductor 4b 5b2 10
queenslandicum lb 2 4c 1 4d 5b3 s II)

howi lb 2 3c2 4d 5b3 6 8 9a 10

crassicalcar lc 3d 4c 5b3 6 s 9b 10

mas lc 3d 4c 5b3 6 7 8 9b 10
humphreysi lc 3d 4c 5b3 6 7 8 9b 10

longispina Lc 3d 4c 5b3 6 8 9b 10

1 1 12 13 14 15 16 1 1 IS 19 20

simplex

parasimplex

simile 11a 12a 13 14

reticulatum lib 12a 13

breachyconductor llcl 12b 15b 16? 17?

longiconductor 11c 12b 15b
queenslandicum llcl 12b 15b 1 16

howi llcl 12b 15b2 16 17 IS 19a

crassicalcar 1 lcl 12b 15a 16 1

7

20
mas llcl 12b 15a 1 7 19b
humphreysi 1 lc2 12b 15al If, 17 19b
longispina llcll 12b 15a 16 17

According to the cladogram of Asteron (Fig. 1), based on the matrix of Tab. 2.

the most primitive species-group is the simplex-group (Fig. 2). It is obviously

equivalent with the "basic conformation" with well exposed tegulum, trapezoid

ventral apophysis (VTA), membranous spoonlike distal apophysis (DTA) and with

rigid, fingerlike embolus. Outgroup comparison with the "basic conformation" of

Storena (Fig. 3,4) reveals that the synapomorphies of the genus Asteron are the deep

concavity between the two retrolateral tibial apophyses ( 1 ) and the membranous

structure of the DTA (5). In the parasimplex-group (Fig. 5.6) there is an additional,

conical lateral apophysis LTA (2). The shape of this apophysis changed in the

remaining groups (3a, 3b, 3c 1, 3c2) or was reduced in the more derived groups.

The most conspicuous character of the simile-group (Fig. 7, 8) and the

reticulatum-group (Fig. 9, 10) is the presence of a prolateral embolar apophysis (13)

(EA) and the large curved (4a 1 ) or spirally folded (4a2) VTA.
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Figs 3-10

Storena procedens 3. Male palp, ventral view. 4. Male palp lateral view, parasimple.x-group, 5.

Male palp, ventral view. 6. Male palp lateral view, simile-group, 7. Male palp, ventral view. 8.

Male palp lateral view, reticulatum-group, 9. Male palp, ventral view. 10. Male palp lateral

view. DTA - Distal tegular apophysis, E - Embolus, EA - Embolar apophysis, LtA - Lateral

tegular apophysis, VTA, vta - Ventral tegular apophysis.

As mentioned above, the remaining species-groups are clearly separated from

the ancestral ones by the well delimited, chitinous base of the embolus (12b) and the

very complex structure of the DTA. The DTA is sickle-shaped or semicircular and

with its distal fold (5b), has become a functional conductor.

According to the computer analysis the longiconductor-growp (Fig. 11,12) and

brachyconductor-group (Fig. 13, 13) are not sister-groups. The reason for this is that in

the brachyconductor-group the shape of the embolus ( 1 lcl ) is very similar to the one of

more derived groups. The separate chitinous plate, connected with the big hook-shaped

VTA (15b) on the other hand, provides a complex synapomorphy for the lon-

giconductor- and brachyconductor-group. The big hook-shaped VTA is most pro-

bably fixing the palp to the epigyne during copulation. In all other derived groups, the

VTA is small or reduced. At the moment we can't decide whether the brachyconductor-

-group is the sister-group of the longiconductor-group or whether the latter

is the sister-group of all the more derived groups, including the brachyconductor-group.
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Figs I 1-18

Longiconductor-group, 11. Male palp, ventral view. 12. Male palp lateral view, brachy-
conductor-gvonp, 13. Male palp, ventral view. 14. Male palp lateral view, queenslandicum-
group, 15. Male palp, ventral view. 16. Male palp lateral view, howi-gxoup, 17. Male palp,

ventral view. 18. Male palp lateral view. DTA - Distal tegular apophysis, E - Embolus. LTA -

Lateral tegular apophysis, R - Prolateral ridge on tegulum, VTA - Ventral tegular apophyisis.

Table 3

Character matrix based on data in table 2.

simplex oooooooooo ()( >< 10001

parasimplex 0100000000 oooooooooo
simile 100 1000001 1 1 1 1000000
reticulatum 1212100001 21 lOOOOOOO

brachyconductor 0223200001 32003??000
longiconductor 0003 UIOOOI 3 2003 •'•'000

queenslandicum 2235400101 4200410000
howi 22454101 1

1

420051 1110

crassicalcar 3054410121 42001 1 1020

humphreysi 305441 1121 620021 1020

longispina 3054410121 52001 1 1000
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The six remaining species-groups show a distinct morphocline here referred to

as the semicirculare-morphocYme. This monophyletic group is based mainly on the

semicircular DTA (5b3) with a prolateral appendage and a sharp- tipped retrolateral

appendage (8). The concave DTA is obviously functioning as a conductor for the long

and slender embolus. The sharp tip is probably inserted together with the slender

embolus. A small, spiniform left-over of the LTA seems to be responsible for the

fixation of the palp in the queenshmdicum-gxoup (Fig. 15, 16) and howi-group (Fig. 17,

18). The palps of the queenslandicum-group must be considered as the plesiomorphic

condition of these six groups, with a well developed semicircular DTA, short pro- and

retrolateral appendages and a small prolateral ridge on the tegulum. The male palps of

the howi- and humphreysi-group (Fig. 25, 26) are very complicated and have developed

an extremely long (twice as long as the bulbus) prolateral appendage of the DTA. The

result of both phylogenetic analyses are: the /;oM7-group is separated from the other

four groups by the elongate, dorsoventrally depressed basis of the embolus (BA) and

Figs 19-26

Longispina-gmup, 19. Male palp, ventral view. 20. Male palp lateral view, crassicalcar-gwup,
21. Male palp, ventral view. 22. Male palp lateral view, mas-group, 23. Male palp, ventral

view. 24. Male palp lateral view, humphreysi-group, 25. Male palp, ventral view. 26. Male palp
lateral view. BA - Base of embolus. DP - Distal prong on tegulum, DTA - Distal tegular

apophysis, E - Embolus, P - Prong on base of embolus, PD - Prolateral prong of DTA, PL -

Plate on base of embolus. R - Prolateral ridge on tegulum.
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the very long, concave prolateral ridge with a long free prong (DP) on the tegulum. The
presence of the small spiniform LTA (3c2) and the elongate base of the embolus relate

them with the queenslandicum-group.

The last four groups are characterized by a high number of synapomorphies (lc,

3d, 4c, 9b, 15a) of which the most conspicuous are the distally swollen or hook-shaped

ventrolateral tibial apophysis (lc) and the discoidal structure of the embolus base (BA,

15a). For the mas-group (Fig. 23. 24) we didn't find an autapomorphy. The crassicalcar-

group (Fig. 21, 22) is characterized by the strong distal spine (20) on the cymbium, also

present on the female palp, which is most likely a digging sevice. In the longispina-

group (Fig. 19-20) the root of the embolus becomes widened and flat (llcll) and the

retrolateral appendage of the DTA elongate and grooved. In other characters there is a

more or less continuous morphochne from the species in the mas-group to those of the

humphreysi-group. Further research, and possible more new species might reveal

whether the mas- and humphreysi-group must remain separated or not.

DISCUSSION

The origin of the genus Asteron

The analysis of the distribution of Asteron and its the historical biogeography

are tentative because from some regions (Northern Territory, Central Australia) only a

few records are available.

The fauna and flora of Australia are mainly composed of three ecologically

and taxonomically distinct elements (Baehr 1990; Cranston & Naumann 1991),

explained in detail by Baehr & Jocque ( 1994).

The ancestral species-groups of the genus Asteron are recorded from southeast

Queensland (simplex-group) and Victoria (parasimplex-group). The most plesiomor-

phic group of the semicirculare-morphoclme (queenslandicum-group) is represented

by a high number of species, exclusively found in the rainforests of northeastern

Queensland. Therefore Asteron most likely originates from the tropical, subtropical or

semiarid part of eastern Australia. The simple palpal morphology found in the sim-

plex-group is also present in the Australian sister-group Storena, in the South

American genus Tenedos (see Jocque & Baert 1996) and in an undescribed taxon

from South Africa. This would indicate that Asteron belongs to the old Gondwanaland

heritage of the Australian continent.

Evolution of the distribution pattern of the genus Asteron according to the

climatic history of Australia

The climatic conditions of Australia changed during the tertiary because of the

rapid drift of the continent to the north, reaching its present position in the Miocene

(see Baehr 1990, 1992, Baehr & Jocque 1994). The pleistocene was characterized

by repeated successions of wet pluvials and dry interpluvials. In the wet pluvials, a

belt of more or less dense forest and woodlands was created around Australia's arid

centre. Many species were enable to expand their distribution area in this time.

During the dry interpluvials the arid zones expanded and isolated large wood-

land regions now recognized as refugia (e.g. Arnehm Land, Kimberly Division,
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Fig. 27

Distribution pattern of the ancestral species-groups of Asteron: simplex-group,

+ parasimplex-group, /\ simile-group, A reticulatum-gwup, brachyconductor-group.

V longiconductor-grorxp, # queenslandicum-group, howi-group.

Hamersley Ranges, south-western Australia). Populations were isolated and new

species developed.

The evolution of the distribution patterns of Asteron obviously followed the

same scenario. As indicated above, the origin of the genus Asteron is supposed to be

in the eastern part of Australia {simplex, parasimplex, simile, reticulatum) (Fig. 27).

The ancestors of the brachyconductor-group must have been separated very early

from the ancestors of the longiconductor-group which live today in Victoria and

South Australia, because specimens of the brachyconductor-group now live in the

westernmost part of Western Australia (Fig. 27). After the separation, their palps

developed in another, quite different direction.

The well defined semicirculare-morphochne colonized the totality of the

Australian continent apart from the Northern Territory in different distribution patterns.

An impressive radiation took place in the queenslandicum-group (Fig. 27) in

small patches of tropical rainforests in Queensland. These forest-dwelling species
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6.

Fig. 28

Distribution pattern of the derived species-groups of Asteron: • mas-group, crassicalcar-

group. ^ longispina-group, humphreysi-group.

have obviously small distribution areas coinciding with the extent of their habitat.

These are most likely to be rainforest patches that in certain periods were restricted to

high altitude (V. Davies, pers. comm.). On each mountain apparently different species

developed. In this group the palps are extremely similar but the pattern of the

opisthosoma is specific for each species.

Ancestors of the howi-group on the otherhand. colonized the eastern, southern

and south-western part of Australia developing many species(Fig. 27).

The same distribution pattern can also he found in the mas-group, but the more

derived species are only found in Western Australia (Fig. 28). In view of their

obviously digging lifestyle, the species of the crassicalcar-group have colonized large

areas including arid regions (Fig. 28). A few species have a large distribution area

unlike the majority of the congeneric taxa. The distribution pattern indicates, that the

separation from the mas-group took place in South Australia. The most derived

species of that group are recorded only from Western Australia just as the entire

humphreysi- and longispina-groups. (Fig. 28).
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The above mentioned results indicate that the genus Asteron just as the genus

Storena belongs to the old Gondwanaland fauna. Storena as well as Asteron have

their origin in southeastern Queensland, where the most primitive species of Storena,

S. procedens and the most ancestral species-group of Asteron, the simplex-group are

now found together.

The most derived species-groups and the most diverse and rich fauna are

presently located in Western Australia. This rich fauna of Western Australia found its

origin in the alternation of wet pluvials (opening of corridors, expansion of founder

populations) and dry interpluvials (separation of Western Australia because of the

Nullarbor Plain, separation of the founder populations and development of species)

during the recent palaeoclimatic history of Australia.
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Distribucion espacial de los araneidos (Arachnida, Araneae),

en un encinar montano del Montseny (Barcelona, Espana)
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Spatial distribution of spiders (Arachnida, Araneae), in a oak-mountain
grove of the Montseny (Barcelona, Spain). - Based on data obtained in an

area of potential oak mountain vegetation (Quercetum mediterraneo-

montanum Br.-Bl. 1936), we define five general structural unities (habitats)

for araneids, by means of a correspondence factorial analysis: the floor of

open areas, the floor of wooded areas, the herbaeeous stratum of open areas,

the bushed stratum of open areas and the bushed and arboreal strata of

wooded areas. We also define the existence of faunistics species-ensembles,

which typify these unities. We discuss the complementarity of employed

methodology.

Key-words: Araneae - habitats - spacial distribution - oak mountain - Spain.

INTRODUCTION

Una de las zonas de la Peninsula Iberica de las que se posee un mejor conoci-

miento aracnologico es el macizo del Montseny (en la provincia de Barcelona), debido

tanto a las prospecciones realizadas por distintos naturalistas durante el pasado y pre-

sente siglos (datos recopilados en Barrientos 1986). como por los muestreos indirec-

tos desarrollados por C. Ascaso (Barrientos & Ascaso 1985; Ascaso & Barrientos

1986). No obstante el esfuerzo que suponen las mencionadas aportaciones, uno de los

aspectos menos conocido de dicha fauna aracnologica es su distribucion espacial en la

vegetacion asf como la variacion de su distribucion con las modificaciones de la misma.

Son relativamente escasas las aportaciones en este sentido y mas limitadas aun si nos

cenimos a ecosistemas de tipo mediterraneo. Dada la precariedad de las premisas

existentes, nos planteamos en 1987 la realizacion de un estudio centrado. entre otros

objetivos. en el esclarecimiento de la distribucion de los araneidos, en funcion de la

heterogeneidad estructural (vertical y horizontal), en un encinar montano.

Manuscript accepted 03.01 . 1996.
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El area elegida para efectuar el estudio fue el Vilar de la Castanya, en el macizo

del Montseny (Barcelona), cuyas caracteristicas fitosociologicas, climaticas, litologicas,

edafologicas, etc. se pueden encontrar ampliamente detalladas en diversos estudios

previos, como los de Bolos ( 1983), Roda (1983), Andres ( 1990), etc.

MATERIAL Y METODOS

Cerca de la casa del Vilar de la Castanya elegimos cuatro zonas con distinta

estructura vegetal, dentro del dominio del encinar montano.

(I) La primera, un prado cuya composicion fitosociologica era intermedia entre

Helianthemetum guttati Br.-Bl. 1931, de clara influencia mediterranea, y Airo-

Scleranthetum perennis Bolos, 1956, de afinidades mas eurosiberianas (zona sin bosque

ni sotobosque).

(II) La segunda, una landa cuya composicion fitosociologica era intermedia

entre Cisto-Sarothammetum catalaunici (A. et. O. Bolos - O. Bolos, 1956) relacionada

con el encinar mediterraneo, y Centaureo pectinatae-Ericetum arboreae O. Bolos,

1983, en las partes mas altas y relacionada con el encinar montano (zona sin bosque y

con sotobosque).

(III) La tercera, un encinar montano tipico (Quercetum mediterraneo-montanum

Br.-Bl. 1936) (zona de bosque con sotobosque) y

(IV) La cuarta, un encinar montano empobrecido, situado en la vertiente de un

torrente con una pendiente considerable (zona de bosque sin sotobosque).

Para muestrear los estratos de las distintas zonas se utilizaron sistemas de

muestreo directos e indirectos que consistieron en:

a) Dos trampas de cafda (TC) en cada una de las zonas (I, II, III y IV),

destinadas a recoger la fauna circulante sobre el suelo.

b) Dos trampas de emergencia-vaciado, en cada una de las zonas (I, II, III y IV),

destinadas a recoger tanto la fauna emergente (TE) como la fauna encerrada

circunstancialmente en el cilindro en el momenta de su colocacion (TV).

c) Un biocenometro (Bio) quincenal, en cada una de las zonas (I, II, III y IV),

que permite cuantificar la fauna momentaneamente encerrada en el mismo, en el

momenta de su colocacion.

d) Cien golpes de manga entomologica (Mg) sobre la vegetacion herbacea,

tanto en el prado (I) como en la landa (II), con el fin de recoger la fauna presente en el

estrato herbaceo.

e) Batidos con paraguas japones, con el fin de conocer la fauna que coloniza

tanto el estrato arboreo como el arbustivo; este tipo de muestreo se distribuyo del

siguiente modo: batido sobre 10 arbustos de escobon (Surothamnus) (BS), sobre 10

arbustos de jara (Cistus) (BC) y sobre 10 encinas pequenas (Quercus) (Bq), en la landa

(II); batido sobre 10 arbustos de brezo (Erica) (BE) y sobre 10 encinas pequenas

{Quercus) (Bq), en el encinar montano tipico (III); batido sobre 3 arboles {Quercus)

(BQ) en el encinar montano tipico (III) y solo un par de muestreos {Quercus) en el

encinar montano empobrecido (IV), por problemas de accesibilidad a la copa de los

arboles en esta zona (Bs). La distincion entre especies vegetales en el estrato arbustivo
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se hizo pensando en la distinta arquitectura vegetal que presentan, lo que podia limitar

las posibilidades de instalacion de los araneidos (Blandin 1986).

f) Trampas de intercepcion de ascenso, encaminadas a recoger la fauna que

sube caminando por la vegetacion; con dos modalidades: 3 trampas de intercepcion de

subida en arbustos (Fs), tanto en el encinar montano tipico (III) como en la landa (11); y

3 trampas de intercepcion de subida en arboles (Fa), en el encinar montano tipico (III) y

en el encinar empobrecido (IV ).

La descripcion detallada de los distintos tipos de trampas se puede encontrar en

Espuny & Ascaso (1989).

La recogida de muestras se hizo quincenalmente entre el 10-09-87 y el 05-09-

88. La decision sobre el numero de trampas y el numero de golpes de manga, arbustos y

arboles a muestrear se tomd en funcion de unos muestreos previos realizados entre

mayo y septiembre de 1987.

La mayoria de los individuos capturados han sido determinados hasta el nivel de

especie. incluidas las formas juveniles, dado que la obtencion de series mas o menos

continuas, desde las primeras fases de desarrollo hasta los adultos, nos ha permitido

identificarlos con un alto grado de seguridad. Solo en contadas ocasiones, en que no

disponfamos del mencionado grado de seguridad, se han determinado hasta el nivel de

genero. Asf, cada individuo capturado proporciona los datos siguientes: fecha de

captura, zona, sistema de captura, familia, especie y fase aproximada de desarrollo.

Toda esta informacion se analizo mediante analisis factorial de correspondencias

(Benzecri 1973; Benzecri & Benzecri 1980) utilizando el programa anacor incluido

el el paquete estadistico SPSS/PC+, 4.0.

RESULTADOS

En el ano de muestreo hemos capturado 14.327 individuos. Desde una perspec-

tiva taxonomica la muestra obtenida se reparte entre 32 familias, 1 16 generos y 184

especies que aparecen relacionadas en un trabajo previo (Espuny et al. 1993). Por otro

lado en la Tabla 1 se recoge la rentabilidad absoluta y relativa de cada una de las uni-

dades muestrales empleadas.

Para el desarrollo de este trabajo, de cada individuo hemos considerado sola-

mente "especie", "zona" y "sistema de captura". En primer lugar realizamos un analisis

factorial de correspondencias entre los sistemas de muestreo con las especies, cuyo

resultado se recoge en la Figura 1; en ella se aprecia la distribucion de los distintos

sistemas de muestreo en funcion de las dos dimensiones que recogen el mayor por-

centaje de informacion (45,2%).

Si el analisis factorial de correspondencias lo hacemos entre las especies y los

sistemas de muestreo-zona, obtenemos las Figuras 2 y 3. En la Figura 2 se representan

las treinta variables sistemas de muestreo-zona segun las dos dimensiones que recogen

mayor informacion (27,2%); en este grafico podemos diferenciar seis grupos de puntos,

netamente separados (dejando fuera de consideration las trampas de intercepcion de

ascenso en arboles (22;29) y arbustos ( 14;23):
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Tabla 1. - Numero absoluto y relative de los individuos capturados en cada zona por cada

sistema de muestreo.

Table 1. - Absolute and relative number of specimens captured by different trapping systems in

each zone.

TZ n° ind. % TZ n° ind. % TZ n° ind. %

1 z.U 1 1 49 .3
1

1

_ i l ZJU o. /

2 609 A "3
1

")

4.3 1 1 1375 9.6 n on f,

3 54 A 1 1 892 6.2 TXZj 1 7 1
J / .1

i4 164 11 1/1
1.1 14 22 2 1A

1 J/. .7

5 1? I 1
1 Q A 1 C

141 1.0 T\_ j 70 Sfyj .J

306 n i i a
z. 1 lo 199 1.4 If.ZD Af. l,

~i

I 36o Z.O 1 / 73 .5
11 JJ .4-

v Z.1
JJ >1 1 Q

.4 I 68 .5 19. 711 S

9 172 1.2 19 2435 17.0 29 190 1.3

10 1416 9.9 20 1065 7.4 30 89 .6

1 = TC zona I 1 1
= Bs zona II 21 = BQ zona III

2 = TE zona I 12 = BC + Bq zona II 22 = Fa zona III

3 = TV zona I 13 = BS zona II 23 = Fs zona III

4 = Bio zona I 14 = Fs zona II 24 = TC zona IV

5 = Mg zona I 15 = TC zona III 25 = TE zona IV

6 = TC zona II 16 = TE zona III 26 = TV zona IV

7 = TE zona II 17 = TV zona III 27 = Bio zona IV

s = TV zona II 18 = Bio zona III 28 = BQ zona IV

9 = Bio zona II 19 = BE zona III 29 - Fa zona IV

10 = Mg zona II 20 = Bq zona III 30 = Bs zona III

- grupo a: trampas de caida (

1

;6), emergencia-vacido (2 ;3;7;*!) y biocenometro

(4;9) de la landa (II) y el prado (I);

- grupo b: trampas de caida (15;24) del encinar montano tipico (III) y

empobrecido (IV);

- grupo c: trampas de emergencia-vaciado ( 16; 1 7;25;26) y biocenometro

( 18;27) del encinar montano tipico (III) y empobrecido (IV);

- grupo d: manga entomologica (5; 10) del prado (I) y de la landa (II);

- grupo e: batidos sobre arbustos ( 1 1 ; 1 2; 1 3) de la landa (II);

- grupo f: batidos sobre arbustos (19;20;30) y arboles (21 ;28) del encinar

montano tipico (III) y empobrecido (IV).

En la Figura 3 se representan las distintas especies en funcion de los sistemas de

muestreo-zona. En este caso la nube de puntos parece continua, resultando mas dificil

establecer agrupamientos. Cada especie esta representada por un numero, cuya corres-

pondencia se detalla en el Apendice; los numeros entre parentesis representan la coinci-

dencia posicional de dos o mas especies en la grafica. No obstante, si superponemos las

graficas de las Figuras 2 y 3 y tenemos en consideracion los grupos anteriormente

establecidos, podemos ubicar las especies que tienen una mayor inercia en las dimen-

siones 1 y 2 (inercia > 0.010), en cada uno de estos agrupamientos, a excepcion del

grupo e (grupos a', b', c', d' y f ):
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Relacion de los puntos que coinciden en la representation grafica

Punt DIM1 DIM2 Sistema Muestreo

(1) .76 .82 Bq
(1) .88 .78 Bq

Fig. 1. - Analisis factorial de correspondencias de los sistemas de muestreo (equivalencias en el

texto).

Fig. 1. - Correspondences factorial analysis of sampling methods (explanations in the text).

- grupo a': Zelotes civicus (E. Simon, 1878). Mecophistcs pusillus (Menge.

1868). Alopecosa accentuate (Latreille, 1817). Alopecosa albofasciata (Brulle, 1862).

Zodarion berlandi (Denis, 1935). Haplodrassus dalmatensis L. Koch, 1866, Oxyptila

nigella E. Simon. 1875, Steatoda phalerata (Panzer, 1801). Oxyptila nigrita (Thorell,

1875), Haplodrassus signifer C.L. Koch. 1839, Walckenaeria corniculans (O. P.-

Cambridge. 1875) y Zelotes sp.
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Relation de las trampas-zonas que coinciden en el mismo punto en la grafica

PUNTO DIM1 DIM2 TRAMPA/ZONA PUNTO DIM1 DIM2 TRAMPA/ZONA
(1) .02 2.33 26 (2) .97 .20 28

(1) .00 2.25 17 (2) 1.07 .20 19

(2) 1.04 .12 21

Fig. 2. - Analisis factorial de correspondences en el que se representan las treinta variables

trampa-zona (equivalencias en la Tabla 1 ).

Fig. 2. - Correspondences factorial analysis representing the thirty variables trap-zone (expla-

nations in the Table 1 ).
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Fig. 3. - Analisis factorial de correspondencias en el que se representan las especies respecto a las

trampas-zona (equivalencias numericas en el Apendice).

Fig. 3. - Correspondences factorial analysis representing the species in relation to the variables

trap-zone (numerical explanations in the Appendix).
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- grupo b': Nemesia raripila E. Simon, 1914, Lepthyphantes tenebricola

(Wider, 1835), Oonops procerus (E. Simon, 1882), Leptoneta infuscata E. Simon, 1872

y Centromerus albidus E. Simon, 1929.

- grupo c': Tegenaria fuesslini Pavesi, 1873, Hahnia petrobia E. Simon, 1875

y Harpactea hombergi (Scopoli, 1 763).

- grupo d': Neoscona adianta (Walckenaer, 1802), Mangora acalypha

(Walckenaer, 1802) y Agalenathea redii (Scopoli, 1763).

- grupo f: Anelosimus vittatus (C.L. Koch, 1836), Theridion tinctum

(Walckenaer, 1802), Diaea dorsata (Fabricius, 1777), Episinus maculipes Cavanna,

1876, Xysticus lanio (C.L. Koch, 1835), Area sturmi (Hahn, 1831), Theridion palens

(Blackwall, 1834), Philodromus dispar (Walckenaer, 1825) y Philodromus sp.

INTERPRETACION Y DISCUSION

Los resultados obtenidos en los dos analisis de correspondencias antes

esbozados (Figuras 1, 2 y 3) permiten realizar algunas interpretaciones en relation con

los objetivos planteados.

Discrimination metodologica

La heterogeneidad metodologica empleada .se revela de gran utilidad en la

diferenciacion de las posibles unidades estructurales del sistema, dado que son minimas

las superposiciones entre los metodos empleados (Figura 1), lo que en su conjunto

resulta ser un buen indicador de la complementariedad metodologica, tal y como ya

habian indicado Canard ( 1981 ), Turnbull (1973) y Ascaso & Barrientos (1986).

Estructura espacial de la araneocenosis: Habitats generales

Queda pues claro que los distintos sistemas de muestreo empleados recogen

information de distintos estratos y comportamientos. Asf, observamos una clara diso-

ciacion entre las trampas de cai'da y las trampas de emergencia, que en nuestro caso

separan las especies del suelo de tendencias sedentarias, de las errantes.

El mangueo y los batidos recogen la information de los estratos muestreados

con las limitaciones ya senaladas por Canard (1981 ) y Turnbull ( 1973).

En el encinar montano estudiado y sus distintos estados de degradation, no

existen diferencias significativas entre los estratos arbustivo y arboreo, ya que en el

analisis factorial de correspondencias las trampas que arrojan information sobre los

mismos aparecen agrupadas. Esto puede ser debido (entre otras razones) a la inclination

del terreno, que pone en contacto las partes bajas del estrato arboreo con el estrato

arbustivo del nivel superior, facilitando asf la circulation de la fauna e impidiendo una

clara estratificacion entre ambos niveles.

La arquitectura de los arbustos parece no influir de una manera importante en el

conjunto de la poblacion de araneidos, aunque algunas especies pueden presentar

ciertas preferencias, como es el caso de Theridion pollens y otras. No obstante, dichas

preferencias no provocan unas variaciones tales que permita diferenciar varios habitats

con conjuntos poblacionales de especies diferentes.
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Las trampas de interception de ascenso. tanto de arbustos como de arboles, son

poco representativas. ya que su numero resulto ser demasiado reducido para poder sacar

conclusiones claras. No obstante, de los datos obtenidos se desprende claramente que
algunas especies realizan desplazamientos verticales, desde el suelo hacia los estratos

superiores. como Saitis barbipes (E. Simon. 1868). Textrix denticulata (Olivier, 1789),

asf como las especies que viven preferentemente en la corteza de los arboles, como
Amaurobius similis (Blackwall, 1861 ). Drapestica socialis (Sundevall. 1832), Dysdera
erythrina (Walckenaer, 1802), etc.

Asi podemos interpretar los agrupamientos establecidos en la Figura 2. del modo
siguiente:

- la dimension 1 separa las zonas abiertas. que quedan en la parte negativa del

eje, de las zonas arboladas, que se situan en el sector positivo del mismo.
- la dimension 2. a su vez. separa los estratos de cada una de las zonas

anteriormente indicadas. O. dicho de otro modo, separa la estabilidad a lo largo del ano

de las condiciones ambientales, en cada uno de las distintas unidades estructurales,

siendo mayor esta constancia en el suelo del bosque y minima en el estrato herbaceo de

las zonas abiertas.

Por tanto estos ejes nos permiten realizar los agrupamientos que se desprenden

de la Figura 2. y que definen en la zona potential del encinar montano. respecto a los

araneidos, los siguientes habitats generales:

- El suelo de zonas abiertas (representado por cl Grupo a);

El suelo de zonas de bosque, en donde es posible diferenciar un grupo de

especies que tienen una gran movilidad (Grupo b) y otro que tienen poca

movilidad (Grupo c);

- El estrato herbaceo de zonas abiertas (Grupo d);

El estrato arbustivo de zonas abiertas (Grupo e), sin distincion de la especie

vegetal, ya que no hay entre ellas una discrimination significativa;

El estrato arbustivo y arboreo del bosque (Grupo f), ya que aqui tampoco se

aprecia una discrimination significativa.

Estructura espacial de la araneocenosis: Bloques fauni'sticos

En consonancia con esta interpretation, los resultados de la Figura 3 ponen

tambien de manifiesto la existencia de bloques fauni'sticos definidos para cada uno de

los distintos habitats anteriormente sehalados. evidenciando con ello una estructura

concreta de la aracnofauna en el encinar montano. Con el proposito de tipificar de un

modo mas preciso cada una de las unidades estructurales apreciadas. en las cuales

encontramos una gran cantidad de especies con comportamientos y abundancias muy
diferentes. hemos recurrido a los criterios expuestos por Krogerus (1932) y Tischler

(1949). Asf, basandonos en las frecuencias absolutas y abundancias relativas de cada

una de las especies prospectadas hemos confeccionado las Tablas 2 y 3 que recogen la

tipificacion araneologica de los habitats anteriormente definidos, del modo siguiente:

Tabla 2: especies tipicas de zonas abiertas:

- grupo a': especies de suelo de zonas abiertas:



38 JOSE A. BARRIENTOS, A. ESPUNY & C. ASCASO

- grupo d': especies del estrato herbaceo de zonas abiertas;

- grupo e': especies del estrato arbustivo de zonas abiertas.

Tabla 3: especies ti'picas de zonas boscosas:

- grupo b': especies de suelo del bosque, de gran movilidad;

- grupo c': especies de suelo del bosque, con poca movilidad;

- grupo f : especies del estrato arbustivo y arboreo del bosque.

Tabla 2. -Do = Dominante (+ del 5% del total de individuos); MDo = Medianamente dominante

(2 al 5%); PDo = poco dominante (- 2%). Eu = Euconstante (presente en + 75% de los

muestreos); Ct = Constante (50 al 75%); Acc = Accesoria (50 al 25%); Acd = accidental (- 25%).

Table 2. - Do = Dominant (> 5% of total specimens); MDo = Middle dominant (2 to 5%); PDo =

Few dominant (< 2%). Eu = Euconstant (present in + 75% of samples): Ct = Constant (50 to

75%); Acc = Accessory (50 to 25%); Acd = occasional (- 25%).

ZONAS ABIERTAS

Suelo Estrato herbaceo Estrato arbustivo

Steatoda phalerata

Alopecosa albofasciata

Alopecosa accentuata

Zodarion berlandi

Oxyptila nigrita

Mecophistes pusillus

Haplodrassus dalmatensis

Zelotes civicus

Aulacociba subitanea

Haplodrassus signifer

Oxyptila nigella

Phlegra bresnieri

Agroeca cuprea

Walckenaeria comiculans

Phlegra fasciata

Phrurolithusfestivus

Zelotes pseudocliviculus

Pardosa hortensis

Walckenaeria monoceros
Zora spinimana

Euophrys herbigrada

Mangora acalypha

Agalenathea redii

Neoscona adianta

Synaema globossum

Fisaura mirabdis

Oxyopes lineatus

Heliophanus tribulosus

Heliophanusflavipes
Oxyopes heterophthalmus

Runcinia lateralis

Theridion impressum

Ulohorus walckenaerius

Aculepeira ceropegia

Philodromus cespitum

Theridion simile

Linyphia frutetorum

Araniella cucurbitina

Enoplognatha ovata

Evarcha jucunda

Linyphia triangularis

DoEu

MDoEu

DoCt

Tmarus piger

Heriaeus hirtus

Agelena gracilens

Gibbaranea bituberculata

MDoCt

PDoCt

DoAcc

MDoAcc
MDoAcc

MDoAcd

PDoAcc
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Tabla 3. — (equivalencias en Tabla 2).

Table 3. — (explanations as Table 2).

ZONAS DE BOSQUE

Suelo del bosque
(especies con gran

movilidad)

Suelo del bosque
(especies con poco
movilidad)

Lepthyphantes tenebricola

Nemesia raripila

Oonops procerus

Lepthyphantes flavipes

Centromerus albidus

Leptoneta infuscata

Tegenariafuesslini

Harpactea hombergi

Agroeca striata

Halm ia petrobia

Scotina celans

Oxyptila sp 1

Estrato arbustivo-arboreo

Diaea dorsata

Anelosimus villains

Theridion tinctum

Clubiona brevipes

Philodromus dispar

Xysticus lanio

Episinus maculipes

Theridion palens

Atea sturmi

Zilla diodia

Dendryphantes nidicolens

Philodromus rufus

Dipoeua melanogaster

Theridion varians

Hyptiotes paradoxus

Gihbaranea gibbosa

Cyclosa conica

DoEu

DoCt

DoAcc

MDoEu

MDoCt

Latins humilis

Theridion mystaceum

Clubiona compta
Cheiracanthium mildei

Cheiracanthium clegans

Anyphaena numida

Anyphaena sabina

Pistius truncatus

Atea triguttata

Meta segmentata

Heterodictyna walckenaeri

MDoAc

MDoAcd
PDoEu

PDoAcc
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Apendice

(Relation de especies, con indication de su numero de referencia y su numero posicional

equivalente en la Figura 3)

3 (5) Harpactea hombergi 60 _ Heliophanus auratus

4 Hanpactea aeruginosa 61 (32) Dendryphantes nidicolens

5 Dysdera erythrina 62 (40) Pellenes brevis

6 (2) Leptoneta infuscata 63 (31

)

Neaetha membrosa

8 Oonops procerus 64 (15) Saitis barbipes

9 Oonops pulcher 65 (34) Icius congener

10 (1) Tapinestis inermis 66 _ Neon reticulatus

11 Oonopinus angustatus 67 (18) Euophrys herbigrada

12 (29) Clubiona sp 68 (19) Euophrys aequipes

13 Clubiona compta 69 (20) Euophrys sp

14 (29) Clubiona bervipes 70 Evarcha arcuata

15 (31) Cheiracanthium sp 71 (36) Evarcha jucunda

16 (33) Cheiracanthiwn elegans 73 (31) Aelurillus v-insignitus

17 (32) Cheiracanthium mildei 74 (18) Phlegra fasciata

18 (20) Cheiracanthium striolatum 75 (19) Phlegra bresnieri

19 Agroeca sp 76 (7) Myrmarachneformicaria

20 (8) Agroeca inopina 77 (42) Oxyopes sp

21 (10) Agroeca cuprea 78 (43) Oxyopes lineatus

22 Agroeca striata 79 (45) Oxyopes heterophthahmis

23 Scotina celans so (35) Micrommata ligurinum

24 (15) Liocranum rupicola 81 (25) Olios argelasius

25 (9) Phrurolithus festivus 82 (40) Pisaura mirabilis

26 (16) Haplodrassus sienifer 83 (33) Philodromus sp

27 (18) Haplodrassus dalmatensis 84 (28) Philodromus dispar

28 (16) Phaeocedus braccatus 85 (38) Philodromus cespitum

29 (18) Nomisia exornata 86 (32) Philodromus rufus

30 (32) Aphantaulax seminigra 87 (41) Philodromus pulchellus

31 (8) Zelotes sp XX (14) Philodromus glaucinus

32 (14) Zelotes thorelli 89 (31) Tibellus oblongus

33 (16) Zelotes civicus 90 (44) Thomisus onustus

34 (14) Zelotes declinans 91 (25) Pistius truncatus

35 (11) Zelotes caucasius 92 (38) Tmarus piger

36 (6) Zelotes pseudocliviculus 93 (38) Misurheha vatia

37 (11) Zelotes sp 1 94 (44) Runcinia lateralis

38 Scytodes thoracica 95 (42) Synaema globosswn

39 Zodarion berlandi 96 (29) Diaea dorsata

40 ( 10) Pardosa hortensis 97 Heriaeus hirtus

41 (16) Alopecosa sp 98 (41

)

Xysticus sp

42 (12) Alopecosa accentuata 99 (40) Xysticus sp 1

43 (14) Alopecosa albofasciata 100 (30) Xysticus cristatus

44 (20) Lycosa radiata 101 (37) Xysticus kochi

45 (14) Aulonia albimana 102 (31) Xysticus erraticus

46 (38) Anyphaena sp 103 (23) Xysticus lanio

47 (23) Anyphaena accentuata 104 (37) Xysticus acerbus

48 (29) Anyphaena numida 105 (18) Oxyptila sp

49 (28) Anyphaena sabina 106 (9) Oxyptila nigrita

50 (19) Zora spinimana 107 (16) Oxyptila atomaria

51 (31) Mimetus laevigatas 108 Oxyptila blitea

53 (22) Ero tuberculata 109 (20) Oxyptila nigella

54 Ero aphana 1 10 (7) Oxyptila sp 1

55 (24) Salticus scenicus 1 1 1 (5) Segestria senoculata
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JO Heliopluinus sp 1 13 (6) Nemesia dubia
CI
J / (4Z) Heliopluinus tribulosus 1 14 (2) Nemesia raripila
<cJO Heliopluinus cupreus 1 15 (26) Episinus maculipes
Jy Heliopluinus flavipes 1 16 (32) Episinus melanogaster

1 1 / Crustulina sp 1 70 ~ Lepthyphantes sp

1 1

8

Crustulina guttata 171 (24) Lepthyphantes tenui
1 1 o
i iy Crustulina stieta 172 Lepthyphantes flavipes

(IV) Steatoda phalerata 1 /3 Lepthyphantes tenebricol

121 Steatoda triangulosa 174 — Lepthyphantes pinicol

122 (29) Anelosimus vittatus 175 (23) Linyphia sp

123 Archaearanea sp 1 76 (29) Linyphia marginata
124 (28) Theridion sp 177 (41

)

Linyphia triangularis

1 25 (20) Iheriaion suaveolens 178 (36) Linyphia clathrata
1 o^126 (45) Archaearanea sp 1 179 (41

)

Linyphiafrutetorum
1 2 / (38) Archaearanea tepidariorum i on

1 SO ( 1

)

Zoropsis spinimana

128 (A 1\
(42) / neridwn impression 1 O 1

Zoropsis media
i on

(29) Theridion various lo3 (13) Textrix denticulata

130 (32) thermion pinastn 1 84 (31

)

Textrix caudata

1 5 1

/ A 1 \
(41) Ineridwn simile 1 o c

185 (39) Agelena gracilens

132 (25) Theridion mystaceum 186 ( 1

1

Tegenaria sp

1 33 (29) Theridion tinctum 1 87 (3) Tegenariafuess I ii i i

134 (32)
TU ~ —- -1- /Ineridwn patens 1 88 ( 17) Tegenaria atrica

1 35 (14) Dipoena sp 1 1 89 — Tegenaria silvestris

136 (36) Enoplognatha ovata 190 Halmia petrobi

1 37 ~ Enoplognatha thoracica I'M r Amaurobius similis

138 (26) Mysmena leucoplagiata 192 (29) Hyptiotes paradoxus

139 (29) Phoroncidia hankiewiczi 193 (43) Uloborus walckenaerius

14U ( /) Rohertus scoticus Mil
{-)) Gibbaranea gibbosa

141 (41

)

Dictyna sp 195 (38) Gihbaranea bituberculata

142 (43) Dictyna arundinacea 196 (38) Araneus diadematus

143 (44) Dicft'iia latens 197 (31) Nuctenea sp

144 (32) Heterodictyna walckenaeri 198 (45) Aculepeira ceropegia

145 (32) Lathys hwnilis 199 (44) Neoscona adianta
1 A £146 (14) Altella lucida _'( )(

)

1 A1\(43

)

Agalenathea redii

147 (31

)

rtl l l l • *j_„
Pnolcus phalangwides 20 1 (zyj A tea sp

148 (4) Spermophora senoculata 202 (29) Atea sturmi

149 (9) Walckenaeria monoceros 203 / on \

(29) Atea triguttata

1 50 ~ Walckenaeria corniculans on a204 (32) Liiia awdia

151 (18) Gonatium rubens 205 (39) Araniella cucurbitina

152 (33) Gonatium occidentale 206 (45

)

Singa sp

153 (44) Pocadicnemis pumilla 20/ (29) Zygiella x-noiata

154 (27) Pelecopsis parallela 208 1 A A \(44 ) Mangora acalypha

1 55 (22) Pelecopsis nemoralis zuy ( 3_

)

Cyclosa conica

156 (12) Mecophistes pusillus 210 (35

)

Argiope bruennichi

157 (27) Ceratinopsis romana 212 (34) Mela segmentata

158 (10) Aidacocyba subitanea 2 1 5 (31) Tetragnatha obtusa

159 (21) Nothocyba subaequalis 214 (30) Larinioides sp

160 (19) Pelecopsis parumpunctatum 2 1

5

t ~10\
(28) C liiniona similis

1 6

1

Erigonidae sp 1

1 £1 1 6 ( 1 /

)

Liuvphiidae sp

(3) Erigonidae sp 2 1 7
\ — ' 1

/ 1 1 1 \' ii 1 1 1 1 / 1 / 1 /' ^.n
~^

L^l 11 \ j'lllllt 1

1

1 —

163 (44) Theridion uncinatum 218 (31) Pardosa sp

164 (30) Meioneta rurestris 219 (31) Entelecara acuminata

165 (3) Microneta viaria 220 (10) Phrurolithus sp

166 (2) Centromerus alhidus 221 (14) Haplodrassus sp

167 (13) Drapetisca socialis 222 (31) Robertas sp

168 (21) Tapinopa longidens 223 (1) Enoplognatha sp

169 Stemonyphantes lineatus
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El conjunto de las especies que definen los distintos habitats son en general de

caracteristicas distintas, tanto en lo que hace referenda a su ciclo vital general, como a

su distribution geografica.

En las zonas abiertas (Tabla 2) predominan las especies de ciclo anual. Unas

estan presentes todo el ano en diferentes etapas de su desarrollo, apareandose en

distintos periodos, como Alopecosa accentuata, Alopecosa albofasciata, Haplodrassus

dalmatensis, Haplodrassus signifer, Steatoda phalerata o Zodarion berlandi, que se

encuentran en el suelo y tienen su periodo de copula al final de la primavera,

realizandose la eclosion a finales de verano o principios de otono. En el estrato

herbaceo, encontramos a Maiigora acalypha, Agalenathea redii, Synaema globossum

(Fabricius, 1777) o Heliophanus flavipes Hahn, 1831, con fenologia reproductora

primaveral y la eclosion en verano; aunque hay otras muchas, como Pisaura mimbilis

(Clerck, 1757), Oxyopes lineatus Latreille. 1806, Oxyopes heterophthalmus (Latreille,

1802), Theridium impression L. Koch, 1881, etc. que copulan durante el verano, eclo-

sionando la puesta a finales del mismo. En el estrato arbustivo, Gibbaranea bihtber-

culata (Walckenaer, 1802) se aparea durante la primavera; Linyphia frutetorum (C.L.

Koch, 1834), Theridion simile C.L. Koch, 1836 y otras, lo hacen al final de primavera y

principios de verano; y Araniella cucurbitina (Clerck, 1757) y Evarcha jucunda (H.

Lucas, 1842), durante este ultimo. Otras especies solo estan presentes en primavera y

verano, pasando el invierno en estado de huevo, como Enoplognatha ovata (Clerck,

1757) y Agelena gracilens C.L. Koch, 1841, en el estrato arbustivo, y Neoscona

adianta en el estrato herbaceo; o con una presencia muy baja el resto del ano, como

Zelotes civicus, Phlegrafasciata (Hahn, 1826) y Phlegra bresnieri (H. Lucas, 1846).

En el bosque (Tabla 3) encontramos mas especies de ciclo largo o bianual que

en las zonas abiertas, como Nemesia raripila, Oonops procerus, Harpactea hombergi o

Dysdera erythrina, en el suelo, y Diaea dorsata, Clubiona compta C.L. Koch, 1839,

Philodromus dispar o Xysticus lanio, en el estrato arboreo-arbustivo; ello se debe vero-

sfmilmente a que en el bosque las condiciones no son tan extremas y posibilitan mejor

la supervivencia de juveniles, subadultos y adultos durante el invierno. Ademas de las

mencionadas, encontramos tambien especies anuales como Theridion tinctum, Theri-

dion palens, Atea sturmi, Episinus maculipes, Dendryphantes nidicolens (Walckenaer,

1802), Dipoena melanogaster (C.L. Koch, 1837); Theridion varians Hahn, 1831, etc.

que presentan una fenologia reproductora variada. Una gran mayoria se aparea al final

de primavera, como Anelosimus vittatus, Theridion tinctum, Theridion palens o Atea

sturmi; otras lo hacen en verano, como Episinus maculipes, Dendryphantes nidicolens,

Dipoena melanogaster o Theridion varians; finalmente unas pocas mas se aparean en

otoho, como Hyptiotes paradoxus (C.L. Koch, 1834), Scotina celans (Blackwall, 1841)

o Centromerus albidus.

La mayoria de las especies de las zonas abiertas tienen una distribueion

geografica amplia y, en ciertos aspectos, oportunista. En cambio, en el bosque del

encinar, aunque tambien hay especies de distribueion geografica amplia, aumenta

claramente la proportion de especies estrictamente mediterraneas, como Nemesia

raripila, Oonops procerus, Scotina celans o Centromerus albidus, en el suelo del
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bosque, y Episinus maculipes, Anyphaena numida E. Simon. 1897 y Cheiracanthium

elegans Thorell, 1875, en el estrato arboreo-arbustivo.

Por lo tanto, y a grandes rasgos, podemos decir que en el bosque del encinar

montano encontramos mas especies mediterraneas y de ciclo largo (es decir, una

aracnocenosis propia, autoctona y estable), mientras que en las zonas abiertas predo-

minan las especies de amplia distribution geografica y ciclo anual, presentes todo el

ano o con una presencia de 3 6 4 meses en primavera y verano (es decir, una aracno-

cenosis general, oportunista y mas inestable). Esta doble composition faunfstica no

parece ser si no el reflejo de la estabilidad de las condiciones del medio en el que se

desarrollan: en el bosque las condiciones son mas estables a lo largo del ano, mientras

que en las zonas abiertas las oscilaciones son mas importantes.
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Significance of field margins for foliage-dwelling spiders

(Arachnida, Araneae) in an agricultural landscape of Germany
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Significance of field margins for foliage-dwelling spiders (Arachnida,

Araneae) in an agricultural landscape of Germany. - In 1994 the spider

composition of the herbaceous vegetation layer was investigated in

uncultivated margins and - for reasons of comparison - some plots of

fallow land in seven agricultural areas of Southern Germany were also

examined. In total, 69 spider species with 10503 specimens were recorded

by standardized visual search. The margin density per study area varied

between 75 and 300m/ha. Species number is significantly positively corre-

lated with margin density of the area as a whole and margin width,

respectively, while mechanical treatment has negative influence on species

number. The abundance of single species is correlated with specific

landscape and habitat characteristics, such as margin density, margin width

and mechanical treatment. Some species indicate a high connectivity of

uncultivated areas in agricultural landscapes. Recommendations for

landscape planning such as an optimal margin width of at least 3 to 5m are

given in reference to foliage-dwelling spiders.

Key-words: Agriculture - foliage-dwelling spiders - field margins - fallow

land - assessment for nature conservation

INTRODUCTION

During the last decades, a growing cultivation intensity corresponded to a

continuous increase in field size in Germany. This resulted in a considerable loss of

uncultivated areas, e.g. field margins and hedgerows, and in a decrease in spatial and

structural heterogeneity in agricultural landscapes (Kaule 1991). This reflects a

general trend in agricultural use in many parts of the world (Plachter 1991).

Recently, the significance of these uncultivated areas as wildlife habitat, refugial areas

and especially for pest control was studied by several authors (Way & Greig-Smith

1987, Boatman 1994). Most investigations have focussed on the function, design and

management of hedgerows in agricultural landscapes (Zwolfer et al. 1984, Rotter

Manuscript accepted 05.01.1996.

Proceedings of the Xlllth International Congress of Arachnology, Geneva, 3-8-IX.1995.
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& Kneitz 1977). There is less information on field margins, especially concerning

invertebrates. Field margins are defined as grassy strips or banks between fields or

meadows, which normally will not be cultivated or ploughed and may contain only

single shrubs or trees. Data already exist for field margins concerning vegetation,

carabid beetles, butterflies and other flower-visiting insects and ground-dwelling

spiders (Boatman 1994). Less is known about spiders of the herbaceous layer, although

they depend directly on the structural diversity of the vegetation for building webs and

hiding places (Kajak 1971). In this publication, the influence of some landscape and

habitat characteristics on these spider composition and distribution is presented and

discussed. The spatial structure of fallow land is often quite similar to those of field

margins. Thus, fallow land might be considered to be 'extremely broad' margins.

Adopting this point of view, several areas of fallow land were investigated for compa-

rison. From investigation on the ecology of the Grey Partridge (Perdix perdix) (Potts

1986), we know of fundamental changes of the invertebrate faunas of field margins

relating to landuse change. As field margins and fallow land are common elements of

agricultural landscapes, their role as habitats and for dispersal of species is of consi-

derable significance for nature conservation and planning. Until now, assessment of

these habitats bases primarily on vegetation features (Blab 1993, Kaule 1991,

Plachter 1989). Thus, additional information related to animals is needed.

Data of this investigation were analyzed with regard to the following three

questions:

1 . Are there differences in the spider faunas between single study plots and the

study areas in relation to landscape and habitat structure?

2. Which habitat characteristics determine the composition of the spider faunas?

3. To which extent do single spider species discriminate between different qua-

lities of habitat characteristics?

METHODS AND STUDY AREAS

Data were collected by standardized visual search in the herbaceous vegetation

layer. Standardization was achieved by monitoring only species being conspicuous by

their body size, characteristic webs, hiding places or cocoons and by using a constant

study plot-size of lm x 50m in uncultivated margins and some fallow land, respec-

tively, by comparison. This method was choosen to record those foliage-dwelling

spider species, which are normally not registered by sweeping or by the use of

vacuum suction samplers. Furthermore, this method minimizes habitat disturbance

during a series of investigations at identical sites. Juveniles and adults of the studied

species, could be normally determined to species or at least genus level in the field

without killing or even disturbing the spiders. Only adults of certain genera, e.g.

Clubiona, Enoplognatha and Xysticus, had to be collected for exact species

determination in the laboratory. The mainly ground-dwelling lycosid spiders and the

small erigonid spiders were excluded from the investigations, because they could not

be registered representatively by this method.
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Location of the study areas (FE = 'Fernhag', FH = 'Freinhausen', GV = 'GroBenviecht', IR =

'Ilmried', LH = 'Lichthausen', MM = 'Mittermarbach', SY = 'Scheyern') in Southern Germany.
Inset: map of Germany.

The investigations were conducted in seven agricultural landscapes situated in

the same geographic region, a hilly landscape between the rivers Isar and Danube in

Southern Germany (Fig. 1 ) (Barthel & Plachter 1995). The study areas are named

according to neighbouring villages (Fig. 1). The number of study plots, that were

parts of margins or fallow land, varied between 12 and 17 per study area. Each study

plot was sampled once per month from May to September in 1994.

The investigated habitat characteristics were margin density (concerning the

study areas), margin width and the number of man-made mechanical treatments (both

latter parameters concerning single study plots). The margin density (m/ha) was

defined as the sum of all margins with at least 50cm in width divided by the size of

the study area. In the study areas, the width of all margins was measured every 25m.

Margins with a smaller width were ignored, because they were considered only as a

temporary borderline between two different cultivated fields and did not function as a

stable habitat.
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Table 1

Margin density, number of study plots investigated in each area and number of margins with

mechanical treatment per each study area.

Study areas GV MM SY LH FE 1R FH
Margin density [m/ha] 75 115 1 50 160 230 250 300

Number of study plots per area 13 14 15 12 17 14 14

No treatment 4 1 1 10 6 7 1 1 12

1 treatment 5 3 3 5 8 2 2

2-3 treatments 4 2 1 2 1

At each study plot and each of the five sampling periods, mechanical treat-

ment, which resulted in a more or less total destruction of vegetation structure, was

registered. The habitat parameter 'treatment' includes the number of observed treat-

ments without discriminating between the different types of treatment, e.g. mowing,

cutting, ploughing or trampling. Therefore, possible values of treatment could range

between to 5, while actually to 3 treatment events per study plot occurred. Margin

density and variation in treatment frequency of each area are summarized in table 1

.

Spearman rank correlation (two-tailed) and regression analysis of the statistic-pro-

gram WinSTAT were used to analyze relations between spider species number and

studied habitat characteristics.

RESULTS

Data analysis was carried out on three levels: First, the study areas were

compared by spider composition and species number. Secondly, a more detailed ana-

lysis focussed on single study plots. Thirdly, single spider species and their habitat

requirements were considered.

Table 2

Presence in study areas (7), frequency in study plots (99) and abundance of all foliage-dwelling

spider species. Species are listed according to decreasing presence in the plots. Recorded
species of the genera Araniella, Philodromus and Heliophanus, respectively, were listed

together because of the large number of juveniles, which are not determinable to species level.

Spider species Presence Frequency Number of Abundance

(7 areas) (99 plots) specimens %

Theridion impression L.Koch, 1881 7 94 1400 13.33

Argiope bruennichi (Scopoli, 1772) 7 80 1175 1 1.19

Aculepeira ceropegia (Walckenaer, 1 802) 7 77 424 4.04

Mangora acalypha (Walckenaer, 1802) 7 74 320 3.05

Pisaura mirabilis (Clerck, 1757) 7 72 862 8.21

Tetragnatha pinicola L.Koch, 1870 7 65 354 3.37

Linyphia triangularis (Clerck, 1757) 7 55 305 2.90

Clubiona rechtsa O. P.-Cambridge, 1863 7 54 470 4.47

Theridion impressum L.Koch. 1881 7 94 1400 13.33

Larinioides folium (Schrank, 1803) 6 49 1063 10.12

Enoplognatha ovata (Clerck, 1757) 7 47 528 5.03

Enoplognatha latimana Hippa & Oksala, 1982 7 46 380 3.62

Evarcha arcuata (Clerck, 1757) 7 39 555 5.28
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Microlinyphia pusilla (Sundevall. 1830) 7 39 8 1 0.77
Xysticus ulmi (Hahn, 183 1

)

7 37 188 1.79
Xysticus cristatus (Clerck, 1857) 7 36 197 1.88
Araneus quadratics Clerck, 1757 6 35 858 8.17
Metellina segmentata (Clerck. 1757) 7 34 212 2.02
Thermion bimaculatum (Linnaeus, 1767) 7 28 41 0.39
Araniella cucurbitina (Clerck, 1757)/ 7 23 33 0.31
opisthographa (Kulczynski, 1905)

Xysticus bifasciatus C.L.Koch, 1 837 5 20 103 0.98
A 1 II . I , 1 1 i —j i .

Agelena labyrintnica (Clerck. 1757) 6 1') 276 2.63
Xysticus kochi Thorell. 1872 6 1') 68 0.65
Philodromus aureolus (Clerck, 1 757) / 6 18 41 0.39

cespititm (Walckenaer, 1802) /

collinus C.L.Koch, 1835

Tetragnatha extensa (Linnaeus, 1758) 5 18 61 0.58
Heliophcmus auratus C.L.Koch, 1835 / 5 IS 28 0.27

cupreus (Walckenaer, 1802) /
11 III 1 Ci ~i ^
flavipes Hahn. 1 832

Floronia bucculenta (Clerck, 1757) 6 17 83 0.79
Araneus diadematus Clerck. 1 757 5 16 29 0.28
Cheiraccmthium erraticum (Walckenaer, 1802) 1

1

1

42 0.40
Agtdenatea redii (Scopoli, 1763) 1 1

1

194 1.85

Cyclosa ocidutu (Walckenaer, 1802) 6 10 12 0.1 1

Llubiona neglecta (J. P. -Cambridge. 1862 5 7 19 (IIS

Neriene clathrata (Sundevall, 1830) 5 6 8 0.08
Dictyna arundinacea (Linnaeus, 1 758) ~l 5 [5 0.14
Cyclosa conica (Pallas, 1772) 3 5 7 0.07
Achaearanea spec. 2 3 4 () 04

Cercidia prominens ( Westring, 1 85 1

)

1 3 8 0.08
Theridiou sisyphium (Clerck, 1757) 2 2 9 0.09

Hypsosinga sanguinea (C.L.Koch, 1844) 2 3 0.03

Micaria formicaria (Sundevall, 1832) 2 2 2 0.02

Nuctenea umbratica (Clerck, 1757) 2 2 2 0.02

Evarcha flammata (Clerck, 1757) 1 2 5 0.05

Xysticus audax (Schrank, 1 803

)

1 2 5 0.05

Metellina mengei (Blackwall, 1869) 1 2 2 0.02

Misumena vatia (Clerck, 1757) 2 2 0.02

Clubiona lutescens Westring, 185

1

1 3 0.03

Xysticus lanio C.L.Koch, 1835 3 0.03

Xysticus luctuosus ( Blackwall, I 836) 5 0.03

Araneus alsuie (Walckenaer, 1802) 2 0.02

Araneus triguttatus (Fabricius, 1775) 1 2 0.02

Clubiona pallidula (Clerck, 1757) 2 0.02

Agelena gracilens C.L.Koch, 1841 1 (i ill

Araneus sturmi (Hahn, 1831) 0.01

Bianor aurocinctus (Ohlert, 1865) 1 0.01

Dolomedes spec. 1 0.01

Ero spec. 1 1 0.01

Lathys humilis (Blackwall, 1855) 0.01

Leptnypnantes tenuis (Blackwall, 1852) U.UI

Linyphia hortensis Sundevall, 1830 DDI

Neriene radiata (Walckenaer, 1841

)

0.01

Pachygnatha clercki Sundevall, 1823 0.01

Steatoda phalerata (Panzer, 1801

)

0.01

Tetragnatha nigrita Lendl, 1886 0.01

Theridion mystaceum L.Koch. 1 870 0.01

Theridiou tinctum (Walckenaer, 1802) 0.01

sum of total specimens 10503 ion nn
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In total. 69 spider species with 10503 specimens were recorded (Table 2).

About one quarter of the species (17) was found in all study areas and another quarter

( 1 3) in most of them (5 or 6). Two species (Cyclosa conica and Dictyna arundinacea)

were present in 3 or 4 study areas, respectively. The rest of the species (about 50% of

all) were recorded only in one or two study areas and, with the exception of two

species, with less than 10 specimens. Cheiracanthium erraticum and Agalenatea redii

were regularly found with a moderate number of individuals in one study area (FH).

The total number of species as well as the range of species number per study

plot within one area differs considerably (Fig. 2). Total species number increases

significantly (p<0.01) from the area with the lowest to the area with the highest

margin density as well as the minimum (p<0.01) and maximum (p<0.05) number of

species found in study plots in one area (Spearman rank correlations). Furthermore,

the overall abundance of single species (Table 2) is highly positively correlated with

as well the presence of species in study areas (p<0.001 ) as the frequency of species in

study plots (p<0.001 ) (Table 2).

100 200 300

margin density [m/ha]

Fig. 2

Total number of spider species per study area (). maximum number of species found in a

study plot in this study area (•), average number of species per study plot () and minimum
number of species found in a study plot in this study area ( ). The total number of species

increases linearly with growing margin density of the single study areas {R- = 0.85). For

abbreviations of study areas see Fig. 1

.
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Although, the study areas resemble high in species composition with respect to

the more abundant species (more than 0.1% overall abundance), significant

differences between single study plots were observed. For example, the frequency of

six spider species in the study plots of the seven study areas is given in Fig. 3.

Theridion impressum and Argiope bruennichi were consistently well distributed in the

study areas. In contrast, the other four species have an irregular distribution: in some

areas, they were registered only with low frequency or were absent {Araneus

quadratus and Xysticus bifasciatus). These differences in frequency between the study

areas are typical for most of the more abundant spider species.

Theridion impressum

100

GV MM SY LH FE 1R FH GV MM SY LH FE IR FH

Enoplognatha latimana

100

F 50

GV MM SY LH FE IR FH

Evarcha arcuata

100

GV MM SY LH FE IR FH

Araneus quadratus

100

Xysticus bifasciatus

100

Fig. 3

Frequency of 6 spider species on the study plots of a study area, compared for all 7 study areas.

For each area, the percentage of study plots inhabited by this species was calculated (F).

Theridion impressum and Argiope bruennichi show a high frequency in all areas, whereas

others, eg. Araneus quadratus. concentrate on single areas.

The frequency of the species in the study plots steeply declines: only eight

species {Theridion impressum to Clubiona reclusa) were recorded in more than half

of the study plots (Table 2). Thus, the small-scale variation of the spider communities

between different study plots is rather high.

The number of species and specimens per study plot are positively correlated

with the margin density of study areas and the margin width of study plots (Table 3).

The number of species increases with growing margin density in 6 study areas only.
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Table 3

Correlation coefficients, calculated for the number of species and specimens per study plot,

respectively, and the environmental characteristics margin density, margin width and number of

mechanical treatments (***: p<0.001, Spearman rank correlation).

No. of species No. of specimens

per plot per plot

Margin density 0.54 *** 0.39 ***

Margin width 0.46 *** 0.37 ***

Number of mechanical treatments -0.40 *** -0.40 ***

while in the area FH, which has the highest margin density, the species number

declines significantly (Table 4).

The best fitted regression (maximum R 2
) between the environmental parameter

'margin width' and the variable 'species number per study plot' was calculated. The

equation and the response curve is shown in Fig. 4. Some specifications of this

response curve are: At the beginning of the response curve, while the margin width

regression equation: Y = 16.5 - 8.8 / X

25 i

Fig. 4

Number of spider species per study plot versus margin width of this study plot (99 study plots

investigated). 4 study plots had a margin width of more than 10m. They are plotted at the right

edge of the diagram. The response curve between margin width and species number (solid line)

bases on the regression equation given on the top of this figure (R2 = 0.25). The number of

species saturates with increasing margin width. The regression equation indicates a maximum
number of species between 16 and 17 species per study plot in the areas investigated.
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ranges between less than lm and 2m, the increase in species number is very steep.

The scattering of species numbers is much higher in smaller margins (1.5 to 4m in

width) than in larger margins (>4m). The equation indicates a saturation of 16 to 17

species per study plot. This is proved also by four study plots in fallow land with

more than 10m in width (Fig. 4). R2 is 0.25. Thus, one quarter of the scattering of

species number per study plot is explained by the environmental parameter margin
width.

For single margins, the number of species and specimens per study plot is

significantly negatively correlated with the number of mechanical treatments

(p<0.001. Table 3). Thus, the number of species and specimens, respectively, declines

with growing number of treatments.

Table 4

Spearman rank correlations between margin width and number of species per study plot

analyzed separately for each study area (level of significance: **: p<0.01 ; *: p<0.05, n.s.: non-
significant). Although, correlation coefficients in the study areas GV and LH are higher than
0.46 (see table 3: correlation coefficient for all study plots in all areas together), they fail to

reach significance, due to the low numbers of study plots in these areas.

Study areas GV MM SY LH IR FE FH

Correlation 0.47 0.69 0.34 0.53 0.58 0.66 -0.71

n.s. ** n.s. n.s. * ** **

(p=0.107) (p=0.213) (p=0.074)

The abundance of each frequently observed spider species (>0.5% of all

individuals) was correlated with the habitat parameters investigated, i.e. margin

density, margin width and habitat treatment (Table 5).

The abundances of Evarcha arcuata, Enoplognatha latimana and E. ovata,

Pisaura mirabilis and Xysticus cristatus, which occur in all 7 study areas, are highly

correlated with margin density as well as with margin width. Enoplognatha ovata,

Clubiona reclusa and Linyphia triangularis react sensitively on the destruction of

vegetation layer by mechanical treatments. For other species, e.g. Argiope bruennichi,

Microlinyphia pusilla and Theridion impressum, there is no correlation between

abundance and margin density and width and (except of Argiope) treatment. Thus,

some of the abundant species obviously reflect very well the habitat and environ-

mental qualities of an agricultural landscape and of single margins as well.

DISCUSSION

The number of publications on foliage-dwelling spiders is low compared with

those on ground-dwelling spider communities. Alderweireldt (1993) compared the

spider faunas of field margins and field centers in Belgium. Other authors investigated

the spider fauna in abandoned grassland (Kaiak 1971: Poland; Nyffeler & Benz

1987: Switzerland) or in cultivated grassland (Vilbaste 1964: Estonia; Buchar 1968:
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Table 5

Habitat requirements of selected spider species (>0.5% of all individuals): the abundances of

these species are correlated with the environmental characteristics (Spearman rank correlation;

positive correlation: +++: p<0.001; ++: p<0.01: +: p<0.05: negative correlation: — : p<0.001; --

: p<0.01; -: p<0.05).

Species Margin density

/ study area

Margin width Mechanical

treatment

Tetragnatha extensa

Tetragnatha pinicola

Metellina segmentata

+++
+++

Aculepeira ceropegia

Agalenatea redii

Araneus quadrants

Argiope bruennichi

Larinioidesfolium

Mangora accdypha

+
+++
+++

+

+
++

--

Floronia bucculenta

Linyphia triangularis

Microlinyphia pusilla

+++
+++

Enoplognatha latimana

Enoplognatha ovata

Theridion impression

+++
++

++
+++

Pisaura n i irabilis

Agelena labyrinthica

Clubiona reclusa

++
+++

+++
+++
+++

Xysticus bifasciatus

Xysticus cristatus

Xysticus kochi

Xysticus ulmi

+
++

++
+++

+

Evarcha arcuata +++ +++

Czech Republic; Huhta & Raatikainen 1974: Finland; Scheidler 1990: Germany).

All frequent species in this study (recorded in 5 to 7 areas) are mentioned by at least

one of these authors, too.

The most abundant species in this study is Theridion impression. Scheidler

(1990) recorded Theridion impressum also as the most abundant species (more than

10 %) in dry and wet meadows. The presence oi Argiope bruennichi in recent studies

(Nyffeler & Benz 1987) is a consequence of the actual expansion of the area of this

species (Guttmann 1979).

Variations in abundance might be caused by another sampling-method or the

differing habitat types (dry or wet meadows, abandoned or intensively cultivated

meadows). For instance, Microlinyphia pusilla and especially Pachygnatha clercki

and P. degeeri were found more frequently in other studies (Vilbaste 1964, Buchar
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1968. Huhta & Raatikainen 1974). in which sweeping or quantitative quadrat

sampling were used. Some geographic variations are recorded, e.g. Larinioides folium

is replaced by L. cornutus in the northern regions of Europe (Thaler 1974). Two
species (i.e. Agalenatea redii, Cheiracanthium erraticum) were recorded in high

abundance in only one or two study areas. Whereas Cheiracanthium erraticum was
registered several times in abandoned grassland (e.g. Kajak 1971. Vilbaste 1964),

Agalenatea redii seems not to be a species widely distributed in agricultural land-

scapes. This species was collected only by Duffev ( 1968) in a dune meadow.
There might exist different reasons for the low abundance of some species in

this investigation:

- rare species (e.g. Latins humilis),

- species which normally do not occur in open agricultural landscapes (e.g.

Xysticus lanio. X. luctuosus and Araneus sturmi and A. triguttatus inhabit

woods and their edges) and

- species which were systematically overlooked by reasons of the sampling-

method (e.g. Pachygnatha clercki).

For the geographic region investigated, a 'typical' spider community can be

characterized for the herbaceous layer of margins and fallow land. It is defined to be

represented by all species with a presence in at least 5 study areas (Table 2). This

spider community is present more or less completely in uncultivated areas and

depends on specific environmental characteristics, there. One essential parameter is

the margin width. Saturation of species number is reached between a width of 5 to

10m. Between 1 and 5m width, the species numbers differ considerably from margin

to margin. High species diversity is possible, but often the number of species is

remarkable low. This is especially true for areas with low margin density.

The high scattering of species number in small margins might be caused by an

increased habitat disturbance, e.g. man-made mechanical treatments. Actually, the

width of margins and the number of mechanical treatments observed were

significantly negatively correlated. Kaule (1983 in Kaule 1991) demonstrates that

margins with at least 3 to 4m in width accommodate more specialized plant species,

while in smaller margins only few ubiquists dominate. Zornbach & Schickedanz

(1987) proved that species diversity increases with margin width: margins of more

than 2 to 3m are rich in insect life. Miotk (1993) describes a slightly positive

correlation between margin width and species number of flower visiting insects.

Moreover, the number of vascular plant species is significantly positively correlated

with the margin width up to a width of 3m (Miotk 1993, Anderlik-Wesinger el al.

1996). Even for bird populations, minimum standards for margin width are given:

breeding sites for partridges should have a size of at least 2m in width and 20m in

length (GieBener Arbeitskreis Wildforschung 1979. /'/; Blab 1993). Parish et al.

(1995) mentioned that margin width appeared important for small insectivorus birds

(blue tit) and was particularly important for seed eating birds.

Study area FH is characterized by the highest margin density. More spider

species were observed here on smaller margins than on broader margins or fallow 7
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land. Obviously, due to a good connectivity of uncultivated areas (Schreiber 1988).

recolonization even of small uncultivated areas is facilitated in such areas.

In the region investigated, frequently, mechanical treatments of margins affect

only the edge (about l-2m in width) of each side of the margin, bordering directly to

fields or grassland. Thus, an undisturbed central zone can establish, which might be

one reason for the higher number of species in wider margins than in smaller ones.

Other reasons for the positive correlation between abundance of some species and the

margin width may be:

- an increase in plant diversity as well as in herb cover (Anderlik-Wesinger et al.

1996) and

- lower input of agrochemicals and manure of the adjacent fields.

Furthermore, the sensitivity of spider species to destruction of vegetation layer may

result from:

- direct removal of specimens caused by the treatment: this affects most of the

species, but some species avoid the removal by falling to the ground.

- mowing affects cocoons or offspring in the higher vegetation strata,

- the loss of vegetation structure for building a web and

- microclimatical changes after mowing.

Some species, e.g. Tetragnatha extensa and Microlinyphia pusilla, were fre-

quently recorded in meadows (Vilbaste 1964, Buchar 1968, Huhta & Raatikainen

1974). They react sensitively neither to the density of margins and fallow land nor to

mechanical treatments.

The sensitivity of Enoplognatha ovata to mechanical treatment was shown

also by Oxford (1993). For this species and for Clubiona reclusa, the sensitivity to

mowing or cutting of vegetation might be a result of phenology. Both species,

including the offspring, live in rolled-up leaves in the higher vegetation strata in July

and August. At this time of the year, many margins are encroached upon mechani-

cally as a consequence of harvesting (Barthel & Plachter 1995). Linyphia trian-

gularis reacts negatively on the destruction of vegetation layer, because this species is

living in higher vegetation strata than Floronia bucculenta and Linyphia clathrata

(Schaefer 1978).

As well, other environmental parameters, e.g. cover of herbs, plant species

diversity, inclination of margins and nitrogen load, influence the composition of the

spider communities on field margins and fallow land (Anderlik-Wesinger et al.

1996). Finally, abiotic environmental factors (e.g. humidity, temperature and light)

play an important role for spider distribution (Duffey 1975).

For management and planning in nature conservation, indicators are required,

which sufficiently reflect the state and the development potential of ecosystems and

landscapes, respectively, and which are easily to be analyzed in everyday practice

(Plachter 1989, 1994, Riecken 1992). It is made probable that the significance of

field margins for foliage-dwelling spiders is determined - among others - by the

following parameters:
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1. The habitat quality correlates with the width. Margins, narrower than Im,

accommodate fragments of the typical community at the best. Their habitat

function is low. Margins between 1 and 5m in width may be habitat for a

diverse spider community, but the local composition depends much on other

environmental parameters. Thus, at least some field margins of an agricultural

area should reach a width of more than 2 to 5m. Additional fallow land

substantially improves the habitat supply. Similar correlations to width exist

for example for hedges (Zwolfer et al. 1984, Rotter & Kneitz 1977).

2. Mechanical treatment highly influences the foliage-dwelling spiders of mar-

gins. This is demonstrated as well for meadows (Kajak 1971). Thus, the

farmers should be requested not to drive frequently over margins. A mowing

and management regime should be carried out in sections, not every year and

varying during the seasons to avoid frequent elimination of certain species due

to their phenology.

3. Obviously, suitability of a specific margin does not only depend on its environ-

mental features, but also on the spatial configuration of uncultivated habitats of

the area, in which it is situated. There is a good correlation between width of

margins and species set in uniform landscapes but none in diverse ones. It

sounds logical that the sigificance of the single margin is higher in uniform

landscapes, whereas in diverse landscapes a local population can use several

adjacent margins in the line of the metapopulation concept, thus, not so much

depending on the quality of one margin to establish and survive. As a conse-

quence, in uniform landscapes isolated margins should be much wider.
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Preliminary results on the colonization of a newly planted hedgerow by

epigeic spiders (Araneae) under the influence of adjacent cereal fields. -

This paper presents preliminary results on the colonization of a newly

planted hedgerow in an intensively cultivated area of Upper Austria. The
hedgerow with successional shrubs and trees is subdivided into four

sections, which are separated by fallow arable land. Investigations were

carried out with pitfall traps in two of the sections with adjacent cereal

fields. The aim was to find out if there were already differences between the

center and both edges of the hedgerow concerning the epigeic fauna of

spiders in the first year after plantation. Significant differences could be

found in spider activity.

Key-words: Araneae - epigeic spiders - colonization - hedgerow - cereal

fields.

INTRODUCTION

In the agricultural landscape hedgerows and field shrubs can either be important

habitats for a lot of endangered plant and animal species or overwintering sites as well

as corridors for migrating animals (e.g. Tischler 1951, Streeter et al. 1984).

After years of service hedgerows have been in decline in most parts of Europe

to increase farming acreage. Although the rate of removal has slowed, because of the

knowledge of their benefit (e.g. NAgeli 1943; Tuxen 1952; Schelhorn 1982; Reif et

al. 1995). Austrian farmers still do not make much effort in planting new ones due to

minimal financial subsidies.

Several papers about faunistic observations on arachnids in hedgerows and

adjacent areas have been published (Tischler 1958; Bliss et al. 1981; Nahrig 1987,

199k/. b; Blick 1988, 1990. 1991 ) but only few studies investigated the colonization

dynamics in such habitat types (Spreier 1984; Zwolfer et al. 1984; Mader 1986;

Lechner 1991; Gruttke & Willecke 1993). However, none of the last-named deals

with spider species characteristics.

Manuscript accepted 19.01.1996.
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This paper presents preliminary results of investigations on the colonization of

a hedgerow by epigeic spiders within the first year after the plantation (Bergthaler

1996). Pitfall trapping continues and a long-term study including observations in

higher strata will be conducted.

STUDY AREA AND METHODS

The hedgerow was planted in autumn 1992 and is surrounded by an intensively

cultivated area in the diluvial terrace region north of the Alps (Schwand im Innkreis,

Upper Austria, 420 m a.s.l.). It is situated in a climatically favoured area with about

220 days/year of daily temperatures higher than 5°C on an average and about 25

days/year with more than 10 mm precipitation (Pils 1994). Although the annual

precipitation comes up only to 850 mm the loamy soil provides high humidity in the

lower strata.

The hedgerow covers about 1400 m2 and is subdivided into four sections, each

3.5 m wide. They are separated by fallow arable land and vary in length as well as the

type of adjacent cultivations and the density of vegetation. Investigations in two of the

sections (A: 30 m; B: 100 m in length) with adjacent cereal fields were carried out

between 9th April 1993 and 6th January 1994 (10 catching periods; phenological data

will be published separately). The vegetation was almost as dense in section A (one

plant / 1.8 m2
) as in section B (one plant /1.5 m2

). About 10% of the plants in each of

the two sections were 150 - 400 cm high and the rest was below 150 cm in height. 18

pitfall traps - filled to 1/3 of the volume (0 9 cm, 400 ml) with 4% formalin solution

(detergent added as a surfactant), were disposed in 3 rows of 6 (Fig. 1). The pitfall

traps in row 1 were situated at the edge of the hedgerow close to spring oat (Avena

sativa), the ones of row 2 in the center, and the pitfall traps of row 3 at the edge close

to winter barley (Hordeum vulgare).

fence

Fig. 1

Schematic illustration of the distribution of pitfall traps as for instance in section A. 12 traps

were used in section B. Each section is fenced in to keep rabbits and deer from destroying the

plantation.

At the beginning of the trapping period winter barley was already about 10 cm
high, whilst spring oat had only reached the soil surface. The ground of the hedgerow

was only sparsely vegetated (ground covered up to 25%). In mid of May winter barley
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already had its ears and the height of the herbaceous stratum within the hedgerow
(ground covered at least to 75%) was similar to the spring oat field, which began to

develop its ears. At the begining of June both weeds of the adjacent winter barley

field Tripleurospermum inodorum (Asteraceae) and Apera spica-venti (Poaceae)

began to dominate within the hedgerow (ground covered to 100%). One month later

winter barley was harvested and after a few light harrowings Lolium perenne, Vicia

sativa, and Trifolium incarnatum ("Landsberger Gemenge") were sawn (Reschen-

hofer 1995). The same happened to the underseed (mainly Trifolium pratense) of the

summer oat field after the harvest in mid of August.

RESULTS

1 1816 individuals of ground living spiders and 332 egg sacs (of lycosids) were

recorded. 44 species were identified out of 7774 adults (Tab. 1 ). The most numerous

were the Lycosidae with Pardosa agrestis (Westring, 1861). P. palustris (Linne,

1758), and the linyphiid Oedothorax apicatus (Blackwall, 1850) (Fig. 2 & Fig. 3). 31

of the recorded species fell below the 1% level of relative abundance. Beyond the

spiders of the epigeic fauna species of higher strata like Araneus diadematus Clerck,

1757, Argiope bruennichi (Scopoli, 1772), Nuctenea umbratica (Clerck, 1757),

Larinioides folium (Schrank, 1803). Tetragnatha pinicola L. Koch, 1870 as well as

Agelena gracilens C. L. Koch, 1841 were often found but no specimen was recorded

with the pitfall traps.

Species density was found to be similar not only in both sections but also

within each of the three rows: 34 species (20.5 ± 3.2) at the edge close to summer oat,

35 (19.8 ± 2.3) in the center, and 31 (19.7 ± 1.9) at the edge close to winter barley.

Spider activity showed a significant increase for all adults as well as for the Lycosidae

from the edge close to spring oat to the edge close to winter barley (Fig. 4).

In particular males of the most abundant P. agrestis showed a considerable

increase (Fig. 5). The males of Oedothorax fuscus as well as both sexes of Pachygna-

tha clercki tended to a higher activity at the edge close to winter barley. Most males

of Erigone dentipalpis and Pardosa palustris as well as females of P. agrestis,

immatures of Trochosa sp. (most probably all of them T. ruricola), and egg sacs of

Pardosa spp. (mainly P. agrestis) were recorded in the center (significant differences

compared with the edge close to spring oat; Mann-Whitney U-test: p < 0.05). No

differences were found for the other species as well as within each of the sections in

longitudinal direction.

DISCUSSION

The most abundant species are known to be photophilous and typical for fields

as well as cultivated grasslands (e.g. Hanggi et al. 1995). Some of the species seem to

be less characteristic for the pioneer status of the hedgerow. For instance, the

linyphiids Centromerus sylvaticus (Blackwall. 1841), Diplostyla concolor (Wider,

1834), Micrargus herbigradus (Blackwall, 1854), and the lycosid Pardosa lugubris
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Tab. I

Spider species recorded in sections A and B of the hedgerow during the first year after

plantation (April 1993 - January 1994; 18 pitfall traps). The number of adults, the sex ratio (if

meaningful), and the levels of relative abundance > 1% are given.

Adults S 9 Abun-
dance

Dictynidae Dictyna pusilla Thorell, 1856 1 X

Gnaphosidae Drassodes pubescens (Thorell. 1856) 1 X

Micaria pulicaria (Sundevall, 1832) 2 X

Zelotes latreillei (Simon, 1878) 1 X

Hahniidae Hahnia nava (Blackwall, 1841

)

3 X

Linyphiidae - Araeoncus humilis (Blackwall, 1841

)

180 5.9 : 1 2.3

Erigoninae Asthenargus helveticus Schenkel, 1936 1 X

Dicymbium brevisetosum Locket. 1962 3 X

Diplocephalus cristatus (Blackwall, 1833) 4 X

Erigone atra Blackwall, 1833 527 15 : 1 6.8

dentipalpis (Wider, 1834) 367 8.7 : 1 4.7

Micrargus herbigradus (Blackwall, 1854) 9 X

subaequalis (Westring, 1851) i X

Oedothorax apicatus (Blackwall, 1850) 2:l 1

1

1 : 1 .4 27.2

fitscus (Blackwall, 1834) 88 1.3 : 1 1.1

Pelecopsis parallela (Wider, 1834) 1 X

Walckenaeria nudipalpis (Westring, 1851) 7 X

vigilax (Blackwall, 1853) 81 1 : 1 .1 1.0

Linyphiidae - Bathyphantes gracilis (Blackwall, 1841

)

3 X

Linyphiinae Centromerita bicolor (Blackwall, 1833) 155 18.4 : 1 2.0

Centromerus sylvaticus (Blackwall, 1841

)

9 X

Diplostyla concolor (Wider, 1834) 5 X

Lephtyphantes tenuis (Blackwall, 1852) 4 X

Meioneta rurestris (C. L. Koch. 1836) 60 3 : 1 X

Microlinyphia pusilla (Sundevall, 1830) 3 X

Porrhomma microphthalmum (0. P.-Cambridge, 1871) 23 1.1 : 1 X

oblitum (0. P.-Cambridge, 1870) 12 5 : 1 X

Lycosidae Alopecosa pulverulenta (Clerck. 1757) 1 1 no 9 X

Aulonia albimana (Walckenaer, 1805) 1 X

Pardosa agrestis (Westring, 1861) 2357 2.7 : 1 30.3

lugubris s. 1. (Walckenaer, 1802) 1 X

palustris (Linne. 1758) 806 3.9 : 1 10.4

prativaga (L. Koch, 1870) 2 X

pullata (Clerck, 1757) 12 no 5 X

Pirata latitans (Blackwall, 1841

)

4 X

Trochosa ruricola (de Geer. 1778) 282 6.2 : 1 3.6

terricola Thorell. 1856 1 X

Salticidae Phlegm faseiatu (Hahn, 1826) 1 X

Tetragnathiclae Pachygnatha clercki Sundevall. 1823 148 1.4 : 1 1.9

degeeri Sundevall, 1830 354 1 : 1 .1 4.6

Theridiidae Achaearanea riparia (Blackwall, 1834) 3 X

Robertus neglectus (O. P.-Cambridge, 1871) 1

1

no 9 X

Theridion impression L. Koch. 1881 1 X

Thomisidae Xysticus kochi Thorell. 1872 122 14.3 : 1 1.6
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Fig. 2

Percentages of all individuals representing each of the spider families trapped (young brood of
lycosids excluded); *) not classified immature/juvenile linyphiids.

s.l. (Walckenaer, 1802) are known to be common in mature hedges and field shrubs as

well as along the edges of woods in Central Europe (Tischler 1958; Beyer 1978;

Blick 1988. 1990, 1991; Blick & Bliss 1993; Steinberger & Kromp 1993). Further

investigations will show whether they remain and increase in number.

The record of the theridiid Achaearanea riparia (Blackwall, 1834) and the

linyphiid Asthenargus helveticus Schenkel, 1936 should be stressed, though only few

individuals were trapped. However, both species are rarely found in general (e.g.

Hanggi et al. 1995). Freudenthaler (1989) recorded three males of A. helveticus in

a peat-bog in Upper Austria and connects the findings with the climatic conditions

similar to those of montane areas. Anyway, this species is known to occur mainly in

moisty habitats. Though A. riparia seems to occur mostly in fields it has not been

found often before.

Most individuals spread out from the winter barley field into the hedgerow. No
wonder, if one considers that this field was the only vegetated area during the winter

as well as the early spring and that relatively small differences in habitat structure

may have a significant effect on the numbers and species of spiders (Duffey 1978;

Hatley & MacMahon 1980; Robinson 1981; Scheidler 1990; Moreby et al. 1994).

Alderweireldt (1994) and Lys & Nentwig (1994) showed this by manipulating

habitats in agroecosystems.
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P.

Fig. 3

Numbers of adults representing each of the spider species that come up to > 1% of relative

abundance; only numbers of the most abundant species are shown.

The high percentage of lycosids is surprising, because they are supposed to be

more susceptible to mechanical disturbances than linyphiids (Tischler 1965), which

should be in preponderance in cereal fields (Tischler 1958; Thaler et al. 1977;

Luczak 1979; Sunderland 1987; Toft 1989; Nyffeler & Breene 1992; Lys &
Nentwig 1994; White & Hassall 1994; Dinter 1995). Even though the current data

must not be brought in direct relation to the others, a hint is given, that the spider

fauna within the hedgerow already differed from those of the adjacent cultivations,

though no results on the spider compositions of the two adjacent fields are present.

Nevertheless I dare to state that the successional hedgerow already provided con-

ditions in regard of vegetation structure, microclimate and food availability, which

were different from those of the cereal fields. Thus it might have been an important

refuge for the spider species with susceptible life stages at the time of the year with

most agricultural disturbances as it was especially in spring and in the spring oat field;

and in particular lycosids were favoured. Results of further investigations will

possibly give an insight into this and other questions concerning the succession within

this pioneer habitat.
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N = 7774.
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Fig. 4 - Distribution patterns of the adult spiders. Significant differences (Kruskal-Wallis H-
test: p < 0.05) in increase of numbers were found for all adults together as well as for the

Lycosidae. However, no significant results were given for the Erigoninae and Tetragnathidae.

Linyphiinae and Thomisidae are not shown.
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Fig. 5 - Distribution pattern of Pardosa agrestis. Significant differences (Kruskal-Wallis H-test:

p < 0.01) were found for the males: The numbers increased from the edge close to spring oat to

the edge close to winter barley. Significant differences for females were only given between the

edge close to oat and the center (Mann-Whitney U-test: p < 0.05).
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How does the tarantula Lasiodora parahybana Mello-Leitao, 1917
(Araneae, Theraphosidae) detects its prey? - The various sensory chan-

nels involved in prey detection and attack were investigated in the tarantula

Lasiodora parahybana Mello-Leitao 1917 (Araneae, Theraphosidae). Sub-

strate vibrations appeared to be the most efficient, while vision and the

sound produced by the prey only provide additional information.

Key-words: tarantula - prey capture - vibrations.

INTRODUCTION

It is well known that orb-spinning spiders detect their prey by the vibrations of

the web produced by trapped insects. The spider is usually pulling the silk threads and

detects its prey with specific receptors located mainly at the tip of the legs. For

jumping and wandering spiders, it is generally assumed that they get information from

several sensory channels: vision, air and substrate vibrations and olfaction.

In most spider families, vision seems not to be the main sense used for prey

detection. However, in Salticidae visual releasers are necessary for prey capture. In

fact, many studies have demonstrated that they visually detect movements of the prey

on a still background (Land 1971. 1972. Duelli 1978). Salticidae eyes are the most

proficient in the Arachnid group: they have high photoreceptor density and their

ability to move the retina enlarges their whole visual field (Homann 1928, 1971).

Several studies have demonstrated the role of air and substrate vibrations for

releasing capture in many Arachnid species. Thus, Brownell (1979) has shown that

the sand scorpion (Paruroctonus mesaensis) primarily uses substrate vibrations to

localize its prey. That stimulus is detected by mechanoreceptor sensilla of the basitarsi

of the eight legs of the animal. Air vibrations may also act as a releaser for predation.

In Cupiennus salei (Ctenidae), prey capture is released by the air vibration produced

Manuscript accepted 06.12.1995.
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by flying insects. The signal is mediated through the slender hair sensilla (tricho-

bothria) moved by the air drafts (Barth et al. 1995). The efficiency of the releaser

was not impaired when the eyes were covered (Hergenroder & Barth 1983) or if

the experiment was performed under red light conditions (Barth et al. 1993).

Chemoreceptors have also been described in spiders (Foelix 1985, 1992), but

their actual involvement in hunting behavior has not yet been elucidated.

In tarantulas, the respective roles of olfaction, vision, substrate vibrations and

air draft, remain unknown. The aim of the present work is to analyze the efficiency of

various sensory channels (visual, vibratory and olfactive ones) in releasing prey

capture in the tarentula Lasiodora parahybana.

MATERIAL AND METHODS

Animals: 10 individuals of both sexes of the species Lasiodora parahybana

Mello-Leitao 1917 (Araneae, Theraphosidae) were tested. This species is commonly

found in the Amazonian forest of eastern Brazil. It usually shelters below logs and

free stumps where it digs holes.

Tested animals were from the same breeding stock and had about the same age

(between 7th and 9th instars). They were bred individually, in a constant temperature

(23°-28°) and humidity (70-80%) room under natural photoperiod.

Spiders usually fed with cockroaches (Periplaneta americana) were starving

for 10 to 40 days before an experiment in order to be motivated to hunt. They were

not tested during at least 15 days before and after a molt .

Experimental device: Each individual spider was kept in a transparent plastic

box of about 10.2 1 volume (40x17x15 cm). One side of the box (figure 1, A) opened

to a cylindrical PCV pipe (6 cm diameter and 12 cm length).

Observations were performed in a cylindrical arena (44 cm diameter) with

opaque walls 27 cm high, uncovered to allow video-recording. The pipe of the

individual breeding boxes could be connected to a same size hole on the wall of the

cylindrical observation arena, at substrate level.

The prey, an adult cockroach, was presented in a plastic cylinder (7 cm dia-

meter x 6 cm high), called "prey-box" further on in the text. The cockroach was lea-

shed from above with a thin thread which allowed the experimentator to keep the

insect constantly active during the test. The prey box was usually hanging at the

center of the arena, at a variable height according to the required experimental con-

ditions. The prey-box could be modified in order to limit the prey perception for the

spider to the sensory channel (s) to be tested.

The video-camera (fixed 70 cm above the arena) and a distant control monitor,

enabled the experimentator to follow the spider's behavior, without disturbing it. A
dim light at the threshold level for video recording was provided by a 60 W bulb, not

visible from within the arena.

Experimental protocols: All experiments were performed, at night, in order

to take into account the natural circadian foraging rhythm of this spider species. To
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(A) Schematic drawing of the experimental device. (B) Schematic drawing of the various

experimental situations. Bold line: sound isolation, background: opaque box. dotted line:

openning permitting the odor's diffusion.
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prevent tarantulas from freezing, they were never manipulated before an experiment.

The pipe of the breeding box was directly connected to the entrance of the arena 4

days and 4 nights before the experiment to familiarize the animals with the device.

One test began only after attracting the spider into the arena at 7 cm from the

prey, with a hand-moved twig, vibrating on the substrate. For each individual and

each trial, we have measured the duration between the entry into the arena and the end

of the attack, if it occurred. If the spider explored or remained still, we measured the

delay between the entry into the arena and the return to the breeding cage. The test

was stopped after 30 min if nothing happened; these trials were discarded from the

sample.

Control experiments consisted of recording these parameters under standard

conditions but without prey.

In a first series of experiments, we tested the efficiency of the substrate vi-

brations produced by walking prey alone on the substrate of the arena (exp. substrate

vibration) (figure 1, B). An opaque standard prey-box was used, with its own bottom

removed and acoustically isolated with foam rubber. In a second series of experiments

the prey was hold in a transparent box, hanging 5 mm above the substrate level. The

walking cockroach could be seen and at the same time made some sound (exp. vision-

sound). In a third series we tested the efficiency of the sound alone by using an

opaque box similar to the transparent one (exp. sound). In a fourth series (exp. odor-

vision), we tested the efficiency of prey odor, in a transparent box, on the walls of

which small holes were drilled, and which contained a recently killed cockroach (

exp. odor-vision). Since, in such an experiment, the prey might be visible, a fifth

series of tests was performed, similar to the previous one, but with an opaque prey-

box (exp. odor). Vision was not tested alone as it was impossible to prevent any sound

from a moving prey. For each of the five experimental series, 10 individuals were

tested 4 times, to get a total sample of 40 trials.

Statistics: As our data required non parametric statistics, we used the Mann
and Whitney U test (unpaired samples) for the two by two comparisons of time

variables and the X 2 test for the frequencies of attacks. The significant probability

threshold was chosen at p<0.05.

RESULTS

Frequencies of attacks (fig. 2): Attacks on the prey-box occurred only in the

first three experimental series (substrate vibration, vision-sound and sound alone) and

of course were never observed in control experiments. Substrate vibrations were

significantly the most efficient releaser and vision appeared less important, just

providing an additional information when combined with sound. If the spider could

not see the prey but only detect its sound, attacks still consistently occurred, but at

significantly lower rate. Combined vision and odor or odor alone were unable to

release any capture attempt.
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Percentage of spider attacks on the prey-box in each experimental situation and control tests

X 2 test on the frequencies: * = p<0.05; ** = p<0.01.

Latency (fig. 3): Among the three situations in which we observed an attack,

the delay between "enter the arena" and "attack" appeared significantly longer (larger

than twice) when the detection was channeled through substrate vibration. The la-

tency was similar for the two other experimental situations, with vision and sound as

well as with sound alone.

Exploration duration (fig. 4): In each experimental series, whether attacks

occurred or not, for some individuals and some trials, some tarentulas just kepi

exploring or resting. In each case, we measured the duration of this behavior. There

appeared to be a significant difference between two groups of average values: the

ones corresponding to the experiments in which attacks did occur and the ones in

which attacks did not occur. The values of the former were consistently shorter than

the ones of the latter. Among each of these groups there was no significant differences

in the average exploration duration.
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Fig. 3

Average latency of attack (in seconds) in the three situations in which this behavior was

observed. Bars on each histogram indicate the standard error of the average. Mann and Whitney

Utest: * = p<0.05; ** = p<0.01.

Discussion.

When the stimulations provided by the prey were limited to one or two

sensory channels, substrate vibrations appeared to be the most efficient stimulus,

compared to the combined vision and sound or sound alone. Movement of the prey

(which combined vision and sound) seemed also to release some attacks, more than

sound alone, which demonstrated at least that vision provided some additional infor-

mation. On the contrary, odor of a dead prey, visible or not, did not provide enough

stimulation to induce catching attempts, in the same way as the control situation when

the prey was absent.
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Average exploration duration (in seconds) for the trials in which no attack occurred for each

experimental situation. Bars on each pile indicate the standard error of the average. Mann and

Whitney U test: * = p<0.05; ** = p< 0.01.

Latency happened to be longer for the most efficient stimulus, i.e. vibrations of

the substrate produced by the walking prey (mean = 122 s ± sd = 15 ). It is also

noticeable that only in that situation we have sometimes observed usual hunting

behavior, with slow walking interrupted by pauses for prey localization. In the two

other situations in which attacks also occurred, the spider just jumped on or grasped the

prey-box, without any preparation of the capture as reflected by the shorter latency

averages (for vison-sound: mean = 58 s ± sd = 12 ; for sound: mean = 63 s± sd = 17 ).

Data from the average exploration times also require some comments. Each time

the prey was detectable (situations substrate vibration, vision sound and sound), the

exploration duration was shorter. This could mean that if the animal did not attack the

detectable prey, the animal was not hungry enough (not motivated). For these animals,

the releasing threshold was higher than for the responding spiders and the stimuli did
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not reach that threshold. The stress always induced by any experimental situation

might also differentially raise the releasing threshold through a motivation conflict.

In the wild, the situation is certainly quite different, mostly because the stimu-

lations in experimental conditions were probably not optimal. Firstly the prey-box

poorly matches the expected signal of a free moving prey. Secondly, in nature, the

prey provides a complex stimulus whose characteristics are perceived more or less

simultaneously through the various sensory channels. Parallel information processing

implying at least an addition of the various information or a non-linear computation

which could enhance the whole stimulus, might more easily reach the releasing

threshold. Thirdly, the spider attracted out of its breeding box might be puzzled not

finding the prey at the precise location where it had localized the vibration signal.

Furthermore, because, in nature, hunting takes place at night, substrate vibra-

tions are probably the most efficient stimulus for capture releasing. The plastic bottom

of the arena is possibly not the best for propagation of these vibrations. In the wild,

they are transmitted either through the wood of logs or stumps or through the litter of

branches and dead leaves. All these materials are probably more efficient for vibration

transmission than the one of the experimental device.

Despite these differences between experimental and natural conditions, we can

conclude that to detect its prey, the tarantula Lasiodora parahybana uses a hierarchy

of sensory informations in which substrate vibrations appear to be the most important.

Further experiments should investigate the sensory information required to release

capture with decoys and free preys under natural conditions.
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INTRODUCTION

For more than a century the spider genus Corinna. proposed by C. L. Koch

(1842), has served merely as a reservoir for species of Corinninae without obvious

derived characters such as enlarged male chelicerae, sternal excavations or a recurved

posterior eye row. In consequence, at the moment Corinna is clearly an artificial

assemblage.

The first step toward making this genus monophyletic is to review the status of

the type species, C. rubripes C. L. Koch, 1842, described from a single male from

Bahia State, Brazil and last reviewed by Karsch (1880), who first used the name

Corinnidae. The present article is focused on this species, of which the male is

redescribed and the female is described for the first time.

The study of a large sample of corinnines has so far suggested only one de-

rived character shared by the group that includes C. rubripes: male palp with a sclero-

tized conductor, forming a groove and embracing the filiform embolus. This character

is a transformation of the hyaline conductor occurring in almost all other corinnines

and in representatives of many other families as well. This suggests that Corinna must

be redefined to include only those corinnine spiders with a sclerotized conductor.

More than half of the species currently placed in Corinna have hyaline conductors

and must therefore be excluded from the genus.
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MATERIAL AND METHODS

The material examined belongs to the following collections: AMNH,
American Museum of Natural History, New York (N. I. Platnick); CPDC, Centro de

Pesquisas do Cacau - Ceplac, Itabuna (P. S. Terra); MACN, Museo Argentino de

Ciencias Naturales "Bernardino Rivadavia", Buenos Aires (C. Scioscia); MCN,
Museu de Ciencias Naturais, Fundacao Zoobotanica do Rio Grande do Sul, Porto

Alegre (E. H. Buckup); MNRJ, Museu Nacional, Universidade Federal do Rio de

Janeiro, Rio de Janeiro (A. T. da Costa); UFPB, Universidade Federal da Parafba,

Joao Pessoa (P. F. L. Duarte); ZMB, Zoologisches Museum, Berlin (M. Moritz). All

measurements are in millimeters. Micrographs were obtained with scanning electron

microscope Jeol JSM-5200 in MCN. The format of the description follows, with few

modifications, Bonaldo & Brescovit (1994).

DESCRIPTION

Corinna rubripes C. L. Koch (Figs 1-19)

Corinna rubripes C. L. Koch. 1842: 17. pi. 293. fig. 702 (male holotype ZMB 2134, from

Bahia, Brazil. Gomez leg, examined); Karsch 1880: 375, pi. 12, fig. 1; Simon 1898:

198; Petrunkevitch 1911: 469; 1928: 177; Roewer 1954: 600; Bonnet 1956: 1216;

Moritz & Fischer 1988: 137.

Sparassus rubripes; Walckenaer, 1847: 561.

Note: Mello-Leitao (1923) presented a key for females of Brazilian species of

Corinna which includes C. rubripes. The characters used in this key indicate that his

female was misidentified. The citation of C. rubripes from Bogota, Colombia by

Mello-Leitao (1941 ) (MNRJ 196, examined) is also based on a misidentification.

Material examined. British Guiana. Canje Ikuruwa River (57o 50'W, 5p 70'N), 1 8,

Vin-XII.1961, G. Bentley col. (AMNH); Brazil. Pernambuco: 1 9 (MACN); Tapera

(Mata), 1 9, 19.VIII.1988, O. Lira col. (UFPB); Bahia: Urucuca (Almada Farm), 1 8,

26.XI.1977, J. S. Santos col. (CPDC); Camacan (Matiapa Farm), 2 8, 1 9, 14.X.1978,

J. S. Santos col. (CPDC, MCN 10681); 1 8, 16.X. 1978, J. S. Santos col. (MCN 11315);

Itamaraju, 1 8, (MNRJ); Pedra do Cavalo, 1 8, IV.1980, T. B. Nunes col. (IBSP

4938): Minas Gerais: Pedra Azul, 1 8, XII. 1970. F. M. Oliveira col. (AMNH).

Distribution: British Guiana and northeast Brazil.

Diagnosis. Corinna rubripes is close to C. nitens (Keyserling) (see Keyserling 1891,

figs. 30 a-c, for comparison), but may be distinguished by the rounded or pointed rather

than obtuse tip of the retrolateral tibial apophysis and the presence of a quadrangular

process on the base of the conductor in the male palp (Figs 7, 8, 16, 17). In females, the

epigynal plate is less projected posteriorly, with copulatory opening close to the

posterior margin and "T"-shaped copulatory duct visible ventrally (Figs 11, 18).
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Figs 1-6

Corinna rubripes C. L. Koch, male: 1. 2. carapace, dorsal view; 3, chilum, frontal view; 4.

metatarsus I, lateral view; 5. trichobothrial base, dorsal view; 6, tarsal organ, dorsal view.
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Figs 7-12

Corinna rubripes C. L. Koch, male: 7. palpal tibia, retrolateral view; 8, apex of bulb, ventral

view; 9, base of conductor, ventral view; 10, apex of embolus, ventral view. Female:

epigynum, 1 I, ventral view; 12, dorsal view.
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Male (Camacan, Bahia). Carapace and chelicerae dark reddish brown, endites

and lip reddish brown, sternum dark orange, legs orange, abdomen gray.

Total length 8.70. Carapace high, with thin granulations (Figs. 1, 2, 13, 14).

4.55 long. 3.95 wide. 1.17 high. Clypeus 0.50 high. Chilum entire, sclerotized. with

few hairs (Fig. 3). Anterior eye row 1.95 long, procurved in frontal view; posterior

eye row 2.15 long, procurved in dorsal view. Eye diameters and interdistances: AME
0.45, ALE 0.30, PME 0.27. PLE 0.27; AME-AME 0.25. AME-ALE 0.20. PME-PME
0.30, PME-PLE 0.55. ALE-PLE 0.12.MOQ length 0.80. front width 0.95, back width

0.87. Chelicerae geniculate. 2.45 long, with 3 promarginal and 4 retromarginal teeth.

Sternum 2.45 long, 2.15 wide, strongly rebordered anteriorly (Fig. 15). Abdomen 4.05

long. 2.50 wide, w ith elongated dorsal scutum (Fig. 13); ventral scutum absent.

Leg measurements: I - femur 4.25 / patella 1 .90 / tibia 3.75 / metatarsus 3.30 /

tarsus 1.75 / total 14.95. II - 3.85 / 1.70 / 3.10 / 3.00 / 1.60 / 13.25. Ill - 3.25 / 1.55 /

2.35 /2.90/ 1.35 / 11.40. IV - 4.15 / 1.70/3.60/4.05 / 1.50/ 15.00. Leg spination: I-

femur dl-1. p0-0-l. rO, vO; tibia dO. p0. rO. v2-2-2-2; metatarsus dO. pO. rO. v2-2. II -

femur dl-1. p0-0-l. rO. vO; tibia dO. p0-0-l, rO. v2-lr-2-2; metatarsus dO. pO. rO, v2-

2. Ill - femur dl-1-1. pO-1-2, r0-l-l, vO; tibia dO. p()-l-0. rO-1-1, v2-2; metatarsus dO.

pl-l-0, r 1-1-0, v2-0-l. IV - femur dl-1-1. p0-0-l, r0-0-l. vO; tibia dO. pO. r0-l-l; v2-

2: metatarsus dO. p0-l-0. rl-1-0. v2-2-l. Tibiae and metatarsi I and II with long, thin,

ventral paired spines (Fig. 4). Trichobothrial bases with elongated ridge, traversing

enlarged plate (Fig. 5). Tarsal organ distal, capsulate, with oval opening (Fig. 6).

Palp: femur with two stout dorsal apical spines; patella unmodified; retrolateral

tibial apophysis large, strong, entire, medially expanded, with small projection on pro-

lateral surface, tip curved ventrally; tegulum with wide ventral coiled duct and large

prolateral extention projected over bases of embolus; conductor large, sclerotized,

with basal quadrangular projection and apical margin folded, forming groove embra-

cing median part of embolus. Filiform embolus, strongly curved retrolaterally, with

distal carina (Fig. 7-10. 16. 17).

Female (Camacan, Bahia). Coloration as in male.

Total length 9.20. Carapace as in male. 5.05 long. 4.00 wide, 2.75 high.

Clypeus 0.47 high. Chilum as in male. Anterior eye row 1.97 long, posterior eye row

2.32 long. Eye diameters and interdistances: AME 0.37. ALE 0.30. PME 0.30. PLE

0.30; AME-AME 0.25. AME-ALE 0.30. PME-PME 0.35. PME-PLE 0.60, ALE-PLE

0.10. MOQ length 0.65. front width 0.90. back width 0.90. Chelicerae strongly

geniculated. 2.45 long, teeth as in male. Sternum 2.45 long, 2.10 wide, strongly rebor-

dered anteriorly. Abdomen 4.30 long, 3.15 wide; dorsal scutum a small circular an-

terior mark; ventral scutum absent.

Leg measurements: I - femur 4.00 / patella 1 .80 / tibia 3.40 / metatarsus

3.00 / tarsus 1.65 / total 13.85. II - 3.70 / 1.75 / 2.90 / 2.95 / 1.50 / 12.80. Ill - 3.10 /

1.55 / 2.25 / 2.80 / 1.30 / 1 1.00. IV - 4.05 / 1.70 / 3.45 / 3.90 / 1.40 / 14.55. Leg

spination: I- femur dl-1. p0-0-l. rO. vO; tibia dO, pO, rO, v2-2-2-2; metatarsus dO, pO.

rO. v2-2. II - femur dl-1. p0-0-l. rO. vO; tibia dO. pO. rO. vlr-lp-2-2: metatarsus dO.

pO, rO. v2-2. Ill - femur dl-1-1. p()-l-l. rO-l-l. vO; tibia dO, pl-0, rl-1. v2-2-0;

metatarsus dO. p0-l-0. rl-1-0, v2-2-l. IV - femur dl-1-1. pO, r0-0-l. vO: tibia dO. p().
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Figs 13-15

Corinna rubripes C. L. Koch, male: 13, body, dorsal view; 14, cephalothorax, lateral view; 15,

sternum, lip and endites, ventral view. Scale line: I mm.

rO-1-1; v2-2-0; metatarsus dO, pO-1-0, r 1-1-0, v2-2-l. Ventral paired spines on tibiae

and metatarsi I and II as in male.

Epigynum: composed of concave smooth plate, slightly projected posteriorly,

with single median copulatory opening, close to posterior margin; "T"-shaped copu-

latory duct and rounded head of spermathecae visible ventrally. Internally with

posterior plate folded laterally; spermatecae fused to lateral folds of posterior plate;

fertilization ducts small; head of spermatecae large, porose (Figs. 1 1,12,18,19).

Variation. 8 males: total length 8.10 - 9.80; carapace 4.10 - 4.90; femur I 4.00 -

4.70; 3 females: total length 8.60 - 12.00; carapace 4.40 - 5.40; femur I 4.10 - 4.50.

Some specimens have black carapace and chelicerae and reddish legs. The male from

Minas Gerais, Brazil has the projection on the prolateral surface of retrolateral tibial

apophysis larger and pointed; the tip of tibial retrolateral apophysis in specimens from

Bahia, Brazil varies from rounded to pointed. Some females have the heads of

spermathecae superposed.
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Figs 16-19

Corinna rubripes C. L. Koch, male: palp, 16, ventral view; 17, retrolateral view. Female:

epigynum, 18, ventral view; 19, dorsal view. Scale line: 0.25mm.
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The Palpigrades, 1885-1995: acquisitions and gaps. - Described in 1885

as a new Order (Microteliphonida) of Arachnida Arthrogastra, the syste-

matic position of the Palpigradida is still unclear: related to Actinotrichida

mites or primitive sister taxon of Tetrapulmonata. A marine interstitial

origin was hypothesized several times before the discovery of Lepto-

koenenia in the littoral sands of Red Sea, Madagascar and Congo. All are

tiny ( 1-2.5 mm), blind, whitish, with a long plurisegmented flagellum most
characteristic of the group, but very often broken. Living in soil, primarily

in the intertropical realm or in caves, a refugium in cool countries. They
move very fast when discovered and it is difficult to collect living speci-

mens in good condition and to keep them alive for a long time. Conse-

quently the biology is almost unknown: food, reproduction, functions of

the numerous glands in males and moreover in females (? silk). On the

other hand, taxonomy, sex-ratio, postembryonic development (using fixed

specimens), evolutionary trends with remarkable cave adapted species, and

biogeography were in progress for the last fifty years. 79 species, in 7

genera (one fossil) and two families (Eukoeneniidae Petrunkevitch and

Prokoeneniidae n. fam.) are known, the fossil Paleokoenenia being in-

certae sedis for lack of knowledge of the opisthosomian sternite IV-VI

with or without ventral sacs.

A comprehensive catalogue of the acknowledged and "inquirendae" spe-

cies, all with mention of the locus typicus, is provided, just as an exhaus-

tive list of the papers published from 1978 to 1995. with some older

omitted in the bibliography by Rowland & Sissom (1980).

Key-words: Arachnida - Palpigradida - Phylogeny - Systematics -

Catalogue - Ecology - Biogeography - Bibliography.

INTRODUCTION

Les Palpigrades - Microteliphonida a 1'origine - sont les derniers Arachnides

decouverts (mars 1885). quarante-sept ans apres les Ricinuleidea (1838). Les uns et

les autres ont longtemps ete considered comme rarissimes. avec toutefois des excep-
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tions locales, telles la Cueva de Florida, au Mexique, dont la population de Ricinules

fut estimee a 11000 specimens (Mitchell 1969), les recoltes de Florence Rhine au

Texas, dans un sol alluvial, qui ont fourni pres de 200 representants du Palpigrade

Eukoenenia florenciae (Rucker) ou celles de J. Adis, en Amazonie, qui totalisent plus

de 700 individus de E. janetscheki Conde. L'examen de la face inferieure de pots de

fleurs legerement enfonces ou simplement poses sur le sol d'un jardin ombrage en

Basse-Egypte a permis de capturer jusqu'a 7 specimens en un quart d'heure (Conde

1951). Les dalles du chemin entre les serres de la partie "Nursery" du Jardin

Botanique de Bogor (Java) abritaient 3 especes des genres Eukoenenia, Koeneniodes

et Prokoenenia qui ont ete recoltees par B. Hauser et C. Lienhard (Conde 1990c ).

Toutefois, l'extreme fragilite des Palpigrades n'a pas encore permis la

realisation d'elevages depassant quelques semaines, de sorte que leur biologie nous

demeure pratiquement inconnue. La densite des populations est trop faible pour

esperer des observations de terrain exploitables d'autant que, shot decouverts, les

Palpigrades courent en zig-zag avec une grande agilite, avant de disparaitre dans la

moindre fissure. C'est la recolte d'individus flottant sur l'eau des gours ou des bassins

d'elevage dans certaines grottes (Postojna, par exemple), qui pourrait constituer le

point de depart d'observations en captivite, les animaux etant apparemment en

meilleur etat que ceux obtenus par triage (ou lavage) de sol ou de litiere, ou par

capture a vue.

La systematique et la biogeographie ont fait, en revanche, des progres assez

rapides, malgre le handicap de recoltes limitees a un unique specimen, eventualite

frequente lors de chasses a vue dans les grottes', mais a laquelle le domaine endoge

n'echappe pas toujours.

Dans son memoire historique, H. Janetschek (1957) a compare les Palpi-

grades aux autres "Pedipalpes" (Schizomida, Telyphonida. Phrynichida, Solpugida) et

a presente leur repartition a l'echelle mondiale, puis a celle de 1'Europe et de l'Afrique

du Nord; un catalogue des 35 especes recensees a l'epoque precede une bibliographic

extensive du groupe. Un inventaire plus recent est du a Rowland & Sissom (1980).

Nous tenterons ici, en resumant l'etat des connaissances, de souligner les

lacunes considerables qui subsistent.

POSITION SYSTEMATIQUE

Van der Hammen (1977, 1982) a place les Palpigrades aux cotes des Acariens

Actinotrichida dans sa nouvelle classe des Epimerata, en supposant, sans preuves, un

developpement postembryonnaire semblable chez les deux groupes, soit 5 stades

avant l'adulte, alors que 2 ou 3 seulement ont ete identifies chez les Palpigrades. Les

Epimerata sont tenus pour les plus primitifs des Arachnides vivants et les premiers

1 A titre d'exeinple, le second specimen connu d'une grotte des Pyrenees-Orientales

(Crouanques, femelle juvenile, L. Deharveng et A. Bedos leg.) a ete recolte le 12.07.1995, soit

plus de 82 ans apres la decouverte du premier individu de la meme espece. le 12.04.1913

(Velmanya, femelle holotype de E. brolemanni [Hansen], H.W. Brolemann leg.).
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colons possibles des sols continentaux, a partir de formes littorales marines. La
decouverte de Palpigrades interstitiels (Leptokoenenia) est un argument en faveur de

cette hypothese, meme s'il ne s'agissait ici que d'un retour vers le milieu originel.

Schultz (1990: fig.4, table 3) a considere les Palpigrades comme le taxon frere,

phylogenetiquement primitif, de ses Tetrapulmonata (Araneae auct., Amblypygi,

Uropygi).

Les Palpigrades actuels se repartissent clairement entre les deux lignees dites

prokoenenienne (2 genres, 7 especes) et eukoenenienne (4 genres, 71 especes) qui

meritent le rang familial. Le seul fossile authentique, Paleokoenenia, est malheureu-

sement inclassable dans ce systeme, le caractere morphologique essentiel (presence vs

absence de vesicules opisthosomiennes sternales) n'ayant pas pu etre observe.

ECOLOGIE

Fissures des sols non inondables (constate au Gabon et confirme en Ama-
zonie), jusqu'a des profondeurs depassant 1 m dans des vallees californiennes. Dans le

sable des plages parfois, mais il ne s'agit la que de formes endogees {Eukoenenia a

Cuba et en Thai'lande, Koeneniodes aux Philippines). Leptokoenenia recoltee en Mer

Rouge, au Congo (Pointe Noire) et a Madagascar (Faux Cap), a ete observee au

contraire dans l'eau de mer ou elle nageait sans mouvements desordonnes (Monniot

1966). Pour tous les autres Palpigrades, la surface de l'eau constitue un piege efficace,

car la cuticule ne se mouille pas; c'est ainsi que des specimens ont ete extraits de filets

a plancton, apres une peche dans un gour ou un lac souterrain (Liban, Sardaigne).

Dans les grottes, les Palpigrades se tiennent a l'abri sous des pierres reposant

sur l'argile, sous des plaques d'argile, parmi des debris ligneux, mais aussi a Fair libre,

deambulant sur le sol ou les parois, a proximite de guano parfois. L'hygrometrie et

l'agitation de fair dans la grotte semblent etre les facteurs qui determinent les diffe-

rents comportements observes. Le lavage de terre a aussi permis la recolte de

quelques specimens.

L'origine inter-tropicale du groupe est indiscutable. En Europe, les deux

especes endogees superficielles (complexe de E. mirabilis) sont limitees a la zone de

l'Olivier, le refuge des grottes ayant permis la survie d'especes sous des climats plus

rigoureux.

Deux cas de peuplement du domaine endoge par une espece cavernicole sont

connus dans un xerotherme en Basse-Autriche et en altitude (1265 m), au Tyrol

septentrional.

REGIME ALIMENTAIRE

Le tractus digestif ne renferme aucun element reconnaissable et la seule

observation disponible est due a P. Weygoldt (com. pers.) qui a constate la capture, a

l'aide des cheliceres, de petites proies, telles que des Collemboles, par des specimens
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captifs. Un regime carnivore (proies et debris dans le sol ou le guano) est le plus

vraisemblable. La cavite buccale est garnie d'expansions cuticulaires qui pourraient

faire office de filtre (Rowland & Sissom 1980, Schultz 1990, Dunlop 1994).

REPRODUCTION

L'oeuf est inconnu et seuls des ovules murs ont ete observes: deux ou trois de

100-120 urn de diametre chez E. mirabilis (endogee), un ou deux de 130 x 250 pm
chez E. austriaca (troglobie). Des spermatophores ont ete observes des 1901 par A.

Rucker, dans le tractus genital des males, mais leur mode de transmission est ignore.

Remy (1949b, 1950) a decrit des organites claviformes, pedoncules, fixes au

voisinage de l'orifice genital de la femelle, qu'il rapporte a des spermatophores. La

spermiogenese et le spermatozoi'de, sans flagelle, ont ete etudies en microscopie elec-

tronique a transmission par Alberti ( 1979).

Les males sont generalement plus rares que les femelles, voire exceptionnels,

et encore inconnus chez 37 des 78 especes actuelles. II y a ainsi de serieuses pre-

somptions de parthenogenese dans certaines populations au moins. La sex-ratio de E.

mirabilis est de 0,39 (9 males, 23 femelles) en Grece, de 0,23 ( 12 males, 52 femelles)

en Afrique du Nord. A Banyuls-sur-Mer, localite francaise bien connue de l'espece,

un seul male a ete observe pour plusieurs centaines de femelles et aucun male n'a

encore ete recolte sur les iles atlantiques qui ont livre 50 femelles (2 a Madere, 48 aux

Canaries). Le genre Koeneniodes n'a longtemps ete represente que par des femelles,

malgre l'examen de plus de 250 specimens. Le premier male connu fut le juvenile de

K. berndi, du Sabah (Conde 1988/;) et. plus recemment. une population bisexuee (6

males, 24 femelles, sex-ratio 0,25) de K. frondiger, l'espece la plus voisine de

K. berndi, fut decouverte sur Sulawesi; les femelles qui accompagnaient ces males

possedaient un volumineux receptacle dans le 2e volet genital au lieu du minuscule

organite observe chez les autres femelles (Conde 1994/?). Enfin, E. florenciae, le

Palpigrade ayant la plus vaste repartition geographique, n'est connu que par des

femelles, mais il est possible que E. hanseni, du Mexique, corresponde a une

population bisexuee de E. florenciae.

Aucun individu en mue n'a ete observe jusqu'ici et l'existence de mues post-

puberal n'a ete supposee que pour expliquer la presence occasionnelle de phaneres

supplementaires chez certains males du complexe de E. mirabilis (Remy 1948).

Un stade prelarvaire (elattostase ou calyptostase) suivi de 4 autres etapes avant

l'adulte, est l'hypothese due a Van der Hammen. Une prelarve (? immobile) n'a jamais

ete rencontree, ce qui n'est pas surprenant, mais ensuite trois stades larvaires (A|, A2,

B ou C) chez les Prokoeneniidae et deux seulement (A, B ou C) chez les Eukoe-

neniidae ont ete reconnus chez toutes les especes representees par un nombre suffisant

d'exemplaires, B et C correspondant respectivement a la femelle et au male juveniles.

Fig. 1. Eukoenenia spelaea (Peyerimhoff), femelle adulte, dans la grotte de Megevette, Haute-

Savoie, altitude 1030 m. P. Strinati et Ch. Hug leg. 08.04.1989. Dessin de Mine Lavoyer-

Kaufmann, Museum d'histoire naturelle de Geneve.
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Les volets genitaux sont des formations appendiculaires des sternites II et III

de l'opisthosome qui apparaissent sous une forme rudimentaire aux stades homo-

logues B ou C et la reconnaisance du sexe a ces stades a ete l'objet de nombreuses

incertitudes, d'autant que 3 variantes ont ete reconnues, chez les Eukoeneniidae. pour

chacun des sexes. Les doutes sont a present leves: chez le male C, le volet du He

sternite est deja dedouble (volets 1 et 2 de l'adulte); chez la femelle B, ce volet est

unique (volet 1 de l'adulte); chez les deux sexes, l'ebauche des volets du Hie sternite

(volets 2 de la femelle, 3 du male) est nue, flanquee lateralement du phanere subme-

dial ( st
i
) du sternite.

La mue qui conduit a l'adulte est caracterisee par un developpement conside-

rable des volets genitaux dans les deux sexes. Chez le male le premier volet acquiert 2

paires (3 dans un cas unique) de fusules setiformes, a base plus ou moins renflee; un

fin canal relie chaque fusule a une glande acineuse logee dans l'epaisseur du volet.

Chez la femelle, l'aspect des volets est moins modifie, la chetotaxie du premier est

plus dense, mais celle du second ne comporte que 3 paires de soies en general ou 2

seulement quelquefois, la paire anterieure, qui correspond aux phaneres stl du sternite

III qui ont ete annexes, pouvant manquer; diverses sclerifications, ainsi qu'un

receptacle interne, sont utilises en systematique.

La femelle presente aussi des modifications des structures glandulaires des

sternites IV a VI et, chez Koeneniodes en particulier, l'acquisition de nouvelles

formations. La femelle adulte de K. madecassus Remy ajoute aux modestes massifs

glandulaires des segments V et VI de la femelle juvenile, une enorme formation trilo-

bee occupant tout le segment IV, confluant avec le massif agrandi du Ve et debordant

un peu en III; une protuberance en forme de dome, garnie de 15 ou 16 phaneres epais,

occupe la region anterieure du sternite IV (Conde 1996).

Parmi les huit especes rapportees a Koeneniodes, le male des deux especes2 ou

l'adulte de ce sexe est connu, retient des caracteres juveniles et. comme les criteres

taxonomiques ont fait appel aux particularity des sternites IV a VI de la femelle

adulte, l'attribution d'un male isole peut etre incertaine.

Des especes du genre Eukoenenia manifestent aussi une tendance "neotenique"

chez les males: ceux du complexe E. mirabilis-berlesei, par exemple, n'acquierent

jamais les glandes ventrales et les phaneres excreteurs du IVe sternite opisthosomien,

presents chez des femelles adultes uniquement.

Dans un cas au moins (Prokoenenia javanica Conde), de gros massifs glandu-

laires disposes par paires dans les segments IV a VI et surmontes de phaneres epais

(excreteurs), presents des le stade A h persistent chez la femelle adulte, mais

manquent chez le male correspondant, les gros phaneres associes etant remplaces par

des poils ordinaires greles.

L'histologie des glandes ventrales n'est connue que chez la femelle adulte de

Eukoenenia mirabilis ou elles occupent les sternites IV et VI (Millot 1942). Elles

evoquent certaines glandes sericigenes d'Araignees et l'elaboration de soie ne serait

2 Le male de A', spiniger Conde, 1984£>, decouvert en Thailande (Chiang Mai, Doi
Ithanon, Mae Cham Road), est en cours d'etude.
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pas etonnante. La secretion est emise a l'exterieur par les gros phaneres creux qui

surmontent les masses glandulaires comme chez tous les autres Palpigrades. Les

glandes ventrales anterieures (sternite IV) de cette espece sont propres a la femelle

adulte, les glandes posterieures (sternite VI) etant les seules presentes chez les juveniles

et le male adulte. Les femelles de certaines populations (Portugal, Canaries)

n'acquierent pas les glandes anterieures: aucun male n'a ete recolte avec elles (0/50). En
revanche, des males sont presents (4/8) chez l'espece cavernicole de Madere (E.

madeirae Conde) qui appartient au complexe mirabilis-berlesei et dont les femelles

sont, elles aussi, depourvues de glandes anterieures. L'absence de ces glandes ne semble

done pas liee a un mode particulier de reproduction (parthenogenese vs bisexualite).

PHYLOGENIE

Bien que le groupe paraisse tres homogene a un examen superficiel: tous petits

(1-2,5 mm sans le flagelle), apigmentes et aveugles, les deux ensembles familiaux

proposes. Prokoeneniidae et Eukoeneniidae. ne sont unis par aucune forme a caracteres

ambigus et e'est par defaut seulement que l'unique fossile ne peut etre attribue a l'une

plutot qu'a l'autre. Lorsque Borner (1901) cree les sous-genres Prokoenenia et Eukoe-

nenia, il les distingue par la structure du volet genital anterieur, paire chez Prokoenenia

- condition tenue pour primitive - et impaire chez Eukoenenia. En fait. Bonier compa-

rait le male de Prokoenenia a la femelle de Eukoenenia, a une epoque ou aucun male de

ce dernier genre n'etait decrit3 . La presence de vesicules exsertiles opisthosomiennes

dont les deux paires anterieures (sternites IV et V) apparaissent au second stade connu

(A2), suivies d'une troisieme paire (sternite VI) au stade suivant (B ou C) et l'existence

d'un stade supplemental (A dedouble) chez les Prokoeneniidae, peuvent porter a tenir

les Eukoeneniidae pour des formes ayant subi une contraction du developpement post-

embryonnaire, accompagnee par la perte des vesicules de l'opisthosome. considerees

comme des formations appendiculaires, homologues des volets genitaux en II et III.

Cette interpretation porte une ombre sur l'origine marine du groupe a partir

d'une parente de Leptokoenenia qui est une Eukoeneniidae typique4 et apparait ainsi

comme deja plus specialisee que les Prokoeneniidae. La repartition beaucoup plus

restreinte de ces derniers, ainsi que le petit nombre d'especes recensees en compa-

raison des Eukoeneniidae, peut evoquer un ancetre distinct inconnu dont ils auraient

conserve des caracteres archai'ques (stade A2, vesicules sternales). perdus au cours de

l'evolution plus active des Eukoeneniidae.

TENDANCES EVOLUTIVES

La forme generale du corps est peu variable: l'opisthosome est allonge, a bords

subparalleles, chez Leptokoenenia et aussi chez E. angusta Hansen, trouvee une fois

3 Le premier male decrit et figure est celui de E. spelaea (Peyerimhoff, 1902). mais pris

pour une femelle adulte lors de la description de l'espece (Conde 1956).

4 Le specimen de Madagascar (Faux-Cap) a ete mentionne par Remy (1960:60) sous

Eukoenenia sp. b, avec une courte diagnose, l'individu etant en mauvais etat.
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dans le sable d'une plage en Thai'lande, et chez E. pyrenaella Conde, d'une grotte de

l'Ariege, qui pourrait etre un hote des fissures. Les autres especes ont un opisthosome

plus ou moins renfle avee un retrecissement (pedoncule) au niveau du segment libre

du prosome.

Les modifications les plus importantes sont presentees par des especes tro-

globies du genre Eukoenenia: augmentation de la taille (longueurs du corps, du bou-

clier prosomien, du basitarse IV, du flagelle) et valeurs des rapports bouclier/

basitarse, basitarse/tibia, corps/flagelle etc. (tableau 1 ); les recepteurs sensoriels late-

raux du prosome, constitues d'elements plus ou moins fusiformes, se multiplient au

cours du developpement postembryonnaire, les adultes des especes les plus avancees

pouvant acquerir 8 a 1 3 elements de chaque cote. Les endoges ne possedent en gene-

ral que 1 a 3 elements, a de rares exceptions pies (4 a 6) que Ton peut interpreter

comme une predisposition aux biotopes hypoges.

Tableau 1

1 a 4: especes endogees; 5 a 9: especes cavernicoles.

It B f] fla lt/fl bta bta/ti B/bta O.lat.

(mm) (mm) (mm) (um)

1. E. angusta hindua 1 .03 0.24 0,45 10 2,28 55,2 0.65 4,34 1

2. E. paulinae 0,89 0,23 65.5 0,79 3.5

1

3

3. E. lienhardi 0,60 0,22 67,5 0,82 3,25 2-3

4. E. janetscheki 0,96 0.22 74 0,90 2,97 4

X 0.87 0,23 65.55 0.79 3,51 2.6

5. E. gasparoi 1,92 0,48 2,49 14 0.76 265 o.so 1,81 3

6. E. patrizii 1,85 0.47 3,25 14 0,57 266 1 1,76 8-10

7. E. naxos 1,64 0,44 256 1,10 1,71 5

8. E. thais 1,02 0,36 223 1 1,61 12-13

9. E. grafittii 1.37 0,34 213 0,89 1,59 8

X 1.56 0,42 2.87 14 0,66 244,74 0,95 1,69 8,4

Abreviations: It = longueur du corps; B = longueur du bouclier prosomien; fl = longueur du

flagelle; fla = nombre d'articles du flagelle; lt/fl = longueur du corps sur longueur du flagelle;

bta = longueur du basitarse IV; bta/ti = longueur du basitarse IV sur longueur du tibia

correspondant; B/bta = longueur du bouclier prosomien sur longueur du basitarse IV; O.lat. =

nombre d'elements aux organes lateraux du prosome.

Les 7 trichobothries portees par les pattes de la premiere paire, tenues relevees

pendant la marche, sont communes a toutes les especes: seule E. naxos Conde

possede une 8e trichobothrie sur le basitarse IV, a l'emplacement du trichome tergal

proximal des autres especes. Des representants des autres genres (Allokoenenia, Koe-

neniodes, Prokoenenia) ont ete parfois rencontres dans les grottes, mais aucun ne

presente des modifications liees au milieu souterrain.
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COMMENTAIRE

La longueur du corps (flagelle exclu) est le critere le plus aleatoire, car il

depend de l'etat d'extension du specimen dans la preparation; la longueur du bouclier
prosomien et plus encore celle du basitarse IV sont. au contraire. des mesures d'une
grande precision et les valeurs de leurs rapports separent clairement les endoges
(moyenne 3,51), des troglobies (moyenne 1.69); il en est de meme pour la longueur
absolue du basitarse IV (moyennes 65.55 et 244,74 pin); le rapport bta/ti n'est neutre
ou legerement positif que chez les troglobies les plus avances en ce qui concerne
l'allongement des appendices.

SYSTEME

Prokoeneniidae n. fam.

Diagnose: des vesicules opisthosomiennes sternales: deux paires au stade A 2

sur IV et V; trois paires. a partir de B ou C. sur IV a VI. Premier stade postembry-
onnaire (A) dedouble en A| et A 2 .

Genres: Prokoenenia Borner. 1901 (comme sous-genre de Koenenia).

Triadokoenenia Conde, 1991 r

Eukoeneniidae Petrunkevitch. 1955 (nom. nov. pro Koeneniadae Grassi &
Calandruccio, 1885).

Diagnose: pas de vesicules opisthosomiennes sternales. Premier stade post-

embryonnaire (A) unique.

Genres: Eukoenenia Borner, 1901 [comme sous-genre de Koenenia Grassi &
Calandruccio. 1855, nom preoccupe par

Koenenia Beushausen, 1884, Moll.

Lamellibrancb.es (Petrunkevitch 1955)].

Allokoenenia Silvestri. 1913

Koeneniodes Silvestri, 1913

Leptokoenenia Conde. 1965

Incertae sedis

Genre: Paleokoenenia Rowland & Sissom, 1980

Catalogue des Arachnida Palpigradida,

avec mention du locus typicus de chaque taxon (*: grottes exclusivement; **: grottes,

parfois MSS ou endoge; ***: endoge. accidentellement dans les grottes).

Famille Prokoeneniidae n. fam.

Genre Prokoenenia Borner. 1901
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1. P. asiatica Conde, 1994, Thailande.

**2. P. californica Silvestri, 1913, U.S.A.: Californie.

*3. P. celebica Conde, 1994, Sulawesi.

4. P. chilensis Hansen, 1901, Chili.

5. P. javanica, Conde, 1980, Java.

6. P. wheeleri Rucker, 1901, US.A.: Texas.

Genre Triadokoenenia Conde, 1991

7. T. millotorum (Remy, 1950), Madagascar.

Famille Eukoeneniidae Petrunkevitch, 1955.

Genre Eukoenenia Bonier, 1901

8. E. angolensis (Remy, 1956), Angola.

9. E. angusta (Hansen, 1901 ).

9. 1 . E. angusta angusta (Hansen, 1901 ), Golfe du Siam.

9.2. E. angusta hindua Conde, 1989, Inde.

9.3. E. angusta tamula Remy, 1960, Inde.

10. E. ankaratrensis Remy, 1960, Madagascar.

11. E. antanosa (Remy, 1950), Madagascar.

*12. E. austriaca (Hansen, 1926).

12.1. E. austriaca austriaca (Hansen, 1926), Slovenie.

12.2. E. austriaca peregrina Conde, 1990, Italie: Lombardie.

12.3. E. austriaca stinyi (Strouhal, 1936), Autriche: Carinthie.

12.4. E. austriaca styriaca Conde & Neuhertz, 1977, Autriche: Styrie.

13. E. bara (Remy, 1950), Madagascar.

14. E. berlesei (Silvestri, 1903).

*** 14.1. E. berlesei berlesei (Silvestri, 1903), Italie: Ombrie.

14.2. E. berlesei virginea Conde, 1984, Petites Antilles.

*15. E. bonadonai Conde, 1979. France, Alpes-Maritimes.

*16. E. bouilloni Conde, 1980, France: Ariege.

*17. E. brignolii Conde, 1979, Italie: Pouilles.

*18. E. brolemanni (Hansen, 1926), France: Pyrenees-Orientales.

19. E. chartoni (Remy, 1950), Madagascar.

*20. E. christiani Conde, 1988, Malte.

*21. E. condei Orghidan et al., 1982, Roumanie.

22. E. deceptrix Remy, 1960, Madagascar.

*23. E. deleta Conde, 1992, Thailande.

24. E. delphini (Remy, 1950), Madagascar.

25. E. depilata Remy, 1960, Madagascar.

*26. E. draco (Peyerimhoff, 1906).

26.1. E. draco draco (Peyerimhoff, 1906), Majorque.

26.2. E. draco zariquieyi (Conde, 1951), Espagne: Catalogne.
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27. Kflorenciae (Rucker, 1903). U.S.A.: Texas (= E. buxtoni Berland, 1914).

28. E. fossati Remy, 1 960, Madagascar.

*29. E. gasparoi Conde, 1988. Italie: Trieste.

*30. E. grafittii Conde & Heurtault, 1995. Italie: Sardaigne.

31. E. grassii (Silvestri in litt., Hansen. 1901 ), Paraguay.
***32. E. hanseni (Silvestri, 1913), Mexique.

33. E. hesperia (Remy. 1953). Cote-d'Ivoire.

*34. E. hispanica (Peyerimhoff. 1908). Espagne: Huesca.
***35. E. improvisa Conde. 1979. Guyane francaise.

36. E. janetscheki Conde. 1993, Bresil: Amazonie.
*37. E. juberthiei Conde, 1974.

37.1. E. juberthiei juberthiei Conde, 1974. Liban.

37.2. E. juberthiei cytheriaca Conde, 1979, Grece: Cythere.

37.3. E. juberthiei hellenica Conde. 1979. Grece: Attique.

38. E. kenyana Conde. 1979. Kenya.

39. E. lauteli (Remy, 1950). Madagascar.

40. E. lawrencei Remy. 1987, Afrique du Sud. Natal.

41. E. lienhardi Conde, 1989.

41.1. E. lienhardi lienhardi Conde, 1980, Sumatra.

41.2. E. lienhardi bolkiah Conde, 1993, Borneo: Brunei.

*42. E. lyrifer Conde, 1992. Thailande.

43. E. machadoi (Remy, 1950), Angola.

*44. E. madeirae Strinati & Conde, 1996, Madere.

*45. E. margaretae Orghidan et al.. 1982. Roumanie.

*46. E. maws Conde, 1992, Sulawesi.

47. E. meridiana Remy, 1960. Madagascar.

***48. E. mirabilis (Grassi & Calandruccio, 1885), Italie: Sicile.

*49. E. naxos Conde, 1990. Grece: Iraklia.

50. E. necessaria Remy. 1960. Madagascar.

*51. E. orghidani Conde & Juberthie, 1981. Cuba.

*52. E. patrizii (Conde. 1956), Italie: Sardaigne.

53. E. pauli Conde, 1979, Gabon.

54. E. paulinae Conde, 1994, Sulawesi.

*55. E. pretneri Conde, 1977, Dalmatie.

*56. E. pyrenaella Conde, 1990, France: Ariege.

*57. E.pyrenaica (Hansen. 1926), France: Hautes-Pyrenees.

*58. E. remyiGonde, 1974. Herzegovine.

59. E. roquettei (Mello-Leitao & Arle, 1935) Bresil: Rio de Janeiro.

60. E. sakalava (Remy. 1950), Madagascar.

61. E. siamensis (Hansen. 1901 ), Golfe du Siam.

62. E. singhi Conde, 1989. hide.

**63. E. spelaea (Peyerimhoff. 1902).

63.1. E. spelaea spelaea (Peyerimhoff, 1902), France: Alpes de Haute-

Provence (= E. spelaea gineti Conde. 1956. France: Vercors).
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63.2. E. spelaea hauseri Conde, 1974, Croatie.

63.3. E. spelaea strouhali Conde, 1972, Autriche: Tyrol.

63.4. E. spelaea vagvoelgyii (Szalay, 1956), Hongrie.

*64. E. strinatii Conde, 1977, Italie: Piemont.

65. E. subangusta (Silvestri, 1903), Italie: Calabre.

*66. E. thais Conde, 1988. Thailande.

67. E. trehai Remy, I960, Madagascar.

Genre Allokoenenia Silvestri, 1913

68. A. afra Silvestri, 1913, Guinee francaise.

Genre Koeneniodes Silvestri, 1913

69. K. berndi Conde, 1988, Borneo: Sabah.

70. K. deharvengi Conde, 1981, Philippines: Mindoro.

***7
1 . K. frondiger Remy, 1 950, Madagascar.

72. K. leclerci Conde, 1992. Thailande.

73. K. madecassus Remy. 1950 Madagascar.

74. K. malagasorum Remy, 1960, Madagascar.

75. K. notabilis Silvestri, 1913, Guinee francaise.

76. K. spiniger Conde, 1984, Thailande.

Genre Leptokoenenia Conde, 1965

77. L. gerlachi Conde, 1965, Mer Rouge.

78. L. scurra Monniot. 1966, Congo.

Incertae sedis

Genre Paleokoenenia Rowland & Sissom, 1980 (incertae sedis)

79. P. mordax Rowland & Sissom, 1980, U.S.A.: Arizona (probablement

Pliocene).

Species inquirendae

Allokoenenia sp. Conde 1992, Thailande (juv. A. C).

Eukoenenia lusitana Remy in litt. In: Conde 1981c, Portugal. Designe les femelles

adultes de E. mirabilis depourvues du complexe glandulaire du IVe urosternite

(? neotenie). Sans valeur nomenclature.

Eukoenenia cf. delphini Remy 1960. Madagascar (ad. ? ).

- cf. draco Conde 1977, Espagne: Castellon de la Plana (juv. B).

- cf. grassii Conde 1974, Chili (ad. 6\ ?,juv. C).

- cf. hanseni Remy 1950, Madagascar (juv. B).

- cf. lawrencei Conde 1980, Nouvelle-Guinee Papouasie (juv. B).



LES PALPIGRADES. 1885-1995: ACQUISITIONS ET LACUNES 99

- cf. lyrifer Conde 1992. Thailande (ad. 2 ).

- cf. necessaria Remv 1960. Madagascar (ad. d ).

- cf. spelaea Conde 1975, France: Savoie (juv. A).

- cf. spelaea Brignoli 1976, Italie: Piemont (? juv., prosoma seul).

Koeneniodes cffrondiger Conde 1981. Nouvelle-Guinee Papouasie (juv. B).

Koenenia sp. Wichmann 1926, Autriche: grotte region du Diirrenstein.

- sp. Zwaluwenberg 1931. Hawaii.

- sp. Remy 1948, Cuba: Cuevas de Bellamar (juv. = E. orghidani Conde &
Juberthie. 1982).

- sp. Remy 1950. Maroc (juv. B).

- sp. Canals & Vinas 1969. Maroc: grotte de Kef Aziza.

Eukoenenia sp. Remy 1959. Natal (juv. A et B = B et C de E. lawrencei Conde
1981a).

- sp. Remy 1 960/?, Pondichery (= E. angusta hindua Conde. 1989).

- sp. Bajomi 1969. Hongrie: grotte "Meteor" (= E. spelaea vagvoelgvii

[Szalay. 1956]).

- sp. Conde 1972 et 1975. Autriche: Tyrol, endogee (juv. A. E. spelaea-aus-

triaca).

- sp. Bourne 1974. France: Savoie (juv. A. cf. E. spelaea Conde 1975).

- sp. Conde 1977. Italie: Piemont C7 juv., prosoma seul).

- sp. Conde 1 979/?, Gabon (juv. B).

- sp. Conde 1980. Nouvelle-Caledonie (juv. A).

- sp. Conde 1986. Cuba: plage (ad. d . epile).

- sp. Conde 1987a. Bresil (= E. janetscheki Conde. 1993).

- sp. Conde 1987b, Grece: Herakleia (sic) (= E. naxos Conde. 1990<7).

- sp. Conde 1988/?, Paraguay ( juv. B. ? E. grassii Hansen. 1901 ).

- sp. Conde 1994/?, Sulawesi (juv. A, ? E. paulinae Conde. 1994).

Koeneniodes sp. Lawrence 1947. Natal: Pietermaritzburg.

Leptokoenenia sp. Conde 1988a. Madagascar (= Remy 1960 Eukoenenia sp. b) (ad. 2 ).

Prokoenenia sp. Briggs & Ubick 1981. U.S.A.: Californie.

Palpigrade: Glennie 1947 et in litt. (25.08.56). Inde: Dehra Dun. grotte Moila

S wallet, altitude ca 2500 m.

-
: Benedict et al. 1979, U.S.A.: Oregon, Malheur Cave.

Micro whip-scorpions: Briggs 1986. U.S.A.: Californie. Chrome Cave et Grapevine

Gulch Cave.

BIOGEOGRAPHIE

Les limites de l'aire de repartition du groupe sont les 48°N et 40°S. la majorite

des especes septentrionales etant confinees dans les grottes et. a une exception pres.

n'appartenant pas a la lignee des formes endogees superficielles (complexe mirabilis-

berlesei) qui ont survecu dans la region perimediterraneenne et qui penetrant parfois,

plus ou moins profondement, dans les grottes: E. mirabilis en Grece (Cythere, Crete,
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Iraklia) et en France (Gard)5 ; E. berlesei en Sardaigne (grotta del Carmelo, Sassari,

une femelle adulte, inedit).

Des cavernicoles peu modifies, tels E. christiani Conde, de Malte ou E.

juberthiei Conde, du Liban el de Grece, pourraient etre allies a E. subangusta

Silvestri, espece italienne jamais retrouvee depuis sa description (l'unique specimen

en collection a ete revu, Conde 1990/?), en raison sans doute d'un habitat endoge pro-

fond qui n'a plus ete prospecte.

En Europe, les especes troglomorphes les plus remarquables sont, au contraire,

apparentees a des lignees intertropicales et peuvent etre considerees comme des

reliques de periodes chaudes. Dans les regions tropicales explorees de ce point de vue,

Indonesie et Celebes, les troglobies, a divers stades de revolution cavernicole, et les

endoges se partagent la meme region: une evolution sur place est alors concevable.

Eukoenenia, avec 60 especes, parmi lesquelles 27 n'ont ete trouvees que dans les

grottes, l'une d'elles colonisant exceptionnellement le milieu souterrain superficiel

(MSS), est de loin le genre le plus diversifie et le seul presentant une evolution caverni-

cole avancee en Europe (22 especes), dans la region orientale (4 especes) et a Cuba (1

espece).

Koeneniodes occupe la seconde position avec 8 especes, en Afrique occi-

dental (1 espece) et dans la region orientale, du Sud de la Chine a Madagascar et aux

Mascareignes (7 especes).

Allokoenenia et Leptokoenenia ne comptent chacun qu'une espece sure (A. afra

Silvestri, en Guinee et L. scurra Monniot, au Congo), une seconde n'etant connue que

par des juveniles A et C pour Allokoenenia (Thailande), un juvenile A (Mer Rouge) et

une femelle adulte, presque illisible sur la preparation (Madagascar), pour Lepto-

koenenia.

L'histoire des Prokoeneniidae est particulierement instructive. Decouverts au

Texas (P. wheeled Rucker, 1901), puis retrouves au Chili (P. chilensis Hansen, 1901)

et en Californie (P. californica Silvestri, 1913) oil ils semblent communs, cette

repartition avait retenu l'attention de Jeannel qui ecrivait (1944) "il serait fort possible

que les Prokoenenia sud-americaines soient les restes d'une lignee paleantarctique, dont

la trace devra etre recherchee en Australie ou en Nouvelle-Zelande". Ce souhait est

demeure sans suite, les Palpigrades etant inconnus en Nouvelle-Zelande et representes

en Australie par E. mirabilis^, probablement importee d'Europe avec des ceps de vigne

(Lee & Southcott 1979). La decouverte du phylum dans l'ancien monde est due a

Remy ( 1950) qui recolte a Madagascar (Nosy Be, Tulear) un Palpigrade extraordinaire:

outre les vesicules opisthosomiennes des Prokoenenia, il est le seul a posseder 3 paires

de fusules sur le premier volet genital du male et un organe frontal median absent ou

tres rudimentaire "non vu (absent ?)" precise Remy (1950).

5 Citee par erreur de l'Ain, grotte du Cormoran, peuplee par E. spelaea (Conde 1977:

666).

6 Determination confirmee par l'examen de specimens (5 femelles adultes et 4 juve-

niles) recoltes dans les piedmonts (foothills), a Test d'Adelaide, par D.C. Lee (South Australian

Museum) qui me les a communiques.
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La seconde surprise fut la presence de Prokoenenia, tout a fait typiques celles-

la, dans les recoltes de B. Hauser a Java, dans le Jardin Botanique de Bogor (P.

javanica Conde. 1990), puis dans celles de P. Leclerc en Thailande (P. asiatica

Conde, 1994Z?) et a Sulawesi (P. celebica Conde, 1994/;).

J'ai saisi cette occasion pour revoir les specimens malgaches de P. millotorum

pour lesquels j'ai propose le nouveau genre Triadokoenenia, en reference aux trois

paires de fusules des males. J'ai pu confirmer l'existence, chez cette espece. du stade

A2 , connu par les deux specimens observes par A. Rucker, alors qu'elle disposait de

quelque 90 individus du stade A,. Le juvenile A 2 a ete decrit egalement chez P.

asiatica Conde.

Une revision des especes americaines s'impose: chilensis n'est connue que par

un specimen (femelle probablement immature, selon Hansen 1901) et, compte tenu

de l'important dimorphisme sexuel portant sur les phaneres glandulaires des

urosternites IV a VI chez P. javanica (Conde 1990c: 689-690), il se pourrait que

californica et wheeled ne soient que les deux sexes d'une meme espece, d'autant que

la fig. I qui illustre la description originale de P. californica (Silvestri 1913: 212)

compare le male de californica (fig. I, 2) a la femelle de wheeleri (fig. I, 5) dont les

sternites IV a VI sont plus pileux. ce qui est considere par l'auteur comme un

caractere specifique important.

D'autre part, les Prokoenenia orientales possedent, sur le tibia de la patte

locomotrice IV, une trichobothrie latero-dorsale qui remplace un phanere ordinaire du

verticille subapical des autres Palpigrades et qui n'a ete ni representee, ni mentionnee

chez les especes americaines.

La region orientale semble avoir ete un foyer devolution important dans l'his-

toire des Palpigrades: tous les genres actuels y sont representees et leur dispersion,

jusque dans la region madecasse, en particulier, est un fait bien etabli (Conde 1996).

En dehors de l'Australie, ou des Palpigrades autochtones existent sans aucun

doute, au moins dans la peninsule du Queensland, puisqu'ils sont presents en Nou-

velle-Guinee Papouasie (Eukoenenia cf. lawrencei, femelle juv. B et Koeneniodes cf.

frondiger. femelle juv. B), ils semblent tres rares en Nouvelle-Caledonie (un seul

immature A dans un triage d'humus de la Montagne des Sources). Leur absence au

Japon, ou une recherche intensive sur la faune du sol s'est developpee au cours des

dernieres annees, ne s'explique pas, d'autant qu'elle a ete confirmee par 4 semaines de

prospection pedozoologique du 19. IX. au 14.X.1994, de la limite nord de Honshu

jusqu'a file la plus meridionale Iriomote, au cours desquelles B. Hauser et C.

Lienhard ont effectue beaucoup de prelevements de sol et de nombreuses recoltes a

vue ou la presence de Palpigrades ne pouvait echapper a ces collecteurs specialises.

L'Afrique du Nord n'a livre que les deux especes mediterraneennes communes

(E. mirabilis, E. berlesei) et E. florenciae Rucker, le Palpigrade le plus cosmopolite

(un Palpigrade [Koenenia sp.] a ete cite de l'interieur de la grotte de Kef Aziza, au

Maroc [Canals & Vinas 1969], mais il n'a pas ete possible de localiser ce specimen

dans une collection. O. Escola [in litt. 16.1. 79] m'a precise qu'aucun Palpigrade

africain ne se trOuvait au Museo de Zoologia de Barcelona et il croit a une erreur des

participants de l'expedition "Atlas - 68"). Le domaine africanotropical n'a ete que peu
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prospecte: les types de Allokoenenia et Koeneniodes en Guinee, E. hesperia Remy en

Cote-d'Ivoire, E. pauli Conde au Gabon, Leptokoenenia scurra Monniot au Congo, E.

angolensis Remy et machadoi Remy en Angola, E. kenyana Conde (une espece a

affinites orientales du groupe de angusta Hansen) au Kenya et E. lawrencei Remy,

apparentee elle aussi a des formes asiatiques {singhi Conde, lienhardi Conde), au

Natal.

Le continent americain reste le plus defavorise (Conde 1987a): trois especes

settlement aux Etats-Unis (les deux Prokoenenia et E. florenciae (Rucker), une au

Mexique (E. hanseni (Silvestri), peut-etre la forme bisexuee de E. florenciae) et six7

dont deux incertaines (P. chilensi Hansen, E. roquettei Mello-Leitao & Arle, des

environs de Rio de Janeiro) en Amerique du Sud: E. grassii (Silvestri) et florenciae

(Rucker) au Paraguay, E. hanseni (Silvestri) en Colombie et Argentine, E. janetscheki

Conde en Amazonie bresilienne et improvisa Conde en Guyane francaise.

La region carai'be a livre une sous-espece de E. berlesei (virginea Conde, de St

John, Virgin Islands) et le seul troglobie authentique du Nouveau Monde (E. orghi-

dani Conde et Juberthie), de la Cueva de Bellamar, a Cuba, qui semble appartenir au

groupe E. draco (Peyerimhoff), de grottes de Majorque et de Catalogne.

CONCLUSION

Un siecle apres la decouverte des Palpigrades dans la campagne de Catania et

en rappelant le nom specifique du premier d'entre eux: mirabilis (du latin admirable,

merveilleux, etonnant, singulier), on est en droit de s'interroger sur l'impact de leur

apparition dans le monde des Arachnologistes.

Les quinze premieres annees ont ete particulierement fastes: morphologie,

anatomie et systematique sont l'objet de travaux remarquables pour l'epoque (Grassi

& Calandruccio 1885, Hansen & Sorensen 1897, Borner 1901, Rucker 1901 et

1 903c/ et b, Peyerimhoff 1902, Silvestri 1905). Des 1901 (BOrner), les deux grands

phylums ont ete reconnus, mais des incertitudes sur la reconnaissance des sexes et des

stades de developpement subsisteront, malgre des observations precises de Rucker

{loc. cit.). En 1913, Silvestri propose une cle des genres en y incluant ses deux

nouvelles coupes: Allokoenenia et Koeneniodes. Deux autres genres seulement,

Leptokoenenia et Triadokoenenia, verront le jour dans la faune actuelle.

Les annees suivantes ne sont marquees que par de rares publications sans

grande portee, jusqu'aux travaux d'anatomie et d'histophysiologie de J. Millot (1942,

1943). Presque en meme temps, les nombreuses recoltes de Remy vont le conduire a

une longue serie de travaux (24 notes, de 1942 a 1962, annee de sa mort en Mission

au Gabon). Un jour de 1945, P. Remy me confia quelques endoges recoltes par J.R.

Denis et lui-meme aux environs de Banyuls; un Palpigrade se trouvait parmi eux et il

7 E. florenciae et E. hanseni sont comptees ici pour une seule espece, aucun male
n'etant encore connu hors du Mexique, ce qui justifierait alors le nom de hanseni.
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me fut vivement conseille de m'initier a l'etude d'un groupe tout nouveau pour moi. Le
specimen en question etait un male adulte, le premier representant de ce sexe observe

a Banyuls et le troisieme connu si 1'on en croit la litterature. J'ai dessine avec soin les

volets genitaux. en decouvrant au passage les fusules et leurs glandes (Conde 1948).

Remy devait constater plus tard (1949) que j'avais decrit, sans le savoir, le premier

male de E. mirabilis, les deux specimens attribues a cette espece par F. Silvestri

appartenant en fait a E. berlesei.

Comme il etait difficile d'en rester la, j'ai adopte le groupe progressivement, les

cavernicoles d'abord, puis les endoges apres la disparition de P. Remy.
Je dois une reconnaissance toute particuliere au Museum d'Histoire naturelle

de Geneve qui a mis a ma disposition les remarquables collections de sa Palpigra-

dotheque et a assume la publication de la plupart de mes travaux.
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Polymorphism in pseudoscorpions: changes of trichobothrial pattern

in Roncus pannonius OurCiC, DimitrijeviC, & Karamata (Neobisiidae,

Pseudoscorpiones). - Polymorphism in trichobothrial pattern was studied

in Roncus pannonius, inhabiting Yugoslavia. A total of 50 examples with

changes of this pattern (or 1.43%) were found out of 3,486 specimens

examined. Variations of trichobothriotaxy were affecting either both (2%)
or a single chela (98%), and either the fixed (82%) or movable chelal

finger (18%). Twenty-eight different types of changes were noted, inclu-

ding changes in the structure of pedipaipal podomeres and simultaneous

reduction of some trichobothria; changes in the position of different tricho-

bothria; reduction of their number; and duplications of some trichobothria.

The most frequent changes were as follows: reduction of isb ( 16% of all

trichobothrial aberrations); reduction of either eb or esb (14%); distal

migration of esb (8%); and reduction of either t or st (6%). Other variants

were less frequent (2-4% each). Trichobothrial variants in R. pannonius

were confined mainly to males (54%) and females (40%), and less to

tritonymphs (6%). Unilateral changes are predominantly dextral (69%),

both on the fixed (68%) and movable chelal fingers (81%). Statistical

analysis showed that only females exhibit a significant asymmetry in the

changes of the trichobothrial pattern on the pedipaipal chelae. The

probable causes for this type of this phenomenon were also discussed.

Apart from some physical, mechanical, and chemical factors, it is assumed

that both developmental and genetic factors spark the origin of changes in

the trichobothrial pattern.

Key-words: Ontogeny - polymorphism - anomalies - trichobothriotaxy -

pseudoscorpions - Roncus pannonius.
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INTRODUCTION

Each species of pseudoscorpion possesses a specific trichobothrial pattern.

Species-specific distribution of the trichobothria produces a set of "normal" pheno-

types. The absence, duplication, or migration of some of these organs give rise to

changes in the normal trichobothrial pattern. If individuals with such deviations attain

elevated frequencies within natural populations (for instance, if more than 1% of

examples exhibited such phenotypes), this could be one manifestation of intraspecific

polymorphism. Elevated frequencies of deviations from the "normal" trichobothrial

pattern could be then ascribed to certain environmental events, or to significant

changes in the population structure of the species (Curcic et al. 1995; Lucie 1995;

Makarov 1995). such as a population bottleneck where inbreeding depression and

genetic drift could be major factors in promoting such deviations.

Records of changes in the trichobothrial patterns in pseudoscorpions are rare

and consist of brief reports by Chamberlin (1949), Curcic (1980, 1988, 1989),

Curcic & DimitrijeviC (1990); Dimitrijevic (1990); Drogla (1988), and Mahnert

(1979. 1988).

Among the Chthoniinea, no changes in trichobothrial patterns have been found.

In the Cheliferinea. a single (unilateral) abnormality was observed in the holotype

(male) of Xenochelifer davidi Chamberlin from the USA (Chamberlin 1949). The left

movable (pedipalpal) chelal finger was greatly reduced and its trichobothrium t is

missing (only b is present) as are the two pseudotactile setae (which normally occur

submedially and subterminally on the finger). Furthermore, Mahnert (1979) reported

on an outstanding variation of trichobothrial pattern (or occasional reduction of these

organs) in Americhernes incertus Mahnert, from Brazil (with sb, st, b or sb missing in

some adults; ist, sb or st missing in tritonymphs; and esb, ist, and b missing in

deutonymphs). Additionally, in the holotype (female) of Ectromachernes mirabilis

Beier, from Ethiopia, the trichobothrium et is doubled (Mahnert 1988).

Among the Neobisiinea, species have been found with deviations of tricho-

bothriotaxy involving changes in the number, disposition, and presence/absence of

trichobothria. Such deviations have been noted in Neobisium bernardi Vachon, from

France (with right trichobothrium t missing; Curcic & Dimitrijevic 1989), N. carci-

noides (Hermann), from Germany (t missing on right pedipalp; Drogla 1988), N.

carpaticum Beier, from Yugoslavia (with ist, est, it, and et missing on the left; Curcic

1980), N. cephalonicum (Daday), from Yugoslavia (with symmetrical distal migration

of ist on both pedipalpal chelae; Curcic 1980). Roncus jarilo Curcic, from Yugo-

slavia (with anomalous position of eb or esb on the left; Curcic et al. 1992), and R.

pripegala Curcic, from Croatia (with duplication of either t or st on the right; Curcic

1988).

Qualitative and quantitative analyses of different samples of some neobisiid

species revealed the presence of different changes affecting chelicerae, pedipalps, and

walking legs (Curcic et al. 1992, 1994; Makarov 1995); these phenomena were

most frequent in the pedipalpal structures, less frequent in the walking legs, and rarest

in the chelicerae. In the analysed species, different changes of the appendages were
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found: variation of size and shape of different podomeres; fusion and/or lack of

different podomeres; changes in trichobothriotaxy; disturbed setal patterns; and
variations in cheliceral and pedipalpal dentition (Curcic et al. 1995; Makarov 1995).

The primary aim of this study was to analyse the qualitative and quantitative

variation of trichobothrial patterns in an endemic and relict pseudoscorpion species

from Yugoslavia, and the probable factors affecting their development and distri-

bution.

MATERIAL AND METHODS

We have analysed the variants of the trichobothrial patterns in a population of

Roncus pannonius Curcic, Dimitrijevic, & Karamata, from the village of Obrez, near

Belgrade, Yugoslavia. A total of 3.486 specimens was examined, comprising 1,209

females; 1.600 males; 633 tritonymphs; 43 deutonymphs; and 1 protonymph.

Samples of this species were obtained by sifting oak and beech leaf litter and

humus over a period from May 1993 to December 1993; samples were taken at least

once a month.

After dissection, all specimens were mounted in Swan's fluid (gum chloral

medium) and examined carefully. The terminology for trichobothrial aberrations in

this study follows that given by Curcic et al. (1995). However, this terminology has

been somewhat modified in the present paper to include the whole range of poly-

morphism in trichobothriotaxy of R. pannonius studied.

RESULTS

There was a total of 50 specimens (20 9 9, 27 6 8, 3 tritonymphs) with

changed trichobothrial patterns, representing 1.43% of all individuals studied. In

general, this percentage is much higher than the corresponding values which refer to

the frequency of either abdominal or cheliceral or pedal anomalies in the same species

(Curcic et al. 1991, 1994; Lucie 1995). Additionally, the analysis of the sample of/?.

pannonius showed that phenotypical variation of trichobothriotaxy was confined

mostly to males (54%) and females (40%), and less to tritonymphs (6%) (Table 1,

Figs 1-21 ).

The deficiencies in trichobothriotaxy were variable. Thus, in the species

analysed, as many as 28 dilferent, single or combined, changes in trichobothrial

pattern were noted (Table 1 ). Among these, changes affecting the number and

disposition of trichobothria on the fixed (pedipalpal) chelal finger are more frequent

than those on the movable chelal finger (82% vs. 18%).

The study of the frequency and relative distribution of trichobothrial changes

in the adult and tritonymph stages of R. pannonius revealed the following: (1)

variations in trichobothriotaxy are manifested by the simultaneous changes in the

structure of two distalmost pedipalpal podomeres and in the number (i.e. reduction) of

some trichobothria. by the changes in position of these setae, and the changes in their
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Table 1

Frequency of different variants of trichobotriotaxy in Roncus pannonius (expressed as a per-

centage of the total number of these changes). Abbreviations: T = tritonymphs, %S = percentage

of the relevant changes on the left, %D = percentage of the relevant changes on the right.

99 6 6 T Total %S %D

CHANGE ON BOTH CHELAE
Reduction of (sinistral) it and reduction 2 2 50 50

of either (sinistral) eb (or esb) and

duplication of ib (or migration) of

either eb or esb in the proximity of ib
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Curvature ot (sinistral) movable finger und 2 _ 2 100 nyj

reduction of (left) et

Curvature of (dextral ) movable chela.] finger 2 2 o i on
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\( ' 1 1

1

\t~\ (VIpyIk'iM i <Ii
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1 uu
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nrovimitv of ih

RprhuMion ot it 9— 9z 1 uu
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Rpnnftinn c\\ ih 2 _ 9Z u i nn
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Figs 1-12

Trichobothrial variation of chela in females of Roncus pannonius (1-1 1 abnormal. 12 normal):

1. right, it, est, and eb (or esb) missing, isb doubled (or migration of esb or eb towards isb); 2.

right, it missing; 3. right, isb missing; 4. right, isb doubled; 5. left, eb (or esb) missing; 6. right,

eb or esb doubled; 7. right, t or st missing; 8. left, t or st missing; 9, right, / or st missing; 10.

right, t or st doubled; 1 1. right, sb missing; 12. left chela, normal trichobothrial pattern. Scale

line = 0.5 mm.
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Figs 13-21

Trichobothrial variation of chela in males (13-19) and tritonymphs (20, 21) of Roncus

pannonius: 13. left, et missing; 14. left, eb or esb missing, migration of esb or eb towards isb;

15. left, isb missing; 17. right, ib missing; 18. left, eb or esb missing; 19. right, t or st missing;

20. right, eb (or esb) missing, isb doubled (or migration of esb or eb towards ib) (movable

finger is normal); 21 . right, st missing (fixed finger is normal). Scale line = 0.5 mm.
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number (reduction or duplication); (2) changes, affecting both pedipalpal chelae, were

noted in only 2% of specimens with an aberrant trichobothriotaxy; (3) the most

frequent variants on the fixed chelal finger were: reduction of isb (16% of all

trichobothrial changes), reduction of eb and esb (14%), and distal migration of esb

(8%); (4) the most frequent variant on the movable chelal finger was the reduction of

either t or st (6%). All other changes of trichobothriotaxy were less frequent (2-4%

each; Figs 1-21, Table 1 ).

Unilateral changes are predominantly dextral, both on the fixed (68%) and

movable chelal fingers (81%). Generally, such variations occur more frequently on

the right than on the left (69% vs. 31%; Table 1). Additionally, the frequency of

different trichobothrial changes, expressed as a percentage of the numbers of

specimens examined for each stage revealed that 1.65%- of females showed such

changes, 1.69% of males and 0.47% of tritonymphs.

Both dextral and sinistral occurrence of trichobothrial changes ("asymmetry")

was tested statistically (chi-square test) for all adult specimens of the species studied

(other, preadult, stages were not analysed due to their small sample size). The results of

this analysis revealed no significant differences between the occurrence of changed

trichobothriotaxy on the left and right pedipalpal chelae (chi-square = 0.79; P > 0.05).

However, when males and females were tested separately for asymmetry, a subsequent

analysis clearly showed the sex difference in relation to the distribution of changed

trichobothrial variants. It seems that only females exhibit significant presence of

asymmetry in the trichobothrial pattern (more changes on the right) (chi-square = 5.00;

P < 0.05), but not males (chi-square = 0.62; P > 0.05).

DISCUSSION

Until additional information (including larger samples size) become available,

it is difficult to present a plausible interpretation of sexual differences in the

distribution of changed trichobothrial patterns in the species studied. However, one

of the possible explanations of the sexual dimorphism (in relation to asymmetry in

trichobothrial variants) could be the presence of a more intensive selection (? sexual)

against asymmetry of trichobothrial changes in males, and of a less intensive selection

in females. This view is supported by the fact that the trichobothria-beset pedipalps

play an important role, not only in capturing and manipulating prey and the small

particles used for nest building, but also in fighting and making "social" contact in

courtship and mating (Weygoldt 1969).

Apart from some physical, mechanical, and chemical factors (Curcic 1980). it

is probable that both developmental and genetic factors spark the origin of changes in

the trichobothrial pattern of R. pannonius. Some of these factors influence the origin

of such changes during late embryogenesis (viz. structural aberrations of pedipalpal

chelal fingers and aberrations in the disposition of et, eb, isi. and /, which are first

seen in the protonymph). Others are probably active during postembryogenesis or

during each of the moulting periods (thus affecting the origin and position of est, ir.
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ib, and b, which occur in the deutonymph; the origin of esb and st, which occur in the

tritonymph; and the origin of isb and sb, which are first seen in the adult stage).
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Notes on the false scorpion genus Solinus in the Caucasus
(Pseudoscorpionida: Olpiidae)

Selvin DASHDAMIROV
Institute of Zoology, Azerbaijan Academy of Sciences, pr. 1 128, kv.

504, Baku 370 073, Azerbaijan.

Notes on the false scorpion genus Solinus in the Caucasus (Pseudo-

scorpionida: Olpiidae). - A larger series of Solinus material from

Azerbaijan, Caucasus, allows not only a provisional identification of the

Caucasian samples to be made as obviously belonging to 5. cyrenaicus

(Beier, 1929), but also to suggest that both S. hispanus Beier, 1939, and S.

rhodius Beier, 1966, may prove to actually represent only junior synonyms

of S. cyrenaicus. Though left here without formal synonyms pending a

revision of type materials, this obviously trans-Mediterranean species

seems disjunct enough to warrant erection of a separate olpiid genus diffe-

rent from Solinus s. str. An appeal is made to accomplish such a generic

revision.

Key-words: Taxonomy - Pseudoscorpionida - Olpiidae - Solinus - redes-

criptions - Rhodes - Caucasus.

INTRODUCTION

The false scorpion genus Solinus Chamberlin, 1930, was originally established

for two species: Garypinus corticolus Chamberlin, 1923 (the type-species), from

Mexico, and Garypinus austraiiensis Chamberlin, 1930, from Australia. It is easy to

note that both areas in question are extremely remote from the Mediterranean, a

region where a whole number of Solinus species have since been described.

The following generic diagnosis was originally provided: "Arolium bifurcate,

basal seta of chelicera present, palm of the chelicera with 5 or 4 (?) setae, tergites and

sternites completely divided, femoral articulation of leg-I immobile and subvertical,

patella of leg-I distincly longer than femur, tactile setae t and st of chelal movable

fingers absent, ib closely grouped with basal groups of trichobothries of the chelal

finger, est present, lamina exterior absent, metatarsus-IV and tibia-IV with a well-

developed basal tactile setae" (Chamberlin 1930). To its author the genus seemed to

be especially closely related to the genus Aldabrinus Chamberlin, 1930 from Aldabra

Island, Seycheles.

Manuscript accepted 09.10.1995.
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Solimis has first become recorded in the Caucasus quite recently due to the

discovery of a closer unidentified species in Azerbaijan (Dashdamirov &
Schawaller 1992). The geographically closest congeners refer to the Mediterranea

(Fig. 12): Solinus cyrenaicus (Beier, 1929), Solimis hispanus Beier, 1939 and Solinus

rhodius Beier, 1966.

A closer examination of the Azerbaijan specimens of Solinus (Dashdamirov

& Schawaller 1992) coupled with a study of available comparative material from

Greece have revealed that the Caucasian samples seem to actually belong to Solinus

cyrenaicus (Beier, 1929), a species hitherto known solely from the type locality in

Libya.

Beier's (1929) original description of S. cyrenaicus is presently quite inade-

quate for a safe identification of the species, many characters currently employed

being omitted. Hence its full redescription as based on fresh material is given here.

Besides, a redescription is provided of S. rhodius as based on topotypes.

Both measurements and terminology here accepted are those after

Chamberlin (1932) and Harvey (1992).

Material. The specimens which this paper is based upon have been taken

mostly by the author while a member of the Azerbaijan Academy of Sciences Expe-

ditions to the Turianchay State Reserve during the spring and autumn of 1992-1994

(see Fig. 12). Besides, the Solinus material from the Staatliches Museum fiir

Naturkunde in Stuttgart has been restudied for comparative purposes as well. The

Caucasian specimens have been shared between the collections of the Institute of

Zoology, Baku (IZB), Zoological Museum of the Moscow State University (ZMUM),
Museum d'histoire naturelle de Geneve (MHNG), and Staatliches Museum fiir Natur-

kunde in Stuttgart (SMNS).

REDESCRIPTIONS

Solinus cyrenaicus (Beier, 1929) (Figs 1, 2, 4, 5, 7, 9, 11)

Material examined: Azerbaijan, Agdash Distr., Turianchay State Reserve, under bark

of Pistacia mutica, 400-600 m, 8.V.1992, 30.IX.1994. leg S. Dashdamirov & H. Aliev. 19

males, 12 females, 4 TT (IZB No. 310, IZB No. 311]; I male, 1 female (ZMUM); 1 male, 1

female (SMNS); 1 male, 1 female (MNHG).

Description: Male. Carapace and tergites reddish-brown, pedipalps reddish,

remaining parts lighter. Sclerotized part of carapace 1.61 times as long as wide,

cucullus short and broad. All four eyes well-developed.

Tergal chaetotaxy 4-4-4-4-4-6-6-6-6-10 (6 + 4 tactile setae) -8 (4 + 4

tactile setae). Palm of chelicera with five setae, movable finger with one seta. Galea

with three short terminal branches. Serrula with 15 lamellae. Flagellum with four

blades. Ventral aspect of internal structures of male genitalia as in Fig. 11. Male

sterna VI—VIII in all three mediterranean species with a median pair of glandular (?)

setae. Pedipalp trochanter 1 .72-1.9 times as long as broad. Pedipalp femur with a long

tactile seta dorsally (TS = 0.38-0.39), 3.36-3.45 times as long as broad; patella (tibia)
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Figs 1-6

Pedipalps, dorsal view: 1,2- Solinus cyrenaicus (Beier, 1929), females from Turianchay (IZB

310, 31 1); 3 - Solinus rhodhts Beier. 1966, female from Rhodes (SMNS 321 ); 4. 5 - Solinus

cyrenaicus (Beier, 1929), male from Turianchay (IZB 310, 31 1 ); 6 - Solinus rhodiits Beier.

1966, male from Rhodes (SMNS 32
1

). - Scale bar: 0.5 mm.

2.38-2.57 times as long as broad; chela with pedicel 3.82^1.43 times, without pedicel

3.59—4.2 1 times as long as broad. Fixed finger with 17 teeth, movable finger with 20

teeth. Venomous tooth well-developed in both fingers, venom ducts short. Tricho-

bothriotaxy typical for the genus. Leg IV: femur 2.54 times, tibia without tactile seta

3.14 times, basitarsus 1.2 times, and telotarsus 2.25 times as long as broad. Basitarsus

with 1 tactile seta (TS = 0.33).

Measurements (in mm): Carapace 0.50-0.53/0.31-0.33. Pedipalp: trochanter

0.19/0.10-0.1 1; femur 0.37-0.38/0. 1 1 ; patella (tibia) 0.31-0.36/0.13-0.14; chela with

pedicel 0.62-0.65/0.14-0.17; length of chela without pedicel 0.59-0.61; length of

finger 0.27-0.28. Leg IV: femur + patella 0.33/0.13: tibia 0.22/0.07: basitarsus

0.06/0.05; telotarsus 0.09/0.04.

Female. Sclerotized part of carapace 1.62-1.7 times as long as wide. Tergal

chaetotaxy: 4-4-4-4^1-6-6-6-6-10 (6 + 4 tactile setae) -8 (4 + 4 tactile setae).

Pedipalp trochanter 1.82-2.11 times as long as broad. Pedipalp femur with a long
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tactile seta dorsally (TS = 0.36-0.37), 3.17-4 times as long as broad; patella (tibia)

2.4-2.46 times as long as broad; chela with pedicel 3.76-3.88 times, without pedicel

3.56-3.59 times as long as broad.

Measurements (in mm): Carapace 0.47-0.51/0.29-0.30. Pedipalp: trochanter

0.19-0.20/0.09-0.1 1; femur 0.36-0.38/0.09-0.12; patella (tibia) 0.32-0.36/0.13-0.15;

chela with pedicel 0.62-0.64/0.16-0.17; length of chela without pedicel 0.57-0.61;

length of finger 0.25-0.27.

Solinus rhodius Beier. 1966 (Figs 3, 6, 8, 10)

Material examined: Greece, Rhodes Island, Kamiros, under bark of Olea europaea,

10.IV.1980, leg. W. Schawaller, 2 males, 3 females + prep. (SMNS 321 ).

O.I 10,11

Figs 7-1

1

7-8 Chela, lateral view: 7 - Salinas cyrenaicus (Beier, 1929). male from Turianchay (IZB 310); 8

- Solinus rhodius Beier, 1966, male from Rhodes (SMNS 321). - Scale bar: 0.5 mm. 9 - Lateral

view leg-IV of Solinus cyrenaicus (Beier, 1929), male from Turianchay (IZB 310). - Scale bar:

0.5 mm. 10-1 1. Ventral aspect of internal structures of male genitalia: 10 - Solinus rhodius Beier,

1966. from Rhodes (SMNS 321); 11 - Solinus cyrenaicus (Beier, 1929), from Turianchay (IZB

310). Scale bar: 0.1 mm.
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Description: Male. Carapace and tergites yellowish-brown, pedipalps brown,

remaining parts lighter. Sclerotized part of carapace 1.63 times as long as wide,

cucullus short and broad. All four eyes well-developed. Tergal chaetotaxy: 4 4 4 4-

4-6-6-6-6-10 (6 + 4 tactile setae) -8 (4 + 4 tactile setae). Palm of chelicera with five

setae, movable finger with one seta. Galea with three short terminal branches. Serrula

with 15 lamellae. Flagellum with four blades. Ventral aspect of internal structures of

male genitalia as Fig. 10. Pedipalp trochanter twice as long as broad. Pedipalp femur

with a long tactile seta dorsally (TS = 0.39), 3.6 times as long as broad; patella (tibia)

2.46 times as long as broad; chela with pedicel 3.93 times, without pedicel 3.67 times

as long as broad. Fixed finger with 16 teeth, movable finger with 17 teeth.

Measurements (in mm): Carapace 0.49/0.30. Pedipalp: trochanter 0.20/0.10;

femur 0.36/0.10: patella (tibia) 0.32/0.10; chela with pedicel 0.59/0.15; length of

chela without pedicel 0.55; length of finger 0.25.

Female. Sclerotized part of carapace 1.7 times as long as wide. Pedipalp

trochanter twice as long as broad. Pedipalp femur with a long tactile seta dorsally (TS

= 0.41 ), 3.08 times as long as broad; patella (tibia) 2.43 times as long as broad; chela

with pedicel 3.88 times, without pedicel 3.63 times as long as broad.

Measurements (in mm): Carapace 0.51/0.30. Pedipalp: trochanter 0.22/0.11;

femur 0.37/0.12; patella (tibia) 0.34/0.14; chela with pedicel 0.62/0.16; length of

chela without pedicel 0.58; length of finger 0.27.

Remarks: Soliiuts rhodius was described by Beier (1966) from a single speci-

men collected in Rhodes. Judged from the original description alone, the holotype

clearly falls within the size variation range of S. cyrenaicus, and there seem to be no

other characters which serve to separate the two species. Several topotypes of what I

believe to be 5. rhodius redescribed above seem to be also conspecific with S. cyrenai-

cus, with S. rhodius probably being nothing else but a junior synonym of S. cyrenaicus.

DISCUSSION

The above large Solinus series from the Caucasus makes it possible to provide

some generalizations important enough for the systematics of the entire genus.

Variations in some morphological structures have become especially apparent. This

concerns mainly the size and proportions of the pedipalps, with all transitions between

the extremes (cp. Figs 1-6). A scattergram (Fig. 13) shows the distribution of 38

individuals in relation to the ratios of the pedipalp femur and chela. The ratios of

some other species are also plotted there as given in the literature. Three species, S.

cyrenaicus, S. hispanus, and S. rhodius, except for the specimen of S. cyrenaicus

quoted by Beier (1932) and one female at hand from Turianchay. lie within a single

cluster, this alone suggesting a single species. S. cyrenaicus Beier, 1929, by priority.

Originally, the separation of the above three Mediterranean species as given in

the literature is based on the following characters: the femur length/width, patella

(tibia) length/width and chela length/width ratios, the number of teeth of the chelal

finger. Yet none of these characters appears to hold. At best we seem to face a

transitional field between geographical subspecies of a single trans-Mediterranean



122 SELVIN DASHDAMIROV

Fig. 12

Distribution of some Solinus: 1 - Tortosa, Spain (Solinus hispanus); 2 - Cyrenaica, Libya

(Solinus cyrenaicus); 3 - Rhodes, Greece {Solinus rhodius); 4 - Turianchay, Azerbaijan (Solinus

cyrenaicus).

species, with both S. hispanus and S. rhodius as highly probable synonyms of 5.

cyrenaicus. Yet I refrain from formally synonymizing anything prior to a revision of

all type materials.

A side-by-side comparison or male genital structure of Rhodes and Turianchay

samples corroborates with the above idea as well, for no evident characters serving

for their separation could be revealed. Figs 10-1 1 show the same basic conformation,

while the superficial disagreements are due solely to a somewhat different orientation.

Last but not least, it is noteworthy that there are some stable structural features

of Solinus, such as the chaetotaxy of the chelicera and leg-IV (presence/absence and

the size of tactile setae on the tibia and basitarsus), which have a taxonomic rank not

lower than generic. From this standpoint, it seems more appropriate to eject some

species from Solinus s. str. Perhaps a new, yet undescribed genus in the family

Olpiidae is necessary to erect to embody some deviating members (including at least

some Mediterranean species) of the currently evidently too commodious Solinus. To

ultimately clarify the situation, a complete generic revision of Solinus is badly

warranted. The present contribution is chiefly intended to pinpoint the still existing

problems concerning olpiid systematics.
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Fig. 13

Scattergram of proportions of pedipalp femur (Y) and chela (X) in some Solinus species. -

Triangle: S. hispanus; Square: 5. cyrenaicus; Asterisk: S. africanus; Semi-circle: 5. japonicus;

Circle: 5. australiensis; Cross: 5. pusillus; Rectangle: S. corticolus; Diamond: S. rhodius; 1

:

Holotype of S. cyrenaicus (after Beier 1929); ?: S. cyrenaicus (after Beier 1932). - Open
symbols stand for females, full symbols for males.
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A new genus (Araneae: Amaurobioidea) from Australia
with a rainforest species and a relict species from limestone caves
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.

A new genus (Araneae: Amaurobioidea) from Australia with a rain-

forest species and a relict species from limestone caves. - Descriptions

are given of two species of a new amaurobioid spider, Wabarra gen.n.,

from very different habitats - high altitude rainforest and limestone caves

in a dry eucalypt area. The relictual distribution in the caves affirms the

wider continental distribution of rainforest in Queensland in earlier times.

SEM micrographs show that the 6 of the species scanned lacks cribellar

spigots although it retains the calamistrum. The spider is regarded as

incertae sedis in the Amaurobioidea.

Key-words: Araneae - Amaurobioidea - Australia - new taxa.

INTRODUCTION

This paper is one of a series (Davies 1993, 1995 a, b, c) dealing with amauro-

bioids from Queensland. None has slotted into a recognised family and I am at present

reluctant to create new families until more genera are known. A small rainforest litter

spider is described from an area south of Mt Molloy, north Queensland; a second

larger troglobitic species, easily recognisable as congeneric, is described from

limestone caves about 100 km SW of the rainforest site (Map 1). The caves were

formed 5-10 million years ago and are now in a dry savannah area with eucalypts, in

which small patches of vine forest survive round the entrances to the caves. It is

usually accepted that the rainforests are the major ancestral source of the sclerophyll

flora which characterises the Australian continent today. Pollen analysis suggests that

the rainforests have contracted since the mid-Eocene largely as a result of reduced

precipitation and increased environmental variability (Kershaw et al. 1991). The

contraction of rainforest has left behind tiny relictual pockets where animals can

survive if conditions of food and moisture are met e.g. in these limestone caves

(Howarth 1988).

Manuscript accepted 27.07.1995.
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Mac 1

Distribution of Wabarra spp. n. Inset: map of Queensland.

144°30' 145° 145°30' 146°

MATERIALS AND METHODS

All material is lodged in the Queensland Museum (QM). Measurements are in

millimetres. Abbreviations are the same as those in Davies (1995 a, b, c). Notation of

spines follows Platnick & Shadab (1975).

SYSTEMATICS

Wabarra gen. n.

Etymology: From "wabarr", the Aboriginal word for "shade" in the Kuku

Yulanji language of northeastern Queensland.

Gender: feminine.

Diagnosis: Three-clawed cribellate. Straw coloured carapace; pale abdomen

without pattern. AME reduced. Feathery hairs present (Fig. 16). Chelicerae with 2

retromarginal and 5-7 promarginal teeth. Palpal femur of 6 with enlarged spines

dorsally (Fig. 1 1 ). Reduced tibial apophysis. Long, flat coiled conductor with embolus

in groove (Fig. 21 ); without median apophysis.

Type species: Wabarra pallida, from the Latin "pallidus", pale.

Description: Viewed from the top, posterior eye row straight, anterior row

recurved. Clypeus x 3 AME. Labium wider than long, sternum a little longer than

wide. Long prolateral filamentous seta at base of fang (Fig. 17). Medial slit-like

epigynal fossa (Fig. 19). Trochanters un-notched or slightly notched. Row of tarsal
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trichobothria. bothria collariform (Fig. 14); tarsal organ almost circular (Fig. 15). Two
cribellar fields. Tracheal system simple with 4 unbranched tubes in the abdomen.

Wabarra pallida sp. n.
( Pi gs 14.31 (

Material examined: Holotype: 9, Spear Creek, SE of Mt Molloy. north

Queensland. 16°42'S, 145°24'E, in litter, 3-10. xi. 1975, R.J. Raven, V.E. Davies,
QMS22827. Paratypes: same data as holotype, 6\ QMS22828; 2 9, QMS22829: 17

8 , 1 5 9 , litter and pitfall traps. QMS2283 1

.

Diagnosis: 9 insemination duct with 2 coils anterior to epigynal fossa (fig. 6).

Nine stout spines on 6 papal femur (Fig. 20).

3 6

Figs 1-6

9 Wabarra pallida sp. n. 1-3: cephalothorax, lateral, dorsal, frontal; 4-6: epigynum, ventral.

ventral (cleared), dorsal.

Description:

Female: CL 1 .4, CW 1.0, AL 1 .8, AW 1 .2. Ratio of AME: ALE: PME: PLE is

4:9:9:9 (Figs. 1-3). Cheliceral swelling (? gland) present (Fig. 18). Legs 1=423

(Table 1 ).

Notation of spines. Femora: palp, D011; I. D100. P010; II, D100; III, D100:

IV, D100. Patellae: palp, D001; I—III, D001. Tibiae: palp, D100. P100, I, V020: II,
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POOL III, D001, P101, R011; IV, D101, P011, ROM. Metatarsi: I, VOll: II, V023;

III, P102, V021. R102; IV, P012, V121, R012. Tarsi: palp, spined.

Labium width: length is 1:0.6. Sternum length: width is 1:09. pointed pos-

teriorly.

Calamistrum in proximal half of metatarsus IV. Cribellum with well-separated

spinning fields (Fig. 23). ALS (Fig. 25) with 2 major ampullate spigots, one larger

than other, at least eleven piriform spigots. PMS (Figs 27, 29) with a large anterior

spigot (? cylindrical), a large posterior spigot (? minor ampullate) and about 8 smaller

spigots. PLS (Fig. 30) with about 10 aciniform spigots. Epigynum (Figs. 4-6), with

long insemination duct with 2 anterior coils and a loose coil before entering spherical

spermatheca.

Figs 7-13

Wabarra caverna sp. n. 7-10: 9, 7, eyes, frontal; 8-10: epigynum, ventral, ventral (cleared),

dorsal. 11, 12: 8 palp (embolus displaced); 13, 3 tibial apophysis.

Females varied in length from 2.6-3.3.

Males: CL 1.3, CW 1.0, Al 1.4, AW 1.0. Eyes similar to 9. Legs 4123 (Table

1 ). Leg spines more numerous than in female. Notation of spines. Femora: palp.

D333; I, Dill; II. Dl 12; III. Dl 12; IV, D102. Patellae: palp. D101; III, IV D101.

Tibiae: I, POOL V020, R001; II, P01 1, V020, R001: III, D100. P01 1, V110. ROIL IV

D100, P011, VI 10, ROIL Metatarsi spined with distal whorl of 4-5 spines; sparse
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calamistrum on metatarsus IV. Colulus (Fig. 24). ALS (Fig. 26) similar to 9 with two
major ampullate spigots and about 11 piriform spigots. PMS (Fig. 28) with about 9

spigots. PLS (Fig. 31) with about 10 aciniform spigots. 6 palp: 9 stout dorsal spines

on palpal femur (Fig. 20). Embolus in groove of conductor; both arising medio-

ventrally on tegulum and describing 2 1/2 flat coils; conductor flared distally (Figs 21,

22). Tibial apophysis, a small dorso-retrolateral projection.

Wabarra caverna sp. n. (Figs 7-13)

Material examined: Holotype: 9, Chillagoe Caves, north Queensland, "Bug

Heaven" Chamber in Leafy Tree Cave, 17°09'S, 144°31'E, 12.L1990, G.B. Monteith,

QMS 18902. Paratypes: same data as hololype, 8, QMS22832; 9, 4 juvs, QMS22833;

9, New Southlander/Queenslander, Chillagoe Caves, 19.vii.1982, Explorers Club Ex-

pedition, QMS22834; 9, juv, Ch. 10, Markham Cave, Chillagoe, 24.vii.1982, Explorers

Cave Expedition, QMS22835.

Etymology: From the Latin "caverna", cave.

Figs 14-19

9 Wabarra pallida sp. n. 14, trichobothrium: 15, tarsal organ: 16, metatarsus IV with calamis-

trum and feathery hairs; 17, chelicera. 18, cheliceral swelling under tip of fang: 19. epigynum.
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Diagnosis: Insemination duct with 5 coils anterior to epigynal fossa (Fig. 10).

More than 30 spines on S palpal femur (Fig. 1 1). Ventral scopulae on 6 femora I, II.

Larger spider than W. pallida.

Description

Female: CL 1.8, CW 1.3. AL 2.5, AW 1.4. Straw coloured carapace; cream

coloured abdomen. Ratio of AME: ALE: PME: PLE is 4:8:8:9 (Fig. 7). Chelicera

with 2 retromarginal and 5 promarginal teeth. Labium wider than long, 1:0.8. Sternum

longer than wide, 1:0.8. Legs 1423 (Table 1). Notation of spines. Femora: palp, D014;

I, DUO, P012. R001; II, DUO, POOL III, DUO, POOL ROM; IV, Dl(2)00, POOL
R001. Patellae: palp, D101; II-IV, D101. Tibiae: palp, D011, P100; I, D100, POOL
V020; II, D100, POOL V020; III, D101, POM, VI 10, R011; IV, D101, P011, V110,

R01 1. Metatarsi spined with distal whorl of 4-5. Tarsi: palp spined. Proximal cala-

mistrum on metatarsus IV. Epigynum (Figs 8-10). Insemination duct with 5 coils

anterior to fossa before passing back to spermatheca.

Lengths of paratypes 3.5 and 5.8.

Table 1

Palp and Leg Measurements of Wabarra spp. n.

W. pallida

9 Femur Pat. & Tibia Metatarsus Tarsus TOTAL
palp 0.8 0.5 0.6 1.9

I 1.4 1.7 1.0 0.8 4.9

11 1.2 1.4 0.9 0.7 4.2

III 1.0 1.2 0.6 0.6 3.4

IV 1.4 1.6 1.2 0.7 4.9

6

palp 0.8 0.4 0.7 1.9

I 1.4 1.8 1.3 0.8 5.3

II 1.3 1.5 1.0 0.7 4.5

III 1.1 1.3 1.0 0.6 4.0

IV 1.5 1.8 1.5 0.7 5.5

W. cavema
9

palp 1.0 0.9 0.7 2.6

I 2.4 3.0 2.0 1.3 8.7

II 2.1 2.4 1.8 1.2 7.5

III 1.8 2.1 1.7 1.0 6.6

IV 2.4 2.6 2.4 1.2 8.6

3

palp 1.2 0.6 1.0 2.8

I 2.5 3.1 2.2 1.3 9.1

II 2.3 2.7 2.0 1.2 8.2

III 1.9 2.3 1.9 1.0 7.1

IV 2.4 3.1 2.7 1.3 9.5
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Male: CL 1.9, CW 1.5, AL 2.2, AW 1.5. Dark straw coloured carapace and

legs I, II, rest of body pale and impatterned. Eyes, labium, sternum similar to 9.

Chelicera with 2 retromarginal and 5 promarginal teeth. Legs 4123 (Table 1). Sparse

scopula of longish setae on ventral femora I, II, thinning distally. Notation of spines.

Femora: palp, D6, 12, 14 stout spines, P022 stout spines; I, DUO, P021, R001; II.

DUO, P011, R001: III. DUO, POM. R101; IV, Dill, P001, ROM. Patellae: I-IV,

D001. Tibiae: I. POI 1. V220. R001: II. POM, VI 10. ROM: III. DI00. P01 1 VI 10.

R101: IV. D100, POI 1. VI 10, R101. Metatarsi: spined with whorl distally. Proximal

calamistrum present on metatarsus IV. 3 palp: femur with 32 stout dorsal and 4

prolateral spines (Fig. 1 1 ); embolus in groove of conductor which describes 21/2 flat

coils (Fig. 12); conductor slightly flared distally. Tibial apophysis, a small dorso-

retrolateral projection (Fig. 13).

DISCUSSION

Compared with W. pallida the eyes of caverna are proportionally similar but

relatively about half the size of the former, presumably an adaptation to the cave

habitat. The lighter colour of the abdomen in the cave spider is concordant with that

found in some other cave-dwelling arthropods. The scopula on femora I. II in 3 W.

caverna may assist in holding prey and/or the 9 during mating.

Figs 20-24

Wabarra pallida sp. n. 20, 6 palpal femur; 21. 22. 6 palp ventral, retrolateral; 23. 9 spinning

field with cribellum: 24. 3 spinning field with colulus.
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Figs 25-3

1

Wabarra pallida sp. n. Spinnerets, 25, 27, 29, 30: 9 ALS, PMS, PMS (r), PLS; 26, 28, 31: cJ,

ALS, PMS, PLS.

The 8 of both species retains the calamistrum although the cribellar area in W.

pallida and probably in W. caverna, bears no spigots. It has usually been assumed that

the calamistrum and cribellar spigots disappear together. Such is the shape of the

colulus in many of the Australian amaurobioids that without SEM examination they

would be regarded as having functional cribella.

The flat, coiled embolus of the 8 palpal bulb and the internal epigynum of

Wabarra have some structural similarities to the New Zealand spider, Neolana

Forster & Wilton, 1973, the sole representative of the Neolanidae. However, Neolana

(Forster & Wilton, 1973, figs 955-958) differs from Wabarra in the following
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ways: it has 3 prolateral cheliceral teeth, a median apophysis, a bipartite tibial

apophysis and a small rounded conductor. Neolana lacks feathery hairs and the stout

spines on the 8 palpal femur; the 9 external epigynum has a rounded shallow fossa,

quite unlike the transverse slit of Wabarra. For these reasons, I consider Wabarra is

not a neolanid and regard it as incertae sedis in the Amaurobioidea.
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Variation in burrow morphology of Mediterranean
trapdoor spiders (Ctenizidae, Cyrtaucheniidae, Nemesiidae)
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Variation in burrow morphology of Mediterranean trapdoor spiders

(Ctenizidae, Cyrtaucheniidae, Nemesiidae). - Trapdoor spiders in the

European Mediterranean often occur in assemblages of two or more

congeneric species. Conspicuously the burrow structure always differs

qualitatively between the species in such syntopic congeneric complexes.

It is suggested here that quantitative differences in burrow structure (such as

depth of the burrow tube, thickness of the trapdoor, extent of the silk lining)

are generally explicable as adaptations to the physical habitat, whereas

qualitative differences (such as the presence or absence of branching tubes,

internal plugs or socks, rim ornamentation) more likely result from inter-

specific interactions.

Key-words: burrow variation - trapdoor spiders - Mediterranean - syntopic

- habitat specific - interspecific interaction.

INTRODUCTION

Trapdoor spiders build a wide array of different types of burrows (Figs 1 & 2).

The structure of the trapdoor itself varies from a thin flexible silken flap (waferdoor) to

a thick bathplug-like device (corkdoor). The trapdoor may be absent altogether, it may

take the form of a rigid collar or there may be two trapdoors to one burrow. The

burrow rim may be furnished with radiating silk lines, organized linear litter fans (Fig.

3) or haphazardly spun-in debris, it may be devoid of any of these things, expanded

beyond the edges of the trapdoor or only just reaching the soil surface. The burrow

tubes vary greatly in length and in shape. There may be special escape tunnels or dead

ended side tubes. Generally the burrows are dug into the ground, but they may also be

constructed above the ground, in logs or on the trunks of trees. There may be one or

Manuscript accepted 25.10.1995.
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more internal doors, movable or fixed plugs, internal silken socks and furthermore

there may be variation in the extent and structure of the silk lining and burrow

plastering.

Notwithstanding the great variation in trapdoor burrow design, only a few

basic, qualitatively different burrow types are recognized. The informal classification

of basic burrow types still rests on Moggridge's (1873, 1874) observations. Since

Moggridge. students of trapdoor spiders informally distinguish cork-burrows from

wafer-burrows on grounds of the structure, shape and fitting of the trapdoor, simple

burrows from branched burrows based on the presence or absence of side tubes, and

complex burrows on grounds of the presence of internal doors, socks, plugs or other

devices.

It is important to realize that Moggridge's (1873, 1874) classification of trap-

door burrows was almost solely based on observations he made on a few species of the

Fig. 1

Schematic representations of European Mediterranean trapdoor burrows. The doors are

illustrated in solid black and in the unnatural position of being opened. Dashed lines represent

the silk linings of the burrows. All burrows are drawn after observations made by the author

unless stated otherwise. A) Ummidia piceus (after Bacelar 1933); B) Ummidia sp., near

Grazalema (S. Spain); C) Cyrtauchenius similis (after Buchli 1966); D) Cteniza mogghdgei
(after Moggridge 1873); E) Brachythele denieri, near Tripolis (Peloponnissos); F)

Cyrtocarenum cunicularium, Nauplion (Peloponnissos); G) C. cunicularium, Sakynthos (Ionian

islands); H) C. cunicularium, near Chania (W. Crete); I) C. grajum, Sakynthos (Ionian islands);

I) C. grajum, near Gythion (Peloponnissos).
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genus Nemesia he studied in Southern France. His burrow classification system

nevertheless is broadly applicable to describe the nests of trapdoor spiders in all

families and from all over the world.

This is interesting in the light of searching for the factors that influence burrow

design, because it appears that non-related, or only distantly related species, may build

virtually identical burrows, while closely related species often build distinctly different

types of burrows. Generally speaking however burrow design is species specific and it

has been used in taxonomical classification (e.g Simon 1914. Coyle 1994).

Nevertheless, even at the species' level burrow structure may vary qualitatively as will

be shown. Possible factors that influence burrow design in trapdoor spiders are

discussed.

HABITAT SPECIFIC BURROWS

If burrow construction behaviour in trapdoor spiders is genetically flexible, as

indicated above, it might largely be determined by environmental conditions. In other

words: do particular burrow-forms typically occur in particular habitats (or micro-

habitats)?

Schematic representations of European Mediterranean trapdoor burrows (see also Fig. 1 )
in the

genus Nemesia. A), B) & C) burrows of three different Nemesia species found in one roadside

bank near Nerja (S. Spain, prov. Malaga); D) & E) N. caementaria and N. dubia tound

syntopically near Clapiers (Montpellier); F) N. simoni (Corbieres); G) N. fagei (after Bah i \k

1933); H), I) & J) N. mandersjemae, N. congener and N. carminans found syntopically near

Cavalaire (Provence).
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In an earlier presentation (Decae 1993) I have strongly argued in favour of this

view. I have said that I found burrows in open and exposed habitats to be generally

deeper and have thicker and more tightly fitting trapdoors than burrows found in more

shady, humid or forest habitats. Coyle & Icenogle (1994) suggest for species of the

genus Aliatypus that burrow depth is directly related to aridity of the habitat in which

the buiTows are found. Main ( 1976) states for the genus Aganippe that she found "a

whole array of related forms each with its own distinctive type of burrow which

occurred in a distinctive sort of habitat." Understanding the habitat relations of parti-

cular burrow types depends on understanding the functions of the various structures

involved (different surface doors, various forms of burrow rim ornamentation, branch-

ing tubes, internal doors, socks, plugs, etc.). Coyle & Icenogle (1994) give a number

of valuable suggestions, but obviously still much has to be learned. Broadly speaking

however, students of orthognathe spiders currently seem to agree that the burrowing

habit and most burrow characters essentially have defensive functions: firstly, as an

escape from adverse conditions related to the physical habitat, secondly as a defence

against predators and parasites (Coyle & Icenogle 1994; Decae 1993; Main 1993).

Observations on the European Mediterranean trapdoor spider fauna however suggest

that habitat related burrow variation is generally quantitative in nature (deeper

burrows, thicker doors etc.) and that qualitative variation in burrow structure probably

results from various competitive interactions.

SYNTOPIC COMMUNITIES AND INTERSPECIFIC INTERACTION

A common phenomenon in trapdoor spider communities all over the world is

the syntopic aggregation of different species. Generally the members of such assem-

blages are not closely related (Main 1976; Coyle & Icenogle 1994). In the North

Western Mediterranean however mixed aggregations of two or more Nemesia species

are found in many places. Conspicuously the burrows of the congeneric members of

such assemblies are always qualitatively distinct. Typically syntopical communities of

two or more Nemesia species contain one species that constructs an unbranched cork

burrow and another species that builds a more or less complex branched wafer burrow

(Fig 2).

It is suggested here that high competitive pressure in syntopic congeneric

species may have a dual effect of both sharpening and diversifying the dominant

features of these species' common life strategy. In other words, if defence against

physical and biotic hazards is the prime feature in the life strategy of trapdoor spiders,

strong interspecific competition may improve the defensive qualities of two syntopic

congeneric species in different directions, enlarging the phenotypic gap between the

co-existing burrow types. Both the development of a corkdoor and the origin of

branched burrow tubes in Nemesia are thus seen as defensive specialisations of an

ancestral unbranched wafer burrow as found in N. simoni Cambr. (Fig. 2-F), a species

not known to occur syntopically with other trapdoor spiders.

A more puzzling phenomenon! related to what is discussed, was found in the

genus Cyrtocarenum in Greece. The genus Cyrtocarenum contains two species, C.
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Fig. 3

Burrow entrance of Cyrtocarenum cunicularium from Western Crete, showing a well organized

litter fan of olive leaves.

cunicularium (Olivier) and C. grajum (C. L. Koch) (Decae 1996). On the Ionian island

of Sakynthos (and other Ionian islands) the two species occur in mixed populations,

digging their burrows only centimeters apart. In these colonies the burrow structure of

adult females of the two species differ qualitatively. Saunders (1842) for the first time

described the enigmatic inverted corkdoor (Fig. 1-G) found at the bottom of the

burrow of Ionian trapdoor spiders. My observations on Sakynthos showed that C.

cunicularium is the species that constructs this strangely inverted trapdoor. C. grajum

in the mixed populations on Sakynthos builds the usual "simple type cork burrow"

(Fig. 1-1). Research on the nearby Peloponnissos, where both species occur para-

patrically (Decae 1996) resulted in the observation that the situation was reversed.

Here C. grajum (Fig. 1-J) makes the inverted bottom door, while C. cunicularium (Fig.

1-F) constructs a classical simple cork door burrow. To make the confusion complete,

it was found that on Crete (were C. grajum is presumably absent and C. cunicularium

locally occurs syntopically with a Nemesia species that constructs a branched

waferdoor burrow), C. cunicularium in the eastern part of the island builds the inverted

corkdoor, while this same species in central Crete builds a common simple cork

burrow and in western Crete provides the entrance rim of her burrow with a most

magnificent litter fan that was found nowhere else (Fig. 3).

CONCLUSION

Observations on the European Mediterranean trapdoor spider fauna show that

qualitatively different burrow types particularly occur in mixed aggregations of

congeneric species. This observation suggests that interspecific interaction represents
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an important factor in the origin of qualitatively different burrow structures found in

the region. It is realized that the cases presented here are little more than local field

observations and that the hypothesis of competitive interaction as a cause for the origin

of qualitative differences in burrow structure is not more than a first idea. No doubt

alternative explanations are possible and observations elsewhere may contradict the

situation in the Mediterranean. However, it is believed that the phenomena described

are open to research and that the observations and thoughts presented here can serve as

a basis for discussion and further work aimed at illuminating the factors that determine

trapdoor burrow structure.
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The origin, formation and zoogeography of endemic spiders of
Bulgaria (Araneae). - All data available on the so called "endemic" taxa

of spiders (Araneae) in Bulgaria are comprised, revised and discussed. The
researches cover 43 species from 21 genera and 10 families, and represent

5.7% from Bulgarian spiders. They are most richly represented in Pirin

Mnt. 18 (41.86%), Rila Mnt. 15 (34.88%), West Rhodopes Mnt. 11

(25.58%) and West Stara planina Mnt. 8 (18.60%), comparatively well in

Vitosha Mnt. 6 (13.95% ), Osogovo Mnt. 6 (13.95%), Central Stara planina

Mnt. 3 (6.97%). Black Sea coast 3 (6.97%) and weakly in East Stara

planina mnt. 2 (4.65%), East Rhodopes 1(2.32%), Zemenska planina mnt.

1(2.32%) and Struma valley 1 (2.32%). The largest fraction of endemics

was encountered mainly in the mountains, where they inhabit the high

altitude zone, forest belt, and caves. The greatest number of local endemics

is established in high altitude and woodland zone of Pirin (15) and Rila

(13) and in caves and woodland zone of West Rhodope (6) and West Stara

planina (6). These regions and districts can be regarded as possible centres

of speciation. The phenomenon can be regarded as a result of the relative

isolation of the mountains compared with the zonal areas, in the context of

paleo-enviromnental changes since Pliocene.

Key-words: Araneae - endemics - Bulgaria - Balkan peninsula.

INTRODUCTION

The hitherto faunal investigations show that the Bulgarian spider fauna is

diverse and rich but a complex research on the endemic taxa is not realised at all. The

main information on the taxa discovered and described from Bulgaria can be found in

the papers of Drensky (1915. 1921, 1931,1940), Buchar (1968) and Deltshev

(1972, 1973a,/?, 1974, 1975, 1977, 1978. 1980. 1983a, b, c, 1984, 1985, 1987. 1988a,

b. 1990a, b, 1992, 1993). The pooling of all available literature records and the

Manuscript accepted 05.09.1995.

Proceedings of the XHIth International Congress of Arachnology, Geneva. 3-8-IX. I 995.



142 CHRISTO DELTSHEV

accumulation of new data makes possible a critical review on all of so called

"endemic" taxa together with zoogeographical analysis and discussion on their origin

and formation.

STUDY AREA AND METHODS

Bulgaria is situated in Balkan peninsula and took its eastern part (fig. 1). The

investigations were directed to all geographic regions of Bulgaria, but the endemic

taxa were found mainly in the mountains: Pirin. Rila, Rhodopes, Stara planina,

Slavianka, Vitosha, Osogovo and Zemenska planina. There are also a few localities in

the lowlands of Black Sea coast and Struma valley. The question about the status and

distribution of endemic spiders found in Bulgaria is complicated. Some of them are

found only in restricted areas (even in a single caves) while the other ones show larger

distribution, including some of adjacent territories as North Turkey, North Greece,

Macedonia, Serbia, South Romania. Certainly, some of the widespread in Bulgaria

endemics is possible to be found in the neighbouring territories and to be put into the

group of Balkan species. Obviously, the endemic spiders of Bulgaria can not be

regarded separately from Balkan peninsula and terms as Bulgarian, Balkan and local

endemics are used in the discussion. The program BIODIV (Baev & Peney 1994) is

used for the calculation of Czekanovski-Sorensen similarity index, calculated by

average linkage method and for dendrogram constructing.

RESULTS

The contribution is due to a critical revision of all data available on the

endemic spiders established in Bulgaria and comprises 43 species from 21 genera and

10 families: Dysderidae 2, Leptonetidae 2, Zodariidae 3, Nesticidae 1, Tetragnathidae

1, Linyphiidae 22, Lycosidae 2, Agelenidae 10, Amaurobiidae L, Thomisidae 1 (tabl.

1 ). The number of established species represents 5.7% from the number of all

Bulgarian spiders The most characteristic families are: Linyphiidae s.l. 51.16% and

Agelenidae 23.25%. The most numerous genera are: Lepthyphantes with 7.

Centromerus with 5 species and Coelotes with 4 species, but very important is the

endemic genus Antrohyphantes with 3 species known from caves and from outside

localities (fig. 1 ). The genera Coelotes and Tegenaria are also represented by three

species. Some interesting new records are:

Dasumia kucseri (Kratochvil), known only from Shar mountain (Macedonia);

Disdera pectinata Deeleman, described from district of Ochrid lake

(Macedonia) and Pind mountain (Greece);

Zodarion ochridense Wunderlich, known only from district of Ochrid lake.

The endemic taxa of spiders in Bulgaria (Bulgarian/Balkan) are distributed in

the regions and districts as follow:

In mountains: Pirin 16/2 (41.86%); Rila 14/1(34.88%); West Rhodope 7/4

(25.58%); West Stara planina 6/2 (18.60%); Vitosha 4/2 (13.95%); Osogovo 2/4
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Fig. 1

Distribution of the species of Antrohyphantes and Fageiella, with border (in bold line

between West and East parts of the Balkan peninsula.
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Tabl. 1 . Species composition and distribution of endemic spiders of Bulgaria.

P - Pirin. R - Rila. WRO - West Rhodope, ERO - East Rhodope, WSP - West Stara planina, CSP -

Central Stara planina, ESP - East Stara planina. SL - Slavianka. V - Vitosha. O - Osogovo, ZE -

Zemenska planina. SV - Struma valley, BSC - Black Sea coast; BG - Bulgarian endemic, BK -

Balkan endemic; w - woodland, c - caves, h - high altitude, I - lowland.

TAXA P R WRO ERO WSP CSP ESP SL V O ZE SV BSC Zoog. cat.wchwhwchcwcc ccwhwcwl I BG BK

1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 Id 17 18 19 20 21 22 23 24
Dysderidae

Dasumia kucseri (Kratochvil) + +
Dysdera pectinata Deeleman-Reinhold + +

Leptonetidae

Protoleptoneta beroni Deltshev + +
Protoleptoneta bulgarica Deltshev + +

Zodariidae

Zodarion ochridense Wunderlich + +

Zodarion pirini Drensky + + + + + + +

Nesticidae

Nesticus beroni Deltshev + +

Tetragnathidae

Pachygnatha clerckoides Wunderlich + +

Linyphiidae

Antrohyphantes balcanica (Drensky) + +
Antrohyphantes rhodopensis

(Drensky) + + + + +
Antrohyphantes sophianus (Drensky + +
Araeoncus clivifrons Deltshev + + +
Centromerus bulgarianus (Drensky) + +
Centromerus lakatnikensis (Drensky) + +
Centromerus miller: Deltshev + +
Centromerus paucidentatus Deltshev + +
Centromerus valkanovi Deltshev + +
Diplocephalus altimontanus Deltshev + +
Drepanotylus pirinicus Deltshev + +
Erigone pirini Deltshev + + +
Leptyphantes byzantinus Fage + + +
Leptyphantes centromeroides

Kulczynski + + + + +
Leptyphantes dernskyi van Helsdingen + + + +
Leptyphantes spelaeurum Kulczynski + + +
Leptyphantes lithoclasicolus Deltshev + + +
Leptyphantes rectilamellus Deltshev + +
Leptyphantes trnovensis (Drensky) + + + +

Metopobactrus orbelicus Deltshev + + +
Troglohyphantes bureschianus Deltshev + +
Troglohyphantes drenskii Deltshev + +

Lycosidae

Pardosa drenskii Buchar + + + +
Pardosa roscai (Roewer) + + +

Agelenidae

Coelotes drenskii Deltshev + +
Coelotes jurinitschi (Drensky) + + + + + +
Coelotes karlinskii (Kulczynski) + + +
Coelotes kulczynskii

(Drensky) ++++++ +++ +
Cryphoeca pirini (Drensky) + + +
Histopona tranteevi Deltshev + +
Tegenaria montana Deltshev + +
Tegenaria regispyrrhi Brignoli + +
Tegenaria rilaensis Deltshev + +

Amaurobiidae
Calobius baleanicus Drensky + + +

Thomisidae
Xysticus macedonicus Silhavy + + +
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(13.95%); Central Stara planina 2/1 (6.97%); East Stara planina 1/1 (4.65%); East

Rhodope 1/ (2.32%); Zemenska planina 1/ (2.32%); Slavianka /] (2.327. ) (tabl. 1. fig.

2. fig. 3).

In lowlands: Black sea coast 2/1 (6.97%); Struma valley 1 (2.32%) (tabl. 1)

(fig. 2). According to their ecological preferences, they can be grouped as follows:

high-mountain, caves, woodland (mountain) and lowland (tabl. 1). The group of

endemic spiders inhabiting the high altitude zone includes 18 species and represents

41.86% from the number of all endemics. They are distributed in the mountains: Pirin

14/2, Rila 13/1. West Rhodope 3 and Vitosha 3. Only the mountains of Rila and Pirin

have real high alpine belt and this is the reason for the high similarity (70%) in

species composition of endemics (fig. 4). The high altitude zones of the mountains of

Vitosha and West Rhodope comprise only the subalpine belt and the similarity with

the endemics of Pirin and Rila is at a low level (35% ).

According to their origin, the endemics form two groups. Some of the species

can be regarded as probable remnants of ancient Mediterranean mountain fauna

(paleoendemics) and the other ones, which have came from the northern parts of

Europe during the glacials and evolved under isolation in mountain during the

interglacials (neoendemics). The curious distribution of Antrohyphantes rhodopensis.

found only at high altitude zone and in caves, speaks for a relic of ancient

Mediterranean mountain fauna (Deltshev 1990c/). The species Zodarion pirini is

closely related to some species (Z. abantense. Z. korgei, Z. turcicum) distributed in

Fig. 2

Distribution of the endemic spiders (Bulgarian/Balkan) in Bulgaria (see Table 1 ).
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WST

Fig. 3

Distribution of the local endemic spiders in main regions of Bulgaria (see Table 1 ).

north-eastern part of Mediterranean region. This fact speaks for a possible

Mediterranean Origin. The recent distribution of genera Coelotes and Tegenaria,

defined also Mediterranean origin, nevertheless that Coelotes kulczynskii, Tegenaria

montana and T. rilaensis are closely related to Middle-European C. inermis and T.

campestris. The possible explanation is that these genera realize an expansion in

recent time. The species Araeoncus clivifrons, Diplocephalus altimontanus, Drepa-

notylus pirinicus, Erigone pirini, Lepthyphantes lithoclasicolus, Metopobactrus

orbrelicus, Cryphoeca pirini known only from the high alpine parts of Pirin and Rila

are high alpine elements. Here can be put also Pardosa drenskii, occurring the high

altitude belts of Pirin Rila and Vitosha. These species are regarded as derivates of

their respective North or Middle European species (Diplocephalus picinus, Drepano-

tylus borealis, Erigone longipalpis, Lepthyphantes armatus, Metopobactrus promi-

nulus, Cryphoeca silvicola, Pardosa saltuaria), due to the disjunction of ranges

during the glacial and interglacial (Deltshev 1995). The group of cave endemic spi-

ders has similar presence, 17 (39.43%) as the group of high altitude species. They are

distributed in the caves of mountains: West Rhodope 5/3, West Stara planina 6/1,

Central Stara planina 2/1, East Stara planina 1/1 and Pirin, Slavianka (/l). East

Rhodope, Osogovo by 1/ species. The caves constitute biotopes limited in their area
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Dendrogram of the similarity of endemic Dendrogram of the similarity of endemic
spiders in high altitude zones of Bulgaria (see cave dwelling spiders on Bulgaria (see

table 1 ). table 1 ).

and therefore isolation is a major factor influencing the development of their fauna.

This explains the lack or very low level of similarity (30%) between cave endemic

complexes of different regions (fig. 5). Concerning the time of its formation.

Deeleman-Reinhold (1976) wrote that "many European cave spiders are probably

relics of populations of moist Tertiary forests".

Due to the lack of knowledge, it is difficult to determine with certainty which

of the cave spiders endemics of Bulgaria are Tertiary and which are Quaternary

elements. Nevertheless, the genus Antrohyphantes will be mentioned again as an
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Dendrogram of the similarity of endemic spiders in woodland zone of Bulgaria (see table 1 ).

ancient element. He is related to genus Fageiella, endemic for the caves of western

part of Balkan peninsula (fig. 1 ). Their allopatric distribution comes to show that they

had already spread before the establishing of the Vardar tectonic zone (Deltshev

1988). This fact determine the genera as paleoendemics.

The species Centromerus bulgarianus and Troglohyphantes drenskii are the

single blind endemics, occurring the Bulgarian caves and they can be regarded also as

probable paleoendemics.

In family Leptonetidae the genus Protoleptoneta is provided with the most

simple genital organs and may be the oldest group. Similar is the situation with
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Troglohyphantes bureschianus, placed in the group of croaticus, due to his primitive,

three branched paracymbium. So, Deeleman-Reinhold (1978) suggested an origin

for the croaticus group in South Balkan during the Pliocene.

A present day example of cave penetration are the species Lepthyphantes

centromeroides and L. spelaeorum, comparatively widespread in Balkan peninsula.

They occur in caves but also in humus and ground detritus and give a performance of

active subterranean colonization (Deeleman-Reinhold 1978).

The endemic species characteristic of woodlands (27.90%) are distributed in

the mountains: Rila (5/1), Osogovo (1/5), Pirin (4/1), Vitosha (4/1), West Rhodope

(2/1) and Zemenska planina (/] ).

According to the level of similarity two main endemic complexes can be

differentiated (fig. 6). The first includes Pirin and West Rhodope endemics at a high

level of similarity above 70%. Very close to this is the second complex of Rila and

Vitosha endemics at a level of similarity around 70%. The endemics of Osogovo is

connected to the first complexes at a level around 40%, while the isolated position of

Zemenska planina in all probability is due to the low number of species.

The recent woodlands fauna is formed after gradual changes on the fauna of

the ancient humid Mediterranean forests. This is in concordance with the fact that

endemic species found in the forest of Bulgaria belong to genera {Dasumia, Dysdera,

Zodarion, Coelotes, Tegenaria) with possible Mediterranean origin. In the woodlands

is established the greatest number of Balkan endemics (6, 14%). These are the species

Dasumia kusceri, Dysdera pectinata, Zodarion ochridense, Coelotes jurinitschi, C.

karlinskii, Tegenaria regispyrrhi and they also can be regarded as expansive species.

The remaining species Zodarion pirini, Lepthyphantes drenskii, Coelotes kulczynskii,

Tegenaria montana, T. rilaensis and Calobius balcanicus also, can be consider as

derivates of old Mediterranean woodland fauna. The distribution of Coelotes

kulczynskii show tendency of expansion and his establishing in the neighbour

mountains of Macedonia and Serbia is quite possible.

The group of lowland elements is small (3) and represents 6.97%. The species

Pachygnatha clerckoides is a Balkan version of the holarctic P. clercki. Surely, this

species is widespread in the region, which will be established after revision of all

records of Pachygnatha clercki. Concerning the origin, the situation with Centro-

merus valkanovi is similar. The species belongs to the group of holarctic Centromerus

sylvaticus. He is consider as a local endemic, known only from a single locality in

coastal habitats of detritus. The range of Pardosa roscai show pontic distribution

pattern with tendency to extension (Struma valley). He is closely related to Pardosa

cribrata, which speaks for mediterranean origin.

DISCUSSION

From the found 43 endemic species in Bulgaria, 1 1 (25.58%) can be consider

as Balkan. But, the bigger number (32) and percentage (74.41%) of Bulgarian

endemics and certainly the presence of paleoendemic genus Antrohyphantes show the

importance of Eastern part of Balkan peninsula for the speciation in the region.
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The distribution of the most of Balkan species shows expansion, while

Bulgarian endemics are considered as local elements (Coelotes kulczynskii excepted).

The local elements show quite well the history of the region and comprise

paleoendemics (mainly in caves) and neoendemics (mainly in high altitude zones).

The greatest number of local endemics established in high altitude and woodland belts

of Pirin ( 15) and Rila ( 12) and in caves and woodland zone of West Rhodope (6) and

West Stara planina (6), defines these regions as possible centres of speciation (fig. 3).

According to their origin the endemics belong to two principle faunistic

complexes: Mediterranean and European. The Mediterranean elements are distributed

in caves, forests, high altitudes and lowlands, while the European - mainly in high

altitudes.

The origin and formation of endemic spiders in Bulgaria, can be regarded as a

result of the relative isolation of the mountains compared with the zonal areas, in the

context of paleo-environmental changes since Pliocene.
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Population dynamics and eggsac parasitism of Erigone atra (Blackwall)

in winter wheat. - The population dynamics of spiders were monitored in

winter wheat fields in northern Germany from 1989 until 1991 using an

intensive D-vac sampling method (actual densities) and pitfall trapping

(activity densities). Erigone atra was the dominant species in all three

years. Numbers caught in pitfall traps reached peaks in April/May and
June/July. Actual densities of E. atra adults increased in June/July (> 25

individuals/m2
) but declined before harvest. Aerial activity of spiders, as

measured by water traps, was low in spring and summer 1989. Visual

observations gave evidence that high proportions of E. atra adults leave

winter wheat by ballooning before harvest. D-vac sampling also gave an

estimation of the number of Erigone eggsacs present in the field in 1990

and 1991. Eggsacs sampled by D-vac were kept in the laboratory for a

month until the emergence of spiderlings or parasitoids. Nine hymenop-
teran species were reared from Erigone eggsacs. Most of the E. atra

females collected in winter wheat in summer 1990 and kept in petri-dishes

with moist paper in the field for a period of 10 days, produced eggsacs.

These investigations indicate that descendants of E. atra adults which

overwinter in wheat fields or immigrate in spring become adult in June/

July and only a few weeks later a great proportion of these adults leave

winter wheat by ballooning.

Key-words: Spiders - Linyphiidae - Erigone atra - D-vac sampling - pit-

fall trapping - actual densities - population dynamics - ballooning - eggsac

parasitoids.

INTRODUCTION

Large parts of the European landscape are used for agriculture. Cereals, and

especially winter wheat, are in most countries the main crops where spiders are a

common group of polyphagous predators (Heydemann 1983). Numerous pests

(aphids, flies, midges) are prey items of spiders in crop fields ( Alderweireldt

Manuscript accepted 09.01.1996.
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1994a). The importance of spiders as antagonists of cereal aphids in winter wheat

fields was documented by Sunderland et al. (1986) and Nyffeler & Benz (1988).

Despite their purported role in agroecosystems, there are only a few investigations on

the population dynamics of spiders that continuously measured population densities

of single spider species in agricultural crops. De Keer & Maelfait (1988o) studied

the life cycle of Erigone atra (Blackwall) in a heavily grazed pasture in Belgium. The

population dynamics of Erigone arctica (White) was investigated by Van Wingerden

(1977) on the coastal plain of a Dutch Frisian island. Topping & Sunderland (1994)

presented a spatial population dynamics model for Lepthyphantes tenuis (Blackwall)

in English farmland based on knowledge concerning reproduction, population growth

and migration. Also, there is only an incomplete knowledge of eggsac parasitism of

European spider species; this is briefly reviewed by Fitton et al. (1987).

This contribution summarizes data of a three year study on the population

dynamics of E. atra in conventional winter wheat farming; side-effects of spraying

insecticides on this species will not be considered here and are published elsewere

(Dinter & Poehling 1992a, b, 1995, Dinter 1995a).

MATERIALS AND METHODS

From April 1989 to August 1991 the investigations were carried out in a 20 ha

(1989/90) and a 10 ha (1990/1991) field of winter wheat near Gottingen in Lower

Saxony, Germany. Spider density dynamics were studied on three plots (48 m x 100

m) in 1989 and on two plots (72 m x 100 m resp. 84 m x 100 m) in 1990 and 1991.

Parts of the fields containing these plots were not sprayed with insecticides for aphid

control. Mobile epigeic spiders were monitored at weekly intervals by means of 10

pitfall traps per plot from April to August. At other times 10 (1989/90) resp. 20

(1990/91) pitfall traps were run at intervals of up to four weeks. Plastic cups with a

diameter of 8.3 cm, and containing ethylene glycol as preservative, were used. Actual

spider densities were estimated by an intensive D-vac sampling technique described

by Dinter & Poehling (1990), which is an appropriate method to give an exact

estimation of the real densities of E. atra and other spider species (Dinter 1995Z?).

For this method, the diameter of the nozzle of a standard D-vac suction machine

(Dietrick 1961 ) was reduced from 33 cm to 20 cm to guarantee a high suction effect.

Sampling was done within 0.25 m2 areas which were enclosed by metal cylinders.

The plants inside this cylinder were shaken and cut off 10 cm above ground level as

soon as the wheat was higher than 15 cm. Finally the areas were sampled by D-vac

uniformly for a total of 3 min (after 1 min the collected material was removed from

the gauze bag to guarantee continous high suction efficiency during the following 2

min). The two pooled samples were kept cool until the spiders and Erigone eggsacs

could be processed by hand in the laboratory. Until November 1989 eight D-vac

samples (2 m2
) were taken per date, then twelve D-vac samples (3 m2

) were taken per

date. Erigone eggsacs, which were also found in the D-vac samples, were kept

individually in small glass vessels at 20 °C and 16h/8h daylength for about a month.

Some of the hymenopteran parasitoids which emerged from Erigone eggsacs were
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kept in the laboratory (supplied with honey water and tap water) to measure their

longevity. Furthermore, one- to four-day-old E. atra eggsacs laid in the laboratory

were offered to some of these parasitoids over a period of 24h and then kept until

spiderlings or adult Hymenoptera emerged from them.

Several times from April to June females of E. atra (n = 20) were collected in

the field by D-vac and then individually kept in petri-dishes (0 53 mm) on moist paper

without food for a period of 10 days under ambient temperatures to count the number

of eggsacs produced and to measure the duration until the emergence of spiderlings

from these eggsacs.

From April to August 1989 ballooning activity of spiders was monitored at

intervals of two to five days by nine water traps (46.0 cm x 28.5 cm. filled with water

and 'Pricol' as detergent) located at the upper vegetation level in the wheat field.

RESULTS

The most abundant spider species occurring in the wheat fields studied belong

to the Linyphiidae. From April to August the adult spider fauna was mainly

dominated by E. atra (Table 1 ). The mean percentage of E. atra varied between 23.6

% and 48.6 % of all adult spiders in the D-vac samples while 40.9 % to 64.0 % of the

individuals caught in pitfall traps belonged to this species.

E. atra occurred in the winter wheat fields or volunteers during the whole year

at densities from 1 individual/m 2 (October 1990) to 27 individuals/m 2 (June 1990)

(Fig. 1 ). From March to April (1990 and 1991 ) or early in May ( 1989) the density of

E. atra gradually increased up to 5 - 10 individuals/m 2
. During the following weeks,

until mid-June (1989) or late in June (1990 and 1991), the abundance of E. atra

remained constant (1989 and 1990) or decreased (1991). Thereafter, the numbers of

adults increased rapidly to peaks up to 12 (1989), 27 (1990) or 15 (1991) indivi-

duals/m2
. In 1990 and 1991 the increase in E. atra density lasted for only a few days

and then numbers declined to a few individuals/m2 before harvest. In summer 1989

no such reduction could be observed and the density of E. atra was stable until

harvest. From September 1989 to March 1990 resp., in winter 1990/91. constant

numbers of E. atra adults were sampled by D-vac (~ 4 individual/m 2 in 1989/90 resp.

~ 1 individual/m2 in 1990/91).

The pattern of pitfall trap catches of E. atra adults was roughly similar to that

for D-vac sampling (Fig. 1). Whereas in the D-vac samples males were found less

numerous than females, males dominated in the pitfall trap catches. In 1989. the

pitfall trap catches more or less increased continously until harvest. In February 1990

(extremely mild temperatures) or March 1991 the numbers caught in pitfall traps

increased and reached peaks in April/May of both years. Thereafter, numbers of E.

atra found in pitfall traps declined until mid-June (1990) or early in July (1991).

Within only a couple of days the maximum numbers of E. atra were caught during

the end of June (1990) or early in July (1991). While in 1990 the pitfall trap catches

decreased before harvest, in the other two years high numbers of E. atra were still
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Table 1

Composition of dominant spider species (> 10 %, percentage of total catch of adult spiders) and

total number of spiders (adults and juveniles) in intensive D-vac samples and pitfall trap

catches in 7 winter wheat piots in 1989 (a,b,c), 1990 (a,b) and 1991 (a,b).

Intensive D-vac

89a 89b 89c 90a Hi IK 91a
(UK
91b

total number of individuals 1073 841 784 4837 4023 1953 3104

Erigone atra (Blackwall) 28.0 35.1 38.0 48.6 44.4 23.6 38.6

Lepthyphantes tenuis (Blackwall) 24.4 26.8 26.9 20.4 22.7 28.6 26.7

Bathyphantes gracilis (Blackwall) 19.5 12.7 12.0 8.4 12.3 10.0 9.7

Oedothorax apicatus (Blackwall

)

1.9 1.4 0.8 0.2 2.3 9.5 2.8

Erigone dentipalpis (Wider) 0.8 0.7 0.8 2.3 2.1 1.0 0.6

Pitfall traps

89a 89b 89c 90a 90b 91a 91b

total number of individuals 1 354 856 1 220 2733 2633 2988 3151

Erigone atra (Blackwall) 53.2 55.7 53.6 64.0 57.9 40.9 58.8

Oedothorax apicatus (Blackwall) 17.4 22.5 19.5 7.2 1 1.5 37.8 22.9

Erigone dentipalpis (Wider) 9.2 6.6 5.3 10.0 10.6 1.8 3.8

Lepthyphantes tenuis (Blackwall) 2.2 3.1 4.6 2.8 4.3 3.3 3.9

Bathyphantes gracilis (Blackwall) 2.2 1.3 1.3 1.5 4.2 1.4 1.8

Sampling dates: Intensive D-vac: 89a (16.5.. 31. 5., 13.6. , 15.6.. 20.6., 29.6., 10.7., 20.7 .). 89b

(5.5., 18.5. 6.6., 22.6., 26.6., 6.7., 17.7.). 89c (9.5 ., 23.5., 10.6., 18.6., 24.6., 4.7., 13.7., 25.7.),

90a (9.4.. 2.5.. 18.5., 30.5., 1.6., 5.6., 12.6., 27.6. . 1 I.7.. 26.7.), 90b (26.4.. 10.5. ., 18.6.
,
21.6.,

24.6., 1.7., 4.7., 19.7., 1.8.), 91a (13.5 ., 28.5., 12.6., 18.6 ., 22.6. , 25.6., 4.7., 18.7 ., 30.7. , 7.8.),

91b (10.4., 21.5., 5.6., 2.7., 7.7.. 10.7., 12.7., 16.7., 29.7., 5.8.). Pitfall trap catches: 89a (17.5.,

31.5., 14.6., 17.6., 20.6., 5.7., 12.7., 26.7.), 89b (10.5., 24.5., 7.6., 23.6., 26.6., 6.7., 19.7.). 89c

(10.5.. 24.5., 14.6.. 20.6., 26.6., 10.7., 17.7, 26.7.). 90a (1 I.4., 2.5., 23.5., 31.5., 3.6., 6.6., 13.6.,

27.6.. 16.7., 30.7.), 90b (2.5., 16.5., 19.6., 22.6., 25.6., 2.7., 9.7.. 23.7.. 6.8.). 91a (15.5., 29.5.,

12.6., 21.6., 24.6., 27.6., 4.7., 18.7., 1.8., 8.8.), 91b (10.4., 22.5., 5.6., 4.7., 8.7., 11.7., 14.7.,

21.7., 29.7., 5.8.).

found in the traps even up to a few days before harvest. During autumn and winter

(October to January) only small numbers of E. atra adults were collected by pitfall

trapping.

Numbers of ballooning juveniles (all species pooled) were always more

numerous in the water traps than adults of any single spider species including E. atra

(Fig. 2). Ballooning activity of E. atra adults remained low between the end of April

and the end of June. Peak numbers of ballooning juveniles and E. atra adults were

recorded in July. Additionally on 20th July mass ballooning activities of spiders,

mainly linyphiids (adults, inch males and females of E. atra, and juvenile linyphiids),

climbing up the wheat tillers and leaving the wheat by ballooning were observed.

Mass take-off of E. atra adults and several other spider species was also seen June on

26th and 29th in 1990 and on July 21st in 1991. Following these mass ballooning

events, a substantial decrease of population densities off. atra adults occured in 1990

and 1991 (see Fig. 1).
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1/4 11/4 21/4 1/5 11/5 21/5 31/5 10/6 20/6 30/6 10/7 20/7 30/7 9/8 19/8

Fig. 2

Ballooning activities of E. atra adults (white symbols) and total juvenile spiders (black sym-
bols) from April to August 1989 (arrow = observation of mass ballooning event).

Table 2

Densities of Erigone spp. eggsacs (number/m-) as determined by intensive D-vac samples (3 m2

each date) and percentage of eggsacs from which spiderlings emerged in 1990 and 1991.

1990 1991

date eggsacs/m- % of eggsacs from date eggsacs/m2 % of eggsacs from

which spiderlings

emerged

which spiderlings

emerged

2.4. 1.3 75.0

9.4. 2.0 83.3 10.4. 2.7 62.5

26.4. 1.0 100.0

2.5. 3.0 88.9

10.5. 1.7 60.0 13.5. 2.7 75.0

18.5. 7.0 52.4 21.5. 3.0 22.2

30.5. 3.3 10.0 28.5. 2.0 33.3

1.6. 4.3 38.5

5.6. 5.7 17.6 5.6. 1.3 75.0

12.6. 4.7 14.3 12.6. 3.7 27.3

18.6. 3.3 50.0 18.6. 2.3 28.6

21.6. 5.7 41.2 22.6. 0.7

24.6. 8.3 48.0 25.6. 2.7 37.5

27.6. 6.3 26.3 30.6. 1.7 40.0

1.7. 3.7 45.5 2.7. 6.7 25.0

4.7. 6.7 45.0 4.7. 1.7 60.0

7.7. 1 1.0 36.4

1 1.7. 23.3 10.0 10.7. 8.3 36.0

12.7. 5.3 25.0

16.7. 10.0 10.0

19.7. 12.0 13.9 18.7. 2.0

22.7. 8.7 38.5

26.7. 23.0 4.3 29.7. 12.3 8.1

30.7. 3.3

1.8. 10.7 5.8. 13.7

7.8. 3.0
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Table 3

Breeding of E. atra females (n = 20) during 10 days without food and observed date of hatch of
spiderlings from these eggsacs under ambient temperatures in the field, and expected date of

adult moult of these spiderlings*.

sampling

date

of females

01.04.90

09.04.90

20.04.90

07.05.90

22.05.90

28.06.90

23.05.91

females

producing

eggsacs (%)

75.0

75.0

70.0

90.0

90.0

85.0

90.0

eggsacs/female

0.75

0.75

0.75

1.30

0.95

1.25

1.00

observed date of expected date

hatch of spiderlings of adult

from these eggsacs moult*

13. May 29. June

15. May 1. July

19. May 5. July

8. June 25. July

20. June 6. August
15. June 1 . August
24. June 10. August

* according to De Keer & Maelfait (1988): duration of juvenile development at

(comparable to mean ambient temperature of the study area): 47 days.

15 °C

Table 4

Monthly mean parasitism rates (%) of Erigone spp. eggsacs in winter wheat in 1990 and 1991

(number of eggsacs in parentheses).

April May June July August

1990 2.6(38) 2.8 (109) 3.9(285) 5.7(580) 3.4 (88)

1991 5.3 (19) 0(49) 1.6(127) 5.6(538) 1.8(111)

Erigone spp. eggsacs found in the D-vac samples usually were fixed on small

soil clods or plant material and first were found early in April. The number of eggsacs

varied from 1.0 to 2.7 per m2 in April and increased in May and June to 8.3 eggsacs/

m2 (Table 2). Densities of Erigone eggsacs increased at the same time as the density

of adults (see Fig. 1). In April and May high percentage emergence rates of spider-

lings from eggsacs were recorded. During the summer emergence rates declined.

In April and May always more than 75 % of E. atra females tested for

breeding produced one or two eggsacs within a period of 10 days without food in the

field. The minimum period until the emergence of spiderlings from eggsacs lasted

between 18 to 42 days (Table 3). Taking into account laboratory results of De Keer &
Maelfait (1988) for duration of the juvenile development of E. atra at 15 °C, the

moult of spiderlings to adults that emerged from eggsacs laid early in April 1990

would be expected by late June or early July.

The mean parasitism rates of Erigone spp. eggsacs were calculated using all

available data, also including eggsacs sampled on four insecticide sprayed plots each
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Table 5

Species composition of parasitoids emerging from eggsacs of Erigone spp. collected by

intensive D-vac sampling in winter wheat from April to August in 1990 and 1991 (% =

percentage of total parasitoids).

family/species

males

1990

females (%) males

1991

females (%)

Ichneumonidae, total 22 32 90.0 7 32 97.5

Aclastus minimis (Bridgman) 16+1' 13 50.0 3 4 17.5

Aciastus sp. 1 1.7

Gelis declivis (Forst.) 14 23.3 21 52.5

Gelis festinans (F.) 3 4 11.7 3 5 20.0

Gelis bicolor (Vill.) 1' 1.7 1 + I' 5.0

Gelis hortensis (Christ) 1 1.7

Gelis viduus (Forst.) 1 2.5

Pteromalidae, total 1 5 10.0

Spaniopus dissimilis Wlk. 1 5 10.0

Braconidae, total 1 2.5

Centistes cuspidatus Haliday 1 2.5

Total 23 37 100 7 33 100

1 Identification doubtful.

Table 6

Longevity of female eggsac parasitoids of Erigone spp., ovipositor attack of parasitoids to one-

to four-day-old E. atra eggsacs and juvenile development of parasitoids at 20 °C.

species longevity n ovipositor juvenile development

(days) attack (days ±SD)
males females

A. minutus 32 - 34 2 observed 18.9 ± 1.9 (n = 7) 22(n=l)
G. bicolor 37 1 observed 24 (n = 1

)

G. declivis 32 - 59 2 observed

G. festinans 1 1 - 36 2 not observed

year. Parasitism of eggsacs occurred from April to August and was highest in July

(5.7 % resp. 5.6 %) (Table 4). All parasitoids (n = 100) belonged to the Hymenoptera

and were solitary. Besides species of the dominant family Ichneumonidae (2 species

of Aclastus and 5 species of Gelis) two further parasitoid species of the families

Pteromalidae and Braconidae were reared (Table 5). In 1990 50 % of the eggsac

parasitoids were individuals of Aclastus minutus (Bridgman) while in 1991 the

species Gelis declivis (Forst.) occurred the most (52.5 %). The longevity of female

parasitoids varied from 1 1 to 59 days (Table 6). Females of A. minutus, Gelis bicolor

(Vill.) and G. declivis could be observed to oviposit into one- to four-day-old E. atra
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eggsacs within a period of 10 min after being released into glass tubes containing

eggsacs. Juvenile development of male A. minutus was completed in 18.9 ± 1.9 days

but a female needed 22 days. A male of G. bicolor was reared in 24 days after

parasitism of an eggsac by a female.

DISCUSSION

E. atra can be regularly found in high abundance in European cereal fields

(Hanggi et al. 1995). Intensive D-vac sampling and pitfall trapping recorded E. atra

as the most numerous spiders species. In contrast O. apicatus adults were caught in

high numbers only by pitfall trapping but not by intensive D-vac sampling. The active

searching, non-webbuilding behaviour of O. apicatus adults (Thornhill 1983) and

the higher trappability of O. apicatus adults in pitfall traps compared to E. atra adults

seems to be responsible for this difference (Dinter, submitted). Schaefer (1976)

classifies E. atra as a spider species which has the potential to have more than one

generation per year. Based on the field data of this study the life cycle of E. atra in

winter wheat can be characterized as follows:

After the overwintering of adults and probably also juveniles, activity of males

(searching for unmated females) increases already in February/March. The increase in

density of adults in March and April may be a combination of immigration, as

ballooning activities of E. atra occur throughout the year (Sunderland 1990), and of

overwintering spiderlings that moult to adults. The increasing numbers of young

males and unmated females should stimultate the search of males lor females and

favour increasing pitfall trap catches of males in April/May. In April, females start to

lay eggsacs. In the laboratory females of E. atra can produce at least 5 fertilised

eggsacs (De Keer & Maelfait 1988/?, Dinter & Poehling 1995). These eggsacs,

together with the production of further eggsacs by newly hatched females result in a

massive build-up of spiderling populations in May and June. Mortality due to old age

may be the cause for the reduction of adult densities in late May and early June.

Increasing food supply of Collembola, aphids and other phytophagous and zoo-

phagous insects in the wheat crop and rising temperatures during May and June

accelerate the growth and development of the spiderlings. These factors probably also

tend to synchronise the developmental stages of spiderlings that hatched on different

dates. Together these conditions seem to cause the quite rapid increase in the density

of adults of a new generation of E. atra from late June to mid-July.

Natural decline in prey abundance and changing microclimate as a conse-

quence of the ripening of the wheat may favour mass emigration (by ballooning) of

newly matured E. atra adults and also, to some extent, the subadults. Weyman et al.

(1994) showed in laboratory experiments that starved E. atra and Erigone dentipalpis

(Wider) exhibited an increased tendency for aeronautic dispersal behaviour compared

to satiated spiders. Legel & Van Wingerden (1980) report comparable results with

E. arctica. An increasing population of eggsac parasitoids may also reduce the

probability of successful spider reproduction and contribute to this trend (see below).

Nevertheless it may be advantageous for a female to lay an eggsac in her birthplace
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(see increase in eggsac density in July/August) as ballooning bears the risks of

mortality or inability to find a suitable new habitat for egg laying. The emigration of

most E. atra adults before harvest seems to be advantageous under natural selection

aspects as usually cereals will be ploughed after harvest, and ploughing can have severe

negative effects on spider populations (Duffey 1978, Everts 1990). Field data from

English winter wheat fields also show that ballooning activity synchronised with pre-

harvest decline of total spider density in some years and not in others (Sunderland &
Topping 1993, K.D. Sunderland pers. comm.). Although there is still enough time for

the development of a second generation of E. atra before autumn/winter there are no

indications of a second mass reproduction as in June/July. Farming practices such as

soil cultivation and ploughing, as well as unsuitable microclimate conditions and low

food supply, may impair the build-up of a high second juvenile population. In heavily

grazed pasture De Keer & Maelfait (1988c/) observed two generations of E. atra. The

first generation became adult in June/July (which parallels findings in this study) and

the descendants reached maturity in the pasture from September onwards.

After sowing of winter wheat in September densities of E. atra adults

remained fairly stable during autumn and winter. Although high ballooning activities

of E. atra adults often occur in autumn (Sunderland 1990), the habitat quality of the

investigated fields was obviously not favourable to cause an increasing number of E.

atra adults to stay. The higher numbers of adults overwintering in 1989/90 compared

to 1990/91 may be a result of the different location of the fields or differences in

habitat quality. In a field experiment Weyman & Jepson (1994) found that coloni-

sation of barley by aerially dispersing spiders was higher where aphid prey was

present compared to uninfested barley. However, further investigation of the factors

underlying the establishment of high E. atra populations, in autumn in relation to the

reduction of aphid propagation and transmission of barley yellow dwarf virus, would

seem to be justified. Enhancement of the structural diversity (Alderweireldt 1 994Z?)

or improvement of natural food resources (Collembola) could be promising aspects to

investigate.

Our knowledge of spider eggsacs parasitoids and their impact on the population

dynamics of spiders is still quite incomplete. The present study illustrates that a

complex of several Hymenoptera species parasitize Erigone eggsacs. Van Baarlen et

al. (1994) found only 2 species of eggsacs parasitoids of Erigone spp. in cereals in

England, Gelis festinans being the dominant species emerging from eggsacs. Van
Wingerden ( 1973) described that approximately 50 % of the eggsacs produced by the

second generation of Erigone arctica were parasitized by two hymenopteran species

(Aclastus minutus, Gelis pumilus (Foerster)) on a Dutch costal plain. The first species is

also known to be a common parasitoid of Lepthorhoptrum robustum (Westring)

eggsacs and has a polyvoltine life cycle (Horstmann 1970). Aclastus and Gelis species

are potentially efficient antagonists of Erigone atra populations because they have a

rapid juvenile development compared to that of E. atra, a longevity of up to two

months and are efficient at finding hosts. Other linyphiids and species of other spider

families are also attacked by these two hymenopteran genera (Fitton et al. 1987).

Centistes cuspidatus Haliday seems to be a quite polyphagous species because it also
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parasitizes adult Tachyporus staphylinid beetles (Richardson 1982). The low

parasitism rates of Erigone eggsacs (< 6 7r) found here in comparison to mean
parasitism values of 17.1 ck found by Van Baarlen et al. (1994) may be caused by

methodological differences. An underestimation of eggsac parasitism rale due to

damage of hymenopteran larvae in the eggsacs as a consequence of D-vac sampling

may be possible, especially in July and August when the soil was quite dry.
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Notes on the biology of Pycnacantha tribulus, another araneid without
an orbweb (Araneae: Araneidae). - Observations on the nocturnal ara-

neid Pycnacantha tribulus (Fabricius, 19781 ) in South Africa showed that

both juveniles and adults do not spin orwebs. From a suspended U-shaped
trapezium, they grasp their prey (moths) in flight. Aspects of the natural

history of P. tribulus are described for the first time and its taxonomic

relationships are discussed.

Key-words: Araneae - Araneidae - Pycnacantha - behaviour - Africa.

INTRODUCTION

The Lepidoptera, with more than 165 000 known species, form an important

group of potential prey available to orbweb spiders. However, many moths escape

from orbwebs because the scales on their wings stick to the adhesive silk threads,

rendering the web ineffective (Eisner et al. 1964). Robinson & Robinson (1970)

estimated that 54,3% Lepidoptera individuals are able to escape from the orbweb of

Argiope argentata (Fabricius). In a small group of araneid spiders the orbweb has

been adapted to better exploit this potential source of prey. Stowe (1986) discusses

prey specialization in this group of araneids in detail.

Given that the orbweb is a primitive feature of the Araneidae (Levi 1980), it

appears that several groups within the family have evolved, in which the orbweb has

been adapted, reduced or abandoned to increase the ability of the spider to utilize

Lepidopteran prey. Adaptions to the orbweb consist mainly of the use of denser viscid

threads (Poltys sp.) or changes in the shape of the web as found in the inverted ladder

web of Scoloderus cordatus (Taczanowski) and the spanning-thread webs of Poecilo-

pachys Simon and Pasilobus Simon (Clyne 1973; Stowe 1986). These changes serve

to increase the moth-capturing efficiency of the web (Stowe 1978).
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Web reduction results in the loss of prey-detection capabilities and the spider

has to compensate for this in one way or another (Carico 1978). Without the help of

silk threads, the spider must develop a way to attract, detect and capture winged prey

either by manipulating the reduced threads or by using a substance to attract prey. The

bolas spiders of the subfamily Mastophorinae belong to this group of araneids where

the "web" is actively whirled, by the legs during the prey-catching phase, to catch

moths in flight with a viscid globule (Stowe 1986). Another stage of web reduction is

found in Celaenia Thorell (Forster & Forster 1973), Taczanowskia Keyserling

(Eberhard 1981Z?) and Kaira O. P. -Cambridge (Stowe 1986), where silk threads are

only used to support the spider rather than to be involved in the active catching phase.

The front legs are used as a basket to grasp moths in flight. In several of these genera

a substance that mimics the sex pheromones of female moths is emitted from glands

on the front legs or supplied by giant adenocytes of the aggregate silk glands (Lopez

1987).

The present study reports on the African spider Pycnacantha tribulus (Fabri-

cius). Brief observations on Pycnacantha were published by Van Vuuren (1981)

while Filmer (1991) erroneously inferred that they build small orbwebs. Most spiders

that produce specialized webs are rare in collections. Known information are mainly

based on Australian and South American spiders (Main 1982). Except for

Cladomelea akermanni Hewitt (Akerman 1923) nothing is known of the rich African

araneid fauna constructing specialized webs.

PREDATORY BEHAVIOUR

Specimens collected

On three occasions P. tribulus specimens were collected and observed in South

Africa. The second author collected a mature female in Princess, Roodepoort in 1976

and an immature female at the Witwatersrand National Botanical Gardens in

Roodepoort, in February 1991. The first author collected an adult male and female

and a juvenile in Pretoria, in December 1992. On all three occassions the vegetation

type they were collected from was low grassveld/shrub. Observations were made on

their behaviour after being placed on twigs positioned in sand in large containers

covered by a plastic dome. The dome could easily be removed to facilitate obser-

vations and photography. The spiders were regularly provided with moths and the

twigs sprayed with water. When they died the specimens were deposited in the Natio-

nal Collection of Arachnida (NCA), Plant Protection Research Institute, Pretoria.

Habitat

The adults collected in Pretoria were taken from Lippia rehmannii Pearson

which commonly grows in that area. The seedheads of the plant are globose and carry

conspicous spiked bracts which closely resemble the abdomen of P. tribulus.

Pycnacantha are recognized by their cream to yellowish-brown subglobose abdo-

mens, which are covered with numerous (± 50 in P. tribulus) closely set, sharply
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Figs 1-6

1. Pycnaccmtha tribulus female in diurnale resting position; 2. Pycnacantha tribulus female sus-

pended from trapezium web; 3. Female suspended in web. in waiting position; 4. Female w ith

front legs spread to catch approaching moth; 5. Female hanging in web with moth; 6. Female

with egg sac.
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pointed protuberances (Fig. 1). The specimens from Roodepoort were collected from

Cirsium vulgare (Savi) Ten. and Triumfetta sonseri Ficalho & Hiern. both plants

characterised by globose, spiked seedheads. Pycnacantha dinteri, collected in Nami-

bia from Tribulus murex Schltr. by Meise (1932) similarly resembles the fruit in body

shape and colour. The spiders probably use the plants for protection when at rest

during the day.

Van Vuuren (1981) from Cradock in the Eastern Cape, reported on P.

tribulus. A female was collected from a twig about 15 cm above the ground on a

woody bush. The locality data (n = 8) of P. Tribulus in NCA indicate that they are

very rare spiders and that they occur mainly in grassland with a low shrub cover.

Diurnal cryptic behaviour

Spiders were inactive during the day which they spent on the twigs. The legs

were drawn in around the body, and the longer front legs were held close together on

each side of the body, positioned at an angle of 45° to the sides with the patella

protruding upwards (Fig. 1 ). The same positioning of the legs was reported by Van
Vuuren ( 1981 ) in the specimen from Cradock.

Prey catching

The following observations were made on several occasions of the adult

female after a few tropical warehouse moths, Ephestia cautella (Walker), were rele-

ased into the container. At dusk, or shortly after dark, the female became more active,

moving around on the twig. No functional web was spun. Only a few strands of non-

viscid threads were produced to form a U-shaped suspension web (Fig. 2) with a few

thin, horizontal threads in between. The bottom part of the U was formed by the

weight of the spider's body pulling the thread taught with the hind legs. Depending on

the positioning of the hind legs, the bottom part averaged 0,93 mm in length. The side

threads are twice as long, on average 1 ,86 mm.
The front legs are fairly robust and the first and second pairs are much longer

than the posterior pairs. The inferior surface of metatarsi I and II are provided with

two parallel rows of setae. With the fourth pair of legs holding onto the threads, the

female suspended herself head down with legs I and II partially crossed (Fig. 3).

When disturbed, the female immediately returned to the twig. When the female

became aware of a moth, the front legs were spread wide apart (Fig. 4). When a moth

approached in flight, it was seized with the front legs. The moth was first grasped

with legs I and II and the spider appeared to bite the nearest or most accessible part of

the body. Thereafter the prey was wrapped in silk with the spider still hanging from

the web holding on with the front legs (Fig. 5). Swatches of silk were used while legs

III and IV rotated the prey. Feeding then commenced. The remains of the prey were

then cut loose and dropped to the ground. After feeding the spider was usually

covered with the loose moth scales. This prey-catching sequence was repeatedly

observed and filmed. Similar behaviour was exhibited by the immature spider but not
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by the male, who was never observed feeding. After a few weeks in captivity the

female grasped moths from tweezers. House flies were also introduced but were never

accepted as prey.

Similar behaviour was observed for the immature specimen collected in

Roodepoort. The spider was placed in the evenings under a light, with the plastic

dome removed. Moths attracted to the light were preyed upon. Any other insect that

landed on the silk threads or introduced were rejected by the spider. The movement of

large moths in flight, caused the spider to make a swinging motion with her body.

Van Vuuren (1981) reported that a female of P. tribulus occasionally sus-

pended herself from a single U-shaped thread, i.e. without the crossbeams or stabi-

lizers, or only spun them later in the evening. The swinging motion was also obser-

ved. This probably assisted the spider in catching moths in flight. No other prey was

accepted. A fly placed on the suspension web was investigated but immediately

removed from the web with the front legs. The production of a single thread and the

swinging motion were only observed in the juveniles during the present study.

Due to the number and variety of moths captured and their behaviour to feed

on every moth captured immediately rather than to store the prey for later feeding,

gave the impression that no pheromones are involved in attracting only male moths.

However, if more specimens become available this aspect will be investigated further.

LIFE HISTORY

The female produced a total of three egg sacs at intervals of about two weeks.

The egg sacs were suspended one above the other between the twigs. The egg sac was

large, compared to the female (Fig. 6), and consisted of strong smooth yellow silk

threads on the outside while the eggs were cushioned on the inside by loose fluffy

silk. The egg sac is longer than wide. The anterior part of the sac is slightly wider and

provided with three protuberances. Owing to the long incubation period (three

months), the first egg sac was opened prematurely in June and 34 second instar spi-

derlings emerged. They were fully developed, shiny dark brown in colour with

reddish orange spots but without tubercles. The spiderlings remained tightly grouped

in the vicinity of the egg sac. After the second ecdysis primordial tubercles became

apparent. The small spiders were presented with moths and in 80% of the instances

the prey was accepted. Frequently more than one spider fed on the same moth. They

were frequently observed during the day, suspended from a short silk thread, just

below a twig, swinging in the air. No mature males emerged from the egg sac as

observed in some Mastophora and Dicrostichus species. The eggs in the other two

egg sacs did not developed.

DISTRIBUTION

The genus Pycnacantha Blackwall comprises four African species. The known

distribution of the genus is patchy. It is recorded only from Madagascar, South Africa,

Namibia and Cameroon (Meise 1932).
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TAXONOMIC NOTES

Simon (1895) grouped Pycnacantha as well as Cyphalonotus Simon, Homa-

lopoltys Simon, Kaira O. P.-Cambridge, Poltys C.L.Koch Ideocaira Simon and Micro-

poltys Kulczynski in the tribe Poltyeae. Little is known about the behaviour of most of

these genera. Stowe ( 1986) observed that species of Poltys spin a dense orbweb with

closely spaced spirals which enable them to capture large numbers of moths. The

prey-capturing technique of Kaira (Stowe 1986) and Pycnacantha is very similar.

Although certain behavioural aspects differ, the basic method of hanging upside down

beneath a suspension web and catching moths that fly into a basket formed by their

legs is very similar. They differ in that Kaira produces a sex pheromone to attract

male moths. Several moths are killed and wrapped before feeding commences,

probably because the moths they prey on are active for a relatively brief period each

evening.

Eberhard (1980) and Robinson (1982) speculated that the Cyrtarachneae,

Mastophorinae and Celaenieae form a monophyletic group sharing synapomorphies

such as adhesive threads, a pungent odour when disturbed, tough outer layer of egg

sacs, accumulation of egg sacs side by side, mature males emerging from egg sacs,

production of moth-attracting pheromones and the bending of leg I and II when

resting. Stowe (1986) does not consider all of these characters useful synapo-

morphies. He provisionally agreed that Cyrtarachneae and Mastophorinae descended

from a common ancestor, but expressed doubt about the inferred close relationship of

the Celaeniae.

Kaira lacks all but two of the characters listed above. Stowe (1986) concluded

that they are only distantly related to the Mastophorinae, having evolved the ability to

attract moths independently from members of that subfamily. This probably also

applies to Pycnacantha which lacks all but one of the synapomorphies listed above. A
comparison of morphological characters (Levi 1993) of Kaira and Pycnacantha

support their placement in the same tribe.

CONCLUSION

Few araneids have been studied extensively and behavioural observations of

spiders have lagged behind taxonomic descriptions. This is particularly true for

nocturnal species of the family Araneidae. A number of recent studies have shown

that behavioural patterns can provide useful information on relationships and

classification. The more characters used in constructing a system of relationships the

greater the likelihood that the results will be correct (Eberhard 1981a).

Of the five tribes of Araneidae known to contain species that are able to

construct specialized webs to catch moths about 50 species in 14 genera are known to

occur in the Afrotropical Region. At present the behaviour of only two species are

known. More information on the behaviour of African araneids could contribute to a

better understanding of relationships and prey utilization.



NOTES ON PYCNACANTHA TRIBULUS 171

ACKNOWLEDGMENTS

We thank L. Oates for collecting some of the specimens and taking the photo-

graphs, N. Dippenaar and A. M. van den Berg for commenting on the manuscript.

This work was funded by the Agricultural Research Council.

REFERENCES

Akerman, C. 1923. A comparison of the habitats of the South African spider Cladomelea with

those of an Australian Dicrostichus. Annals of the Natal Museum 5: 83-88.

Carico. J.E. 1978. Predatory behaviour in Euryopis funebris (Hentz) (Araneae: Theridiidae)

and the evolutionary significance of web reduction. In: Arachnology (ed. P. Merrett).
Symposia of the Zoological Society ofLondon 42: 51-58.

Clyne, D. 1973. Notes on the web of Poecilopachys ausualasia (Griffith and Pidgeon. 1833)

(Araneida: Argiopidae). Australian Entomological Magazine 1: 23-29.

Eberhard. W.G. 1980. The natural history and behavior of the bolas spider Mastophora
dizzydeani sp. n. (Araneae). Psyche 87: 143-169.

Eberhard. W.G. 1981a. Behavioral characters for the higher classification of orb-weaving

spiders. Evolution 36: 1067-1095.

Eberhard. W.G. 1981/;. Notes on the natural history of Taczanowskia sp. (Araneae: Ara-

neidae). Bulletin of the British Arachnological Society- 5: 175-176.

Eisner, T. Alsop. R. & Ettershank, G. 1964. Adhesiveness of spider silk. Science 146:

1058-1061.

Filmer. M. 1991. Southern African spiders. An identification guide. Struik, 128 pp.

Forster R.R. & Forster L.M. 1973. New Zealand spiders an introduction. Collins, Auckland

and London. 254 pp.

Levi. H.W. 1980. Orb webs: primitive or specialized. Proceedings of the International Con-

gress ofArachnology 8: 367-370.

Levi, H.W. 1993. The orb-weaver genus Kaira (Araneae: Araneidae). The Journal of Arach-

nology 21: 209-225.

Lopez, A. 1987. Glandular aspects of sexual biology. In: Ecophysiology of Spiders (ed. W.
NENTWIG). Springer-Verlag Berlin, Heidelberg: 448 pp.

Main, B.Y. 1982. Notes on the reduced web. behaviour and prey of Arcys nitidiceps Simon

(Araneidae) in south western Australia. Bulletin of the British Arachnological Socien- 5:

425-432.

Meise, W. 1932. Uber die Stachelspinnen der Gattung Pycnacantha Blackw. Zoologischer

Anzeiger 100: 73-79.

Robinson. M.H. 1982. The ecology and biogeography of spiders in Papua New Guinea.

Monographiae biologicae 42: 557-581

.

Robinson, M.H. & Robinson. B. 1970. Prey caught by a sample population of the spider

Argiope argentata (Araneae: Araneidae) in Panama: a years' census data. Zoological

Journal of the Linnean Society 49: 345—357.

Simon, E. 1895. Histoire naturelle des Araignees. Tome 1(4). Paris: 761-1084.

Stowe, M.K. 1978. Observations of two nocturnal orbweavers that build specialized webs Sco-

loderus cordatus and Wixia ectypa (Araneae: Araneidae). The Journal ofArachnology

6: 141-146.

Stowe, M.K. 1986. Prey specialization in the Araneidae. In: Spiders webs, behaviour, and

evolution (W.A. Shear ed.) Stanford University Press, California, 492 pp.

Van VUUREN, J. 1981. An interesting spider from Cradock. New sletter of the Spider Club of

southern Africa 22: 3-5.





Revue Suisse de Zoologie, vol. hors serie: 173-184; aout 1996

Systematics of the fossil arachnids

Jason A. DUNLOP
Department of Earth Sciences

University of Manchester

Manchester M13 9PL, U.K.

Systematics of the fossil arachnids. - Previous systematic accounts of the

extinct, fossil arachnid orders Anthracomartida Karsch, 1882, Phalan-

giotarbida Haase, 1890, Haptopoda Pocock, 1911, Kustarachnida Petrun-

kevitch, 1913 and Trigonotarbida Petrunkevitch, 1949 are reviewed. The
subclasses Soluta Petrunkevitch, 1949 and Stethostomata Petrunkevitch,

1949 are rejected. Anthracomartida is synonymised with Trigonotarbida,

which is placed in Tetrapulmonata Shultz, 1990. Kustarachnida represent

misidentified opilionids. The position of the remaining extinct orders,

Phalangiotarbida and Haptopoda, remains obscure, though Phalangio-

tarbida resemble opilioacarid mites and Haptopoda may belong in Tetra-

pulmonata.

Key-words: Arachnid - systematics - Anthracomartida - Haptopoda - Pha-

langiotarbida - Kustarachnida - Trigonotarbida - Soluta - Stethostomata -

Tetrapulmonata.

INTRODUCTION

The arachnid orders (considering Arachnida as defined by Weygoldt &
Paulus (1979) and Shultz (1990)) which are extinct and therefore known only from

fossils are the Anthracomartida Karsch, 1882, Phalangiotarbida Haase, 1890,

Haptopoda Pocock, 1911, Kustarachnida Petrunkevitch, 1913 and Trigonotarbida

Petrunkevitch, 1949. Some earlier studies of arachnid phylogeny included these fossil

orders (see below), though reached few concensuses over their position. However, the

three principal recent arachnid phylogenies (Weygoldt & Paulus 1979; van der

Hammen 1989; Shultz 1990) did not formally place the fossil orders in their

schemes, partly as a result of the characters defining these orders not being as well
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established in comparison to their extant relatives. This problem is compounded by

the efforts of Petrunkevitch (1913, 1945, 1949. 1953. 1955) who dominated fossil

arachnid work in his day, yet made erroneous observations and questionable

interpretations and systematic referrals of the fossil material (see Selden (1993) for

criticisms of Petrunkevitch's methods and conclusions). This present study critically

reviews previous systematic referrals of the fossil arachnid orders.

MATERIALS AND METHODS

Specimens of fossil arachnids were reviewed primarily from the collections of

the British Museum (Natural History) (BMNH) and the Smithsonian Institution

(USNM). This material consisted principally of exceptionally preserved Lower

Devonian (Pragian) material from the Rhynie chert, Aberdeenshire. U.K. and Upper

Carboniferous (Westphalian B) specimens from the British Middle Coal Measures

and Westphalian D specimens from Mazon Creek. Illinois. USA. both in clay-

ironstone nodules.

RESULTS AND DISCUSSION

Trigonotarbida and Anthracomartida

Trigonotarbids (Fig. 1, Figs. 2a. b) are superficially spider-like arachnids

which ranged from the Upper Silurian (Pridoli) to the Lower Permian (Asselian).

They are characterised by dorsal tergites divided into median and lateral plates and

the presence of a locking ridge between the prosoma and opisthosoma. Of all the

fossil arachnids, trigonotarbids are second only to scorpions in diversity and abun-

dance and appear to have comprised much of the arachnid fauna during the Upper

Carboniferous period. Some 75 species have been described of which fewer than 50

are probably valid.

Trigonotarbids were among the first fossil arachnids to be described.

Buckland ( 1837) described a fossil arthropod as a beetle, which was later recognised

as an arachnid by Woodward (1871) who believed it to be a pseudoscorpion. Karsch

(1882) described another species, Anthracomartus voelkelianus, and established a

new order Anthracomarti to accommodate these specimens along with material now

recognised as phalangiotarbids (see below). Scudder (1884) retained Anthracomarti.

though the order included fossil specimens now recognised as spiders, ricinuleids and

phalangiotarbids. Thorell & LindstrOm (1885) proposed Meridogastra as a replace-

ment name for Anthracomarti on the grounds that the latter ordinal name was too

similar to the generic name Anthracomartus. Haase (1890) proposed a new

classification in which he relegated Anthracomarti to a suborder of the Opiliones,

though for the first time placed all the known anthracomartids in a single taxon with

no incorrectly referred material. Pocock (1902) retained Anthracomarti as a suborder
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of Opiliones, but discussed raising anthracomartids back to an order. Fric (1904)

proposed a wide ranging classification of the fossil arachnids in which he reinstated

Meridogastra. retaining it as an opilionid suborder, still containing ricinuleids and

phalangiotarbids. Certain other fossil arachnids were placed in a suborder Pleur-

araneae Fric, 1904, a division of the Araneae characterised by divided opisthosomal

tergites. Pocock (1910) pointed out the obvious similarities of the pleuraraneids to

anthracomartids and synonymised Pleuraraneae with Anthracomarti. Pocock (191 1)

re-established Anthracomarti as a distinct fossil arachnid order, noting that anthraco-

martids, phalangiotarbids and a new order Haptopoda might represent intermediates

between opilionids and more primitive orders of arachnid. Petrunkevitch (1913)

retained Anthracomarti as a distinct order and Petrunkevitch (1945) concluded that

Anthracomarti were most closely related to spiders.

Petrunkevitch (1949) radically changed this interpretation, dividing the

arachnids into subclasses and splitting the Anthracomarti into two orders. Anthra-

comartida was retained for those forms with division of the tergites into five plates,

i.e. the family Anthracomartidae. Anthracomarti was placed in a new subclass,

Stethostomata Petrunkevitch. 1949, along with the monotypic fossil order, Haptopoda

(see below). Stethostomata was diagnosed as arachnids with a broad prosoma-

opisthosoma junction and downwards-hanging chelicerae. The remainder of the

Anthracomarti were placed in a new order. Trigonotarbi Petrunkevitch. 1949. the sole

representative of a new subclass, Soluta Petrunkevitch, 1949, defined by a prosoma-

opisthosoma junction of variable width. This scheme was retained by Petrunkevitch

(1953, 1955) though in 1955 the ordinal names were changed to Anthracomartida and

Trigonotarbida to fit nomenelatural conventions. Petrunkevitch's subclasses were

followed by some authors (e.g. Savory, 1964), though his subclasses of Recent

arachnids have not been widely adopted. However, palaeontologists continued to use

his ordinal and supraordinal names for the fossil arachnids (e.g. Guthorl 1964).

Zachvatkin (1952) included Anthracomarti in a superorder Actinoderma

which also included Amblypygi, Araneae, Ricinulei. Opiliones and some of the Acari.

Dubinin (1957) retained Soluta and placed Trigonotarbi in a class Arachnida, which

for him also comprised spiders and opilionids. He did not place Anthracomarti in his

scheme. Savory (1971) placed trigonotarbids and anthracomartids together in an

infraclass Trigonotarboidea as part of a subclass Opilionomorphae which also inclu-

ded opilionids, ricinuleids. acarids and phalangiotarbids. Firstman (1973) placed

Trigonotarbida and Anthracomartida in his pulmonate arachnids, i.e. those having

book-lungs. Van der Hammen (1977) included Trigonotarbi and Anthracomarti with

Araneae, Amblypygi, Uropygi and Schizomida in a taxon Arachnidea, though sub-

sequently van der Hammen (1989) omitted fossil orders from his scheme. Grasshoff

(1978) placed Trigonotarbida close to Araneae, Amblypygi, Uropygi and Schizomida.

but placed Stethostomata (including Anthracomarti) as much earlier derivative

arachnids of a similar grade of organisation to palpigrades and phalangiotarbids.

The most important revision of Trigonotarbida was that of Shear & Selden

(1986) and Shear et al. (1987) who criticised Petrunkevitch's diagnosis of Soluta and
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argued that Trigonotarbida should be placed as the sister group of Araneae,

Amblypygi, Uropygi and Schizomida; orders placed in a taxon Tetrapulmonata by

Shultz (1990). Shear et al. (1987) argued that Soluta was diagnosed by Petrun-

kevitch on variable characters, i.e. prosoma-opisthosoma junction width and an

opisthosoma of eight to eleven segments, which would suggest that Soluta was

polyphyletic. Since the prosoma-opisthosoma junction is restricted in all trigono-

tarbids (Shear et al. 1987; Dunlop 1994), Soluta is diagnosed on an incorrect

morphological character and I follow these authors and reject Soluta as a higher taxon

for Trigonotarbida. Trigonotarbida clearly belongs in Tetrapulmonata on the basis of

two pairs of book-lungs, two-segmented clasp-knife chelicerae and a restricted

prosoma-opisthosoma junction (see Shear et al. (1987) and Shultz (1990)) for

further characters of Tetrapulmonata). Dunlop (in press) has suggested the possibility

that Trigonotarbida are a sister group of Ricinulei based on the synapomorphies of

longitudinally divided tergites and a locking device between the prosoma and opistho-

soma.

Shear et al. (1987) also questioned whether Anthracomartida could be

retained as a distinct order from Trigonotarbida. Petrunkevitch (1949, 1953, 1955)

proposed a range of characters by which Anthracomartida differ from Trigonotarbida.

These were the three-segmented, downwards-hanging chelicerae and broad pro-

soma-opisthosoma junction of the Stethostomata, three pairs of lung spiracles arran-

ged parallel to the long axis of the body (rather than perpendicular to the axis as in

other arachnids) and division of the tergites into five plates. Petrunkevitch (1955)

could only infer the presence of this third cheliceral segment and study of material in

the BMNH has failed to substantiate either three-segmented chelicerae or three pairs

of spiracles. Downward hanging chelicerae have also been identified in trigonotarbids

(Dunlop 1994). Petrunkevitch (1949, 1955) regarded all anthracomartids as blind.

In fact study of the best preserved anthracomartid material (e.g. BMNH I. 7893, In

15858, In 18333, In 22841, see also Petrunkevitch (1949) fig. 202) revealed that

there is every indication that anthracomartids are very similar to the Rhynie chert

trigonotarbids in the family Palaeocharinidae (Dunlop, in prep.). Both have a similar

box-shaped carapace with both median and lateral eyes (the eyes are symplesio-

morphic) (Fig. 1), a locking ridge formed from tergite 1 which undertucks the cara-

pace and similarly proportioned legs with a particularly short basitarsus. The dorsal

opisthosomal segmentation of anthracomartids can be created simply by subdividing

the lateral tergites and last dorsal tergite of a palaeocharinid (Fig. 1 ). I do not regard

subdivided lateral tergites, in isolation, as a character of ordinal significance.

Petrunkevitch's (1949) characters by which he split Anthracomartida from

Trigonotarbida are therefore rejected as either misinterpretations of the fossils or as

characters too trivial to be diagnostic of orders. No additional diagnostic characters

for Anthracomartida were identified and the material comprising Petrunkevitch's

order Anthracomartida represents a family within a unitary order, as it did prior to

Petrunkevitch (1949). There is a case for returning to Karsch's (1882) original ordi-

nal name Anthracomartida. However, since Petrunkevitch's Trigonotarbida embraced
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le me

Fig. 1

Comparison of the morphology of palaeocharinid trigonotarbids and anthracomartids. Not to

scale, a. Cryptomartus priesti redrawn from a latex cast of BMNH I. 15858 figured by
Petrunkevitch (1949, fig. 202). b. Cryptomartus priesti (BMNH I. 7893) showing a lateral

eye tubercle and leg podomere proportions, c. Cryptomartus priesti (BMNH I. 15857) show ing

opisthosomal segmentation, d. Palaeocharinus rhyniensis (BMNH In 24673) showing eye

tubercles, e. Palaeocharinus sp. (BMNH In 27752) showing eye tubercles and leg proportions,

f. Palaeocharinus sp. (BMNH In 24674) showing opisthosomal segmentation, me = median
eyes, le = lateral eyes, fe = femur, pt = patella, ti = tibia, bt = basitarsus, ts = telotarsus.

Opisthosomal tergites numbered accordingly. The similar morphologies demonstrated here

strongly suggest that palaeocharinids (Trigonotarbida) and anthracomartids (Anthracomartida)

are closely related and argues for synonymising the two orders.
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more of the material and has become better defined and more widespread in the

literature (e.g. Shear et al. 1987) I prefer to retain this as the ordinal name and refer

Anthracomartida to Trigonotarbida. Since anthracomartids are referred to Trigono-

tarbida (and hence Tetrapulmonata) and since Haptopoda is a distinct order in its own

right (see below). Petrunkevitch's subclass Stethostomata becomes a polyphyletic

grouping of a trigonotarbid family and a separate order. Retaining Stethostomata as a

higher taxon for either Trigonotarbida or Haptopoda is unnecessary and I therefore

propose that Stethostomata be rejected.

Phalangiotarbida

Phalangiotarbids (Fig. 2c) are flattened, oval animals, with a semicircular cara-

pace bearing six eyes on a single tubercle and an opisthosomal segmentation pattern

of abbreviated anterior tergites and presumably fused posterior tergites. The sternites

are longitudinally subdivided, with a ventral postabdomen at the posterior end of the

opisthosoma (though considered dorsal by some authors (e.g. Beall 1991)). The

prosomal sternum is reduced and composed of three to five elements and the coxae

are triangular, with evidence that the anterior coxae were movable and concealed the

mouthparts. Autapomorphies of Phalangiotarbida have not been explicitly proposed,

but would include an eye tubercle bearing six eyes, six abbreviated anterior tergites

and reduced pedipalps and chelicerae. Phalangiotarbids are restricted to the West-

phalian stage and are rare. Some 26 species have been described, though this is an

overestimate of their true diversity.

The first phalangiotarbid was described from Mazon Creek by Scudder (1868)

as Architarbus rotundatus and identified simply as an arachnid. A second Architarbus

species was described by Woodward (1872). who regarded it as probably being

either an opilionid or amblypygid. Karsch (1882) referred the genus Architarbus to

his new order Anthracomarti (see above), a referral followed by Scudder (1884,

1890). Haase ( 1890) introduced the name Phalangiotarbi as a suborder of Opiliones,

distinct from Anthracomarti which he also regarded as an opilionid suborder (see

above). However, Haase ( 1890) only referred a new genus, Phalangiotarbus, to Pha-

langiotarbi, referring the other known phalangiotarbid genera to Architarbidae, which

he considered a family of Amblypygi. Fric (1904) referred all the known phalan-

giotarbids to a single taxon, Architarbidae, as a family within his opilionid suborder

Meridogastra (see above). Pocock (1910) questioned the opilionid status of phalan-

giotarbids and Pocock (1911) subsequently raised Phalangiotarbi to ordinal status.

Petrunkevitch (1945) introduced a new ordinal name, Architarbi, in prefe-

rence to Phalangiotarbi on the grounds that his new name was derived from better

preserved material, i.e. the genus Architarbus. Petrunkevitch (1948, 1949) com-

mented that the architarbids had similar coxo-sternal regions to Cyphopthalmi

(Opiliones) and suggested that cyphopthalmids were descended from architarbids, or

at least shared a common ancestor with them. Petrunkevitch (1949) referred Archi-

tarbi to his subclass Latigastra, which also included Scorpiones, Pseudoscorpiones,



FOSSIL ARACHNID SYSTEMATICS
179

Fig. 2

Representative reconstructions of selected fossil arachnids, a. Palaeocharinus rhyniensis Hirst,

1923. (Trigonotarbida: Palaeocharinidae). Lower Devonian. Scotland, b. Trigonotarbus john-
soni Pocock. 1911. (Trigonotarbida: Trigonotarbidae) Upper Carboniferous. England, c.

Goniotarbus tuberculatus (Pocock. 191 1) (Phalangiotarbida: Architarbidae). Upper Carboni-
ferous, England, d. Plesiosiro madeleyi Pocock. 1911 (Haptopoda: Plesiosironidae). Upper

Carboniferous, England. Scale bars equal 2 mm.
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Opiliones and Acari, all diagnosed by a broad prosoma-opisthosoma junction and

forward-facing chelicerae. Architarbi was renamed Architarbida in 1955, although

subsequent workers tended to use Architarbi. Savory (1971) referred Architarbi to an

infraclass Opilionoidea, along with the Ricinulei, Opiliones and Acari. Grasshoff

(1978) placed Architarbi as a relatively early derivative arachnid group of a similar

grade of organisation to Pedipalpi and Stethostomata. Van der Hammen (1979)

tentatively placed Architarbi with Ricinulei and Acari in a taxon Cryptognomae.

Kjellesvig-Waering (1968) described a new phalangiotarbid, using the ordinal name

Phalangiotarbida, as did Beall ( 1991 ). Selden (1993) criticised Petrunkevitch's deci-

sion to substitute Architarbida for the perfectly good name Phalangiotarbida, retaining

the latter name. I regard Phalangiotarbida as the correct ordinal name for these

animals in preference to Architarbida.

The question of phalangiotarbid affinities has not been resolved, though the

historical accounts of similarities between phalangiotarbids and amblypygids are

superficial. Petrunkevitch's (1948, 1949) hypothesis of phalangiotarbids being

related to cyphopthalmid opilionids, deserves consideration, though this interpretation

was based primarily on a general similarity of the coxo-sternal region. Shultz (1990)

suggested that phalangiotarbids appear to have a postabdomen which would place

them in his taxon Micrura (Tetrapulmonata + Palpigradi + Ricinulei + Acari).

Kjellesvig-Waering in an unpublished, posthumous manuscript (see Selden, 1993)

figured a chelicera in the holotype of Geratarbus lacoei (USNM 37966) from Mazon

Creek. I have not seen this specimen, but its tiny chelicera was figured as a two-

segmented clasp-knife chelicera similar to that characterising the Tetrapulmonata (see

above). If true, clasp-knife chelicerae would be evidence for referring Phalangio-

tarbida to Tetrapulmonata. Phalangiotarbids also superficially resemble certain opilio-

acarids (Dunlop 1995) in having abbreviated anterior opisthosomal tergites and

indistinguishable posterior tergites. Opilioacarids should be considered in any future

review of phalangiotarbid affinities. The nature of the respiratory organs and position

of the gonopore in phalangiotarbids is unknown.

Haptopoda

The monotypic order Haptopoda (Fig. 2d) was created by Pocock (191 1) for

nine specimens, all referred to Plesiosiro madeleyi, and all from the Upper

Carboniferous of Coseley, Staffs., U.K. Plesiosiro is a flattened animal with a distinc-

tive pattern of ridges on the carapace. It has relatively stout legs with small spines for

prey capture on the femora. Leg 1 is longest and the tarsus is sub-divided into six

joints. The tarsi of the other legs are sub-divided into four joints. The sternum is

reduced and composed of two sclerites. Pocock (1911) noted similarities between his

new order and the Opiliones (i.e. a broad prosoma-opisthosoma junction, similar

opisthosomal segmentation), Anthracomarti (i.e. an anal operculum (though this in

fact a postabdomen in both orders)) and Uropygi (i.e. an elongate leg pair 1 ).

Petrunkevitch (1913) suggested that Haptopoda was probably synonymous with

Phalangiotarbida, though subsequently he retained Haptopoda as a distinct order.
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placing it with Anthracomarti in the subclass Stethostomata (Petrunkevitch 1949,

1953, 1955) (see above). Haptopoda was renamed Haptopodida in 1955, though all

subsequent authors have retained the name Haptopoda and 1 follow this convention.

Subsequent studies have been vague in their placement of Haptopoda and most
authors omitted it all together. Firstman (1973) and van der Hammen (1977) both

tentatively referred Haptopoda to what is now regarded as Tetrapulmonata and
Grasshoff's (1978) placement of Stethostomata is noted above.

Phylogenetically the Haptopoda are still of uncertain affinity, as noted by

Pocock (1911) in his original description, but may be related to either the Opiliones

(Shear & Kukalova-Peck. 1990; W. Shear, pers. com.) or the Tetrapulmonata. If the

latter case is true they might represent the sister group of Pedipalpi (Amblypygi +
Uropygi + Schizomida) with which they share an elongate leg 1 and subdivided tarsi.

However, neither the chelicerae or the respiratory organs, either of which could

resolve the position of Plesiosiro, are preserved unequivocally. The status of Hapto-

poda as a separate order appears to be justified since its characters do not match the

diagnoses of any other order, though its phylogenetic position remains equivocal.

Stethostomata is rejected as discussed above.

Kustarachnida

The genus Kustarachne was established by Scudder (1890) for a monotypic

species from Mazon Creek. Scudder (1890) referred this genus to Anthracomarti.

Melander ( 1 903 ) described two further species of Kustarachne from Mazon Creek

(one of which was later identified as a ricinuleid (Petrunkevitch. 1913)), again

referring the genus to Anthracomarti. Petrunkevitch (1913) described an additional

Mazon Creek species and established a distinct order, also called Kustarachne, for the

genus, characterised by immobile coxae surrounding a small sternum, fused palpal

coxae, long, thin legs, chelate pedipalps, a pedicel and two eyes on a single tubercle.

Petrunkevitch (1949. 1953. 1955) placed Kustarachne (renamed Kustarachnida in

1955) close to Uropygi and Schizomida within a taxon. Camarostomata, based on the

presence of fused palpal coxae (the camarostome) and chelate pedipalps. Subsequent

classifications either placed Kustarachnida close to Araneae and Amblypygi (Savory

1971), tentatively close to Solpugida and Pseudoscorpiones (van der Hammen 1977)

or tentatively close to Uropygi (Grasshoff 1978). None of these schemes were

particularly convincing. Beall (1986) regarded Petrunkevitch's diagnostic charac-

teristics for Kustarachnida of a pedicel, chelate pedipalps and fused palpal coxae as

misinterpretations of the fossils, none of which are well preserved. Beall (1986)

suggested that because of the long slender legs, single pair of eyes and triangular

coxae, kustarachnids are opilionids. Having examined the holotype of Kustarachne

tenuipes (USNM 39767), 1 agree with these criticisms of Petrunkevitch's inter-

pretations and the referral of this material to Opiliones. Beall (1986) proposed that

Kustarachnida be regarded as a nomen nudum and omitted from future phytogenies of

the Arachnida, a view with which I agree.
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SYSTEMATIC PALAEONTOLOGY

Class Arachnida Lamark, 1801

Tetrapulmonata Shultz, 1990

Order Trigonotarbida Petrunkevitch, 1949

(Part) Anthracomarti Karsch, 1882: 560.

(Part) Meridogastra Thorell & Lindstrom, 1885: 3 1

.

Opiliones, Suborder Anthracomarti Karsch; Haase (1890): 650.

Opiliones. (Part) Suborder Meridogastra Thorell & Lindstrom; Fric 1904: 31.

Araneae, (Part) Suborder Pleuraraneae Fric, 1904: 17.

Trigonotarbi Petrunkevitch. 1949: 235.

Anthracomartida Karsch; Petrunkevitch 1955: 102.

Trigonotarbida Petrunkevitch; Petrunkevitch 1955: 107.

Emended diagnosis. Tetrapulmonate arachnids with tergite 1 formed into a

locking ridge, reduced in some families and tergites 2-8, 2-9 in some, divided into

median and lateral plates. Tergites 2 and 3 fused into a diplotergite, tergites 4-9 not

fused. Sternite 1 absent. Pedipalps and walking legs pediform. Chelicerae two-jointed

and of the clasp-knife type.

Stratigraphic range. Silurian ( Pridolf)-Permian (Asselian?).

Remarks. The clause in the diagnosis about unfused tergites recognises the

division of tergites into median and lateral plates in ricinuleids.

Supraordinal position uncertain

Order Phalangiotarbida Haase, 1 890

Opiliones, Suborder Phalagiotarbi Haase 1890: 650.

Opiliones, (Part) Suborder Meridogastra Thorell & Lindstrom; Fric 1904: 3 1

.

Phalangiotarbi Haase; Pocock 191 1: 45.

Architarbi Petrunkevitch, 1945: 1-72.

Architarbida Petrunkevitch; Petrunkevitch 1955: 86.

Phalangiotarbida Haase; Kjellesvig-Waering 1969: 1280.

Emended diagnosis. Arachnids with a broad prosoma-opisthosoma junction.

Carapace semicircular with six eyes on a single tubercle. Opisthosoma with abbre-

viated tergites anteriorly and fusion of segments posteriorly. Opisthosomal sternites

longitudinally subdivided. Sternum reduced and composed of three elements. Cheli-

cerae and pedipalps minute, walking legs stout and pediform.

Stratigraphic range. Upper Carboniferous (Westphalian A-D).

Order Haptopoda Pocock, 1911

Haptopoda Pocock, 1911:41.

Haptopodida Pocock; Petrunkevitch 1955: 100.

Emended diagnosis. Arachnids with a broad prosoma-opisthosoma junction.

Carapace entire and ornamented with distinctive ridges, a pair of median eyes and a
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pair of lateral eye tubercles present. Pedipalps pediform, leg 1 elongate and with tarsi

subdivided into six joints, legs 2-4 with tarsi subdivided into 4 joints.

Stratigraphic range. Upper Carboniferous (Westphalian B).

Nomen nudum Kustarachnida Petrunkevitch, 1913

Kustarachne Petrunkevitch, 1913: 71.

Kustarachnida Petrunkevitch; Petrunkevitch ( 1955): 100.
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A spider (Lycosa? sp.) (Araneida: Lycosidae) providing a shelter

for its predator Paracyphononyx ruficrus (Klug, 1834)

(Hymenoptera: Pompilidae)

Hisham K. EL-HENNAWY
41, El-Manteqa El-Rabia St., Heliopolis,

Cairo 11341, Egypt.

A spider (Lycosal sp.) (Araneida: Lycosidae) providing a shelter for its

predator Paracyphononyx ruficrus (Klug, 1834) (Hymenoptera: Pom-
pilidae). - The pompilid wasp deposits its egg on the paralyzed spider's

abdomen. The egg hatches, and the pompilid larva begins to feed on the

host's body fluids. Before the larva reaches the fifth instar, the spider

builds a silken cocoon around itself. Two days after cocooning, the larva

finished devouring the entire spider. The behaviour of the victim (the

lycosid spider) in providing shelter to protect its predator is recorded here

for the first time.

Key-words: Lycosidae - Pompilidae - Paracyphononyx - Behaviour - Pre-

dation.

INTRODUCTION

In April 1977 and October 1980 an exciting behaviour shared by a lycosid

spider and its pompilid predator could be observed in Egypt and it is described in this

paper. Knowledge of the behaviour of pompilid wasps is poor, and "nothing is known

of the biology of members of this genus (Paracyphononyx)" (Evans 1951). Poulton

(1916) recorded observations by Dr Caipenter on the behaviour of a possible Para-

cyphononyx wasp, and Grout & Brothers ( 1982) described the hunting behaviour of

P. africanus (Radoszkowski) but did not keep alive the spider for further obser-

vations. The author's observations could not be completed since then.

OBSERVATIONS

I. Cairo, Heliopolis, 1977.

18 March. A female lycosid spider (Lycosa sp. ?) had been captured inside my home

and reared within a plastic petri dish.

30 March. The spider was very active and very fast in seizing its prey.

Manuscript accepted 04.01.1996.

Proceedings of the XHIth International Congress of Arachnology. Geneva. 3-8-IX. I 995.



186 HISHAM K. EL-HENNAWY

31 March. A small whitish protrusion appeared in the abdomen's front. There was a

movement inside the protrusion.

2 April. A small reddish larva had grown in the place of the protrusion on the left side

of the abdomen's front. The spider's movement was not normal. It was something weak and it

could not seize its prey (a domestic tly) during the first attack.

3 April. A piece of paper, curled around itself, had been introduced into th spider's

container.

4 April. The spider was spinning inside the curled piece of paper making a closed

chamber with two ends, one of silk threads and the other was the container's wall.

5 April. The spider was motionless inside its silken chamber. It had no abdomen but

instead of it a big larva, which was devouring the cephalothorax. It was about 7 mm long, its

diameter about 1 .5-2 mm at the anterior half and 4-5 mm at the posterior half.

6 April. The larva devoured all the spider. It was outside the chamber trying to spin its

cocoon. It was more than 10 mm long, and the diameter of the posterior half more than 7 mm.
Moving in the container, it was trying to find apparently a better place for cocooning.

7-8 April. The larva spun in different places on the ground of the container but it could

not build a cocoon without a suitable substratum.

1 5 April. It changed to a pupa without a cocoon, only under silken threads spread on the

ground of the container.

16-27 April. Metamorphosis of the pupa.

28 April. The characteristic brown tibia of the third leg of this wasp species appeared.

29 April. Body length about 8 mm. Head and thorax black. Abdomen black dorsally

and violet ventrally. At night, it moved on its back about 15 mm under silk.

1 May. An adult male wasp emerged. It was kept alive for a few days for watching its be-

haviour. It was identified as Paracyphononyx ruficrus (Klug, 1834) according to Priesner (1955).

II. Alexandria, El-Nozha Gardens, 1980.

22 October. I had found a female lycosid spider (Lycosa sp. ?) moving slowly on the

ground with a small larva attached to the right side of its abdomen's front.

24 October. The specimen had been transferred in my laboratory to a petri dish

containing seven pieces of paper, two of them were flat, two with one right angle, and three

with two right angles settled in three different positions.

At night the spider spun inside one of the three pieces of paper with two right angles,

with a roof and a ground of paper, a closed silken chamber, containing itself and the growing

larva attached to its abdomen.

25 October. The spider lied motionless and activeless inside the chamber. The larva

was bigger and still sucking fluids from the spider's abdomen.
In the afternoon, the larva moulted to fifth instar and began to devour the spider's body.

At night, the fleshy white larva began spinning its cocoon. Two pieces of paper were

put beside, like as litter in nature and representing suitable substratum for cocooning.

26 October. The cocoon was constructed and the larva was still spinning inside it.

27 October. The cocoon became complete, about 9.3 mm long, elongated barrel shaped,

its base flat, yellowish white in colour, with threads attached to the surrounding paper pieces.

15 November. After 19 days, an adult male Paracyphononyx ruficrus emerged from the

cocoon, opening it by cutting the upper end as a lid.

DISCUSSION

Paracyphononyx ruficrus is recorded in Egypt from different localities, all the

year round (Storey 1916; Priesner 1955). Lycosidae (42 species, of 19 genera) are

also recorded in Egypt from different localities (El-Hennawy 1992). Hence there are

many lycosid species which may be victims of Paracyphononyx ruficrus in different

localities of Egypt.
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The preys recorded for other species of Paracyphononyx in Africa and North

America are also Lycosidae, mostly without specific identification (Iwata 1976;

Grout & Brothers 1982). Paracyphononyx species hunt for lycosid spiders, paralyze

the preys, and lay their eggs on them. There is no nest and no transportation of the prey.

Hence, this simplified ethological type VPO (Hunting - paralyzing - oviposition) is

indicated here according to Iwata's system (Iwata 1976; Shimizu 1994).

The observations written above lead us to some questions: How could the

wasp sting its prey ? When did the spider recover after the sting ? Where was the

wasp's egg laid ? How long did the egg stay before hatching ? and Why did the spider

spin that silken chamber ? Is it a normal behaviour ?

1. In 1915. Dr Carpenter (Poulton, 1916) recorded the attack of a pompilid

wasp (may be a Paracyphononyx) in Kakindu, west of the Lake Victoria (Tanzania),

and thought that the spider was not stung. Apparently Dr Carpenter did not observe

the (rapid) sting but he noticed that it "deposited an elongate ovum on the side of the

spider's abdomen".

Grout & Brothers (1982) recorded the attack, the stinging, the egg laying of

Paracyphononyx africanus in Ndola (Zambia), and also the lycosid spider's recovery

which took place about 20 minutes after stinging (contrary to the "few seconds", as in

the case of Dr Carpenter's "hunting spider"). It is obvious that the time needed for

recovery is depending upon the kind and quantity of the wasp's venom. Spiders

recovering quickly avoid attacks of other predators, especially ants. No observations

had been given on hatching by those authors.

2. Both Poulton (1916) and Grout & Brothers (1982) precised the position of

the wasp's egg on the spider's abdomen. In the first case recorded here, no wasp's egg

could be observed on the spider's abdomen during 13 days. Either the egg had been

injected into the spider's abdomen or it was so tiny that I could not discover it during

about two weeks. The injection of the wasp's egg inside the spider's abdomen may

explain the long hatching time in comparison to other pompilid eggs [e.g. 2 days for

Dipogon sayi (Medler & Koerber 1957); 2-3 days for Pseudopompilus humboldti

(El-Hennawy 1986); 4-5 days for Pepsis thisbe extended to 10 days in cooler

conditions (Williams 1956)].

An important question arises: "Why did the spider spin that silken chamber ?"

Lycosid spiders use silk mainly during locomotion, moulting, courtship, spermweb and

cocoon construction (Richter 1970) and "A few species of wolf spiders (Aulonia,

Hippasa), actually build webs reminiscent of the sheet webs of agelenids." (Foelix

1982). "They are generally characterized as "vagrant hunters" in that, with two

exceptions (the genera Sosippus and Aulonia), they do not build webs for prey capture.

Wolf spiders do use silk in making dragline, making sperm webs, wrapping their eggs,

ballooning, and in some groups, in lining the burrow." (Stratton 1985). Also, lycosid

spiders of the genus Venonia construct sheet webs in Australia (Anderson 1988).

The chamber described here reminds us of the closed nursery cocoon of

Dysdera (under the surface of the earth) and Cheiracanthium (on plants) constructed

by the female and where it lives inside with its eggs.
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Day (1981) described a similar interaction between Pompilus cinereus

(Fabricius, 1775) and its lycosid prey which "recovers from paralysis between 3 and 6

hours after stinging and begins to walk aimlessly about the cell spinning silk

continuously. After 3 days, when the wasp first instar is ready to emerge, the spider

and the wasp egg are contained within a silk-lined cell of considerable structural

integrity." The silk cell lining "may serve to prevent collapse of the cell as the sand

dries out" and "to protect the prey from flooding during periods of rain".

It's a cell to protect the pompilid egg and larva, prepared by the prey as a

shelter for its predator. This seems to be an unusual behaviour. Here, "the spider

seems to have followed the original "program" coded in its CNS" (Foelix 1982)

under the influence of the pompilid larva.
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Formation of maternal trophic structures for embryos of Paruroctonus

mesaensis (Scorpionida: Vaejovidae). - The female reproductive system

is located within the mesosoma and consists of interconnected longitudinal

and transverse tubules (ovariuterine). Anteriorly, these are joined to paired

oviducts and the genital operculum on the ventral surface of the first

mesosomal segment. Earlier studies showed the ova differentiate from an

inner germinal epithelium of the ovariuterine tubules. The present results

suggest each ovum influences the differentiation of nearby cells so they

give rise to structures that nourish the ovum and, eventually, the embryo.

Each ovum, with follicle cells, forms a protuberance (follicle) on the sur-

face of the ovariuterine tubules. After fertilization, the ova pass back into

the the ovariuterine tubule (ovulation) where the embryos enlarge, attached

to a cell mass that is part of a trophic network. The cell mass is probably a

follicular placenta derived from follicle cells inside the protuberance.

Secondary trophic cells associated with the ovum, but outside the protu-

berance, migrate along the surface of the tubules and eventually form a

trophic tubular network, parallel and attached to the ovariuterine tubules.

Many ova, initially separated by tenths of a millimeter, fail to develop so

that embryos are later separated by one or more millimeters. Scorpions

have a complex circulatory system, but matrotrophic development is

sustained not by specialized vascularization but by structures derived from

ovariuterine cells associated with the ova.

Key-words: Scorpions - Paruroctonus mesaensis - Follicle cells - Placenta

- Development - Matrotrophic development - Ovariuterine tubules -

Viviparity - Follicular placenta.
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INTRODUCTION

The reproductive system of female scorpions is in the mesosoma (body

somites X-XVI) where a network of longitudinal and tranverse tubules is intermingled

with lobules of the digestive gland (Hjelle 1990; Farley 1996a). Anteriorly, the

reproductive tubules are connected to a pair of oviducts that expand into seminal

receptacles and then join to form a single genital chamber with an opening (gonopore)

on the ventral surface of the first mesosomal segment. Externally, the gonopore is

covered by a genital operculum.

Ova develop from cells in the inner epithelium of the reproductive tubules

(Laurie 1890; Pawlowsky 1924, 1925; Pflugfelder 1930; Awati & Tembe 1956;

Mathew 1959, 1962; Makioka 1992), but the tubules are also the site of embryo-

genesis and provide a conduit for passage of mature embryos during parturition.

Authors initially referred to the tubules as ovarian, but later designated them as

ovariuterine in recognition of their multiple function (Pawlowsky 1924, 1925;

Pflugfelder 1930; Francke 1982; Hjelle 1990).

Mathew (1962) described how the germinal epithelium produces ova and

follicle cells, then later disappears as the embryos mature and the tubules are used for

passage of the embryos to the gonopore. Histological sections of the tubular wall

showed muscle cells that probably cause egress of the embryos. The germinal

epithelium is later restored; ova and follicle cells are differentiated among other cells

of the epithelium; and fertilization, embryogenesis and parturition are repeated for

another generation.

Laurie 1896a, b) first recognized that scorpions have two general patterns of

development. In the Scorpionidae and Diplocentridae, each embryo develops within a

specialized diverticulum of the ovariuterine tubules. This was termed katoikogenic

(Greek, at home) development by Laurie (1896/?) and subsequent workers

(Pawlowsky 1924, 1925; Pflugfelder 1930; Werner 1934; Vachon 1950; Rosin &
Shulov 1962; Polis & Sissom 1990; Warburg & Rosenberg 1990; Farley 1996a, b),

In the Buthidae, Bothriuridae, Chactidae, Iuridae and Vaejovidae, embryos commonly

develop within successive enlarged regions of the ovariuterine tubules (apoikogenic,

away from home), with little specialization and modification of the tubules (Laurie

1890, 1896a, b; Brauer 1895; Werner 1934; Pavlovsky 1924, 1925: Polis & Sissom

1990; Warburg & Rosenberg 1990; Farley 1996a, b).

Development in the vaejovid, Paruroctonus mesaensis, is apoikogenic, but more

complex than that described above (Farley 1996a, b). In this species, each embryo is

attached to a trophic cell mass within a specialized region (uterus) of the reproductive

tubules. The cell mass is a placenta, according to modern usage (Mossman 1937;

Wourms & Lombardi 1992), and is part of a network of trophic tubules that develops

parallel and attached to the ovariuterine tubules (Farley 1996a. b). As shown in the

present study, the trophic structures arise from ovariuterine cells that are initially in

close proximity to the ova.

Development in P. mesaensis is a striking example of a general pattern in

scorpions. Ovariuterine cells associated with the ovum have much adaptive potential
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and, among the various taxa, form a diversity of structures for embryo nourishment
(Pflugfelder 1930; Matthew 1965; Vachon 1950; Makioka 1992; Farley 1996&).

This elaboration of ovum support-cells in scorpions contrasts with many viviparous

fish and other vertebrates where embryos are sustained by placentae that are densely

filled with maternal blood vessels (Wourms 1981; Wourms et al. 1988; Blackburn
1992; Stewart 1992; Wourms & Lombardi 1992).

MATERIAL AND METHODS

The composition of physiological saline and the procedures for collection and

maintenance of specimens of Paruroctonus mesaensis (Stahnke 1957) were

described in an earlier publication (Farley 1987). Tissues were flushed with saline to

remove debris as animals were dissected with microscissors and forceps. Ovariuterine

tubules were removed from immature (second year) and adult, gravid females in their

third or later year (Polis & Farley 1979). In some females with advanced embryos,

the tubules were teased open so the embryos and trophic tissues could be examined

with the electron microscope.

Tissues were fixed (6-10 hrs, 23-25°C) with 4% glutaraldehyde in 0.1 M
cacodylate buffer with one drop of CaCL for each 10 ml of solution. The tissues were

washed in cacodylate buffer-NaCl solution and postfixed (2 hr, 23-25°C) in 1% OSO4
in 0.2 M cacodylate buffer with NaCl. The concentration of these solutions was

adjusted to approximate the osmolality of scorpion blood (630 mOsm; Yokota 1984).

Tissues were dehydrated in acetone, critically-point dried (Balzers, CDD 020) and

sputter-coated (Emscope SC500) with 20 nm thickness of gold/palladium. Tissues

were examined at 12-15 KV with a Philips 550 scanning electron microscope.

RESULTS

As in other female scorpions, the ovariuterine tubules of P. mesaensis are

intermingled with the massive digestive gland that occupies most of the space of the

mesosoma (Farley 1996a). At some places along their length, the tubular surface is

attached by connective tissue to the external sheath of the digestive gland. The

delicate tubules are easily severed during dissection, but examination of tissues from

immature, second-year females shows that initially there are single tubules without

follicle cells on the surface or ovum protuberances (Fig. 1 ).

In the ovariuterine tubules of Figure 2, the external surface shows early

indications that ova and trophic cells have differentiated inside and are about to move

to the outside and form a protuberance (follicle). At regular intervals (0.2-0.3 mm),

there is a narrowing of the tubule, and large cells appear on the surface as though they

are migrating from the inside. These cells (herein designated as secondary trophic

cells) are clearly associated with the ovum but are outside the protuberance that later

appears on the surface (Fig. 3).

A column of follicle cells accompanies the ovum as it forms the protuberance

(Laurie 1890; Awati & Tembe 1956; Warburg et al. 1995), and a thin follicular
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Figs 1-2

Fig. 1 : In immature, second-year females, the reproductive system has longitudinal and trans-

verse ovariuterine tubules (OT) that are relatively smooth and undifferentiated on their surface.

Scale, 0.3 mm. Fig. 2: Narrowing of the ovariuterine tubules (OT) at regular intervals indicates

sites where ovum protuberances (follicles) eventually form. Large cells evident near the surface

(arrows) are secondary trophic cells. Scale, 0.1 mm.

layer surrounds the ovum. These intra-protuberal follicle cells are herein labeled

primary trophic cells to distinguish them from cells associated with the ovum but

outside the protuberance (Figs 2-4). At a later stage, probably after fertilization, the

ovum passes back into the ovariuterine tubule (ovulation; Schroeder & Talbot 1985)
j

where the embryo develops. Ovulation may have occurred from indented pro-

tuberances (Figs 3, 4), leaving follicle cells inside the sheath.
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Figs 3-4

Fig. 3: Ovum protuberances (P) on the surface of ovariuterine tubules (OT) have secondary
trophic cells (TC) clustered at their base. From this initial location, the cells migrate (arrows)

along the surface of the tubule. Scale. 0.2 mm. Fig. 4: Protuberance (P) with indentation,

possibly resulting from ovulation, i.e. passage of the fertilized ovum back into the ovariuterine

tubule (OT). Secondary trophic cells (TC) are clustered at base of protuberance. Scale. 0.1 nun.

As the ovum protuberances appear initially on the surface, secondary trophic

cells can be seen at their bases (Figs 3, 4). These cells migrate along the outside of the

ovariuterine tubule (Fig. 3), forming a continuous layer (Fig. 5).
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Figs 5-6

Fig. 5: Secondary trophic cells (TC) have formed a continuous layer between protuberances (P)

and attached to the ovariuterine tubule (OT). Scale. 1 mm. Fig. 6: Early stage in formation of

trophic lobe (TL) at site of embryogenesis. The enlarging embryos form swellings (U, uterus)

in the ovariuterine tubule (OT). The trophic tubule (TT). derived from secondary trophic cells

(Figs 3-5), thickens and forms a pair of lobes above the uterus. The two lobes increase in size,

merge together (two examples at left) and become a single lobe (Fig. 8). Arrows indicate

remnants of ovum protuberances nearly covered by trophic cells. Swellings beneath remnants

suggest some embryogenesis. but continuation is unlikely without trophic lobes. Scale, 0. 1
mm.
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The secondary trophic cells eventually surround and cover most of the protu-

berances (Figs 5. 6). and many of these sites do not show further signs (e.g. tubular

enlargement) of embryogenesis. There also appears to be competition for space

among those embryos that do begin enlarging (Fig. 7). Many embryos are initially

present, but development continues only in those separated a millimeter or more.

Each embryo develops within a specialized region (uterus) of the tubules (Figs

6-9). The uterus consists of an enlarging region with paired trophic lobes derived

from the layer of secondary cells. Figure 6 shows an early stage in the formation of

trophic lobes; the follicular layer is thickening just above the uterus with its enclosed

embryo.

In most apoikogenic scoipions. the embryos enlarge within the ovariuterine

tubules with little modification and specialization of the latter (Farley 1 996c/, b). The

tubule simply enlarges at the site of each growing embryo. In P. mesaensis, one side

(lateral mesosoma) of the embryo eventually abuts a mass of trophic cells (Farley

1996a, b) that are attached to the uterine trophic lobes (Fig. 8). In Figure 9. the

embryo chamber was opened to show the enlarging trophic cell mass. At this stage

(bastula or gastrula). the embryo is not yet attached to the cell mass and is easily

washed from the uterus during preparation for microscopy.

The embryo is eventually enclosed within a thin amnion, and a thicker serosa

surrounds the embryo, amnion and trophic cell mass (Farley 1 996c/. b). The scanning

electron microscope was used to examine the trophic mass and lobes (Figs 8. 9) after

they were opened by dissection. They appeared to consist entirely of cells with no

indication of vascularization. After cutting the serosa, the embryo is easily separated

from the trophic mass, since there are no interconnecting blood vessels or fibrous

tissue (Fig. 10).

DISCUSSION

Formation of the Trophic System

The results in this study suggests that within the ovariuterine epithelium, each

ovum influences the differentiation of nearby cells so they give rise to structures that

support the ovum and, eventually, the embryo. The. differentiation depends on initial

distance from the ovum, as though a chemical gradient is involved. Two separate

lineages give rise to trophic structures that eventually merge into a single network.

Primary trophic (follicle) cells form the column of each protuberance and a

thin layer surrounding the ovum (Laurie 1890: Awati & Tembe 1956; Warburg et

al. 1995). After fertilization, ovulation and return of the ovum into the tubule (Fig. 4).

the follicle cells are in a position to give rise to the trophic cell mass that later abuts

the developing embryo (Figs 8-10; Farley 1996c/. b).

Secondary trophic cells appear on the surface of the tubules before or at the

same time as the initial bulge of the protuberance (Fig. 2). These cells later appear at

the base of the protuberance (Figs 3, 4). outside its sheath, as though they migrated to

the surface with the protuberance. The secondary trophic cells sequentially form: a
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Figs 7-8: 7. Developing embryos compete for space. For embryo at right, continuation is likely

in uterus (U) with trophic lobes (TL). Two swollen regions at left indicate embryos in ovari-

uterine tubule (OT), but the absence of trophic lobes suggests cessation and reabsorption (i.e.

the embryos are not sufficiently spaced to allow maturation). Arrows indicate tops of ovum
protuberances nearly covered by cells of the trophic tubule (TT). Scale, 1 mm. Fig. 8: Swellings
in the ovariuterine tubule (OT) indicate developing embryos within uteri (U). each with a

trophic lobe (TL) formed from the trophic tubule (TT). Inside each uterus, the embryo abuts a

trophic cell mass (*), evident in the opened uterus of Figure 9. Scale, 0.5 mm.
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continuous layer (Figs 3, 5), trophic tubules (Figs 6-8), and, at each uterus, a pan of

trophic lobes (Figs 6, 7) that merge to become a single lobe (Figs 8, 9).

Follicular Placenta

As the embryo develops, one side of the mesosoma is pressed against the

trophic cell mass (Fig. 9; Farley 1996a, b). The morphology suggests the latter

functions as a placenta (Mossman 1937; Wourms & Lombardi 1992) and is derived

from follicle cells. Follicular placentae are present in some fish (Grove & Wourms
1991; Wourms & Lombardi 1992) and dermapteran insects (Hagan 1951 ).

In P. mesaensis, the placenta and attached embryo are enclosed within a

serosal membrane (Fig. 10) that holds the embryo securely against the trophic cells.

The embryo stomodeum develops relatively late in this and other apoikogenic species

(Polis & Sissom 1990; Farley 1996a, b), so nutrients are probably absorbed through

the integument. The serosa confines placental secretions to the vicinity of the embryo
and may transfer additional nutrients from the uterine wall (Fig. 9).

In adult, and probably embryonic scorpions, the lateral mesosoma has large

segmental veins (pneumocardial) that carry blood from the booklungs (ventral meso-

soma) to the pericardial sinus and heart in the dorsal mesosoma (Farley & Chan
1985; Farley 1990a, b). Thus, even without additional vascularization, the attach-

ment of the embryo at its lateral mesosoma should facilitate distribution of nutrients

absorbed from the placenta.

Comparison of Trophic Structures

A diversity of structures for embryo nourishment is described for females of

different scorpion taxa (Polls & Sissom 1990; Warburg & Rosenberg 1990; Farley

1996£>). A common pattern is that these structures are formed from ovum support-

cells rather than vascular specializations.

In the Scorpionidae and Diplocentridae (Sissom 1990; Polls & Sissom 1990),

the ova are retained within protuberances and do not return to the lumen of the

ovariuterine tubule. The protuberances increase in size, becoming diverticulae that

enclose the enlarging embryo (katoikogenic development). At the tip of each diverti-

culum, a tubular appendix has morphology that suggests it absorbs and channels

maternal nutrients to the mouth of the embryo (Pflugfelder 1930; Mathew 1965;

Vachon 1950; Makioka 1992). Based on their histological studies, these authors

report that the appendix is formed from follicle or other cells near the ovum at the tip

of the diverticulum.

Scorpions have a complex circulatory system (Lane et al. 1981; Farley &
Chan 1985; Farley 1990a, /?), but it is unclear why this system has so little specia-

lization for embryo nourishment, based on studies so far. Ovariuterine cells associated

with the ova, rather than vascular adaptations, provide the basis for matrotrophic

diversity. This is in contrast to viviparous fish and other vertebrates where vascu-

larized placentae are common (Wourms 1981; Wourms et al. 1988; Blackburn

1992; King 1992; Stewart 1992; Wourms & Lombardi 1992).
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Figs 9-10: 9. Opened uterus (U) showing early stage in formation of trophic cell mass (*) that

becomes a placenta abutting lateral mesosoma of embryo. The embryo and placenta are not yet

enclosed in a serosa, so the embryo was removed during tissue preparation. The trophic cell mass

is attached to trophic lobe (TL). The uterine epithelium (E) is probably important for nutrient

transfer, especially before the placenta forms. Scale, 0.5 mm. Fig. 10: Lateral mesosoma (M) of

embryo viewed through opening in serosa (S). The serosal opening is the site where the embryo

abutted the placenta (not shown). After cutting the serosa, the embryo is easily separated from the

placenta since there are no interconnecting blood vessels or fibrous tissue. Scale, 0.5 mm.
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Without vascularization, the length and distribution of scorpion matrotrophic

tissues are probably important in providing surface area for absorption. In scorpions

with katoikogenic development, the appendix is a separate tubule, unsupported dis-

tally and relatively short in length (Pav/LOWSKY 1924, L 925; Pflugfelder 1930;

Vachon 1950; Warburg & Rosenberg 1990; Polls & Sissom 1990, Farley 1996/;).

In P. mesaensis, greater surface area for absorption is achieved with much longer

trophic tubules that are supported by the ovariuterine tubules and parallel in distri-

bution.

In the evolution of viviparity, embryogenesis is often altered along with

maternal reproductive structures (Weekes 1935: Budker 1958; Amoroso 1960;

Wourms 1981; Wourms & Lombardi. 1992). This has occurred in scorpions; the

sequence and form of organogenesis differs in correlation with the matrotrophic

structures of apoikogenic or katoikogenic development (Polls & Sissom 1990;

Farley 1996<7, b).

Embryo Spacing

As yet we have no information about the factors that cause certain cells to

enlarge and become ova or trophic cells within the germinal epithelium. The ova are

initially spaced close together with distances measured in tenths of a millimeter (Figs

2-7). This may reflect an ancestral condition where a large number of eggs were

released into the surrounding water (Kjellesvig-Waering 1986: Farley 1996/?).

With viviparity, only a limited number of embryos can develop within the confines of

the mesosoma, so many of the ovum protuberances are covered by secondary trophic

cells (Figs 6-8) and fail to develop. Eventually, the embryos are separated by more

than a millimeter (Fig. 8).

Still unknown for P. mesaensis is the number of ova that initially differentiate

and form protuberances. An average of 49 embryos were found in gravid females

dissected in their third or later year, and about 33 young are released at parturition

(Polis & Farley 1979). This is only a fraction of the number of protuberances

initially formed, based on spacing observed in the present study. In the buthid Leiums

quinquestriatus, the number of protuberances averaged 106 in freshly collected

females (Warburg et al. 1995).

The spacing of protuberances (Figs 2-5) and embryos (Figs 6-8) raises ques-

tions about how reabsorption and continued development are determined along the

length of the tubules. Each ovum may secrete one or more chemical substances that

initiate differentiation of primary and secondary trophic cells. Enlarging embryos

appear to inhibit further development of those nearby (Fig. 7), as though a chemical

gradient is involved. The result in P. mesaensis is a reduction in embryo number, and

regular spacing of the embryos so that each has room to become 1 I mm in length and

0.03 g at birth (Polis & Farley 1979).

The limitations of mesosomal space has apparently resulted in an evolutionary

trade-off between litter size and embryo growth. The embryos are released early,

allowing space for as many young as possible, and further development occurs post-



200 ROGER D. FARLEY

partum. Within the confines of the mesosoma, the embryos mature to a point where the

newborn can climb on the mother's back but not yet capture prey (Polis & Farley

1979; Polis & Sissom 1990). They have a large metabolic reserve, so can increase in

length without feeding, and there is further differentiation of sense organs and sting.

After 7-20 days (first instar duration in Vaejovidae; Polis & Sissom 1990), the larvae

molt and disperse from the mother. For P. mesaensis in the deserts of Southern

California, the migration of second instars from the maternal burrow can be seen at

night (with ultraviolet lights) during the first weeks in August (Polis & Farley 1979).
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How do crab spiders (Thomisidae) bite their prey ?
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How do crab spiders (Thomisidae) bite their prey? - Preying crab
spiders (Xysticus, Diaea) are typically pictured as holding their victims in a

neck grip. A closer inspection shows that the initial bite can occur
anywhere. After the prey is immobilized, the bite site may be changed to

the "neck" - more precisely the back of the head. Other parts of the prey's

body (thorax, abdomen, legs) are also bitten and fed upon. Feeding lasts

many hours and is achieved solely through the tiny bite holes, leaving a

completely intact carcass. The actual bite holes are difficult to see because

they are usually clogged by dried-up hemolymph; however, by using a

scanning electron microscope, they could be made visible on discarded

flies. It is inferred that the cheliceral fangs are partially withdrawn during

feeding to allow extra-oral digestion.

Key-words: crab spiders - prey capture - chelicerae - bite marks - feeding

INTRODUCTION

Crab spiders are well-known as ambush predators, sitting camouflaged on

flowers. Insects visiting these flowers are grasped with the strong front legs and

immediately bitten. It seems that the spider typically performs a "neck bite"- at least,

that is what we find written or illustrated in most spider text books (Bristowe 1941,

1971; Foelix 1992; Main 1976). However, there are only few observations on the

initial attack, i.e. whether the crab spider aims immediately toward the neck, or

whether the first bite may also occur on other parts of the victim's body (Lubin, 1983;

Pollard 1990, 1993; K.S. Erickson & D.H. Morse, pers. comm.). Also, what

exactly is meant by "neck" in an insect? Is the primary target the soft intersegmental

membrane rather than any solid cuticle of the head or thorax?

Crab spiders are also renowned for leaving an almost intact yet empty shell

after feeding on a prey. Apparently they just "suck out" their victims through the tiny

bite holes (Homann 1934, 1975). It is difficult to imagine how this can be achieved

effectively. - especially since the bite holes are supposedly plugged by the cheliceral

fangs.

Manuscript accepted 22.01.1996.
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The purpose of this brief study was thus two-fold: (1) to determine the exact

location of crab spider bites on their prey, and (2) to find out how digestion could take

place in a seemingly unharmed prey.

MATERIALS AND METHODS

Subadult and adult female crab spiders {Xysticus cristatus Clerck, 1757; Diaea

dorsata Fabricius. 1777) were kept in small, clear plastic containers with moist

blotting paper on the bottom. Dipteran flies were used as prey: for Xysticus rather

large varieties such as house flies and flesh flies, for Diaea smaller varieties (such as

syrphids) or stunned house flies. Prey capture was observed under a binocular

microscope and close protocols were kept for each capture, at least during the first

hours (some spiders kept feeding on large prey over night - for up to 24 hours!).

When the spider had finished feeding, the fly carcass was removed and either air-

dried or kept in alcohol and later dried with the critical point method. After sputtering

with gold the specimens were mounted and oriented on carbon-coated stubs and

inspected in a scanning electron microscope (Cambridge Scientific) at magnifications

from 20 - 2 "000 x.

RESULTS

Bites and bite marks

Although it is easy to watch a crab spider feeding on a prey, it is much more

difficult to witness the initial attack - even under experimental conditions. From

several observations, mainly on Xysticus, I can state that the very first bite does not

necessarily occur in the "neck" region but may happen at other regions of the prey's

body as well.

During the first (evenomating) bite the chelicerae are widely spread (up to 90°)

and the fangs are buried into the prey. The strong front legs are only initially used to

hold the prey but are soon withdrawn and only the palps and chelicerae are kept in

contact. Caught flies may buzz heavily at first but become motionless within 3-4

minutes. After about 10 minutes the spider usually releases both chelicerae and may

apply a second bite - usually in the head region. Now, however, the basal segments of

the chelicerae are no longer spread but kept nearly parallel. Presumably this bite will

not use any further venom but serves just to hold the prey in place before feeding

begins.

If the famous "neck grip" is inspected more closely, it can be seen that the

cheliceral fangs usually pierce the back of the head but not the soft membrane ("neck")

connecting head and thorax (Fig. 1). The compound eyes are also often a target and

they are the only spot where the bite marks can be seen clearly afterwards. The bite

holes are necessarily small because they correspond roughly to the diameter of the

cheliceral fangs (Fig. 2). They usually become clogged with dried-up hemolymph (or

digestive fluid of the spider) and this makes it difficult to detect them (Figs 3, 4).
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Figs 1

Fig 1 Backside of fly's head showing two bite holes from a Xysticus cristatus. The bite marks

lie closely together (320 fim), which indicates that they did not result from the first

evenomating bite but were made later for the purpose of feeding. Some remnants from feeding

are indicated by the asterisk. 1 10 x. Fig. 2. The cheliceral fangs (rear view) that inflicted the

bite holes seen in Fig. 1. Note the distinct openings of the poison canals and the lack ol

cheliceral teeth. 165 x.
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Figs 3-4

Fig. 3. Dorsal view of a blowfly carcass after a Xysticus had fed on it. The cheliceral fangs had

first punctured the left wing (W. white arrows) and were then pushed into an abdominal

segment. The actual bite holes (black arrows) are almost obscured by dried-up hemolymph and

digestive juice. Sc, scutellum. 55 x. Fig. 4. Higher magnification of the abdominal bite holes

(arrows) indicated in Fig. 3. 240 x.
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Other sites that may be bitten include the thorax, the abdomen and the legs.

Again, it is noteworthy that the spider does not seek out any particular soft parts such

as joints or intersegmental membranes. The chelicerae are apparently not as weak as

generally believed (e.g. Gertsch 1949) and can easily penetrate the tegmata of the

abdomen (see Fig. 3) or the solid cuticle of the legs (Fig 5).

Even if a fly is initially bitten into the distal abdomen, it will become quickly

paralyzed (within 3-4 minutes). This is surprising because it is commonly implied that

bites into the head or thorax are advantageous because the venom would act directly at

the neardoy central nervous system. Pollard (1990) claims that a second bite in the

head region would inject further venom and thus cause paralysis. However, this may

not be necessary since I observed Xysticits changing after 10 minutes from the abdomen

to a leg, while the fly was already completely immobile. On the other hand, I also noted

some incomplete paralysis: In one strange incident a fly, while being bitten into the

thorax, responded by laying eggs in a coordinated fashion for several minutes;

apparently the abdominal ganglia were not affected by the venom during that time.

Most authors agree that crab spiders must have a very potent venom since they

subdue large prey (e.g. bumble bees) quite rapidly (Morse 1979, 1981, 1983).

Although this is a reasonable assumption, no real physiological data on the toxicity of

thomisid poison are available to date.

Fig. 5

Relatively large bite marks (200 urn long) on the femur of a fly's leg. due to a Xysticits that had

been feeding on it. Dried-up hemolymph (*) is visible on the leg surface. 120 x.
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Feeding

It is well-known that the prey of crab spiders is not chewed up during feeding

but is apparently sucked out through the bite holes so that an almost intact but empty

shell remains. The question then arises how any fluid could be extracted from the prey

since even the tiny bite holes are supposedly plugged by the cheliceral fangs. I had

noticed that during feeding the basal segments of the chelicerae are no longer spread

apart but kept parallel. Although I could not see it directly under the microscope, I

assumed that the cheliceral fangs might be withdrawn from the bite holes to allow an

exchange of fluid during feeding. However, the fact that a prey is attached firmly (and

only) to the chelicerae, even when the spider is sitting on a vertical wall with its head

down, contradicts this assumption. Perhaps the cheliceral fangs are slightly withdrawn

from the bite holes, thereby opening a small space for fluid exchange.

During feeding some digestive fluid appears around the mouth parts of the

spider for several seconds, and is then sucked back. This alternating flow could also

be followed inside the prey, for instance when air bubbles were present inside a fly's

leg. Air is apparently drawn into the prey through the bite holes when the spider stops

suction and releases digestive fluid. When discarded flies where dissected under

water, there were always "large" air bubbles present, indicating that the sucked out

body juices had been replaced by air. Considering that the bite holes are very small

and at least partly plugged by the cheliceral fangs, it is not surprising that crab spiders

feed for many hours on one prey item. They certainly change their feeding location

several times on one prey, often staying for an hour or more at one particular spot. I

did not notice clearly preferred areas nor a specific sequence in the feeding locations.

Whether a prey is consumed completely or only partially, may depend on several

factors. Obviously, if a prey is very large, the spider may be saturated after having taken

in only part of it. For instance, I dissected fly carcasses in which the head and thorax

were empty, whereas the abdomen appeared internally unchanged; in other cases the

flight muscles inside the thorax were practically unaffected. After a long feeding time

the spider's abdomen becomes visibly enlarged, indicating that a substantial part of the

prey has been taken in. I did not attempt to measure the actual gain in weight since detai-

led measurements were recently performed on crab spiders by Erickson & Morse (in

prep.).

DISCUSSION

The starting point for this small study was the question whether crab spiders

always and exclusively apply the "neck bite" when attacking their prey. It turned out

that the first bite may actually occur anywhere on the prey's body. After a few minutes

the prey becomes immobile and then the spider will start feeding on it. This will often -

but not always - be in the head region. The actual bite marks lie usually on the back

side of the head ("neck") or in the compound eyes. Feeding may also commence on the

legs, the thorax or the abdomen, at least in the two species observed here (Xysticus

cristatus, Diaea dorsata). This differs somewhat from the pattern seen in a New
Zealand Diaea species, which initially attacks the head or thorax and also starts feeding
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there, before changing to the abdomen (Pollard 1990). In another thomisid (Misumena
vatia) the initial strikes were found to be at almost random sites, though mostly in the

head (Erickson & Morse, pers. comm.). Whether the fly's head is actually recognized

during the first attack is unclear. It is remarkable, however, that Diaea sp. re-orients

quickly toward a fly's head, if she had first bitten into the thorax or abdomen (Pollard

1990). This was shown quite convincingly by artificially attaching a fly's head to a

larva: as soon as the spider touched this head with the front tarsi, she would change the

bite site to the head. A definite order of preference for the various body pails of a fly

was also ascribed to the predatory behaviour of Philodromus (formerly Thomisidae) by

Haynes & Sisojevic (1966). The sequence would start with the eyes and head,

followed by the thorax and abdomen and would end with the legs. In Xysticus cristatus

and Diaea dorsata I could not find such an order of preference. The fact that the head is

bitten more often is probably simply a consequence of an insect landing "head-on" on a

flower and thus practically facing a waiting crab spider.

The puzzling question how a crab spider could extract any fluid from its prey

through the tiny bite holes - which are furthermore clogged by the cheliceral fangs - has

been addressed in more detail by Pollard (1990). He noted that the chelicerae are

inserted differently into the prey during the feeding process, and that the cheliceral

fangs are apparently turned horizontally, thus holding the prey in a fixed position. This

corresponds closely to my own observations on Xysticus and Diaea. I also follow his

argument that the spider's digestive fluid can enter the prey's body when the cheliceral

fangs are partially or totally retracted from the bite hole when the sucking slops

(relaxation phase). In any case, there is always a regular alternation between sucking

and relaxing that ensures an exchange of fluid between the spider and its prey. During

the sucking phase the spider should be able to make a tight seal with its mouth parts

around the bite holes in order to create a pressure deficit in the prey. Given the anatomy

of the mouth parts (labium, maxillae, chelicerae) it is difficult to imagine how this

could be achieved. These details in the feeding mechanism of crab spiders certainly

deserve further study.

It is generally stated that spiders equipped with cheliceral teeth mash up their

prey into an unrecognizable mass whereas spiders lacking such teeth inflict only small

bite holes but otherwise leave their prey intact (Bristowe 1941. 1971; Follix 1992).

Crab spiders certainly belong to the latter category (Fig. 2). This general rule stated

above is probably more a rule-of-thumb, since there are many exceptions. For

instance, some spiders that have cheliceral teeth still leave their prey almost intact,

e.g. Linyphia (Turnbull 1960) or Stegodyphus (own unpubl. observ.). Chewing up a

prey and soaking it in digestive fluid would seem the physiologically more efficient

method. Why some spiders (thomisids, theridiids, mimetids) prefer the more time-

consuming sucking method still needs to be elucidated.
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A collection of Italian salticids (Araneae), mainly from the Tuscan-
Emilian Apennines. - In all, 43 species of 20 different genera have been
identified. Various species are rare, Philaeus bilineatus is new to Italian

fauna, and one species of the genus Aelurillus is probably new to science.
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INTRODUCTION

The recent establishment of a Regional Park has lead in the period 1992-1995

to a series of arachnological surveys of the upper Tuscan-Emilian Apennines (Central

Italy). In addition to the two faces of the Apennine ridge (The Po valley and the

Tyrrenian), the surveys also covered other, mainly hilly, areas of Emilia, and,

marginally, other parts of Italy. We feel that it is useful to report the first results of the

surveys, wich already effectively contribute to the knowledge of Italian Salticidae.

MATERIALS AND METHODS

Surveys were mainly conducted in grass land of the plain and the slopes, on

mountain pastures, in the low and dry vegetation typical of temperate climates, among

trees and shrubs, and on stony and bare ground. As some species are believed to be

synantropic, the walls and gardens of dwellings were also included among the habitats

studied. The results also include a series of previously unpublished data collected

mainly in the Val d'Aosta by an amateur arachnologist in the period 1930-40 (P.

Tongiorgi collection: coll. PT). The altitude is specified only for collecting sites

which are at elevation higher than 200 m a.s.l.

Localities abbreviation: AO, Aosta; FE, Ferrara; GR, Grosseto; IM. Imperia;

LI, Livorno; LU, Lucca; MO. Modena; NU. Nuoro; PI, Pisa; PT, Pistoia; RE, Reggio

Emilia; TO, Torino.
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RESULTS

In all, 43 species of 20 genera were recorded, a satisfactory result given the

total number of 1 36 species of 33 genera so far identified in Italy as a whole (Pesarini

1995). The material collected includes one species (Philaeus bilineatus) found for the

first time in Italy, and a further one of the genus Aelurillus, wich apparently differs

from all descriptions in the literature and is therefore probably new for science.

Aelurillus v-insignitus (Clerck, 1758)

Ca de Carli, Scandiano (RE), 600 m. 15.V.1993, 1 S, 1 9. Castiglione di Garfagnana (LU),

590 m. 30.V.1994, 1 6, 1 9, Torino 650 m, 29.V.1936 (coll. PT), Aosta, 720 m, 6.VIII. 1936;

17.IV. 1938 (coll. PT), Val d'Ayas, 1950 m. 8.VIII. 1939 (coll. PT).

An extremely widespread species in Italy. The specimens studied were found

in hilly regions on dry ground.

Aelurillus sp.

Castro (LE), VII. 1994, 1 9.

The female specimen found in Apulia apparently differs from all known

species of the genus.

Ballus depressus (Walckenaer, 1802)

Fonti di Poiano, Castlelnovo Monti (RE) 480 m, 18. V. 1992, 1 6.

A very widespread species in Italy. The specimen studied was found among

reeds on the edge of a pond.

Bianor albobimaculatus (Lucas, 1846)

Sardegna, Pinarello, 2 9 9.

An essentially Mediterranean species limited in Italy to the larger Islands. The

specimens studied came from a damp area.

Carrhotus xanthogramma (Walckenaer, 1825)

Bianello, Quattro Castella (RE), 280 m. 27. IV. 1994, 3 6 6: Ceredolo dei Coppi (RE), 570 m..

10.V.1994, 2 6 6.

A relatively rare species in Italy. Our specimens were found in hilly regions

among shrubbery.

Chalcoseirtus infimus (Simon, 1868)

Castiglione d i Garfagnana (LU), 590 in, 30. V. 1994, 1 6\ Quercianella (LI), I. VI. 1995, 1 6.

A very widespread species throughout the country. The specimens were found

on bare ground and among herbaceous vegetation.

Cyrba algerina (Lucas, 1846)

Montemoro (RE), 550 m. 27. V. 1992, 2 9 9.

A species unknown in northern Italy, but reported from Liguria, and not very

widespread in the rest of the country. The specimens studied were from a dry slope of

the Apennines without trees or shrubs.
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Eris nidicolens (Walckenaer. 1802)

(Macaroeris nidicolens according to Wunderlich 1991

)

Salvarano (RE). 360 m. 15. VII. 1993.2 6 8.

A widespread species throughout the country. The specimens were found in

their silky refuge among the pine-needles of Pinus nigra.

Evarcha arcuata (Clerck, 1758)

Ca de Carli. Scandiano (RE), 600 m. 15.V. 1993. Id, Ceredolo dei Coppi (RE). 570 m
1 0.V.1 994, 1 9. Pian del Monte. Villaminozzo (RE), 1200 m, 6.VIII.1993, 1 <$.

A very widespread species throughout the country. The specimens were found

among shrubby vegetation.

Evarcha falcata (Clerck, 1758)

Toano (RE), 850 m. 29.V.1993. 1 9: Pian Vallese, Villaminozzo (RE). 1300 m. 2.VHI.1993, 2

dd; Ca del Vento, Albinea (RE), 350 m, 16.VI.1994, 1 2; M.te Spicchio, Pievepelago (MO).
1502 m, 25.V.1993. 1 2; Bosco di Guara, Riolunato (MO), 1300 m. 19.V.1994, 1 9; Rio
Borgognoni. Pievepelago (MO). 1565 m, 4.VIII.1994, 1 3,1 2; Castiglione di Garfagnana
(LU), 565 m, 30.V.1994. 1 d.

A ubiquitous, frequent and widespread species in Italy.

Evarcha jucunda (Lucas. 1842)

Ceppaiano (PI). 29. V. 1994. 1 d; Pisa. VII. 1995. 1 9.

A species present throughout the country. The specimens studied were found

on the walls of buildings.

Evarcha laetabunda (C.L. Koch. 1848)

Toano (RE), 850 m. 29.V.1993. 1 d; Trinita (RE), 590 m. 23. IV. 1993, 1 d, 1 9: Macigno
(RE), 490 m, 1.V.1994, 1 d . Castiglione di Garfagnana (LU), 575 m. 30.V. 1994, 1 d.

A species found to date only in central and northern Italy. It prefers sunny

environments, where it is found among vegetation of various types.

Euophrys erratica (Walckenaer, 1825)

Baragalla (RE), 23.IV. 1992. 1 d; Campotto (FE). 27.IV. 1993. 1 d; Aosta. 560 m; Valle

d'Ayas. 10.IX.1936, 2000 m (coll. PT.)

A largely widespread species in Italy. The specimens studied were found on

the ground in grassy environments.

Euophrys frontalis (Walckenaer. 1802)

Campotto (FE). 27. IV. 1993. 1 9.

A very widespread species in Italy. The specimens studied were found on

shady grassland.

Euophrys petrensis (C.L. Koch, 1837)

Mt. Cimone (MO). 1850 m, 18. VI. 1992. 1 d, 3 9 9.

A rare species in Italy limited to the northern regions. Our specimens were

found in stony areas at high altitude.
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Euophrys vafra (Blackwall, 1867)

Modena, 11.1993, 1 9; 15.111.1993, 2 5 9; Baragalla (RE), 23. IV. 1992. 1 6,5 9 9; Albinea

(RE), 200 m, 2.V.1992, 2 6 6.2 9 9; Canali (RE). 13. V. 1992, 1 6 ; Pisa, 6.III. 1993, 5.V. 1993,

l.VII. 1993, IX. 1994, IV, 1995,5 6 6, 4 9 9 ; Quercianella (LI), l.VL 1995. 1 6 . Castro (LE),

VIII. 1995, 2 9 9.; Aosta, 700 m, 30.V.1937, 1 6 (coll. PT);

A very widespread species throughout the country with marked tendency to

sinanthropy.

Heliophanus aeneus (Hahn, 1831)

Foce di Campolino, Abetone (PT), 1700 m, 20.VII.1992, 1 <5, 1 9; M.te Spicchio, Pievepelago

(MO). 1550 m. 25. V. 1993, 3 6 6, 1 9; M.te Cusna (RE), 2000 m. 3.VIII.1993, 2 6 6; Pian

Cavallaro, Mt. Cimone (MO). 1850 in, 28.VII.1994, Id; Val di Rhemes (AO), 1660 m.

4.VIII.1935; Allomonte (AO), 1400-1800 m, 26.VIII.1936; Aosta, 1550 m, 16.VIII.1937; Val

d'Ayas (AO), 1870-1950 m. 23. VII. 1939 (coll. PT).

A widespread species from Trentino to Calabria. The specimens were found in

stony areas and in vaccinium ( Vaccinum myrtillum) at high altitude.

Heliophanus cupreus (Walckenaer, 1802)

Passo Radici (MO). 1527 m, 16.VII.1992, 1 cJ; M.te Cimone, 1700 m, 27. VII. 1992, 1 6; Pian

del Falco, Sestola (MO). 1200 m, IX. V. 1995, 3 9 9; Bosco di Guara, Riolunato (MO), 1300

m. 19. V. 1994. 1 6, 1 9; Canali (RE), 21. IV. 1993, 1 6 ; Marola (RE), 804 m, 8.V.1993, 2 9 9;

Bianello, Quattro Castella (RE), 280 m, 27.IV.1994, 2 6 6; Ca del Vento, Albinea (RE), 350

m, 16.VI.1994, 1 6; Rondinara (RE), 300 m, XVIII. IV. 1995. 1 6; Castiglione di Garfagnana

(LU), 590 m, 30.V.1994, 1 6; Val dAosta: Aosta. 650 m, 17. IV. 1938 (coll. PT); Torino, 240

m. 1 I.V.I 936 (coll. PT):

A very common species throughout Italy. Observations showed H. cupreus to

be a ubiquitous species.

Heliophanus flavipes ( Hahn. 1831)

Albinea (RE). 200 m. 2.V.1992, 1 6; Ca del Vento, Albinea (RE), 350 m, 16.VI.1994, 1 6\

Val di Rhemes (AO), 1660 m, VH-VIII.1935 (coll. PT).

A widespread species throughout the country. The specimens studied were

found in herbaceous vegetation and shrubbery.

Heliophanus kochi Simon, 1868

Pian del Falco, Sestola (MO), IX. V. 1995, 1 6. Albinea (RE), 200 m, 2. V. 1992, 3 6 6: Monte
Moro (RE), 550 m, 27.V.1992, 1 6; Porto Maurizio (IM), 18.VI.1936 (coll. PT); Aosta, 650-

700 m. 13. VI. 1936; 30.V.1937 (coll. PT); Torino, 7.VI.1935 (coll. PT).

An extremely widespread species in Italy, The specimens studied were found

on herbaceous as well bare or stony ground.

Heliophanus lineiventris Simon, 1868

M.te Cimone. 1500-1700 m, 22.VII.1992. 1 6; Pian Cavallaro. M.te Cimone (MO), 1850 m,

28. VII. 1994, 1 9; Val d'Ayas (AO), 2050 9,7.1X4939, 1 9 (coll. PT.).

A species of palearctic distribution, already reported in central-southern Italy.

The animals were found in stony areas at high altitude.
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Heliophanus tribulosus Simon, 1868

Livorno. 1. VI. 1995, 3 6 6. 3 9 9; Monti Pisani (PI), 600 m. I. VI. 1995. 1 6.

An abundant species throughout Italy. The specimens studied were found

among shrubbery.

Icius hamatus (C.L. Koch, 1846)

Novi (MO). 15. V. 1992. 2 9?; Modena, 15. III. 1993, 1 6; Canali (RE), 13. V. 1992, 1 6; Pisa.

IX.1992, 1 6 ; Torino. 240 m, 5.VI. 1935 (coll. PT); Porto Maurizio (IM), 1 8.V. 1 937 (coll. PT).

A species present throughout the country. It prefers the plains, where it was

found in shrubbery, but also on the walls of buildings.

Icius subinermis Simon, 1937

Novi (MO), 8. VIII. 1 992. 3 6 6 ; Modena. 20.IX.I994. 1 6.

A species reported in central-southern Italy and in larger Islands. /. subinermis

shows marked synanthropic tendencies.

Marpissa muscosa (Clerck, 1758)

Novi (MO), 15-24.IX.1992. 1 6, 1 ?; Quattro Castella (RE), 23. VIII. 1 992. I 6: Rossena

(RE), 525 m. 7.IX.1994. 1 9.

One of the most common and abundant species present throughout the country.

It was found in the plain and on slopes and frequently observed on the walls of build-

ings.

Marpissa nivoyi (Lucas, 1846)

S. Giovanni di Querciola (RE), 600 m, 7. VI. 1994, \ 6.

Rare in Italy and found in central-southern regions. The only specimen was

found in herbaceous vegetation on a south-facing slope.

Menemerus semilimbatus (Halm, 1827)

Novi (MO), 10.VIII.1994, 1 9; Modena, 17. IX. 1994. 1 6: Canali (RE), 13. V. 1992. 2 66. 2

9 9; 6.VI.1994, 1 d;Pisa, I. VII. 1994, I 9 ; Torino, VII. 1 940 (coll. PT).

Common throughout the country. We noted a marked tendency to sinanthropy.

Menemerus taeniatus (L. Koch, 1867)

Rossena (RE). 525 m, 7.IX.1994. 2 6 6.

This species, which prefers the hot and dry climate of the Mediterranean, is

considered rarer than the related M. semilimbatus. The finding in Catania by

Cantarella (1982) is believed to be the first in Italy. However, the species was

previously reported in Corsica (Kraus 1955), and a number of specimens found at La

Spezia and in other unspecified sites of Ligura and Veneto are said to be also present

in the Canestrini collection (Hansen 1986). Cantoni's reported finding in Apulia

(1882) needs to be verified. The specimens we studied were captured on the walls of

the Guardiola of Rossena, an historical building which stands on a mass of ophiolilic

rock. These lava agglomerations are know frequently to create particular micro-
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climatic situations, which in this site are testified by the presence of Opuntia

compressa.

Myrmarachne formicaria (De Geer, 1778)

Canali (RE), 13. V. 1992, 1 8.

One of the most common and widespread species in the country. The specimen

studied was found on grassland close to a ant-nest.

Pellenes nigrociliatus (Simon, 1875)

Trinita (RE), 590 m, 23. IV. 1993, 1 6; Ca de Carli, Scandiano (RE), 60(3 m, 15.V.1993, 1 9;

Budoni (NU). 8. IX. 1995, 1 6.

A thermophilous and stenoecic species, widespread, if uncommon, in Italy.

Pellenes tripunctatus (Walckenaer, 1802)

Pian del Falco, Sestola (MO), 1200 m, 9. V. 1995, 1 6 ; Casalgrande (RE), 250 m, 3. VII. 1993,

2 9 9.

A very widespread but uncommon species in Italy which lives in the stony

ground and reedy areas (Phragmites sp.).

Philaeus bilineatus (Walckenaer, 1826)

Trinita (RE). 600 m, 12.VII.1994. 1 9.

Proszynski (1971) compared P. bilineatus to P. chrysops on the basis of the

female reproductive apparatus, which does appear to be similar. He considers P.

bilineatus to be a relatively rare chromatic phenotype of P. chrysops, pointing out that

an adult male bilineatus has yet to be described, although sub-adult males of this

phenotype, which present two, very evident light bands on the opisthosoma, have

been reported. However, similarity in the reproductive apparatus is not always

decisive in establishing synonymy, and there are cases, such as Ballus (Alicata &
Cantarella, 1987), in which the chromatic model is discriminatory.

The specimens attributed here to bilineatus differ from chrysops for various

reasons: 1) the female presents two, very evident light bands on the opisthosoma; 2)

the female and the two males (Museum of Natural History of Paris numbered 3697

and 746) have an anterio-lateral furrow on the prosoma formed by the slightly raised

intersection of a brief series of bristles and hardly evident in the cluysops; 3) the

prosoma of the males is uniformly dark and without the post-ocular bands of light

scales seen in the specimens of chrysops found in the same area and in other regions

of Italy; 4) the males* very dark pedipalps are trimmed with white bristles, but do not

present the yellow bristles seen in chrysops; 5) in the males, the dark furrow on the

opisthosoma presents an elongated mark at the centre of the basal half comprising

light bristles; and 6) in the specimens conserved in alcohol, the scales covering the

opisthosoma to the side of the dark band are yellowish-orange (reddish in chrysops).

Other subtle but significant differences with respect to chrysops are evident in the

morphology of the male palp: in ventral section, the alveolus of the tarsus is notably

smaller and the tarsus has an apical portion (in front of the alveolus) which is longer
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and less restricted at the apex, while the basal portion is substantially narrower.

Furthermore, the basal part of the bulb is smaller, and the posterior lobe is more
tapered and much more angled at the base. The limited number of specimens

available does not allow any definitive conclusions to be drawn, but prior to a more
extensive study, we feel that the name P. bilineatus should be maintained to describe

this phenotype, so making it possible to record its distribution and, in the final

analysis, resolve the problem of the relationship between the two forms.

The specimen was found in a hilly location on the branch of small Prunus

spinosa in full sunlight.

Philaeus chrysops (Poda, 1761

)

Novi(MO), 15.V.1992, 1 8 ; Canali (RE), 13.V.1992, 2 88, 1 9, 1-10. VII 1992, 1 9; Monte
Moro (RE), 550 m, 27.V.1992, 1 8 ; Grassano (RE), 500 m, 4. V. 1 993, 1 9 ; Macigno (RE), 490
m, 4.V.1994, 1 8; S. Giovanni di Querciola (RE), 600 m. 7.VI.1994, 1 8; Porto Maurizio
(IM), 18.V.1936 (coll. PT).

This is probably the most common species in Italy. Specimens were found in

most of the environments studied.

Phlegra bresnieri (Lucas, 1846)

Baragalla (RE), 23.V.1992. 1 8: Albinea (RE), 200 m, 2.V.1992, 2 8 8,2 9 9; Trinita (RE),

590 m, 23.IV. 1993, 1 9; Castiglione di Garfagnana (LU), 565 m, 30.V.1994, 1 8; Porto

Maurizio (IM), 18.V.1936 (coll. PT).

Species present throughout Italy. It appears to prefer stony areas.

Phlegra fasciata (Hahn, 1826)

M.teCimone. 1500-1700 m. 22. VII. 1992. 1 8 ; Noasca (TO), 1400m, 21. VI. 1995. 1 8, 19.

Species present throughout the country. Specimens were found on the ground

in mountain pasture land and on a path.

Saitis barbipes (Simon, 1868)

Marola(RE), 804 m, 8. V. 1993, 2 8 8; Civago (RE), 1100 m, 7. V. 1995, 1 8; Castiglione di

Garfagnana (LU), 570 m. 30.V.1994, 3 8 8; Pisa, 10. VI. 1995, 1 8; Torino, 650-700 m,

9.VI.1936 (coll. PT); Val Susa (TO), 550-600 m, 16.VI.1936 (coll. PT); Porto Maurizio (IM),

18.V.1936 (coll. PT).

A very widespread species in Italy. It appears to prefer the chestnut woods

(Castanea sativa).

Salticus cingulatus (Panzer, 1797)

Campotto (FE), 27. IV. 1993, 1 8.

A localized and not very widespread species. The specimen was found on a

fence on the edge of a pond.

Salticus mutabilis Lucas, 1846

Pisa, 24.VI.1992; VI. 1993; 5. V. 1994, 2 8 8,39 9; Ceppaiano (PI), 29.V.1994. 2 9 9; Porto

Maurizio (IM), 18.V.1936 (coll. PT).
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In Italy, S. mutabilis is limited to southern regions. The animals were found

only on the walls of buildings.

Salticus scenicus (Clerck. 1757)

Toano (RE). 850 m, 29.V.1993. 1 6; Pisa. 5. V. 1994. 3 6 6; Ceppaiano (PI). 29.V.1994. 2

dc?;Aosta. 650-700 m. 13. VI. 1936; Allomont (AO). 1950 m. 1 .IX. 1 936; Val di Rhemes (AO),

1660 m. VII-VIII. 1935 (coll. PT).

A very widespread and abundant species in Italy. Specimens found on the

walls of buildings and in stony areas.

Salticus unciger (Simon. 1868)

Novi (MO). 15. V. 1992; 20.V.1993; 19. VI. 1994; lO.Vffl.1994, 1 6,4 9 9; Pisa. I.V.1994, 3

6 6 ; Quercianella (LI), I. VI. 1995, 16.

A no very widespread species in Italy, found, in the main, on the walls of

buildings.

Salticus zebraneus (C. L. Koch, 1837)

Isola di Montecristo (GR), I. VI. 1993. 1 ?.

5. zebraneus is not very common, but is found throughout the country.

Fig. 1

Sitticus distinguendus. male palp. A, ventral vision; B. lateral vision.
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Fig. 2

Sitticus cfr longipes. A. habitus of the female; B, epigyne. C and D. vulva in ventral and dorsal

vision.

Sitticus distinguendus (Simon, 1868)

M.te Cimone. 1600 m. 22. VII. 1992. 1 3.

The only specimen of 5. distinguendus was found on stony ground at the edge

of a path (Fig. 1A. B). Previously reported only in Val di Solda (Kulczyski 1887)

and by Canestrini in the Veneto region (1875, cfr. Hansen 1986). this is the first

finding of the species in central Italy. The genus Sitticus presents considerable

taxonomic difficulties, given the limited differences between species, the intraspecific

variability and the large number of synonyms. Indeed, different authors, and occa-

sionally even the same author, have often described and reported specimens of the

same species under different names. Identification of the Sitticus found in the Modena

Apennines is primarily based on the descriptions and figures by Simon ( 1937, Attulus

helveolus), Tullgren (1944. Attulus cinereus) and Harm ( 1973. Sitticus helveolus).

Sitticus cfr longipes (Canestrini, 1873)

Fenestrelle (TO). 2500 m, 3. VIII. 1995. 16: Parco Nazionale del Gran Paradiso: Ceresole

Reale (TO). 2000 m, 16. VI. 1993, 1 9, Chiapili di Sopra (TO). 2500 m. 19.VI.1995, 2 9 9;

Noasca(TO). 2200 m, 19. VI. 1995. 16".
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Albeit with some reservation, we assign the three females found in the Gran

Paradiso National Park to this species. The vulva closely resembles that of 5. longipes

(cfr. Proszynski 1971a, 1991; Hansen 1986), although an exact comparison is

difficult given the poorness of the iconography. The similarity of the epigynes is less

clear-cut; as there is no evidence of the median furrow which is clearly shown in the

current iconography of S. longipes (cfr. Simon 1937; Proszynski 1973, 1976, 1991).

There is a closer similarity to the epigyne of de Lessert (1910, fig. 242). Some

similarity to the genitalia of S. saxicola (cfr. Proszynski 1971a, 1991; Harm 1973)

and S. lineolatus (Proszynski 1971a) is apparent. The habitus is like that shown in

Proszynski (1973, fig. 50), but there is no trace of the characteristic median lanceo-

late area of white bristles on the carapace. Total length ( 1 female) 6.5 mm, length of

cephalothorax 2.4 mm, breadth 2 mm. Epigyne Fig. 2B, vulva Figs 2C and D.

In Italy S. longipes has only been reported in the Alps. The specimens studied

were found in stony areas with little or no herbaceous vegetation..

BIO-GEOGRAPHIC AND ECOLOGICAL OBSERVATIONS

Only two of the species studied may be considered holarctic: Euophrys

erratica and Salticus scenicus. The palearctic group is larger and includes Aelurillus

v-insignitus, Carrhotus xanthogramma, Evarcha arcuata, E. falcata, E. laetqbunda,

Euophrys frontalis, Heliophanus aeneus, H. flavipes, H. kochi, H. lineiventris,

Myrmarachne formicaria, Pellenes tripunctatus, Philaeus chrysops, Phlegra fasciata,

Salticus zebraneus. The species with an European or southern European distribution

are equally numerous. The former group includes Ballus depressus (which also

extends to northern Africa), Euophrys petrensis, Heliophanus tribulosus (also in

western and central Asia), Marpissa muscosa (also in Japan), Philaeus bilineatus,

Salticus mutabilis (also typical of western Asia and the Azores) and Sitticus

distinguendus, while the species distributed in southern Europe include Chalcoscirtus

infimus, Eris nidicolens, Euophrys vafra (which extends as far as the Azores, Tunisia

and Syria), Marpissa nivoyi (spreading as far as north Africa), Pellenes nigrociliatus

(also in Japan) and Phlegra bresnieri, Salticus unciger, Sitticus longipes (found only

in the Alps). A small group of species are of Euro-Siberian distribution {Heliophanus

cupreus and Salticus cingulatus). Those of an essentially Mediterranean distribution

are: Bianor albobimaculatus (also found in northern Africa), Cyrba algerina (wide-

spread as far as tropical Africa and India), Evarcha jucunda, Icius hamatus, I. subi-

nermis, Menemerus semiiimbatus and M. taeniatus (both also reported from Argen-

tina) and Saitis barbipes.

Nineteen species (Aelurillus v-insignitus, Ballus depressus, Eris nidicolens,

Evarcha falcata, E. jucunda, Euophrys erratica, E. frontalis, E. vafra, Heliophanus

cupreus, H. flavipes, H. kochi, Pellenes nigrociliatus, Philaeus chrysops, Phlegra

bresnieri, Saitis barbipes, Salticus cingulatus, S. scenicus, S. unciger, S. zebraneus)

are distributed more or less abundantly from the plain to the mountain areas.

Heliophanus tribulosus, Icius hamatus, I. subinermis, Marpissa muscosa, M. nivoyi,
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Menemerus semilimbatus, M. taeniatus, Salticus mutabilis and Myrmarachne
formicaria are usually limited to the plain, although they can be found at low and
middle altitudes. A sizable group. 7 of the 43 species studied, is colonizing mountain
environment and can even be found above 2500 m a.s.L The group includes:

Euophrys petrensis, particularly rare in Italy, Heliophanus aeneus, H. lineiventris,

Phlegm fasciata. Sitticus distinguendus, S. longipes, Chalcoscirtus infimus, Evarcha

arcuata and E. laetabunda, the latter three, occasionally also found at lower altitudes

(about 500 m a.s.L).

Most of the species prefer sunny, dry habitats, but there are some which prefer

shaded (Ballus depressus and Evarcha arcuata) or damp (Bianor albobimaculatus,

Salticus cingulatus and, more rarely, Heliophanus cupreus) sites. Certain species,

such as Menemerus semilimbatus and Euophrys vafra, could be defined, albeit

approximately, as synantropic, as they are occasionally found in and on dwellings,

buildings, walls around houses etc. Given the number of findings reported in the

literature, Philaeus chrysops is beyond doubt the most common species in Italy, and is

indeed that which is most frequently sighted. Salticus scenicus, Heliophanus cupreus,

H. flavipes and Menemerus semilimbatus are also very common. The relatively

common species include Evarcha jucunda, Euophrys erratica. E. vafra. Heliophanus

kochi, Icius hamatus and Marpissa muscosa, while Pellenes nigrociliatus. Marpissa

nivoyi, Menemerus taeniatus, Evarcha laetabunda and Euophrys petrensis are deci-

dedly rare.
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Life cycle, habitat selection and home ranges of Arctosa cinerea

(Fabricius, 1777) (Araneae: Lycosidae) in a braided section of the

Upper Isar (Germany, Bavaria). - Investigations on basic population

characters of the lycosid spider Arctosa cinerea were conducted from June

1994 to July 1995. The spiders were individually marked and recaptured to

estimate abundance and home range size. Maximum spider densities found

were 0.3 ind./m 2
. During their larval stages and during the first four weeks

as adults, the spiders prefer gravelbanks where they hide under stones

during the day. As they get older they prefer sandy substrates for the

establishment of their burrows. A. cinerea has a two year life cycle. The

species is diplochronous with reproductive periods in autumn and spring.

The adult sex ratio is biased towards females (1 : 1,8). Maximum home
ranges were 1 .260 m 2 for males and 1 .140 m 2 for females.

Key-words: Lycosidae - Arctosa cinerea - life cycle - sex ratio - habitat

selection - home range - river - floodplains.

INTRODUCTION

The floodplains of braided alpine rivers provide a highly dynamic habitat.

Recurring flood events often produce gravel banks bare of any vegetation. These are

inhabited by a specifically adapted arthropod community, characterized by a large

number of predators. Particularly ground beetles (Carabidae), rove beetles (Staphy-

linidae) and spiders (Araneae) are abundant on gravel bars (Kuhnelt 1943, Plachter

1986«, h, Hering 1996, Manderbach & Reich 1996). As there are no vertical

structures to fix a web. the spider community on the gravel bars mainly consists of

ground living species. Most abundant are lycosid and linyphiid spiders (e.g.

Boumezzough 1983, Bigot & Favet 1985, Droschmeister 1994).

Manuscript accepted 07.12.1995.
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One of the riparian inhabitants, the lycosid spider Arctosa cinerea (Fabricius,

1777), can be found in the whole palaearctic region (Platnick 1993). A cinerea is up

to 20 mm in size and therefore one of the largest predacious arthropods on alpine

gravel banks and one of the largest spiders in Central Europe.

A cinerea not only occurs on riverbeds and lakesides, but also on sandy

beaches and coastal dunes, where the spiders construct burrows to hibernate and to

breed. In Germany, A. cinerea has also been found in gravel pits (Sacher 1992).

Stochasticity, either demographic, environmental or catastrophical, plays a

major role for the population dynamics of most species and for the development of

certain ecosystems (Ewens et al. 1987, Shaffer 1987, Reice 1994). Local extinction of

populations is one of the characteristics in such ecosystems (Luken 1990, Hovestadt

et <//. 1992). Braided floodplains are characterised by floods, which mainly occur

during the later spring in Central Europe. The aim of this study is to demonstrate how

life cycle and habitat association of A. cinerea are adapted to recurring flood events and

what spatial needs A. cinerea has within its habitat (home range size).

STUDY AREA AND METHODS

The study site (fig. 1) was located in the braided floodplain of the Upper Isar

(Germany, Southern Bavaria) between Wallgau and the Sylvenstein Reservoir. The

floodplain is between 300 and 500 m wide and the Isar has a slope of 5-6 %6. Since

Fig. 1

Study area at the Upper Isar.
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1919, up to 25 m3 s-> of the Isar water has been diverted into the Walchensee to pro-

duce hydroelectric power. However, flood events with peak flows of up to 160 m3-s-'

still occur regularly (Bayerisches Landesamt fiir Wasserwirtschaft, 1 9SK).

The study site, located 820 m above sea level at river-km 242,2, can be dis-

tinguished into three parts according to vegetation structure and isolation:

• The "gravel bar'* (750 m2
), bare of vegetation.

• The "gravel islands" (2.850 m2
), characterized by an early successional com-

munity on sandy substrate dominated by Calamagrostis pseudophargmites

(Poaceae), Rinanthus glacialis (Scrophulariaceae) and willow (Salix eleagnos).

Willow cover was partly dense in the eastern section of the largest island while

the western parts including two smaller islands lacked any vegetation.

• The "hinterland" (5.600 m2
), covered by a later successional community

dominated by willows (Salix eleagnos, S. purpurea) and the German tamarisk

(Myricaria germanica). The ground layer was mainly covered by mountain aven

(Dryas octopetala) and thyme (Thymus serpyllum). The vegetation covered 30 -

50%.

The whole study area was devided into grids of 5x5 m marked by wooden

pegs. Each point where a spider was found, was determined with a precision of about

I m. The grids also allowed to draw a precise map of substrate structure and vege-

tation in order to analyse the habitat qualities favoured by the spiders.

Habitat structure

Sediment was categorised into 5 classes according to the relative cover of rocks

(0> 20 mm) and fine sediment (0< 2 mm). Two categories were to be found in two

different conditions depending on their firmness (table 1 ). The larger parts of the sedi-

ment fraction produce hollows were the night active A. cinerea hides during the day.

Table 1

Categories of sediment structure

sediment

category

cover [%] of stones

larger than 20 mm
in diameter main characteristics

1 100 large amount of hollows and crevices, no sandy

substrate (no ability to retain moisture)

2 3 1 -99 gaps are filled with sandy substrate

3.f 6-30 firm condition: stones can not be picked up

without resistance

3.1 6-30 loose condition: stones can be picked up without

resistance

4.f 1-5 firm condition

4.1 1-5 loose condition

5 sand only
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Six categories were defined in terms of vegetation cover 0%, 1 - 5 %, 6 - 15 %,

16 - 30%, 31 - 60% and 61 - 100%. A higher resolution was used as vegetation became

sparse, because A. cinerea is especially known for habitats with little vegetation cover.

One of the above categories for sediment structure and vegetation cover was

assigned to every in 2 of the "gravel bar" and the "gravel islands". In order to analyse

the preferences of A. cinerea with respect to a certain category, the number of captures

within each category was compared to the relative share of this category in the whole

area. The preference for sediment structure was examined separately, both for spiders

on the surface (walking or hiding under stones) and for those within a burrow.

Individual markings and sampling method

To estimate abundance and to assess movement patterns, adults spiders were

individually marked with bee tags glued onto their prosoma using a cyane-acrylate

based adhesive. In addition, older juveniles with a prosoma width of more than 4 mm
(approx. last two juvenile instars) were individually marked with a xylene and toluene

free paint. Different colours were applied to the prosoma and one leg segment

according to a predetermined code.

Between June 15th and October 12th, 1994 the "gravel islands" and the "gravel

bar" were sampled at weekly intervals. Starting in August the "hinterland" was also

examined weekly to find those spiders which had retreated from the bank to hibernate

in burrows. In 1995 the whole study site was checked on June 15th and July 15th.

In order to prevent a spider leaving the grid without being counted, each 5 x 5 m
grid was examined by walking in a spiral from the outer to the inner part. Rocks were

turned, small gravel and sandy substrate was combed with the fingers. Burrows were

easy to locate either as an open hole or as a small, "hill" of sand, if shut.

Abundance home range and activity

The Jolly index was used to estimate the abundances ofA cinerea for each day

of the investigation (Jolly 1965). This allowed for the determination of changes in

population density caused by death, birth, immigration and emigration.

Home ranges were determined by connecting the outermost capture points.

The area of the resulting polygon is an estimate for the home range of each individual

("minimum area method") (Odum & Kuenzler 1955, Southwood 1979). In contrast

to Kuenzler ( 1958) who considered only those individuals caught at least four times,

all individuals captured three or more times were included in the home range esti-

mates of A. cinerea.

The activity of different individuals was compared by the "average daily

distances" (ADD) measure. ADDs were calculated separately for the whole study

period and for three week intervals.

RESULTS

Overall, 393 adult spiders were marked in summer 1994. The recapture rate

was 82%. The maximum number of recaptures was 10. On the average, every spider
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was captured 4,6 times. Winter mortality appeared to be high. While 1 19 marked
spiders were collected in the study area in October 1994. only six of those were still

found in June of the following year. In July 1995 only 5 nymphs and no adult spiders

were recorded (fig. 2).

June 94 July 94 Aug. 94 Sep. 94 Oct. 94 June 95 July 95

Fig. 2

Number of spiders caught during the study
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year:
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Fig. 3

Life cycle of Arctosa cinerea

Females carrying a cocoon are indicated by K|. Kt.
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Life cycle and sex-ratio

A cinerea has a two year life cycle (fig. 3). Cocoons are carried by females in

June and July/August. The hatched nymphs hibernate in different stages. Their final

moult is in August of the following year. Male spiders reach maturity about one week

earlier than females. The adults hibernate again. Females then breed in two clearly

separated periods in June and from mid July to early August. As an exception to this

rule, one female was found breeding from August 22nd to September 7th, 1994 (fig.

2). Only one of 17 females was found to breed in both periods. Since there are always

two overlapping generations in a population, adult spiders are found throughout the

whole year. The average life span was 41 days for both, adult males and females. The

maximum observed life span for an adult female was 314 days. One male survived at

least 297 days.

The sex ratio of adult A. cinerea is female biased, and constant from early

September until the end of the year (6 619 9 1:1,8). In the last juvenile instars 113 out

of 454 individually marked juveniles were males, 178 females (6 6/9 9 1 : 1,57). The

sex of 163 of these nymphs was indeterminable. The surplus of female adults increases

after hibernation because males die after mating, whereas the females care for their

brood.

Habitat selection and abundance

At the Isar A. cinerea prefers vegetation free habitats. As soon as there is a

sparse plant cover the number of spiders decreases (fig. 4a).

a)

1

percentage on surface of study site

percentage of captures (incl. 95 %
confidence interval)

t
6-15% 16-30% 31 - 60% 61 - 100%

vegetation cover

percentage on surface of study site

percentage of captures (incl.95 %
confidence interval)

1 2 3.1 3.1 4.1 4.1 S

b)

category of sediment structure

c)

category of sediment structure

Fig. 4

Habitat association of Arctosa cinerea at the study site: (a) captures relative to vegetation

cover; (b) captures of vagrant spiders relative to sediment structure (for explanation of sediment

categories see table 1 ); (c) captures in burrows relative to sediment structure
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The demands with respect to sediment structure are more complex. Alter their

last moult in August the adult spiders live as vagabonds for about four weeks and then

begin to dig a tube. The spiders hibernate in these burrows. Whereas the females

remain in their burrows after hibernation, the males wander around. Different

sediment types are preferred during the vagrant and the burrowing stages.

Throughout the vagrant period, a clear preference for sediments with a high

percentage of stones and rocks (category 2) is obvious, whereas those sediments

consisting of smaller particles (3.f, 3.1, 4.f and 5) are avoided (fig. 4b). The vagrant

spiders spend the day under rocks without digging burrows. Only occasionally, a

small hole dug by the spider can be observed under a rock (7% of all observations).

Some spiders were found running on the surface (20%). The same spider was never

caught twice under the same rock.

Spiders in burrows show a different distribution. More burrows were found in

areas with substrates consisting of smaller pieces (categories 3.1, 4.f, 5) (fig. 4c). In

some cases spiders moved between burrows. About 10% of the burrows were not

exclusively used by one spider, but rather by several individuals over the sampling

period.
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Fig. 5

(a) Home range sizes and (b) average daily distances (ADDs) of Arctosa cinerea (median, 1st

and 3rd quartile and range between maximum and minimum). Significance ol differences

between 9 9 and 6 6 is indicated (U-test).
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Over the whole study site maximum abundance was 0.03 ind./m 2 (September

19th, 1994), while by early October the population declined to 0,014 ind./m2 . The

decrease from 269 to 133 individuals within this period corresponds to an average

mortality of 5,4 ind./day.

If only the most favoured habitat structures are considered, abundances

increase to 0,3 ind./m- (areas with sediment category 2) and 0,13 in./m 2 (vegetation

free areas).

Locomotory activity and home range

Significantly larger home range of males (average: 210 m 2
, maximum: 1.260

m2
) than those of females (average: 130 m 2

, maximum: 1.140 in 2
) indicate a higher

mobility of male spiders (fig. 5a). Some spiders remained in the same burrow during

the entire observation period (home range regarded as m 2
).

One single marked male was found on an isolated gravel bank 2 km down-

stream from the study area after floods in May and June 1995. It was not included in

the estimation of home rangesize. However, this recapture shows the potential for dis-

persal through floods.

While the maximum average daily distance (ADD) was recorded for a female,

the average ADD is larger for males (fig. 5b). Lower female activity in July as a result

of brood care and higher male activity during a reproduction period in late August/early

September account for the significant differences in the ADDs between males and

females during these two periods (fig. 6). In October, most spiders have moved into a

burrow and only few individuals remained active. The spiders mainly moved east- and

northwards leaving the areas near the water edge (Framenau et al. 1996).
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Average daily distances (ADDs) covered during three week sampling periods in 1994 (median,

1st and 3rd quartile and range between maximum and minimum). • indicates significant

differences between ? ? and 6 6 (U-test, p < 0,001 ).
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DISCUSSION

Life cycle, phenology and sex-ratio

The exact life cycle is known for only a few sider species (Foelix 1992). For

wolf spiders, life cycles of up to four years have been described (e.g. Conley 1985).

Smaller lycosid spiders inhabiting gravel bars (e.g., Pardosa wagleri (Hahn), Pirata

knorri (Scopoli)) have a one year life cycle (Framenau, unpublished data). However,
the life cycles of spiders are not necessarily correlated to body size only (Schaefer

1976). Climatic factors also can play a major role. Pardosa lugubris (Walckenaer)

hibernates two winters in Sweden and Scotland, but only one in England and the

Netherlands (Edgar 1971 ):

The two year life cycle of A. cinerea corresponds to those recorded for other

Arctosa species and larger lycosids in Central Europe. Arctosa perita (Latreille) needs

two years to complete its life cycle (Schaefer 1976) just like all Trochosa species in

central Europe (Engelhardt 1964). The two breeding periods in combination with a

reproductive activity of males in fall can be explained by a diplochromous activity with

two reproductive phases in autumn and in spring. Females copulating in fall breed in

June of the following year, while those mating in spring breed in July/August.

Diplochronous activity is recorded only for a few spider species. Just 9

(=3,2%) out of 277 species analysed by Schaefer (1976) for the temperate zone fall

into this category. The origin of the diplochronous activity is discussed in detail in

Tretzel (1954), Heydemann (1960), Engelhardt (1964) and Schaefer (1976).

Schaefer (1976) also described diplochrony for A. cinerea. However, his

results, based on pitfall collections from the coast of the Baltic Sea, differ somewhat

from those in the continental alpine region. Along the shores of the Baltic Sea females

carrying a cocoon were already found in May, whereas at the Isar they did not appear

before June. In June and July Schaefer detected juveniles only. Adults were again

found in August and September, which is in accord with the data from the Upper Isar.

At this time the males of the new generation show their reproductive activity. In

October no spiders were caught along the Baltic Sea.

In coastal and riparian habitats diplochrony can be interpreted as a risk

spreading strategy: With one part of the reproductive period in autumn it is guaranteed

that there will always be some inseminated females present in spring. Should a flood

prevent reproductive activity in spring, these females can be the founders of the next

generation.

Female biased sex ratios are well known for social spiders, e.g. the thomisid

Diaea socialis Main (Rowell & Main 1992) or the ridiid Anelosimus eximius

(Keyserling) (Aviles & Maddison 1991 ). However, compared to findings in non-social

spiders (Heydemann 1962, Humphreys 1988), the female biased sex ratio of A. cinerea

is surprising. Schaefer (1987) explains female biased sex ratios within spider popu-

lations by a shorter lifespan of male spiders. But this does not explain the female biased

ratios in the last larval stages recorded for A. cinerea along the Upper Isar.

Habitat selection

The preference of A. cinerea for vegetation free habitats confirms observations

by other authors (e.g. Bochmann 1942, Knulle 1953, 1959). In effect, most Arctosa
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species are known from vegetation free habitats, in particular seashores and river-

banks (Knulle 1959. Dondale & Redner 1983, Tanaka 1991). Some occupy heath

and lichen habitats in high mountains or arctic tundra (Dondale & Redner 1983).

A. cinerea depends at least on two different kinds of sediment structure. Banks

covered with large gravel offer many hiding places for the vagrant stages and crevices

under rocks serve as a shelter against the sunlight, reduce temperature fluctuations

and protect A. cinerea against predators (e.g. the pompilid wasps Anoplius infuscatus

and A. concinnus (Framenau, unpublished data)). During the burrowing stage A.

cinerea prefers sandy substrates. The sand enables the establishment of burrows.

Presumably due to its large size, the density of A. cinerea, even in the most

preferred microhabitats (0,3 Ind./m 2
) is low compared to about 3 ind./m 2 for

Trochosa ruricola (De Geer) (Hackman 1957) and 1,4 ind./m2 for Pardosa agricola

(Thorell) (Albert & Albert 1976). The habitat association of A. cinerea shows that

this species strictly depends on the dynamics of the river. Floods, on one hand cause

high mortality, on the other hand they guarantee the existence of vegetation free

gravel bars and sandy areas which otherwise would soon fall into succession (Muller

1991).

Locomotory activity and home range size

Locomotory activity in wolf spiders mainly reflects the search for suitable

microhabitats and sexual activity (Cady 1984; Enders 1975). Kuenzler (1958)

found home ranges for lycosids to be smaller than those recorded for A. cinerea. The

average home range size of Hogna timuqua (Wallace) is 41,7 m2 for males and 9,6

m2 for females.

Large home range sizes in A. cinerea are mainly caused by movements in

autumn. The spiders retreat from the water edge before hibernation. This can be inter-

preted as a search for a more protected area for the winter diapause (Framenau et al.

1996).
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Present knowledge of the arachnofauna of Slovakia and its utilization

for biota quality evaluation and monitoring. - Although the Slovak

Republic is a small country, it has a very rich spider fauna. Based on all the

literature data and unpublished data of present arachnologists, 920 spider

species have been found in Slovakia, belonging to 37 families (state at 15th

of July 1995). From this number of species, 61 species are recorded in the

older literature, while the original documentary material is not available,

and many of these species records are dubious. Not less than 379 species

are included into a Red list of spider of Slovakia. The majority of the data

on the spiders of Slovakia have been brought together. At the present, the

database on spiders contains more than 50-thousand records from 1793

localities on Slovak territory. These data are utilized as the analytical

entries for the "Local and Regional Territorial System of Ecological

Stability" projects, for ecological evaluations of larger landscape areas,

mainly from the point of nature conservation. Biological evaluations are

based on species diversity, on occurrence of threatened species and the

richness of threatened species recorded from each square and from each

geomorphological unit.

Key-words: Spiders - database - distribution - biota evaluation - Slovakia.

INTRODUCTION

The territory of Slovakia belongs to the Western Carpathians and is charac-

teristic by its high diversity and unique nature of the biotopes in Europe. This has a

great influence on the diversity of organisms including spiders. The diversity of flora

and fauna is disturbed on many places by human activities such as intensive

industrial, agricultural production, etc.

Spiders have been used as bioindicators of the environmental status, particu-

larly of human influence on the landscape (Bohac & Ruzicka 1988; Buchar 1983,

1991; Ruzicka 1987; Ruzicka & Bohac 1994). During the last two hundred years
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there is a great number of data recorded on the spiders of Slovakia, which are used for

evaluation and monitoring of the country. One of the possibilities of this kind of

evaluation is the evaluation of the spiders occurrence in squares based on square

mapping or in geomorphologic units.

HISTORY OF SPIDER RECORDING

In order to establish a basis for the evaluation of the territory of Slovakia, it is

necessary first of all briefly describe the history of spider recording and the present

state of knowledge. The beginnings of arachnology in Slovakia are connected to the

development of arachnology in the Austro-Hungarian Empire. One of the first works

done on this field is the work of Scopoli (1772) which deals with the research of

spiders and insects "Observationes Zoologicae". The author summarized the research

done in the area of Banska Stiavnica. The first clear arachnological work done in

Slovakia was the work of Bockh "The spiders of Bratislava area", published in 1857.

His next two articles was published in 1862 and also deal with the arachnofauna of

Bratislava and the surrounding area.

There are other observations done in the 19th century, however they deal with

the fauna of spiders only marginally ( by Rumy, Bartholomaeides ). One of the works

of great importance done in the 19th century in the area of arachnology is the work of

Herman (1876, 1878, 1879) consisting of 3 volumes. In the last volume he dealt with

the expansion of spiders on the territory of Hungary. He mentioned 90 species from

15 locations of today's Slovakia. The most important and the most complex source of

data on spiders from the territory of Slovakia is the complex work of Chyzer &
Kulczynski published in 1891, 1894, 1897 and 1899: " Araneae Hungariae". From

807 species of the spiders of Hungary in this work, 489 are mentioned from the area

of today's Slovakia. At the end of the 19th and the beginning of the 20th century,

other smaller works appeared discussing the territory of today's Slovakia, which have

only regional concerns ( by Chyzer, Kulczynski. Malesevics, Mocsary, Nowicki,

Ortvay, Petricsko, Wajgiel).

After the first world war many Czech arachnologists were taking part in the

research of the arachnofauna of Slovakia such as Baum, Bartos, Kratochvil and

mainly Miller who lived and worked in Slovakia in 1929 - 1938. Within the years

1934 - 1939, eight published faunistic articles of Miller dealing with the arachnofauna

of Slovakia appeared. Most of his research was done in the area of Turiec where the

author lived. Individual and sporadic data from the first half of the 20th century were

sporadically found in the works of Hungarian zoologists (Csiki, Dudich, Entz,

Kolosvary and Szilady).

A milestone in the development of arachnology was the work of Miller

(1971) " Klic zvireny ". Here he summarized all his research and experiences also

from the territory of Slovakia.A more systematic research of the arachnofauna of

Slovakia started in the 1970-ies with appearing of Slovak arachnologists as Svaton,

Zitnanska, Vachold, Jedlickova, later Thomka, Gajdos, Pavlik, Pekar, Krumpalova

and others. Also Czech arachnologists took some part in the research of Slovakia as
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Miller, Buchar, Ruzicka, Majkus, Antus, Kasal and others. The research mainly

concentrated on the National Reservations (N.R.), Protected Landscape Areas

(P.L.A.) and National Parks (N.P.), also on not disturbed or very little disturbed

territories as the N.R. Bab, N.R. Jursky Sur, N.R. Sulovske skaly, P.L.A. Ponitrie,

P.L.A. Velka Fatra, P.L.A. Vychodne Karpaty, P.L.A. Slovensky kras, P.L.A. Muran-

ska planina, P.L.A. Male Karpaty, P.L.A. Biele Karpaty, N.P. Vysoke Tatry, N.P.

Mala Fatra, N.P. Nizke Tatry, Vychodoslovenska nizina , Zemplinske vrchy, etc. Step

by step the research went on to the areas very much influenced by human activity as

Liptovska Mara, Zemplinska Sirava, the Turcianska kotlina, the agrocenoses of

Malanta, the Podunajska nizina and the areas surrounding the Danube and Morava

Rivers, etc.

METHODS

For the overall evaluation of the territory of Slovakia from the viewpoint of

spiders distribution we used the database containing 50788 records recorded from

1793 localities in Slovakia (state at 15th of July 1995). The overview of all localities

is shown on Fig. 1. In the database there are data from published literature and the

data from Czech and Slovak arachnologists. We evaluated the territory of Slovakia

according to squares used for middle European square mapping by Zeleny (1972)

and according to geomorphologic units by Mazur & Luknis (1980). The grid of

square mapping is based on geographic coordinates, with the squares 6 by 10

Fig. 1

Localization of spider records from Slovak territory.
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geographic minutes, the approximate, area is 11 by 12 km. The area of Slovakia is

situated on 431 squares (301 are completely inside and 130 are partially in the

territory of the country). For the evaluation of the territory of Slovakia based upon the

recent knowledge the following criteria were used:

1 . number of species occurring in square (Fig. 2) and in geomorphological unit (Fig. 5),

2. number of threatened species in square (Fig. 3) and in geomorphological unit (Fig. 6),

3. evaluation of the diversity of threatened species compared to the total number of

found species in square (Fig. 4). based on a modified index of species richness by

Margalef(1958):

2

M 5

19 y
12'

1 - 20
21 - 100

mm 101 - 200
mm 201 - 371

Fig. 2

Number of species recorded from each square.

P= 100 * (n/sqrt(N+l))

n is the number of threatened species in square,

N is the total number of species in square.

Based on these criteria, the squares and geomorphological units were put to 4

categories. The resulting map outputs were overlaid with the borderlines of the

Protected Landscape Areas by Kramarik (1992) (Fig. 7). The calculation of the

occurrence of threatened spider species was based upon the Red list of spiders of

Slovakia (Gajdos & Svaton 1995), in which there are 396 spiders included in

different categories of threatenment. Doubtful and dubious species were not included

to the Red list, and were not used for sites evaluation.



Fig. 4

Diversity of threatened species compared to the total number of found species.
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Fig. 5

Number of species recorded from geomorphological unit

Fig. 6

Number of threatened species recorded from geomorphological unit.
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Diversity of threatened species (from Fig

RESULTS

Altogether, 920 spider species were found in Slovakia, belonging to 37 fami-

lies. From this number of species, 61 species were recorded in the older literature with

the unavailable original documentary material, many of these species records are

dubious (state at 15th of July 1995).

From the total number of squares (431 ) we have up until now data on spiders

from 280 squares (65.0%) (Fig. 2). The most abundant number of data are from the

squares of the Zemplinske vrchy Mts. from east Slovakia (371 species) and from

Zobor part of Tribec Mts. (354 species). Threatened species were found in 234

squares (54.3%). The greatest diversity of threatened species was found at the

Zemplinske vrchy Mts. (86 species), at Zobor part of the Tribec Mts. (77 species), at

the southern parts of the Male Karpaty Mts. (72 species), in the High Tatras (60

species).

Most of the squares, based on the number of species founds and threatened

species founds, belong to the I. and II. category of evaluation with a lower number of

species and threatened species ( Tab. 1,2).

From the total number of 93 geomorphological units, spiders were collected

from 77 geomorphological units (82.8%) until now (Fig. 5). Threatened species were

found in 72 geomorphological units (77.4%) (Fig. 6). The highest number of species

Fig. 7

. 4) and boundaries of Protected Landscape Areas.
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Tab. 1

The proportion of squares in each category of evaluation.

Category of squares I II III IV Total

by the number of species 1-20 20-100 101-200 200+
found in square

Total number of squares 119 93 54 14 280

investigated in Slovakia

by the number of threatened 1-5 6-20 21-50 50+
species found in square

Total number of squares 117 88 24 5 234

with occurrence of

threatened species

Tab. 2

The proportion of geomorphological unit in each category of evaluation

Category of I II 111 IV Total

geomorphological units

by the number of species 1-20 20-100 101-200 200+
found in unit

Total number of units 21 18 14 24 77

investigated in Slovakia

by the number of threatened I -5 6-20 2 1 -50 50+
species found in unit

Total number of units 25 13 18 16 72

with occurrence of

threatened species

was found on the Danube plain (Podunajska nizina) ( 499 species). This is most of all

due to the geographical location in a xerotherm area of Slovakia. Majority of the

geomorphological units, which are put to IV. category with the occurrence of more

than 200 species, and the occurrence of more than 50 threatened species are parts of

Protected Landscape Areas (Fig. 5, 6, 7). The presented results are greatly influenced

by the intensity of collecting, the number of collections and the number of localities in

a given square. They also represent the present state of knowledge. The map of the

diversity of threatened species to the total number of found species gives certain

generalization of the results (Fig. 4)

The biologically most valuable areas, from the viewpoint of spiders occur-

rence, are the southern part of the Male Karpaty Mts., the borderline of the Danube

plain and Male Karpaty Mts., the Tribec Mts., Burda Mts., the alluvium of the
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Morava River, the surroundings of town Zilina, the High Tatras, Slovensky kras Mrs.,

Zemplinske vrchy Mts., Biele Karpaty Mts., Latorica River.

These results were used as analytical entries for the selection of European most

important sites, also as a part of the "ECONET", "CORINE biotopes" projects. The
data are utilized as analytical entries for the "Local and Regional Territorial System of

Ecological Stability" projects. The elaboration of these projects for each area results

from the law.

DISCUSSION

The distribution of spiders and the use of their faunistic data are the part of the

works of Buchar ( 1991 ) in the Czech Republic. He used similar criteria for evaluation

as we used in our work, that is: the number of found species and the occurrence of

selected 72 rare species per square. Most of the squares with greatest diversity of

species have been part of Protected Landscape Areas. That corresponds with similar

results in our work from Slovakia.

The evaluation of the knowledge and distribution of the fauna of British spiders

were published by Merret (1979). He evaluated the number of found species from

each county by 1978. By comparing the counties with our geomorphological units, we

came to a similar conclusion that the most valuable and most researched areas showed

the occurrence of more than 400 species per evaluated area. We conclude that the data

on occurrence of spiders and threatened spiders are very useful entries for landscape

evaluation and monitoring.
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Spiders in Biological Control - An Australian Perspective. - Spiders,

and their potential as biological control agents, have been largely ignored

in applied scientific research in Australia. Considerable research into the

role of spiders in agricultural ecosystems has been conducted in U.S.A.,

Asia and Europe, allowing scientists there to concentrate on the benefits of

particular spider species in biological control in agro-ecosystems. Spider

numbers in the southern tropics are extremely high. Research into spiders

as biological control agents in Australia is essential for the economic
utilization of these abundant predators in the control of agricultural pests.

Foreign research cannot be applied to Australian systems because species

and conditions vary considerably.

Key-words: Araneae - Biological Control - Agro-ecosysems - Citrus -

Australia.

INTRODUCTION

Spiders (Araneae) comprise a large, conspicuous component of the fauna in

agro-ecosystems worldwide. About 40,000 spider species are known, and thousands

more are unnamed; they are all predators which feed almost entirely on arthropods.

Spiders play an important part in controlling pests in some agro-ecosystems (See

reviews by Riechert & Lockley 1984, Young & Lockley 1985, and Nyffeler &
Benz 1987). While some studies do not show one spider species to be effective in

controlling insect pests, most show that a spider complex is successful in biological

control.

Spider communities limit densities of pest populations (Riechert & Lockley

1984), in cereal fields (Nyffeler & Benz 1987), and orchards (Mansour et al. 1983).

Oxyopes salticus Henz. contributes, in a predator complex, to the control of pest

populations in cotton, and is more resistant to two widespread insecticides than are

some target pests (Young & Lockley 1985). One spider species may not be able to

control a single pest species, but spider assemblages can be effective in stabilising
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pest populations (Provencher & Riechert 1994). As predators in a forest litter

community, spiders have a strong stabilising effect on prey (Clarke & Grant 1968).

Local prey abundance determines the degree to which a predator specialises. Most

prey of two co-existing trapdoor spiders (Idiopidae and Nemesiidae) in Canberra are

ants and beetles; these are also the most abundant potential prey items in the habitat

(Green 1990). Bishop (1980) also noted specialisation of spiders on the most

abundant prey items in Queensland cotton fields.

Murdoch et al. (1985) suggests that assemblages of predators limit the growth

of pest populations. If predators are in a species assemblage which feeds on several

prey species, and have population sizes limited by territoriality rather than by food,

then they probably display "equilibrium point control" (Riechert 1990). Spiders fit

this criterion as rarely does one species of spider occur in an ecosystem; they are

polyphagous, and their population sizes appear limited by spatial aspects and canni-

balism rather than by food (Green 1990; Riechert & Luczak 1982; Riechert &
Gillespie 1986). In a study of a forest litter community, spiders were reported to have

significant control of prey populations of collembolans and centipedes (Clarke &
Grant 1968); and in agricultural systems spiders have been identified as part of a

predator complex having a significant effect on insect pest numbers (see reviews).

SPIDERS AS PREDATORS OF ARTHROPOD EGGS

Spiders will eat arthropod eggs, but this is not widely known or accepted

because spiders are considered to be predators of moving prey. Many Cheiracanthium

spp. (Clubionidae) and Latrodectus spp. (Theridiidae) spiderlings consume fertile and

infertile eggs in their own egg sacs (Nyffeler et al. 1990). Spiders also eat eggs of

insect pests. A clubionid spider (Cheiracanthium inclusum Hentz), a salticid (Phiddi-

pus audax Hentz), and thomisids (Misumenops spp.) consume Helicoverpa virescens

(Fabricius) eggs (McDaniel & Sterling 1982). In Australia, Cheiracanthium diver-

sum (Koch) eats Helicoverpa eggs in cotton fields (Room 1979); and Cheiracanthium

inclusum was identified as a predator of velvetbean caterpillar eggs in Florida

soybeans (Buschman et al. 1977). Spiders were observed consuming sugarcane borer

eggs in Louisiana cane fields (Negm & Hensley 1969). Egg predation was signi-

ficantly higher at night than during the day; Cheiracanthium spp. are nocturnal

hunters. A significant correlation exists between egg predation and spider numbers

(Negm & Hensley 1969).

AUGMENTATION

Specialist beneficial predators are commercially mass-reared and released.

Spiders are considered unsuitable for this practice because of their non-specific prey

preferences and cannibalistic behaviour. Clubionids (Marc 1993) and lycosids

(Thang et al. 1989) have been successfully mass-reared in the laboratory. Commer-
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cial application may be possible in the near future. There are, however, other less

costly augmentative methods to increase spider numbers in agricultural systems.

Nyffeler & Benz (1987) suggest the effectiveness of spiders in biological

control can be enhanced by augmentative methods other than mass rearing and release

of beneficials. Intercropping is one method of increasing spider numbers and pre-

dation on pest species in agricultural systems. Careful investigation of suitable crops

to interplant is warranted as some combinations do not appear to have an incremental

effect on spider numbers. Intercropping soybean and maize increases spider

abundance, but rice and soybean grown together have no effect on numbers of spiders

(Gyawali 1988). Tree crops, such as citrus, benefit from this method of augmen-

tation, with flowers or weeds growing between rows (Smith 1990). Selective weed

control augments populations of beneficial predators and parasites. Under a weed

cover of just 15-20%. the density of most of the arthropod taxa changed - increase of

beneficials and decrease of pests - in sugarbeet fields (Bosch 1987).

Intercropping flowers, in combination with mulching, enhances spider popu-

lation numbers in mixed vegetable gardens (Riechert & Bishop 1990). These

techniques encourage spiders to remain in the area, rather than emigrate after or

during harvesting. Mulch provided by mowing the cover crop of corn in Virginia

provided a more favourable habitat for predators such as carabid beetles and lycosids

(Laub & Luna. 1992). Mulching weeds is a common practice in citrus orchards to

increase natural enemy populations (Smith & Papacek 1993). Natural enemy

augmentation is attained by planting earth banks (Chiverton 1989: Thomas 1990). or

hedges (Basedow 1990) in the middle of crop fields. Edge zones or boundary strips

of natural habitat also increase natural enemy populations of which most are spiders

(Basedow 1990; Galecka 1966). Rice straw bundles arranged into cone shaped tents

were effective refuges for arthropods in Philippine rice fields (Shepard et al. 1989).

Several pest species colonise tents providing prey for beneficials of which spiders are

the most abundant group. Such methods of augmentation as seen above have proved

effective in increasing numbers of spiders in agricultural ecosystems and must be

recommended.

THE AUSTRALIAN PERSPECTIVE

Research on spiders as potential biological control agents is considered valid

by many researchers worldwide. In Australia, however, few studies have been carried

out in this area. In the last thirty years, only about 5% of worldwide research into

spiders as biological control agents has been conducted in Australian agricultural

ecosystems.

The most extensive Australian study in this period, the role of spiders in cotton

in south east Queensland, is that by Bishop from 1973-1977 (See Bishop 1980;

Bishop & Blood 1980. 1981). He found that the spider complex had a "continuous

presence"; spatial coincidences occurred between spiders and pest insects; and some

spider species aggregated in response to prey abundance. He proposes numerical
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responses of two species (Cheiracanthium diversion and Oxyopes mundulus). Nume-

rical response, a density-dependent chacteristic of predators, is an increase in a pre-

dator population in response to an increase in prey density, and is achieved by

aggregation and reproduction (Wise 1993). Reproductive numerical response occurs

when predators put energy into producing more offspring than normal in response to

increased prey. Peak numerical response of Cheiracanthium spiders in cotton

occurred in April; spiderlings of this species normally leave the brood chamber in late

Autumn (April in the southern hemisphere) and have a high survival rate (Main

1984). Reproductive numerical response is not accepted in this case, as Cheira-

canthium species are univoltine (Main 1984). Additionally, no data indicate increased

reproductive output, and emergence of spiderlings has merely coincided temporally

with the peak population density of the pest insect.

Precipitin tests showed spiders to be chief predators of light brown apple moth

in Australian Capital Territory; the leaf roller's defensive behaviour of violent

wriggling makes them vulnerable to spider predation (MacLellan 1973). Spiders

significantly reduced aphid numbers on irrigated grass pasture; although spiders were

not as successful under high temperatures (De Barro 1992). Buckley (1990)

recommends maintaining an intact community of arachnid predators when designing

integrated pest management for homopteran pests. Nocturnal spiders prey on euca-

lyptus sap-sucking eurymelid bugs when attendant ants are removed; ants consume

the sugary exudate of the bugs (Buckley 1990). The sensitivity of spider faunas is a

valid consideration in deciding whether and how to use pesticides (Buckley 1990).

Some Australian studies give surveys of the arthropod population composition (in-

cluding spiders) in varying agricultural ecosystems (Dondale 1966; Cantrell et al.

1983; Evans 1985). Comprehensive surveys, to demonstrate the numerically domi-

nant species in agro-ecosystems, are essential before conducting experiments on the

predatory role and effectiveness of spiders.

SPIDERS IN TROPICAL ZONES

Studies surveyed support the hypothesis that a spider predator complex may
suppress pest populations in agricultural ecosystems in temperate zones. However,

more studies are needed to substantiate the story particularly in subtropical and

tropical zones where there are more spider species, and presumably a larger predator

complex. Most studies of spiders in agricultural systems have been in temperate

zones. My study (Spiders in citrus in south east Queensland) is based in a sub-tropical

zone of the southern hemisphere between 27° south and the equator. Few countries in

the northern hemisphere, other than in Asia, lie in an equivalent area. Temperate zone

research, while useful as reference material, has little or no bearing on the study at

hand as far as spiders are concerned. Differences in species found in temperate zones

and tropical zones are exemplified by the differences between spider numbers in

North America and those of Australia. The spider fauna of North America comprises
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3412 species plus about 230 undescribed species (Platnick 1991). Australia is

smaller than the United States of America excluding Alaska, yet its spider fauna has

been estimated at over 9,300 species (Raven 1988), 2,400 of which have been

described. This suggests then that Australian spider species comprise a considerable

percentage of the world total of 40,000 known species. Platnick ( 1991 ) also suggests

that while biodiversity increases from temperate zones towards the equator, it also

increases from north to south so that world biodiversity instead of being "egg-shaped"

is actually "pear-shaped". From this estimate, spider species numbers and diversity

are greater in Australia than in most other areas. Added diversity in a predator com-
plex is just one reason for researchers in the southern tropics to accept that spiders

have a role to play in biological control.

SPIDERS IN AUSTRALIAN CITRUS

Citrus is a perennial crop facilitating more stable spider populations which

have no need to rely on immigration into orchards at the start of each spring when

spiderlings disperse. Further, spiders experience minimal disruption from harvesting

and ploughing. Plant diversity is low in orchard crops, but unit size is usually

reasonably large, the climate is fairly stable, and plant populations are relatively

permanent. Natural enemies are more likely to be effective in a stable than in an

unstable environment. Greater success in biological control has been seen in orchard

crop systems than in seasonal field crops (Waage & Mills 1992). The role of spiders

in citrus orchards has not been researched before in Australia or sub-tropical regions;

although some research in temperate citrus has been conducted (Mansour et al. 1982,

Mansour & Whitcomb 1986, van den Berg et al. 1992, Breene et al. 1993).

Surveys of arachnid fauna are essential before experimental work is carried

out. I have sampled for spiders, using suction and pit trap methods, in South-east

Queensland citrus orchards under varying management regimes (chemically sprayed,

organic, and Integrated Pest Management (IPM)), different localities (coastal and

inland), different fruit varieties (early and late picked), diurnally and nocturnally. This

research will reveal the arachnid population composition, and more importantly, the

numerically dominant species for later experimental research into spiders as potential

biological control agents. Surveys of spiders conducted in northern hemisphere citrus

cannot be assumed to reveal species similar to those in Australian orchards. The

major genera in Queensland citrus orchards with those Queensland genera also seen

in orchards of USA (Texas (Breene et al. 1993), Florida (Mansour et al. 1982), and

California (Carroll 1980)), Israel (Shulov 1938) and South Africa (van den Berg

et al. 1987) are shown in Table 1. Differences are obvious in the composition of the

arachnid populations in the various countries, with 53% of the Queensland genera not

found in surveys in the temperate areas. Data for Queensland orchards are for Spring

samples only, and presumably more diversity will be revealed in Summer and

Autumn sampling when spiders are mature. Pit trap data have not been included.



250 JAN GREEN

Table 1

Spider genera found in Queensland citrus orchards showing those genera which are represented

in orchards of other countries.

Family & Genus Qld Texas Flor. Calif. Israel

Amouribiidae, Biulmmui spp. X
Araneidae. Atqjicus spp. X X

Argiope spp. X X
Argxrodes spp. X X X
Cyrtophora spp. X
EviophoTcx spp. X X X
Leucciugc spp. X X
Ordgarius spp. X
Poecilopachys spp. X
Nephila spp. X X

Clubionidae, Cheiraccmthiwri spp. X X X X X
Chibiona spp. X X X

Ctenidae, Tluisxi'lwu spp. X
Dictynidae, Dictyna spp. X X X X X
Hersiliidae, Tcunopsis spp. X
Heteropodidae, Heteropoda spp. X X
Oxyopidae, Oxyopes spp. X X X X
Pisaundae, Dolomedes spp. X
Salticidae. Cream spp. X

BavicL spp. X
Lycidus spp. X
Murutus spp. X
Mencuncrus spp. X X
Opisthoncus spp. X
Sandalodes spp. X
Servaea spp. X

Tetragnathidae, Phonoghatha spp. X
Tetragnatha spp. X X X X X

Theridiidac. Achaearanea spp. X X X X
Thomisidae. Bonus spp. X

Diaea spp. X
Sidymella spp. X
Thomisus spp. X X
Tnuiris spp. X X

Uloboridae, Uloboris spp. X X X X X
Zosos spp. X

DISCUSSION

Spiders may not fulfil the role of the classical biological control agent as they

are generalist predators and have limited functional and numerical responses to

population changes of specific prey species. However, spiders kill many more prey

than they consume and such generalist predators can effectively control a complex

assemblage of prey species rather than specific prey species. Such assemblages (of

spiders), through their composite foraging activities, and spatial and temporal differ-

ences, can limit exponential growth of prey populations; but clearly, no single spider
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species can keep a prey population under control once an outbreak occurs. Commu-
nity diversity must be maintained to maximise the number of predators and so the

number of foraging styles. Spider populations are augmented by intercropping, mul-

ching and reduced pecticide usage.

The generalist nature of spiders, in being able to maintain their population

numbers through periods of low prey density, and their ability to take advantage of

high prey densities, demonstrates their adaptability to most habitats. They are a

stabilising influence in invertebrate communities and are usually present in fairly

constant numbers. Predator complexes have more control over prey populations than

single predators acting alone. Most mathematical models show that two competing

species depress a prey population more than one predator acting alone (May &
Hassell 1981).

Other benefits of a spider predator complex are that different spider species

forage at different times of the day and night, resulting in constant foraging in a spider

complex. When research is conducted into spider species for biological control, the

whole complex must be investigated. Spiders are abundant in agro-ecosystems and,

because pest species comprise a substantial part of their diets, they are important in

limiting pest populations. Spider conservation and augmentation is essential in agri-

cultural systems to enable chemical-free, or at least chemical-reduced pest manage-

ment.
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The biogeography of Gondwanan pseudoscorpions (Arachnida). - A
review of the pseudoscorpion fauna presumed to have originated in

Gondwana prior to the breakup of that supercontinent is presented.

Representatives of 12 families are postulated as having Gondwanan
origins.

Key-words: Pseudoscorpiones - Arachnida - biogeography - Gondwana.

INTRODUCTION

The biota of the southern continents has been instrumental in the development

of biogeographic theories, which was well illustrated by the contentious disputes in

the 1960's based upon the theory of continental drift (e.g. Darlington 1965;

Brundin 1966). Examples of gondwanan organisms, such as Nothofagus and the

marsupial mammals, abound in the literature. Amongst the Arachnida, those groups

with southern affinities include the spider taxa Migidae (Raven 1984, Main 1991),

Actinopodidae, Hexathelidae (Raven 1980), Austrochiloidea (Forster et al. 1987).

Archaeidae and their relatives (Forster & Platnick 1984) and Orsolobidae (Forster

& Platnick 1985), and the harvestman family Neopilionidae (Hunt & Coken-

dolpher 1991). Numerous others have been documented. While these Gondwanan

patterns may be of peripheral interest to many biologists, Platnick's ( 1991 ) eloquent

essay on the invertebrate fauna of the southern temperate zones and their conservation

plight highlights a tragic problem of growing magnitude.

Pseudoscorpions are an ancient order of arachnids, with a lengthy, if somewhat

fragmentary, fossil record that extends to the Devonian (380 million years before

present) (Schawaller et al. 1991 ). Therefore, extremely old biogeographic elements

are to be expected amongst at least some clades that have persisted to the Recent. In

addition, many pseudoscorpion groups are considered to have extremely low vagility,

despite the use of dispersal techniques such as phoresy and rafting by some groups.

This paper attempts to review those pseudoscorpion taxa considered to have

originated on the supercontinent Gondwana prior to it's breakup during the Creta-
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ceous, and to highlight several distinct biogeographic patterns recognised amongst the

pseudoscorpions of the southern hemisphere.

To qualify as a suspected Gondwanan relict, the known distributions of the

taxa considered here were critically examined, and only those taxa, or sister-taxa, that

were found on one or more southern continental block were initially included. As

pseudoscorpions generally have low powers of dispersal, disjunct continental

distributions are normally best explained by continental drift, rather than recent

dispersal events by rafting or phoresy.

THE CAST

This list of taxa here postulated to possess Gondwanan distributions is pre-

sented in the knowledge that relationships may change, which could alter their

potential as Gondwanan representatives (e.g. see Pycnodithella and Cordylochernes).

In addition, some groups which have beeen previously postulated with Gondwanan

affinities are reassessed (e.g. Sternophoridae).

The higher classification follows Harvey (1992) and full taxonomic listings

with complete literature citations can be found in Harvey (1991).

Suborder Epiocheirata

Superfamily Chthonioidea

Family Chthoniidae

Subfamily Chthoniinae

Austrochthonius Chamberlin

Numerous species of Austrochthonius have been described from South

America, New Zealand, Australia and South Africa, where they may be particularly

abundant in forest litter. Austrochthonius spp., or their purported relatives, have not

been found in other portions of Gondwana (e.g. India). A related genus was briefly

reported from Madagascar by Heurtault (1986).

Pseudochthonius Balzan

Species of this genus have been reported from litter and caves in South

America (extending north to Mexico) and central and western Africa. The presence of

species on relatively young islands such as the Galapagos (P. galapagensis Beier)

suggest that dispersal has also occurred more recently.

Sathrochthonius Chamberlin

Species of Sathrochthonius have been reported from Australia, New Zealand.

New Caledonia and South America, where they are found in leaf litter and caves. The

most northerly record is from Venezuela (Muchmore 1989).

Pseudotyrannochthoniinae

Members of this unusual subfamily are currently placed in five genera and

have been reported from numerous Gondwanan areas, as well as outside of the region.
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These include Pseudotyrannochthonius (Australia, South America, eastern North
America, east Asia), Afrochthonius Beier (southern Africa, Madagascar, Sri Lanka),

Allochthonius Chamberlin (Japan, Korea), Centrochthonius Beier (montane regions of

Central Asia) and Selachochthonius Chamberlin (southern Africa). The generic-

composition and relationships of this subfamily warrant much further analysis to

determine true generic boundaries.

Family Tridenchthoniidae

Anaulacodithella Beier

This genus has been reported from southern Africa, Madagascar, eastern

Australia, Lord Howe Island and New Caledonia, where it occurs in leaf litter.

Heterolophus Tomosvary

These heavily sclerotised pseudoscorpions are found in eastern Australia,

South Africa and South America. The sole Australian species, H. australicus Beier, is

infrequently collected (Harvey, unpublished data).

Pycnodithella Beier

Only two species of Pycnodithella. P. abyssinica (Beier) (Ethiopia) and P.

harveyi Kennedy (eastern Australia) have been described, but they are dubious

contenders for a Gondwanan relationship as there may be some doubt as to whether

they are actually congeneric.

Superfamily Feaelloidea

Family Feaellidae

Feaella Ellingsen

The family Feaellidae has a distinctive distribution centered upon the Indian

Ocean. Species of the sole genus Feaella have been found in sub-saharan Africa,

Madagascar, Seychelles, India, Bangladesh, Sri Lanka and northwestern Australia.

Family Pseudogarypidae

Neopseudogarypus Morris

The sole species of Neopseudogarypus, scutellatus Morris, is only known from

a single locality in northern Tasmania. Individuals occur on the underside of rocks,

especially those that are not fully embedded in the soil (Harvey, unpublished data).

The only other living members of the family (Pseudogarypus) occur in northern

North America (Benedict & Malcolm 1978), although three additional species have

been described from Baltic Amber, indicating that they were formerly much more

widely distributed.

Although this genus, or any other pseudogarypid, has not yet been found on

any other Gondwanan element, the presence of Neopseudogarypus in Tasmania is
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clearly the result of a vicariant event predating the breakup of Gondwana, and possi-

bly even of Pangea.

Suborder Iocheirata

Superfamily Neobisioidea

Family Gymnobisiidae

This small family consists of only 4 genera and 1 1 species. Three genera

(Beierobisium Vitali-di Castri, Mirobisium Beier and Vachonobisium Vitali-di Castri)

are found in southern South America (including the Falkland Islands), while the

remaining genus (Gymnobisium Beier) is restricted to southern Africa (Vitali-di

Castri & Castri 1970).

Family Hyidae

This family was recently relimited by Harvey (1993) to include only three

genera with 9 species from southeast Asia and Sri Lanka (Hya Chamberlin),

northwestern Australia, India and Madagascar (Indohya Beier and Hyella Harvey).

Although at least one species of Hya is widespread in southeast Asia and appears

capable of considerable dispersal, it is clear that species of Indohya and Hyella are

much more restricted in distribution, and possess vicariant distributions resulting from

continental drift.

Family Syarinidae

Several genera of Syarinidae occur within Gondwanan areas, although most

belong to widespread genera (or are closely related to these genera), which indicates

that they are capable of widespread dispersal. However, the presence of an

undescribed syarinid genus in Tasmania, which appears to represent the sister-group

to Syarinus Chamberlin, is of considerable interest. Species of Syarinus are only

known from North America (Canada and U.S.A. as far south as New Mexico) and

northern Europe (Austria, Finland, Germany, Norway).

Other syarinid genera, such as Ideobisium Balzan, are known from continental

blocks in tropical regions (extending as far south as New Zealand), and may qualify

for status as a Gondwanan genus. Further work on the relationships and distribution

of genera within the Syarinidae are needed to test these hypotheses.

Superfamily Garypoidea

Family Garypidae

Harvey ( 1992) recently restricted this family to Garypus L. Koch and a series

of genera centred around Synsphyronus Chamberlin. Although the former are

widespread in the tropical and subtropical littoral zones, the latter possess a

characteristic Gondwanan distribution.
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Species ofAnagarypus Chamberlin have been reported from sea-shore habitats

bordering the Indian Ocean, as far east as the Great Barrier Reef, Queensland,

Australia. The genus Synsphyronus Chamberlin is widespread in Australia and New
Zealand, and has been recently collected from New Caledonia (Harvey, unpublished

data). The remaining 'synsphyronines' (listed by Harvey 1992) occur in southern and

eastern Africa, as far north as Kenya {Thaumastogarypus mancus Mahnert).

Family Geogarypidae

Geogaiypus Chamberlin

Geogarypids are generally tropical or temperate pseudoscorpions, with little

evidence of Gondwanan affinities. However, the Geogaiypus bucculentus species-

group, characterized by Harvey (1987), has a strong Gondwanan connection, with

species found in Argentina and Chile (G. pustulatus Beier). Juan Fernandez Islands

(G. bucculentus Beier) and southeastern Australia (G. connatus Harvey). The

presence of a species on Juan Fernandez Islands indicates at least some capacity for

dispersal, as the island group are of recent volcanic origin and estimated to be only 4

million years old (see discussion in Harvey 1987). Afrogarypus spp. have been

recorded from Africa. Madagascar and Seychelles (M. Judson. pers. comm.).

Superfamily Olpioidea

Family Menthidae

The disjunct distribution of the Menthidae (see Vitali-di Castri 1969;

Harvey & Muchmore 1990) raises questions over its biogeographic origins, and

there is a possibility that the family has a Gondwanan origin. However, more

collections are needed to test this hypothesis, and the family has been excluded from

Table 1

.

Family Olpiidae

Subfamily Olpiinae

Austrohorus Beier and Horns Chamberlin

These genera were cited by Main (1981) as an example of a Gondwanan

group, based upon Beier's (1966) assertion that the two genera are sister-groups.

Although this is probable, a more thorough review of the Olpiinae will be needed to

test Beier's hypothesis.

Superfamily Sternophoroidea

Family Sternophoridae

The generic composition of the Sternophoridae was relimited by Harn ey

(1985) to three genera (Afrosternophorus Beier. Garyops Banks and Idiogaryops

Hoff), and it was suggested that the group may have had its origins in Gondwana.
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However, Harvey (1985) cited several problems with that hypothesis (e.g. lack of

South American records), and a Gondwanan origin now appears unlikely, hence the

family has not been included in Table 1

.

Table 1

Synopsis of Gondwanan pseudoscorpions.

Australia New New New South Afriea Mada- Seyehelles India/ Comments

Guinea Zealand Caledonia Ameriea gascar Sri Lanka

Chthonidae

Austrochthonius +

Sathrochthonius +

Pseudochthonius

Pseudo-

tyrannochthoniinae +

Tridenchthonidae

Anaulacodithella +

Heterolophus +

Pycnodithella +

Feaellidae

Feaella +

PSEUDOGARYPIDAE

Neopseudogarypus +

Gymnobisiidae

Gymnobisium

All other genera

Hyidae

Indohya +

Syarinidae

Undescribed genus +

Garypidae

Anagarypus

Synsphyronus

Other

'synsphyronines'

Geogarypidae

Geogarypus

bucculentus

species-group

Afrogarypus

Cheliferidae

Philomaoriinae

( Philomaoria)

Protochelifer

Chernetidae

Goniochernetinae

Americhernes

Condylochemes

Withiidae

Nesowithius

+ +

+

Other members in

central and east

Asia. North America

Sister-group in

northern hemisphere

Sister-group in

northern hemisphere.

Littoral zone

Also Lord Howe Is.

Also some Pacific

Islands
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Superfamily Cheliferoidea

Family Cheliferidae

Protochelifer Beier

Species of Protochelifer have been reported from Australia and New Zealand,

where they are mostly confined to temperate leaf litter or under three bark. Two
species appear to be obligate cavernicoles.

Family Chernetidae

Subfamily Chernetinae

Myrmochernes Tullgren, Xenochernes Feio and Marachernes Harvey

This group was recently recognised by Harvey (1994) and accorded tribal

status (Myrmochernetini). at least until further phylogenetic work has been completed

on the 'chernetines', an extremely large group of chernetids which are currently

lacking synapomorphies. Myrmochernes (South Africa) and Xenochernes (Brazil)

were clearly shown to be sister-groups, although the position of Marachernes

(southern Australia) was considered more tenuous.

Cordylochernes Beier

Species of Cordylochernes have been reported from South America (as far

north as Mexico), northwestern Australia and South Africa. However, the apparent

Gondwanan origin for the genus should be treated very cautiously, as the sole South

African species, C. octenoctus (Balzan), was probably mislabelled (Vachon 1942),

and the sole Australian species, C. dingo Harvey, may be misplaced (Harvey 1990).

Heterochernes Beier

Beier ( 1976) stated that the monotypic New Zealand genus Heterochernes was

related to Dinocheirus Chamber! in, which at that time was known only from the

Americas (it has since been reported from Europe - see references in Harvey 1991).

This relationship has not been tested by examination of the female spermathecae, and

I am unwilling to ascribe a Gondwanan relationship to Heterochernes until this has

been carried out.

Reischekia Beier

This genus is known only from three species with disjunct distributions (R.

coracoides Beier and R. exigua Beier from New Zealand and R. papuana Beier from

Irian Jaya), and I have not found any further species in Australia or other Gondwanan

regions. However, local extinctions may have occurred over a previously wider distri-

bution, and the genus may qualify as an ancient lineage dating back to the breakup of

Gondwana.

Subfamily Goniochernetinae

Four genera are currently thought to constitute the Goniochernetinae (Calym-

machemes Beier, Conicochernes Beier, Goniochemes Beier and Metagoniochernes
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Vachon), although Harvey (1995) has tentatively questioned the supposed

monophyly of the subfamily. Calymmachernes and Conicochernes occur in Australia,

Goniochernes in central and western Africa, and Metagoniochernes in central Africa,

Madagascar and Japan.

Family Withiidae

Nesowithius Beier

This genus has been reported from Africa and the Seychelles (see references in

Harvey 1991), and was reported from Madagascar by Heurtault (1986). Despite the

possibility that at least one species can be distributed anthropogenically (Mahnert

1988), this genus seems a logical candidate for inclusion as a Gondwanan element.

RECURRING PATTERNS

The most familiar patterns concerning the Gondwanan pseudoscorpion fauna is

the presence of groups with 'traditional' gondwanan distributions encompassing

South America, Australia, New Zealand, South Africa, and occasionally Madagascar

and New Caledonia, with their complete absence from other regions. These include

Austrochthonius, Sathrochthonius and Heterolophus.

Some groups are less widely distributed and are currently thought to be

restricted to only two or three Gondwanan fragments. Examples include:

• South America and Africa: Gymnobisiidae and Pseudochthonius.

• Africa and Madagascar: Afrogarypus and Nesowithius.

• Africa and Australia Pycnodithella and Goniochernetinae.

• South America and Australia: Geogarypus bucculentus species-group and

Americhernes (also extending into North America and found on some Pacific

islands).

• Australia and New Zealand: Protochelifer.

• New Zealand and New Caledonia: Philomaoria.

Harvey (1996) discussed the unusual distributions of several groups occurring

around the rim of the Indian Ocean (western Australia, India, southern Africa and

Madagascar), but which are generally lacking from eastern Australia, New Zealand

and South America. These include the Feaellidae, Indohyinae (Hyidae) and the 'syn-

sphyronines' (Garypidae), as well as several other arthropod groups such as Moggrid-

gea (Araneae: Migidae) (Main 1991), Archaeochlus (Diptera: Chironomidae)

(Cranston et al. 1987) and the Opilioacarida (Acari) (Harvey 1996). These seem to

signify a significantly different Gondwanan element.

Three other pseudoscorpion groups may represent Pangeal remnants, high-

lighting extremely ancient divergence dates. These include the Pseudogarypidae

(Tasmania and North America, with Baltic Amber fossils) and the clade Syarinus

(North America, Europe) + undescribed genus (Tasmania). To date, these groups have

only been found in one Gondwanan region (Tasmania) but they may have either

become extinct other southern continents or have not yet collected in these regions.

Other pseudoscorpion groups may possess modern distributions that are the result of
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Pangeal origins (e.g. Pseudotyrannochthoniinae). but do not appear to be as clearcut

as the two highlighted here.

It is apparent from this brief summary that many pseudoscorpion taxa possess

modern distributions that qualify them as candidates for old Gondwanan relicts that

evolved prior to the breakup of Gondwana during the Cretaceous. However, the

pseudoscorpion fauna of the southern temperate regions is still poorly known, even at

the generic level, and much further work is needed to fully understand these

fascinating regional faunas and their interrelationships.
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Mass-length relationships of spiders and harvestmen (Araneae and

Opiliones). - General relationships of dry mass vs. length are derived for

spiders (Araneae, 7 families. 1 1 species) and harvestmen (Opiliones, 1

family. 4 species) found along a water shore in southern Germany. The

spider equation encompasses previous species-specific and habitat-specific

estimates and should thus be of general applicability for spiders < 10 mm in

length. The harvestman equation is applicable to harvestmen with a normal

rotund, oval-cylindrical body shape. Our equations are useful to estimate the

biomass of spiders and harvestmen. which is important to elucidate trophic

relationships, productivity and population dynamics in community ecology.

Key-words: mass-length relationship - biomass - trophic relationships -

population dynamics.

INTRODUCTION

Biomass data are useful to analyze ecological relationships in food webs. The

biomass of insects (prey, competitors or predators of spiders) can be conveniently

estimated with the general mass-length relationship given by Rogers et al. (1976).

However, no such general relationships have been established for arachnids.

Different mass-length relationships given for each of ten spider species by

Breymeyer ( 1967) and Clausen (1983) do not enable biomass estimates to be made

for spiders in general. The authors caution that the regression lines differ significantly

among most species and should be determined independently for each. This is

daunting for studies involving many species. By contrast, general relationships are

often sufficient to compare biomass at different sites.

Here we develop such general mass-length relationships for spiders (Araneae)

and harvestmen (Opiliones) captured along a river shore in Germany. The spider

species varied in body shape from elongate cylindrical to globular round and broad

flattish; the harvestmen were rotund cylindrical to oval. We test the generality of our

spider equation by comparing it with previous estimates.
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METHODS

Spiders and harvestmen of various sizes, ages and sexes were captured between

June-October 1994 in a 8 ha riparian forest along the Main River in Wiirzburg,

Bavaria, southern Germany.

Total length was measured with a graduated eyepiece (± 0.01 mm; dorsal,

anterior edge of prosoma to posterior edge of opisthosoma; excluding chelicerae and

spinnerets). The following 138 spiders, including members of both sexes, were

measured (adult species are given in brackets for genera where immatures were

indistinct; species names follow Platen et al. 1995): Clubionidae: 27 Clubiona sp. (C.

lutescens Westring and C. phragmitis C.L. Koch); Linyphiidae: 27 Gongylicliuin rufipes

(Linnaeus); Tetragnathidae: 22 Tetragnatha sp. (T. montana Simon) and 6 Pachygnatha

clercki Sundevall; Philodromidae: 14 Philodromus sp.; Araneidae: 14 Singa hamata

(Clerck), I 1 Larinioides cornutus (Clerck), 9 Araniella sp. {A. opisthographa

( Kulczynski)); Dictynidae: 4 Dictyna sp.; Theridiidae: 4 Theridion sp. (T. bimaculatum

(Linnaeus)). The 53 Phalangiidae (Opiliones) measured were: 23 Opilio canestrinii

(Thorell), 23 Oligolophus tridens (C.L. Koch), 4 Leiobunum rotimdum (Latreille) and 3

Rilaena triangularis (Herbst). Measured specimens were oven-dried at 1 10°C for 1 d

and 65°C for 1 d, then cooled to room temperature and weighed (± 0.01 mg; Mettler

MT5 scale). Many harvestmen were not intact due to loss of legs during life or capture.

All harvestmen were therefore weighed without any legs; for 14, a set of four legs was

weighed and multiplied by two to determine leg mass relative to the body.

RESULTS

The equation for all 138 spiders is (Fig. la):

M = 0.076L224? ( 1

)

where M is dry mass in mg and L is length in mm (r- = 0.88; P < 0.001; d.f. = 136; s.e.

of coefficient = 0.024; s.e. of exponent = 0.071 ). The equations were not significantly

different (P > 0.05) between Clubiona sp., Philodromus sp., Tetragnatha sp. and Singa

hamata. The slope was significantly steeper for Larinioides cornutus than for other

spiders (t > 2.7; P < 0.05) and shallower for Gongylidium rufipes (t > 3.0; P < 0.05).

The equation for the 53 harvestmen (without legs) is (Fig. lb):

M = 0.058L2 - 539
(2)

(i-2 = 0.92; P < 0.001; d.f. = 51; s.e. of coefficient = 0.012; s.e. of exponent = 0.104).

The slopes differed significantly between Oligolophus tridens and Opilio canestrinii

(t = 2.92; d.f. = 43; P < 0.05). Eight legs of O. tridens represent 28.9% of the total

mass of body and legs (SD = 4.9%; n = 5); for O. canestrinii it was 40.0% (SD =

6.3%; n = 9). With legs, the coefficient of the equation becomes 0.050 ±se 0.012 and

the exponent 2.962 ±se 0.402 (r2 = 0.82; P < 0.001; d.f. = 12). We suggest that

equation 2 be used as a conservative estimate, because of the variable number of legs

naturally found on harvestmen due to leg loss.
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100t

Length (mm)

Fig. I

Log-log plots of the dry mass vs. length relationship ± 95 c
/c confidence limits of (a) spiders

(138 individuals of 1 1 species from 7 families) and (b) harvestmen (53 individuals of 4 species

of Phalangiidae).

DISCUSSION
Community ecologists typically deal with species-rich samples that are often

obtained with inherently imprecise, albeit consistent, methods (e.g. Henschel et al.

1996). In view of this, it would appear superfluous and impractical to apply precise

mass-length relationships for each species. We suggest that general equations for

spiders and harvestmen are more useful for estimating biomass in community studies

than many specific equations are.
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Our general equation for spiders from one shore site should not only be

applicable for studies of Bavarian shores. It appears to be broadly similar to estimates

for particular spider species from other regions and habitats in Europe. The end-points

of all but one of the species-specific equations given by Breymeyer (1967) and

Clausen (1983) fall within the confidence limits of our relationship (Fig. la); the

slight outlier is Clausen's (1983) maximum mass of Nuctenea umbratica (sub

Araneus umbraticus). Clausen's other curves were situated to the right of our curve,

probably because he included the changeable chelicerae and spinnerets in his

measurements of length whereas we did not.

Further evidence for the general applicability of our spider equation comes

from Norberg's (1978) determination of fresh mass versus length of 496 arboreal

spiders of 18 species in Sweden. When the intercept is adjusted to 37.9% dry mass

given by Norberg (1978), his curve falls very close to ours (< 0.18 standard errors).

Our general spider equation thus encompasses at least the following families

(Breymeyer 1967; Norberg 1978; Clausen 1983; present study): Araneidae, Agele-

nidae, Clubionidae, Dictynidae, Linyphiidae, Lycosidae, Philodromidae, Segestriidae.

Tetragnathidae, Theridiidae, Thomisidae and Uloboridae.

To our knowledge, we are the first to derive a mass-length relationship for har-

vestmen, so that comparisons cannot be made. Although all our Opiliones were from

only one family, we do not expect the relationship to differ much in other families.

Harvestmen in general are not as diverse in shape as spiders or insects are.

In concluding that our equations appear to be of general applicability in

community studies, we should point out their limitations. They have been derived

only from spiders and harvestmen smaller than 10 mm in length and may not apply to

larger arachnids. Our relatively wide error margins may be unsatisfactory for studies

involving only a specific family, genus or species, where mass-length relationships

should be determined separately (A. Lang, pers. comm.). The application of the

general equations by Henschel et al. ( 1996) illustrates their value.
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Increase of arachnid abundance and biomass at water shores
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Increase of arachnid abundance and biomass at water shores. - Anthro-

pod communities were studied in the herb layer (Urtica dioica) along nine

freshwater shores in southern Germany to ascertain how community
structure changes with distance from the water. Spider abundance and

biomass tended to be higher within 2 m of the shores than at comparable

terrestrial sites located 30-50 m distant from the shores. This distribution

of spiders may be correlated with the distribution of flying imagoes of

aquatic insects. Besides these quantitative differences, the spider species

assemblages were broadly similar at the shores compared to distant sites.

By contrast, other predators appeared to be less abundant at the shore sites

compared to distant sites. No consistent trends were, however, evident for

herbivores. We nevertheless suggest that abundant polyphagous spiders

have the potential to depress terrestriai prey populations at the shore and

describe how we are testing this.

Key-words: abundance - biomass - trophic interactions - community

ecology - subsidy.

INTRODUCTION

Two disparate habitats abut at water shores. This is thus a convenient place to

examine the relationship of spiders with very different sources of prey (Polis & Hurd

1995«). Water shores are often prey-rich areas at which spiders concentrate in high

densities (Greenstone 1978; Jadranka 1992; Polis & Hurd 1995c/, b) within the

limitations of competition, territoriality and cannibalism (Riechert 1976; Kronk &
Riechert 1979; Gillespie 1981; Janetos 1982; Morse & Fritz 1982; Wise 1993).

In a preliminary examination of the question of whether the arthropod preda-

tor-prey ratios differ at freshwater shorelines compared to sites of similar structure

situated away from these shores, we studied arthropod communities at nine sites in

Bavaria. To investigate communities in the vegetative layer as a function of distance

from the shore, one needs to control for structural habitat variables that may influence

Manuscript accepted 09.01 . 1996.
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270 JOHANNES HENSCHEL, HELMUT STUMPF & DIETER MAHSBERG

densities independent of location (e.g., Gunnarson 1990). These structural variables

are particularly the type, density and height of the vegetation and the degree of shelter

from wind and sun provided by surrounding structures.

The greater stinging nettle Urtica dioica L. served as our focal plant commu-

nity to standardize habitat structure and sampling procedure. The insects associated

with nettles tend to form a characteristic community (Davis 1983) that facilitates

identification and analyses. The characteristic spatial and structural arrangement of

nettles may likewise facilitate the development of a characteristic arachnid commu-

nity.

Our analyses lead us to suggest definitive tests of the effects that allochthonous

processes have on trophic interactions occurring at the interfaces of major habitat

types such as water shores.

METHODS

During July-August 1995, nine localities in Bavaria were visited, of which

five were along rivers (Sites 1-5 along the Main river at Wurzburg, Heidingsfeld,

Miinsterschwarzach, and Dettelbach and along the Amper river at Palzing, respec-

tively) and four were along tributary streams of the Main (Sites 6-9 along the

Eheriedbach at Kaltensondheim and Kitzingen, the Zeubelriedbach at Erlach, and the

Kurnachbach at Lengfeld, respectively).

At each locality, two undisturbed sites with nettles were selected, one < 2 m
from the water shore, the other 30-50 m away. The two sites were comparable in

terms of exposure to sun and wind, and the height, density and patch size of nettles. In

a l-m 2 area at each site, nettles were beaten for 1 min with a stick over a beating tray

of 86 cm diameter; the approximate volume sampled was 1 m 3 of nettles. Arthropods

were captured with an electric vacuum pump (Henschel 1995) and preserved in 75%
ethanol.

Arthropods were identified and counted and their body lengths were measured

under a stereomicroscope, excluding projections at both ends. Dry mass (mg) of

arthropods was estimated by using the general equations of Henschel et al. (1996)

for spiders and harvestmen and of Rogers et al. (1976) for insects. Arthropods were

identified to the lowest taxonomic level at which distinctions were discernable,

hereafter termed taxonomic units. Where possible, spiders were identified to species

(following Platen et al. 1995), or. if immature, to genus or family; very small juve-

niles were not identified beyond order. Terrestrial insects were classified to family

level and taxonomic units; where immatures could not be matched with imagoes, they

were registered separately (e.g., Cicadellidae). The number of taxa may be

overestimated for insects and underestimated for spiders.

The sample populations were divided into three major categories, namely,

spiders, other arthropod predators and resident terrestrial herbivorous insects. The other

arthropod predator category comprised harvestmen, pseudoscorpions. nabid bugs and

carabid, coccinellid, and staphylinid beetles. The herbivorous insect category included

only those taxa and sizes of Homoptera, Heteroptera, and Coleoptera that resided on
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nettles and were known or expected to be captured by the predators (pers.obs. of >

500 predation events). Resident terrestrial invertebrates that were excluded were

snails, isopods, ants. Dermaptera. Collembola, Lepidoptera, Thysanoptera and Acari

that were not adequately covered by our sampling method or were of peripheral

interest. Excluded taxa comprised 28% of all sampled individuals.

RESULTS

Of the 2323 arthropods analyzed, spiders represented 39.99%. harvestmen

1.64% and other predators 4.61%. We collected 36 spider taxa of which up to 14

occurred in one sample (Fig. 1 ).

Spider abundance, biomass. and number of taxa were usually highest at the

shore (Fig. 1. 2a & 3). significantly so for absolute biomass and number of taxa

(Wilcoxon signed rank test T < 4; n = 9 pairs; P < 0.05) and the proportion of

abundance and biomass in each sample (T < 5; n = 9 pairs; P < 0.05). A notable

exception was Site 3. where extraordinarily many Gongyliclium rufipes (n = 107) were

collected 30 m from the shore (Fig. 2a). Overall, 60% of the individuals and 71% of

the biomass of spiders were collected at the shore sites.

60 t
1

Site

flH Spiders HI °ther Predators Herbivores

Fig. 1

Number of taxa of spiders, other predators and terrestrial herbivorous insects at nine river and

stream shores (left bar) compared to matched sites > 30 m distant (right bar).
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Abundance (bars) and biomass (crosses and lines) of (a) spiders, (b) other predators, and (c)

herbivores at nine river and stream shores (left) compared to matched sites > 30 m distant (right).
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Different species of spiders may respond differently to the proximity of the

shore (Appendix A). The most common spider, G. rufipes, did not differ significantly

between sites at and away from the shore (T = 14; n = 9 pairs; P > 0.05). The next

most common spiders. Tetragnatha sp. and Clubiona sp., however, tended to be

hydrophilic (T < 4.5; n = 9 pairs; P < 0.05). Other common species that were more

numerous at the shores were Singa hamata, Dictyna sp. and Metellina segmentata

(Appendix A). The only common species that were more numerous away from the

shore were Philodromus sp. and Linyphia hortensis. Leaving aside 1 1 singletons, 64%
of the taxa occurred both at the shore and > 30 m distant (Appendix A); the other nine

taxa were uncommon (total < 5) and could have been missed at either the shore or

distant sites. There is thus no evidence that there were differences in the species

assemblage at the shore compared to > 30 m distant.

The abundance and number of taxa of other predators tended to increase away

from the shore (Fig. 1 & 2b; T < 5.5; n = 9: P < 0.05), but the biomass was not

significantly different. This pattern appeared to differ from that of the spiders, but the

negative correlation was not significant (R
s
= -0.31 ; P = 0.20). The absence of nabids

and harvestmen at some localities reduced sample size so that we could not test

differences for these taxa separately. The total number of nabids and harvestmen was

higher away from the shore (Appendix B).

The abundance and biomass of herbivores did not present clear distribution

trends with distance from the shore (Fig. 2c; T > 18) nor relative to the abundance and

Fig. 3

Percent of the biomass represented by spiders, other predators and herbivores in each sample at

nine river and stream shores (left) compared to matched sites > 30 m distant (right).
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biomass of spiders and other predators (Fig. 3; R s
= 0.14; P = 0.58). The number of

taxa was higher at the shore (Fig. 1 ; T = 3.5; n = 8 pairs; P < 0.05). Of the four most

common families, Cicadellidae, Miridae, Anthocoridae, and Lygaeidae, only the

Lygaeidae differed significantly with distance from the shore; they were less nume-

rous at the shore (T = 2; n = 7 pairs; P < 0.05).

DISCUSSION

The abundance and biomass of spiders tended to be higher at water shores than

at sites some distance away. Casual observations indicated that another major change as

one approached a water shore was the increasing abundance of imagoes of aquatic

insects, such as mosquitoes and midges, that are often captured by spiders. It is thus not

surprising that spiders are abundant at shores, as spiders concentrate at prey-rich places

(Kajak 1965. 1978; Riechert & Lockley 1984; Nyffeler & Benz 1987; Riechert &
Bishop 1990; Wise 1993). Polyphagy is a key factor that provides spiders the capability

to control populations of minor prey. If shore spiders are dependent on abundant prey

of aquatic origin (Greenstone 1978), they may be decoupled from the less abundant

prey of terrestrial origin. High densities of spiders at the shore may thus depress

terrestrial prey populations; this effect declines with distance from the shore, as the

abundance of aquatic imagoes declines. This effect may be a characteristic of interfaces

of habitats that differ in richness and other qualities (Provencher & Riechert 1994).

Apparent competition occurs where bottom-up effects increase top-down

effects on different species, such as in the case of non-resident prey populations

influencing resident prey via their common predators (Holt 1984; Holt & Lawton

1993). The subsidy effect is one form of apparent competition that involves the

allochthonous flow of food from one habitat (donor) to another (recipient), thus en-

riching the consumers in the recipient habitat, while the food source remains beyond

recipient control (Polis et al. 1995; Polis & Hurd 1995<r/. b, c; Bustamante et al.

1995). Long-term subsidies become reliable resources that increase the productivity

of consumer populations. High densities of subsidized consumers are independent of

their in situ resources, which they can depress without incurring negative feedback. In

our case, aquatic insect imagoes subsidize shore spiders, that, in turn, can depress

terrestrial insects.

In the present study, some of the predators other than spiders may be less

abundant at the shore. This pattern may be explained by intraguild predation or com-

petition (Wise 1993) or by the predators' response to the increasing abundance of

terrestrial prey away from the shore where spiders do not depress the prey. Some of

the non-spider predators are specialists and dependent on terrestrial insects, thus

reducing their capability to depress such prey populations.

The suggestion of population control of terrestrial insects by polyphagous

spiders needs to be tested in greater depth. The present preliminary investigation does

not provide strong evidence that shore spiders depress terrestrial insects. Few samples

and short distances of 30-50 m do not allow for good resolution; greater distances are

difficult to find in Central Europe where microhabitats change between patchy
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Appendix A: Development stage (J = Juvenile, A = Adult) and abundance of spider species
captured at nine Bavarian localities at the shores and > 30 m distant from the shores.

Species Stage Total Shore Distant

n % 1

1

CI
70 n %

Anyphaenidae
Anyphaena accentuata (Walck.) J 3 (0.3) 3 (100) (0)

Aranaeidae

Araniella sp. J 1 (0.1

)

1 (100) (0)
Larinioides cornutus (CI.) 1 9 (1.0) 5 (55.6) 4 (44.4)
Singa hamata (CI.) A 1 (0.1

)

1 (100) (0)
Singa sp. J 18 (1.9) 17 (94.4) 1 (5.6)
Araneida J 8 (0.9) 1 (12.5) 7 (87.5)

Clubionidae

Cheiracanthium sp. J 3 (0.3) 3 (100) (0)
Clubiona luteseens Westr. A 5 (0.5) 5 (100) (0)
Clubiona stagnatilis Kulcz. A 1 (0.1

)

(0) 1 (100)
Clubiona sp. 1 140 (15.1) 107 (76.4) 33 (23.6)

Dictynidae

Dictyna uncinata Thorell A 4 (0.4) 2 (50.0) (50.0)
Dictyna sp. 1 20 (2.2) 16 (80.0) 4 (20.0)

Linyphiidae

Gongylidium rufipes (L.) A 6 (0.6) 5 (83.3) 1 (16.7)
Gongylidiuin rufipes J 258 (27.8) 1 13 (43.8) 145 (56.2)
Hypomma comutum (Blackw.) A 1 (0.1

)

(0) 1 (100)
Linyphia hortensis Sund. J 26 (2.8) 7 (26.9) 19 (73.1)
Linyphia triangularis (CL.) .1 5 (0.5) 3 (60.0) 2 (40.0)
Neriene montana ( CL.

)

] 2 (0.2) 2 (100) (0)
Neriene sp. ] 7 (0.8) 2 (28.6) 5 (71.4)
Linyphiidae .1 76 (S.2) 32 (42.1) 44 (57.9)

Philodromidae

Philodromus cespitum (Walck.) A 1 (0.1) (0) 1 (100)
Philodromus sp. J 27 (2.9) 8 (29.6) 19 (70.4)

Salticidae

Heliophanus auratus CL. Koch A 1 (0. 1

)

1 (100) (0)

Heliophanus flavipes Hahn A 3 (0.3) (0) 3 (100)
Sittieus sp. J 1 (0.1) 1 (100) (0)

Tetragnathidae

Metellina segmentata (CI.) J 35 (3.8) 23 (65.7) 12 (34.3)
Pachygnatha sp. J 1 (0.1) (0) 1 (100)
Tetragnatha montana Simon A 3 (0.3) 3 (100) (0)

Tetragnatha sp. J 170 (18.3) 137 (80.6) 33 (19.4)
Theridiidae

Achaearanea simulans (Thorell) A 1 (0.1

)

1 (100) (0)
Enoplognatha ovata (CI.) A 7 (0.8) 4 (57.1) 3 (42.9)
Theridion varians Hahn A (0.2) 2 (100) (0)
Theridiidae J 3 (0.3) (100) (0)

Thomisidae

Misumenops tripimctatus (Fabr.) .1 1 (0.1) (0) 1 (100)
Ozyptila sp. ] 1 (0.1) (0) 1 (100)
Xysticus sp. J 2 (0.2) (0) 2 (100)
Thomisidae .1 13 (1.4) 5 (38.5) 8 (61.5)

Non det. J 63 (6.8) 46 (73.0) 17 (27.0)

Total Number 929 559 (60.2) 370 < 19.8)

Total Biomass (mg) 603 462 (70.7) 177 (29.3)
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Appendix B: Number of taxa (NT) and abundance of families or species of predators other than

spiders and of herbivores captured at our nine localities at the shore and > 30 m distant from the

shore

Family/Species NT Total Shore Distant

n (%) n (%) n (%)

OTHER PREDATORS

Heteroptera

Nabidae 1D 34 (23.4) 7 (20.6) 27 (79.4)

Coleoptera

Carabidae 2 19 (13.1) 17 (89.5) 2 (10.5)

Coccinellidae 4 IS (12.4) 6 (33.3) 12 (66.7)

Staphylinidae D ZJ ( i z).y) 1 U (4j.5) i j (50.5)

Neuroptera

Chrysopidae l 5 (3.4) 3 (60.0) 2 (40.0)

Pseudoscorpiones
non Hpt 1

Q (-'-')
i
i

( 1 O ^ \
/ ( O / . 3 )

Opiliones

Oligolophus tridens (C.L. Koch) 1
11

( 1 5.2) l
/A < \(4.3) 2 1 (93.3)

Opilio canestrinii (Thorell) 1
1 1

1 1

ti J (I 1 .5)
o
O {11. I)

Leiobunum rotundum (Latr.) 1 ( 1 .4) ( 1 UU.W)
f\U (U.U)

non det. 1
1
J U. 1 ) (oo. /)

i

1 (jJ.J J

Total Predators 18 145 5 1 (35.2) 94 (64.8)

Biomass 35 / 1 2 / (35.4)
T3 1231 (64.6)

HERBIVORES

Homoptera
Cicadellidae 469 (37.6) 294 (62.7) 175 (37.3)

Psyllidae i 75 (6.0) 48 (64.0) 27 (36.0)

Aphididae z 17 (1.4) 9 (52.9) 8 (47.1)

Aph rophoridae 1 4 (0.3) 1 (25.0) 3 (75.0)

Delphacidae i 2 (0.2) (0.0) 2 (100.0)

Heteroptera

Miridae i n
i u _()o ( 1 D.J

)

iIUj (51 .U) 1 U

1

i AC\ f\\

Anthocoridae 2 160 (12.8) 105 (65.6) 55 (34.4)

Lygaeidae 2 138 (11.0) 17 (12.3) 121 (87.7)

Pentatomidae
->

z 25 (2 01 8 (32 0) 1

7

(68.0)

Loriculidae 1 1 (0. 1

)

1 (100.0) (0.0)

Coleoptera

Chrysomelidae 4 40 (3.2) 21 (52.5) 19 (47.5)

Apionidae 3 30 (2.4) 7 (23.3) 23 (76.7)

Curculionidae 2 27 (2.2) 10 (37.0) 17 (63.0)
Lathridiidae 1 25 (2.0) 7 (28.0) 18 (72.0)
Nitidulidae 3 21 (1.7) 1 1 (52.4) 10 (47.6)

Lagriidae 1 5 (0.4) (0.0) 5 (100.0)

Anthicidae 1 4 (0.3) (0.0) 4 (100.0)

Total Herbivores 53 1249 644 (51.6) 605 (48.4)
Biomass 877 357 (40.7) 520 (59.3)
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landscapes, preventing standardized comparison. More detailed analyses of arthro-

pods at replicate sites would provide a test of whether predators control herbivore

populations at the shore. Another test is to examine the effect of spider removal on

terrestrial insect populations. We are applying both approaches in ongoing studies.
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The prey captured by web building spiders (Araneae: Linyphiidae) in

comparison with feeding experiments. - Three linyphiid spiders,

Frontinellina frutetorum (C.L. Koch), Neriene radiata (Walckenaer) and

Linyphia triangularis Clerck were studied in an area of forest regrowth in

Eastern Austria. F. frutetorum and N. radiata were both active in spring

and early summer, but utilised significantly different vegetation heights for

web placement, while L. triangularis only emerged in late summer. In

addition to these spatial and temporal differences, each spider species

utilised a different prey spectrum. N. radiata captured more Sciaridae

(Diptera) than expected while L. triangularis subdued more Myrmicinae

(Hymenoptera) than expected. A feeding experiment using Sciaridae,

Aphidina (Homoptera), Myrmicinae and Drosophilidae (Diptera) as prey

was conducted to see if differences in attack efficiency are responsible for

the observed variation in prey capture. However, there was no significant

difference in the number of prey items successfully captured by the spiders

during the experiment. In addition to feeding experiments, the potential prey

available to the spiders, sampled by sticky traps at different times of the

season as well as at different vegetation heights, according to the spiders'

spatial and temporal distribution, were compared. The results indicate that

insect abundance varies with season as well as throughout different vege-

tation strata. Consequently, it seems more likely that species specific prey

capture efficiency has little influence on prey capture and that insect

availability governed the observed prey capture patterns for these spiders.

Key-words: Frontinellina frutetorum - Neriene radiata - Linyphia trian-

gularis - prey capture - feeding experiment.

INTRODUCTION

The foraging success of any predator depends on its ability to find and success-

fully subdue prey. Spiders are usually described as generalist predators, although

notable exceptions of prey specialists, such as the bola spider (Mastophora sp.) or the

Manuscript accepted 05.01.1996.
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spider eating Ero sp., exist (Foelix 1992). The predatory behaviour of web building

spiders involves placing and constructing the web, subduing prey entangled in the

web and ingestion (Leborgne et al. 1991 ).

For successful prey capture, any potential prey item must move in the vicinity

of the web, must be unable to avoid coming into contact with the web and must be

retained long enough for the spider to attack it (Turnbull 1960). Once entangled in

the web, some insects successfully employ a number of defence mechanisms such as

a thick cuticle, aggressive behaviour (Nentwig 1987) or chemical deterrents (Eisner

& Dean 1976) to counteract the attack of spiders. Furthermore, a spider can choose

to attack or reject a given prey item, reflecting some kind of preferences (Riechert &
Luczak 1982; Turnbull 1973).

In view of the complex nature of prey capture, it is not surprising to find

differences in the prey captured by various web building spiders (eg. Alderweireldt

1994; Herberstein & Elgar 1994; Malt et al. 1990; Nyffeler et al. 1989; Pasquet

& Leborgne 1990; Wise 1993). However, it is often difficult to relate any differences

in prey capture to species specific variations in foraging behaviour.

Differences in the types of prey captured by three sympatric sheet web build-

ing spiders, Frontinellina frutetorum (C. L. Koch), Neriene radiata (Walckenaer) and

Linyphia triangularis Clerck are reported here. An attempt is made to relate these

prey capture patterns to species specific variations in prey capture efficiency and to

differences in prey availability.

MATERIALS AND METHODS

The study was conducted in a mixed deciduous forest located in Eastern

Austria near Hartberg (Styria). The study site consisted of an area of forest regrowth

and the spiders constructed their sheet webs on the numerous young fir trees planted

(Herberstein 1995).

F. fmtetorum and N. radiata overlapped in their development, maturing

concurrently in early summer. While both were frequently found on the same fir trees,

the spiders utilised different vegetation layers, F. frutetorum selecting higher canopy

and N. radiata lower canopy for web construction. In contrast, L. triangularis was

seasonally isolated, maturing in autumn (Herberstein 1995).

The prey captured by F. frutetorum and N. radiata was sampled from May to

July 1993 and from August to September 1993 for L. triangularis. Only those items

on which the spiders were feeding were removed from the webs and later identified.

The webs were surveyed at 1 to 2 hour intervals covering the spiders' entire foraging

period.

The potential prey available to the spiders was estimated by trap captures. The

traps consisted of transparent plastic sheets (30 cm by 30 cm) and were evenly

covered on one side with a clear and water proof insect glue (Rotor Raupenleim).

Traps were erected randomly at intervals of 30 cm from to 180 cm. The traps were

only exposed during periods when the webs were also surveyed and all items captured

were removed and later identified.
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A feeding experiment was conducted from 09-14 May 1994 using F.

frutetorum and N. ixidicitci and from 07 - 17 July 1994 using L. triangularis. Spiders

were collected in the study area and released in the laboratory onto artificial, three-

dimensional structures (height: 30 cm. maximum length and width: 30 cm) providing

sufficient support for web construction. The experiment commenced after a total

hunger period of 48 hours. Four prey types were tested: Aphidina (aphids), Sciaridae

(nematoceran flies) and Myrmicinae (ants), collected from the investigation area as

well as Drosophilidae (Drosophila sp., fruit flies) from laboratory stock.

Each prey item was introduced into the web precisely above the spider and

attack behaviour as well as prey capture was monitored. Attack behaviour was

considered any rapid movement towards the prey along with plucking threads or

shaking the entire web. The item was considered captured when the spider was

holding it with the chelicerae.

The time taken until prey capture was measured in seconds. Any captured

item was immediately removed and the second prey type was tested after a period of

30 minutes. The order at which the prey types were fed was random. Twenty spiders

of each species were used and confronted only once with any given prey type.

Analysis

The prey spectra captured by the three spider species were compared using

Hierarchical log linear tests. This analysis only considered prey types sampled at

frequencies greater than 5%. The test also calculated standard residuals (z - values)

with 95% confidence intervals at ± 1.96 to reveal which of the individual insect prey

group frequencies differed.

Differences in the distribution and abundance of potential insect prey (trap

captures) were also analysed using Hierarchical log linear tests. Trap data sampled at

different vegetation heights (0 - 60 cm, 61 - 120 cm, 121 - 180 cm) and at different

times of the season (May - July vs August - October) were compared. Trap data ana-

lyses considered prey types sampled at frequencies greater than 5% but also included

the major prey types utilised by the spiders even if trap capture frequencies were less

than 5%.

The numbers of prey items attacked and successfully captured by each spider

species during the feeding experiment were analysed with %
2 tests. The spiders'

capture times measured during the feeding experiment for Aphidina, Sciaridae and

Drosophilidae were compared using Kruskal-Wallis tests.

RESULTS

A total of 151 prey items were collected from the webs of F. frutetorum, 82

items from the webs of N. radiata and 138 from webs of L. triangularis. Aphidina,

Cicadellidae (Homoptera), Sciaridae and Myrmicinae made up the major prey types

amongst other insect groups of minor frequencies (Fig. 1). A comparison of prey

spectra revealed significant differences (y_
2 = 54.5, df = 6, P < 0.01 ). as N. radiata
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Fig. 1

The frequency distributions of insect prey captured in the field by F. frutetorum, N. radiata and

L. triangularis.

captured more Sciaridae than expected, while L. triangularis captured more Myrmi-

cinae than expected (Fig. 2).

The numbers of Aphidina, Sciaridae, Myrmicinae and Drosophilidae success-

fully captured (Tab. 1 ) by each spider species during the feeding experiment were

similar (y} = 9.0, df = 6, P > 0.05). There was also no difference in the number of prey

items that elicited an attack, irrespective of whether the item was subsequently captured

or not (Tab. 2) (x
2 = 0.723, df = 6, P > 0.05). The median attack time (Tab. 3) it took

to subdue Aphidina (H = 7.5. df = 2,P< 0.05) as well as Drosophilidae (H = 10.9, df =

2, P < 0.01) differed between the three spider species, while no significant difference

was observed for the time taken to subdue Sciaridae (H = 1 .6, df = 2, P > 0.05).

Table 1

The number of prey items successfully captured by F. frutetorum. N. radiata and L. trian-

gularis during the feeding experiment.

F. frutetorum N. radiata L. triangularis

Aphidina 14 17 12

Myrmicinae 3

Sciaridae 1 1 18 8

Drosophilidae 10 13 8
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Table 2

The number of prey items attacked by F. frutetorum. N. radiata and L. triangularis during the

feeding experiment.

F. frutetorum N. radiata L. triangularis

Aphidina 16 18 14

Myrmicinae 12 17 14

Sciaridae 18 20 1

Drosophilidae 16 17 14

Table 3

First quartile. median and third quartile of the time (seconds) taken until successful prey
capture by F. frutetorum, N. radiata and L. triangularis.

F. frutetorum N. radiata L. triangularis

Aphidina Q, = 105

(> = 360

Ch = 922.5

n = 13

Ql = 150

Q-> = 630

Ql = 840
/; = 14

Ql =38
Qi = 142.5

Q^ = 238

n = 12

Sciaridae Ql =3
Q^ = 3.5

Q3 = 30

n = 10

Ql = 2.5

Q2 = 4

Q3-5
n= 17

Ql =2

Q2 = 2

Ql = 240

n = 8

Drosophilidae Ql =3
Q2 = 5

Q3 = 10

n = l

Ql =2
Q 2 = 2

Q3 = 6

n = 11

Ql = 1

Q2=l
Q3 = 2

n = 8

The comparison of trap data revealed significant variations in the seasonal

abundance as well as the vertical distribution of insects. The insect prey sampled in

early summer (May - July) was significantly different to that sampled in autumn

(August - October) (x
2 = 99.2. df = 9. P < 0.01 ) (Fig. 3). Similarly, the composition

of insects sampled from May to July differed throughout the three height classes <x
2 =

220.1. df = 10, P < 0.01) (Fig. 4).

DISCUSSION

The main prey types captured by the spiders in the field were Aphidina.

Sciaridae. Cicadellidae and Myrmicinae (Fig. 1 ). Consequently, the prey types tested

in the feeding experiments reflect the importance of naturally captured prey. While

Aphidina and Sciaridae were easily found and collected for the experiment, Cica-

dellidae were difficult to locate and capture and could not be tested. Drosophilidae

were fed to see how spiders reacted to a novel prey type which was rarely captured
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F. frutetorum

N. radiata

L. triangularis

Aphidina Cicadellidae Myrmicinae Sciaridae

Fig. 2

The standard residuals and 95% confidence limits ( ) of the frequency distributions for

prey items captured in the field by F. frutetorum, N. radiata and L. triangularis.

Other

Chloropidae

Phoridae

Sciaridae

Diapriidae

Cecidomyiidae

Ceraphronidae

Cicadellidae

Aphidina

Thysanoptera

W May - July

D August - October

10 20 30 40 50

Percent frequency (%)

Fig. 3

The frequency distributions of prey sampled by the traps from May until July (total number of

insects captured = 1 184) and August until October (total number of insects captured = 717).
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Fig. 4

The frequency distributions of prey sampled by the traps from May to July (total number of

insects captured = 1 184) at three different height classes (0 - 60 cm, 61 - 120 cm, 121 - 180 cm).

under natural conditions. Additionally, the Myrmicinae captured by the spiders in the

field were all winged males and females, however, for the feeding experiment only

workers were available and tested.

The feeding experiment was designed to investigate the spiders' reaction

towards prey in the web. Other possible influences on prey capture success such as

web visibility (Craig 1988; 1990; Craig & Freeman 1991) or attractive properties

(Craig & Bernard 1990; Craig & Ebert 1994) were not considered and the results

should, therefore, be viewed within this context.

The results of the feeding experiment suggest that species specific capture

efficiency of prey introduced into the web does not seem to have a major influence on

prey capture success. N. radiata did not capture significantly more Sciaridae and L.

triangularis did not subdue more Myrmicinae as suggested by field data.

Interestingly, species specific differences in attack time for Aphidina and

Drosophilidae did not reflect in the number of items captured during the experiment.

Moreover, although N. radiata captured more Sciaridae in the field, capture time for

Sciaridae during the experiment was similar for all three spider species.

These results are in contrast to a similar approach (Nentwig 1983), where the

results of the feeding experiment reflected those of actual prey capture. In contrast to

the present study, however, tests of significance were not conducted and prey data

collected from various linyphiid and theridiid spiders were pooled.
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The types of vibrations produced by an item in the web can provide important

information about the profitability of prey and can potentially aid in preventing the

spider from wasting energy in unprofitable pursuit (Riechert & Luczak, 1982; Uetz

& Hartsock 1987). Yet, all prey types were initially attacked in similar proportions

(Tab. 2), suggesting that Aphidina, Sciaridae, Myrmicinae and Drosophilidae were all

judged worth an attack. The extent of the attack did, however, vary considerably

possibly reflecting the expected prey profitability.

It is recognised that the width of the actual prey capture will depend on the

availability of potential prey (Nentwig 1987). As F. frutetorum, N. radiata and L.

triangularis were distributed distinctly in terms of time of the season and web height,

the analyses of the potential prey considered variations in the seasonal and vertical

distribution, which differed significantly. However, the difficulties with estimating

the total prey availability are recognised (Castillo & Eberhard 1983; Nentwig

1989). Using sticky traps to sample potential prey was probably more appropriate

than other methods such as colour traps, which may attract insects from higher

vegetation layers, or sweep nets, which are very distinctive. Additionally, statistical

analyses could not control for any possible variation caused by individual webs or

traps. Therefore, trap data only indicate general trends, and should be interpreted with

caution.

Despite these possible biases, the present results indicate that specific capture

efficiency does not seem to influence prey capture success and that variations in prey

supply is more likely to govern the actual prey captured by the spiders in accordance

with other studies (Chacon & Eberhard 1980; McReynolds & Polls 1987; Uetz et

al. 1978).
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Genitalia, fluctuating asymmetry, and patterns of sexual selection in

Physocyclus globosus (Araneae: Pholcidae). - Some recent papers on

sexual selection distinguish between 'secondary sexual traits' and 'other

morphological traits'. An analysis of genitalic and non-genitalic characters

in a spider revealed that genitalia cannot be assigned to any of these two

categories, but rather show a mixed and inconsistent pattern. It is argued

that this reflects the multifunctionality of genitalia, which, in the case of

complex genitalia like in many spiders and insects, may consist of coupling

(including sperm transfer) and displaying structures, each of which are

subject to different selective regimes.

Key-words: genitalia - sexual selection - secondary sexual traits - fluctu-

ating asymmetry.

THE NEGLECT OF GENITALIA

When Darwin (1871) discussed the concept of sexual selection, he mainly

concentrated on external courtship and fighting structures of vertebrates (about 80%
in the group specific section). Although present day knowledge of invertebrate sexual

biology is much larger, most recent insights with respect to sexual selection still

emerge from studies on secondary sexual traits of birds, fishes and amphibians

(conspicuous plumage, sex-specific coloration, frog-calls, etc). It is not surprising

therefore that most theoretical concepts of sexual selection are based on vertebrate

secondary sexual traits (Fisher 1930; Lande 1981; Andersson 1986; Pomiankowski

et al. 1991; Pomiankowski & Iwasa 1993). A new aspect has been introduced into

the discussion by Eberhard (1985), who applied Darwin's ideas to animal genitalia.

Thus he was able to explain some extravagances of genital evolution (rapid and

divergent evolution, species-specificity, morphological complexity) which were well

known to taxonomists for a long time but were previously not convincingly explained.

* The results presented in this study will be published in more detail elsewhere.
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However, in most current discussions of sexual selection, genitalia are not referred to.

In this note I will argue that this neglect may lead to unjustified generalizations as to

the way sexual selection operates.

Current discussions of sexual selection often distinguish between 'secondary

sexual traits' and 'other' ('ordinary', 'non-sexual') morphological traits (Moller &
Hoglund 1991; M0ller 1993; Moller & Pomiankowski 1993; Watson & Thorn-

hill 1994; Swaddle & Cuthill 1994; Simmons et al. 1995). A number of general

differences between the two categories have been put forward. Table 1 lists some of

these, following Moller (1993). Evidence is not sufficient to assign any genitalic

structure unambiguously to one of the two categories in all seven points, but at least

two points are beyond dispute: genitalia are usually highly species-specific (point 2)

and, from the perspective of survival ability, of low 'functional importance' (point 7).

As to point 1 there are both very simple and highly complex genitalia. As regards

points 3-6 (direction of selection, developmental stability, patterns of fluctuating

asymmetry), investigations into these subjects are badly needed.

THE MIXED PATTERN OF GENITALIA

This note presents data from a morphometric analysis of genitalic and non-

genitalic characters in 32 individuals of each sex of the spider Physocyclus globosus

(Taczanowski, 1873) (Pholcidae), which provide preliminary characterizations with

respect to points 3-6 in Table 1. Based on detailed studies of courtship and copulation

(Huber & Eberhard, submitted), 16 male and female characters (Fig. 1) were divided

into genitalic traits (1-4), non-genitalic (somatic) traits (5-13) and intermediate traits

(14-16) (characters that are close to. or functionally related to the intromittant organs).

Measurements were done using a compound microscope with ocular micrometer.

Only structures that could be aligned in consistent orientations were measured.

Regression slopes for genitalic on somatic characters (Yb=0.35, range 0.17-0.55,

N=21 ) were consistently lower than for somatic on somatic (Yb=0.98, range 0.46-1.77.

N=36) and genitalic on genitalic characters (Yb=0.70; range 0.60-0.87, N=6) (all data

log-transformed). Intermediate values were found for regression slopes of genitalia on

intermediate traits (Yb=0.51, range 0.31-0.69, N=7) and intermediate traits on somatic

traits (Yb=0.57, range 0.33-0.88, N=15). The same trend has been found in 15

additional species of spiders and insects (Eberhard et al., submitted). This difference in

allometry may reflect selection favoring individuals with genitalic traits of average size.

This suggests that, if other complicating factors such as pleiotropy are not important,

there is at present stabilizing selection on the size components measured of genitalia

and relatively high developmental stability (points 3 and 4 in Table 1 ).

Fluctuating asymmetry (FA; deviations from perfect bilateral symmetry that

are thought to reflect the degree of developmental stability) was measured for the first

time in genitalic characters and the first time in spiders. FA was not higher in

genitalic (1-3) than in somatic (5,7,8,10,11) and one intermediate (15) traits (means of

relative FA ranged from 0.8% to 1.1% in genitalic, from 0.4% to 1.3% in somatic
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Fig. 1

Measured characters of Physocyclus globosus. ( 1 ) bulbus length, (2) bulbus width, (3) procursus

length. (4) epigynum inner width, (5) and (6) male and female tibia I length, (7) male tibia IV

length, (8) male carapace width, which was devided into right and left half. (9) female carapace

width, ( 10) distance between ALE and AME (in male). (11) male cheliceral length. (12) and (13)

male and female cheliceral width, ( 14) distance between male cheliceral apophyses, ( 15) diameter

of male pedipalpal tibia, (16) epigynum outer width.
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traits, and was 0.7% in trait 15), which sheds doubt on the general statement that

sexually selected traits show higher FA than other morphological characters (point 5

in Table 1 ). An alternative possibility is that I only measured size components that are

currently not under sexual selection and that other aspects of genitalic form might

have shown higher degrees of FA. Nevertheless, given the fact that directional

selection produces high asymmetry (Palmer & Strobeck 1986) the low degrees of

FA strengthen the idea that the measured size components of genitalia may be, at

present, under stabilizing selection (see above).

The relationship between degree of FA and size of the trait (point 6 in Table 1)

was flat in most genitalic and non-genitalic traits. However, in the highly enlarged male

pedipalps there was a significant negative correlation between diameter of tibia and

absolute FA (least squares linear regression; b= - 0.07; p=0.0016). This may be inter-

preted as an indication that pedipalpal strength is a reliable signal of male quality,

where only 'high-quality' males are able to develope large and symmetric pedipalps.

Pedipalp function during copulation in Physocyclus globosus and some other pholcids

(Uhl et al. 1995; Huber 1995) as well as the fact that the proximal pedipalpal segments

are packed with the strongest muscles in the whole spider, suggest female choice for

male vigour as an underlying selective force. Thus the proximal pedipalpal segments

(that carry the genital bulb, yet are not genitalia sensu stricto) apparently behave as

'secondary sexual traits' regarding points 6 and 7, but as 'other morphological traits'

regarding points 1, 2, 4, 5. The inadequacy of Table 1 becomes especially evident when

considering the selection to which the trait is subjected (point 3): the low degree of FA

Table 1

Differences between 'secondary sexual traits' and 'other morphological traits' following Moller
( 1993), and characterization of the measured genitalic traits in Physocyclus globosus.

'sec. sex. traits' 'other morph. traits' genitalic traits in

Physocyclus globosus

1. "intricacy of design"

2. species-specificity

3. selection to which

trait is subjected

4. developmental

stability

5. degree of fluctuating

asymmetry (FA)

high

high

directional

low

high

6. relationship between linear

degree of FA and size of trait (pos. or neg.

)

7. "functional importance" low

low

low

stabilizing

high

low

u-shaped or flat

high

low (1,2,4) to medium (3)

high

stabilizing

directional: 2?

high

low

flat: 1;3

negative: 2

low
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suggests stabilizing selection, the negative relationship between degree of FA and size

of the trait suggests directional selection. A similar negative correlation between trait

size and absolute FA was found in bulbal width (b= - 0.18; p=0.0025). This suggests

selection on the amount of sperm and/or seminal products that is transferred. But again,

the low degree of FA seems not typical of directional selection. Thus, with the existing

data set, point 3 may not be solvable for these traits.

GENITALIA AS MULTIFUNCTIONAL ORGANS

This mixed and inconsistent pattern might provide a basis for a substitution of

the traditional classification of sexual traits into 'primary' and 'secondary' sexual traits

by a classification into 'displaying' (including display in male-male combat as well as

external and internal courtship) and 'coupling' traits. 'Coupling traits' include charac-

ters whose proper function is confined by some degree of fit with female structures:

clamping devices, sperm-transfer and -removal structures, plug-deposition and -remo-

val structures, etc. It is probable that morphologically complex genitalia (like those of

many arthropods) will often not be assignable to one of these categories as a whole,

but may present 'displaying' as well as 'coupling' (and intermediate) traits , each selec-

ted separately, and may thus combine features of 'secondary sexual traits' and 'other

morphological traits'.

In addition, inconsistent patterns between species or populations of one species

may be expected, depending on their position in the 'epigenetic landscape': popu-

lations/species on adaptive slopes, with genetic constitutions far from the equilibrium

and with low developmental homeostasis (e.g. small isolated, or peripheral popu-

lations) may have genitalia subject to directional selection, with high fluctuating

asymmetry, low developmental stability and high variability (as found e.g. in the bug

Eurygaster integriceps by Kerkis 1931). Populations/species on adaptive peaks on

the other hand may show the opposite pattern, as found in the spider in this study.

Thus, a single 'genitalic pattern' may not exist, first because individual struc-

tures of a genitalic organ may be subject to different selective regimes, and second,

because selection on a particular structure need not be consistent with time.

In conclusion, generalizations of results from studies of displaying traits to all

sexually selected traits may be misleading (Tadler, pers. comm.). Zoologists focus-

sing on sexual selection ought to bear in mind Eberhard's (1993) claim that "...geni-

talic evolution. ..should be taken into account in any discussion of sexual selection that

aims at generality".
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A preliminary phylogenetic analysis of Australian Triaenonychidae
(Arachnida: Opiliones). - The aim of this study is to identify cladistic

structure amongst Australian Triaenonychidae as a base for a wider study

involving the entire family. The Triaenonychidae has a largely Gondwanan
distribution with extensions into North America, Japan and Korea. It is not

known from India.

A matrix of 42 genus level taxa and 35 characters was analysed using

hennig86. Four well supported terminal clades were identified: those

containing Lomanella, Nunciella, Equitius and the Triaenobuninae sensu

Roewer. Further analysis suggests that the Triaenobuninae sensu Roewer is

paraphyletic relative to the Triaenonychinae.

The status of the Lomanella clade as a possible new subfamily grouping is

discussed. The analysis has to be widened to embrace the whole family

across its entire distribution before more definite judgements on family

level classification can be made. Analysis of a larger character set incor-

porating non-Australian genera is planned for a future study.

Key-words: Phylogeny - Analysis - Opiliones - Triaenonychidae -

Australia.

INTRODUCTION

The first Australian genus and species belonging to the Triaenonychidae

Soerensen 1886 were described by Simon in 1880 from a series of specimens

collected in the Blue Mountains, near Sydney. Since the description of Equitius

doriae. over 130 additional species in about 40 Australian genera have been des-

cribed, particularly from Tasmania. The relationships between Australian genera have

remained obscure, although generally they have been regarded as falling into two

major groups, the Triaenonychinae and Triaenobuninae (Hickman. 1958) (though

Forster 1954 considered the groups to have only the status of Tribe w ithin the

Triaenonychinae).
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Several attempts have been made to refine the family level classification of the

Triaenonychidae: Roewer (1915) focussed on sternal shape, Forster (1954), Briggs

(1971) and Suzuki (1975) on morphology of tarsal claws, and more recently Martens

( 1986) has suggested that male genitalic characters might be of more value in defining

major groupings. The literature has been reviewed by Hunt & Hickman ( 1993).

No studies have attempted to resolve the issue of higher classification by the

use of cladistic analysis. In this preliminary study, cladistic structure and character

evolution are explored in the Australian fauna and some observations made on higher

classification. The analysis will, in a later study, be widened to embrace the whole

family across its entire distribution. More definite judgements on family level classifi-

cation will have to await the results of this study.

The Triaenonychidae is regarded as the most primitive family in the suborder

Laniatores, having retained a fully developed muscle in the shaft of the penis

(Martens 1986). Its sister family, the Travuniidae, retains a modified muscle res-

tricted to the base of the shaft, while other laniatorid groups have lost the muscle

completely. The Triaenonychidae has a largely Gondwanan distribution with exten-

sions into North America, Japan and Korea. It is not known from India.

METHODS

Terminology in general follows Forster (1954, Figures 1 and 3) and Hunt &
Maury (1993, Figure 1). The type species was used to code for each genus and where

possible corroborated by other species. Some nominal genera known to be junior

synonyms, for example Conoculus Forster 1949 (= Yatala Roewer 1942), were omitted

though synonymy has yet to be formalised. The more familiar Calliuncus Roewer 1931

was used, although it is evidently a junior synonym of Parattahia Roewer 1915.

Perthacantha Roewer 1931 (= Dingupa Forster 1952) was omitted because of lack of

genital data. Species groups, for example in Lomanella Pocock 1903, were included.

Polarity of character states for cladistic analysis was determined by outgroup

comparison. Two outgroups were chosen: Speleonychia sengei, described by Briggs

(1974), from the Travuniidae, a probable sister taxon to the Triaenonychidae

(Martens 1986); and Larifuga calcarata Lawrence, 1931 (redescribed by Kauri,

1961), from the Adaeinae, traditionally regarded as a different taxon from family

level taxa in Australia (Roewer 1915; Lawrence 1931; Forster 1954; Hickman

1958). Noting Martens' character evolution hypothesis for penis morphology (Martens

1986), the penis of L. calcarata was regarded as plesiomorphic in form, that of S.

sengei highly apomorphic. Penis characters were evaluated accordingly.

The complete matrix including the 2 outgroups was of 44 genera and 35

characters (71 character states) (Table 1 ). Basic analysis used the mhennig* and bb*

subroutines of hennig86, version 1.5 (Farris 1988). Supplementary analyses used

the successive weighting and nelsen strict consensus subroutines.

The following analyses were undertaken:

1. Complete data matrix. This resulted in 540 equally parsimonious trees (99 with

successive weighting). Analysis always placed the outgroups in the ingroup. This is
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regarded as an artifact due to the combined effects of presumed homoplasy, group

size and the exclusion from the analysis of characters which only define the out-

groups. Elimination of the outgroups from the analysis resulted in fewer cladograms

(Table 2). The nelsen consensus of the complete data, however, was very similar to

that for data minus the outgroups.

2. Complete data matrix minus the outgroups. Rooting was in the hypothetical

ancestor where each character was coded as a plesiomorphy, determined by compa-

rison with the outgroup character states. Character 26 was ambiguous for Notonuncia

and Leionuncia so the polarity was coded in 3 separate analyses as ?, 1 and 0.

Intuitively, it was felt 1 was correct because the wing-like lateral projections from the

stylus (Figures 65 and 83, Hickman 1958) could well have arisen by intimate fusion

of the flanking plates with the stylus. The results of these analyses are summarised in

Table 2.

3. Successive weighting. Analyses in (2) were re-run using successive weighting

(Table 2).

4. Nelsen consensus. This was applied to each tree output file in (2) and (3).

5. Selection of trees for CLADOS output. As expected, the nelsen tree from the

weighted data showed greater resolution of cladistic structure than the nelsen tree

from the unweighted data. The relevant "weighted" nelsen tree was compared to the

trees in the unweighted tree output file. A tree which closely corresponded in topo-

logy was selected for CLADOS (Nixon 1992) output (Figure 2) and analysed.

OVERVIEW OF MORPHOLOGY

Dorsal body structures

Only two dorsal body structures were used in analysis (characters and 1 ).

Eyemound structures like the presence of a spine or eyemound position relative to the

anterior margin of the carapace were not scored. In an earlier analysis these appeared

excessively subject to homoplasy and resulted in overflow in the number of trees.

Characters which could be considered in future analyses include the extent of

development of tergal area 1 and the strength of spines on tergal area 3. A promising

character, but not yet understood because of insufficient data, is the pattern of fusion

of tergites into the scute during development. Both Lomanella and Nunciella appear

to differ from taxa like Equithts in their patterns of fusion.

Ventral body characters

The classical family-level character of sternum shape was used in the analysis

(characters 2 and 3). A wedge-shaped sternum with a narrow base, present in both

outgroups, was regarded as plesiomorphic. There is potential for the recognition of
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more subtle character states: sternal shape may vary in subtle ways correlated to the

evolution of surrounding structures: mouthparts, coxae, architecture and position of

genital opening, and penis size. For example, Hunt & Maury (1993) showed that

shape can vary in cases where penises have hypertrophied. Nevertheless, Roewer's

(1915) characterisation of sternum shape remains a good generalisation. Similarly, the

position of the genital operculum (character 5) has potential for multistate coding.

There seem to be gradations between an extreme anterior position, and the extreme

posterior position in Lomanella. Any anteriad displacement is coded here as 1.

Character 4 (whether the spiracle in exposed or covered) appears to be a important

character and an ultrastructural study may yield further useful characters.

Appendage characters

Chelicera: other than the presence of a boss (character 12), no other characters

were used. In an earlier analysis, the presence/absence of a prodistal spine on the

basal article was used but found to be very homoplastic, generating many additional

trees without clarification of structure.

Pedipalp: several characters, particularly relating to spination of the femur

(characters 13-16) were used. Modification of the proximoventral spine is particularly

useful.

Legs: characters relating to increase in the number of tarsal articles in both

sexes (character 6) and the male (character 7) are useful but need to be evaluated with

caution (Hunt, 1971; 1985). The presence of a ventral notch in the calcaneus of leg 1

in males of some taxa (character 8) is a very interesting character (see Results and

Discussion below). Spination of the femur of leg 1 (characters 9 and 10) help define

clades but homoplasy in character 9 should be suspected. The presence of a peltony-

chium on legs 3 and 4 (character 1 1 ) has implications for family-level classification

(Hunt & Hickman 1993).

Genital characters

Penis: The potential importance of penis structure in classification was de-

monstrated in the pioneering studies of Forster (1954) and Martens ( 1986). A large

number of characters has been used (characters 17 to 32). Among the most important

are the presence of a constriction at or just above the base of the shaft (character 17);

the loss of the dorsolateral plate (character 19) and the number of superior setae on

the ventral plates (character 23). Detailed evaluation of character evolution of penis

structures is planned for a further paper (Hunt, in prep).

Ovipositor: The only character used is the presence/absence of bifurcate setae,

presence being a synapomorphy for the Lomanella complex (character 33).
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Table 1

Complete data matrix of Australian genera and outgroups.

4 5 9 10 14 15 19 20 24 25 29 30 34

ANCESTOR 00000 00000 00000 00000 00000 00000 00000
SPELSEN Speleonychus sengei Briggs 00000 1100? 01000 00701 '0000 01000 01000
LARCAL Lomanella calcarata Lawrence 0000? 71001 00000 00700 70000 00000 0000?
LOMRAN Lomanella raniceps group 00010 00000 00000 11700 70000 10000 10010
LOMINSOL Lomanella insolentia group 00010 00000 00000 11700 70000 10000 10010
LOMEXIG Lomanella exigua group 00010 00000 01000 11700 70000 10000 10010

LOMPELT Lomanella peltonychium group 00010 00000 01000 11700 70000 10000 10010
EQUITIUS Equitius Simon 00011 101 10 00010 00100 00000 00000 00000
HOLCAV Holonuncia cavernicola group 00011 10110 00010 00100 00001 00010 00000
HOLRECT Holonuncia recta group 00011 10100 00010 00100 00001 00010 00000
PARANUN Paramim ia Roewer 00011 10110 00070 00100 00000 00000 00000
ODONTO Odontonuncia Hickman 00011 10100 00010 00100 00000 00000 00000
HICKMAN Hickmanoxyomma Hunt 00011 10100 00010 00100 00000 00000 00000
NGENC New genus C 00011 10110 00010 00100 00000 00000 00000
NGEND New genus D 00011 10110 00010 00100 00000 00000 00000
CLUNIELL Cluniella Forster 00011 10001 00000 00100 10000 07000 00000
MESTONIA Mestonia Hickman 00011 10000 00000 00700 10020 00000 00000
STYLO Stylonuncia Hickman 00011 10100 0000? 00100 00000 07000 00000
MONOXY 'Monoxyomma' rotundum group 00011 1 1001 00000 00100 01000 00000 00000
TASMANYX Tasmanonyx Hickman 00010 11000 00001 00100 01000 01000 00000
PYENGAN Pyenganella Hickman 00011 11000 00000 10100 70000 00000 10000

ALLONUN Allonuncia Hickman 00010 11000 00000 00100 01000 01000 00001

ANKYLO Ankylonuncia Hickman 00010 10010 00000 00100 00000 00000 00100

CALLIUNC Calliuncus Roewer 00010 10000 00101 00100 00000 01000 00000

NUNCIELL Nunciella Roewer 00010 10000 00101 00100 01000 01000 00000

NUNCIOID Nuncioides Hickman 00010 11000 00101 00100 01000 01000 00000

BRYONUN Bryonuncia Hickman 00010 10010 00000 00100 00000 00000 00100

YATALA Yatala Roewer 00011 10001 00001 00101 00000 00000 00000

TRIAENOB Triaenobunus Soerensen 11111 10001 10000 00711 10010 00000 01000

DIPRISTES Dipristes Roewer 11111 10001 10000 00711 10010 00000 01000

GLYPTOB Glyptobunus Roewer 01111 10000 00000 00000 10010 00100 01000

HETERON Heteronuncia Roewer 01011 10001 00000 00 171 00000 00000 00000

PHANEROB Phanerobunus Roewer 00111 10001 00000 00771 10010 00100 01000

CHILOBUN Chilobimus Hickman 00111 10001 00000 00000 10020 00000 00000

RHYNCHOB Rhynchobunus Hickman 00111 10001 00000 00001 00010 00101 01000

TASMANON Tasmanonuncia Hickman 00011 10001 00000 00001 00010 00101 01000

EUBUNUS Eubunus-Hickman 00111 10001 00000 00000 10010 00100 01000

MIOBUN Miobwuts Roewer 00111 1000 1 00000 00000 10020 00000 00000

CHRESTOB Chrestobunus Roewer 00111 10001 00000 00000 10120 00000 00000

THELBUN Thelbunus Hickman 00110 10100 00000 00000 10120 00000 00000

PHOXOBUN Phoxobunus Hickman 00111 10001 00000 00011 00010 00000 01000

ALLOBUN Allobunus Hickman 00111 10001 00000 00000 10020 00000 07000

NUCINA Nucina Hickman 00010 10100 00000 00101 00000 01000 01000

NOTONU Notonuncia Hickman 00010 1 1010 00100 0010'.' 00000 00700 00001

LEIONU Leionuncia Hickman 00010 11000 00100 0010'.' 00000 00700 00000
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CHARACTER ANALYSIS

The following list summarises polarities for the 35 characters: (0) is plesio-

morphic; ( 1 ) is apomorphic. Sources illustrating characters are given in parentheses.

Character 0: Eyemound without spine with side-branches (0); eyemound with

spine with side-branches (Figure 573, Forster 1954) ( 1

)

Character 1: Carapace without areas enclosed by granules (0); carapace with

areas enclosed by granules (Figure 573, Forster 1954) ( 1

)

Character 2: Sternum with narrow posterior margin (Figures 13 and 14,

Forster 1954) (0); sternum with wide crescentic posterior margin (Figure 15,

Forster 1954) (1).

Character 3: Sternum expanding from anterior to posterior between coxae III

(Figure 14, Forster 1954) (0); sternum narrow between coxae III (Figures 13 and 15,

Forster 1954) (1).

Character 4: Spiracle not obscured by coxa IV and bridging tubercles (Figure

4, Hickman 1958) (0); at least partly obscured by coxa IV and bridging tubercles

(Figure 1, Forster 1954) (1).

Character 5: Genital operculum in posterior position (Figure 9B, Hunt &
Hickman 1993) (0); displaced to more anterior position (Figure 4A. Hunt 1992) ( 1 ).

Character 6: Both sexes with 3 articles in tarsus 1 (0); both sexes with equal

numbers but >3 articles in tarsus 1(1).

Character 7: Male and female with equal numbers of articles in tarsus 1 (0):

male with more articles than female ( 1 ).

Character 8: Calcaneus of leg 1 of male without a ventral notch (0); with notch

(Figure 13, Hunt 1985) (1).

Character 9: Ventral tubercles/spines on femur 1 not appreciably longer than

those on dorsal surface (Figure 152, Hickman 1958) (0); appreciably longer (Figure

218, Hickman 1958) (1).

Character 10: Femur of leg 1 without both dorsal and ventral spines (0); with

well developed dorsal and ventral spines (Figure 178, Hickman 1958) (1 ).

Character 1 1: Tarsus of leg 3 or 4 without peltonychium (Figure 3A, Hunt &
Hickman, 1993) (0); with peltonychium (Figure 3C-G; Hunt & Hickman, 1958) ( 1 ).

Character 12: Basal segment of chelicera without proximodorsal boss (0); with

proximodorsal boss (Figure 113, Hickman 1958) ( 1 ).

Character 13: Proximoventral spine on pedipalp femur without proximal

accessory branch/setal base with distad to prolaterad orientation (0); with proximal

accessory branch/setal base with distad to prolaterad orientation (Figure 1D,H, Hunt

1985) (1).

Character 14: Proximoventral spine on pedipalp femur of male not terminally

axe-shaped or subequally bifid (0); terminally axe-shaped (in male) or subequally

bifid (usually in female) (Figure 102, Hickman 1958) ( 1 ).

Character 15: Dorsal surface of pedipalp femur with spines (0); spines absent

(Figure 1 , bottom, Hunt & Hickman 1993) ( 1 ).
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Character 16: Spines on pedipalp with long spinous base and relatively short

seta (Figure 1. top. Hunt & Hickman 1993) (0); with short tubercular base and

relatively long seta (Figure 1, bottom. Hunt & Hickman 1993) ( 1 ).

Character 17: Penis shaft without proximal or subproximal constriction for

penis sheaths (Figure IB, Hunt and Maury, 1993) (0) with proximal or subproximal

constriction (Figure 1 A, Hunt & Maury 1993) ( 1 ).

Character 18: Penis shaft without long taper towards base (Figure IB, Hunt &
Maury 1993) (0); with long taper (Figure ID, Hunt & Maury 1993) ( 1 ).

Character 19: Dorsolateral plates of penis present (Figure 1 A, Hunt & Maury
1993) (0); absent (Figure IB, Hunt & Maury 1993) ( 1 ).

Character 20: Ventral plates of penis showing some separation (Figure 4,

Forster 1954)(0); completely fused (Figure 3A, Hunt 1995a) ( 1 ).

Character 21: Ventral plate lobes of penis bearing superior seta(e) close

(Figure 4, Forster 1954) (0); widely separated Figures 1 and 4, Hunt 1971 ) ( 1 ).

Character 22: Ventral plate with setose superior setae (Figure 3E, Hunt
1995a) (0); with strap-like superior setae (Figure 3F, Hunt 1995a) ( 1 ).

Character 23: Ventral plates each with 1 superior seta (Figure 4, Forster

1954) (0); each with 2 superior setae ( 1 ); ventral plates each with 3 superior setae (2).

Character 24: Ventral plate sloping continuously from proximal to distal

(Figure 5C, Hunt 1990) (0); with proximad concavity (Figure 3K, Hunt 1992) ( 1 ).

Character 25: Ventral plate not intimately fused with stylus (Figure 2a,b,

Martens 1986) (0); intimately fused with stylus (Figure 2c, Martens 1986) ( 1 ).

Character 26: Stylus of penis not closely enveloped by plates (Figure 123 and

124, Hickman 1958) (0); closely enveloped by plates (Figures 1-5, Hunt 1971 ) ( 1 ).

Character 27: Stylus subdistally without mediodistal spine (Figure 1A, Hunt

& Maury 1993) (0); with mediodistal spine (Figure IB, Hunt & Maury 1993) ( 1 ).

Character 28: Stylus of penis subdistally without denticles (0); with denticles

(Figure 4,G-H, Hunt 1992) ( 1 ).

Character 29: Stylus of penis without prominent ventral lobe (Figure 4A, Hunt

& Maury 1993 (0); with prominent ventral lobe (Figure 4C, Hunt & Maury 1993) ( I ).

Character 30: Dorsal plate present (Figure 1A, Hunt & Maury 1993) (0);

absent (Figure IE, Hunt & Maury 1993) ( 1 ).

Character 31: Dorsal plate proximally not bent sharply ventrad (Figure 1A,

Hunt & Maury 1993) (0); bent sharply ventrad (Figure IB, Hunt & Maury 1993) ( 1 ).

Character 32: Penis without mid-dorsal large spiny lobe (Figure 90, Hickman

1958) (0): with large spiny lobe (Figure 13, Hickman 1958) ( 1 ).

Character 33: Setae of ovipositor without proximal accessory branch (Figure

2C, Hunt 1995a) (0); with proximal accessory branch (Figure 5H, Hunt & Hickman

1993) (1).

Character 34: Smooth area of coxa III next to sternum not with mounds

formed by enlarged setal bases (0); with mounds formed by enlarged setal bases (1).
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RESULTS AND DISCUSSION

Basic tree calculation data are given in Table 2. The nelsen consensus of 27

trees produced by successive weighting with polarity of 1 for character 26 in

Notonuncia and Leionuncia is shown in Figure L. It contains a high level of cladistic

structure and is identical to the nelsen tree from unweighted data, except that there is

greater resolution in the clade at node 50 (Inset A, Figure 1, shows the corresponding

clade from unweighted data).

Table 2

Basic data on tree calculations for 42 Australian genera and 35 characters, rooting in Ancestor.

Coding of

Char. 26 in

Notonuncia

& Leionuncia

Weighting Tree

length

ci ri No. of

trees

? none 66 54 83 252

Successive 280 78 92 45

1 none 67 53 82 96

Successive 280 78 93 27

none 66 54 83 144

Successive 280 78 92 27

Figure 2 is a clados output of one of the 96 trees in the unweighted output.

This tree was chosen because it most closely corresponded to the nelsen tree of Figure

1 , and served as the basis for the following analysis of results.

Two clades occur at the base of the cladogram. at nodes 69 and 70 (Figure 2).

The major clade is supported by 1 strong synapomorphy in character 5. Character 17

is not regarded as strong as it was coded ? for the members of the minor clade at node

69 and requires a major reversal at node 50.

At the next highest level in the cladogram there is an unresolved trichotomy.

The clade at node 68 is supported by a homoplasy, namely sexual dimorphism in the

number of articles in the tarsus of leg 1. Interestingly, Nitcina has been placed in this

clade. This genus has a highly derived penis structure (Figure 28, Hunt & Hickman

(1993)) which shows some convergence with the clade at node 69. Its separate

affinities from Lomanella (node 69) were emphasised by Hunt & Hickman. While

further analysis may challenge the monophyly of the clades at nodes 68 and 64, the

clade at node 61 is almost certainly monophyletic.

I suspect that as our knowledge of the family increases the clade at node 66

may prove polyphyletic, being based on a potentially very homoplastic character: a

non-sexually dimorphic increase in the number of segments in the tarsus of leg 1 (for

example, increase in number is often a consequence of cave adaptation and is possibly

susceptible to other selection pressures). Support of node 66 by this character also

required reversals at nodes 51 and 55.
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70

65

ANCESTOR

1 LOMRAN

2 LOMINSOL

3 LOMEXK3

4 LOW PELT

24 BRYONUN

20 ANKYLO

40 NUCINA

15 STYLO

r:

67

68

64

61
5 EOUIT1US

8 PARANUN

9 ODONTO

10 HICKMAN

11 NGENC

12 NGEND

6 HOLCAV

HOLRECT

22 NUNQELL

[•K, I

Nelsen consensus of 27 trees produced from successively weighted data, coding of Character
26 for Notonuncia and Leionuncia set at 1 . Inset A: The part of the nelsen consensus of 96
trees produced from unweighted data which differed from the consensus from weighted data.

Full taxa names for abbreviations given in Table 1

.
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YATALA

HETERON

CLUNIELL

Q—Q MESTONIA

— 6?ILOBUN

H-

-MIOBUN

—ALIOBUN

Hp- THELBUN

PHOXOBUN

r-0-0

—

TFDAENOB

DIPFOSTES

-GLYPTOB

feUNUS

-PHANEROB

20 29 pwvtjfuna

-TASMANON

20 ?f> .~
, RHYh

Fig. 2

CLADOS plot of a tree, selected from 96 trees produced from unweighted data, which

corresponded most closely in topology with the nelsen consensus in Figure I produced from

successively weighted data. Black bars = synapomorphies; stippled bars = homoplasies; white

bars = reversals. Full taxa names for abbreviations given in Table 1. Nodes numbered to

correspond to nodes in Figure I.



Fig. 3

Terminal part of penis of Lomanella raniceps Pocock (A.B). and of Pyenganella striata

Hickman (CD). A.C ventral: B.D lateral. Scale bars: A.B = lOOp : CD = 200|j .
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The clade at node 67 may well come to lie with the clade at node 60: there is

considerable similarity between the constituent genera in the shape of the ventral plate

of the penis and the disposition of inferior setae, characters which have not been

coded for this analysis. When character 26 was coded as ? or 0, Notommcia plus

Leionuncia fell into the polytomy at the same level as Bryonuncia plus Ankylonuncia.

The clade at node 54 is almost certainly monophyletic. It is interesting that its

sister genus is Tasmanonyx Hickman, suggested by Hickman (1958) as possibly

belonging in the Soerensellinae, a predominantly New Zealand group (Forster

1954). It is possible that its placement in clade 63 in based on homoplasies and that a

broader analysis including the Soerensellinae would force a change of position on the

cladogram.

The clade at node 50 is the Triaenobuninae, one of the 3 subfamilies erected by

Roewer (1915) on the basis of sternal structure. The analysis has placed two genera,

formerly placed in the Triaenonychinae by Hickman (1958), in the "triaenobunine"

clade. These are Mestonia Hickman and Tasmanommcia Hickman. Their placement

respectively in clades 49 and 45 seems secure.

Comments on character 8

The distribution of character 8 (presence of a ventral notch in calcaneus 1) is

of interest as it appears to have arisen independently in at least 2 clades in Australia,

that containing Equitius and that containing Notommcia (the clade containing Ankylo-

nuncia which also has character 8 will probably be shown to belong with Noto-

mmcia).

The notch is involved in mating, helping to brace the male against the female

(Hunt 1979). It also occurs in taxa in South Africa, Madagascar and South America

(Lawrence 1931; 1959; Kauri 1961; Maury 1990), though apparently not in New
Zealand (Forster 1954). It will be interesting to see whether, in a wider analysis, the

character has arisen independently in several taxa or whether these taxa are more

closely related than appears at present to be the case.

Despite its use in mating, it may be a plastic character, capable of being

switched on or off during development. The Holonuncia recta group does not have a

notch though the Holonuncia cavernicola group does. Both are clearly closely related

(Figure 2). Similarly Leionuncia is very similar to Notommcia but lacks a notch.

Odontonuncia appears to be a "notchless" Paranuncia.

Comments on subfamily classification of the Triaenonychidae

The Triaenobuninae sensu Roewer (1915) seems to form a clade (above node

50, Figure 2) within the Australian fauna though it is paraphyletic relative to taxa in

the Triaenonychinae sensu Roewer. Nodes 62, 58, 55 and 52, however, are supported

by weak characters and it is possible that an analysis involving a larger number of

characters, and genera from outside Australia, will resolve the Triaenobuninae as a

separate monophyletic group relative to the Triaenonychinae. Its present paraphyletic
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4 6

15 30

0> 10 > 1

PYENGAN

0> 10 > 1

5 16 25 33

1 >00> 10 > 10 > 1

i LOMRAN

LOMINSOL

1

1

. LOMEXIG

0> 1

• LOMPELT

Fig. 4

Hypothetical branch of cladogram showing Lomanella + Pyenganella as a terminal clade. Full

taxa names for abbreviations given in Table 1.

position, however, adds force to Forster's (1954) belief that the subfamily Triaeno-

nychinae should encompass the triaenobunine taxa (though Forster still recognised the

Triaenobunini as a tribe). Debate on family level classification was rekindled by

Briggs ( 1971 ) and more recently reviewed by Hunt & Hickman ( 1993).

The Lomanella taxa of clade 69 were conservatively regarded by Hunt &
Hickman (1993) as belonging to a single genus. However. I now believe that at least

3 generic groupings could be justified. If this clade were to maintain its basal

monophyly in a family-wide analysis, then elevation of the clade to subfamily status

may be appropriate.

With further study, the Lomanella clade may more properly be regarded as a

terminal taxon supported by strong synapomorphies, possibly including neotenic

reversals. In this regard, it is interesting that the genus Pyenganella Hickman could

possess a primitive form of the Lomanella penis: the dorsolateral plates are orientated

in a similar way. the dorsal plate has been lost, and the stylus of the Pyenganella

penis is intimately associated with the ventral plates but apparently not yet fused with

them (Figure 3, see also the penis of L. revelata, Figure 17 H-J. Hunt & Hickman

(1993)). A hypothetical cladogram showing possible character evolution with

Lomanella and Pyenganella belonging to a terminal clade is given in Figure 4.
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Tenedos: an early conquest of America (Araneae, Zodariidae). - Eight

species of the genus Tenedos O.P.-Cambridge were known before its

revision was started. Nearly 50 species are recognized so far.

A cladogram was established almost exclusively on the base of palpal

characters since the somatic features are particularly stable. The scenario of

the dispersion of Tenedos, based on the cladogram is as follows: as the

ancestral species are widely scattered, it is likely that most of the South

American continent or at least the semi-arid, non-forested parts, were

already invaded before the split-up of Gondwanaland. With the develop-

ment of the broad-leaved forest on the Cretaceous-Tertiary boundary, the

distribution of this presumably initially xerophilous taxon, is likely to have

shrunk considerably. However, a substantial number of species has appa-

rently adapted to these novel circumstances. Later on, they colonized the

Andes from north to south. This ciade apparently also recolonized the

Amazon-basin from the west. After the connection with North America

through the Central American land bridge (about 3 myBP), three different

radiations invaded Mexico. The northernmost region they reached is on the

Chihuahuan-Coahuilan plateaus, about 300 km south of the Rio Grande.

The success of Tenedos in Mexico, half of the species (20) so far known

are from that country, might be explained by its apparent flexibility as it

has representatives in a wide variety of habitats which had apparently not

been colonized by spiders with a similar biology.

Key-words: Tenedos - Neotropical Region - phylogeny - radiation -

distribution - male palp - historical biogeography.

INTRODUCTION

The zodariid fauna of South America is considered to be less rich than that of

Africa and Australia. The reason for this assumption is that the two neotropical genera

that have been revised so far, Ishania Chamberlin (Jocque & Ubick 1991) and

Lepwloeluts Simon (Jocque 1988; Jocque & Platnick 1989) are known so far only

Manuscript accepted 14.12.1995.

Proceedings of the XHIth International Congress of Arachnology, Geneva, 3-8.IX. 1995.
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from a few species respectively 2 and 4. The African and Australian genera that have

been revised tend to be much more speciose: Diores Simon for instance, contains 55

species (Jocque 1990; Jocque & Dippenaar-Schoeman 1992), Storena Simon has 29

(Jocque & Baehr 1992, 1995) and the number of Asteron species will exceed a

hundred (Baehr & Jocque 1996). The genus Tenedos, a purely New World zodariid

genus, contains so far 8 species but a revision in preparation will raise the number to

near 50. This is likely to be an underestimation as vast areas within the distribution

range of Tenedos are still unexplored.

The present paper analyses the distribution of that genus and tries to recons-

truct the history of its dispersion.

MATERIAL AND METHODS

The genus Tenedos has a remarkably stable somatic morphology whereas the

palpal morphology is extremely variable. Since females are rare in collections the

cladistic analysis is almost entirely based on male palpal morphology except characters

14 and 15 (table 1). The number of species considered was therefore limited to 35, as

the remainder are only known from females so far. As an outgroup we used the genus

Platnickia Jocque, the sister-group of the large clade in which Tenedos takes a position

near the base (Jocque 1991). The analysis was done with the program PeeWee
(Goloboff 1994). All characters were run unordered. The taxa were entered alpha-

betically except the first one which is considered the most plesiomorphic of the set. The

combination of Whennig and Empezar with default concavity (K = 3) resulted in a

single tree with weight 284.7, consistency index 0.46 and retention index 0.66. The tree

was further analyzed with Macclade version 3 (Maddison & Maddison 1992).

Table 1

Character states in different species of Tenedos
(0 = plesiomorph; 1 - 8: apomorphic states)

1 no patellar apophysis

1 with dorsal apophysis in front;

2 " further backwards .

2 retrolateral tibial apohysis (RA) on tibia with outgrowth on dorsal margin small

and unmodified;

1 RA: outgrowth elongate and with modifications;

2 RA: situated near ventral margin;

3 RA: broad and complex;

4 RA: appears double due to deep groove;

5 RA: bifid;

6 RA: very small;

7 RA: shifted towards dorsal side;

8 RA: absent.

3 dorsal tibial apophysis (DA) absent;

1 DA: tiny, separated by groove from RA;
2 DA: small, groove less obvious;

3 DA: outgrowth of posterior margin, poorly sclerotized

(
s

dorsal swelling);
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4 DA: large, strongly sclerotized, directed forwards;

5 DA: displaced to a lateral position, short hook;

6 DA: displaced to a lateral position, large;

7 DA: large, modified.

4 ventral tibial apophysis (VA) absent;

1 VA: unmodified, blunt;

2 VA: with sharp tip;

3 VA: with expanded tip.

5 ventral haired swelling absent;

1 ventral haired swelling displaced to lateral side;

2 ventral haired swelling present.

6 no prolateral tibial apophysis

1 prolateral apophysis present.

7 embolus short, slender

1 embolus long, slender and flexible;

2 embolus rigid;

3 embolus rigid, with distal extension.

8 embolus originates far in front of tegulum
1 base of embolus directed retrolaterad;

2 base of embolus directed backwards.

9 suprategulum simple

1 suprategulum grooved, broad, directed retrolaterad;

2 suprategulum grooved, directed backwards;

3 suprategulum bifid, extended in opposite direction of embolus, 1/4 length of cymbium;
4 suprategulum bifid, extended in opposite direction of embolus. 1/2 length of cymbium;
5 suprategulum bifid, extended in opposite direction of embolus, 3/4 length of cymbium;
6 suprategulum concave, directed prolaterad.

10 tegular apophysis (TA) well developed with median groove
1 TA membraneous;

2 TA membraneous, with sclerotized tip;

3 TA spoonshaped with membraneous base;

4 TA hook-shaped;

5 TA slightly curved and unmodified;

6 TA bifid.

11 tegulum without swelling near base of embolus
1 tegulum with swelling near base of embolus;

2 tegulum with apophysis near base of embolus.

12 cymbial flange unmodified
1 cymbial flange extended backwards.

13 number of apical cymbial spines high >4
1 number of apical spines =4;
2 number of apical spines = 3;

3 number of apical spines = 2;

4 number of apical spines = 1;

5 number of apical spines = 0.

14 abdominal pattern with many small patches and chevrons

1 abdominal pattern complex without chevrons;

2 abdominal pattern simple with chevrons;

3 abdominal pattern simple (less than 8 patches).

15 (I patellae III & IV with many spines

1 number of spines less than, or equal to 2 prolateral and 2 dorsal ones.

16 palpal tibia w ithout a strong dorsal spine

1 palpal tibia with a strong dorsal spine.
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RESULTS AND DISCUSSION

Analysis of the male palpal morphology resulted in 14 characters. 2 additional

somatic characters (14 and 15) were added to this. 12 of these are multistate

characters (table 1 and 2). A detailed explanation of these characters will be published

in the revision of Tenedos (Jocque & Baert, in preparation). It should be mentioned

Table 2.

Matrix of characters based on table I.

species elude symbol character states

1 1

1
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IS 0401011116 213210

19 0671011254013310
20 0302010144 012310
21 030201014401 1310

22 0300002161 103310

23 0761001165 100210

24 0761002164 000310

25 0761002064 000310

26 0320202142 103210

27 0870202134 113111

28 2660202164 103210

29 1350203134 1021 10

30 1760003134 103310

31 0430201152 103310

32 0330201152 005110

32 0670201154 003310
34 0310200252 003310

35 0330201252 003310

though that the plesiomorphic condition of the male palp of Tenedos is characterized

by its simplicity (figs I, 2). The tibia has a single dorsolateral apophysis which tends

to shift to a more lateral position in more apomorphic species. The embolus is short

and may be flexible or rigid but originates on the prolateral side of the tegulum. The
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Figs 1-4

Figs 1-2: Simple male palp (A, n° 1) showing short embolus (E) originating on prolateral side

of the tegulum. the simple tegular apophyses (TA). and the retrolateral tibial apophysis (RA) in

a dorsolateral position. Figs 3-4: Simple epigyne (clade . n° 6) (tig. 3) with short entrance

ductsand complex epigyne (clade n° 31 ) (fig. 4) with stuck embolus.

tegulum has two simple tapering apophyses with converging tips. This character is the

autapomorphy of the genus. Linked with this simple palp is an equally simple epigyne

(fig. 3), characterized by short entrance ducts with a single bent leading to rather

complex spermathecae. This poorly understood spermatheca is typical for many

genera in the Zodariidae.

The evolution of the genus is characterized by an increasing complexity of the

epigynes in which the number of bents is multiplied (fig. 4). The male palp goes

through an evident parallel increase in complexity (figs 5-12). The most conspicuous

changes are the increase in the number of tibial apophyses, the lengthening of the

embolus and the complication of the tegular apophyses. The evolution of the latter

shows a certain parallelism with what happens in Asteron (Jocque & Baehr 1996). In

that genus the tegular apophysis becomes a functional conductor developed in the

opposite direction of the embolus. In most other Zodariidae and in spiders in general,

the conductor points in the same direction as the embolus. Whereas the ever in-

creasing length of the embolus leads to a spectacular palp in Asteron, the evolution
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Figs 5-8

Examples of palps of the clade (•. n° 19) (figs 5-6) and of the clade (n° 33) (figs 7-8)

showing complex palpal tibia and the backward extension of the suprategulum (ST).

takes another direction in several clades of Tenedos. Instead of further lengthening,

the embolus becomes rigid and eventually develops a distal extension (figs. 9-12).

This phenomenon is characterized by a parallel shortening of the conductor (supra-

tegulum). The development of a dorsal patellar apophysis is the latest development in

one of the most apomorphic clades (fig. 12).
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Figs 9- 1

2

Examples of palps of the clade (*, n° 24) (figs 9-10) showing rigid embolus and reduced
suprategulum (ST) and of the clade T (n° 30) (figs 11-12) showing rigid embolus with exten-

sion (EE) and patellar apophysis (PA).
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According to the cladogram (fig. 13) the present distribution of Tenedos (figs.

8, 9) can be explained as follows: the most plesiomorphic species (A) are found

around the Amazon Basin (fig. 14). This corroborates the idea that Zodariidae were

initially spiders adapted to arid or semi-arid habitats, or at least habitats with a marked

dry season. The majority of South America is supposed to have had a xerophilous

vegetation at the time Gondwanaland split up (Endrody-Younga 1995). Ancestors of

the present-day Tenedos species are therefore supposed to have colonized a large part

of the subcontinent until their habitat shrunk as a result of the expansion of the rain-

forest. Due to alternating forest expansion and contraction (see Lourenco 1986), the

habitat of the ancestral Tenedos was fragmented. The subsequent isolation of the

populations resulted in different species which have apparently been separated for a

long time as can be deduced from the ladder-shape of the inferior part of the

cladogram.

The large radiations in Tenedos apparently only began after the connection of

North and South America. This happened about 3 mybp when the Caribbean plate

filled the gap between the North American and the South American plates (Malfait

& Dinkelman 1972). Thanks to the low dispersion speed of zodariids and their

usually small distribution areas, it is possible to follow the evolution of the clades in

A • *
ii ii ii it 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2223 24 25 2627 28 29 30 31 32 33 34 35

IIIIIIQIOIIOiOOQIOOQOOODODOu'u'OnOu'DOa
Fig. 13

Cladogram of species of Tenedos for which males are known showing symbols for the main
clades and numbers of the species used in the distribution maps, showing general area from
which the species is known.
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Fig. 14

Distribution map of species of Tenedos for which the male is known. Except for four species

(n° 10, 32, 33 and 34) most species are only known from one locality which is an indication for

their small distribution area.
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Fig. 15

Reconstruction of the hypothesized dispersion history of Tenedos (for explanation see text).

space (fig. 15). According to the cladogram some of the more plesiomorphic species

succeeded in reaching Central America. From there on a rapid radiation took place.

Three clades (. and ) invaded North America (Mexico) from south to north

whereas a fourth one (•) invaded South America along the Andes from north to

south. The similarity with the historical conquest of South America in the 16th cen-
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tury with main incursions into Mexico and along the Andes in South America,

explains why we called the present distribution of Tenedos the result of an "early

conquest" of the New World. This is also the reason why many of the species to be

described will receive names of the tribes that were exterminated by the conquis-

tadores.

The largest clade (•) also invaded the Amazon lowland and is supposed to be

of recent origin (less than 3 my BP) just as the purely Mexican clades. The most

plesiomorphic species in that clade are indeed also from Mexico.

It would seem that the plugging of the gap between North and South America

triggered the radiations. For one reason or another the genus has become more plastic

and was able to colonize different habitats ranging from dry desert (northern Mexico)

to very wet rainforest (central Amazon basin). Mainly from the latter habitat many

more species are expected as there are enormous gaps in our knowledge of that

region.

CONCLUSION

The genus Tenedos is rich in species, most of which only evolved after the

connection between North and South America, about 3myBP. The more plesio-

morphic taxa in the genus, after having colonized most of the northern part of South

America were apparently expelled from the wet central Amazon Basin. Starting from

Central America, the main radiations travelled from south to north into Mexico and

from north to south along the Andes into South America. The latter strain eventually

also invaded the Amazon basin.
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Nanolpium species (Garypoidea, Olpiidae) on grasses in southern

Africa - a new niche for pseudoscorpions. - The presence of Nanolpium
species on herbaceous plants is shown to be a common and widespread

phenomenon in southern Africa. Two collections have been studied: one

from the galls of Stipagrostis grasses in Namibia; the other a general col-

lection from grasses and other vegetation at several localities in Zimbabwe.
This an unusual ecological niche for pseudoscorpions. which only Nanol-

pium is known to occupy regularly. The significance of these findings is

discussed, though many questions regarding the biology of Nanolpium
species remain unresolved.

Key-words: Pseudoscorpions - Nanolpium - herbaceous - ecology -

southern Africa.

INTRODUCTION

Pseudoscorpions are one of the most successful orders of Arachnida. probably

surpassed only by mites and spiders in terms of abundance and numbers of species.

As one might expect, this is largely due to their having colonized a wide variety of

habitats.

However, one habitat from which they are rarely recorded is the herbaceous

layer. The reasons for this absence are not immediately apparent, but it may be that

grasses and shrubs are too exposed for most pseudoscorpions, which are markedly

cryptozoic as a rule. Scattered records of pseudoscorpions from 'foliage* or 'vege-

tation* are usually too vague to suggest definite associations and may often be fortui-

tous, the animals coming from around the roots or from accumulated debris. In other

1 Part of this work was carried out while MLIJ was a postgraduate student at the

Department of Pure and Applied Biology, University of Leeds, England.
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cases (such as that of Neobisium sylvaticum (C.L. Koch)), their presence may be

temporary, with plants being climbed in response to heavy rainfall (HorvAth 1885).

An exception is provided by Nanolpium Beier. This genus is widespread in

southern Africa, with eight species having been described from Namibia, South

Africa, Mozambique, Botswana, Zimbabwe, Zambia and Zaire (Harvey 1991 )-. Like

most other African pseudoscorpions, the habits of these species are poorly known, the

few previous indications being:

A', milanganum Beier - under stones on forest floor (Mozambique) (Beier

1964);

N. pusillum (Ellingsen) (syn. N. fedsum Beier) - from dry Juncus heath (Cape

Province) (Beier 1955) and under stones on open grass near mountain top (Cape

Province) (Beier 1966);

N. pusillum'? (nymph) under stones in dry heath with low bushes (Cape

Province) (Beier 1955);

N. rhodesiacum Beier - from vegetation along bank of the Zambesi River

(Zambia) (Beier 1955);

N. transvaalense Beier - under stones in grassland (Transvaal) (Beier 1964).

In recent years we have independently received collections containing nume-

rous specimens of Nanolpium species from Zambia, Zimbabwe, South Africa (MLIJ)

and Namibia (JH). The material from Zimbabwe was collected by beating and

sweeping of grasses and shrubs at different localities, by the late J. I. Minshull and her

colleagues. The suspicion that there might be something unusual about the ecology of

this genus is supported by a more detailed ecological study, by L. Praetorius, of the

fauna associated with galls of the perennial grasses Stipagrosiis sabulicola and S. cf.

namaquensis in Namibia. The pseudoscorpions were collected from galls - situated

randomly along the length of the plant - both before and after emergence of the

causative agent (a moth larva). There is no apparent seasonality in these records,

which were made at two-monthly intervals over a period of one and a half years. The

presence of all stages of the pseudoscorpions might be due to the associated fauna of

mites and psocopterans, which could serve as prey. Unfortunately, no data are

available from that study regarding plants without galls.

It appears that Nanolpium is the only genus consistently collected from grasses

and shrubs in southern Africa. It is also clear that a wide variety of Nanolpium species

is involved, suggesting that the utilisation of this habitat may be characteristic of the

genus. However, Nanolpium species are not restricted to this habitat, having some-

times been found under stones and by beating trees and bushes. Species of the closely

related genus Ectactolpium Beier, also southern African, have only been recorded

from under stones or, less often, in humus or termites' nests.

The material listed below is deposited in the Museum national d'Histoire

naturelle, Paris (MNHN), the National Museum of Zimbabwe, Bulawayo (NMZ) and

2 Harvey lists seven species under this genus in his catalogue: the eighth is Nanolpium
subgrande (Tullgren) (Beier 1955).
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the South African Museum. Cape Town (SAM). Grid references (taken from the

original labels) are in a 1/4° format: Bulawayo (20°10'S 28°43'E), for example, has

the grid reference 2028B 1 . The abbreviations Ad, T, D, P refer to adults, trito-, deuto-

and protonymphs, respectively.

RECORDS OF NANOLPIUM SPECIES FROM VEGETATION

Zambia

Nanolpium smithersi Beier

1 9. Batoka Gorge, grid ref. I726C3. 29-30.7.1990, F. Nyathi, beating, riverine

(NMZ/P1 ).

Zimbabwe

Nanolpium congicum Beier

1 6, Sohwe Falls, Mavuradonha Wilderness Area, 600 m a.s.f, grid ref. 1631 A3.

27.8.1989, J. Minshull. sweeping below Falls (NMZ/P33); 7 6\ 10 9, 1 T, Mwatombo, Gona-
rezhou National Park, grid ref. 213IC3, 26.6.1985, P. Kagoro, Androstachys/Xerodderis

woodland, beating (NMZ/P48); 2 6,2 9, Chipinda Pools, Gonarezhou National Park, grid ref.

213 1B4. 20.4.1985, J. Minshull, Mopane. beating (NMZ/P45), 1 T, same data, except beaten

from thorny tree; 1 9. Chipinda Pools, Gonarezhou National Park, grid ref. 2131B4, 19.4.1985,

J. Minshull, beating, edge of Runde River (NMZ/P46); 1 6, 1 9, Chitove Rapids. Runde River,

Gonarezhou National Park, grid ref. 2132A4, 22.4.1985. J. Minshull, large island in centre of

river, beating (NMZ/P49): 1 6 , Chivirira Falls, Save River. Gonarezhou National Park, grid ref.

2132A2[?], 23.4.1985, J. Minshull, beating bushes on exposed falls area (NMZ/P57); 8 S, 3 9,4
T. 1 D. Esquilingwe Weir, grid ref. 2031C4, 23.4.1987, J. Minshull. beating (NMZ/P51 ).

Nanolpium cf. milanganum Beier

3 6, 1 T, Pomongwe Access Road, Matopos National Park, grid ref. 2028D1, 5.2.1987, J.

Minshull, beating (NMZ/P4); 4 6, 1 9. Maleme Rest Camp, Matopos National Park, grid ref.

2028D1. 7-12.2.1987. J. Minshull, sweeping on edge of river at Potholes (NMZ/P5): 4 o\ 1 9,

Maleme Rest Camp, Matopos National Park, grid ref. 2028D1. 4.2.1987, J. Minshull, beating ?

Pavonia [tree] (NMZ/P6); 1 T, 1 D, Rowallan Park, Matopos National Park, grid ref. 2028B3,

3.5.1989, F. Nyathi. beating (NMZ/P7); 1 9, Mugobe Pools, Deka River, grid ref. 1826A3.

13.8.1985, leg. N.H.M.Z.. beating tree (NMZ/P 27).

Nanolpium sp. A
2 6\ Store Camp. Human i Ranch, grid ref. 2032C2. 9.4.1987, leg. Falcon College-

N.H.M.Z., sweeping mixed grasses (NMZ/P24); 4 $, 1 9, with same data, except beaten from

xerophytes in Euphorbia-Adansonia islands in Acac ia tortilis grassland (NMZ/P26).

Nanolpium transvaalense Beier

1 9, Causeway Crossing at Doddieburn Ranch H.Q., east bank of Umzingwane River,

grid ref. 2129A4. 20.12.1985, F. Nyathi. sweeping grass (NMZ/P 19); 1 T. Umzingwane River

near Hunters Camp. Doddieburn Ranch, grid ref. 2129A4, 20.12.1985, J. Minshull. sweeping

(NMZ/P 21); 1 6\ 1 9. Rukomechi Gorge, grid ref. 1629A2, 7.12.1984, leg. Falcon College-

N.H.M.Z., riverine beating (NMZ/62).
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Fig. 1

Nanolpium pusillum, male, collected from sedges in foothills of Hex River Mountains, South

Africa (drawing by J. Rebiere)

Namibia

Nanolpium sp. B

7 Ad, 2 D (6 collections), Kalahari Drive, 6 km SW of Desert Research Station,

Gobabeb; 16 Ad (1 9 with egg-sac), 1 T, 2 P (13 collections), Noctivaga Dune, 29 km SE of

Desert Research Station, Gobabeb; 18 Ad (1 9 with egg-sac), 1 T, 1 P (13 collections),

Mniszechi's vlei, 48 km ESE of Desert Research Station, Gobabeb; 3 Ad, 1 nymph (4

collections), Far East, 82 km ESE of Desert Research Station, Gobabeb. All specimens

collected from galls on Stipagrostis sabulicola and S. cf. namaquensis (MNHN).
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South Africa

Nanolpium pusillum (Ellingsen)

8 3,2 9, 20.1 1.1981, foothills of Hex River Mountains, 40 km E of Ceres, W. Cape,
South Africa, grid ref. 3319BC, C. A. Car, in sedges (SAM); 2 9, with same data, except

21.11.1981, -yellow flowers' (SAM).

DISCUSSION

Although an association between Nanolpium species and grass/shrub habitats

seems well established, many questions remain to be answered.

The most obvious question is how do Nanolpium species arrive on the plants?

No species of Olpiidae is known to be phoretic, nor do they show any modifications

typical of phoresy in pseudoscorpions. We therefore doubt that this is a likely

explanation. The only alternative is that they simply walk up the stems, and it would

be interesting to know under what conditions this might occur.

It is noticeable that many of the collections come from vegetation at the edge

of rivers, streams and pools. Is this the result of favourable microclimate, an associate

with particular plants (e.g. sedges), or simply collecting bias? Particular attention

needs to be paid to the species on which Nanolpium are found, as well as which part

of the plant they occupy. It is unlikely that they are limited to galls, though this is

evidently a favourable site on grasses.

In short, there is much interesting, yet comparatively simple, work which

could be done in the field. Our hope, in drawing attention to this unexpected asso-

ciation, is that someone with access to suitable habitats in southern Africa will study

the ecology of Nanolpium.
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Arachnological investigations on primary succession of an artificial

island in southern Austria (Arachnida: Opiliones, Araneae). - Arachno-

logical investigations of an artificial island in a storage lake in southern

Carinthia. Austria resulted in findings of 5 species of harvestmen and 58

species of spiders; faunistics, ecology and phenology of some remarkable

species are discussed. The rapid change of biotic and subsequently abiotic

factors on the island are charakteristic to areas being in succession. Due to

this changing of environmental parameters a shift of the species spectrum

and abundances could be recorded.

Key-words: succession - island - nature reserve - Carinthia - Austria -

Opiliones - Araneae.

INTRODUCTION

In 1990 and 1991 the island of Neudenstein was built in a storage lake near

Volkermarkt in southern Carinthia. Austria by removing 790.000 m3 earth and stone

material remaining from the motorway construction (Reichelt 1993). The formation

of the island - measuring about 16 ha - is an effort to create a great number of

different biotope types: shallow water areas and wetlands alternating with dry rocky

steppes, in addition with a high structural diversity (mounds, stone stacks, tree

stumps, etc.) allow the settlement of a great number of species. The aim of creating

this anthropogenic island was to make a nature reserve.

This is a rare opportunity for science to document the proceedings of a primary

succession in Central Europe. Investigations have been conducted on the development

of vegetation and of different animal groups — especially Trichoptera, Lepidoptera.

Odonata, Coleoptera, Pisces and Aves (Wieser el al. 1993); the first arachnological

results are shown in the following.
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MATERIAL AND METHODS

The area of investigation is the island of Neudenstein in the storage lake of

Volkermarkt (river Drau) in southern Carinthia, Austria at a height of 391 metres; the

geographical co-ordinates are 46°38'N and 14°35'E. The (water) distance from the

mainland is at least 50 metres.

To register the species spectrum the combined application of Barber traps,

sweep net, light-traps and capture by hand was used. Faunistic investigations were

carried out in the vegetation periods from 1992 to 1994. All specimens were collected

and preserved in formalin (2%) and ethanol (70%) respectively.

LIST OF REGISTERED SPECIES

Collecting dates are condensed to months and shortened as Roman numerals;

in each case the first and last month of appearance are registered. Furthermore the

total number of specimens from Barber traps is given. The taxonomic designation just

as the systematic order follow in general Martens (1978) and Platnick (1993)

respectively.

Opiliones

Species 1992 1993 1994

Phalangiidae

Phalangium opilio Linnaeus V-VII (3) IV-IX (ll) V (5)

Oligolophus tridens (C.L. Koch) V-VII (3)

Laciniits ephippiatus (C.L. Koch) VI-VI1 ( 1 ) V-VI (9)

Astrobunus laevipes (Canestrini) VI ( 1 ) V-IX (6)

Nelinia semproni Szalay IX

Araneae

Species 1992 1993 1994

Pholcidae

1. Pholcus opilionoides (Schrank) VII

Nesticidae

2. Nesticus cellulanus (Clerck) VIII ( 1

)

Theridiidae

3. Enoplognatlui tecta (Keyserling) V ( 1

)

4. Robertus arundineti (O. P.-Cambridge) IV
5. Theridion instabile O. P.-Cambridge VI ( I

)

6. Theirdion pictum (Walckenaer) VII
Linyphiidae

7. Bathyphantes gracilis (Blackwall) IV-VII (23) IV-VIII (2)

8. Ceratinella brevis (Wider) IX
9. Diplostyla concolor (Wider) IV-VIII (2) IV-VIII (5)

10. Erigoneatra (Blackwall) IV-V(3) VI-IX (2) V-VII (3)

1 1 . Erigone dentipalpis (Wider) IV-VI (2) VI (3) IV-VII ( 1

)
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12. Linyphia triangularis (Clerck)

13. Meioneta rurestris (C.L. Koch)
14. Neriene clathrata (Sundevall)

15. Oedothorax apicatus (Blackwall)

16. Oedothoraxfuscus (Blackwall)

1 7. Oedothorax retusus (Westring)

18. Porrhomma microphthalmia)} (O. P.

19. Walckenaeria vigilax (Blackwall)

Tetragnathidae
20. Pachygnatha clercki Sundevall

2 1 . Pachygnatha degeeri Sundevall

22. Pachygnatha listen Sundevall

23. Tetragnatha extensa (Linnaeus)

24. Tetragnatha nigrita Lendl
25. Tetragnatha shoshone Levi
26. Tetragnatha striata (L. Koch)
27. Zygiella atrica (C.L. Koch)
Araneidae
28. Araniella sp.

29. Argiope bruennichi (Scopoli)

30. Larinioides folium (Schrank)

3 1 . Larinioides patagiatus (Clerck)

32. Mangora acalypha (Walckenaer)
33. Singa hamata (Olivier)

Lycosidae
34. Arctosa leopardus (Sundevall)

35. Aulonia albimana (Walckenaer)
36. Pardosa amentata (Clerck)

37. Pardosa nebulosa (Thorell)

38. Pardosa palustris (Linnaeus)

39. Pardosa prativaga (L. Koch)
40. Pardosa torrentum Simon
4 1 . Pirata latitans (Blackwall)

42. Pirata piraticus (Clerck)

43. Trochosa ruricola (De Geer)
Agelenidae
44. Tegenaria silvestris L. Koch
Hahniidae
45. Antistea elegans (Blackwall)

Liocranidae
46. Agraecina striata (Kulczynski)

Clubionidae
47. Clubiona lutescens (Westring)

48. Clubiona phragmitis C.L. Koch
49. Clubiona similis L. Koch
Gnaphosidae
50. Micaria nivosa L. Koch
Philodromidae
51. Philodromus sp.

Thomisidae
52. Diaea dorsata (Fabricius)

53. Misumenops tricuspidata (Fabricius)

54. Ozyptila rauda Simon
Salticidae

55. Heliophanus auratus C.L. Koch
56. Myrmarachne formicaria (De Geer)

57. Salticus scenicus (Clerck)

58. Sitticus zimmermanni (Simon)

VII VII

VI VII (2)

VII
IV-VII (130) IV-IX (154) IV-IX (111

VI-VII (2) VI-VII (6)

IV-IX (19)
Cambridge) VI ( 1

)

IV

IV-VII (33) IV-IX (31) IV-VIII (13
VI (1) IV (1)

IX
IV ( 1

)

VI-IX IV-IX
VI IV
IX VI

IV-IX
IX IX

IV

VI (1)

VII-IX V-IX
VIII VI
IX
VIII IV-V

VI ( 1

)

V (3)

V (1)

1 V ( 1 ) V-VII (4) V-VI (13)

V-IX
V (1)

IV-VII (4) V(4)
IV-VII (9) IV-IX (30) IV-IX (69)

V-VII (15) V-VII (8) V-VIII (47)
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RESULTS

In the area 1327 specimens - 5 harvestmen and 58 spider species - were

recorded between 1992 and 1994. They are spread over the years in the following way
(number of species/specimens; arachnid data from 1992 come only from Barber

traps! ):

1992 1993 1994 Total

Opiliones 2/4 3/12 4/26 5/42

Araneae 23/250 33/329 44/706 58/1284

Especially the first years of primary succession show the obvious increase of

the species number, due to introduction, immigration and passive dispersal. The
relative higher number of spider species compared to the harvestmen can be explained

by the possibility of ballooning.

The order Opiliones is represented exclusively by long-legged species of the

family Phalangiidae; soil-inhabiting species of nemastomatids and trogulids have not

Fig. I: Abundance of frequent spider species in 1994.
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reached the island yet. With the exception of the common heliophilous Phalangium

opilio all found harvestmen are thermophilic (Astrobumis laevipes, Nelima semproni)

or hygrophilous (Oligolophus tridens, Lacinius ephippiatus).

Concerning to the number of spider species in 1994 Linyphiidae (11). Lyco-

sidae (8) and Tetragnathidae (7) are dominant, followed by Araneidae (4) and Salti-

cidae (3); with a view to the abundance the lycosid spiders dominated with 380 indi-

viduals, followed by Linyphiidae ( 161 ). Tetragnathidae (80) and Clubionidae (39).

Typical to areas in primary succession is the dominance of a small number of

species, in this case Trochosa ruricola, Oedothorax apicatus and Pardosa torrentum

(Fig. 1 ).

The rapid change of biotic and subsequently abiotic factors on the island are

characteristic to areas being in succession. Due to this changing of environmental

parameters a shift of the spectrum of species and abundances can be recorded.

The development of the population density of some frequent spider species

shows different patterns; for a better comparison in this case only Barber traps data

are used.

60

D number of specimens

s7
50

40

/A30

'/A

20

10

Fig, 2: Activity-density of Oedothorax apicatus. Barber traps 1992-1994.
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Fig. 3: Activity-density of Trochosa ruricola, Barber traps 1992-1994.

The activity-density of the common linyphiid spider Oedothorax apicatus is

during the investigation period remarkable constant (Fig. 2), whereas both lycosid

spiders Trochosa ruricola and Pardosa torrentum - with very small populations in

1992 - developed in 1994 to the most frequent and third frequent spider species of the

island respectively (Fig. 3-4).

NEW AND REMARKABLE SPIDERS TO AUSTRIA

The very rare theridiid spider Enoplognatha tecta (Keyserling) sensu Roberts

(1993) - the males of this species are characterized by their noticeable chelicere

serration -, in Europe known from Great Britain, France, Germany and Switzerland as

well as the hidden, just above the water surface living (Uhl et al. 1992) tetragnathid

spider Tetragnatha shoshone, recently described from North America, are new to

Austria (Komposch 1995).

Particularly the following remarkable species - they are all new to Carinthia -

have to be pointed out:

Pardosa nebulosa: The very large Pardosa species is distributed in southern and

eastern Europe.
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Fig. 4: Activity-density of Pardosa torrentum, Barber traps 1992-1994.

Pardosa torrentum: This lycosid spider, only known from a few localities in South

and Central Europe, lives on the banks of brooks, rivers and lakes.

Micaria nivosa: The ecological existence of this very rare ants imitating gnaphosid

spider is still unknown.

Ozyptila rauda: This thermophilic thomisid (Maurer & Hanggi 1990) is been

considered as a very rare species of the Alps and Siberia.

Sitticus zimmermanni: Harm (1973) designates this interesting spider as a xerobiotic

representative from the East; it is known from Austria, Poland, Hungary and

Greece. Furthermore it has been recorded from Sweden and Finland sub

Sitticus tullgreni (Holm 1944, Kleemola 1969).

CONCLUSIONS

The mosaic-like side by side of different biotope types - marshy areas alter-

nate with arid ones - combined with a high structural diversity makes this anthro-

pogenic storage lake island to a precious biotope with good conditions for a high

biodiversity.

A problem of this young biotopes is the growth of weeds: a great number of

rare spider, species of the island are dependant on an open landscape, wasteland and
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rocky areas. As the obvious increase of shrubs and trees is a threat to many of these

stenoecious species, the author pleads for a habitat management - a preservation of an

early phase of succession in the nature reserve island of Neudenstein.
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Spiders (Araneae) on trunks and large branches of oak
(Quercus robur) in SW Finland

Seppo KOPONEN
Zoological Museum. University of Turku

FIN-20500 Turku. Finland.

Spiders (Araneae) on trunks and large branches of oak (Quercus robur)

in SW Finland. - Spiders were collected using special traps on large oaks

(Quercus robur L.) in seven isolated oak groves near Turku in southwestern

Finland (about 60°N), at the northern limit of the tree. The most abundant

and typical spider species trapped on oak trunks and on large (horizontal)

branches at most study sites were Moebelia penicillata (Westring), Drape-

tisca socialis (Sundevall) and Hypomma cornutum (Blackwall) (of Liny-

phiidae). Theridion tinctum (Walckenaer). T. mystaceum L. Koch and Stea-

toda bipunctata (Linnaeus) (of Theridiidae). Zygiella stroemi (Thorell)

(Araneidae), Salticus cingulatus (Panzer) (Salticidae) and Anyphaena accen-

tuata (Walckenaer) ( Anyphaenidae). Other typical and locally numerous

species were Haplodrassus cognatus (Westring), Micaria subopaca West-

ring, Euophrys erratica (Walckenaer), Nuctenea umbratica (Clerck),

Araneus diadematus Clerck and Hahnia pusilla C. L. Koch. Some oak-

dwelling species rare in Finland were also trapped, including Agyneta

innotabilis (O. P.-Cambridge), Theridion pollens Blackwall, Xysticus lanio

C. L. Koch and Clubiona comta C. L. Koch. A typical "oak spider" fauna

was found even in the smallest (0.5 ha) oak woodland studied.

Key-words: spiders - oak - arboreal - Finland - Araneae - Quercus.

INTRODUCTION

Oak (Quercus robur L.) reaches its northern limit in southwestern Finland. The

oak woodlands are small in area, with the largest forests found in the archipelago and

in the narrow coastal area of southwesternmost Finland. The largest oak forest in

Finland, almost 90 hectares, is situated on the island of Ruissalo. in Turku. It was

included in the present study.

In the present paper, data on spider fauna living on trunks and large horizontal

branches of old oak trees near the city of Turku is presented and discussed. This work

is part of an investigation of invertebrates in protected oak forests in southwestern

Finland (Rinne et at. in press).

Manuscript accepted 10.09.1995.

Proceedings of the XHIth International Congress of Arachnology. Geneva. 3-8.IX.1995.
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STUDY AREA, MATERIAL AND METHODS

The seven oak forests studied lie at 60° 15'- 60°40'N, near the city of Turku.

They all are near the sea, less than 5 km from the coastline. All have been within the

influence of human activity, for example grazing by cattle and timber cutting, for a

long period. The forests are presently protected.

The size in hectares of the oak forests studied (site name abbreviation in

parentheses) and the trapping periods were as follows:

Ruissalo (Turku) 87 ha; (RU) 6.5.-29.9.1994

Lenholm (Parainen) 8 ha; (LE) 9.5.-29.9.1994

Nyynainen (Lemu) 3.3 ha; (NY) 13.5.-30.9.1994

Tammimaki (Mietoinen) 3.1 ha; (TA) 13.5.-30.9.1994

Kurasmaki (Mynamaki) 2.3 ha; (KU) 13.5.-30.9.1994

Linnavuori (Turku) 1.1 ha; (LI) 2.6.-2.10.1994

Muntti (Taivassalo) 0.5 ha; (MU) 13.5.-30.9.1994

Spiders were collected using two types of traps. The fauna living on trunks

were caught with small window traps (two 21 x 40 cm perpendicular acrylic plates

with a funnel and a preservation jar underneath). On horizontal branches special traps

were used; a 1.5 cm high "collar" with a teflon ("FLUON") surface was fitted tightly

around the branch, and a funnel with preservation jar was positioned below the collar.

The window traps were at a height of 1-5 m on large old oaks trunks, many of them in

front of a hole in the trunk. The branch traps at a height of 3-6 m on horizontal

branches with a diameter of 15 to 30 cm.

There were five window and five branch traps at all sites, except at Linnavuori

where only four window and three branch traps were used (the trapping period at

Linnavuori was also shorter than at the rest of sites).

Altogether ca. 1350 identifiable spider specimens was caught, of these 60 %
with branch traps. The material is deposited in the Zoological Museum of the

University of Turku.

RESULTS

Altogether, 73 spider species were collected using branch and window traps.

The most species-rich families were:

Linyphiidae (s. lat.) 35 species

Theridiidae 8

Araneidae 6

Clubionidae 5

Salticidae 3

Thomisidae 3

Others 13
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The rank of the four most abundantly trapped species (consisting of ca. 55 %
of all identifiable spiders) at each site was as follows (1 = the most abundant at the

site, etc; - = not among the 10 most abundant species):

RU LE NY TA KU LI MU
Theridion tinctum 1 3 4 4 1 1

Drapetisca socio Iis 2 1 1 5

Moebelia penicillata 1 3 2 5 1 3 2

Anyphaena accentuate! 4 4 6 3 3

As can be seen, marked differences in the dominant species was found

between sites.

Species which were trapped more abundantly with branch traps can be consi-

dered as "branch-dwellers" and species caught more abundantly with window traps as

"trunk-dwellers" or "hole-dwellers".

Table 1

The most abundant spiders collected from oaks in SW Finland by branch traps (b.tr.) and
window traps (w.tr.). and the percentage of total catch by branch traps.

b.tr. w.tr. total % by b.tr.

Theridion tinctum 155 51 206 75.2

Drapetisca socialis 82 122 204 40.2

Moebelia penicillata 171 29 200 85.5

Anyphaena accentuata 82 41 123 66.7

Steatoda bipunctata 37 31 68 54.4

Zygiella stroemi 41 26 67 61.2

Salticus cingulatus 52 8 60 86.7

Hypomma cornutum 39 15 54 72.2

Helophora insignis 19 16 35 54.3

Theridion mystaceum 15 15 30 50.0

Araneus diadematus 18 7 25 72.0

Linyphia triangularis 7 15 22 31.8

Hahnia pusilla 10 1 1 21 47.6

Euophrys erratica 9 4 13 69.2

Nuctenea umbratica 12 1 2 100.0

Clubiona pallidula 7 4 1 1 63.6

Ozyptila praticola 3 8 1 I 27.3

Haplodrassus cognatus 9 1 10 90.0

Xysticus audax 4 6 10 40.0

Clubiona comta 2 7 9 22.2

Lepthyphantes minutus 1 8 9 1 1.1

Abundant species typically found in branch traps were Salticus cingulatus

(Panzer) (87% by branch traps; see Table 1), Moebelia penicillata (Westring)(86%)

and Theridion tinctum (Walckenaer) (15%). The following, less abundant species
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were also frequently found in branch traps: Nuctenea umbratica (Clerck) (only in

branch traps). Haplodrassus cognatus (Westring), Micaria subopaca Westring,

Agyneta innotabilis (O. P.-Cambridge), Theridion varians Hahn and Xysticus lanio C.

L. Koch (the three last-mentioned only in branch trap).

Theridion mystaceum L. Koch and Hahnia pusilla C. L. Koch were caught

equally abundantly by both trap types.

Abundant species more common in window traps were Linyphia triangularis

Sundevall (68% by window traps) and Drapetisca socialis (Sundevall) (60 %); less

abundant species collected especially with window traps were Clubiona comta C. L.

Koch, Agyneta conigera (O. P.-Cambridge), Ozyptila praticola (C. L. Koch),

Phrurolithus festivus (C. L. Koch), Thyreosthenius parasiticus (Westring), Neriene

clathrata (Sundevall) and N. montana (Clerck) (the four last-mentioned only by

window traps).

Rare, mainly southwestern species in Finland are Xysticus lanio, Cheiracan-

thium oncognatum Thorell, Clubiona comta, Zygiella atrica (C. L. Koch), Theridion

pollens Blackwall, T. tinctum, Agyneta innotabilis, Lepthyphantes minutus (Blackwall)

and Hypomma cornutum (Blackwall). In addition, Segestria senoculata (Linnaeus),

Euophrys erratica (Walckenaer), Nuctenea umbratica, Enoplognatha ovata (Clerck)

and Theridion mystaceum have a southwestern range in Finland. Lepthyphantes lepro-

sus (Ohlcrt) was found for the first time in a natural habitat in Finland; it has previously

been found only from human-influenced sites as synantropic species (Palmgren 1975).

Now it was caught by a window trap near a hole in an old oak. Lepthyphantes

expunctus (O. P.-Cambridge) has a northern range, and it was caught at Kurasmaki (the

site furthest from sea shore), which lies at the southwestern limit of the species.

Some species regarded as ground-dwellers were caught on oak branches.

These include Hahnia pusilla and Savignya frontata (Blackwall), which were both

trapped in good numbers on branches 3-6 m above the ground.

The area of the oak forests studied had no marked effect on the number of

typical "oak woodland" species (Table 2), of which some, however, were found in the

present study in low numbers only. Even at Muntti (area of 0.5 ha) 14 species were

found (range 12-16). Thus, even in small isolated forests, a spider fauna typical of oak

woodland was found. The differences found in total species and "typical" species

numbers were probably explained by the rather small number of traps and by local,

small-scale differences between the oak trees fitted with traps.

DISCUSSION

Many of the present species have been found on the trunks (and canopy) of

various trees in Europe, thus indicating that this trunk/branch fauna generally lives on

trees, not especially on oaks. Of the present species Wunderlich (1982) listed

Agyneta innotabilis, Drapetisca socialis, Moebelia penicillata, Theridion mystaceum

and Micaria subopaca as exclusive dwellers on or under bark of living trees in

Central Europe; and Segestria senoculata, Steatoda bipunctata (Linnaeus), Lepthy-
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Table 2

"Typical" species for oak forests of SW Finland, caught by branch and window traps. RU =
Ruissalo. LE = Lenholm, NY = Nyynainen, TA = Tammimaki, KU = Kurasmaki. LI =

Linnavuori, MU = Muntti.

RU LE NY TA KU LI MU Freq.

Anyphaena accentuata X X X X X X X Ill

Araniella cucurbitina - - - - . X 1

Nuctenea umbratica X - X - - X X 4
Zygiella atrica X - - - -

1

Z. stroemi X X X X X X 6
Clubiona comta X - X - - X X 4
C. pallidula - - - X X X X 4
Haplodrassus cognatus X - X - X X - 4

Micaria subopaca X - X - X - - 3

Agyneta innotabilis - X X X X - - 4
Lepthyphantes leprosus - - - X - -

1

L. minutus - X X - X - - 3

Macrargus boreus - - - - - X -
1

Neriene montana - X - - - - X 2

Hypomma cornutum X X X X X X X 7
Moebelia penicillata X X X X X X X 7

Thyreosthenius parasiticus X X X 3

Euophrys erratica X 1

Salticus cingulatus X X X X X X X 7

Segestria senoculata X X X 3

Dipoena tristis X X X 3

Enoplognatha ovata X 1

Steatoda bipunctata X X X X X X 6
Theridion mystaceum X X X X X X 6

T. pallens X X 2

T. tinctum X X X X X X X 7

Xysticus lanio X X 2

Total 16 13 14 12 16 15 14

Total number of species 32 23 32 31 34 30 30

phantes minutus, Thyreosthenius parasiticus and Nuctenea umbratica as frequent

bark-dwellers.

WUNDERLICH (1982) mentioned Halm,la picta Kulczynski and among four

Salticus species especially 5. scenicus (Clerck) as bark species; in the present material

abundant species were Hahnia pusilla and Salticus cingulatus. Recently. S. cingulatus

was found in good numbers and Hahnia pusilla infrequently on pine trunks (Braun

1992). Also Savignya frontata, known as a ground-dweller (like H. pusilla), has been

trapped on (pine) trunk in Scotland (Curtis & Morton 1974).

More than 50 of the 73 spiders found have been reported on trunks of pine,

spruce and beech in Central Europe (Albert 1976. 1979, Marc 1990, Braun 1992.

Simon 1994). Of the abundant or other interesting oak species (Tables 1-2) in Finland,

only the following were not listed in the above-mentioned Central-European studies:

Helophora insignis (Blackwall), Ozyptila praticola (however, see Roberts 1995).
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Haplodrassus cognatus, Lepthyphantes leprosus (however, see Locket & Millidge

1953), Macrargus boreus Holm (a northern species) and Dipoena tristis (Hahn). Also

Zvgiella stroemi, a rare species in Central Europe, is absent in the above-mentioned

papers; however, Sacher (1991) reported it on pine trunks in Austria.

Little is known about oak fauna (Turnbull 1960, Curtis & Morton 1973,

Nicolai 1986). Turnbull (1960) listed Anyphaena accentuata, Xysticus lanio,

Theridion mystaceum and Zygiella atrica as typical oak canopy species in England;

the most abundant species, occurring in all above-ground vegetation layers was

Theridion paUens; see also Griffiths (1995). The most abundant species on oak

trunks in Germany were Moebelia penicillata, Drapetisca socialis, Micaria subopaca

and Agyneta innotabilis (Nicolai 1986).
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Vibratory communication in the wolf spider Hygrolycosa rubrofasciata

(Araneae, Lycosidae). - The male of the European species Hygrolycosa

rubrofasciata (Ohlert) produces percussive sounds that are audible to a

human ear from a distance of several metres. The acoustic effect is

generated by rapidly tapping the abdomen against the substrate (often dry

leaf litter). The proximity of a female or female draglines does not seem
necessary for inducing this 'calling' behaviour. The resulting drumrolls are

elicited at intervals by the rambling male. The duration of a pulse-train in a

'calling' drumroll is about 1 s, and period length between pulse peaks c. 30-

40 ms. A receptive female close to the male will respond by oscillating her

abdomen, producing a percussive sound considerably weaker and more

variable in duration than the male's 'calling' drumroll. Reciprocal drumm-
ing will take place in alternation until the sexes meet for copulation.

Percussive male-female 'duetting' is sofar not known from any other

lycosid species. In male-male encounters, a dominant male will exhibit a

specific agonistic behaviour which includes series of brief drumrolls pro-

duced by abdominal tapping. The male's ability to perform abdominal

percussion is morphologically concomitant with the venter of his abdomen

being covered by knob-like hairs. Specific cuticular structures at the male's

tibio-cymbial joint are arranged as to form a stridulatory apparatus (no

stridulatory sound or vibration has as yet been discerned). A similar condi-

tion in male Hygrolycosa umidicola Tanaka (from Japan) indicates that this

tibio-cymbial configuration is an apomorphic trait at some supraspecific

level.

Key-words: Araneae - Lycosidae - Hygrolycosa - vibratory commu-
nication - sound production - stridulatory apparatus
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INTRODUCTION

Communication by percussion, stridulation, or vibration of body parts is well

documented in cursorial spiders (e. g. Barth 1982, 1993; Uetz & Stratton 1982).

The males of various wolf spider species use one or more of these ways for producing

substrate-borne vibrations and/or airborne sounds (for refs. see Uetz & Stratton

1982). As a vibration source generates both substrate-borne vibrations and sound, it is

usually difficult to tell, without further analysing, which portions are of biological

significance and which sensory pathways are involved. In this paper, the

communication by bodily vibrations in the wolf spider Hygrolycosa rubrofasciata

(Ohlert) (Fig. 1 ) is presented as revealed from sound production and as inferred from

morphological adaptations. Without doubt, substrate-borne vibrations are generated

along with the sound, though no equipment was available to the author for recording

these.

Percussive signalling is previously known to occur in H. rubrofasciata. The

male performs drumming behaviour by rapidly tapping on dry leaves by the abdomen

which is ventrally covered with numerous short knob-like hairs [unpublished study by

O. von Helversen (referred to in Rovner 1975, Weygoldt 1977, Barth 1982, and

Uetz & Stratton 1982), Kronestedt 1984, KOhler & Tembrock 1987]. This

behaviour is performed by males searching for females and the sound produced

during what may be regarded as a 'calling' drumroll. Oscillograms of the sound

resulting from such drumrolls are given in Weygoldt (1977, from von Helversen),

Kronestedt (1984) and KOhler & Tembrock (1987).

Fig. 1

A pair of Hygrolycosa rubrofasciata (the cryptically coloured male to the left) on dry leaves.

The species has a body length of 5-7 mm (males usually smaller than females).
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As briefly mentioned by Kronestedt (1984), a receptive female of H. rubro-

fasciata responds to a calling male by specific percussive behaviour, so far known
unique among lycosid spiders. Moreover, a distinct percussive behaviour is exhibited

by a dominant male in male-male encounters. In the present paper, this will be further

accounted for.

DISTRIBUTION, HABITAT AND PHENOLOGY

The distribution of Hygrolycosa rubrofasciata is sofar known restricted to

Europe. Currently only two more species are allocated to the same genus (Platnick

1993), viz. H. umidicola Tanaka, 1978, from Japan, and H. alpigena Yu & Song,

1988, from China, the latter in need of further taxonomic evaluation.

Braun (1976) summarized literature data on habitat. According to different

authors, H. rubrofasciata is confined to various wet habitats including certain bogs,

fens, wet meadows and swampy forests. KOhler & Tembrock (1987) found the

species on dry, exposed sites with an amount of dry leaves on the ground, adjacent to

a swampy Alnus glutinosa forest. They assumed that the spiders did move from the

swampy forest to adjacent dry sites because of the abundance of dry leaves in the

latter. The material for the present study was collected in a swampy forest with Alnus

glutinosa and Betula pubescens growing in groups on small "islets" covered with

numerous dry leaves. In April and early May, the ground was more exposed to the sun

than later in the season. Myrica gale, Carex elata, and Sphagnum sp. were abundant

in the more wet parts of the locality.

Braun (op. cit.) also reviewed the phenological information about H. rubro-

fasciata. Various sources indicate that adult males have been found both in spring and

autumn. This was confirmed by v. Broen & Moritz (1963) who recorded the

activity by pitfall traps throughout the season in N-Germany and found a main male

activity period in spring to early summer and a slight male activity in autumn. Own
collecting by hand as well as by pitfall trapping in the vicinity of Stockholm indicated

that adults of a new generation appear in autumn, overwinter and mate during the

following spring (Kronestedt 1984).

Hygrolycosa rubrofasciata is diurnal. Kohler & Tembrock ( 1987) noted that

the drumming activity of the males ceases during windy conditions. Moreover, they

assumed that higher temperatures promoted drumming behaviour.

MATERIAL AND METHODS

Hygrolycosa rubrofasciata was studied during 1980-83, with some additional

observations in 1995. Material was collected in a swampy forest in Taby (c. 10 km N

of Stockholm), Sweden. Specimens were taken as adults (females early in spring to

ensure their virginity), kept in captivity indoors and observed in a plastic jar (slightly

widening from bottom upwards) with or without dry leaves on its bottom. A segment

of the jar was cut off and covered by a vertical Plexiglas plate through which
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observations could be made and photographs taken from a side-view. Sounds were

recorded by a uher 4200 Report tape recorder (microphone uher M537) from

specimens performing on plates of paperboard inserted in the jar at some distance

from its bottom. In 1995, some of the recorded sequences were played back into a

CSL™ Computerized Speech Lab, model 4300 (Kay Elemetrics Corp) for obtaining

oscillograms of the pulse-trains. Lengths of period between pulse peaks were

calculated by moving a cursor along enlarged versions of the oscillograms and noting

the time values given on the computer screen. For calculating the dispersion of period

values (between pulse peaks) in a drumroll, the 20 medial periods were used. The

values are given as mean ± SD.

RESULTS

Behaviours involved in vibratory communication

Male 'calling* behaviour

During the mating season, the male exhibits a seemingly rambling seaching

behaviour by wandering and halting at intervals. While halting, the male may exhibit

a 'calling' behaviour by rapidly tapping the abdomen against the substrate, thus pro-

ducing a train of pulses here referred to as a 'drumroll' (Figs. 3 & 5). During drum-

ming, the male may remain on the spot or take a few steps. When standing on a dry

leaf, the sound resulting from the drumming is amplified by the leaf and may be

perceived by a human ear from a distance of several metres. After one or more drum-

rolls (Figs. 2 & 4), the male may move to another object and repeat the drumming. In

the presence of a receptive female close to the male (as among leaves below), a

reciprocal 'duet' of percussive signalling will take place. At this instance, the male's

searching behaviour turns into courtship display and the 'calling' drumroll may be

regarded as a 'courting' drumroll.

Measurements from 5 consecutive 'calling' drumrolls in each of three Hygrolycosa rubro-

fasciata males (c. 2I-23°C)

Table I

Duration

of one drumroll

(median and range

in ms)

Number of

pulses/drumroll

(median and range)

Length of period (in ms)

between

pulse peaks [mean

and SD of pooled

20 medial periods

in each drumroll

(i. e., N = 100)]

Male 1 1162(1076-1275) 31 (29-35) 38.6 ±2.2

Male 2 1479 (1239-1592) 43 (37-44) 35.1 ±2.3

Male 3 1183(1148-1234) 34(33-35) 36.7 ±1.7
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The 'calling' drumrolls have a duration magnitude of around 1 s. The data

presented in Table I are all between 1 and 1.5 s though considerably shorter drumrolls

were recorded at other occasions, e. g. one of c. 720 ms including about 25 pulses,

and longer drumrolls during reciprocal intersexual signalling (see below).

As expected, the pulse-rate seems to be temperature-dependent. The following

values of period length between pulse peaks were obtained from the same male before

and after raising the temperature: at c. 17°C 44.2 ± 2.6 ms (drumroll consisting of 32

pulses) and at c. 25°C 33.8 ± 1.9 ms (33 pulses).

Shortly before and during the emittance of a 'calling' drumroll, the male will

perform oscillations of the palps, the tips of which are in contact with the substrate

(though they may slip). An indistinct sound of slightly increasing strength can be

heard together with a weak humming sound just prior to a 'calling' drumroll which in

turn is followed by a rattling sound at the end. It is presently not known whether any

sound can be attributed specifically to the palpal oscillations.

Female 'replying' behaviour and male-female percussive 'duetting'

A receptive female will respond to a male's signalling by rapidly oscillating

her body. A sound is generated when the female's abdomen hits the substrate, e. g.

leaves. This sound is considerably weaker to a human ear compared to that of the

male's 'calling' drumroll. Moreover, the period between pulse peaks is somewhat

longer compared to that of the male. Period length (in ms) in Fig. 1 1: male 37.3 ± 2.0,

female 47.8 ± 4.6: in Fig. 12: male 36.4 ± 2.0, female 72.3 ± 7.3. The female has no

specialized hairs on the abdominal venter (fig. 9 in Kronestedt 1984). Moreover,

there are no knob-tipped female abdominal hairs as found in species of other lycosid

genera (Rovner et id. 1973)[also lacking in some species ofArctosa (Fujii 1983)].

The sexes will perform percussive behaviour in alternation (see Figs. 11-13).

Male and female drumrolls may occasionally show some overlapping and the female

may, in instances, proceed with a drumroll even without the male's drumroll in

between. The male will mount the female immediately following a drumming

sequence of a somewhat longer duration (Fig. 10) than the usual 'calling' pulse-trains.

By then, the female has lowered her cephalothorax in a receptive posture. When
mounting, the male will rapidly vibrate his second leg pair.

'Duetting' is highly variable in total duration. Among the recorded "duets', the

male+female drumroll pairs varied between 2 (ended with mounting) and 26 (ended

without mounting). As an example, 24 consecutive pairs of male+female drumrolls in

strict alternation (including a short pause between each pair) were performed in 240 s.

Towards the end of a 'duet', the female may take up a receptive posture (no drum-

ming) but will proceed with 'replying' drumming if the male does not mount but

continues to drum.

The female will respond to a drumming male with or without visual contact (as

when hidden among leaves below the male).
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Figs 2-
1

3

Hygrolycosa rubrofasciata. Oscillograms of acoustic effects of percussion behaviour, on

paperboard. - 2-5. "Calling' drumrolls; 3 and 5 are details of 2 and 4 respectively. 2. 3 and 4. 5

show records from two different males respectively (in female presence). - 6-9. Agonistic

percussion; 7 and 8 show details of the sequence shown in 6: 9 is a record from another male. -

10. A male's drumroll just prior to mounting a female. - 11-13. Male-female 'duetting': different

females, same male in 12 and 13.

Agonistic percussion in males

During male-male encounters, one of the males may show aggressive be-

haviour by trying to chase the other away. The dominant male will simultaneously

emit a series of brief audible percussive pulse-trains (by abdominal tapping) (Figs. 6-

9) which form a certain temporal pattern. At the beginning of a series, each pulse-

train is longer than later in the series (Figs. 7 & 9). The pulses in the first brief

drumrolls are often louder than in the subsequent shorter ones. In many of the

observed encounters, the series concluded with a longer pulse-train (Fig. 8),

reminding of a short 'calling' drumroll and with similar period length between pulses.

Structural modifications associated with vibration production

Abdominal hairs

The adult male has the ventral abdominal cuticle thickened and covered with

numerous knob-like hairs (Figs. 14 & 15) which apparently improve the impact
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Figs 14-18. Hygrolycosa rubrofasciata, adult male. - 14. Venter of abdomen of male caught early

(April) during the mating period. The picture shows knob-like hairs with (to the left) and without

apical portions (to the right) at some distance from the middle of the venter. At the middle, all

knob-like hairs were devoid of the apical portion. - 15. The same of a male caught in mid-May.

Note the worn hair-covering. The knob-like hairs lack both narrow apical portion and small hair-

like filaments.- 16-18. Knob-like hairs: 16, apical portion (arrow) in a male apparently newly

moulted to adult (caught at Turku, Finland 3 Sept. 1978); all knob-like hairs were intact. 17, from

specimen caught at the end of April. 18, from specimen caught in mid-May; knob-like hairs lack

both apical portion and small hair-like filaments (note the spiral arrangement of these filaments).

Scale lines: 50 pm (14, 15), 10 urn (16-18, all same magnification).
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during drumming. The knob-like hairs originally terminate in a narrow apical portion

(Figs. 14 & 16) which is later worn off (Fig. 17). In aged males, even the numerous

hair-like projections from each hair have been worn off due to repeated tapping of the

abdomen against various objects (Figs. 15 & 18).

Presumed tibio-eymbial stridulatory apparatus

The palp of the adult male shows structural modifications which may act together

as a stridulatory apparatus. The file consists of a regular series of grooves on the inner

side of the arch-shaped dorso-distal projection of the tibia (Fig. 19) while the scraper is

formed by a ridge at the base of the cymbium (Fig. 20). The cymbium is equipped with a

number of short spines at the tip as well as with two longer spines and several long stout

hairs on the bulging ventral side between alveolus and tip (Fig. 21). It is assumed that

Figs 19-21. Hygrolycosa rubrofasciata. - 19-20. Adult male, presumed stridulatory apparatus,

left palp: 19, dorso-distal projection of tibia showing grooves (pars stridens) on prolaterad half

of inner side; 20, dorsal aspect of cymbium base with ridge-shaped scraper (plectrum, arrow)

on prolaterad part. -21. Adult male, tip of left palp; note group of stout spines at the tip (arrow

pointing at one of these spines) and the two spines between tip and alveolus. Scale lines: 100

um (19 & 20 same magnification).
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the stridulatory apparatus will produce some still not discerned substrate-coupled

vibratory sensation by the oscillating movements of the palps described above. The

spine armature may be involved in contacting the palpal tip to the substrate (cf. Rovner

1975).

DISCUSSION

Different strategies for locating and recognizing a conspecific mate have

evolved among lycosid spiders. Any combination of chemical, visual, tactile and/or

vibratory (incl. acoustic) signalling may be involved in intersexual communication.

Precopulatory behaviour in male spiders, including various lycosids (for refs.

see Tietjen & Rovner 1982), may be induced by pheromones associated with female

draglines. In certain lycosid species, females thriving among dead leaves on the

ground may build up an "odour cloud" affecting conspecific males within a short dis-

tance {Schizocosa: Tietjen 1979). In H. rubrofasciata, however, the proximity of a

female does not seem necessary for eliciting the 'calling' behaviour in the male.

Dragline pheromones are most probably of little or no significance for locating

females and inducing precopulatory behaviour in this species because the females are

rather inactive in comparison to the males during the mating period. This can be

inferred from pitfall trap data from most of this period (Kronestedt 1984; slightly

higher activity was shown by females carrying egg sacs later in the spring, probably

due to their search for suitable sites for warming the eggs in sun light). [KOhler &
Tembrock ( 1987) were not even able to establish the presence of any females at their

study site.] Whether an "odour cloud" among leaves, effective within a short distance,

may be built up by female H. rubrofasciata is not known. Such a chemical component

does not, however, seem to be of necessity in this species. Before visual contact, a

receptive female will very markedly respond to a male's 'calling' behaviour by oscil-

lating her body, producing a 'replying' drumroll. Chemical, tactile and visual cues

may be of significance at short distance prior to the male mounting the female for

copulation. From observations indoors, it was apparent that a male immediately

recognized a female after a first brief bodily contact; a male also reacted to another

male by threat behaviour after brief touching. Cuticular pheromones may be involved

in recognition by touch. Kronestedt (1986) assumed that cuticular pores found on

the legs of various lycosids may be the sites for emitting such pheromones, and

Juberthie-Jupeau et al. ( 1990) showed that in at least one species (Alopecosa cune-

ata) each pore is connected with an epithelial secretory unit. Similar cuticular pores

do occur on the legs in both sexes of//, rubrofasciata (pers. obs.)

The male-female percussive 'duetting' in H. rubrofasciata is sofar known
unique among lycosids. Reciprocal 'duetting' has, however, been thoroughly studied

in different species of the ctenid genus Cupieimius (Rovner & Barth 1981; Barth

1993, with further refs.), nocturnal hunters associated with certain plants in Central

America. In these species, the male and female vibratory signals (substrate-borne

vibrations transmitted through plants) are also exchanged in alternation. The male



COMMUNICATION IN HYGROLYCOSA 351

signals are species-spec 1 tic in contrast to those of the females. The sexes will locate

each other b\ repeated reciprocal signalling.

Signalling by percussion (tapping b\ palps, first legs and/or abdomen) and/or

stridulation is found in males of various lycosid genera (for refs. see Uetz &
Stratton 1982). Some of the species producing sounds audible to a human ear seem

to depend on a certain kind of substrate for signalling. As is the case with H.

rubrofasciata, dry leaf litter seems to be suitable for transmitting signals produced by

percussion or stridulation. e. g.. in Gladicosa gitlosa (Walckenaer) (Harrison 1969)

and some different Schizocosa species (e. g. Stratton 1991 ). In H. rubrofasciata. the

presence of leaf litter is important for the signalling of both sexes as well as for

providing a suitable three-dimensional space for the females' secluded habits.

Like in H. rubrofasciata. modifications of the ventral abdominal hairs max

occur in other lycosid species with a ritualized abdominal tapping behaviour [e. g.

Pardosa sphagnicola (Dahl): Holm & Kronestedt 1970 and own obs.: P. hyper-

borea (Thorell): Wlnderlich 1984 and own obs.: and P. schenkeli Lessen: own
obs.]. The corresponding hairs differ, however, in detail from those in H. rubro-

fasciata and have apparently evolved by convergence due to behaviour. Kohl.hr &
Tembrock (1987) meant that the full) developed knob-like hairs ('Tymbalhaare') in

H. rubrofasciata lacks 'secondary hairs' and that this is not due to wearing. As seen in

Figs. 16-18. these hairs do develop with secondary hairs' which are later, like the

apical part of the hair, worn off by repeated drumming.

The number of pulses in a 'calling' diumroll of H. rubrofasciata is subject to

some variation between individuals, as was also noted by Kohler & Tembrock

(1987). There may as well be a certain variation in the same individual which could

be due to motivation. The length of an "ordinan " calling' drumroll has. however,

been of a the same magnitude in duration (around 1 si in this study as well as in pre-

vious records [von Helversen in WEYGOLDT (1977. fig. 8 - note: time scale needs

correction): c. 750 ms: Kronestedt (1984. fig. 3): 1070 ms; and Kohler &
Tembrock (1987. fig. 4): c. 875 ms for a drumroll consisting of 25 pulses, though

they noted a variation between 17 and 41 pulses in different drumrolls]. The lengths

of period between pulse peaks were roughh of a similar magnitude in duration

(around 30-40 ms) in the present as well as in the previous studies.

The indistinct sound preceding a 'calling' drumroll may be attributed to palpal

movements and/or oscillations of some other body parts (e. g. abdominal oscillations

without the venter hitting the substrate) though this is not fully clear. The rattling

sound following at the end of such a drumroll may have a similar explanation. Future

studies with refined techniques may throw more light on this.

The humming sound heard just prior to a 'calling' drumroll is somewhat

enigmatic. It could perhaps be of the same kind as that described by Rovner (1980)

as "analogous to the generation of flight-sounds in insects", i. e.. produced by some

vibrations of abdomen or appendages. As suggested by Rovner ( 1980. p. 199) such a

humming sound w ill be masked by the louder output due to percussion (here: abdo-

minal drumming ) or stridulation.



352 TORBJORN KRONESTEDT

Agonistic behaviour involving vibratory signalling has been studied only in a

few lycosid species (Rovner 1967, Fernandez-Montraveta & Schmitt 1994). In

H. rubrofasciata, the agonistic drumming consists of repeated brief pulse-trains, in

comparison with the longer pulse-trains in the 'calling' or courtship drumrolls.

Analogous difference between agonistic and courtship behaviour was found in

Rabidosa rabida (Walckenaer) (Rovner 1967) in which the sound-producing

behaviour during threat display resulted in a number of brief bursts of pulses (elicited

by palpal movements) compared with pulse-trains of longer duration during courtship

display. H. rubrofasciata and R. rabida both showed a considerable variation in the

agonistic signals as concerns the number of pulses in each brief pulse-train as well as

in the time interval between pulse-trains.

The presence of a presumed stridulatory apparatus in male H. rubrofasciata

may be compared with a probably homoplastic arrangement found in species of the

genera Hogna (at least some Nearctic species referred to this genus), Gladicosa,

Rabidosa, and Schizocosa (Rovner 1975). Species in these genera are also provided

with a stridulatory apparatus located at the tibio-cymbial joint but the grooves on the

inner side of the dorso-distal arch-shaped projection are more transverse and the

scraper at the base of the cymbium differently shaped compared with the condition in

H. rubrofasciata. When differing in details, a corresponding location of a stridulatory

apparatus in phylogenetically not too distant species does not necessarily imply that

the conditions are homologous (cf. Starck 1985). A tibio-cymbial configuration

similar to that in H. rubrofasciata was, however, detected in H. umidicola (own obs.).

A resemblance in the distal spine equipment on the cymbium between the two species

was also found. These similarities are indubitably homologous as regards the two

Hygrolycosa species (in contrast to H. rubrofasciata, male H. umidicola lacks

abdominal knob-like hairs).

The mechanical signalling in H. rubrofasciata certainly deserves further ana-

lyses from different aspects, e. g., "dissection" of vibration output (especially sub-

strate-borne vibrations), dependence of male 'calling' behaviour on temperature, on

female presence, &c.
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Response of epigeic spiders on the changes in the hydrological condi-

tions in the Danuhe floodplain (area GahCikovo). - In 1991-1994 the

spiders (Araneae) of the floodplain forests at the locality Dobrohost" in the

area of the waterworks Gabcfkovo (Slovakia) were studied. During this

period 5 875 individuals belonging to 110 species were collected. During

four years dominant species were Pirata hygrophilus, Pardosa lugubris,

Diplostyla concolor, Ozyptila praticola, Pachygnatha listen. Lepthyphantes

pallidus, Centromerus sylvaticus. After the waterworks began operating (in

November 1992) abundance of hygrophilous species till the year 1994 de-

creased about 26%. while abundance of eurytopic species increased about

30%. The structure of spiders community changed considerably. Spectrum

of species increased from 35 up to 71.

Key-words: Epigeic spiders - floodplain forests - Danube river - water-

works.

INTRODUCTION

Floodplain forests in the Middle Europe represent an interesting type of bio-

tope, which is reflected by their fauna. Araneofauna is not an exception either. It has

been studied by many authors. The araneofauna of floodplain forests of the Danube

river in Germany was studied by Bauchhenb (1991 ). in Austria by Thaler et al.

(1984). Thaler & Steiner (1989). in Slovakia by Gajdos et al. (1992). Gajdos

(1995). Carnogursky et al. (1994). Krumpalova & Krumpal (1993). Krumpalova

(1995).

The construction and operation of the waterworks Gabcfkovo on the Danube

and consequent changes in hydrological regime, was the reason for research of the

changes in flora and fauna in these floodplain forests. The study of the araneofauna

Manuscript accepted 28.1 1.1995.
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was a part of this investigation. This work deals with an epigeic spider community of

the soft floodplain forest in one of the many study plots.

MATERIAL AND METHODS

In 1991-1994 we studied the araneofauna of the floodplain forests in

DobrohosY (Fig. 1). Spiders were collected using ten formalin pitfall traps (9 cm in

diameter), in a line at intervals of 15 m. The traps were exposed from March to

November and picked monthly. The continual caught was interrupted by floods for

several times in 1991

.

To classify the spiders from the point of view of their humidity requirements

we took into the consideration our own notions as well as the works of Martin ( 1991 ),

Miller (1971) and Heimer & Nentwig (1991). The nomenclature was according to

Platnick (1989).

Fig. 1

The map of the part of waterworks Gabcikovo.

LOCALITY SPECIFICATION

Locality Dobrohost' is situated along the old remnant arm with wet forest

biotope. The forest vegetation belongs to the alliance Salicion albae, represented by

Populus alba, P. nigra and Salix alba in the tree stage. The vegetation in the wet part

belongs to the alliance Phalaridion arundinaceae and Phragmition (Cejka et al.
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Eudominant species of spiders at Dobrohost' locality.
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The structure of spider communities at Dobrohost locality.



358 zuzana krumpalova

Tab. 1

The dominance of spiders at DobrohosV locality during the years 1991-1994.

taxon

years 1991 1992 1993 1994 1994

Mimetidae
1

.

Erofurcata (Villers, 1789)

Theridiidae

0.38 0.3

tnoplognatha ovata (Clerck, 1 /5/) A AC0.05
o
J. Episinus angulatus (Blackwall, 1836) U.08 A 1

U. 1

4. Robertas hviaus (Blackwall. 1836) 0.34 0.95 1 .6 0.46

5. a. neglectus (O.P. Cambridge, 1871) 0.

1

6. Tneridwn pictum (Walckenaei, 1802) 0.08

7.

8.

nr * ' t is . l i on
/. pinastri L.Koch, 1872

1 neridiosomatidae

I neriaiosoma gemmosum (L.Koch, 18//)

Linyphiidae

7t in

0.1

9. Bathyphantes approximatus

(O.P. C amhndge. 1871) 0.08

1 U. Bathyphantes gracilis (Blackwall, 1841

)

(). 1

1 1 B. nigrmus (Westrmg, 1 Sri 1

)

2. 1

8

/.82 3.3
t\ 11
U.4

1

AIT
0. 1 /

1 2. Bathyphantes setiger F.O.P.Cambridge, 1894 U. IV

1 3. Centromerus arcanus (O.P.Cambridge, 1873) U.jo 0.

1

1 4. L. levitarsis (pinion, ioo4) U.Uj

1 5. C. sellarius (Simon, 1884) 0.

1

0. 17

I 6. C. sylvaticus (Blackwall. 1841

)

13.55 2.

1

0.2 0.67

I 7 Leratinella brevipes (Westrmg, 185 1

)

0.

1

I S. C. scahrosa (O.P.L ambndge, I8/I

)

0.

1

1 /CO
1 .63 0.75

I

(
>. Diplocephaltis lattjrons (O.P. Cambridge, 1863) 3.53 0.57 0.

1

0.36 0.25

20.
t~\ /r»i i it i o a i \
D. picinus (Blackwall, 1841

)

0.75 3.43 1 .7 0.61 0.67

21. Diplostyla concolor (Wider, 1834) 1 1 1 8.32 15.9 2.65 0.75

2 ? Entelecara eongenera (O.P.Cambridge, 1879) 7.98

23. Floroma bucculenta (Clerck, 1757) 0.08 0.

1

24.
/~" '7' 7" / I ' nCO\
(jongiliaium rujipes (Linnaeus, 1758) 0.92 0.95 0.8 0.

1

0. 1

7

->
-

2j.
7 -. *7 7 j „ ri / r> 1 . ,K . . , . 11 1 O C A \Leptnypnantesflavipes (Blackwall. 1854) 0.2 0.05 0.5

26.
r * Ty i „ i • 1 o o ~7

L. mengei Kulczynski. 1887 0.4

27. L. nodifer Simon, 1884 0.2

28. L. palluhis (O.P. Cambridge, 1871) 0.34 4.01 7.7 0.

1

29. L. tenebricola (Wider, 1834) 6.05 0.2 0.15

30.
I ' 7*7 * "C1 J 11 101A
Linyphia nortensis Sundevall, 1830 0.05

5 1

.

L. triangularis (Clerck, 1 /5 /) 0.34 A AC0.05

32. Neriene clathrata (Sundevall, 1830) 0.57 1.3 0.92 0.67

33. N.furtiva (O.P. Cambridge, 1871

)

0.4 0.05

34. N. montana (Clerck, 1757) 0.19 0.3 0.1 0.33

35. N. radiata (Walckenaer, 1841) 0.05

36. Oedothorax retusus ( Westring, 1 85 1

)

0.92 0.92

37. Panamomops affin is Miller & Kratochvil, 1939 0.05

38. Porrhomma convexum (Westring, 1861) 0.34

39. Porrhomma sp. 0.19

40. Tapinocyba insecta (L.Koch, 1869) 0.05

41. Tmeticus affinis (Blackwall, 1855) 0.05

42. Trichopterna cito (O.P. Cambridge, 1872) 0.05

43. Walckenaeria antica (Wider, 1834) 1.2 0.05 0.25
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44. W. nodosa O.P. Cambridge. 1873 0.05
45. W. nudipalpis (Westring, 1 85 1

)

0.5 0.15 0.17
46. W. obtusa Blackwall. 1836 0.57 4 0.92 0.42
47. W. vigilax (Blackwall. 1853) 0.05
48. Linyphiidae gen.sp. 1.91 1.7 0.82 0.08

Tetragnathidae

49. Metelina mengei (Blackwall. 1869) 0.17

50. M. segmentate! (Clerck. 1757) 0.67 0.19 0.5

51. Pachxgnatha clercki Sundevall, 1823 1.18 0.19 0.1 0.17
52. P. listen Sundevall. 1830 7.39 15.46 1 1.5 5.56 9.43
53. Tetragnatha extensa (Linnaeus, 1758) 0.42 0.2

54. T. montana Simon, 1874 0.08
55. T. obtusa C.L.Koch. 1837 0.05
56. T. pinicola L.Koch, 1870 0.1

Araneidae
57. Agalenatea redii (Scopoli. 1763) 0.19 0.2

58. Araneus alsine (Walckenaer, 1 802) 0.05
59. A. diadematus Clerck. 1757 0.25 0.2

60. A. inarmoreus Clerck. 1757 0.08 0. 1

9

(i
1

61. Araniella citcurbitina (Clerck. 1757) 0.05
62. Gibbaranea gibbosa (Walckenaer, 1802) 0.2 0. 1

1

63. Hypsosinga sanguinea (C.L.Koch, 1844) 0.17

64. Larinioides patagiatus (Clerck, 1757) 0.19 0.1

65. L. sclopetarius (Clerck, 1757) 0.05
66. Neoscona adianta (Walckenaer. 1802) 0.1 0.05

Lycosidae

67. Alopecosa acideata (Clerck. 1757) 0.25

68. A. pulverulenta (Clerck. 1757) 0.05
69. Pardosa amentata (Clerck. 1757) 0.42 0.1 4.44 0.42

70. Pardosa lugubris (Walckenaer, 1802) 2.27 7.82 20.1 38.14 39.48
71. P. paludicola (Clerck. 1 757) 0.08 0.05

72. Pirata hygrophilus Thorell, 1872 34.59 14.69 14.3 25.85 31.3

73. P. latitans (Blackwall, 1841

)

0.77 0.5

74. P. piraticus (Clerck. 1757) 1.34 0.19 1 0.25

75. Trochosa robusta (Simon. 1876) 0.05

76. T. ruricola (De Geer. 1778) 0.2 0.66 0.5

77. T. terricola Thorell. 1856 0.05

Pisauridae

78. Pisaura mirabilis (Clerck. 1757) 0.9 0.71 0.33

Agelenidae

79. Agelena gracilens C.L.Koch. 1841 0.2

80. Tegenaria campesths C.L.Koch, 1834 0.05 0.75

81. T.ferruginea (Panzer. 1804) 0.05 0.08

Hahniidae
82. Ciyphoeca silvicola (C.L.Koch. 1834) 0.05

Dictynidae

83. Dictyna uncinata Thorell, 1856 0.25

Liocranidae

84. Agraecina striata (Kulczynski. 1882) 1.18 0.95 0.3 2.14 2.25

85. Agroeca brunnea (Blackwall. 1833) 0.42 0.76 1 1.53 1

86. A. lusatica (L.Koch. 1875) 0.5

87. Phrurolitus festivus (C.L.Koch, 1835) 0.17 0.38 0.5 0.1

1

Clubionidae

88. Chibiona brevipes Blackwall. 1841 0.1 0.08

89. C. caerulescens L.Koch, 1867 0.38 0.2 0.05 0.08
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I 10.

C. lutescens Westring, 1 85

1

C. neglecta O.P. Cambridge, 1862

C. pallidula (Clerck, 1757)

C. reclu.su O.P. Cambgidge, 1863

C. similis L. Koch, 1867

C. terrestris Westring, 1 85

1

Clubiona sp.

Gnaphosidae
Zelotes aeneus (Simon, 1878)

Z. apricorum (L. Koch, 1876)

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

Z. lutetianus (L. Koch, 1866)

Z. subterraneus (C.L. Koch. 1833)

Z. w7«cks (Thorell, 1875)

Zelotes sp.

Zoridae

Zora pardalis Simon, 1878

Z. silvestris Kulczynski, 1897

Z. spinimana (Sundevall, 1833)

Thomisidae
Diaea dorsata (Fabricius, 1777)

Ozyptila praticola (C.L. Koch, 1837)

Xysticus bifasciatus C.L. Koch, 1837

Salticidae

Bullus chalybeius (Walckenaer, 1802)

0.59 0.3

0.19 0.1

0.2

0.1

3.81 1

1.01

0.17

0.2

0.1

0.6

0.1

13.18 7.25 4.4

0.05

0.05

0.05

0.36 0.33

0.05

0.11

0.05

0.25 0.08

0.05 0.08

0.31

0.08

0.17

0.08

0.05

6.02

0.05

0.11

5.68

Sum of individuals 1191 524 1000 1962 1198

Sum of species 35 33 62 71 39

1995). After the diversion of the Danube river into the diversion canal of Gabcfkovo

waterworks in 1992 the old remnant arm at the locality DobrohosT dried up. Since this

year we have recorded a continual decline in the ground water level, about 2 m, and in

1994 it was stabilized relatively at a depth of 4.8 m (Fig. 3). Absence of natural floods

(the last flood was in August 1991) has also contributed to the changes in hydrological

regime at the biotope. Until 1994 the previous number of willows reduced at 45%, all

the species exhibit loss of foliage and precocious downfall of leaves. The present site

- conditions are suitable for establishment of hardwood floodplain forest (Pisut 1994).

In 1994 also the other study plot (in the text marked as "b"), where floods

should be simulated, was investigated.

RESULTS

During four years of our research at the locality DobrohosT 5 875 individuals,

belonging to 1 10 species from 17 families were obtained (Tab. 1 ).

In 1991 - 35 spider species were found there. Eudominant species were repre-

sented by Pirata hygrophilus 34.6%, Ozyptila praticola 13.2%, Diplostyla concolor

1 1 %, dominant species were Pachygnatha listen 7.4%, Entelecara congenera 8%,

Lepthyphantes tenebricola 6% (Fig. 2).
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In 1992 - 33 spider species were recorded. Eudominant species were Diplostyla

concolor 18.3%. Pachygnatha listen 15.5%. Pirata hygrophilus 14.7%, Centromerus

sylvaticus 13.6%. dominant species were Bathyphantes nigrinus 7.8%, Pardosa lugu-

bris 7.8%, Ozyptila praticola 7.3%.

In 1993 - 62 spider species were found at this locality. Eudominant species

were Pardosa lugubris 20.1%. Diplostyla concolor 15.9%. Pirata hygrophilus 14.3%,

Pachygnatha listeri 11.5%. dominant was Lepthyphantes pallidus 1.1%.

In 1994 the number of recorded spider species was 71 . Eudominant were Par-

dosa lugubris 38.1%\ Pirata hygrophilus 25.9%, dominant species were Ozyptila

praticola 6% and Pachygnatha listeri 5.6%.

In the same year in the study plot **b" 39 spider species were found. Eudo-

minant were Pardosa lugubris 39.5%, Pirata hygrophilus 31.3%; dominant species

were Pachygnatha listeri 9.4% and Ozyptila praticola 5.7%.

Concerning the eudominant and dominant species on the one hand a decrease in

abundance of Pirata hygrophilus (about 20% ) and Ozyptila praticola (about 7% ) was

recorded during the investigated period, on the other hand an increase in abundance

was the most expressive in Pardosa lugubris (about 36%). Increased abundance of

spiders Pachygnatha listeri (4%). Diplostyla concolor (5-7%), Lepthyphantes pallidus

(7%), was also recorded, although in 1994 a decline in abundance of these species was

found (Fig. 2). The abundance of Pirata hygrophilus increased this year.

The structure of spider community was changing considerably during the years

1991 - 1994. The most marked change was the quantitative growth of species from the

families Linyphiidae and Theridiidae, especially. The total spectrum of spider species

was increasing. In the year 1991 - 13 species belonging to the families Linyphiidae and

Theridiidae were found there, in 1992 - 15 spider species, in 1993 - 26 species and in

1994 - 30 species. Since 1992 their dominance in the community has been indirectly

proportionate to the growing number of species. In 1991 they represented 34 % of all

individuals . in 1992 - 54%. in 1993 - 41% and in 1994 only 11%. Since 1992 the

hydrological conditions at the biotope have changed. Besides the changing hydrolo-

gical conditions at the biotope the araneofauna was affected by dry, warm and long-

lasting summer-autumnal part of the season in recent yaers. The occurence of small

spider species, especially hygrophilous ones from the families Linyphiidae and Theri-

diidae, was concentrated gradually into the microhabitats in proximity of trees, small

shrubs and ground depressions. During the year 1993, but mostly in 1994 the steno-

topic species had been replaced by eurytopic ones. The penetration of the expansive

species Pardosa lugubris into the biotope caused a competitive pressure on the

abundance of smaller species of spiders. Similar expansive reaction was seen by the

hygrophilous species Pirata hygrophilus. In comparison with the year 1993 the domi-

nance of this species increased about 12% in consequence of its greater migratory

ability. We can suppose that species diversity will gradually stabilize, whereby the

structure of the community will be different from that of 1992, which is connected

with the changed conditions at the biotope.

Response of the spiders to the changes in hydrologic conditions was very
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conspicious and rapid. The change in the structure of the community was manifested

not only in the species spectrum but also in the number of spiders preferring wet or

inundated biotopes.

In the years 1991-1992 the spider community was represented mainly by the

hygrophilous and hemihygrophilous species (Fig. 3), the eurytopic and xerophilous

species represented about 20%. In 1993 we recorded a decline in abundance of the

hygrophilous and hemihygrophilous species that was more expressive in 1994 (about

26%). This decrease in abundance of the hygrophilous species was compensated by an

increase in abundance of the eurytopic species (in 1993 about 13% and in 1994 about

30%) (Fig. 3).

DISCUSSION

The spider community of the Danube floodplain forests is represented by 30 -

40 species (Thaler et al. 1984, Thaler & Steiner 1989, Bauchhenb 1991, Krumpa-

lova. in press).

The epigeic fauna of spiders of the Danube floodplain forests is markedly

affected especially by two factors: the ground water level (and the soil humidity

connected with this, as well) and the floods. It is expressed remarkably not only in the

abundance but also in the number of species.

In connection with the construction and working of Gabcfkovo waterworks, at

the locality DobrohosY, conditions for transition of soft floodplain forest to hard

floodplain forest have been estabilished (Pisut 1994). However, the structure of spider

community at the biotope exhibits for the present very low similarity with the compo-

sition of the spider communities in the floodplain forests near Vienna (Thaler &
Steiner 1989) or near Dillingen (Bauchhenb 1991).

The next research of the araneofauna at the locality Dobrohost* will show,

wheater the changes in the spider communities structure are permanent and it will

make possible to prepare a model of changes in the spider communities of the Danube

floodplain forests.
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