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Abstract: Continuous cover forestry maintains many characteristics of uneven-aged natural forests
and aims to preserve biodiversity. Gap-cutting is a management option that may create a balance
between timber production and continuous forest cover. We investigated the effect of newly created
gaps on ground-dwelling spider assemblages in a managed oak forest, in the Pilis Mts., Hungary.
Between 2018-2021 we sampled newly created elongated and circular-shaped gaps of two different
sizes in a six-times replicated randomised complete block design. Pitfall samples of ~4600 spiders
indicated that spider species richness was moderately higher in the gaps than in control stands.
Spider assemblages did not respond in a specific way to the different gap implementations, but their
variation in species composition was considerably higher in gaps than in the control plots. The excess
spider abundance and species number in gaps, as compared to control, increased over the observation
period, as did the dissimilarity of gap assemblages to control. Species responses imply that gaps
create a variation in microhabitats and microclimatic conditions, resulting in spiders’ diversification.
The overall effect of gaps on spider assemblages suggests that gap-cutting is a suitable management
option that preserves forest spider assemblages.

Keywords: continuous cover forestry; forest biodiversity; arthropod; Araneae; community ecology;
oak-hornbeam forest

1. Introduction

One of the many conflicts between mankind and the natural environment is the
constant human demand for natural resources such as timber or firewood from forests. It is
therefore important to strike a good balance between the rational use of natural resources
and the conservation of biodiversity in semi-natural forests. This issue is also true for forest
management, where the sustainable use of forests and woodlands for timber production is
crucial for future generations [1]. In addition, semi-natural forests provide a wide range of
ecosystem services, including the maintenance of a healthy environment, soil formation,
oxygen production and carbon sequestration [2,3]. Forests also provide important cultural
services in the form of tourism, recreation and inspiration [4].

Continuous cover forestry (CCF) is a management system that, by avoiding large
cutting areas, continuously maintains the physiognomical characteristics of an uneven-
aged natural forest [5], and therefore promises to perform better than rotation (periodically
clear-cut) systems in keeping up ecosystem services, as well as in preserving biodiversity [6].
It shows higher similarity to the natural disturbance regime of the temperate forests than
rotation systems [7]. The continuity of the uneven-aged forest cover is a primary feature
of CCF, although judging continuity is obviously scale-dependent [8]. An important
consideration of management is the feasible extent of selective removal of trees, including
the creation of gaps of different sizes [9]. At larger scales, CCF should aim to bring about
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horizontal and vertical variability in forest structure, allowing for the promotion of tree
species diversification and a wide age structure of trees. Such management practices may
lead to economically viable alternatives to managing initially dense even-aged stands in
rotation systems, because natural processes, such as regeneration and self-thinning may
naturally lead to a desirable forest structure that produces quality timber; furthermore,
CCF may sustain a constant amount of timber over time [10].

One way of implementing CCF is the creation of canopy gaps by harvesting small
groups of trees or single tree individuals. These gaps modify light and other microclimatic
conditions and are the main areas for tree regeneration [11]. The formation of artificial
gaps in the long term creates horizontal and vertical variation, which is one important aim
of CCF. Gap-cutting mimics natural forest dynamics since these openings should have a
similar effect as tree-fall gaps in unmanaged forests, which leads to a diverse collection
of regenerating tree species [12]. Gap sizes also depend on management goals, e.g., the
light and moisture requirements of tree species preferred by production. In mixed oak
forests both in North America and in Central Europe, gap sizes typically range from 100
to 5000 m? [9,13,14]. Gaps considerably alter microclimatic conditions locally. Compared
to other management methods, canopy gaps created by gap-cutting provided a more
illuminated environment, although with an irradiance significantly lower than that of
clear-cut areas [15]. Overall, gaps can maintain a buffered environment providing more
available light and consumable soil moisture and temperatures less raised than in clear-
cuts [15]. However, at a stand scale, the relatively low proportion of these openings does
not change the continuous nature of forest cover and climatic conditions [16]. Gap-cutting
significantly affects the cover, height and species composition of understory vegetation [17]
as well as several invertebrate taxa on the forest floor [18] including spiders [19]. However,
whichever component of the forest biota is considered, the effect of gaps may largely
depend on particular gap size, shape, exposure and orientation [11].

To convert a significant proportion of forests to the continuous cover forestry system,
it is crucial to select a pre-tested optimal size and shape for gap openings. Gap shape,
size and orientation usually serve forestry goals. However, other desirable outcomes,
such as the maximal preservation of forest biodiversity, might also be achieved by careful
optimization of gap parameters. Different gap designs cause different effects on multiple
conditions of the forest ecosystem such as light, soil moisture, temperature, and nutrients,
which consequently affect the understory vegetation and forest regeneration [11]. Within
this framework, we would like to know how different implementations of gap-cutting
affect forest spider communities in a Hungarian oak-hornbeam forest stand. We aimed
to study the effect of newly created gaps of different shapes and sizes. In a randomized
block experiment, we intended to explore how local ground-dwelling spider communities
changed in these gaps as compared to unmanaged control plots.

2. Materials and Methods
2.1. Study Area

The Pilis Gap Experiment (https:/ /piliskiserlet.ecolres.hu/en) was located in a 10 ha
sized 90-year old oak—hornbeam forest stand (centre point: 47°40’ N, 18°54’ E) in the Pilis
Mountains in the vicinity of Pilisszant6, Hungary. The stand is surrounded by mature
forests and is located in a continuously forested landscape. The elevation of the area is
390-460 m a.s.l., the average annual mean temperature is 9.0-9.5 °C, with a mean annual
precipitation of 600-650 mm [20]. The bedrock consists of limestone and red sandstone
with loess. The dominant soil type of the area is luvisol and rendzic leptosol, soil depth
varied between 70 and 150 cm [15]. The stand is an ancient (long-continuity) forest, but it
has been regularly managed, recently by the shelterwood silvicultural system, resulting in
an even-aged, structurally homogenous stand. The canopy layer was dominated by sessile
oak (Quercus petraea (Matt.) Liebl.), with a mean tree height of 23 m and a mean diameter at
breast height (DBH) of 38 cm. The canopy layer also contained turkey oak (Quercus cerris L.)
as subdominant species. Hornbeam (Carpinus betulus L.) formed a secondary canopy layer
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at 14 m height (mean DBH of 17 cm), where manna ash (Fraxinus ornus L.) appeared as a
subordinate species. The shrub layer was scarce, and the cover of the herbaceous understory
layer was closed (almost 100%), dominated by Carex pilosa Scop. and Melica uniflora L.

2.2. Sampling Design and Data Collection

We established five gap formations (treatments) using a randomised complete block
design [21] with six blocks as replicates (Figure 1). The various gap scenarios in terms of
shape and size complied with local forestry routine and were based on the management-
oriented interest of forestry enterprises in Hungary:

1.  Control (CO): mature, closed-canopy stand without any treatment;

2. Large Circular (LC): a circular gap with a 10-m radius (i.e., total length of one ma-
ture tree) and the approximate size of 300 m?. This type may represent the most
common approach for gap-cutting in the study area, although the managers achieve
this size in several steps in time, and the shape might be slightly irregular due to
spatial constraints;

3. Small Circular (SC): a gap with a 7-m radius that corresponds to 2/3 of the length of a
mature tree, with an area of 150 m?;

4. Large Elongated (LE): a large gap of elongated type, also with N-S orientation (width:
10 m, length: 30 m) and in the same size as LC;

5. Small Elongated (SE): a gap where trees were removed along a longitudinal axis
(width: 7 m, length: 21 m) with N-S orientation to avoid the large extent of direct
radiation and in the same size as SC.
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Figure 1. Design of the gap experiment in the experimental forest stand in the Pilis Mountains. Green
dots indicate trees, with dot size relative to the diameter of the trunk at breast height (DBH). Yellow
circles and rectangles show the positions and types of gaps created. We investigated two gap sizes
(150 and 300 m?) and two gap shapes (circular and elongated). Notation of the gap treatments is the
following: SC = small circular, LC = large circular, SE = small elongated, LE = large elongated. Small
rectangles indicate sampling locations in the centre of the gaps, where pitfall traps were placed in a
triangular formation. Rectangles outside gaps show the sampling locations for control plots (CO).
Numbering of plot nametags refers to which block they belong to.
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The treatments were implemented during the winter of 2018/2019. The resulting
30 plots (5 treatments x 6 replicate blocks) were considered the basic sampling units.
Blocks were defined by the spatial proximity of the plots and were not separated by
physical barriers or by any sort of discontinuity in the forest stand (Figure 1).

Data collection followed the concept of Before-After Control-Impact (BACI) experi-
ments [15,19], i.e., first surveying the spider assemblages from the growing season of 2018
(before the implementation) and then through 2019-2021 (post-implementation years) with
the same protocol. Sampling locations were established in the centre of every plot (Figure 1),
where three pitfall traps were installed in the corners of a triangle of 2 m sides to sample
ground-dwelling invertebrates, such as spiders. In total, we surveyed 90 pitfalls. Each
year, the community was sampled in late-spring (June) and autumn (September) for one
month corresponding to the highest activity regime of spiders and other ground-dwelling
arthropods (e.g., carabids), which was based on personal observations and the literature
data [22,23]. The traps were made of 85 mm diameter plastic cups; each containing approx-
imately 250 cm® of a 50% solution of propylene glycol and water, saturated with salt and
with a drop of odourless detergent to reduce surface tension. A dark green plastic roof pro-
tected the solution from litter and rain. For spider identification, we used an internet-based
key [24]; taxonomy followed the World Spider Catalog [25]. Activity density data of pitfall
traps from the same plot and same year were merged, and thus the elementary sampling
units of the analyses were yearly catches in the plots. The term activity density refers to the
empirical fact that catches of pitfall traps depend on the individuals’ activity; the higher
activity of the individuals, the more catches in the traps [26]. Although activity density
might be the most accurate proxy for pitfall catch data, the most commonly used term is
abundance, thus we use this term hereafter.

2.3. Statistical Analysis

In order to test the effectiveness of the applied sampling effort, we estimated the
mean expected species richness in the studied forest site with the Mao Tau estimator
using a sample-based rarefaction method [27] in the ‘vegan’ package [28] for R 4.2.2 [29].
The confidence intervals were generated from 10,000 reshufflings of the sample order. In
addition, we portrayed the rank-abundance plot for the whole spider assemblage to explore
how the dominant species contribute to the total number of catches [30].

For the univariate analyses, we used the software JMP [31]. Ordination methods
were applied using Canoco 5 [32,33]. Overall treatment effect on (square root transformed)
spider abundance and species richness for the post-implementation years was analysed
with Linear Mixed-effect Models (LMM), where we included block and study year as
nested random effects to account for spatial and temporal blocking effects. Cohen’s d effect
sizes between control and gap treatment types were calculated on untransformed data [34].
To assess whether species abundance and richness in treatment plots were diverging from
the control over time, in the LMMs, we modelled the effect of the year as a continuous
variable, treatment as a fixed variable and block as a random variable on the difference
in richness and abundance between control and treatment plots. Post hoc differences in
treatment effects were tested with the Tukey HSD test.

The response of spider species composition to gap treatments in the post-implementation
years was examined by unconstrained ordination analysis [32]. As the Detrended Corre-
spondence Analysis showed a 2.6 SD unit long gradient in the species composition response
data, we continued with a linear unconstrained ordination analysis as suggested by [32], in
particular with Principal Components Analysis (PCA). To depict community composition
changes over time relative to control for the whole study period, we performed a Prin-
cipal Response Curves (PRC) analysis [35]. PRC calculates scores for a single ordination
axis based on the scores of an RDA, in which time (years in our case) was the covariate
and the single explanatory variable was the interaction between treatment and time. The
significance of the explanatory variable was tested with Monte Carlo permutation test.
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3. Results

Over the four years of the study, we have collected 4579 spider individuals, out
of which 3770 were adults and identified to species level, representing 31 species from
18 families (Appendix A Table A1l). The remaining 933 juveniles of various stages were
only identified at higher taxonomic levels. Juveniles represented nine genera that were not
represented in the species-level identification, including Philodromus sp. and Anyphena sp.,
which also added to the family count. Considering this, the minimum number of species
recovered during the study was 40 in 20 families. However, given that most individuals
that were identified to genus level could represent more than one species, juvenile data
were altogether excluded from analyses that required species-level distinction.

The rarefaction curve computed for the entire adult data set (Figure 2a) revealed
that the sampling effort not fully, but satisfactorily represented the ground-dwelling spi-
der assemblage that could be sampled in the applied sampling periods. Over 80% of
the total number of species sampled (25 of the 31 species) was collected considering
only 50 sampling units, which is less than half of the total number of sampling units
(N = 119). The rank-abundance plot showed (Figure 2b) that four species (Urocoras longispina,
Psammitis sabulosus, Pardosa lugubris and Trochosa terricola) were dominant, each represent-
ing greater than ten percent of the total adult catch.
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Figure 2. Species richness estimation (a) by Mao Tau estimator with 95% confidence intervals and
(b) the rank abundance plot for the whole spider assemblage captured in pitfall traps.

Considering the post-implementation years, spider abundance in the various gap
treatment plots and in control plots did not differ from each other (LMM, treatment effect:
F=1.62;d.f =4,78; P =0.178; Figure 3a). The random effect of the year explained 29.8% of
the total variance, whereas block effect accounted for 10.9% of the total variance. Treatment
effect on species richness was significant (LMM, treatment effect: F = 3.51; d.f. =4, 7§;
P =0.01; Figure 3b). Species richness was not statistically different among the gap types,
and the same phenomenon was observable regarding Shannon diversity (Appendix A
Table Al). Concerning species richness difference from the control, although nominally
all treatments resulted in higher richness than in control as the Tukey HSD test indicated
(Figure 3b), specific significant differences occurred only between the two elongated gap
types and controls. The calculated Cohen’s d effect sizes underlined that these are in
fact considerable richness differences. Largest difference was observable between LE and
control sampling units (dco.Lg = 1.08), and the mean effect size between control and the
gap treatments was also substantial (mean dco.gaps = 0.82). The random effect of year
was considerable, explaining 39.6% of the total variance, whereas the block effect was
considerably smaller, accounting for 3.6% of the total variance.
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Figure 3. The effect of gap creation on spider abundance and species richness. Mean abundance
(a) and species richness (b) of spiders in treatment plots over the post-implementation period
(2019—2021); and the mean difference between control and treatment plots in abundance (c¢) and
species richness (d) in the consecutive study years. Abbreviation of treatments as in the legend of
Figure 1.

To follow up on how abundance and species richness changed over the study years
relative to the control, we calculated a control-treatment abundance and richness difference
for each plot and year. The LMM models showed that there was no significant treatment
effect, i.e., the control-treatment difference was not dependent on the type of gap treatment,
neither in terms of abundance nor species richness. However, in the case of both measures,
the control-treatment differences gradually increased over time during the observation
period (effect of year, abundance difference: F = 4.99; d.f. =1, 86; P = 0.0281; Figure 3c;
effect of year, species richness difference: F = 13.58; d.f. =1, 86; P = 0.0004; Figure 3d). The
random effect of the block was small (5.53% of total variance) in the case of abundance
difference, whereas it was larger (28.8% of total variance) in the case of richness difference.

Species composition changes in the various treatment plots were investigated with
PCA. The first and second axes of the ordination cumulatively explained 35.8% and 52.6%
of the total variance, respectively. Considering only the post-implementation years (i.e.,
2019-2021), the ordination plot (Figure 4a) revealed that species assemblages in the control
plots of the different blocks were relatively close together. In contrast, species assemblage
compositions in the gap treatments overlapped with control assemblages but showed a
greater variation. They occupied a larger ordination space than the controls but were very
similar to each other (Figure 4a).

The Principal Response Curves showed, on one ordination axis, that assemblages
were very similar in year zero when all treatments were “control”, as the gap treatments
had not been implemented yet. After implementation (i.e., executing gap-cutting), the
divergence from control assemblages variably increased over time and reached its maxima
in the second and third years. The PRC of the circular and elongated gaps were different
regardless of their diameter, elongated gaps had a stronger treatment effect with maxima in
the third year, while circular gaps had a weaker effect, but it showed earlier maxima in the
second year (Figure 4b). Overall treatment effect on the spider assemblages, as compared
to control was significant as indicated by a Monte Carlo permutation test (F = 0.4; P = 0.046;
Figure 4b).
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Figure 4. Ordination plots of spider community change in gap treatments and over time. (a) PCA
biplot. Dots indicate the position of spider assemblages in yearly samples of experimental plots in
the different treatments, only considering post-implementation years; species arrows indicate species
responses in the ordination space. (b) Principal Response Curves analysis plot indicates along one or-
dination axis how much assemblages in the different treatments differ from control assemblages over
the investigated period. Abbreviation of treatments as in legend to Figure 1; species abbreviations as fol-
lows: Psamsabu = Psammitis sabulosus, Tracpede = Trachyzelotes pedestris, Haplsilv = Haplodrassus silvestris,
Drasvill = Drassyllus villicus; Atypaffi = Atypus affinis; Scotcela = Scotina celans, Zoraspin = Zora spinimana,
Pardlugs = Pardosa lugubris, Clubnegl = Clubiona neglecta, Histtorp = Histopona torpida.

4. Discussion

Gap treatments change the forest canopy cover, and consequently microclimatic con-
ditions, foremost light availability, air and soil temperature, and soil moisture at relatively
small scales [11]. The present study revealed that gap creation, as means of a continu-
ous cover forestry management system, causes relatively small changes in forest spider
assemblages. Spider diversity, described by species numbers, was moderately higher in
the newly created gaps, and species compositions showed greater variability compared
with untreated plots in the forest. These are important insights into forest ground-dwelling
arthropod dynamics because, as previous studies in the same forest stand revealed, other,
more drastic silvicultural treatments had a considerable impact on a range of invertebrate
taxa, including spiders [18,19]. Different taxa showed contrasting responses to a wider
range of forestry treatments, which both depended on the specific tolerances of the taxa
to environmental variables and their dispersal ability. For instance, enchytraeid worms
with limited dispersal ability and sensitivity to soil moisture reacted the strongest to the
environmental changes caused by the treatments, dramatically decreasing in the retention
tree treatment where evapotranspiration decreased soil moisture [36]. In contrast, the
increased light levels resulted in an intensive growth of the understory vegetation in the
clear-cut plots [17], which was favourable for spiders, which increased their species richness
by the immigration of open habitat species [19], but not for carabids, which responded
less promptly by dispersal and lost some of the forest specialist species in the clear-cut
plots [18].

Spiders are effective indicators of the environmental and biotic states of a habi-
tat [37,38]. Spiders are sensitive to different disturbances in a forest. They respond promptly
to changes in the abiotic environment that are often associated with forestry treatments [39],
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including altered light regimes and moisture levels [19]. The spider community reacts
both to the extent and severity of disturbances. Small and medium disturbances—in line
with the intermediate disturbance hypothesis [40] (but also see [41,42])—often result in an
increase in spider diversity [19,43], but severe disturbances have a clear negative impact
on spiders [44]. Disturbances create structural changes in the habitat, which crucially
affects spiders because vegetation gives structural support to the webs of web-building
species. Such changes indirectly influence microclimate and prey availability, which af-
fects non-web builders, too [45,46]. Due to their ballooning behaviour, spiders are good
dispersers and can promptly occupy newly created or modified habitat patches, indicating
environmental changes rather rapidly. Spiders were the quickest group to return to a re-
generating juniper habitat after fire [47] and also responded more promptly to silvicultural
treatments than groups with more limited dispersal capability [18]. Given the prompt and
effective indicator potential of spiders, any robust sign of lack of indication should also be
considered informative.

The indication potential of spiders for the comparison of different habitat types or
habitats that were affected by different environmental impacts, such as forestry treatments,
can be realised if the applied sampling method(s) represent differences in the assemblages
adequately. Pitfall trapping is a well-established sampling method to describe arthropod
assemblages, including spiders [48], but its specificity and limitations have to be taken
into account. These include that pitfall trapping is a stratum-specific method, which sam-
ples ground-dwelling arthropods [48]. Pitfall trap catches cannot be directly translated to
density figures [49], catches depend on body size, sex, season and even species-specific
activity [26,50]. Still, since most of the factors listed above act similarly in the compared
habitats, pitfall trapping is a proven method for comparative purposes, e.g., [51,52], and,
in specific, it has been successfully used to describe spiders in similar forestry experi-
ments [53,54]. It was also shown that microhabitat variations, such as those caused by
forestry treatments, do not significantly influence pitfall capture efficiencies [55]. The de-
gree of satiation of the rarefaction curve in the present experiment indicated that sampling
adequately described the subset of the spider assemblage that was accessible by pitfalls.

Artificial gaps are favourable management options because gap creation causes rel-
atively small-scale disturbances in the forest ecosystem and mimics the effect of natural
tree falls and subsequent regeneration—the process termed gap phase dynamics [11,56].
The process contributes to the maintenance of tree diversity, as well as to the creation of
structural and microclimatic heterogeneity [7,12]. Tree diversity was the main explanatory
variable of spider species richness [54] and had a strong positive relationship with many
other organism groups [57]. Gaps create a relatively fine-grained structural heterogeneity
on a landscape scale, while traditional management regimes, such as clear-cutting and
shelterwood systems result in large-scale homogenization, which, consistently across vari-
ous taxonomic groups, leads to a local decrease in alpha diversity [58]. Gaps open up the
canopy, but the increase in light is less than in the case of large-scale deforestation because
of the shading effect of trees at the perimeter of the gap. Interestingly, the association of
canopy openness with spider species richness was hump-shaped and showed a maximum
at intermediate levels [59]. In the gaps, the locally missing evapotranspiration of trees
results in higher moisture levels at the ground layer and a cooler microclimate than in the
closed forest parts. A combination of high humidity and light intensity [16] leads to more
dense forest floor vegetation [17] providing rich structure and favourable microclimate
for both web-building and hunting spider species [60]. The response of other invertebrate
groups to gap-cutting was moderate, laid between response to clear-cutting and control
plots in an adjacent forest stand [18]. The border of a gap with the unmanaged forest stand
creates an ecotone. Edge effects at the border of open and forested habitats include spillover
shaping local communities [61]. Ecotones often accommodate edge specialist species which
contribute to the gap fauna, as was found in gaps created in a Hungarian oak forest [62].
Thus, in our study, a moderate increase in spider species richness seems to be in line with
the findings of other similar studies.
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The spider assemblages in the various gap types have apparently responded to this
type of forestry treatment, but these responses considerably overlapped among the different
gap implementations. While spider assemblages in the control plots occupied a relatively
compact ordination space, assemblages in the gaps expanded over a wider area and
overlapped with each other; moreover, completely overlapped with the area of the control
plots. Thus, the gaps likely increased environmental variability but without causing a
disjunct separation from control. This expansion of assemblage compositions also had a
temporal trajectory. While all plots were similar to each other in the pre-treatment year,
starting with the first year after gap creation spider assemblages gradually but variably
deviated from control assemblages. The few marginally significant differences suggest that
maybe elongated gaps have a somewhat greater effect, and these effects also unfold slightly
differently over time compared to how spider communities change in circular gaps. In
the present study, we could follow the fate of the assemblages for four years. In a similar
experiment, where a greater diversity of silvicultural treatments was applied, we found
that spider assemblages started to approximate the control already in the fifth year [19].

Departure from the control state had no particular treatment-specific direction consid-
ering species compositions. Species-specific responses indicated that this diffuse departure
is a composite result of rather dissimilar species responses. This suggests that the created
gaps may differ from control plots in multiple ways. Most of the species that became more
frequent in gaps could be characterised as associated with more open habitats. For instance,
cursorial spiders, such as Pardosa lugubris (Lycosidae) and Drassyllus villicus (Drassidae)
in other European locations were associated with more open oak-dominated forest habi-
tats [63] and also occurred more frequently in silvicultural treatments that result in a higher
degree of canopy openness [19]. Perpendicular to the response of moderately open forest
species, the crab spider Psammitis sabulosus (Thomisidae) represented the most open end of
the closed-open, drier-more humid habitat range. Histopona torpida (Agelenidae), display-
ing a completely reverse direction in the ordination space, indicated more closed woodland
habitats [24]. Other species that did not show a strong response, such as Atypus affinis
(Atypidae) and Zora spinimana (Miturgidae), are known to be mostly associated with leaf
litter [64], a common microhabitat in all studied habitat patches. Metacommunity pro-
cesses [65], such as the aforementioned spillover and immigration-emigration from the
forest matrix, are likely to be further factors in not seeing more marked species responses.

The Pilis Gap Experiment sought to find out the extent to which gap-cutting and its
various implementations, as a management option of CCF, affects different elements of
the forest ecosystem. Spiders are robust indicators of environmental changes, including
possible detrimental effects of different silvicultural practices. The present study gave
evidence that spider assemblages were not negatively influenced by any of the gap-cutting
schemes; rather, species richness increased in the created gaps. The effect of different gap
implementations could not be distinguished on the spider assemblages. Species responses
imply that gaps create a variation in microhabitats and microclimatic conditions, which
results in the diversification of spiders. This case study on spiders suggests that gap-
cutting is indeed a viable and unharmful way to achieve CCF. It shows that, at least on
the present scale, the effect of different gap implementations do not differ from each other,
thus the response of other indicator groups and/or forestry objectives should decide the
actual practices.
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Appendix A

Table Al. List of species by spider family and their total catches by treatments. Abbrevia-
tion of treatments: CO = control, LC = large circular, LE = large elongated, SC = small circular,
SE = small elongated.

Family Species Name Treatment
co LC LE sC SE
Agelenidae Histopona torpida (C. L. Koch, 1834) 16 13 27 25 14
Agelenidae Urocoras longispina (Kulczynski, 1897) 324 166 204 280 233
Araneidae Cercidia prominens (Westring, 1851) 1
Atypidae Atypus affinis Eichwald, 1830 9 11 13 10 14
Clubionidae Clubiona neglecta O. P-Cambridge, 1862 2 6 21 40 30
Clubionidae Clubiona terrestris Westring, 1851 1
Dysderidae Dysdera erythrina (Walckenaer, 1802) 10 6 19 2 10
Dysderidae Dysdera ninnii Canestrini, 1868 2 1 1 1 3
Dysderidae Harpactea rubicunda (C. L. Koch, 1838) 15 5 3 4
Gnaphosidae Drassyllus villicus (Thorell, 1875) 4 38 49 30 33
Gnaphosidae Haplodrassus silvestris (Blackwall, 1833) 8 12 18 12 12
Gnaphosidae Trachyzelotes pedestris (C. L. Koch, 1837) 1 14 30 23 12
Hahniidae Cicurina cicur (Fabricius, 1793) 1
Linyphiidae Diplostyla concolor (Wider, 1834) 1
Linyphiidae Tapinopa longidens (Wider, 1834) 1 1
Linyphiidae Tenuiphantes flavipes (Blackwall, 1854) 1
Liocranidae Agroeca brunnea (Blackwall, 1833) 9 19 6 18 13
Liocranidae Liocranoeca striata (Kulczynski, 1882) 1
Liocranidae Scotina celans (Blackwall, 1841) 1 3 4 4
Lycosidae Aulonia albimana (Walckenaer, 1805) 1 1
Lycosidae Pardosa lugubris s.str. (Walckenaer, 1802) 27 203 183 73 107
Lycosidae Trochosa terricola Thorell, 1856 105 74 114 100 110
Mimetidae Ero furcata (Villers, 1789) 1 1 1
Miturgidae Zora spinimana (Sundevall, 1833) 1 5 7 3
Pisauridae Pisaura mirabilis (Clerck, 1757) 1 2
Salticidae Evarcha arcuata (Clerck, 1757) 1 1
Salticidae Marpissa nivoyi (Lucas, 1846) 1
Sparassidae Micrommata virescens (Clerck, 1757) 1
Tetragnathidae  Pachygnatha degeeri Sundevall, 1830 1
Thomisidae Psammitis sabulosus (Hahn, 1832) 115 118 192 145 137
Zodariidae Zodarion rubidum Simon, 1914 6 3 5 3
Total number of adult individuals 650 700 891 780 749
Number of species 17 23 19 19 23
Shannon diversity 1.60 2.02 2.08 2.03 2.09
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