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Abstract
The effect of scrub invasion and rank vegetation on epigeic (= ground-living) spiders in dry
meadows in the National Park Donau-Auen in Vienna (Austria) was investigated. The dry
meadows are xeric alluvial biotopes located on gravel ground and characterised by flowerrich vegetation. The study was carried out at 50 randomly selected plots in the area of “Untere Lobau” in the southeast of Vienna. Epigeic spiders were sampled by means of pitfall
traps during three periods lasting two weeks each (29 April to 13 May, 25 June to 9 July
and 6 to 20 September 1999). At each plot scrub coverage was measured within a radius
of 8 m around the plot centre and vegetation density (pasture yield) was measured using
a disc pasture meter as developed by Bransby & Tainton (1977). The principal threat to the
dry meadows comes from encroachment of scrub and the development of rank vegetation
that may result from fertiliser application (nutrient-rich inundations) and/or lack of grazing. Since scrub encroachment changes the physical structure in grassland it might also
affect different spider species in various ways. Thus, we tested the effect of scrub invasion
and the increase of rank vegetation on seven sets of spider species according to their habitat affinities: dry grassland specialist, forest specialist, forest generalist, “forest steppe”,
grassland specialist, grassland generalist and ruderal generalist spiders. We used binary logistic regression to model the distribution of spider species using the presence or absence
of spiders in each study site as the dependent variable, and environmental parameters
(scrub cover, vegetation density) as the independent variables. Forest specialist species,
forest generalist species and “forest steppe” species showed a significant positive linear
relationship with scrub cover, whereas dry grassland species showed a significant negative linear relationship. Ruderal generalist species significantly decreased with increase of
vegetation density. A bell-shaped relationship between vegetation density and grassland
species indicated an optimum of species occurrence at 15 cm grass sward height. In contrast, forest specialist species showed an U-shaped relationship along the vegetation density gradient indicating high probability of occurrence at sites of very low, as well as very
high vegetation density. We expect that the results of this study can be useful for further
monitoring or management projects in the National Park Donau-Auen.
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INTRODUCTION
The National Park Donau-Auen east of Vienna was established in 1996 and is acknowledged as a protected area (IUCN Category
II National Park) by the International Union
for Conservation of Nature and Natural Resources (IUCN). At present, the total area of
National Park amounts to 9300 ha of which
15% are categorised as grasslands (Internet:
http://www.donauauen.at). Particular landscape elements include the so called “Heissländen”, i.e. xeric alluvial biotopes characterised by gravel ground and dry grassland
vegetation (Margl 1973; Schratt-Ehrendorfer
2000a). From a conservation viewpoint, the
most valuable vegetation type of the dry
grasslands in the “Untere Lobau” is the plant
association “Teucrio botrys-Andropogonetum ischaemi” (see Schratt-Ehrendorfer
2000b). Recently, the dry meadows have become threatened by encroachment of scrub
and the development of rank vegetation
(Schratt-Ehrendorfer 2000b). Long-term habitat change in the area is the result of a vegetation succession since the regulation of the
Danube River in the second half of the 19th
century (~1860) (Schratt-Ehrendorfer 2000a,
b). Today, the forthcoming possibility of water enhancement in the “Untere Lobau”, an
alluvial area along the Danube downstream
of Vienna, with nutrient-rich water from the
main channel of the Danube must be considered a major threat to these habitats of high
conservation value (Schratt-Ehrendorfer
2000b).
The effects of scrub invasion and increase
in rank vegetation on the spider fauna was
investigated in the framework of a LIFEProject at several “Heissländen“ of the “Untere Lobau“ (Rotter 2006) that is situated in
the western part of the National Park Do���
nau-Auen. Since scrub encroachment and
rank vegetation development change the
physical structure in grasslands they might
also affect different spider species in various
ways. As Gajdoš & Toft (2000: p. 95) pointed
out: “Structural characteristics of the vegetation are generally thought to be the most im-

portant factor for habitat selection of spiders
and thus for determining the composition of
spider fauna”.
Thus, we tested the effects of scrub cover
and vegetation density on different subsets
of spider species according to their habitat
affinities: dry grassland specialist, forest
specialist (including interior forest edge),
forest generalist, “forest steppe”, grassland
specialist, grassland generalist and ruderal
generalist species. We aimed (i) to determine
the responses of different spider groups to
scrub cover and vegetation density (height
of grass sward) and (ii) to recommend management targets for the valuable dry meadows that might be appropriate to maintain
spiders of high conservation value in the National Park Donau-Auen.
MATERIAL AND METHODS
Study area and study sites
The study area is a rectangle (2500 x 500m)
extending from 48°09’21”N, 16°31’45”E (lower left coordinate) to 48°10’00”N, 16°34’30”E
(upper right coordinate). Based on a map of
the city of Vienna (municipal authority MA
41, 1998) 50 study sites were selected that
were distributed in nine different “Heissländen” (see Rotter 2006).
Each study site represents a grid cell of
20 x 20 m. Using aerial photographs (colour
infrared images; ÖBIG 1991) only grid cells
were selected which (i) showed a significant
proportion (maximum 90%) of grassland, (ii)
did not overlap with roads or buildings and
(iii) were accessible by land.
Environmental parameters
Scrub cover was determined within a radius
of 8 m around the centre of each study site.
Therefore, in the first step the exact position, height and diameter of all shrubs and
trees (including tree crowns) in each study
site was determined using a compass and
a tapeline. In a second step a graphical representation of the data was made and the
percentage of scrub cover in relation to total
ground size was calculated. For details see
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Rotter (2006). Original data are given in Appendix 1.
The most abundant scrubs in the study
area were (in order of presence): common
hawthorn (Crataegus monogyna), common
privet (Ligustrum vulgare), common dogwood (Cornus sanguinea), rose species (Rosa
sp.), European cornel (Cornus mas), European barberry (Berberis vulgaris), white poplar
(Populus alba), European black pine (Pinus nigra) and field elm (Ulmus minor) (Rotter 2006).
Vegetation density (i.e. grass fuel load,
grass sward height, plant biomass) in the
study sites was measured twice (April and
August) with a disc pasture meter as developed by Bransby & Tainton (1977). The disc
pasture meter is a simple inexpensive instrument which has been demonstrated to
be useful for making rapid yield estimates
of standing grass (Brainsby & al. 1977; Trollope & Potgieter 1986) or for quantitatively
describing standing biomass in grassland
ecosystems (Dörgeloh 2002). A round disc
of 20 cm diameter and 100 g of weight was
released from 50 cm height along a wooden
stick. Twenty measures were taken randomly in each 20 x 20 m sampling quadrat. For
statistical analysis the mean value was used.
Sampling
Spiders were obtained by pitfall trapping.
A single pitfall (glass jar of 5.1 cm opening
diameter, 8 cm depth, filled with 80 ml ethylene glycol as preservative, covered with a
transparent plastic roof) was exposed in the
centre of each study site for three 14-day periods (29 April to 13 May, 25 June to 9 July
and 6 to 20 September 1999). Adult spiders
were determined to species level using the
keys of Heimer & Nentwig (1991) and Nent�����
wig & al. (2003). Nomenclature of spiders
follows Platnick (2010).
Data analysis
Prior to the statistical analyses each spider
species was classified according to its habitat affinities/preferences by using relevant
information both from the literature (e.g. Bu-
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char 1992; Reinke & Irmler 1994; Hänggi &
al. 1995; Kreuels & Platen 1999; Bolaños 2003;
Nentwig & al. 2003; Buchar & Růžička 2002;
Entling & al. 2007) and from own databases.
Species were classified into seven habitat
categories as follows:
• dry grassland specialist species: xerothermophilic species that are bound to open
dry and warm habitats (see Bauchhenss
1990).
• forest specialist species: species preferring
shady forest interior conditions with stable cold humid microclimate, as well as
interior forest edges (sensu Whitcomb &
al. 1981).
• forest generalist species: widely distributed species that show a high frequency of
occurrence in forests
• “forest steppe” species: species occurring
in light and dry open forests with grassy
understorey, like oak-hornbeam forests,
(Pannonian) forest steppe and xerothermic forest edges
• grassland specialist species: species showing a preference for open habitats and an
avoidance of forests
• grassland generalist species: widely distributed species that show a high frequency of occurrence in grasslands
• ruderal generalist species: widely distributed species that show a high frequency
of occurrence in ruderal sites, fields and
gardens; i.e. sites of agricultural disturbance
Binary logistic regression was used to
model the distribution of spider species
along the two environmental gradients:
scrub cover and vegetation density. In the
regression models for each category the
presence/absence of each spider species was
used as the dichotomous dependent variable
and environmental parameters were used as
the continuous independent variables. For
the different categories the following numbers of cases were finally included in the analyses: dry grassland species (133 presence
/ 1017 absence), forest species (69 / 831), forest generalist species (62 / 738), forest steppe
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Table 1. Spider species presence in the 50 study sites in the “Untere Lobau” (Vienna, Austria) and
categorization of each species according to its habitat affinity.

Araneae

Category

Agroeca brunnea (Blackwall, 1833)
Agroeca cuprea Menge, 1873
Agyneta ramosa Jackson, 1912
Alopecosa cuneata (Clerck, 1757)
Alopecosa mariae (Dahl, 1908)
Alopecosa pulverulenta (Clerck, 1757)
Alopecosa trabalis (Clerck, 1757)
Arctosa figurata (Simon, 1876)
Arctosa lutetiana (Simon, 1876)
Argenna subnigra (O. P.-Cambridge, 1861)
Atypus piceus (Sulzer, 1776)
Aulonia albimana (Walckenaer, 1805)
Centromerus sylvaticus (Blackwall, 1841)
Ceratinella brevis (Wider, 1834)
Ceratinella scabrosa (O. P.-Cambridge, 1871)
Cheiracanthium campestre Lohmander, 1944
Clubiona comta C. L. Koch, 1839
Clubiona diversa O. P.-Cambridge, 1862
Diplocephalus cristatus (Blackwall, 1833)
Drassodes lapidosus (Walckenaer, 1802)
Drassodes pubescens (Thorell, 1856)
Drassodes villosus (Thorell, 1856)
Drassyllus praeficus (L. Koch, 1866)
Drassyllus pusillus (C. L. Koch, 1833)
Dysdera hungarica Kulczyński, 1897
Enoplognatha thoracica (Hahn, 1833)
Episinus truncatus Latreille, 1809
Erigone dentipalpis (Wider, 1834)
Euryopis flavomaculata (C. L. Koch, 1836)
Evarcha arcuata (Clerck, 1757)
Evarcha falcata (Clerck, 1757)
Gnaphosa alpicola Simon, 1878
Hahnia nava (Blackwall, 1841)
Hahnia ononidum Simon, 1875
Hahnia pusilla C. L. Koch, 1841
Haplodrassus signifer (C. L. Koch, 1839)
Haplodrassus silvestris (Blackwall, 1833)
Harpactea rubicunda (C. L. Koch, 1838)
Hypsosinga sanguinea (C. L. Koch, 1844)
Lasaeola prona (Menge, 1868)
Malthonica campestris (C. L. Koch, 1834)
Meioneta affinis (Kulczyński, 1898)
Meioneta rurestris (C. L. Koch, 1836)
Meioneta saxatilis (Blackwall, 1844)
Micaria dives (Lucas, 1846)
Micaria formicaria (Sundevall, 1831)
Micaria fulgens (Walckenaer, 1802)
Micrargus subaequalis (Westring, 1851)

Forest specialist
Dry grassland specialist
Forest specialist
Grassland generalist
Dry grassland specialist
Grassland generalist
Dry grassland specialist
Dry grassland specialist
Grassland specialist
Dry grassland specialist
“Forest steppe“
Grassland generalist
Forest generalist
Forest generalist
Forest specialist
Dry grassland specialist
Forest specialist
Grassland specialist
Ruderal generalist
Grassland generalist
Grassland generalist
“Forest steppe“
Dry grassland specialist
Grassland generalist
“Forest steppe“
Ruderal generalist
“Forest steppe“
Ruderal generalist
Forest specialist
Grassland specialist
Forest generalist
“Forest steppe“
Grassland generalist
Forest specialist
Forest generalist
Grassland generalist
Forest specialist
“Forest steppe“
Grassland specialist
Dry grassland specialist
Forest specialist
Grassland specialist
Ruderal generalist
Forest generalist
Dry grassland specialist
Dry grassland specialist
Dry grassland specialist
Grassland specialist

Presence
2
7
2
16
1
6
33
21
40
2
19
28
2
7
1
1
1
1
1
1
5
1
3
6
3
1
1
1
6
3
1
5
12
9
1
6
2
3
1
3
1
5
7
2
1
2
3
1
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Araneae

Category

Microneta viaria (Blackwall, 1841)
Minyriolus pusillus (Wider, 1834)
Myrmarachne formicaria (De Geer, 1778)
Neriene clathrata (Sundevall, 1830)
Neriene radiata (Walckenaer, 1842)
Ozyptila atomaria (Panzer, 1801)
Ozyptila claveata (Walckenaer, 1837)
Ozyptila praticola (C. L. Koch, 1837)
Pachygnatha degeeri Sundevall, 1830
Palliduphantes alutacius (Simon, 1884)
Palliduphantes pallidus (O. P.-Cambridge, 1871)
Panamomops affinis Miller & Kratochvíl, 1939
Panamomops fagei Miller & Kratochvíl, 1939
Panamomops mengei Simon, 1926
Pardosa agrestis (Westring, 1862)
Pardosa alacris (C. L. Koch, 1833)
Pardosa bifasciata (C. L. Koch, 1834)
Pardosa hortensis (Thorell, 1872)
Pardosa riparia (C. L. Koch, 1833)
Pelecopsis mengei (Simon, 1884)
Pellenes nigrociliatus (Simon, 1875)
Phaeocedus braccatus (L. Koch, 1866)
Phlegra fasciata (Hahn, 1826)
Phrurolithus festivus (C. L. Koch, 1835)
Pisaura mirabilis (Clerck, 1757)
Sitticus penicillatus (Simon, 1875)
Steatoda phalerata (Panzer, 1801)
Tapinocyba insecta (L. Koch, 1869)
Tenuiphantes zimmermanni (Bertkau, 1890)
Thanatus formicinus (Clerck, 1757)
Titanoeca schineri L. Koch, 1872
Trachyzelotes pedestris (C. L. Koch, 1837)
Trichopterna cito (O. P.-Cambridge, 1872)
Trochosa terricola Thorell, 1856
Walckenaeria atrotibialis (O. P.-Cambridge, 1878)
Walckenaeria dysderoides (Wider, 1834)
Walckenaeria furcillata (Menge, 1869)
Xerolycosa miniata (C. L. Koch, 1834)
Xysticus bifasciatus C. L. Koch, 1837
Xysticus erraticus (Blackwall, 1834)
Xysticus kochi Thorell, 1872
Xysticus luctator L. Koch, 1870
Xysticus ninnii Thorell, 1872
Xysticus robustus (Hahn, 1832)
Zelotes apricorum (L. Koch, 1876)
Zelotes electus (C. L. Koch, 1839)
Zelotes gracilis (Canestrini, 1868)
Zelotes latreillei (Simon, 1878)
Zelotes longipes (Simon, 1878)
Zora spinimana (Sundevall, 1833)

Forest specialist
Forest generalist
Grassland specialist
Forest generalist
Forest specialist
Grassland specialist
Dry grassland specialist
Forest generalist
Ruderal generalist
Forest specialist
Forest generalist
Forest specialist
Forest specialist
Forest specialist
Ruderal generalist
Forest specialist
Dry grassland specialist
Grassland specialist
Grassland specialist
Grassland specialist
Dry grassland specialist
Dry grassland specialist
Grassland specialist
Forest generalist
Forest generalist
Dry grassland specialist
Dry grassland specialist
Forest specialist
Forest generalist
Grassland specialist
“Forest steppe“
“Forest steppe“
Dry grassland specialist
Forest generalist
Forest generalist
Forest generalist
Forest specialist
Grassland specialist
Grassland specialist
Grassland specialist
Grassland generalist
“Forest steppe“
Dry grassland specialist
Dry grassland specialist
Forest specialist
Dry grassland specialist
Dry grassland specialist
Grassland generalist
Dry grassland specialist
Forest generalist

133
Presence
1
1
3
1
1
4
5
2
1
4
1
5
1
2
1
20
24
2
1
1
1
2
1
9
2
1
1
4
1
14
9
7
1
22
4
2
4
3
5
1
8
1
1
2
3
10
1
6
6
4
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species (49 / 401), grassland species (106 / 744),
grassland generalist species (94 / 406), ruderal generalist species (12 / 288).
For each of the seven spider data sets, a two
step logistic regression method was used: In
the first step each single continuous variable
(scrub cover, vegetation density) was tested
in relation to each dependent variable. In the
second step a quadratic interaction term was
added to the model to determine significant
quadratic relationships between dependent
and independent variables. For each model
this interaction term was simply calculated
as the square product of an existing single
continuous variable (i.e., scrub cover*scrub
cover; vegetation density*vegetation density). The predictive success of each logistic
regression model was assessed by the percentage of correct/incorrect classifications
of the dependent, and the model appropriateness for overall fit by Hosmer and Lemeshow Goodness-of-Fit tests.
Data were analyzed using the SPSS 11.5
statistical package for Windows (Norušis
2002).
RESULTS
Faunistics
In total 1083 adult individual spiders were
caught during the three sampling periods in
the 50 study sites (for original spider data see
Appendix 2). We recorded 98 species from
21 spider families (Tab. 1). Highest species
numbers were found in the familiy Linyphiidae (26), Gnaphosidae (19) and Lycosidae
(14). Twelve spider species were recorded
in at least ten study sites: Arctosa lutetiana
(Simon, 1876): 40, Alopecosa trabalis (Clerck,
1757): 33, Aulonia albimana (Walckenaer,
1805): 28, Pardosa bifasciata (C. L. Koch, 1834):
24, Trochosa terricola Thorell, 1856: 22, Arctosa
figurata (Simon, 1876): 21, Pardosa alacris (C. L.
Koch, 1833): 20, Atypus piceus (Sulzer, 1776):
19, Alopecosa cuneata (Clerck, 1757): 16, Thanatus formicinus (Clerck, 1757): 14, Hahnia nava
(Blackwall, 1841): 12 and Zelotes electus (C. L.
Koch, 1839): 10 (Tab. 1).

Habitat categories
About one fourth of the spider fauna are dry
grassland dependent species (N = 23) (Tab. 1).
Forest specialist species (18), forest generalist species (16) and grassland specialist species (16) represents each about one sixth of
the overall species richness. Approximately
one tenth was identified as “forest steppe”
species (9) or grassland generalist species
(10), respectively. The smallest group among
the overall species richness are the ruderal
generalist species (6).
Rarity
Referring to the number of records in the databases of Hänggi & al. (1995) and Bolaños
(2003) for Central Europe, Staudt (2008) for
Germany and Buchar & Růžička (2002) for
the Czech Republic, the following species
must be considered as rare: the dry grassland specialists Alopecosa mariae (Dahl,
1908), Lasaeola prona (Menge, 1868), Micaria
dives (Lucas, 1846), Pellenes nigrociliatus (Simon, 1875), Phaeocedus braccatus (L. Koch,
1866), Sitticus penicillatus (Simon, 1875) and
Zelotes gracilis (Canestrini, 1868); the “forest
steppe” spiders Drassodes villosus (Thorell,
1856), Dysdera hungarica Kulczyński, 1897,
Gnaphosa alpica Simon, 1878 and Titanoeca
schineri L. Koch, 1872; and the forest specialists Malthonica campestris (C. L. Koch, 1834),
Palliduphantes alutacius (Simon, 1884) and
Panamomops fagei Miller & Kratochvíl, 1939.
Logistic regression
Among the seven spider groups and the
two environmental parameters tested in
the regression models, four significant relationships were found along the scrub cover
gradient and three significant relationships
along the vegetation density gradient (Tab.
2, Figure 1a,b).
Dry grassland spiders showed a significant negative linear relationship with increasing scrub cover (Nagelkerke’s R2 = 0.016;
Hosmer and Lemeshow Goodness-of-Fit =
1.16, df = 8, P = 0.99; 88.4% correct classification) (Fig. 1a). In contrast, significant positive
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Table 2. Logistic regression analyses of habitat variables influencing presence and absence of
seven spider groups in the “Untere Lobau” (Vienna, Austria) as determined by pitfall trap samplings at 50 sites: logistic regression coefficients (ß), coefficients standard error (S.E. (ß)), the
Wald test and statistical significances for logistic regression models; significant relationships (P
< 0.05) are given in bold.

Variable
Dry grassland spiders
Scrub
Scrub + Scrub2
Vegdens
Vegdens + Vegdens2
Forest specialist spiders
Scrub
Scrub + Scrub2
Vegdens
Vegdens + Vegdens2
Forest generalist spiders
Scrub
Scrub + Scrub2
Vegdens
Vegdens + Vegdens2
“Forest steppe“ spiders
Scrub
Scrub + Scrub2
Vegdens
Vegdens + Vegdens2
Grassland specialist spiders
Scrub
Scrub + Scrub2
Vegdens
Vegdens + Vegdens2
Grassland generalist spiders
Scrub
Scrub + Scrub2
Vegdens
Vegdens + Vegdens2
Ruderal generalist spiders
Scrub
Scrub + Scrub2
Vegdens
Vegdens + Vegdens2

β

SE

Wald

df

Significance

Odds
ratio

-0.01
-0.02
-0.03
-0.01

0.00
0.00
0.02
0.01

8.59
0.03
2.54
2.95

1
1
1
1

0.003
0.872
0.111
0.086

0.99
1.00
0.97
0.99

0.03
0.00
0.06
0.01

0.00
0.00
0.03
0.01

35.23
2.15
4.73
4.42

1
1
1
1

0.000
0.142
0.030
0.036

1.03
1.00
1.06
1.01

0.02
0.00
0.03
0.01

0.01
0.00
0.03
0.01

12.67
0.33
4.30
1.11

1
1
1
1

0.000
0.565
0.354
0.293

1.02
1.00
1.03
1.01

0.02
0.00
-0.01
0.00

0.01
0.00
0.03
0.01

10.58
0.52
0.04
0.01

1
1
1
1

0.001
0.470
0.848
0.932

1.02
1.03
0.99
1.00

-0.00
0.00
0.02
-0.01

0.00
0.00
0.02
0.01

0.89
0.12
0.43
4.31

1
1
1
1

0.346
0.731
0.510
0.038

1.00
1.00
1.02
0.99

-0.01
0.00
-0.03
-0.00

0.01
0.00
0.03
0.01

3.61
0.52
1.38
0.06

1
1
1
1

0.058
0.472
0.240
0.803

0.99
1.00
0.97
1.00

-0.04
0.00
-0.23
0.00

0.02
0.00
0.08
0.02

3.20
3.15
7.44
0.00

1
1
1
1

0.074
0.077
0.006
0.979

0.96
1.00
0.80
1.00

relationships with increasing scrub cover
were found in all three species groups that
show an habitat affinity to forests: forest specialist spiders (Nagelkerke’s R2 = 0.089; Hosmer and Lemeshow Goodness-of-Fit = 9.99,

df = 8, P = 0.26; 92.3% correct classification),
forest generalist species (Nagelkerke’s R2 =
0.035; Hosmer and Lemeshow Goodnessof-Fit = 10.89, df = 8, P = 0.21; 92,3 % correct
classification ) and “forest steppe” spiders
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(Nagelkerke’s R2 = 0.045; Hosmer and Lemeshow Goodness-of-Fit = 5.39, df = 8, P = 0.72;
89.1% correct classification) (Fig. 1a).
Along the vegetation density gradient
there was also a significant positive linear
relationship with forest spiders’ presence.
Moreover, this linear model was significantly improved when the quadratic interaction
term was added to the model (Nagelkerke’s
R2 = 0.024; Hosmer and Lemeshow Goodness-of-Fit = 10.57, df = 8, P = 0.23; 92.3% correct classification) (Fig. 1b). The resulting
unimodal U-shaped curve indicated lowest
probability of forest species presence at a site
with approximately 12 cm grass sward, but
increased probability of occurrence at sites
of very low and very high amounts of vegetation density. In contrast, a significant unimodal bell-shaped relationship was found
between vegetation density and grassland
spiders (Nagelkerke’s R2 = 0.011; Hosmer and
Lemeshow Goodness-of-Fit = 3.34, df = 8, P
= 0.91; 87.5% correct classification) with an
optimum of presence probability at about 15
cm grass sward (Fig. 1b). Vegetation density and ruderal generalist species showed a
significant negative relationship indicating
a preference of these species for low plant
height and/or open ground (Fig. 1b). No significant relationships were found between
grassland generalist species and the two environmental gradients which were tested.
In all significant relationships between
dependent and independent variables, the
models show a good fit (Hosmer and Lemeshow Goodness-of-Fit Test, P > 0.05) and
high correct classification rates. However,
low Nagelkerke’s R2 values and Odds ratio’s
of about 1.0 indicate only a weak predictive
power of the models (Tab. 2).
DISCUSSION
In biodiversity studies it is sometimes necessary to distinguish between species that
are ecologically confined to a given habitat
type and those that can survive in other
habitat types as well. For example, Magura
& al. (2001) investigated carabid beetle spe-

cies richness in deciduous forest patches
surrounded by an agricultural matrix. The
authors distinguished between species of
closed canopy deciduous forests (forest
specialists) and widely distributed species
(generalists). As expected, forest specialist species increased and generalist species
decreased with increasing forest patch size.
However, putting both categories together,
the higher number of generalists masked
the effect of forest specialists resulting in a
negative relationship between carabid species richness and forest patch size. Without
critically questioning such findings, one
may be led to errant recommendations such
as diminishing forest patches for the sake of
enhancing species richness.
Vegetation architecture is one key environmental gradient for niche separation
in spiders (see Wise 1993). Thus, by assigning the examined spiders from the “Untere
Lobau” into habitat categories we focus on
the vegetation structure (forest-grassland)
and the species’ habitat dependency (specialist-generalist). We distinguished between forest related species (forest specialists, forest generalists and “forest steppe”
species) and open habitat related species
(dry grassland specialists, grassland specialists, grassland generalists and ruderal generalists). This is a more detailed approach in
comparison to classifications found in the
literature. Classification of species according
to their habitat affinities is common in spiders (e.g. Huhta 1971; Buchar 1992; Kreuels &
Platen 1999; Buchar & Růžička 2002). Many
authors roughly distinguish between forest
species, open habitat species and generalists occurring in both habitat types. An improved classification is possible by considering both light and moisture (see Maurer &
Hänggi 1990: p.19). For example, MatveinenHuju (2004) classified boreal Finnish spiders
according to their habitat affinities and distinguished between open habitats, semiopen habitats and shady habitats, on the one
hand, and dry habitats, medium-moist habitats and moist habitats, on the other hand. A

a
a
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Predicted probability

Predicted probability

similar approach was undertaken by Entling
& al. (2007), based on a profound statistical
analysis using data from 244 published spider communities involving 70 habitat types
in order to derive niche properties of Central European spiders. Entling & al. (2007)
distinguished between open habitats, semiopen habitats and forests, on the one hand,
and dry habitats, mesic habitats and moist
habitats, on the other hand, to classify the
studied habitat types. There are several critical aspects to the assignment of species according to their habitat affinities. First, the
accuracy of an assignment depends on the
Scrub cover (%)
quality of the published data (Hänggi &
a
al. 2005). Secondly, habitat tolerance of speb
cies varies with geographical location (see
b
Duffey 2005 for a review). Third, inevitably,
each assignment is – to a certain extent – arbitrary. Taking all these critical points into
consideration, the final spider category list
of the present study must be considered as
the current state of an ongoing discussion
process. Logistic regression models proved
to be helpful to describe the distribution
of different spider species groups along
the scrub cover and the vegetation density
gradient in the xeric alluvial grasslands in
the “Untere Lobau”. The logistic regression
models for dry grassland specialist spiders
showed a decreased probability of presence
Vegetation density (cm)
at a site as scrub cover increases. In contrast,
b
forest specialist spiders, forest generalist spiFigures 1a,b. Predicted probabilities of spider presence across
environmental
parameters
derstheand
“forest steppe”
spiders significantly
(a)
scrub1a,b.
cover
and (b) vegetation
density
as determined
by binary
regression
analysis;
Figures
Predicted
probabilities
of spider
presence across
the logistic
environmental
parameters
benefit
from
increasing
scrub
cover. Ruderal
only
significant
relationships
are plotted
dry grassland
specialist
line),analysis;
forest
(a)
scrub
cover
and
(b) vegetation
densityshowing
as of
determined
by binary
logistic (dotted
regression
Figs.
1a,
b.black
Predicted
probabilities
spider
generalist
spiders
affected by
specialist
(full
line), forest
(full dark
line),
“forest
steppe”
(fullare
lightnegatively
gray
only significant
relationships
aregeneralist
plotted showing
drygrey
grassland
specialist
(dotted
line),
forest
presence
the forest
environmental
parameline),
grassland
specialist
(dashed
line) and(full
ruderal
spiders
line)
on
specialist
(fullacross
black
line),
generalist
darkgeneralist
grey line),
“forest (dotted-dashed
steppe”
(full light
gray
increasing
vegetation
density
indicating
a
the
xeric
grasslands
(„Heißländen“)
in “Untere
Lobau“,spiders
(Vienna,
Austria). No significant
ters
(a)alluvial
scrubspecialist
cover and
(b) vegetation
density
line),
grassland
(dashed
line) and ruderal
generalist
(dotted-dashed
line) on
preference
for
pioneer
or
disturbed
habitats
relationships
were
found
in
grassland
generalist
spiders.
For
statistical
details
see
Table
2.
the
alluvial grasslands
in “Untere
asxeric
determined
by binary(„Heißländen“)
logistic regression
an-Lobau“, (Vienna, Austria). No significant
relationships were found in grassland generalist spiders. For
statistical
Table 2.
bare details
open see
ground
and less vegetation.
alysis; only significant relationships are plotted with
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found in grassland generalist spiders. For stat- low amounts of vegetation density. This efistical details see Table 2.
fect may be due to the fact, that low vegeta-
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tion density or even absence of any vegetation is either characteristic for open pioneer
habitats or for very dense scrub cover conditions. In the latter case dense scrub cover or
tree canopy may suppress or even eliminate
grassy understorey through outshading.
In the present study, all regression models
show a good fit and a high correct classification rate. However, this does not mean that
the models explain much of the variance in
the dependent variables, only that they do
so to a significant degree (Norušis 2005). In
fact, all models show low values of predicted
probabilities of spider presence, i.e. explain
only a low degree of the variance, and must
therefore be considered as poor predictors of
spider species presence in the dry meadows
of the “Untere Lobau”.
Duelli & Obrist (2003) pointed out that
conservation value differs between species.
Evidently, a rare or threatened species has
a higher conservation value than a common species, because it contributes more
to regional or national biodiversity than an
widely-distributed species. Consequently,
dry grassland specialist species that depend
on or are restricted to rare and threatened
dry meadows are the primary conservation targets, notwithstanding the fact that
rare species appear in other species category sets, too. We found the highest number
of rare species (N=7) among the dry grassland specialists representing about 30% of
all dry grassland specialist species. Highest
percentage of rare species in one category,
however, was found in the category of “forest steppe” spiders (44%), and the lowest
amount among the forest specialists (16%).
In the present study we define the rarity
of a spider species in terms of its number
of records in existing databases from Central Europe (Hänggi & al. 1995), Germany
(Staudt 2008) and the Czech Republic (Buchar & Růžička 2002). However, number of
citations in the checklist of the spiders of
Hungary (Samu & Szinetár, 1999) indicate
that these spiders might be also rare in Eastern Europe: the dry grassland spiders Alo-

pecosa mariae (Dahl, 1908): 6 citations; Lasaeola prona (Menge, 1868): 2; Micaria dives (Lucas,
1846): 9; Pellenes nigrociliatus (Simon, 1875): 10;
Phaeocedus braccatus (L. Koch, 1866): 7; Sitticus penicillatus (Simon, 1875): 2; Zelotes gracilis (Canestrini, 1868): 7; the “forest steppe“
spiders: Drassodes villosus (Thorell, 1856): 2;
Dysdera hungarica Kulczyński, 1897: 11; Gnaphosa alpica Simon, 1878: 2; Titanoeca schineri
L. Koch, 1872: 16; and the forest specialists:
Malthonica campestris (C. L. Koch, 1834): 12,
Palliduphantes alutacius (Simon, 1884): 0, Panamomops fagei Miller & Kratochvíl, 1939: 1.
Conservation of rare species is, of course,
an important obligation of a National Park.
We found that only dry grassland dependent species significantly suffer from scrub
encroachment in the xeric alluvial grassland
ecosystem studied, emphasising the need
for counter measures. However, successful
management of natural and semi-natural
grasslands for biodiversity is a difficult task
for conservationists and managers (Watkinson & Ormerod 2001). In order to halt succession and re-establish the open “savannahlike” character of the “Heissländen”, scrub
vegetation must be removed from time to
time (Schratt-Ehrendorfer 2000a, b). This
is enacted by the National Park management plans and done in so-called “natural
areas with management measures” such as
the “Untere Lobau” (Rotter 2006). Scrub encroachment and rank vegetation development is a process of plant succession that
represents a continuum on the spatial scale
as well as the temporal scale (Hurd & Fagan
1992; Dennis & al. 1998). On the one side,
there are open xeric alluvial pioneer habitats (favouring opportunistic ruderal generalist spiders) and, on the other side, there
are riverine forests representing the climax
vegetation (favouring all sorts of forest-related spiders). Mallis & Hurd (2005) argue that
spider community composition over time is,
actually, not true succession, but rather repeated colonization by opportunistic species. Mrzljak & Wiegleb (2000) studied the
colonization of former mining areas by spi-
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ders and found distinct spider assemblages
in (i) vegetation free sites, (ii) sparsely vegetated short grass sites, and (iii) plant species
rich, mature, short grass, as well as tall grass
sites. Evidently, plant succession including scrub encroachment is accompanied by
changing environmental conditions. Since
spiders are sensitive to changes in vegetation habitat structure and, correspondingly,
in microclimate (Uetz 1991; Duffey 1993),
management measures affecting vegetation structure can have a huge impact on
the spider community structure (Rushton
& al. 1989; Gibson & al. 1992). Besides the
type of management measure (e.g. grazing,
mowing, scrub clearing) intensity of management (low, moderate, high) can affect
spider assemblages in grasslands in different ways. In principal, it is difficult to make
generalisations for management since each
species has different habitat requirements.
With regard to management intensity, Bell
& al. (2001) argued that high intensity management in grasslands will favour species
affiliated with open ground. This accords
well with our finding that ruderal generalist
spiders increase with decreasing vegetation
density. Bell & al. (2001) recommend low-intensity management since it might be preferable for most species. Furthermore, management should be site-dependent (i.e. it is not
appropriate for all spiders in the same way),
extreme forms of management should be
avoided and habitat management for spiders
should be integrated into a holistic management plan to avoid conflicts among different
conservation targets. Dale et al. (2000) stated
that in land-use practice such guidelines, if
based on ecological principles, provide useful practical rules of thumb for management decisions, for example, that managers
should “preserve rare landscape elements
and associated species”, “retain large connected areas that contain critical habitats” or
“implement land-use and management practices that are compatible with the natural potential of the area”.
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Evidently, in the “Heissländen” of the National Park Donau-Auen, as a rule of thumb,
scrub invasion on xeric alluvial grassland
should be removed wherever possible in order to enlarge and improve the habitats for
dry grassland spiders (Rotter 2006; SchrattEhrendorfer 2002b). However, the complete
removal of all scrubs in the area will have
the effect of reducing structural diversity
and potential loss of habitat for some valuable forest specialist and “forest steppe” spiders. We expect that a large part of the dry
grassland dependent species might not only
benefit from scrub clearings, but also from
moderate grazing or mowing; especially the
set of true xerothermophilic spiders that require high temperature and high solar radiation (Bauchhenss 1990). To prevent biodiversity decline in grasslands Rosén & Bakker
(2005) concluded that scrub clearings are the
most important action in the short perspective, but in a longer perspective, grazing is
needed. Since grazing impacts the spatial
pattern of scrubs (Seifan & Kadmon 2006) it
might indirectly also affect spider species diversity (Rusthon 1988). Even high intensity
management measures might be applicable
in selected sites in order to create pioneer
habitats that could develop into valuable
grassland sites favouring xerothermophilic
spiders during the process of plant succession. However, for each management action
it is necessary to consider the level of impact,
the timing and the species involved (Dennis
& al. 1998). As Watkinson & Ormerod (2001)
pointed out: “too much grazing may often
lead to land degradation and the loss of biodiversity, while too little grazing may lead to
succession from grassland to woodland”.
In conclusion, we recommend the following rule of thumb for measures countering
scrub invasion and high vegetation density
in the xeric alluvial dry grasslands of the
“Untere Lobau”: (i) elimination/clearing of
scrub of more than 30% cover, (ii) enhancement of the proportion of open scrub free
areas and connection of the dry meadows
in the total “Heissländen” area, (iii) mainte-
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nance of a vegetation density (grass sward)
lower than 15 cm through grazing or lowmoderate grazing/mowing. Notwithstanding the fact that we are not able to predict
epigeic spider occurrences with a sufficient
degree of precision, we believe that the results of this study can be useful for further
monitoring or management projects in the
National Park Donau-Auen.
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Appendix 1. Study sites and environmental parameters. 50 study sites are distributed in nine
„Heissländen” (see Rotter 2006): “Dürrham“ (DH 01-08), “Grabsteinhaufen“ (GH 01-04), “Großer
Rohrwörth“ (GR 01-07), “Krowatenboden“ (KB 01-03), “Kreuzgrund“ (KG 01-13), “Küniglhäufl“
(KH 01), “Lausgrund“ (LG 01-11), “Sandhaufen“ (SH 01-02), “Zainetau“ (ZA 01).
Site
DH01
DH02
DH03
DH04
DH05
DH06
DH07
DH08
GH01
GH02
GH03
GH04
GR01
GR02
GR03
GR04
GR05
GR06
GR07
KB01
KB02
KB03
KG01
KG02
KG03
KG04
KG05
KG06
KG07
KG08
KG09
KG10
KG11
KG12
KG13
KH01
LG01
LG02
LG03
LG04
LG05
LG06
LG07
LG08
LG09
LG10
LG11
SH01
SH02
ZA01

Scrub cover (%)
28.60
0.59
2.79
30.05
88.59
21.54
32.51
31.34
12.29
24.02
12.63
58.89
7.95
0.00
8.62
26.90
66.88
9.04
19.41
12.20
90.33
62.48
3.12
77.06
8.76
9.42
22.16
15.98
6.19
60.68
48.52
5.66
6.91
15.19
65.08
12.70
15.25
52.40
4.68
7.72
11.72
39.73
1.81
38.50
3.00
36.75
69.13
28.56
16.71
2.05

Vegetation density (cm)
10.60
6.90
6.35
21.63
20.35
15.28
8.40
9.33
4.43
12.03
14.38
16.00
13.40
7.83
9.55
22.13
17.75
10.43
15.40
8.05
11.98
10.68
5.45
9.18
8.63
8.50
17.03
18.80
7.90
19.28
20.33
11.90
13.93
14.88
15.20
9.50
14.85
17.50
15.43
13.20
12.05
10.48
15.13
19.40
7.50
17.65
13.18
15.63
18.35
15.65
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Appendix 2. Presence of spider species in the 50 study sites. Abbreviations: 01-08: “Dürrham“
(DH 01-08); 09-12: “Grabsteinhaufen“ (GH 01-04); 13-19:“Großer Rohrwörth“ (GR 01-07); 20-22:
“Krowatenboden“ (KB 01-03); 23-35: “Kreuzgrund“ (KG 01-13); 36: “Küniglhäufl“ (KH 01); 37-47:
“Lausgrund“ (LG 01-11); 48-49: “Sandhaufen“ (SH 01-02); 50: “Zainetau“ (ZA 01).

Araneae
Atypidae
Atypus piceus (Sulzer, 1776)
Dysderidae
Dysdera hungarica Kulczyński, 1897
Harpactea rubicunda (C. L. Koch, 1838)
Theridiidae
Enoplognatha thoracica (Hahn, 1833)
Episinus truncatus Latreille, 1809
Euryopis flavomaculata (C. L. Koch, 1836)
Lasaeola prona (Menge, 1868)
Steatoda phalerata (Panzer, 1801)
Linyphiidae
Agyneta ramosa Jackson, 1912
Centromerus sylvaticus (Blackwall, 1841)
Ceratinella brevis (Wider, 1834)
Ceratinella scabrosa (O. P.-Cambridge, 1871)
Diplocephalus cristatus (Blackwall, 1833)
Erigone dentipalpis (Wider, 1834)
Meioneta affinis (Kulczyński, 1898)
Meioneta rurestris (C. L. Koch, 1836)
Meioneta saxatilis (Blackwall, 1844)
Micrargus subaequalis (Westring, 1851)
Microneta viaria (Blackwall, 1841)
Minyriolus pusillus (Wider, 1834)
Neriene clathrata (Sundevall, 1830)
Neriene radiata (Walckenaer, 1842)
Palliduphantes alutacius (Simon, 1884)
Palliduphantes pallidus (O. P.-Cambridge, 1871)
Panamomops affinis Miller & Kratochvíl, 1939
Panamomops fagei Miller & Kratochvíl, 1939
Panamomops mengei Simon, 1926
Pelecopsis mengei (Simon, 1884)
Tapinocyba insecta (L. Koch, 1869)
Tenuiphantes zimmermanni (Bertkau, 1890)
Trichopterna cito (O. P.-Cambridge, 1872)
Walckenaeria atrotibialis (O. P.-Cambridge, 1878)
Walckenaeria dysderoides (Wider, 1834)
Walckenaeria furcillata (Menge, 1869)
Tetragnathidae
Pachygnatha degeeri Sundevall, 1830

Study sites
01, 10, 12, 15, 19, 21, 22, 23, 24, 27, 31, 35, 36, 37,
38, 42, 44, 45, 47
01, 21, 35
16, 23, 31
24
26
16, 22, 24, 31, 44, 48
02, 36, 43
09
17, 32
35, 37
03, 04, 07, 11, 24, 31, 38
17
29
29
08, 10, 16, 23, 26
03, 13, 18, 32, 36, 45, 49
15, 39
49
38
26
23
04
07, 16, 21, 31
18
05, 07, 20, 22, 44
38
23, 31
13
05, 12, 27, 30
26
20
05, 07, 12, 16
07, 18
01, 23, 32, 34
02
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Araneae
Araneidae
Hypsosinga sanguinea (C. L. Koch, 1844)
Lycosidae
Alopecosa cuneata (Clerck, 1757)
Alopecosa mariae (Dahl, 1908)
Alopecosa pulverulenta (Clerck, 1757)
Alopecosa trabalis (Clerck, 1757)
Arctosa figurata (Simon, 1876)
Arctosa lutetiana (Simon, 1876)
Aulonia albimana (Walckenaer, 1805)
Pardosa agrestis (Westring, 1862)
Pardosa alacris (C. L. Koch, 1833)
Pardosa bifasciata (C. L. Koch, 1834)
Pardosa hortensis (Thorell, 1872)
Pardosa riparia (C. L. Koch, 1833)
Trochosa terricola Thorell, 1856
Xerolycosa miniata (C. L. Koch, 1834)
Pisauridae
Pisaura mirabilis (Clerck, 1757)
Zoridae
Zora spinimana (Sundevall, 1833)
Agelenidae
Malthonica campestris (C. L. Koch, 1834)
Hahniidae
Hahnia nava (Blackwall, 1841)
Hahnia ononidum Simon, 1875
Hahnia pusilla C. L. Koch, 1841
Dictynidae
Argenna subnigra (O. P.-Cambridge, 1861)
Titanoecidae
Titanoeca schineri L. Koch, 1872
Miturgidae
Cheiracanthium campestre Lohmander, 1944
Liocranidae
Agroeca brunnea (Blackwall, 1833)
Agroeca cuprea Menge, 1873
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Study sites
15
02, 03, 13, 18, 19, 20, 21, 25, 26, 29, 32, 34, 43, 45,
48, 49
25
04, 05, 07, 19, 37, 43
01, 04, 05, 11, 12, 14, 15, 16, 17, 18, 19, 20, 21, 22,
24, 25, 26, 27, 28, 29, 31, 32, 34, 35, 36, 39, 40, 41,
43, 44, 45, 47, 48
01, 10, 11, 13, 14, 18, 19, 20, 27, 28, 32, 33, 34, 37, 39,
40, 41, 42, 43, 46, 49
01, 04, 05, 06, 07, 08, 10, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 27, 28, 30, 31, 32, 34, 35, 36,
37, 38, 39, 41, 42, 43, 44, 46, 47, 48, 50
01, 04, 05, 06, 07, 08, 10, 11, 12, 16, 17, 18, 19, 20,
22, 23, 24, 26, 28, 30, 35, 42, 43, 44, 45, 46, 48, 49
09
02, 05, 06, 07, 08, 10, 11, 12, 15, 17, 19, 20, 22, 23, 24,
26, 35, 38, 47, 49
01, 02, 03, 06, 10, 11, 13, 14, 18, 19, 20, 25, 29, 32, 33,
34, 36, 38, 40, 41, 43, 46, 49, 50
08, 25
15
04, 05, 07, 12, 17, 18, 19, 21, 22, 23, 26, 30, 31, 34, 37,
38, 42, 43, 44, 47, 49, 50
02, 03, 10
07, 15
05, 07, 17, 26
44
04, 07, 10, 18, 20, 23, 32, 34, 37, 41, 43, 49
05, 06, 07, 08, 12, 16, 21, 22, 30
17
06, 45
07, 09, 16, 24, 26, 32, 37, 41, 45
32
05, 19
07, 08, 19, 22, 27, 38, 50
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Araneae
Clubionidae

Clubiona comta C. L. Koch, 1839
Clubiona diversa O. P.-Cambridge, 1862

Study sites
24
11

Corinnidae

Phrurolithus festivus (C. L. Koch, 1835)

07, 15, 17, 24, 32, 38, 46, 47, 49

Gnaphosidae

Drassodes lapidosus (Walckenaer, 1802)
Drassodes pubescens (Thorell, 1856)
Drassodes villosus (Thorell, 1856)

Drassyllus praeficus (L. Koch, 1866)
Drassyllus pusillus (C. L. Koch, 1833)
Gnaphosa alpicola Simon, 1878
Haplodrassus signifer (C. L. Koch, 1839)
Haplodrassus silvestris (Blackwall, 1833)
Micaria dives (Lucas, 1846)
Micaria formicaria (Sundevall, 1831)
Micaria fulgens (Walckenaer, 1802)
Phaeocedus braccatus (L. Koch, 1866)
Trachyzelotes pedestris (C. L. Koch, 1837)
Zelotes apricorum (L. Koch, 1876)
Zelotes electus (C. L. Koch, 1839)
Zelotes gracilis (Canestrini, 1868)
Zelotes latreillei (Simon, 1878)
Zelotes longipes (Simon, 1878)
Philodromidae
Thanatus formicinus (Clerck, 1757)
Thomisidae
Ozyptila atomaria (Panzer, 1801)
Ozyptila claveata (Walckenaer, 1837)
Ozyptila praticola (C. L. Koch, 1837)
Xysticus bifasciatus C. L. Koch, 1837
Xysticus erraticus (Blackwall, 1834)
Xysticus kochi Thorell, 1872
Xysticus luctator L. Koch, 1870
Xysticus ninnii Thorell, 1872
Xysticus robustus (Hahn, 1832)
Salticidae
Evarcha arcuata (Clerck, 1757)
Evarcha falcata (Clerck, 1757)
Myrmarachne formicaria (De Geer, 1778)
Pellenes nigrociliatus (Simon, 1875)
Phlegra fasciata (Hahn, 1826)
Sitticus penicillatus (Simon, 1875)

09
10, 12, 19, 25, 43
01
04, 25, 46
13, 15, 28, 29, 37, 45
10, 11, 35, 37, 43
02, 13, 25, 32, 35, 45
05, 07
32
13, 14
22, 24, 29
02, 40
05, 07, 16, 17, 24, 35, 47
05, 07, 24
01, 02, 09, 13, 15, 24, 28, 32, 34, 41
45
07, 17, 18, 21, 33, 40
03, 09, 14, 18, 33, 41
02, 04, 13, 15, 20, 21, 24, 25, 27, 32, 35, 37, 40, 48
04, 11, 19, 49
01, 10, 35, 46, 49
05, 07
19, 43, 44, 46, 48
35
09, 15, 19, 25, 32, 41, 45, 49
47
15
29, 31
21, 22, 50
24
35, 44, 46
36
32
02

