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Abstract The relationships between species diversity and ecosystem functions are in the
focus of recent ecological research. However, until now the influence of species diversity
on ecosystem processes such as decomposition or mineral cycling is not well understood.
In deciduous forests, spiders are an integral part of the forest floor food web. In the present
study, patterns of spider diversity and community structure are related to diversity of
deciduous forest stands in the Hainich National Park (Thuringia). In 2005, pitfall trapping
and quantitative forest floor sampling were conducted in nine plots of forest stands with
one (Diversity Level 1), three (DL 2) and five (DL 3) major deciduous tree species. Species
richness, measured with both methods, as well as spider abundance in forest floor samples
were highest in stands with medium diversity (DL 2) and lowest in pure beech stands (DL
1). The Shannon-Wiener index and spider numbers in pitfall traps decreased from DL 1 to
DL 3, while the Shannon-Wiener index in forest floor samples increased in the opposite
direction. Spider community composition differed more strongly between single plots than
between diversity levels. Altogether, no general relationship between increasing tree
species diversity and patterns of diversity and abundance in spider communities was found.
It appears that there is a strong influence of single tree species dominating a forest stand
and modifying structural habitat characteristics such as litter depth and herb cover which
are important for ground-living spiders.
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Introduction

Soil and litter of forests generally contain highly diverse communities with a large number
of organisms (De Ruiter et al. 2002; Setédld 2005; Fitter et al. 2005). In soils, the rela-
tionship between biodiversity and soil processes is thought to be primarily controlled by
the dynamics and interactions in the soil community food web including the plants. It is
well established that trophic groups and their interactions in decomposer food webs sig-
nificantly influence ecosystem functioning, thus warranting a food-web approach when
studying the diversity-functioning relationship in soil (Mikola et al. 2002; Wardle 2006).

Spiders as generalist predators are an integral part of the forest floor food web (We-
idemann 1976; Schaefer 1991; Wise and Chen 1999). They are linked to the detritivore
community by numerous direct and indirect interactions. On the one hand, they can be
limited by the densities of their prey populations (Chen and Wise 1999; Wise et al. 1999).
On the other hand, they are able to control the abundance of prey organisms such as
microbi-detritivorous Collembola, displaying indirect stimulating or retarding top—down
effects on decomposition processes and nutrient cycling (Kajak 1995; Hunter et al. 2003;
Lawrence and Wise 2004; Wise 2004; Lensing et al. 2005). Species-rich spider commu-
nities have been found to regulate prey populations more effectively than less diverse
communities (Riechert and Lawrence 1997). However, with increasing diversity of spider
coenoses there is also a higher probability of intraguild predation (Wise and Chen 1999)
modifying the effects of spiders in trophic cascades and ecosystem processes (Finke and
Denno 2005).

In addition to these biotic interactions, spider communities are influenced to a large
degree by abiotic environmental factors comprising structural and microclimatic features
of the habitat (Hatley and MacMahon 1980; Uetz 1990; Niemela et al. 1996; Gurdebeke
et al. 2003; Oxbrough et al. 2005), which in turn might be affected by forest stand diversity
(e.g. via litter diversity and differing decomposition dynamics).

Stand diversity has been found to increase structural diversity which is a key factor for
spider communities (Jocque 1973). However, previous studies of the araneofauna of
deciduous forests in Central Europe did not directly consider tree species diversity. They
either concentrated on stands with only one major tree species (Dumpert and Platen 1985;
Stippich 1986; Siihrig 1997) or compared different forest stands, which in addition often
varied in soil characteristics and their geographic location thus limiting comparability
(Heimer and Hiebsch 1982; Hofmann 1986; Irmler and Heydemann 1988; Gurdebeke et al.
2003).

The Hainich National Park (Thuringia, Germany) offers a wide variety of mixed
deciduous forest stands, where the influence of tree species diversity on animal commu-
nities can be studied under comparable geographic and pedogenetic conditions. The
objective of this study was to analyze spider communities of the forest floor in a diversity
gradient ranging from pure beech stands to forest stands comprising three and five major
deciduous tree species. Since plant diversity has often been found to affect structural and
biotic properties of ecosystems (e.g. Gartner and Cardon 2004; Hooper et al. 2005;
Scherer-Lorenzen et al. 2005; Unsicker et al. 2006), it might also positively or negatively
influence spider communities either directly or indirectly by modifying important habitat
features for forest floor species (e.g. spatial and temporal changes in litter structure and
microclimate).

Guiding questions were: (i) Are there distinct spatial or temporal patterns of spider
species richness or abundance related to different levels of forest stand diversity? (ii) Are
there differences in community structure and species composition? (iii) Which factors
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correlate with observed differences? Can they be attributed to the influence of different
stand diversities or do spiders respond to factors independent of tree species diversity?

Materials and methods
Study sites

The Hainich National Park is located at the southern end of the Hainich, a low mountain
range in Thuringia, Central Germany, between the cities of Miihlhausen and Eisenach.
Mean annual temperature averages from 7.5 to 8.0°C and mean annual precipitation is
600 mm, indicating a subatlantic climate with a slight subcontinental impact in the eastern
part (Monninghoff 1998).

Five study sites were established in the north-eastern part of the national park at about
300-370 m a.s.l. (approx. 51°1’ N, 10°5’ E), 0.5-4 km apart from each other (Fig. 1). Due
to former forest management, the national park consists of a wide variety of very different
deciduous forest stands on a small scale (Ahrns and Hofmann 1998). A total of nine plots
was selected within five study sites (Fig. 1) belonging to three different stand types of
increasing diversity levels (DL): one-species stands (DL 1) with beech (Fagus sylvatica
L.), three-species stands (DL 2) with beech, ash (Fraxinus excelsior L.) and lime (Tilia
cordata Mill. and/or Tilia platyphyllos Scop.) and five-species stands (DL 3) with beech,
ash, lime, hornbeam (Carpinus betulus L.) and maple (Acer pseudoplatanus L. and/or Acer
platanoides L.) as major tree species (i.e., dominating species as compared to species with
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Fig. 1 Study area in the Hainich National Park with the location of the nine plots at the five study sites
(circled). Tree species diversity levels: DL 1 (pure beech stands), DL 2 (mixed stands with three major tree
species), DL 3 (mixed stands with five major tree species). Replicates are indicated by letters a, b and ¢
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just very few trees growing in or at the edge of the stands). Thus, the diversity levels
represent a gradient from pure beech stands to complex mixed stands.

Each diversity level was replicated three times (plots a, b and c). Phytosociologically,
the plots belong to the alliance of beech forests (Galio odorati-Fagion: all DL 1 and DL
2a,c) and oak-hornbeam forests (Carpinion betuli: DL 2b and all DL 3; Molder et al.
2006). The parent rock is limestone which in most parts is covered by a loess layer of up to
120 cm forming cambisols and partially planosols (Seidel 1995; A. Guckland et al.
unpublished data). To control for confounding factors as best as possible in an observa-
tional study, plots were chosen to be as similar as possible concerning pedological and
biochemical properties of the stands, stand structure and stand age (approx. 80-120 years).

Sampling design

The plots had a size of 50 x 50 m and were fenced to keep out wild game. Six pitfall traps
were installed randomly in each of the plots, measuring spider activity. Trapping was done
continuously from 27 April to 26 October, 2005, (182 days) and traps were emptied every
two weeks. The traps consisted of 0.4 | jars (diameter of the opening 5.5 cm) filled up to
one third with a 50% ethylene glycol solution in water, with a few drops of an odourless
detergent. A mesh wire cage (mesh size 1.5 cm) with a plastic roof was placed above each
trap to keep out small vertebrates and to prevent dilution of the ethylene glycol solution by
precipitation.

For measuring spider abundance, samples of the litter layer and the upper 5 cm of the
soil layer (@ 21 cm = 1/28 mz) were taken on 11 May, 3 August and 23 November, 2005,
about three meters away from the pitfall traps (six samples per plot) and animals were
extracted by heat using the modified high-gradient canister method (Kempson et al. 1963;
Schauermann 1982). These samples, comprising the litter layer and the upper soil layer, are
termed “forest floor” samples.

Environmental variables

Temperature and relative humidity were recorded continuously during the trapping period
by one “HOBO pro H8-32” datalogger attached under the roof of the centermost trap on
each plot. The percentage of herb cover was estimated monthly on a 5 x 5 m area sur-
rounding each pitfall trap. The species composition of litter was recorded with litter
collectors (buckets with a diameter of 0.6 m) placed close to the traps, collecting falling
leaves from August to December, 2005. Litter depth, litter pH, soil moisture and densities
of springtails (Collembola) were determined from small forest floor samples (diameter of
5 cm), taken together with the larger samples for spider extraction. Collembolans were
extracted by heat (Macfadyen 1961).

Data analyses
To detect differences in spider species richness, spider numbers and activity of selected
spider species, analysis of variance (ANOVA) and Tukey’s post hoc test were used in a

design with the factor “plot” nested within the factor “diversity level”. Thus, by splitting
total variance, plot effects within the diversity levels could be separated from actual effects

@ Springer



Biodivers Conserv (2008) 17:1267-1284 1271

of the three diversity levels. A second ANOVA comparing the nine plots was used to
assess the significance of observed plot effects. They were considered to be relevant only if
one of the three plots within a diversity level differed significantly from the other two plots.

Before testing, data were checked for normality of distribution (Shapiro-Wilk) and
homogeneity of variance (Bartlett’s test) and if necessary log-transformed. Multiple
comparisons were secured by MANOVA (“protected ANOVA”, Scheiner and Gurevitch
1993), which in all cases yielded a statistically significant model (P < 0.001). Analyses
were performed using SAS for Windows 8.2 (SAS Institute, Cary, NC, USA).

As a measure for species diversity the Shannon-Wiener index was calculated (Magurran
2004).

Data were pooled for pitfall traps because of continuous trapping, whereas forest floor
sample data were analyzed separately for each of the three sampling dates.

Principal components analysis (PCA) was used for multivariate analysis of community
structure using Canoco for Windows 4.5 (Ter Braak and Smilauer 2002). Data were log-
transformed thus downweighting highly abundant, ubiquitous species. Additionally, spe-
cies with less than four individuals in the pitfall trap dataset were excluded to reduce the
influence of accidental occurrences. Integration of environmental factors was done by
redundancy analysis (RDA). Relevance of the selected variables was confirmed by com-
paring PCA and RDA eigenvalues and by Monte Carlo permutation procedure (Ter Braak
and Smilauer 2002).

Spearman’s rank correlation was performed to test relationships between environmental
variables and species richness as well as spider numbers, using SAS for Windows 8.2.

Results
Environmental variables

Diversity level characteristics are summarized in Table 1, with herb cover increasing (F»,
45 = 58.0; P < 0.001) and litter depth decreasing (F>, 45 = 34.48; P < 0.001) significantly
with increasing tree diversity. Collembolan densities were higher in DL 1 than in DL 2 and
DL 3 (F5, 45 = 24.02; P < 0.001). For herb cover there was also a significant plot effect
(Fe, 45 = 9.18; P < 0.001) in DL 2 because of reduced herb cover on plot DL 2¢. Tem-
perature and relative humidity were not markedly different between diversity levels, but
data could not be analysed statistically due to missing values on some plots after datalogger
malfunctions. Soil moisture was not continuously high or low on any diversity level, while
litter pH was lowest on the DL 1 plots throughout the year.

Litter composition in the near vicinity of pitfall traps was rather homogeneous (Fig. 2)
within DL 1 and DL 2, whereas litter composition between plots of DL 3 differed to a
larger degree. Two plots had high proportions of lime (DL 3a and DL 3b) and only a low
proportion of beech. DL 3c as the third DL 3 plot, however, was characterized by com-
parably larger amounts of beech as well as ash and only about 15% lime.

Spider diversity and numbers
In total 6,877 individuals were collected with pitfall traps; 4,463 spiders (65%) were adults

belonging to 64 species. Forest floor samples yielded 1,730 individuals with 390 adults
(23%) belonging to 32 species with only four of these not caught in pitfall traps. Spider
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Table 1 Habitat characteristics for the stands of the three tree species diversity levels (DL 1, DL 2 and DL
3, see Fig. 1) recorded during the sampling period (April-November 2005)

DL 1 DL 2 DL 3

Temperature (°C)* 13.8 £ 0.1 13.5 £ 0.1 13.6 £ 0.1
Relative humidity (%)* 89.9 +£ 0.7 914 £ 0.0 922 £ 0.6
Herb cover (%)* 234 +2.5° 48.3 + 5.5° 67.8 + 3.7*
Litter diversity (Shannon-index)** 0.01-0.31 0.8-1.27 1.36-1.53
Litter depth (cm)* 29 +0.1° 25+0.1° 1.9 £0.1°
Litter pH** 4.2-54 5.3-6.7 5.5-7.0
Soil moisture (%)** 23.1-36.4 20.5-30.8 22.9-33.0
Prey abundance (Collembola)* 184.2 + 20.5* 87.7 + 8.7° 64.1 +5.3°

Mean values with different letters show significant differences between diversity levels at P = 0.05 using
ANOVA and Tukey’s post hoc test

* Mean = 1 SE
** Range
Fig. 2 Mean proportion (%) of 100% 4 — 3
litter of the major tree species at - . N %
the nine studied plots in the i) 80% | 'Q‘.\\\
vicinity of pitfall traps and of = ° l}
forest floor samples. DL 1, DL2 6
and DL 3: tree species diversity S 60% é
levels (see Fig. 1) ©
o
[=X 0,
o 40%
o
c
3 20% 4
=
0%
c b a b c a c b a
DL 1 DL2 DL 3

Plot
[Jbeech [Jlime @ash Ehornbeam [maple [lothers

numbers in pitfall traps were dominated by Linyphiidae and Amaurobiidae with Coelotes
terrestris (Wider 1834) being the dominant species, whereas forest floor samples com-
prised mostly Hahniidae and Linyphiidae with Hahnia pusilla C.L. Koch 1841 being most
abundant. Most species and individuals were web builders. Hunting spiders were collected
rarely, even in pitfall traps (7% of all individuals).

Mean species richness of spiders in pitfall trap catches was highest in DL 2 and sig-
nificantly lower in DL 1 (F;, 45 = 2.83; P = 0.012; Fig. 3a). The plot effect within the
levels (Fg, 45 = 2.39; P = 0.043) was not relevant and did not affect the results for the
diversity levels. The mean number of all—adult and juvenile—spiders (F,, 45 = 15.54;
P < 0.001) and of adult spiders (F,, 45 = 13.31; P < 0.001) was significantly higher in DL
1 than in DL 3, with activity of all spiders decreasing steadily with increasing stand
diversity (Fig. 3b and c). Plot effects (F, 45 = 3.10; P = 0.013 for all spiders and Fg,
45 = 3.95; P = 0.003 for adults) were weak and did not influence mean spider numbers.
Temporal changes in numbers of adult spiders caught in pitfall traps were similar for DL 1
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Fig. 3 Mean values (£1 SE) of spider species richness (a), number of all spiders (b) and number of adult
spiders (c) per pitfall trap for the three tree species diversity levels (DL 1, DL 2 and DL 3, see Fig. 1) for the
whole sampling period. Bars with different letters show significant differences between diversity levels at
P = 0.05 using ANOVA and Tukey’s post hoc test

Fig. 4 Temporal changes in the
number of adult spiders (mean
values) caught per pitfall trap for
the three tree species diversity
levels (DL 1, DL 2 and DL 3, see
Figure 1) during the trapping
period

Mean number of adult
spiders/trap
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and 2, with two distinct peaks of activity in June/July and in September, whereas in DL 3
the first peak was more or less missing (Fig. 4).

Species richness in forest floor samples differed significantly on two (May and August)
of the three sampling dates, being highest in DL 2 and lowest in DL 1 (F,, 45 = 7.53;
P = 0.002 and F,_ 45 = 5.84; P = 0.006; Fig. 5a—c). Differences in total abundance for all
spiders were only significant in May (F,, 45 = 4.61; P = 0.015; Fig. 5d—f), whereas
numbers of adults were markedly higher in DL 2 than in DL 1 on all sampling dates (May:
F> 45 =10.24; P <0.001, August: F, 45 = 8.86; P <0.001 and November: F,
45 = 4.95; P = 0.011). DL 3 was intermediate, with abundance being high in May and
November and low in August (Fig. 5g—i). Weak and negligible plot effects appeared in
May for species richness (Fg, 45 = 4.0; P = 0.003) and for abundance of all individuals

The Shannon-Wiener index for pitfall trap catches increased with stand diversity from
DL 1 to DL 3 due to increasing evenness (Table 2). Forest floor sample data rendered
opposite results with decreasing diversity from DL 1 to DL 3 on all three sampling dates
due to decreasing evenness (Table 2).

Community structure
The ordination of the pitfall trap dataset revealed differences in community structure

between plots rather than between diversity levels (Fig. 6). Differentiation was significant
mainly along the first axis, the eigenvalue of the second axis being very low. The two plots
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Fig. 5 Mean values (£1 SE) of spider species richness (a—c), abundance of all spiders (d—f) and abundance
of adult spiders (g—i) per forest floor sample for the three tree species diversity levels (DL 1, DL 2 and DL 3,
see Fig. 1) on three sampling dates (May, August and November). Bars with different letters show
significant differences between diversity levels at P = 0.05 using ANOVA and Tukey’s post hoc test.
ANOVAs performed with log-transformed values, but means of untransformed values are shown

DL 3a and DL 3b, located at the same study site (cf. Fig. 1), were distinct from the other
seven plots, which formed a rather homogeneous group without clear separation of the
plots.

While many spider species were common on most plots, there was a group of spiders
accounting for the differences in spider community structure. The species Diplocephalus
picinus (Blackwall 1841) and Hahnia pusilla were important for DL 1, the former being

Table 2 Shannon-Wiener index (Hg), evenness (E) and total number of species for stands of the three tree
species diversity levels (DL 1, DL 2 and DL 3, see Fig. 1) for pitfall trapping (whole trapping period) and
forest floor sampling (May, August and November)

Pitfall trap catches Forest floor samples

April-October May August November

Hs E # Species Hs E # Species Hs E # Species Hs E # Species

DL 1 247 0.64 48 1.97 085 10 1.73 097 6 2.11 0.88 11
DL2 262 0.70 42 1.27 0.55 10 126 061 8 144 058 12
DL3 274 0.71 47 1.03 045 10 .13 07 5 1.19 0.48 12
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Fig. 6 PCA ordination plot for spider data (whole trapping period) from pitfall traps of the nine studied
plots (DL la-DL 3c, see Fig. 1). Data were log-transformed. Eigenvalues: first axis (horizontal) = 0.277,
second axis (vertical) = 0.148. Cumulative percentage variance of species data for both axes: 42.5%. Only
species with >3 individuals were included into the analysis. Circles and squares each represent a trap.
Triangles represent species. Abbreviations are names of species: Agroeca brunnea (Blackwall 1833),
Agyneta ramosa Jackson 1912, Apostenus fuscus Westring 1851, Centromerus leruthi Fage 1833,
Centromerus sylvaticus (Blackw. 1841), Ceratinella brevis (Wider 1834), Cicurina cicur (Fabricius 1793),
Clubiona terrestris Westr. 1851, Coelotes inermis (L. Koch 1855), Coelotes terrestris (Wider 1834),
Cybaeus angustiarum L. Koch 1868, Dicymbium tibiale (Blackw. 1836), Diplocephalus latifrons (O.P.-
Cambr. 1863), Diplocephalus picinus (Blackw. 1841), Diplostyla concolor (Wider 1834), Gonatium
rubellum (Blackw. 1851), Hahnia pusilla C.L. Koch 1841, Harpactea lepida (C.L. Koch 1838), Histopona
torpida (C.L. Koch 1834), Lepthyphantes minutus (Blackw. 1833), Linyphia hortensis Sundevall 1830,
Macrargus rufus (Wider 1834), Micrargus herbigradus (Blackw. 1854), Microneta viaria (Blackw. 1841),
Ozyptila trux (Blackw. 1847), Palliduphantes pallidus (O.P.-Cambr. 1871), Panamomops mengei Simon
1926, Robertus lividus (Blackw. 1836), Saloca diceros (O.P.-Cambr. 1871), Tapinocyba insecta (L. Koch
1869), Tegenaria silvestris L. Koch 1872, Tenuiphantes cristatus (Menge 1866), Tenuiphantes mengei
Kulczynski 1887, Tenuiphantes tenebricola (Wider 1834), Tenuiphantes zimmermanni Bertkau 1890,
Walckenaeria atrotibialis O.P.-Cambr. 1878, Walckenaeria corniculans (O.P.-Cambr. 1851), Walckenaeria
cucullata (C.L. Koch 1837), Walckenaeria cuspidata (Blackw. 1833), Walckenaeria dysderoides (Wider
1834), Walckenaeria mitrata (Menge 1868), Walckenaeria obtusa Blackw. 1836, Xysticus lanio C.L. Koch
1824, Zora spinimana (Sundev. 1833)

abundant especially on plot DL Ic, the latter being almost totally absent from all DL 1
plots. Species such as Diplostyla concolor (Wider 1834), Tenuiphantes cristatus (Menge
1866) and Tenuiphantes tenebricola (Wider 1834) were highly associated with plots DL 3a
and DL 3b, whereas other species, especially Harpactea lepida (C.L. Koch 1838), His-
topona torpida (C.L. Koch 1834), Saloca diceros (O.P.-Cambridge 1871) and
Walckenaeria corniculans (O.P.-Cambridge 1851) were less frequent or missing on these
plots. These differences were highly significant, as shown by ANOVA comparing the nine
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plots (Table 3). Comparison between diversity levels yielded considerable plot effects
within DL 3 for these species. Thus, the statistical analysis of the nine plots was preferred
to a comparison of the three diversity levels, the latter obscuring significant differences
within these levels.

Spider communities in the forest floor were even more homogeneous across the
diversity gradient than spider assemblages in pitfall traps. Thus, only the ordination of
November data is shown, where eigenvalues were largest (Fig. 7). Community structure of
forest floor samples was strongly affected by the distribution of the dominant species
Hahnia pusilla and Saloca diceros. The almost entire absence of H. pusilla in the DL 1
plots caused a separation of these plots from most of the DL 2 and DL 3 samples, but high
variation of samples within all plots obscured this differentiation to a certain extent.
However, mean densities of the highly abundant H. pusilla were significantly lower in DL
1 compared to DL 2 and DL 3 on all sampling dates without any plot effects (May: F,,
45 = 28.21; P < 0.001, August: F, 45 = 14.76; P < 0.001 and November: F, 45 = 24.31;
P < 0.001). Comparable to pitfall trap data, the second most abundant species, S. diceros,
was missing in plots DL 3a and DL 3b, while being highly abundant on the other plots.
However, these differences were not statistically significant because of the high variation
within plots (Table 4).

Influence of environmental parameters

For forest floor samples, eigenvalues of PCA (cf. Fig. 7) and RDA (first axis 0.230, second
axis 0.032) as well as the distribution of plots within the ordinations differed considerably,
even though Monte Carlo testing of axes was significant (P = 0.004). Thus, the correla-
tions between ordination of spider communities and environmental variables in the RDA
do not adequately explain community patterns and the RDA graph is not presented here.

RDA for pitfall trap data showed highly negative correlations between community
structure of DL 3a and DL 3b and litter depth, amount of beech litter, and Collembolan
densities, as well as positive correlations with the amount of lime litter and percentage of

Table 3 Mean number (+1 SE) of adults of selected spider species per pitfall trap (whole trapping period)
on the nine plots of the three tree species diversity levels (DL 1, DL 2, DL 3, see Fig. 1) and ANOVA F- and
P-values

DL 1 DL 2 DL 3 Fg 45 P

c b a c b a c b a
D. picinus 107¢ 1.8 57 750 ghed 1700 10 129 139 7.86 <0.001
H. torpida 168 272 117%™ 10.7° 132%™ 87 115 45 7.0 7.85 <0.001
S. diceros 63" 28° 55 45 55 68 67 02° 0° 965 <0.001
H. lepida 8.0° 48 53 82"  40° 42*° 35 05° 07° 918 <0.001
W. corniculans 7.0 13.3* 7.5° 6.7* 7.2* 85° 7.7° 0° 1.8° 18.43 <0.001
H. pusilla 0? 04 039 30 25 63 73 22° 23° 2440 <0.001
T. tenebricola 0° 0° 0.8 12° 08 17 12° 65 45 1133 <0.001
D. concolor 02°  02° 0°  0.5%™° 280 15% 03 32* 33" 471 <0.001

Mean values with different letters show significant differences between plots at P = 0.05 using ANOVA
and Tukey’s post hoc test. High numbers of individuals of each species are typed in bold. ANOVAs
performed with log-transformed values, but untransformed values are shown
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Fig. 7 PCA ordination plot for spider data (November samples) from forest floor sampling of the nine
studied plots (DL la-DL 3c, see Fig. 1). Data were log-transformed. Eigenvalues: first axis (horizon-
tal) = 0.446, second axis (vertical) = 0.205. Cumulative percentage variance of species data for both axes:
65%. Circles and squares each represent a trap. Triangles represent species. Additional abbreviations to
those listed in Fig. 6: Eperigone trilobata (Emerson 1882) and Robertus neglectus (O.P.-Cambr. 1871)

herb cover (Fig. 8). In this case eigenvalues of RDA and PCA differed only marginally
confirming the significance of the Monte Carlo permutation test, thus indicating good
correlations between environmental variables and community patterns.

Table 4 Mean abundance (£1 SE) of adults of Hahnia pusilla and Saloca diceros per forest floor sample
on the nine plots of the three tree species diversity levels (DL 1, DL 2, DL 3, see Fig. 1) in May, August and
November, and ANOVA F- and P-values

DL 1 DL 2 DL 3 Fs 45 P
c b a C b a C b a

May

S. diceros  23*  0* 5 5 14° 28 9 0* 0* 3.17 0.052

H. pusilla 0> 0° o> 84 47 107 70* 98  51°° 2821 <0.001

August

H. pusilla  0°  0° 0° 51 23%¢ 513 19%c  sb 19 1476  <0.001
November

S. diceros  19*  9* 14* 5 33 23" 19° 0* 0* 1.02 0.367

H. pusilla  0° 5% 0% 47 234 121* 61 84 70 2431 <0.001

Mean values with different letters show significant differences between plots at P = 0.05 using ANOVA
and Tukey’s post hoc test. High abundance of individuals is typed in bold. ANOVA performed with log-
transformed values, but untransformed values are shown
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Fig. 8 RDA ordination plot for spider communities (pitfall trap catches) of the nine studied plots (DL la-
DL 3c, shown as centroids = weighted means of spider data) and correlated environmental variables
(arrows). Data log-transformed. Eigenvalues: first axis (horizontal) = 0.239, second axis (vertical) = 0.059.
Cumulative percentage variance of species data for both axes: 29.8%. Only species with >3 individuals were
included into the analysis (Species are not shown in ordination plot). Monte Carlo permutation test: first axis
F =13.8 and P = 0.002; all axes F = 3.1 and P = 0.002

Since species richness and total spider numbers of the plots could not be included into
RDA, separate correlations were performed for the 54 pitfall traps/forest floor samples.
There was a highly significant positive correlation between species numbers and litter
diversity (Shannon-Wiener index; p = 0.47, P < 0.001) for pitfall trap data. Total number
of individuals was correlated negatively with litter diversity (p = —0.46; P < 0.001) and
herb cover (p = —0.54; P < 0.001) and positively with litter depth (p = 0.58; P < 0.001)
and Collembolan densities (p = 0.53; P < 0.001). There was no significant correlation for
species richness of forest floor samples with any of the above environmental variables.
Only total spider abundance correlated with the amount of lime litter in May (p = 0.42;
P = 0.001), but this effect disappeared completely in August and November.

Discussion
Spider diversity and numbers

With both methods, pitfall trapping [methodological constraints having been extensively
discussed by Adis (1979), Churchill and Arthur (1999), Wagner et al. (2003) and many
others] and quantitative forest floor sampling, mean species richness was highest in
medium diverse (DL 2) and lowest in least diverse forest stands (DL 1). Mean abundance
of spiders in forest floor samples exhibited the same pattern, being more pronounced for
adults than for total numbers including juveniles, while activity in pitfall traps decreased
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from DL 1 to DL 3. Thus, except for the latter trend, there was no clear gradient attrib-
utable to increasing stand diversity. Rather, the results indicate a strong influence of factors
that appear to be modified by the relative dominance of beech or lime rather than by tree
species diversity itself, as will be discussed below. There are no studies directly compa-
rable to this analysis, considering tree species diversity in deciduous forests. However,
there is a plentitude of descriptive and experimental studies in single forest stands dealing
with influencing variables on spider diversity and abundance, which can be used to derive
general patterns determining the composition of the spider fauna in forests.

In the present study, the spider fauna presumably was affected to a large extent by litter
depth and herb cover, although no definite conclusions can be drawn since no manipulative
experiments were done. Litter depth is dependent on the dominant tree species, with beech
being decomposed much more slowly than ash or lime, resulting in a constantly deep litter
layer (Swift et al. 1979; Dunger 1983).

High species numbers in DL 2 may be ascribed to the beneficial combination of litter
depth and herb cover. Both factors are known to promote spider species richness in
deciduous forests (Uetz 1976 and 1990; Stevenson and Dindal 1982; Docherty and Leather
1997; Bird et al. 2000; Willett 2001). In DL 1 the herb layer was only poorly developed
and in DL 3 the litter layer was sparsely developed due to high earthworm activity (Cesarz
et al. 2007), while in DL 2 both herb and litter layer were well developed, enabling the
occurrence of both litter- and ground-vegetation inhabiting species. Whereas Uetz (1979
and 1990) found litter depth to be the all-important factor influencing wandering spiders, in
the present study herb cover appears to have a major influence as well, since mostly web-
building spiders were recorded. These can use the lower parts of plants for web con-
struction (Standen 2000; Oxbrough et al. 2005).

Mean spider activity strongly correlated with litter depth, decreasing from DL 1 to DL
3. As with species richness, this factor is known to affect spider activity (pitfall traps) as
well as spider abundance (forest floor samples) by increasing interstitial space and thus
available habitat within the litter (Bultman and Uetz 1982; Stippich 1989; Uetz 1990;
Irmler 2005). Spider numbers also correlated with prey densities (Collembola), another
influencing factor which can be separated from litter depth only experimentally (Chen and
Wise 1999). There is no direct explanation for the deviating pattern in spider abundance of
forest floor samples. High values in DL 2 and low values in DL 1 were rather unexpected.
Possibly, this pattern is caused by the absence of the otherwise highly abundant species
Hahnia pusilla from DL 1. According to Héanggi et al. (1995), this species is rare in pure
beech forests and more numerous in mixed deciduous forests. This is supported by studies
from beech forests on acidic soil with a deep litter layer, where this species was very rare
(Albert 1976; Dumpert and Platen 1985; RoB-Nickoll 2000). Still, the underlying factors
causing low spider abundance in DL 1, despite high availability of habitat and prey, require
closer experimental investigation.

Soil moisture and humidity, often cited as important environmental factors for spider
diversity and abundance (Abraham 1983; De Bakker et al 2001), were not crucial in this
study as they were not distinctly different between diversity levels or between plots.

Diversity indices are often considered to be a more indicative diversity measure than
mere species richness (Magurran 2004). The results for Shannon-Wiener indices differed
from those for species richness. However, they also differed between the two sampling
methods, with the Shannon-Wiener index increasing with stand diversity for pitfall trap
catches and decreasing for forest floor samples. Apart from the low number of adults in the
forest floor samples, this is probably a result of sampling different components of the soil,
litter and epigeic fauna by using these two methods (see Hutha 1971). Thus, for diversity
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and equitability of assemblages of epigeic spiders in pitfall traps, herb cover might have
been an important factor, as was also found by Docherty and Leather (1997), Bird et al.
(2000) and Willett (2001). Spiders from forest floor samples might be more affected by the
litter layer. Uetz (1975) assumes that evenness of spiders on the forest floor is enhanced by
reduction of inter- and intraspecific predation in deep litter resulting in higher diversity.

Community structure

Pitfall trap spider assemblages did not distinctly differ between diversity levels. Only few
species were especially associated with plots of DL 1 (Diplocephalus picinus and His-
topona torpida) or were missing there (Hahnia pusilla). Altogether, communities of the
three diversity levels were characterized by high similarity of species composition and
dominance structure (see also Luczak 1963; Hutha 1965; Whitehouse et al. 2002). How-
ever, differences of community composition were present at the study site or plot level.
Thus, variation of environmental factors between plots was more important than variation
caused by actual tree species diversity, as was already discussed for species richness. This
is seen clearly by the different community structures of plots DL 3a and DL 3b, which is
probably due to the high dominance of lime or rather lower proportion of beech compared
to the other plots. This results in specific modifications of environmental factors such as
strong reduction of litter during the summer months, which is caused by the high palat-
ability of lime litter for saprophagous invertebrates such as earthworms, diplopods and
isopods. All these animal taxa were highly abundant in DL 3a and DL 3b (Cesarz et al.
2007; N. Fahrenholz, unpublished data). Tenuiphantes tenebricola, one of the differenti-
ating spider species, was found to prefer a sparse litter layer and an ample herb layer (A.
Siihrig, unpublished data), typical for these two plots. Despite a lack of detailed infor-
mation on habitat preferences of Diplostyla concolor, Tenuiphantes cristatus and
Diplocephalus latifrons (O.P.-Cambridge 1863), there is evidence that they are influenced
by factors similar to those important for 7. tenebricola (Beyer 1972; Heimer and Hiebsch
1982; Bauchhenss et al. 1987; Hofer 1989; Hinggi et al. 1995). Those species being rare
or absent from these two plots (Histopona torpida, Harpactea lepida, Saloca diceros and
Walckenaeria corniculans) are known to prefer forest sites with a deep and continuous
litter layer (Stippich 1986; A. Siihrig, unpublished data). Avoidance of DL 3a and DL 3b
by these mostly spring to summer active species and low numbers on DL 3c also explain
the generally low spider activity in DL 3 in June/July.

Apart from differences in dominating tree species, there was also a clear effect of the
vicinity of plots on spider community composition due to clustering within study sites.
Centroids (weighted means) of neighbouring plots were also situated close to each other in
multivariate ordination (see map, Fig. 1 and RDA, Fig. 8). Increased and wide-ranging
activity of species caught in pitfall traps during maturity, radiating into adjacent plots,
probably attenuated the impact of differences in environmental characteristics between
diversity levels. Proximity of plots resulting in higher similarity of plots despite rather
different habitat features was also observed by Luczak (1963), Heublein (1983), Hofmann
(1986), Irmler and Heydemann (1988), Platen (1989) and Platen and Rademacher (2002).

As noted above, forest floor samples were characterized by low numbers of adult
specimens leading to a high variation of samples within plots. Consequently, distinct
patterns, as revealed with pitfall traps, were less obvious. Still, there were similar trends
with the most abundant species Hahnia pusilla and Saloca diceros. Extreme dominance of
the former species caused a more defined separation of mixed stands (DL 2 and DL 3) from
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pure beech stands (DL 1) than found for pitfall trap assemblages, which were dominated by
a higher number of species common in both pure and mixed stands. Once again, this
demonstrates the differences in the sampling procedures of the two methods.

RDA of forest floor samples was even more strongly affected by the above-mentioned
high variation of samples and indistinct separation of plots. Though the correlations
between environmental factors and spiders did not adequately explain differentiation of
plots, it can be assumed that the determining factors influencing pitfall trap spider
assemblages are important for forest floor sample spiders, too, as was found by Hutha
(1971), Stippich (1989) and Irmler (2005).

Conclusions

No consistent general relationship between increasing tree species diversity and patterns of
diversity and abundance of spider communities emerged. The diversity indices for the
spider fauna based on data obtained by the two sampling methods correlated differently
with the diversity of the forest stands, thus hampering a coherent interpretation. Diversi-
fication of forest stands can affect patterns of species richness and spider numbers as
compared to pure beech stands. However, underlying structuring factors are not necessarily
dependent on stand diversity. Rather, results indicate a strong influence of the dominating
tree species (beech or lime) and its specific modifications of habitat characteristics. Similar
trends were also found for higher strata (A. Schuldt, unpublished data). Still, the impact of
actual tree species diversity on the multi-factorial complex determining species richness
and abundance of the spider fauna cannot ultimately be separated from effects of the
dominance of certain tree species. Both variables are directly linked to each other in the
present study, impeding evaluation of their relative importance and demanding further
experimental studies.
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