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Abstract. Greyvenstein B, Botha M, van den Berg J, Siebert SJ. 2021. Level of urbanization and habitat type, and not patch size,
influence predacious arthropod diversity patterns of urban grasslands in South Africa. Biodiversitas 22: 4078-4094. Predacious
arthropods provide a valuable ecosystem service within urban environments by suppressing pest numbers. However, urban ecological
studies largely ignore this functional group and its diversity and species composition patterns. Some studies have been published
regarding these patterns, however they were mostly done in Australia, Europe and America, thus an African perspective is lacking. Our
aim was to address the gap in African literature by quantify the differences in predacious arthropod species richness and diversity within
urban green space in varying urbanization intensities, habitat types of grassland and patch sizes in South Africa. Various indices were
considered to examine the effect of urbanization on the diversity patterns of Chrysopidae (Neuroptera), Mantodea, Araneae and
Coccinellidae (Coleoptera). Study sites included three levels of urbanization represented by population density, two types of urban
grasslands (i.e., ruderal and fragmented grassland) and a peri-urban rangeland grassland as control, and a wide range of patch sizes. Our
results indicated that an increase in urbanization intensities was associated with increased abundance of predacious arthropod taxa. Also,
that urban and peri-urban grasslands had similar predacious arthropod species richness and diversity, but differed in species
composition. No relationship was found between patch size and arthropod diversity or composition. Thus, predacious arthropod
abundances are influenced by the level of urbanization and their species composition is influenced by the type of urban grassland
(ruderal or fragmented), which are important considerations for future urban planning/management and conservation strategies. This
study gives a South African perspective and indicates that despite the lack of assigned function of urban green spaces, they sustain

diverse and distinct predacious arthropod communities, which in turn fulfil various roles in a functioning ecosystem.

Keywords: Conservation, disturbances, green space, predacious, urbanization

INTRODUCTION

Biodiversity in all its components provides and
maintains a variety of ecosystem services (Gardiner et al.
2013; Evers et al. 2018; Kremen and Merenlender 2018;
Wani and Sahoo 2021). Complex interactions between
abiotic and biotic components in ecosystems determine the
quantity, quality and reliability of these services (Mace et
al. 2012). In grassy landscapes, the herbaceous layer
provides forage and habitat to arthropods (Botha et al.
2017, Janse Van Rensburg et al. 2020). These herbaceous
layers can be very diverse and thus provide more habitat
and foraging opportunities, especially for predacious
arthropods. Predacious arthropods are vital in pest control
services in an agricultural setting but also in urban food
gardens that are becoming an important food resource for
urban populations (Philpott and Bichier 2017). Several
factors in urban gardens have been reported to influence
predacious arthropods such as vegetation complexity and
garden size (Philpott and Bichier 2017). This implies that
not only are ecosystem functions dependent on the survival
of arthropod species, but the well-being of humanity is
affected as well (Alcamo and Bennett 2003).

Biodiversity loss due to land-use intensification has
become an issue of concern (Bullock et al. 2011; Marques
et al. 2019). When natural areas are transformed to
alternative land-uses for direct human and economic
benefits, ecosystems are transformed and many species are
displaced (Ellis et al. 2012). Negative large-scale effects on
specific arthropod groups, e.g. beetles, leafhoppers and true
bugs, have been reported where land-use change has
resulted in transformed ecosystems (Sanchez-Bayor and
Wyckhuys 2019). Recently, a group of scientists warn end
global communities about the declines in insect populations
and highlighted that land-use change and the associated
habitat loss, fragmentation, and degradation are key drivers
of these declines (Cardoso et al. 2020).

A review of urban arthropod literature by Faeth et al.
(2011) reported that declines in arthropod richness were
recorded in 94% of studies. Decreases in species richness
result in lower beta diversity with a subsequent
homogenization of biota (Piano et al. 2019), possibly
because of dominance of arthropods associated with non-
native plant species (Blouin et al. 2019). Species richness
of low mobility species is known to be influenced by city
age, impervious area and management, while pollinators,
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high mobility and phytophagous species are mostly
influenced by the configuration and composition of the
urban spaces (Sattler et al. 2011). According to Faeth et al.
(2011), this could be ascribed to plant species composition
being actively "managed” by people, and that the
arthropods and birds within the city thus follow the plant
“template” created by humans in cities.

Although literature is generally in agreement about
species richness losses due to urbanization, inconsistencies
concerning the effects of urbanization on arthropod
composition have been reported. For example, a study on
butterflies (Lepidoptera) has shown that the species
composition of  communities  became  similar
(homogenized) as urban sprawl (expansion or increase of
urban areas) occurred (Blair 2001). In contrast,
homogenization was not reported for carabid beetles, as
their species communities changed due to the effect of
urbanization on habitat (Magura et al. 2010). This finding
cautions against testing urbanization effects on combined
multi-taxa datasets of species richness only, and provides
support for analyses of diversity patterns of selected
functional groups, such as predacious arthropods, both in
terms of diversity and composition (Buschke and Seamann
2011; Botha et al. 2018).

Ecological interactions between arthropod predators
and their prey are also affected by urbanization in complex
ways. Rocha and Fellowes (2018) found that predaceous
arthropod abundance was linked to the size of aphid
colonies, but was still negatively affected by an increase in
size of urbanized areas, even if the size of aphid colonies
remained the same. Corcos et al. (2019) reported that
predators and parasitoids are influenced by urbanization at
various scales (local, landscape and sub-regional). For
example, at a landscape scale, the evenness of predators
increased, which could be due to an increase of generalist
and mobile species (Jones and Leather 2012; Corcos et al.
2019). In contrast, at a local scale, buildings and streets
were reported to act as barriers which resulted in
decreasing species abundance, richness and evenness,
suggesting that the mobility of predators and prey was
affected. Coccinellids are often abundant in urban areas
(Egerer et al. 2018a), in some cases are even more than in
rural areas, indicating that urban areas have sufficient prey
to maintain larger populations of certain predatory species
(Gardiner et al. 2013; Honek et al. 2017).

Current understanding of the diversity patterns of
predacious arthropods in urban environments, as
considered above, predominantly originate from the global
North. These findings are regarded as a benchmark and
have on occasion been incorporated into management plans
of urban green spaces in Africa (Cilliers et al. 2017).
However, these trends have never been tested for the
continent with its predominantly savannah fauna and flora.
Existing African literature has mainly focussed on the
process of recovery of arthropod diversity after habitat
restoration in urban settings (Whitmore et al. 2002, Pryke
and Samways 2009). It is evident that research on
arthropod diversity patterns associated with green space in
the Southern Hemisphere is limited (Threlfall et al. 2015;
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New 2018), with research on grasslands specifically
lacking (Buschke and Seamann 2011).

The aim of this study was to determine how certain
predatory arthropod groups differ across patch sizes,
urbanization intensities, and urban grassland types. We
quantified occurrence patterns to address three objectives.
Firstly, we determined whether predacious arthropod
richness is correlated to the surface area (patch size) of
urban green spaces (i.e., fragmented and ruderal
grasslands). Secondly, we compared the diversity and
community composition of predacious arthropods of these
grassland types in three urban settlements that vary in
terms of human population density (urbanization intensity).
Thirdly, we compared species diversity measures and
composition of predacious arthropods between urban and
more natural, peri-urban rangeland grasslands.

We hypothesized that there would be a positive
correlation between patch size and arthropod species
richness as reported by Soga et al. (2013) and Peng et al.
(2020). Studies have also indicated that increased human
population densities have different effects on different
arthropod groups, and we expected to see similar effects in
this study (Gardiner et al. 2013; Honek et al. 2017). We
predicted that all diversity measures would be highest in
fragmented grassland and lowest in most transformed
urban green space, i.e. ruderal grasslands, as this was the
case in a study conducted by McKinney (2008). In contrast
to this, we expected no differences in species assemblages
across settlements due to biotic homogenization (Honek et
al. 2017). Lastly, we predicted that disturbed urban
grasslands would have lower diversity than that of more
natural peri-urban rangeland, as urban habitats filter out
habitat specialists (MclIntyre et al. 2001).

MATERIALS AND METHODS

Study areas

Three settlements within the Mesic Highveld Grassland
bioregion of South Africa (Botha et al. 2018), i.e.,
Vanderbijlpark, Potchefstroom and Ventersdorp, were
chosen with each represented a different human population
density to reflect the level of urbanization (Du Toit and
Cilliers 2011). With an increase in population density, an
associated increase in the effect of urbanization is probable
due to the increase of activities, such as construction of
infrastructure for housing, industry, and transport. The city
of Vanderbijlpark is associated with the highest population
density (HPD) (Figure 1; Table 2), whereas Potchefstroom
was considered intermediate (IPD) and Ventersdorp as the
lowest (LPD). Within the green space of these settlements,
sample sites were chosen from similar types of grassland,
namely ruderal and fragmented grasslands within the
settlements, and a peri-urban rangeland grassland (as a
control).

Each grassland type within the three settlements was
defined based on different intensities of disturbance. A
disturbance index (Table 1) was developed based on data
collected through visual observation and monitoring during
the study period. Satellite and terrain images (Google Earth
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2015) were used to determine the proximity of disturbance
sources (i.e. industrial parks that would increase pollution
of soil and air, buildings, clearings, and agricultural
activities that increase pesticide applications and soil
disturbance). Since disturbance intensity affects the
vegetation of the remnant urban green spaces, disturbance
intensity can be seen as a proxy for habitat type.

Ruderal grasslands were defined as green spaces that
have been considerably transformed by exogenous
disturbance, and have undergone secondary succession
after the disturbance events (Cilliers and Bredenkamp
1999). These patches are characterized by high levels of
soil disturbance, clearing, refuge dumping, pathways,
construction, and mowing (Cilliers and Bredenkamp 1999).
Fragmented grasslands were defined as isolated remnant
green spaces within settlements that are isolated from other
similar fragments by city infrastructure, and are regularly
mowed and subjected to air pollution (Cilliers et al. 2008).
These grasslands are not utilized and are characterized by
the dominant perennial grass Themeda triandra Forssk.
(Poaceae), a species that prefers relatively stable areas
(Cilliers et al. 2008). Ruderal and fragmented grasslands in
each settlement were not subjected to mowing during the
year of this study, but such activity did occur erratically in
previous years and was an unpredictable event determined
by public pressure and available finance.

Peri-urban rangeland grasslands occur on the city’s
outskirts and were included as a benchmark for
comparative purposes. Rangelands have low disturbance
intensity, mainly pollution from nearby associated urban
and industrial sites (Venter et al. 2012). As rangelands fall

within the agricultural hub, these areas are periodically
affected by grazing (Botha et al. 2018).

Patch size was determined using satellite images and
measurement tools (Google Earth 2015; Table 2).
Measurements were taken in square meters to facilitate
further analysis of correlations between patch size and
arthropod diversity. Patch sizes ranged from the smallest
area, approximately 2000 m? to the largest, approximately
730000 m2 The average size of the ruderal patches
between the three settlements was approximately 38 851
m? while the average fragmented grassland patches
between the three settlements were approximately 82 177
m2.

Table 1. Overall frequency of disturbance scores for green spaces
(0 —never; 1 — sometimes; 2 — often; and 3 — very often)

Disturbance Ruderal Fragmented Peri-urban

grassland grassland rangeland
Grazing 0 1 3
Fire 2 3 1
Mowing 2 3 1
Dumping 3 1 0
Pesticides 0 0 1
Air pollution 3 3 1
Footpaths 2 3 1
Clearing 3 1 0
Buildings 2 0 0
Total 20 16 8

Table 2. GPS coordinates, street names and patch sizes of all sample sites in Vanderbijlpark Potchefstroom and Ventersdorp. Rangeland
sites were located outside these cities at -26.472, 26.926; -26.470, 26.932; and -26.466, 26.929.

Ruderal

Fragmented

Coordinates Street names Patch size (m?)

Coordinates Street names Patch size (m?)

HPD - Vanderbijlpark (population: 540/km?)

-26.727, 27.872 Hendrick van Eck 44 903
-26.680, 27.815 Hans Merensky 42 923
-26.720, 27.816 William Nicol 33543
-26.701, 27.855 Wolmarans 27 118
-26.672, 27.835 Delfos 369 960
-26.731, 27.859 Oranje River 16 903
-26.723, 27.817 Vaal drive 10 543
IPD- Potchefstroom (population: 270/km?)

-26.696, 27.079 Rissik 10 730
-26.704, 27.080 Fontein 60 907
-26.722,27.124 Wynne 10 302
-26.717, 27.120 Steyn 33353
-26.690, 27.071 Deppe 43 556
-26.736, 27.096 Eland 37372
-26.692, 27.070 Russel 4 666
LPD - Ventersdorp (population: 78/km?)

-26.314, 26.826 Cheyne 3078
-26.313, 26.826 Roth & Paarl 2160
-26.320, 26.820 Berg 2 563
-26.311, 26.816 Mark 17 062
-26.313, 26.821 Cochrane 5048
-26.320, 26.826 Koekemoer 33536
-26.311, 26.822 Anemay & Visser 5638

-26.738, 27.855 Louis Trichard 87 408
-26.699, 27.851 Wolmarans 38 659
-26.726, 27.857 Andrew Young 24 577
-26.673, 27.813 Delfos 94 058
-26.721, 27.863 Andries Potgieter 733 253
-26.721, 27.855 Japie Greyling 80 277
-26.735, 27.842 Frikkie Meyer 46 187
-26.673, 27.110 MC Roode 17 856
-26.745, 27.094 Viljoen 7022
-26.732, 27.093 Louw 15 604
-26.679, 27.115 MC Roode 87 849
-26.697, 27.103 Langenhoven 24 986
-26.673, 27.077 Tiger-moth 55 888
-26.662, 27.120 Dagbreek 123919
-26.307, 26.817 Eland 38 287
-26.307, 26.825 R30 6 017
-26.304, 26.827 R53 16 926
-26.309, 26.818 Steenbok 16 508
-26.308, 26.814 Eland 135988
-26.316, 26.820 Mark 60 185
-26.319, 26.819 Berg & Grey 14 257
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Figure 1. Localities of sampling sites in each of the three urban settlements
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Arthropod sampling

Each urban settlement (i.e. HPD, IPD and LPD)
contained seven survey sites for each of the ruderal and
fragmented grasslands. Three replicate samples were taken
at each of the seven survey sites per grassland type during
summer (the Highveld has unfavorable below-freezing
temperatures during winter). This was repeated twice
(January and March) during 2015, which is the middle of
summer in South Africa and thus an active time for
arthropods. A total of 252 samples were collected during
this study (3 settlements x 2 grassland types x 7 survey
sites x 3 replicates X 2 repeats). Additionally, three
replicates were also taken twice in summer from four peri-
urban rangeland grassland sites (control), resulting in a
total of 96 samples (3 settlements x 4 control sites x 4
replicates x 2 repeats).

We specifically focussed on spiders (Araneae),
ladybirds (Coccinellidae), lacewings (Neuroptera) and
praying mantids (Mantodea) in this study. These arthropod
groups were chosen since they represent an important
functional group in most terrestrial grassland ecosystems
(Botha et al. 2018). These predators differ in their level of
mobility, i.e. spiders are flightless, mantids are slow-
moving ambush predators with limited flight capabilities,
while lacewings and coccinellids are good fliers. A
combination of these arthropod groups provides a well-
rounded picture of grassland arthropod predators in urban
versus peri-urban areas.

Arthropods were collected by means of sweep netting.
Survey site selection was done based on a sufficient patch
area (a minimum of 250 x 150 m) to facilitate sampling of
four replicates. Each sample plot was 100 m? with a
minimum of 50 m between adjacent plots. Each plot was
demarcated (care was taken to avoid trampling within the
block), and sampled systematically by sweeping from side
to side (approximately 30 sweeps per plot). The arthropods
collected per plot were placed into marked bags, placed in
a cooler bag, then stored in a freezer for later identification.
Since sampling was conducted between 08:00 and 14:00, it
was assumed that time of day did not influence the
abundances of the selected predacious arthropod groups
(Greyvenstein et al. 2020b).

Each frozen sample was sorted in 70% ethanol to
separate the lacewings, praying mantids, coccinellids, and
spiders. Specimens were identified to species level, except
for 154 spiderlings and 155 praying mantids, which could
be identified to genus only. Arthropod identification was
conducted at the Biosystematics Division, Agricultural
Research Council, Pretoria, Gauteng, South Africa. Species
were identified with keys for coccinellids (Seago et al.
2011), lacewings (Brooks 1994; Mansell 1997), and spiders
(Dippenaar-Schoeman and Jocqué 1997). Praying mantids
were identified to genus level using keys by Bragg (1996—
2007) and Kaltenbach (1996, 1998), and a reference
collection at the Ditsong Museum of Natural History,
Pretoria, South Africa. Voucher specimens are housed at
the North-West University, Potchefstroom, South Africa.

BIODIVERSITAS 22 (9): 4078-4094, September 2021

Data analyses

Species diversity was quantified using Shannon
diversity, species richness and abundance, which was
calculated with Primer 6 (Clarke and Gorley 2006).
Spearman rank-order correlation coefficients  were
calculated to determine whether correlations existed
between abundance, richness or diversity of predacious
arthropods per plot and patch sizes in each settlement
(SPSS; IBM 2017). Rarefaction curves were constructed by
using overall species richness to determine all species
actually discovered (Sobs), Chao’s estimator based on
number of rare species (chaol), Chao’s estimator using just
presence-absence data (chao2) and a Boot-strap estimator
based on proportion of quadrats containing each species
(Botha et al. 2018) (Supplementary Figure S1).

Hierarchical Linear Modelling (HLM) was applied
using two-way ANOVA with random effects (McMahon
and Diez 2007) in SPSS to test for overall significant
differences. Two separate models were fitted to the dataset.
The first model tested whether index values (taken as
response variables) could be predicted by population size
of urban areas (urbanization density). The second model
tested if index values could be predicted by the type of
grassland (ruderal vs fragmented vs rangeland). In both
models, there was no dependency specified and site was
included as a random and not paired variable, with the data
nested per settlement in the analyses.

Effect sizes (Cohen’s d) and pairwise comparisons were
calculated to express practical significance between urban
population sizes and type of green space. Here residual
variance, as well as site variance, were taken into account
in the calculation of the effect size of each grassland type
and diversity indices (Ellis and Steyn 2003). The effect
sizes were interpreted as large if d >0.8 (included as
Supplementary Tables B and C).

Differences in species composition between settlements
of different population size and between grassland types
were visualized with non-metric multidimensional scaling
(NMDS) and Bray Curtis dissimilarity in Primer 6.
Similarity Percentages (SIMPER) were performed in PAST
(Version 2.15; Hammer et al. 2001) to identify the species
responsible for grouping within NMDS graphs (included as
Tables S4 and S5). Permutational Multivariate ANOVA
(PERMANOVA) were performed in Primer 6 to test for
significant differences in predator species composition
between urban settlements and between grassland types
(urban settlement and grassland types as fixed effects;
sample sites as random effects).

RESULTS AND DISCUSSION

Arthropod diversity

Urban (ruderal and fragmented) grasslands contained
30 spider (N = 830), seven coccinellid (N = 391), seven
praying mantid (N = 74) and two lacewing (N = 26)
species. Peri-urban rangeland grasslands yielded 36 spider
(N =564), seven coccinellid (N = 417), eight mantid (N =
336) and two lacewing (N = 232) species (Figure 2). Since
only two lacewing species were collected overall, only
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abundances of this group could be included in further
analyses. A list of predacious arthropod species names and
occurrences is provided in Table S1.

Correlation between patch size and predator diversity

No significant correlations were found between patch
size and predator richness and Shannon diversity, neither
for the entire urban environment, nor for the separate
ruderal and fragmented grassland sites (Table 3). This
indicated that patch size had no effect on the richness or
diversity of predacious arthropods. However, a significant
positive (r = 0.596, P= 0.004) correlation was recorded
between overall arthropod abundance per plot and patch
size in the ruderal grasslands. This is probably an artifact
created by the significant positive correlation (r = 0.51, P =
0.018) between patch size and abundance (total number of
individuals per plot) for coccinellids. Since this result was
considered an outlier and there was a poor correlation (r <
0.6), results were further on considered as independent of
patch size.

Comparisons of arthropods between urban settlements
(effect of human population density on urban grasslands)
Biodiversity

Pairwise comparisons (Table 4) revealed significant
differences in predator abundance for ruderal grasslands,
with HPD having higher values than IPD (d = 1.190) and
LPD (d = 1.521) (Figures 3 and 4). The fragmented
grassland showed significant differences for species
richness with HDP having higher values than both IPD (d =
1.049) and LPD (d = 1.077). It can therefore be assumed
that more densely populated settlements have higher
richness and abundance, but not diversity, in ruderal and
fragmented grasslands respectively (Table S2).

Species composition

Ordinations of the arthropod species composition for
the ruderal grassland did not reveal clear groupings for the
three urban settlements (Figure 5), despite the composition

Ruderal
grasslands

Fragmented
grasslands

1

30
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being significantly different between HPD and both LPD
(P = 0.001) and IPD (P = 0.001). The ordinations of
arthropod species composition of fragmented grassland
across urban settlements showed that the LPD sites formed
a separate cluster from the sites of HPD (P = 0.002) and
IPD (P = 0.01) (Figure 5.B; Table 5). From this, it seems
that more densely populated settlements share the most
species in fragmented grasslands, but in the case of ruderal
grassland, species assemblages in less densely populated
settlements are more similar.

The dissimilarity in arthropod assemblages of
settlements were mainly a result of the spider species, T.
hollidayi and M. rubrodecoratus, and the coccinellid, C.
lunata (Table S4). These species contributed to >30% of
the overall dissimilarity, with T. hollidayi being prominent
in HPD and IPD and the second type of IPD and LPD
(Table S1). Coccinellids were predominantly associated
with HPD.
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Figure 3. Overall green space predator abundance between the
three urban settlements. Significant differences (d<0.8) were
indicated by differing letters (a and b)

Figure 2. A. Number of unique species in each grassland type and the shared unique species. Total number of species recorded in each
grassland type is displayed outside the circle. B. Number of unique species in each urban settlement and the shared unique species. Total
number of species recorded in each settlement is displayed outside the circle
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Figure 4. Predator abundance of ruderal (A) and fragmented (B) grasslands in three urban settlements. Significant differences (i.e.
practical significance = d<0.8) indicated by different letters (a and b)

Table 3. Correlation coefficients between patch size and diversity measures of fragmented and ruderal grasslands. *Significant
correlation (r > 0.5). Overall includes fragment and ruderal grassland data

Overall predator

Diversity indices Spiders  Lacewings Praying mantids Ladybirds

diversity
Overall urban environment
Species Richness per sample plot 0.262 0.240 n/a 0.315 -0.110
Total Individuals per sample plot 0.379 0.314 -0.083 0.268 -0.053
Shannon-Wiener Diversity Index 0.080 0.147 n/a 0.051 -0.103
Fragmented grasslands
Species Richness per sample plot 0.020 -0.036 n/a 0.315 -0.256
Total Individuals per sample plot 0.150 0.111 -0.195 0.268 -0.173
Shannon-Wiener Diversity Index -0.099 0.058 n/a 0.051 -0.269
Ruderal grasslands
Species Richness per sample plot 0.415 0.283 n/a 0.232 0.289
Total Individuals per sample plot 0.596* 0.234 0.040 0.207 0.510*
Shannon-Wiener Diversity Index 0.273 0.172 n/a 0.046 0.248

Table 4. Results for Hierarchical linear modeling (HLM) indicating overall differences in predator diversity index values between urban
settlements.

Species richness Abundance Shannon-Wiener index

Ruderal grassland Urban settlement F-value 2.918 8.766 0.82
p-value 0.093 0.005* 0.463
MSE Variance 3.178 85.378 0.183
0.619 4.256 0.023
Pairwise comparisons HPD 6.53b 22.867b 1.532
IPD 5.20a 11.600a 1.390
LPD 4.60a 8.467a 1.299
Fragmented grassland Urban settlement F-value 3.698 2.686 2.648
p-value 0.056 0.109 0.111
MSE Variance 4.067 26.511 0.225
1.463 41411 0.028
Pairwise comparisons HPD 7.667b 21.267b 1.675a
IPD 5.200a 13.133a 1.271b
LPD 5.133a 11.600a 1.271a

Note: HPD: Vanderbijlpark; IPD: Potchefstroom; LPD: Ventersdorp, * indicates significant p values at p<0.05. MSE= mean square
error unexplained variance. Variance: variance explained by predictor variable. Pairwise comparisons significant differences (i.e.
practical significance = d<0.8) indicated by different letters (a and b).
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Comparisons of arthropods between urban green
spaces (ruderal, fragmented and peri-urban grasslands)
Biodiversity

Species richness, abundance, and Shannon-Wiener
diversity indices were all significantly different among the
three grassland types (Figure 6; Table 6). Large effect sizes
(d > 0.8) were recorded between the ruderal/fragmented
grasslands and rangeland grasslands, as the latter had
significantly higher values. This implies that urban
grasslands have similar predator diversity, but this diversity
was significantly lower than that of peri-urban rangeland
grasslands (Table S3).

Species composition

Ordinations indicated that the rangeland grassland
predator assemblages differed from that of the urban
fragmented and ruderal grasslands (PERMANOVA P =
0.001 for all pairwise comparisons) (Figure 7; Table 7).
However, a tightly overlapping clustering was observed for
predacious arthropod assemblages of ruderal and
fragmented grasslands.

Despite this clustering, a significant difference was
recorded (PERMANOVA P = 0.001) between the two,
suggesting dissimilarity. It can be deduced that urban green
spaces (ruderal and fragmented grasslands) and peri-urban
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rangeland differ in terms of their predacious arthropod
species assemblages (Figure 7; Table 7).

The dissimilarity in arthropod assemblages of grassland
types was also mainly a result of the spider species, T.
hollidayi and M. rubrodecoratus, and the coccinellid, C.
lunata (Table S5). These species contributed to >30% of
the overall dissimilarity. T. hollidayi and C. lunata were
prominent in rangeland grasslands and M. rubrodecoratus
was typical of fragmented grassland (Table S1).

Table 7. Permutational multivariate analysis of variance
(PERMANOVA) results indicating differences in predator species
composition between three green spaces

Overall Pseudo-F 11.261
effect p-value 0.001*
Pairwise Ruderal x Fragmented t-value 2.5739
grassland p-value 0.001*
Ruderal x Peri-urban t-value 3.0886
rangeland p-value 0.001*
Fragmented grassland x  t-value 4.2186
Peri-urban rangeland p-value 0.001*

Note: t: t value; p: p value. Permutations = 999; Bray-Curtis
similarity; *p<0.05

Table 5. Permutational multivariate analysis of variance (PERMANOVA) results indicating differences in predator species composition

between green spaces of three urban settlements

Ruderal grassland Fragmented grassland

Overall effect Pseudo-F 2.1241 47791
p 0.005* 0.001*

Pairwise HPD x LPD t 1.6234 2.662
p 0.002* 0.001*

HPD x IPD t 1.6148 1.2369

p 0.01* 0.157

LPD x IPD t 1.1309 2.3636

p 0.265 0.001*

Note: HPD: Vanderbijlpark; IPD: Potchefstroom; LPD: Ventersdorp. t: t value; p: p value. Permutations = 999; Bray-Curtis similarity;

*p<0.05

Table 6. Results for Hierarchical linear modeling (HLM) indicating overall differences in predator diversity index values between three

green space types.

Species richness Abundance Shannon-Wiener index
Urbanisation F-value 13.501 11.584 7.086
p-value <0.001* <0.001* 0.002*
MSE 6.489 186.748 0.204
Variance 4.284 103.904 0.059
Pairwise comparisons Ruderal grassland 5.4443 14.311a 1.407a
Fragmented grassland 6.000a 15.333a 1.406a
Peri-urban rangeland 9.867b 34.422b 1.830b

Note: F: F value; p: p-value. * indicates significant p values at p<0.05. MSE= mean square error unexplained variance. Variance:
variance explained by predictor variable. Pairwise comparisons significant differences (i.e. practical significance = d<0.8) indicated by

different letters (a and b)



20 Stress 025
X
A
X X A
A
x A x
A
'y A AA A
A
A X at X A x
A X aAa a
A
- xa a 4
A x A
A x X
a
r'S
a x
20 Stress 021
A
X
A A x %
x
x
. A A A A
A a a x
A A n A
AL Al b X
a a
X X
Aa X A x X
A Urban Settlements
NN A HPD
X IPD
A LPD
b A

Figure 5. Non-metric multidimensional scaling (NMDS) ordination
indicating differences in predator species composition between
urban settlements for ruderal (A) and fragmented grasslands (B)

e
1
1
1
b= i
@ 1
1
|
@ |
o 1
c |
T o _| !
g © |
1
B '
@
o
o
g 9
o 1
o ' i
o { !
< - ' |
1
E 1 E
| 1 H
o 4 —_—— —_—
T T

Fragm. grassland Rangeland Ruderal

Green space

Figure 6. Overall predator abundance in three green space types

Discussion

Most of the studies done in urban ecology were done in
North and South America, Europe, and Australia which
creates a bias in the literature (Dale and Frank 2018). This
study attempts to contribute to the gap in literature and add
to the few studies that have been done on arthropods of
urban environments on the African continent. Many of the
existing studies were conducted on urban grassland
vegetation (Cilliers and Bredenkamp 1999; Cilliers et al.
2008). Therefore, this study is novel for the region and
generates baseline data about predacious arthropods in
South African urban settlements.
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ordination indicating differences in predator species composition
between three green space types.

The first objective of the study was to determine
whether the abundance, species richness and diversity of
predacious arthropods were positively correlated to the
patch sizes of urban green space. Results suggest that larger
patches do not result in higher diversity and abundance of
predators in urban grasslands. Gibbs and Hochuli (2002)
also reported that smaller patches did not have lower
species richness per sampling unit in Australia, but that it
resulted in different species assemblages. Gibbs and
Hochuli (2002) suggested that arthropods were influenced
more by the decreasing quality of the habitat due to
urbanization, rather than patch size, especially arthropods
of higher trophic levels. Findings presented here
corroborate this, as predacious arthropod diversity was not
correlated with patch size, but quality of habitat as will be
discussed later. Furthermore, isolation of patches has also
been reported to influence arthropods more than patch size
(Burkman et al. 2014; Delgado de la flor et al. 2019).

However, a positive correlation was recorded for
coccinellid abundance and increasing patch size in ruderal
grasslands, which did not apply to any of the other
predacious arthropods. Rocha and Fellowes (2018) found
that impervious surfaces did not influence coccinellid
abundance but that prey (aphid) abundance and plant
species richness were more important. Aphid abundance in
urban areas of central Argentina was also reported to
increase with an increase in the level of urbanization
(Wagner et al. 2017). The positive correlation between
coccinellid abundance observed in our study could
therefore also be linked to the higher urbanization levels in
HPD, which could have influenced the abundance of
aphids (originating from nearby garden floras), and
subsequently, coccinellids. Furthermore, Egerer et al.
(2018b) reported that higher coccinellid abundance and
richness was maintained in garden within low-quality
cityscapes i.e. areas with more impervious surfaces, thus
suggesting that higher levels of urbanization as
encountered in HPD would not affect this predatory
arthropod group.
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The second objective of this study, to test if abundance,
richness and diversity of predacious arthropods decrease as
urbanization (human density) increases, indicating that the
largest city (HPD) had the highest abundance and richness
for the ruderal and fragmented grasslands, respectively and
no differences in Shannon-Wiener diversity were recorded.
These results are supported by Kozlov et al. (2017),
reporting that as the size of a European city increased, the
survival rates of leafminers decreased due to increased
predation. This suggests that predators are influenced to a
lesser extent by the mere presence of anthropogenic
attributes of urbanization, i.e. buildings, roads and scattered
green space, but are rather influenced strongly by other
biotic factors that enhance prey numbers and host plant
quality in urban ecosystems. Wagner et al. (2017) indicated
that aphids increase in abundance as the level of
urbanization increases, which could explain the higher
abundances of the selected predaceous arthropods found
for HPD in our study.

Aphids are a common source of prey for various
predators, but especially for the larval stages of
coccinellids, neuropterans and mantids. Of all the species
of mantids collected in this study, Galepsus spp. were the
most common in the urban areas. Early nymphal stages of
these species in particular feed on aphids as this food
resource is abundant and appropriate in size for these
nymphs (Greyvenstein et al. 2020a). Thus large aphid
colonies associated with higher levels of disturbance could
sustain more predacious arthropods, especially in their
associated nymphal stages. This indicates the importance of
biotic factors within urban environments and as reported by
Turrini et al. (2016) species interactions are an important
aspect of any ecosystem and were shown to be affected by
direct and indirect interactions because of top-down forces
in Swiss urban environments (Turrini et al. 2016).

Ordinations of arthropod assemblages should be
approached with caution when making general deductions
regarding the observed patterns, because it only presents a
snapshot of each community’s composition in time since
most arthropods are mobile. Nonetheless, our findings did
not support biotic homogenization for predacious
arthropods across the settlements we examined. Fine scale
changes in habitat aspects such as vegetation cover and
complexity has been reported to affect the community
composition of spiders in Sydney, Australia (Lowe et al.
2017). At a broader scale, Rocha and Fellowes (2020)
suggested that specialist predator species are affected by
the proportion of green areas in urban environments while
generalist species do not follow this pattern, these type of
filtering effects within urban environments could contribute
to the differences observed in the community compositions
of this study. McKinney (2008) indicated that various taxa
react differently within urban areas and thus contrasting
results are quite prevalent, especially for lower
invertebrates such as arthropods.

When urban ruderal and fragmented grasslands are
viewed separately, however, homogenization of predaceous
arthropod species assemblages in fragmented grassland was
observed between more densely populated settlements
(HPD and IPD) and in more disturbed, ruderal grasslands
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homogenization was stronger for less densely populated
areas (IPD and LPD). This addresses the second objective
of this study which tested for homogenization, and
indicates that the process is dependent on the level of
urbanization and grassland type. This finding cautions once
again to consider scale when interpreting homogenization
patterns  (McKinney 2008). Similarity percentages
indicated that spider species and a few coccinellid species
were mostly responsible for the dissimilarity between the
settlements, thus not all predacious arthropods influenced
the results similarly. In contrast to the results of this study,
Fenoglio et al. (2020) reported that the effect of
urbanization was similar in all cities despite the size of the
city.

Beyond disturbance intensity, Buchholz et al. (2018)
indicated that habitat management and isolation (not plant
diversity) had a significant influence on carabid and spider
species composition in Germany. Isolated sites had lower
species richness, whereas irregularly managed sites had
higher species richness than extensively managed sites
(Buchholz et al. 2018). As stated by Piano et al. (2019), a
decline in butterfly species richness was as a result of
higher levels of urbanization, which affected the
complexity of the vegetation layer and structure that was
available in urban patches (Chowdhury et al. 2017). These
factors, i.e. isolation and habitat management, could be the
reasons for similarity in predacious arthropod communities
(homogenization) within  fragmented grasslands of
settlements with higher levels of urbanization.

Habitat management affects the vegetation structure
within urban green spaces, which has been indicated to
influence spider assemblages in Argentina (Argafiaraz et al.
2018). This was not an aspect that was quantified in this
study, but vegetation structure could also influence certain
arthropods and thus change predator community
assemblages. During this study, the grass layer was taller
within the city compared to the rangelands due to lack of
grazing or mowing. In all the settlements, the vegetation
structure was tallest in fragmented grassland. Thus, local
practices of intense management of short-structured ruderal
grasslands, could also affect predacious arthropod
communities as the vegetation layer is altered resulting in
fewer niches. This has also been reported for agricultural
areas surrounding these specific IPD and LPD settlements
(Botha et al. 2017).

The homogenization of ruderal grasslands of less
densely populated areas in this study could be related to the
similar extent of transformation of ruderal areas. The
transformation in these two settlements was less intensive
than that of ruderal grassland within HPD. These sites are
less prone to habitat management, isolation, or differences
in vegetation structure, which resulted in the similarity of
predacious arthropod composition. Similarly, Argafiaraz et
al. (2018) indicated that spider community composition
was similar along an urban gradient, and that their
composition in less densely populated areas (suburban and
exurban) was more similar than in highly transformed
(urban) areas. This is in contrast to the findings of Nagy et
al. (2018) who reported no differences in spider
communities along an urban gradient.
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In this study, urban grasslands (increased levels of
transformation) had lower diversity than the surrounding
peri-urban rangelands (less transformed control), which
addresses our third objective. These results, therefore,
provide evidence for a filtering effect favoring the
functional groups that are best adapted to transformed
grasslands (Aronson et al. 2016), and indicate a clear loss
of species that are typically found in peri-urban rangeland
grasslands. The only slight difference in the urban green
spaces was that the exogenously disturbed ruderal
grasslands had lower abundance of predacious arthropods
compared to fragmented grasslands.

This could be ascribed to the lower disturbance
intensity and frequency in fragmented grasslands (Gardiner
et al. 2013; Van der Walt et al. 2015). A study conducted
on the fragmented grasslands at an international airport
indicated that spiders were one of the most abundant
arthropod groups (Kutschbach-Brohl et al. 2010), which
was similar for the fragmented grasslands of this study.
Since ruderal grassland, independent of urban settlement,
had a higher disturbance intensity, Sattler et al. (2011)
suggested that such grasslands might have fewer, but more
resilient arthropod species. Rangelands exhibited higher
diversity than the ruderal and fragmented grasslands,
probably due to less disturbance and fragmentation as well
as the larger availability of structural habitat variation
provided in more natural areas (Mata et al. 2017, Botha et
al. 2018; Koranyi et al. 2021).

Differences in community composition between the
rangelands and ruderal and fragmented grasslands are a
result of disturbance intensity as well as different
management practices (van der Walt et al. 2013), or age,
shape, and edge effect of the urban patches (Bolger et al.
2000). Our findings support our third hypothesis that
species assemblages change with increasing urbanization
since there was a clear difference in species composition
associated with fragmented or ruderal grasslands versus
peri-urban rangeland grasslands.

Furthermore, a similar trend was indicated in
Switzerland by Sattler et al. (2011) as the arthropod
community composition was investigated, i.e. arthropod
communities had distinct assemblages for urban and peri-
urban rangeland sites. Lowe et al. (2018) also reported that
spider communities differed between different urban green
spaces investigated in Sydney, Australia.

Community shifts in this study were mostly attributed
to spider species, but coccinellid species also contributed to
the observed distinct community composition across the
three green space types. Delgado de la Flor et al. (2020)
indicated that frequent mowing affects bigger spider
species more than smaller species since the latter are less
sensitive to disturbance at a fine-scale while proportion of
impervious surfaces cause distinct spider communities at a
landscape scale. These community differences could
therefore be due to a variety of factors at various scales, for
example, habitat isolation, quality, fragmentation, plant
productivity and management frequency or intensity as
suggested by Burkman and Gardiner (2014) and Delgado
de la Flor et al. (2020).
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Adams et al. (2020) reported that urban arthropods are
affected by a mixture of fine, local, and landscape-scale
mechanisms. Thus vegetation diversity, cover, structure,
frequency of mowing at a fine scale (Lowe et al. 2017,
2018; Philpott et al. 2020; Koranyi et al 2021), the mosaic
of the urban green spaces within a city, level of
urbanization and isolation at a local scale (Delgado de la
Flor et al. 2020; Fenoglio et al. 2020; Rocha and Fellowes
2020) and even rainfall (Lowe et al. 2017) at a regional
level can influence arthropod abundance, richness and
communities such as the ones included in this study.
Furthermore, different species react differently to different
environmental disturbances and mechanisms (Rocha and
Fellowes 2020), thus influencing the patterns and trends we
ohserve.

The general consensus seems to be that urbanization
negatively influences arthropod predators compared to
rural or peri-urban environments with less effects of
urbanization (Fenoglio et al. 2020; Rocha and Fellowes
2020; Koranyi et al. 2021). Peri-urban rangelands and
urban environments share species but the communities with
these environments differ. Our study agrees with these
findings but indicates that the level of disturbance within a
city, population density and grassland type could also
influence predacious arthropods. As stated by Rocha and
Fellowes (2020) urban areas are not less diverse but are
simply structured differently.

In conclusion, patch size did not affect overall
predacious arthropod diversity. However, coccinellid
abundance was influenced by the size of the ruderal urban
patches, which might be due to an increased abundance of
prey. In more densely populated settlements, a higher
abundance and richness of predacious arthropods were
found in ruderal and fragmented grasslands within the
urban ecosystem, respectively. However, this was
significantly lower than the abundance, richness and
overall diversity of predacious arthropod species in
associated peri-urban rangeland grasslands. Predacious
arthropod community composition patterns varied, with
fragmented grassland sites being more similar between
densely populated settlements, while less densely
populated settlements were similar with regards to ruderal
grasslands. The community composition of predacious
arthropods in rangelands also differed from the urban
grassland types, and differences in assemblages between
the ruderal and fragmented grasslands were evident.

We acknowledge that predacious arthropod responses
to land use are mediated by local factors (Jung et al. 2017),
and that the findings of this study are indicative of
grassland ecosystems and cities not associated with
metropolitan areas. Further research is needed in cities in
different biomes (Botha et al. 2016) and metropolitan areas
in grassland ecosystems to fully understand the diversity
patterns of predacious arthropod groups in urban green
space and should attempt to find commonalities in
management processes and degrees of isolation for cities
with similar predacious arthropod diversity. That would
provide a clearer picture regarding arthropod community
composition and species assemblages within the urban
environment.
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Urban grassland ecosystems have a considerable
predacious arthropod diversity, which should inform urban
management/conservation. Predacious arthropod assemblages
differ considerably between rangelands and urban
grasslands, but also between fragmented and ruderal
grasslands and these arthropods react differently to levels
of urbanization. Thus, urban management and conservation
efforts should be focused on the effects of isolated patches,
management practices and vegetation structure and keep in
mind that despite the lack of assigned function of urban
grasslands they are important areas for sustaining diverse
and distinct predacious arthropods communities. Increasing
connectivity between these diverse urban patches could be
an important factor that could contribute not only to the
effectiveness of urban corridors, but sustaining and
possibly conserving various predacious arthropods. This
contributes not only to the health of an ecosystem, but also
to its resilience.
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SUPPLEMENTARY MATERIALS

Table S1. Total predacious arthropod species abundances recorded for both sampling events in the urban ecosystems. Species recorded
from a single settlement is indicated with * and from only one land-use type with #.

] . Peri-urban Ruderal grassland Fragmented grassland
Order Family Species rangelands HPD IPD LPD HPD IPD _ LPD
Araneae Linyphiidae Agyneta habra*# 2 - - - - - -
Araneidae Araneus apricus*# 1 - - - - - -
Araneidae Argiope australis*# 1 - - - - - -
Eutichuridae Cheiracanthium sp . 1 1 1 1 2 - -
Theridiidae Enoplognatha molesta*# 13 - - - - - -
Theridiidae Enoplognatha sp. 12 - 3 2 - - 3
Salticidae Festucula lawrencei 2 15 4 1 27 21
Salticidae Heliophanus debilis*# 3 - - - - - -
Salticidae Heliophanus sp. *# 1 - - - - - -
Araneidae Hypsosinga lithyphantoides*# 1 - - - - -
Araneidae Hypsosinga sp. 56 1 2 4 5 2 5
Araneidae Larinia bifida*# 19 - - - - -
Araneidae Larinia natalensis 10 - - - 2 - 4
Theridiidae Latrodectus renivulvatus 4 - - - 3 - 1
Thomisidae Misumenops rubrodecoratus 190 11 33 14 15 8 49
Thomisidae Monaeses paradoxus 10 8 5 3 12 3 -
Thomisidae Monaeses pustulosus 39 4 7 3 1
Araneidae Nemoscolus sp. 1 - 1 - - 4 1
Araneidae Neoscona moreli 1 - - - - -
Araneidae Neoscona subfusca 10 3 - 1 3 -
Oxyopidae Oxyopes hoggi*# - - 1 - - - -
Oxyopidae Oxyopes longispinosus 4 - - - - - 2
Oxyopidae Oxyopes schenkeli 11 - - - 1 -
Araneidae Pararaneus sp. *# - - - - - - 2
Lycosidae Pardosa crassipalpis*# 1 - - - - - -
Salticidae Pellenes bulawayoensis 16 - - - - - 1
Oxyopidae Peucetia striata*# - 2 1 - 1 - -
Philodromidae  Philodromus sp. 8 - - - - - -
Araneidae Pycnacantha tribulus*# 1 - - - - - -
Thomisidae Runcinia affinis*# 14 - - - - - -
Thomisidae Runcinia erythrina*# 1 - - - - - -
Thomisidae Runcinia flavida 58 27 21 14 44 22 23
Thomisidae Stiphropus bisigillatus 3 - - - - - 1
Philodromidae  Thanatus atlanticus 5 - - 2 3 2 2
Theridiidae Theridion pictum 2 7 4 - 8 4 -
Salticidae Thyene semiargentea 2 1 - - 2 1 1
Salticidae Thyene thyenioides 5 1 1 3 1 2 -
Salticidae Thyenula sp. 11 3 4 2 10 5 -
Philodromidae  Tibellus hollidayi 45 15 30 12 119 81 45
Coleoptera  Coccinellidae  Buleae anceps 46 11 9 7 12 11 7
Coccinellidae  Cheilomenes lunata 192 80 17 39 18 9 6
Coccinellidae  Exochomus flavipes 71 23 12 1 1 3 -
Coccinellidae ~ Harmonia axyridis 28 3 - 2 - - -
Coccinellidae  Hippodamia variegata 51 84 6 6 - - -
Coccinellidae  Lioadalia flaromaculata 20 17 - 3 9 1
Coccinellidae  Micraspis comma 9 2 - 2 - -
Mantodea  Mantidae Compsothespis sp. 1 - - - 1 - 1
Mantidae Entella sp. 1 2 - - - - -
Tarachodidae ~ Episcopomantis sp. 23 - - - 13 9 -
Tarachodidae ~ Galepsus sp. 41 17 11 - - 1 -
Galinthiadidae Harpagomantis sp. - 3 - - - - 1
Empusidae Hemiempusa sp. *# - - - - - - -
Tarachodidae ~ Pyrgomantis sp. 10 - - - 1 -
Mantidae Tenodera sp. 5 - 1 2 - - 11
Neuroptera  Chrysopidae Chrysoperla congrua 198 6 3 6 2 3 6

Chrysopidae Italocchrysa similis*# 34




GREYVENSTEIN et al. — Predacious arthropod diversity patterns of urban grasslands in South Africa 4093

Table S2. Effect sizes of Hierarchical Linear Modelling (HLM) analysis for comparisons between urban settlements in terms of mean
predator diversity index values.

Green spaces Urban settlement Species richness Abundance Shannon-Wiener index

HPD X IPD 0.684* 1.190** 0.312

Ruderal HPD X LPD 0.992** 1.521** 0.513*
IPD X LPD 0.308 0.331 0.201

F q HPD X IPD 1.049** 0.987** 0.804**

ragmente HPD X LPD 1.077%* 1.173%* 0.804**

grassland

IPD X LPD 0.028 0.186 0

Note: Significance codes: ** large effect at d > 0.8; * medium effect at d > 0.5. HPD: Vanderbijlpark; IPD: Potchefstroom; LPD:
Ventersdorp.

Table S3. Effect sizes of Hierarchical Linear Modelling (HLM) analysis for comparisons between tree green space types in terms of
mean predator diversity index values.

Effect sizes Species richness Abundance Shannon-Wiener index
Ruderal X Fragmented grassland 0.169 0.06 0.003
Ruderal X Rangeland grassland 1.347** 1.18** 0.825**
Fragmented X Rangeland grassland 1.178** 1.12** 0.828**

Note: Significance codes: ** large effect at d > 0.8; * medium effect at d > 0.5

Table S4. Similarity Percentage (SIMPER) analyses between the three settlements. The results indicate the overall dissimilarity
percentage, the dissimilarity between each comparison and the contribution made by the five main species. Urban settlements are HPD:
Vanderbijlpark; IPD: Potchefstroom; LPD: Ventersdorp

HPD x IPD HPD x LPD IPD x LPD
Dissimilarity(%o) 74.47 % 79.76% 79.06%
Taxon 1 Tibellus hollidayi Tibellus hollidayi Tibellus hollidayi
(% Contributed) 20.7% 17.97 % 20.29 %
Taxon 2 Cheilomenes lunata Cheilomenes lunata Misumenops rubrodecoratus
(% Contributed) 13.02 % 14.95 % 13.59 %
Taxon 3 Runcinia flavida Runcinia flavida Cheilomenes lunata
(% Contributed) 7.94% 9.11% 10.76 %
Taxon 4 Hippodamia variegata Misumenops rubrodecoratus Runcinia flavida
(% Contributed) 7.21% 7.37% 9.99 %
Taxon 5 Misumenops rubrodecoratus Hippodamia variegata Festucula lawrencei
(% Contributed) 6.37% 717% 5.38%

Table S5. Similarity Percentage (SIMPER) analyses between the three settlements. The results indicate the overall dissimilarity
percentage, the dissimilarity between each comparison (green spaces) and the contribution made by the five main species.

Fragmented x Peri-urban rangeland Fragmented x Ruderal Ruderal x Peri-urban rangeland
Dissimilarity (%) 86.93% 79.26% 84.94%
Taxon 1 Tibellus hollidayi Tibellus hollidayi Cheilomenes lunata
(% Contributed) 13.25% 21.42% 11.69%
Taxon 2 Chrysoperla congrua Cheilomenes lunata Chrysoperla congrua
(% Contributed) 13.02% 12.80% 11.46%
Taxon 3 Misumenops rubrodecoratus Misumenops rubrodecoratus Misumenops rubrodecoratus
(% Contributed) 9.87% 9.33% 10.19%
Taxon 4 Cheilomenes lunata Runcinia flavida Galepsus sp.
(% Contributed) 8.29% 8.77% 6.35%
Taxon 5 Runcinia flavida Festucula lawrencei Hippodamia variegate

(% Contributed) 5.79% 5.39% 5.78%
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Figure S1. Sample based rarefraction curves for each green space type. A. Rangelands, B. Fragmented grassland, C. Ruderal grassland
samples.



