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Abstract: Urban areas have been growing radically worldwide, causing considerable changes in biodiversity of natural habitats.
In floodplain forests, we studied the effects of urbanization on ground-dwelling spider assemblages along a rural-suburban—ur-
ban gradient in Hungary. We tested three traditional hypotheses (intermediate disturbance hypothesis, habitat specialist hypoth-
esis and hygrophilous species hypothesis) and two novel expectations (shade-preferring species hypothesis, and disturbance
sensitive species hypothesis) on spiders. We found that the total number of species was higher in the suburban habitat than in
rural and urban ones, supporting the intermediate disturbance hypothesis. We found a decrease in the species richness of forest
specialist and shade-preferring species along the urbanization gradient. We found that the number of hygrophilous and distur-
bance sensitive species was the lowest in the urban habitat. The spider assemblages of the rural and suburban habitats were
clearly separated from the assemblages of urban habitats. Based on our findings we emphasize that low and moderate intensity

of forest management contributes to the preservation of the local species richness in floodplain forests.

Nomenclature: World Spider Catalog (2018).

Abbreviations: GLM — Generalised Linear Model; MDS — MultiDimensional Scaling.

Introduction

Increase in the area of urbanized habitats causes loss of bi-
odiversity and natural habitats at both local and global scales
all across the world (McDonald et al. 2008). Urbanization
reduces the species richness, mainly in the densely inhab-
ited and built-up city centres and in the intensively managed
areas; however, effects of urbanization differ between each
taxonomic group (McKinney 2008, Niemeld and Kotze 2009).
Several earlier studies pointed out that species richness is
equal or sometimes higher in urbanized habitats than in the
surrounding natural habitats (Magura et al. 2010b, Sattler
et al. 2011). Nevertheless, original assemblages suffer from
the habitat alteration caused by urbanization due to the ap-
pearance of non-native and cosmopolitan species (Olden and
Poff 2003). These species may increase the local biodiversity,
but on a regional scale diversity shows a decrease due to the
extinction of endemic and endangered species (Czech et al.
2000, McKinney 2006).

With over one million identified species, arthropods are
the most diversified invertebrate group in the world (Adler
and Foottit 2009). Global environmental changes cause a bio-
diversity loss in altered habitats; therefore, several indigenous
arthropod species may become seriously threatened (Stork
2010). It is important to stress that the disappearance of these
species from their natural habitats influences adversely the
function of ecosystems (Cardinale et al. 2012). Investigation
of arthropod assemblages and their interactions can provide
a good opportunity to get an insight into urbanization pro-

cesses which may influence ecosystem structure and func-
tion (Gardnier et al. 2013). Many arthropod groups respond
quickly to environmental changes; thus, they are suitable in-
dicators of the biodiversity change (McIntyre 2000, Mclntyre
et al. 2001).

In this paper, we studied ground-dwelling spiders
(Araneae), because they are useful indicator organisms to
appreciate anthropogenic activities such as urbanization
(Miyashita et al. 1998), forest management (Debnar et al.
2016) and air pollution (Horvath et al. 2001). As an abundant
and species-rich arthropod taxon, spiders are important in the
regulation of insect populations contributing to ecosystem
services, since they are essential predators of pest (Nyffeler
2000). Spiders are especially useful to test the influence of
disturbance on biodiversity (Horvath et al. 2009, 2012, 2013),
as they respond sensitively and quickly to environmental
changes due to their short life-cycles (Miyashita et al. 1998,
Foelix 2011).

Floodplain forests provide excellent opportunities for re-
searchers to investigate the effect of urbanization in strongly
changing environments (Renofalt et al. 2005, Lambeets et al.
2008). Thus, the aim of this research was to study the impact
of urbanization on the ground-dwelling spider assemblages
along a rural-suburban-urban gradient in floodplain forests.
There are numerous published hypotheses to explain the ef-
fects of human disturbances on terrestrial biotic communities
(Niemeld et al. 2000). We tested three widely used and two
novel hypotheses regarding the reaction of spiders to urbani-
zation: (1) intermediate disturbance hypothesis claims that
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diversity should be the highest in areas under intermediate
levels of disturbance (Connell 1978). The increasing level of
disturbance is unfavourable for the forest specialist species
which are adapted to the environmental conditions of forests.
Thus, (2) the habitat specialist hypothesis predicts that the
species richness of forest specialists decrease from the rural
habitat towards the urban one (Magura et al. 2004).

Persistence and/or survival of spiders with various eco-
logical traits also depend on the light and humidity condi-
tions of the environment and also depend on their disturbance
sensitivity (Buchar and Riazicka 2002). Therefore, we studied
the spiders based on three ecological traits (humidity prefer-
ence, shade preference and disturbance sensitivity): the urban
forest fragments become drier compared to unmanaged rural
sites due to the intensive urban forest management; thus, (3)
the dominance of hygrophilous species should decrease from
the rural habitat to the urban one (hygrophilous species hy-
pothesis, Magura et al. 2013). The urban forest fragments are
more open and lighter than the unmanaged rural sites; thus,
(4) we expected that the number of shade-preferring species
should decrease towards the urban habitat (shade-preferring
species hypothesis). Several spider species are sensitive to
the anthropogenic disturbances; therefore, (5) we expected
that the species richness of disturbance sensitive species de-
creases along the rural-suburban-urban gradient (disturbance
sensitive species hypothesis).

Methods

Study area and sampling design

The study areas were located within and around Szeged
city, in the South of the Great Hungarian Plain (Hungary) in
the floodplain of river Tisza. Our sampling design was based
on the international GlobeNet protocol. This project explores
the responses of arthropods to urbanisation, using unified
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Figure 1. Map of the
study area. The study area
is in and around Szeged
City (46°15'N, 20°10'E).
The dotted areas indicate
the forested areas. Circles
indicate the locations of
the twelve sampling sites.
Letters indicate the habitat
types: R - rural, SU - sub-
urban, U - urban.
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methods (Niemeld et al. 2002). According to the GlobeNet
protocol, twelve sampling sites were selected along an urban-
ization gradient (four of each habitat type: rural, suburban,
and urban forests). To identify the location of sampling sites
a map (Fig. 1) was provided. All sampling sites were larger
than 2500 m2. The distance between the studied areas (rural,
suburban, and urban) was at least 1 km. The distance between
the sites was at least 100 m. All selected sites were in flood-
plain forests. The last flood interruption in the studied area
was in 2013. The most frequent species in the tree layer of the
forest were silver poplar (Populus alba), white willow (Salix
alba) and white elm (Ulmus laevis) mixed with European
ash (Fraxinus excelsior) and London plane tree (Platanus X
acerifolia). The intensity of forestry management operations
was low in the rural habitat and there were no buildings there.
In the suburban habitat, there were walking and hiking paths,
and it was moderately visited by hikers and dog walkers. The
understory was not thinned, the fallen trees and branches
were regularly removed. The urban sites were located nearby
a frequently visited riverbank and a canoe-camping. In the ur-
ban forested habitat fallen trees and branches were frequently
removed, the shrub layer was strongly thinned, resulting in
a park character. The lawn in the urban fragments was often
mowed, and the mowed phytomass was removed.

We used a metal quadrat (25 cm X 25 cm x 5 cm) to col-
lect spider species. During the sampling we collected the
litter, soil and woody debris from the upper 5 cm of litter
and ground layers, and sifted through a wire-grid (30 cm in
diameter with 1 cm in diameter size grids), which was sewn
to a cloth sleeve (Nagy et al. 2016). There were five random
litter samples in each sampling site, and the distance between
the samples was at least 20 m. Altogether, there were 60 litter
samples (3 habitat types x 4 sites X 5 litter samples) in every
sampling date. We collected spiders fortnightly from the end
of April to the end of October, in 2014. For statistical evalua-
tion, each sample was pooled for the whole sampling period,
resulting in 60 data sets (12 sites x 5 samples). To avoid edge
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Table 1. Mean values (+ SE) of the measured environmental vari-
ables in the three studied habitat types.

En\_llronmental Rural Suburban Urban
variables
Relative humidity (%)  76.3+0.86 70.4+0.97 58.3+1.05
Cover of leaf litter (%) 24.3+2.25 226242 152+1.75
Cover of decaying
wood material (%) 16.1+1.13 153+122 52+0.23
Cover of herbs (%) 2414283 253+3.09 372+1.13
Cover of shrubs (%) 476+124 534+1.13 53+1.82
Canopy cover (%) 942+1.12 824+152 64.7+2.64

effect, each sampling points were at least 50 m from the near-
est forest edge (Horvath et al. 2002). We stored the samples
in plastic bags and sorted within 48 hours. We preserved the
collected species in 70% ethanol. We identified spiders to
species level using standard keys (Nentwig et al. 2018). We
measured six environmental variables at each sampling point
in the studied year, which can affect spiders (Table 1).

Data analysis

The overall species richness is not suitable indicator of
disturbance caused by humans; therefore, species with differ-
ent ecological traits should be analyzed separately as ignoring
these traits masks the real effects of urbanization (Magura et
al. 2010a,b). Thus, we categorized the collected species ac-
cording to their habitat affinity (forest specialists, generalist,
and open-habitat species), humidity preference (hygrophil-
ous, eurytopic and xerophilous) and shade preference (shade-
preferring species, eurytopic and light-preferring) based on
the literature (Buchar and Ruzicka 2002) and our earlier field
experience (Table 2). For the disturbance sensitive species
hypothesis, we used a simplified categorization of Buchar
and Razicka (2002). They distinguished four types of habitats
based on the degree of disturbance: climax (i.e., undisturbed
natural communities), semi-natural, disturbed, and artificial
habitats (buildings). Based on their work we categorized the
species as disturbance sensitive (species appear only in cli-
max and/or semi-natural habitats) or non-sensitive species to
disturbance or disturbance-tolerant species (species appear in
disturbed and/or artificial habitats) (Table 2).

We used Generalised Linear Models (GLMs) with
Poisson link-function to test differences in the overall spider
species richness (number of species per sample), the species
richness of the spider with various habitat affinities, humid-
ity preference and disturbance sensitivity between the rural-
suburban-urban areas and the twelve sites. We used a nested
design; four sites were nested within a given sampling area.
When there was a significant difference between the means
we used a Fisher LSD test for multiple comparisons among
means (StatSoft Inc. 2010).

We analysed the composition of spider assemblages at
site level along the urbanization gradient by cluster analysis
and multidimensional scaling (MDS) based on the abundance
of spiders using Hellinger distance and Ward fusion method
(Legendre and Legendre 2012). We compared the diversity of
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the spider assemblages of the rural, suburban and urban habi-
tats using Rényi diversity index family (T6thmérész 1998
2009). It is defined as:

1 s
HR(a) = 7—(log ) pf)
i=1

where p; is the relative frequency of the i-th species, S the to-
tal number of species and a is a scale parameter (o >0, o # 1).
It is called “diversity index families” because it includes four
classical diversity statistics as special value (Patil and Taillie
1982, Toéthmérész 1995): (i) at a = 0, the value of the Rényi
diversity is equal to the logarithm of the number of species of
the community; (ii) at o — 1, it is identical to the Shannon di-
versity; (iii) at o = 2 it is related to the Simpson diversity, and
(iv) at oo — +oo, the value of the Rényi diversity is the inverse
of the Berger-Parker dominance index.

At small values of the scale parameter of Rényi diver-
sity is sensitive to the rare species; when the scale param-
eter increases, the diversity value is increasingly influenced
by the common species. Finally, at large scale parameter
values, only the abundance of the most common species de-
termines the diversity, similarly to the Berger-Parker diver-
sity (Tothmérész 1995). This approach produces a diversity
profile, allowing a synthetic assessment of diversity relations
among assemblages (Tothmérész 1998). When two diversity
profiles do not intersect each other, the assemblage whose di-
versity profile runs above the other one is unequivocally more
diverse. When the profiles cross, one assemblage is more di-
verse for the rare species, while the other one is more diverse
for the common species. For these calculations we used the
R version 3.4.3 and the vegan package (R Core Team 2017,
Oksanen et al. 2017, respectively)._

Results

We collected 413 individuals belonging to 41 spider spe-
cies (Table 2). The overall species richness was significantly
higher in the suburban sites than the rural and urban ones ()2
= 13.8617; df = 2,9; p < 0.011; Fig. 2A). In case of forest
specialist and shade-preferring spiders the species number
was higher in the rural habitat than in the urban one (forest
specialist spiders: ¥2 = 11.4471; df = 2,9; p < 0.003; Fig. 2B;
shade-preferring spiders: y2 = 13.2025; df = 2,9; p < 0.001;
Fig. 2C). The species richness of hygrophilous spiders was
significantly higher in the rural and suburban sites than in the
urban one (¥2 = 39.1095; df = 2,9; p < 0.001; Fig. 2D). The
diversity of disturbance sensitive species was significantly
higher in the rural and suburban sites than in the urban ones
(02 =29.8304; df =2,9; p < 0.001; Fig. 2E).

Cluster analysis revealed that the spider assemblages in
the rural and suburban areas were separated compositionally
from that of the urban ones (Fig. 3A), and the four urban sites
formed a separate group. This pattern was corroborated by
the MDS ordination (Fig. 3B). Diversity profiles of the Rényi
diversity showed that the suburban habitat supported the most
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Table 2. The number of individuals of the collected spider species and their ecological traits along the urban—rural gradient in the stud-
ied floodplain forests. Notations: “shade” denotes shade-preferring species, “light” denotes light-preferring species.

Species Habitat Humidity Light Disturbance ~ Rural Suburban Urban
preference preference preference sensitivity
Agyneta rurestris generalist eurytopic eurytopic non-sensitive 0 1 5
Brigittea civica generalist N/A N/A non- sensitive 0 0 1
Centromerus sylvaticus generalist hygrophilous eurytopic non- sensitive 0 3 0
Ceratinella brevipes forest xerophilous shade sensitive 3 0 0
Clubiona lutescens generalist eurytopic eurytopic non- sensitive 1 1 0
Clubiona pallidula forest hygrophilous shade non- sensitive 4 1 0
Crustulia guttata generalist xerophilous eurytopic sensitive 1 0 0
Cyclosa conica forest eurytopic shade sensitive 1 1 0
Dictyna uncinata generalist eurytopic shade non-sensitive 1 1 2
Diplocephalus picinus forest hygrophilous shade sensitive 22 15 11
Diplostyla conocolor generalist hygrophilous eurytopic non-sensitive 0 2 4
Drassodes sp. N/A N/A N/A N/A 1 0 0
Enoplognatha sp. N/A N/A N/A N/A 2 0 1
Liocranoeca striata generalist hygrophilous eurytopic sensitive 19 34 0
Metopobactrus ascitus generalist eurytopic eurytopic sensitive 0 0 1
Neon reticulatus forest hygrophilous shade sensitive 0 1 0
Ozyptila praticola forest hygrophilous shade sensitive 64 56 26
Pachygnatha listeri forest hygrophilous eurytopic sensitive 2 0 0
Pardosa sp. N/A N/A N/A N/A 9 36 5
Philodromidae sp. N/A N/A N/A N/A 0 0 1
Phrurolithus festivus generalist eurytopic eurytopic sensitive 2 17 4
Piratula hygrophila generalist hygrophilous eurytopic sensitive 4 3 0
Pisaura mirabilis generalist eurytopic eurytopic non-sensitive 1 1 0
Porrhomma pygmaeum generalist hygrophilous eurytopic sensitive 2 4 2
Pseudeuophrys obsoleta open habitat xerophilous light sensitive 0 0 1
Robertus lividus forest hygrophilous eurytopic sensitive 0 4 3
Syedra gracilis forest eurytopic eurytopic sensitive 1 0 1
Tapinocyba insecta forest hygrophilous shade sensitive 2 0 0
Tapinocyba pallens forest hygrophilous shade sensitive 0 1 0
Tenuiphantes flavipes forest eurytopic eurytopic sensitive 2 4 0
Tenuiphantes tenuis generalist eurytopic eurytopic non-sensitive 0 0 2
Tenuiphantes zimmermanni forest hygrophilous shade sensitive 0 1 0
Tetragnatha sp. N/A N/A N/A N/A 1 1 0
Tmarus piger generalist eurytopic shade sensitive 1 0 0
Trachyzelotes pedestris generalist eurytopic light sensitive 0 0 1
Trochosa ruricola open habitat hygrophilous light non-sensitive 0 1 0
Walckenaria nudipalpis generalist hygrophilous eurytopic sensitive 2 0 0
Xysticus sp. N/A N/A N/A N/A 0 2 7
Zelotes aeneus open habitat xerophilous light non-sensitive 0 0 1
Zelotes exiguus generalist xerophilous light sensitive 0 1 0
Total 148 192 79

diverse spider assemblages, while the urban assemblages ban—urban gradient in Szeged city (Hungary). The number of
were the least diverse (Fig. 4). collected spider species in our study (41 species) was about
5% of the Hungarian spider fauna (Samu and Szinetar 1999).

Discussion Our results supported the intermediate disturbance hy-
pothesis. There is only one investigation reporting the valid-

We studied the effects of urbanization on ground-dwelling ity of this prediction for spiders, reported from Paris (France)
spider assemblages of floodplain forests along a rural-subur- (Vergnes et al. 2014), while other studies reported that spi-
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Figure 2. Mean value of the
total number (+SE) of spider
species (A), the number of for-
est specialist spider species (B),
the number of shade-preferring
spider species (C), the number
of hygrophilous spider species
(D), and the disturbance sensi-
tive spider species (E) per trap
along the studied rural-subur-
ban-urban gradient in floodplain
forests in Hungary. Means that
share the same letter are not sig-
nificantly different from one an-
other (p < 0.05) by Fisher LSD
test.

Figure 3. Hierarchical cluster
analysis using Hellinger dis-
tance and Ward fusion method
(A), and multidimensional
scaling (MDS) based on the
Hellinger distance (B) of spe-
cies compositions of spider as-
semblages in floodplain forests
along a rural-suburban-urban
gradient.

Figure 4. Diversity profiles of
the spider assemblages along the
rural-suburban-urban  gradient
in floodplain forests in Hungary
based on the one-parametric
scalable Rényi diversity index
family.
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der species richness was the highest in the urban habitat in
Debrecen (Hungary) (Magura et al. 2010b, Horvath et al.
2012), or there was no significant difference along the urban-
ization gradient (Helsinki-Espoo area of southern Finland,
Alaruikka et al. 2002). This hypothesis was rarely verified for
other arthropod taxa; most of studies reported a decrease in
arthropod species richness along rural-suburban-urban gradi-
ent (Niemeld et al. 2002, Ishitani et al. 2003). However, some
previous studies also reported the intermediate disturbance
hypothesis for ground beetles and rove beetles (Tothmérész
etal. 2011, Vergnes et al. 2014). Higher habitat heterogeneity
may support higher species richness in and around cities than
in stable natural forest ecosystems (Smith et al. 2006). In our
study the higher habitat heterogeneity of the suburban habi-
tat had a positive effect on spider diversity. In the suburban
habitat, both strongly closed and moderately closed canopy
patches appeared due to the moderate level of forestry man-
agement. This heterogeneity might support a higher diversity
of spiders in this area. The results of Rényi diversity also sup-
ported the intermediate disturbance hypothesis as diversity of
both the rare and the common species was the highest for the
suburban area. The urban assemblage was the least diverse
both for the rare and the common species.

Decline of species richness of forest specialist spiders
was consistent with the previous findings showing change in
composition and in species richness of forest specialist as-
semblages along the urbanization gradient (carabids: Magura
et al. 2008, 2010b; Tothmérész et al. 2011, spiders: Horvath
et al. 2012; various taxa: McKinney 2006, 2008,). Forest
specialist spider species are usually less adapted to urban
habitats characterized by high temperature, high aridity and
higher level of light than generalist and open-habitat species
(Magura et al. 2010b, Horvath et al. 2012). Some of these
species can also survive in moderately disturbed suburban
sites. Moreover, in a previous study Horvath et al. (2012)
found that the species richness of forest specialist spiders
was the highest in the suburban habitat, since the degree of
canopy closure and the humidity level were the highest in
this habitat. Ryndock et al. (2012) also stressed the influence
of canopy closure, because they found a significant negative
relationship between the species richness of forest specialist
spiders and the canopy openness in the differently treated oak
woodlands. Usually forest specialist species favour shaded
and humid forests and they are sensitive to the human distur-
bances. In our case the degree of canopy closure and the level
of disturbance were similar between rural and suburban sites;
therefore, both habitat types provided favourable conditions
for the forest specialist species. In our urban habitat pathways
fragmented the large, continuous green areas into smaller
patches resulting lower canopy closure and air humidity, and
these processes may cause the loss of diversity of forest spe-
cialist spiders in urban sites.

Our findings supported the assumption about the decrease
of hygrophilous species along the urbanization gradient. The
undisturbed rural sites and the moderately disturbed suburban
sites were more closed by tree canopy than the urban ones;
thus, the relative humidity was higher in these habitats. This
contributed to the higher species richness of hygrophilous
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spiders in the rural and suburban sites compared to the urban
ones. Our findings also corroborated the expectations of the
shade-preferring species hypothesis. The rural forest was the
most closed, but the degree of canopy closure was also high
in the suburban habitat. These were shadier than the urban
sites. Thus, in the urban forest patches shade-preferring spe-
cies did not find favourable microhabitats and they cannot
colonize these sites.

We found that species richness of the disturbance sen-
sitive species decreased with the increasing level of urbani-
zation in cohrence with the disturbance sensitive species
hypothesis. Most spider species are moderately or strongly
sensitive to both natural and human disturbances; thus, their
abundance decreases by increasing level of disturbance or
they become extinct from the disturbed habitats (Miyashita
et al. 1998, Horvath et al. 2001, 2009). There was just a mi-
nor management activity in the suburban area, causing only
slight disturbance. This was corroborated with our findings:
there was just a slight decrease (not significant) in the num-
ber of disturbance sensitive species compared to the rural
area. The urban area was characterized by a high intensity of
management, which resulted in a park character of the area
with strongly modified micro-habitats compared to the na-
tive floodplain forests. The high level of disturbance caused
by these changes resulted in a strong (highly significant) de-
crease in the number of disturbance sensitive spider species.
Thus, we found that the number of disturbance sensitive spi-
der species was an especially useful indicator of the level of
urbanization.

The hierarchical cluster analysis and MDS ordination also
showed a clear separation of urban sites from the other sites,
which indicated that due to urbanization the spider assem-
blages of these sites were remarkably different from the that
of'the rural and suburban ones. Similarity between the assem-
blages of rural and suburban sites was high. Forest specialist
species preferred mainly the undisturbed rural and moderate-
ly disturbed suburban sites, while generalist and open-habitat
species were abundant in the urban habitat. In urban sites,
there were patches with high and moderate canopy closure,
and also with open patches, because of pavements, pathways
and forestry management, which resulted in a diverse hori-
zontal and vertical structure of the forest. Despite the struc-
tural heterogeneity, urban habitat did not provide suitable en-
vironmental conditions for the forest specialist species. The
decrease of species richness of forest specialist spiders in the
urban sites also showed the disturbance sensitivity of these
species.

Conclusion

Floodplain forests are a highly fluctuating, stochastic
environment. They are especially sensitive to the effects of
urbanization. These changes influenced the species richness
and species composition of spider assemblages. Remarkably,
the overall species richness was the highest in the suburban
habitat. Due to the moderate level of management, there were
both closed and moderately closed patches in these habitats;
therefore, forest specialist, hygrophilous species and shade-
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preferring species can survive in these habitats. Our results
showed that the species richness of specialist spiders which
were adapted to the characteristics of rural floodplain forests
decreased significantly with increasing level of urbanization.
Forest specialist species need special microsites with unique
environmental conditions in the strongly closed canopy
patches. Intensive management in urban sites eliminates the
special microsites. Our findings suggest that it is important to
support and/or increase habitat heterogeneity and the quality
of the microsites in closed and open patches to maintain the
diversity of spiders.
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