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Abstract

Amid ongoing urbanisation and increasing anthropogenic activities, domestic gardens, while
cannot replace natural habitats, play a crucial role in enhancing urban biodiversity by supporting
green areas and as parts of ecological corridors. Moreover, these biodiversity-friendly gardens
also improve human well-being and foster a connection between nature and people. We
circulated an online questionnaire between 2022 and 2023 to investigate how the garden
parameters, the gardening motivation of garden owners, and their pesticide use habits depend
on each other in nine Central- and Eastern European (CEE) countries. Moreover, we aimed to
explore the differences and similarities between gardens and gardening practices with a
potential for maintaining high biodiversity. To achieve this, we assessed the ecological value of
the gardens, the motivation of garden owners, and their pesticide use habits using an answer-
based scoring system. Our findings reveal significant variability both among participating
countries and within them on a smaller and larger scale, across all three indices, highlighting
the need for region-specific circumstances rather than unified regulations across European
countries to maximize the conservation value examined. Our study underscores the potential of
domestic gardens in designing eco-networks and informs strategies to optimize their
environmental benefits. However, due to the ubiquitous domestic use of pesticides in CEE,
informing garden owners about the environmental and human health effects of pesticides would
be equally necessary in every area, both urban and rural. Additionally, our findings suggest that
effective environmental educational programs and tailored strategies should be developed to
meet local needs rather than overarching but too general international targets. At the same time,

these programs should provide comprehensive biodiversity-related information, reaching all


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

56

57

58

59

60

61

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

strata of society. This is especially important in CEE, where such initiatives are currently under-

emphasized.

Keywords: rural-urban gradient; urban ecosystems; environmental consciousness; sustainable

gardening; environmental sensitivity; urbanisation
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1. Introduction

Built-up urban areas will cover 7% of the European Union (EU) by 2030 (Perpifia Castillo et
al., 2019) and this ongoing urbanisation and increasing anthropogenic activities, in turn,
contribute to biodiversity loss (Hagen et al., 2012) and the rapid decline of natural ecosystems
(Bengtsson et al., 2000). Most parts of Europe are already impoverished, and characterised by
small natural areas, broken up by human intervention into a mosaic of agricultural lands and
settlements (European Environment Agency, 2012; Eurostat, 2022b; Jongman, 2002; Perpina
Castillo et al., 2019). Thus, it is particularly important to halt, or at least reduce losses in human-
managed areas and, as much as possible, maximise biodiversity. However, whilst conservation
efforts for maintaining and preserving biodiversity have already been a part of many agricultural
systems (Concepcion et al., 2020; van Elsen, 2000), urban biodiversity rarely gains enough
attention (Fischer et al., 2020; Ramalho & Hobbs, 2012). Although, the European Commission
proposed a law to stop the loss of green urban spaces by 2030, and gain 5% by 2050 with a
minimum tree canopy cover (European Commission, 2022) the area of urban green spaces has
only increased in some Southern and Western European cities (e.g. Pamplona/Irufia (Spain) and
Hague (Netherlands)). From Eastern Europe, Czechia, Poland, and Romania are just about to
catch up (European Environment Agency, 2023; Kabisch & Haase, 2013). Yet, in none of the
EU countries, could the amount of re-naturalised areas compensate for what has been lost for
urbanization (European Commission, 2022).

Urban green infrastructure covers an average of 42% of the city area according to the European
Environment Agency (EEA) (European Environment Agency, 2022), implying that urban
biodiversity can be substantially improved by developing green infrastructure (Baldock, 2020;
Baldock et al., 2019; Heidt & Neef, 2008; Liang et al., 2023), such as diversifying city/urban
parks and community gardens, rooftop gardens, establishing bee-friendly meadows, creating a

network of corridors, and installing green roofs (Aguilera et al., 2019; Beninde et al., 2015; Lin
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87 etal.,2015; Seitzetal., 2022). Besides public places, however, private domestic gardens occupy
88 anaverage of 16-36% of urban green areas in Europe, and therefore the role of domestic gardens
89 in preserving and supporting native biodiversity and their contribution to urban sustainability
90 are becoming increasingly important (Cameron et al., 2012; Fontaine et al., 2016; Goddard et
91 al., 2010; Hanson et al., 2021). Indeed, enhancing environmental quality in domestic gardens
92  offers a great opportunity to improve human well-being (Camps-Calvet et al., 2016; Krols et
93 al., 2022; Marques et al., 2021) and alleviate biodiversity loss simultaneously (Li et al., 2023).
94  The biodiversity of domestic gardens varies along a wide spectrum (Home et al., 2019;
95  Lindemann-Matthies & Marty, 2013), and their ecological value is determined by multiple
96 environmental factors, such as climate, adjacent landscape mosaic/characteristics (Braschler et
97 al., 2020), natural vegetation (Borysiak et al., 2017; Prendergast et al., 2022), and soil
98  composition (Tresch et al., 2018, 2019). Although these intrinsic attributes are beyond owners'
99  control, the impact of domestic gardens on biodiversity primarily depends on the decisions of
100  garden owners, which dictates design, use, and management (Quistberg et al., 2016). With
101  appropriate management, even small or highly anthropized domestic gardens can support high
102  biodiversity (Donkersley et al., 2023; Griffiths-Lee et al., 2022; Muratet & Fontaine, 2015). On
103  the other hand, numerous anthropogenic stressors (Varga-Szilay et al., 2024) and a series of
104  'tyranny of small decisions' (Dewaelheyns et al., 2016), such as the intensity of cultivation (van
105  der Veen, 2005), mowing frequency (Lerman et al., 2018) or pesticide use (Tassin de Montaigu
106 & Goulson, 2023), often compromise the ecological value of gardens (Varga-Szilay & Pozsgai,
107  2022). There is an agreement that the potential ecological value of gardens in conservation
108  correlates positively with the structural diversity of gardens (Majewska & Altizer, 2020),
109  reduced pesticide usage (Tassin de Montaigu & Goulson, 2023), and reduced mowing
110  frequency (Chollet et al., 2018; Lerman et al., 2018; Proske et al., 2022). Ultimately, however,

111  garden management is a series of decisions with mixed motivations (Hruska et al., 2021) and
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112 external factors such as demographics, household income, neighbours' expectations,
113 accessibility of information, and education, can influence owners' behaviour (Goddard et al.,
114  2013; Varga-Szilay et al., 2024). Hence, considering all factors, evaluating the biodiversity
115  values of gardens necessitates considering the garden owners' management and attitude toward
116  adiverse garden. The major drivers in management may depend on several societal factors.
117  In Western Europe, leisure opportunities and recreational activities have long been the primary
118  drivers of gardening, promoting well-being (Beumer, 2018) whereas in Central and Eastern
119  Europe (CEE) gardening for food self-provisioning (FSP) still may dominate (Jehlicka et al.,
120 2020, 2021; Smith & Jehlicka, 2013). CEE countries share a historical background in FSP,
121 which is thought to be a coping strategy for economic pressures (Alber & Kohler, 2008; Jehlicka
122 et al., 2021). However, the previous differences in gardening motivation are gradually
123 beginning to blur with the emergence of new gardening trends (e.g. wildlife-friendly gardening)
124 in both Western and Central- and Eastern Europe (Keshavarz et al., 2016; Ponizy et al., 2021)
125  as the demand for ensuring food security and quality in Western countries grows (Church et al.,
126 2015; Glavan et al., 2018; Pourias et al., 2016). At the same time, gardening in CEE countries
127  shifts toward recreational activities (Petzke et al., 2021; Toth et al., 2018; Trendov, 2018). Yet,
128  the increasing emphasis on nature conservation across all of Europe, (Galluzzi et al., 2010;
129  Muller et al., 2010; Vavra et al., 2014), seems to be embraced by CEE countries slower than in
130  their Western counterparts (Hruska et al., 2021; Vavra et al., 2018).

131 Thus, the divide in the applied gardening practices between East and West remains significant.
132 Indeed, due to the limited access to biodiversity-related information (Coisnon et al., 2019;
133 European Commission, Directorate-General for Communication, 2015), lower willingness to
134  change to environmentally friendly practices, and the extensive use of pesticides (European

135  Commission, Directorate-General for Communication, 2015), CEE appears to be lagging
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136  behind in the adoption of biodiversity-friendly practices (for example leave space for wildlife)
137  (European Commission, Directorate-General for Communication, 2015).

138  As differences between East and West remain, assessing the ecological value of domestic
139  gardens, therefore, requires consideration of location-specific anthropogenic and environmental
140  variables (Varga-Szilay et al., 2024). Whilst there have been numerous studies investigating the
141 role of gardens in maintaining urban biodiversity in Western Europe since the 1990s (Delahay
142 et al., 2023), in CEE these are scarce (but see Varga-Szilay et al., (2024) and Varga-Szilay &
143 Pozsgai (2022).

144  To address this knowledge gap, here, we seek to investigate how the garden parameters, the
145  gardening motivation of garden owners, and their pesticide use habits depend on each other in
146  nine Central- and Eastern European countries and explore the differences and similarities
147  between gardens and gardening practices with a potential for maintaining high biodiversity.
148  Since these can fundamentally drive local educational strategies, we particularly aim to pinpoint
149  how geographical differences and sociodemographic parameters best predict domestic gardens’
150  ecological values, the respondents' attitudes towards supporting insect pollinators in their
151  gardens, and their pesticide use habits.

152 Since the efficiency of biodiversity-friendly activities depends on the historical biodiversity of
153  a given area (Dobrovodska et al., 2023) and these activities can achieve faster and greater
154  ecological benefits in simplified and heavily human-modified landscapes (Haenke et al., 2009),
155  a map of the potential impact of improving the ecological value of domestic gardens can be
156  drawn. Hence, insight into the costs and benefits of initiatives for increasing garden diversities
157 s essential for effective planning and management, our imperative is to highlight those areas
158 in CEE where these programs can yield the greatest rewards (e.g. densely populated regions
159  originally hosting high biodiversity).

160
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161 2. Material and methods

162 2.1 Questionnaire design and data collection

163  The online questionnaire was distributed in nine CEE countries (Croatia, Czech, Estonia,
164  Hungary, Latvia, Poland, Romania, Slovakia, and Slovenia), all of which were formerly part of
165  the Eastern Block and are currently members of the European Union.

166  The questionnaire was translated from Hungarian to English and then from English to Croatian,
167  Czech, Estonian, Latvian, Polish, Romanian, Slovak, and Slovenian. The participants could
168  choose the language in which they wanted to complete the questionnaire. It was mandatory to
169  respond to 55 of the total 59 questions, organised into nine sections, which took a maximum of
170 15 minutes to complete. The questionnaire gathered information about the location and the main
171  characteristics of the garden, the socio-demographic parameters, the garden owners’
172 motivations, cultivation habits, pesticide usage, environmental awareness, and pollinator-
173 friendly practices. Although participants had to indicate their gender (male, female, other), their
174  highest level of completed education (elementary, middle, postsecondary, postgraduate), and
175  their residency according to the Nomenclature of Territorial Units for Statistics (henceforth
176  NUTS, (Eurostat, 2021)), all responses were otherwise anonymously recorded. Because of the
177  large number of NUTS-3 regions in Poland, to simplify the questionnaire, here, residencies
178  were recorded at NUTS-2 levels, while for the other eight participating countries were recorded
179  at NUTS-3 levels.

180  The questionnaire was designed using Google Forms and was actively distributed between 26™
181  October 2022 and 18™ May 2023, for 90 days in each of the nine participating countries (SM
182  Table 1). The questionnaire was disseminated through channels such as gardening-oriented
183  websites, and various online social media platforms (for instance Facebook and Instagram)
184  where QR codes and hashtags were used to increase the sharing efficiency. Moreover, through

185  targeted email distributions, outreach efforts extended to professional associations, non-
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186  governmental organizations, foundations, and societies dedicated to domestic gardening and
187  environmental conservation.

188

189 2.2 Definitions

190  Notall respondents are, actually, the owners of the gardens they reported on in the questionnaire
191  but, for simplicity, we refer to everyone as a ‘garden owner’. For terminological clarity, we
192  used the definitions of ‘pesticides’ and ‘gardening’ as given by (Varga-Szilay et al., 2024).
193  Pesticides were defined as ‘all synthetic and non-synthetic products that are used to control
194  pests’, including ‘all commercially available and homemade plant protection products, either
195  those allowed in organic gardening or used in conventional practices’. Gardening was defined
196 as ‘all garden work and all garden care practices, such as the cultivation of flowers, fruits,
197  vegetables, and ornamental plants, mowing, and soil management’ (Varga-Szilay et al., 2024,
198  p.2).

199

200 2.3 Data processing

201  For the analysis, we used 43 questions relevant to our aims of the original 59 ones. The original
202  categorical replies of our questionnaire were re-categorised for analytical purposes on a few
203  occasions (see Supplementary Methods). NUTS polygons, number of inhabitants, the regional
204  gross domestic product (GDP) in purchasing power standards per inhabitant for each NUTS
205  (PPS, henceforth), and the urban-rural typology for each NUTS-3 region were obtained from
206  ArcGIS Data and Maps (2022a, 2022b) and Eurostat (2022a, 2024), respectively. PPS was only
207  available for NUTS-2 categories. When country capitals with separate NUTS categories were
208  situated within a larger unit, capitals were merged with the largest NUTS surrounding them
209 (CZ, HR, HU, LV, PL, RO). In these cases, for PSS and number of inhabitants, the mean and

210  sum of the merged areas were calculated, respectively. In the case of urban-rural typology data,
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211  the originally obtained NUTS-3 categories were merged into NUTS-2 in Poland, and the NUTS
212 polygons of the above mentioned capitals were merged with the surrounding polygons. For this,
213  aweighted mean of the numerized typology index was calculated using the areas of the merged
214 NUTS polygons as weights. The means were rounded to the nearest integer and converted back
215  to categories. Spatial and polygon calculations were conducted using the ‘sf” (Pebesma, 2018)
216 R package.

217

218 2.4 Answer-based scoring system

219  We rated the potential ecological value of the gardens, the garden owners' motivation for
220  gardening, and pesticide use habits with an answer-based scoring system. For this, we used a
221 total of 32 questions from the original 59. The garden (GAR) index shows what potential a
222 domestic garden has to maintain high biodiversity. This index reflects on the structural diversity
223 of the gardens, including garden size, the area of undisturbed patches and plants covering the
224  garden, and the habitat types of adjacent areas, as well as, the disturbance level and the presence
225  of artificial habitats. The calculation of this index was based on 12 questions and consisted of
226 10 components, which contributed with different weights. The weights were determined by the
227  importance of the components in maintaining high biodiversity. The respondent (RES) index
228 assesses the garden owners' knowledge on garden wildlife and their attitudes to
229  maintaining/creating a biodiversity-friendly garden. The RES index was based on 10 questions
230  and consisted of 10 components, including both theoretical (e.g. ‘Do you think...?’/’Can you
231  imagine...?”) and practical (e.g. ‘How do you...?”) questions/question groups, which
232 contributed to the index with different weights. The pesticide (PES) index shows the degree of
233 pesticide load in gardens by assessing the amount and diversity of pesticides used and the
234 related knowledge of the garden owners. It was based on 10 questions and consisted of 11

235  components, which were contributed to the index with different weights. All indices were scaled
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236 between 0 (as the lowest) and 100 (as the highest) points. For the full details of the index
237  calculation process, the reader should consult with the Supplementary Methods.

238

239 2.5 Bird index

240  As aproxy for local biodiversity, we collected a full list of bird species recorded between 2010
241  and 2023 in each NUTS-3 area (except in Poland, see above) from the Global Biodiversity
242  Information Facility (GBIF.org, 2024). To minimise the observer bias and the effect of rare
243 species, in each NUTS, we only considered species that had more than five recorded
244 occurrences per year from the particular area. We standardised the collated number of species
245  with the area of the NUTS (i.e. divided the species number with the area of NUTS in km
246 squares). Using the same methodology we also gathered a species list for the whole area of
247  interest (i.e. the nine participating countries) and standardised for bird species per km?. We then
248  divided the standardised local bird richness with the standardised whole-area bird richness. For
249  collecting bird data we used the ‘rgbif” (Chamberlain et al., 2024) and for spatial calculations
250  the ‘sf” (Pebesma, 2018) R packages.

251

252 2.6 Urban-rural typology

253  The European urban-rural typology data is a qualitative index which classifies grid cells into
254  rural and non-rural grids and establishes three categories (predominantly rural, intermediate,
255  and predominantly urban) of urbanization based on the percentage of the population living in
256  rural grid cells (Eurostat, 2024). We employed this index to approximate urbanisation. Since
257  the qualitative nature of this index, we also converted our indices to categorical variables by
258  dividing them at their 0.33 and 0.66 quantiles. When calculating the quantiles, only measured
259  values were included and the theoretical minimum and maximum were not considered. NUTS

260 areas with less than five respondents were excluded.


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

261

262 2.6 Statistical analysis

263  We examined the correlation between the three indices (GAR, RES, PES) with the Spearman
264  correlation test. For calculating the correlation matrix the ‘psych’ (Revelle, 2021) R package
265  was used.

266 We used the Kruskal-Wallis method to test if GAR, RES, and PES indices differ among
267  countries. Pairwise differences were investigated using the pairwise Wilcoxon test with Holm-
268  corrected p-values.

269  The three indices were used as response variables in three separate Gradient Boosting Machine
270  (GBM) learning processes. Seven socio-demographic variables (gender, age, education level,
271  having children, gardening experience, gardening perception and the average time spent
272 gardening), the PPS, latitude and longitude were also included in the model as numerical
273 explanatory variables. We randomly divided the datasets into training (70%) and test (30%)
274  sets. After an optimisation and tuning process of the model parameters, we built the GBM model
275  using a Gaussian distribution with 5 levels of interaction depth, with 0.3 shrinkage, 0.80 bag
276  fraction, and a 10 fold cross validation on 28 (for GAR index), 26 (for RES index), and 10 (for
277  PES index) trees. The model fit was evaluated by calculating the R-squared and Root Mean
278  Standard Error (RMSE) values. We used the SHapley Additive exPlanations (SHAP) method
279  to interpret our final GBM models with the ‘shapviz’ (Mayer & Stando, 2023) and ‘kernelshap’
280  (Mayeretal., 2023) R packages. The SHAP assesses individual variable contributions, accounts
281  for variable interactions, assigns importance values, and facilitates the comparison between all
282  possible variable orders (Lundberg & Lee, 2017). Since GBM predicted the country identity as
283  the most influential variable on all three indices, we examined the relationship between GAR
284  and PES indices (the two non-correlating ones) separately for each country and explored how

285  the other important variables grouped within this data cloud.
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286  For modelling and the visualization of model results, we used the ‘gbm’ (Greenwell et al., 2022)
287  and ‘caret’ (Kuhn et al., 2023) packages in an R environment (R Core Team, 2021).

288  Preliminary data clean-up was done in a Python (Python Software Foundation, 2019)
289  environment, with the help of ‘NumPy’ (Harris et al., 2020) and ‘Pandas’ (The pandas
290  development team, 2022) libraries.

201

292 3. Results

293 3.1 Garden owners’ socio-demographic characteristics

294  Altogether 5,255 garden owners completed the questionnaire from the 9 participating countries
295  (SM Figure 1, SM Table 1), of which 1146 were males (21.80%), 4094 were females (77.91%),
296  and 15 were non-binary gender (0.29%). The majority of respondents were between 36 and 55
297  years old (n=2841, 54.06%). The greatest proportion of garden owners had a postsecondary
298  education level (n=3225, 61.37%), followed by the middle education level (n=1466, 27.90%)
299  and postgraduates (n=512, 9.74%), while only 52 respondents had elementary school as the
300 highest level of their education (0.99%) (SM Table 2).

301 In all participating countries, most of the respondents considered gardening as their favourite
302  hobby (between 21.05% and 58.31%) or a pleasant pastime (between 26.46% and 62.54%) (SM
303  Figure 2). In most participating countries, mowing several times a month was under 40% (SM
304  Figure 3) but in Estonia and Latvia, the majority of garden owners (65.07% and 63.61%,
305 respectively) mowed the lawn several times a month, and the proportion of those who did so
306  once a month was also high (27.04% and 21.88%). The average pesticide use among the nine
307  countries was 52.60%, ranging from 38.88% in Slovakia to 69.59% in Romania (SM Figure
308 4).
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3.2 Indices

The mean of the calculated indices was 56.49 (range: 14.97, 91.32), 63.25 (range: 9.25, 96.75),
76.33 (range: 24.87, 100), for GAR, RES, and PES, respectively (SM Table 3). The GAR index
with the RES index showed a strong, positive correlation (Spearman’s rho = 0.55, p < 0.001).
The PES index showed an almost negligible, negative correlation with the RES index
(Spearman’s rho = -0.09, p < 0.001). There was no significant correlation between GAR and
PES indices (p = 0.487).

There were significant differences between the participating countries in all three indices (GAR,
RES, PES) (Kruskal-Wallis chi-squared = 290.85, 671.51, and 235.13, respectively, p < 0.001)
(SM Table 4, 5), and the index values varied broadly among NUTS areas (Figure 1). A total of
197 respondents had all three scores below the first quartile of the indices, with those from
Romania and Hungary faring the worst, whilst there were a total of 90 respondents in the third

quartile of all indices, mostly from Czechia and Slovenia (SM Table 3).

Figure 1: The garden (a), respondents (b) and pesticide (c) indices in the nine participating
countries. The colour depth of the maps indicates the mean of the indices calculated for each

NUTS-2 area.
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329 3.3 GBM outputs

330  GAR index

331  The GBM model for the GAR index explained 12.45% of the variance for new observations
332 (RMSE =11.29), with SHAP values indicating the country variable being the best and the
333 average time that garden owners spent with gardening being the second-best predictors (SHAP
334  value =2.15, 1.94, respectively) (Figure 2a).

335  Countries like Romania, Poland, and Croatia shifted the GAR index toward the lower, while
336  Czechia, Estonia, Latvia, Slovenia, and Slovakia to higher values. (Figure 2¢) DIV index
337 increased with increasing time spent with gardening.

338  Age over 56 shifted the GAR index toward lower values (particularly the age group of over 65),
339  in contrast with the age under 55 resulting in higher values. Perceiving gardening as a work or
340  apleasant pastime both lowered the GAR index values while perceiving it as a favourite hobby
341 increased them. Postsecondary and postgraduate education shifted the index to higher values,
342  while middle-level education to lower ones. Albeit it had a low influence in the model, garden
343  owners who had children separated well from those who did not, with those having children
344  shifting the index to higher values. The GAR index values were increased from the west to the
345  east (Figure 2b).

346
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348  Figure 2: Global SHAP (SHapley Additive exPlanations) summary plots for the GBM model
349  of the GAR index. Variables ordered by their (a) importance based on average absolute SHAP
350 values. Beeswarm plots of SHAP values of (b) numerical and (c) categorical variables. Each
351  point represents one respondent. For numerical variables, colours indicate variable values,
352 while for categorical variables, they represent distinct category levels.
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354  RES index

355 The GBM model for the RES index explained 24.73% of the variance for new observations
356 (RMSE =13.13), with SHAP values indicating the country variable being the best and how
357  garden owners perceived gardening being the second-best predictors (SHAP value = 3.80, 2.26,
358 respectively) (Figure 3a). Whilst Hungary and Czechia had the highest SHAP values, and thus
359 the RES index, Poland and Croatia had the lowest ones, with Romania and Latvia also
360 indicating lower values. Only perceiving gardening as a favourite hobby shifted the SHAP
361  values to higher values, all other cases lowered them, especially when gardening was perceived
362  as a duty (Figure 3¢). SHAP values increased with the time spent with gardening. Older age
363  groups predicted lower RES index values, while the 26-35 age group had higher ones. Gender,
364  education, and having a child were less important variables. However, SHAP values separated
365  well with gender, with women presenting at higher values. SHAP values increased from west
366  to east, except for a few very eastern locations presenting the highest values on the right side of
367  the axis (Figure 3b).
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Figure 3: Global SHAP (SHapley Additive exPlanations) summary plots for the GBM model
of the RES index. Variables ordered by their (a) importance based on average absolute SHAP
values. Beeswarm plots of SHAP values of numerical (b) and categorical (c) variables. Each
point represents one respondent. For numerical variables, colours indicate variable values,

while for categorical variables, they represent distinct category levels.
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376  PES index

377 The GBM model for the PES index explained 0.08% of the variance for new observations
378 (RMSE =18.19), with SHAP values indicating the country variable being the best and the
379  average time that garden owners spent with gardening being the second best predictors (SHAP
380  value = 3.20, 1.56, respectively) (Figure 4a). Romania, Estonia, and Hungary had the lowest
381  SHAP values, whilst Poland, Slovakia, and Slovenia showed the highest ones (Figure 4c¢). An
382  average of 1-2 hours of gardening per day predicted a higher PES index, whilst all other times
383  spent with gardening lowered it, with the lowest values associated with those who spent up to
384 12 hours a day with gardening. More than 10 years of gardening experience shifted the index
385 to lower values. Perceiving gardening as a pleasant pastime shifted SHAP to higher values,
386  whereas in most other cases, the values decreased equally when gardening was perceived as a
387  duty and a favourite hobby. Women shifted SHAP to higher values, however, gender, age,
388  having children, and education level were not deemed to be important variables. Having
389  children separated positive and negative SHAP values, with those respondents who had children
390 associated with higher values. SHAP values increased both from south to north and east to west
391  (Figure 4b).
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Figure 4: Global SHAP (SHapley Additive exPlanations) summary plots for the GBM model
of the PES index. Variables ordered by their (a) importance based on average absolute SHAP
values. Beeswarm plots of SHAP values of numerical (b) and categorical (c) variables. Each
point represents one respondent. For numerical variables, colours indicate variable values,

while for categorical variables, they represent distinct category levels.
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400 The GAR index as a function of the PES index

401  In our investigation into the influence of country, GAR index, and PES index on the grouping
402  of gardening experience lengths, we found that respondents who had been gardening for more
403  than 2 years were characterized by a greater potential for maintaining high biodiversity and
404  more intensive pesticide use. In Estonia, Latvia and Slovakia, those who had been gardening
405  for less than a year grouped around low pesticide input (high PES index values). On the other
406  hand, in Slovenia, among those who had been gardening for a year or less, there was no one
407  who did not use pesticides at all. In the case of Hungary and Estonia, gardeners who have been
408  gardening for less than one year scored lower in the GAR index but were also characterised by
409  lower PES index values. (SM Figure 5).

410  In Hungary, Poland, Romania, and Slovenia for those garden owners who considered gardening
411  as their favourite hobby the GAR index was greater than in other countries and they also scored
412  lower in the PES index (SM Figure 6).

413 In all participating countries, except Slovakia, the GAR index was the lowest and the pesticide
414  index the highest among garden owners who spent less than 1-2 hours with gardening (SM
415  Figure 7).

416  In all countries but Croatia older age negatively influenced the GAR index. Indeed in Romania,
417  garden owners over the age of 65 fared poorly with the GAR index and all of them used
418  pesticides. In contrast in Croatia, this age group had the highest GAR index values (SM Figure
419  8).

420

421 3.4 Areas with a potential for improvement

422  When areas within urbanization levels were cross-referenced with the categorised three indices,
423  different effects of urbanization levels of the three indices were revealed (Figure 5). Half of the

424  predominantly urban NUTS areas (n = 3) were categorised as low GAR values, and half of the
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NUTS areas typologised (n = 26) as intermediate reached a medium level on the GAR index.
The RES categories were relatively evenly spread both among intermediate and predominantly
rural areas but most predominantly urban regions (n = 4) were categorised as medium RES
(Table 1). The distribution of PES categories was uniform among predominantly urban and
predominantly rural areas, whilst in intermediately urbanised regions intermediate PES
category was the most common (n = 22), followed by the high and low categories (n =17 and

13, respectively) (Table 1, Figure 5).

Table 1: Contingency tables of urban-rural typology categories and categorised index values of
bird, GAR, RES, and PES indices, as expressed by the number of NUTS areas. Values are

shown as percentages of the columns.

Urban-rural typology

Bird Predominantly = Intermediate =~ Predominantly
urban (n = 6) (n=56) rural (n=77)
Low (n = 46) 0 23.21 42.86
Moderate (n = 44) 33.33 32.14 33.77
High (n =47) 66.67 44.64 23.38
GAR* Predominantly = Intermediate = Predominantly
urban (n = 6) (n=152) rural (n=61)
Low (n=41) 50.00 26.92 39.34
Moderate (n = 42) 16.67 50.00 24.59
High (n =36) 33.33 23.08 36.07
RES* Predominantly = Intermediate = Predominantly
urban (n = 6) (n=152) rural (n=61)
Low (n=41) 16.67 28.85 39.34
Moderate (n = 42) 66.67 26.92 34.43
High (n =36) 16.67 44.23 26.23
PES* Predominantly = Intermediate =~ Predominantly
urban (n = 6) (n=152) rural (n=61)
Low (n=41) 33.33 25.00 32.79
Moderate (n = 42) 33.33 4231 31.15
High (n =36) 33.33 32.69 36.07

*Represents a total of 119 areas from which we had at least 5 respondents.
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Of the NUTS areas typologised as predominantly urban, Czechia, Hungary, Slovakia and
Slovenia had those with the highest scores of all calculated indices (bird, GAR, RES, and PES)
(e.g. the Plzen region in Czechia reached the best categories in all variables but the bird index),
while Romania had that with the lowest (the Vrancea county in Romania fall into the worst
categories in all variables). All predominantly urbanised areas were categorised relatively high
in all indices with Slovakia being the best (Bratislava region) and Poland and Romania being

the worst (Silesian Voivodeship, Bucuresti-Ilfov region).
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446  Figure 5: The relationship of the bird (a), garden (b), respondent (c¢), and pesticide (d) indices
447  with the urban-rural typology index based on NUTS-3 areas (except for Poland, in which

448  NUTS-2 were used). The colours represent the levels of urban-rural typology, as follows: red

449  —predominantly urban, yellow — intermediate, green — predominantly rural. The transparency
450  of the colour indicates the categorised index value (bird/GAR/RES/PES) on a three-level

451  scale (divided into categorised at the 0.33 and 0.66 quantiles). The grey colour indicates

452  NUTS areas from which we had less than five respondents (n = 20).

453

454 4. Discussion

455  Domestic gardens offer significant opportunities for advancing global biodiversity and
456  sustainability targets. Our work investigates the intertwined relationship between socio-
457  demographic parameters, sustainable garden management, and biodiversity conservation from
458  a highly understudied region of the EU and highlights that there are significant differences
459  among countries, and even within countries on a smaller and larger scale in the examined
460  parameters.

461  Indeed, the participating countries differed in all three examined indices, with having the least
462  differences in GAR and the most in PES, and these differences were supported by both the
463  pairwise comparisons between countries and the GMB model. There were countries
464  experiencing equally low or high values on all indices, such as Romania faring poorly in all
465  indices, whereas Slovakia showed overly high values. Sometimes indices implied counteracting
466  effects, such as a high GAR index, suggesting a great prospect for maintaining high biodiversity
467  in domestic gardens, occurred together with high pesticide use in Hungary. This is mostly in
468  line with Coisnon et al. (2019) who found similar trade-offs in variables influencing sustainable
469  gardening practices such as Hungary scoring the worst in leaving spaces for wildlife and

470  avoiding the use of pesticides, yet having been categorised as the best in selecting plants that
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471  provide food for birds and pollinators and avoiding the introduction of potentially invasive
472  plants. Other countries such as Romania generally ranked poorly in both our study and known
473  from the literature (Coisnon et al., 2019) All three indices varied widely, however, indicating
474  the multidimensional nature of factors driving sustainable gardening.

475  The extensive application of pesticides beyond the agricultural sector, including domestic
476  gardens, and the inter-country disparities in pesticide usage within Europe are critical issues for
477  biodiversity-friendly gardens (Ponizy et al., 2021; Varga-Szilay et al., 2024; Varga-Szilay &
478  Pozsgai, 2022). Our study found substantial differences between countries, with 20-30% of
479  respondents in Hungary and Romania thinking that the use of pesticides is either important or
480  crucially important for their gardening, a claim with which only 2% of those from Slovakia
481  agreed (SM Figure 9.).

482  There is a disparity though between pesticide use and the other two indices we measured.
483  Although nearly 70% of respondents from Romania considered the widespread use of pesticides
484  as one of the most threatening factors to pollinators, their average pesticide use was still the
485  least favourable in our study. Indeed, what gardeners perceive as a biodiversity-friendly garden
486 may not necessarily align with its real biodiversity potential, suggesting that self-reporting
487  surveys may be misleading in this term, unless gardens are examined from multiple aspects,
488 including socio-demographic or cultural factors.

489  Indeed, in line with Larson et al. (2022), those who perceived gardening as a hobby were more
490 inclined to change their gardens to be attractive and beneficial to biodiversity, and we also
491  discovered that garden owners who dedicate more time spent with gardening tend to maintain
492  gardens with higher biodiversity potential. Our results corroborate with the findings of both
493  Philpott et al. (2020) and Lin et al. (2017) who indicated that time spent in domestic gardens
494  positively correlates with plant species richness, higher dissimilarity in crop composition, and

495  high levels of nature-relatedness. In our study, however, both when gardening was associated
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496  with a hobby and more time was allocated for gardening were characterized by increased
497  pesticide use. Therefore, there is a higher possibility for these gardeners to create an ecological
498  trap in these gardens for visiting organisms (especially insects) (Varga-Szilay & Pozsgai, 2022).
499  There is, however, a noticeable contrast in behaviour based on gender and parental status
500 (Figure 4c¢) where women and respondents with children improve the outcome of the PES
501 index, whilst this separation was unclear with the other two indices.

502  Although the country identity proved to be the most important variable in predicting the
503  potential for maintaining high garden biodiversity, the respondents' attitudes towards supporting
504  biodiversity (especially pollinators) in their gardens, pesticide use, owners’ perception, the
505 long-term gardening experience and daily management also proved to be important factors.
506  Furthermore, nature conservation was the prime aspect that influenced gardening habits in four
507  participating countries, albeit in three of these this did not mean a lower pesticide use, and only
508 Croatia and Poland were the ones where more than 80% of the respondents felt that nature
509  conservation does not affect their gardening habits at all (SM Figure 10).

510 Increasing age (especially that over 65) negatively influenced both the potential of gardens for
511  maintaining high biodiversity and the owners' attitudes toward maintaining biodiversity-
512  friendly gardens, which suggests the elderly are more inclined to follow and uphold
513  longstanding conventional practices, regardless of whether or not they are beneficial for
514  ecological sustainability. Whether these decisions are driven either by the difficulties the elderly
515  may have with manoeuvring among the continuous flow of complex ecological issues which
516  were not highlighted during most of their lives, the scarcity of the available information from
517  the more traditional information channels they use, or some alternative explanations is yet to
518  be clarified. Yet, the age-independent pesticide use we observed in the GBM model suggests

519 that even when information is broadly available behavioural change is not granted.
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520 However, gardening practices and their associated socio-demographic variables exhibited
521  significant diversity among garden owners and the final outcome for biodiversity-friendliness
522  appeared to be a series of multifactor decisions depending on numerous background drivers.
523  For instance, despite several studies highlighting a substantially positive effect of GDP per
524  capita and household income on sustainable gardening practices and pollinator abundance in
525 domestic gardens (e.g. Baldock et al., 2019; Coisnon et al., 2019), in our GBM model PPS did
526  not prove to be a significant explanatory variable for any of our indices.

527  Despite the existing differences among the NUTS regions and countries in all three indices, we
528 did not find strong geographical correlations; neither latitude nor longitude had a high
529  explanatory power in our GBM model.

530  Our results show that merely examining the structural diversity of private gardens, socio-
531 demographic parameters, garden owners’ gardening motivation, or biodiversity-negative
532  activities (e.g. pesticide use) individually may be insufficient for obtaining a reliable proxy of
533  whether domestic gardens could potentially maintain high diversity in human-altered areas.
534  Moreover, the lack of a clear geographical pattern and within-country diversity in all indices
535  suggests that regionally tailored rather than countrywide strategies are needed to identify
536  pathways toward sustainable green infrastructure and to improve the natural value of domestic
537  gardens. Since these strategies must be underpinned by interdisciplinary study efforts, our study
538  can offer fundamental insight into how they can be optimised and where the greatest rewards
539  can be gained. Indeed, despite the dominance of moderate values of our indices on the map,
540 local strategies can still be developed based on the preliminary classification.

541  Areas with generally low urbanisation and also low biodiversity are likely to be agricultural-
542  and farmlands in which gardens with high biodiversity can act as habitat islands, ecological
543  corridors, or stepping stones which facilitate the movement of wildlife through unsuitable

544  agricultural areas. In these areas, improving the structural complexity of the gardens and
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545  reducing pesticide use could be the most beneficial for biodiversity. Disseminating knowledge
546  about ecological-friendly practices and sustainable gardening habits would also be key. Indeed,
547  the predominantly rural areas in northern Poland, where both bird index and urbanisation are
548  low, also suffer from low RES. However, information exchange here may need to rely more on
549 interpersonal relationships or traditional media than online channels (Troumbis, 2021) and
550 overall biodiversity is likely to be more impacted by agricultural rather than garden practices.
551  Attempting to improve biodiversity value in areas with generally low urbanisation levels and
552  high biodiversity probably has the least merit, yet reducing pesticide use can prohibit
553  degradation and may form garden-level biodiversity islands that increase landscape complexity.
554  Moreover, maintaining and even improving garden diversity in these areas, such as
555  predominantly rural areas in the northern part of Croatia and Slovenia, can be particularly
556  important as good examples for environmental education and maintaining source populations
557  for adjacent but less favourable areas.

558  Thus, at low urbanisation levels improving aspects of the RES would be the priority, along with
559  a substantial decrease of pesticide use. With increasing biodiversity, gardens will benefit from
560 improved conservation biological control (Lacey et al., 2015; Landis et al., 2000; Quesada-
561  Moraga et al., 2022), which may further decrease pesticide use.

562  Biodiversity-friendly activities can achieve fast and great ecological benefits in areas where
563  urbanisation is high and biodiversity is low. Although their biodiversity potential will remain
564  limited, prioritising increasing gardens' structural and plant diversity will enable them to serve
565  as ecological corridors or stepping stones for most wildlife to navigate around highly urbanised
566  areas. Although biodiversity will unlikely increase substantially, the high visibility of
567  biodiversity in densely populated areas has an outstanding educational value. Even though few
568  CEE regions fulfil these criteria (e.g. the central part of Czechia), most Western European areas

569  predominantly classified as urban fall into this category.
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570  Although high urbanisation and high biodiversity rarely co-occur, some areas in CEE, such
571 as Northern Estonia, exhibit such a phenomenon. This offers an opportunity for the
572  dissemination of activities tied to increasing the RES index (e.g. through campaigns, and
573  species identification training), as they can quickly reach many individuals and engage them in
574  enhancing garden biodiversity. Additionally, these efforts provide a substantial amount of data
575  for biodiversity monitoring, resulting in additional benefits.

576  Thus, at high urbanisation levels, increasing gardens' structural diversity and other aspects
577  beneficial for maintaining high biodiversity is key but improving garden owners' attitudes
578 towards biodiversity-friendly gardening and reconnecting them to nature are also important.
579  Since the level of urbanization across Europe is projected to reach 83.7% by 2025 (United
580 Nations, 2018), this improvement in attitude is necessary to exploit the potential of domestic
581 gardens to mitigate large-scale biodiversity loss. However, due to the ubiquitous use of
582  pesticides in CEE, improving the PES index would be equally necessary in every area, both
583  urban and rural.

584  Adequate planning, at least, at the regional scale, with the active involvement of garden owners,
585 is crucial for increasing the biodiversity value of domestic gardens at a larger scale. For this,
586  future nature conservation planning strategies and studies should acknowledge the variability
587  of domestic garden owners’ attitudes and gardening practices, as well as the domestic gardens’
588  potential for biodiversity conservation (Cameron et al., 2012).

589

590 4.1 Study limits

591  Although in our work we collected over 5,255 responses, this only represents a small fraction
592  of the inhabitants and gardeners of the focal area of our study. Moreover, the dissemination
593  channels we used do not allow random respondent selection and our selection process is most

594 likely to be biased towards those who had regular access to the Internet, whilst those living in
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595 infrastructurally less developed parts of the countries had a lower chance to learn about our call.
596 Indeed, parts of Poland and the Southern part of Romania are highly underrepresented. Yet,
597 several countries like Estonia and Hungary, have a high coverage which likely portrays
598 faithfully the common gardening behaviours in the regions and trends in garden management
599 among domestic garden owners in the participating CEE countries.

600 In an effort to engage a broad audience in several languages, we often compromised
601  completeness for simplicity and brevity. Whilst we believe this did not affect the interpretability
602  of our questionnaire, it definitely sets limits on the use of scientific terminology and how
603  detailed information we could gain with some questions.

604  Although our questionnaire aimed for the response of only one person (the garden owner) for
605  each domestic garden, these gardens are probably cared for by more than one person (e.g. family
606  members), and thus, they are not only influenced by one person's motivation but by severals’.

607

608 4.2 Future perspectives

609  Whilst involving more participants from the surveyed CEE countries, standardising the
610  questions and expanding the area of interest to all European countries, as well as repeating the
611  same survey within a reasonable time frame would all be highly advantageous. Especially
612  investigating the distinction between the gardening habits in Western and Central-Eastern
613  European regions, as well as those from the Balkan, such as Serbia and Bulgaria, holds
614  particular potential. While addressing privacy concerns may present challenges, extending our
615  study with measures of biodiversity and landscape configuration from each garden could
616  introduce extra layers of complexity to our exploration.

617  Furthermore, a direct link between domestic garden diversity, and the potential of thereof, and
618  biodiversity conservation should be established and implemented into urban green space

619 management.
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620

621 5. Conclusion

622  While gardens may not replace natural habitats, it is imperative to reconsider maintaining high
623  levels of urban and rural biodiversity as valuable complements for increasing the area of semi-
624  natural habitat patches and creating a network of ecological corridors (Beninde et al., 2015). In
625  our study, we, however, show that the potential of domestic gardens for maintaining high
626  biodiversity varies widely among CEE regions, and along with it does their conservation value.
627  Therefore, to maximise this value improving several aspects of CEE gardening practices in
628  concert is necessary. The variability both between and within participating countries,
629  underscores the need for approaches tailored to regional circumstances rather than unified
630 regulations across European countries.

631  On the other hand, to ensure that gardens truly contribute positively to sustainable urban
632  environments, the multifaceted issue of pesticide usage that permeates various aspects of
633  gardening, from food production in allotments to the care of ornamental plants and flea
634  treatments for pets, must be uniformly addressed across all EU countries. Similarly, information
635 for providing a comprehensive understanding among the public regarding the potential
636  environmental and human health impacts of pesticides should also be broadly available.

637  Biodiversity-friendly gardens also improve human well-being (Samus et al., 2022) and provide
638  urban residents with the opportunity to reconnect to the natural world (Cameron et al., 2012).
639  Thus, while increasing the diversity of domestic gardens alone may not solve the biodiversity
640  crisis by creating ecological corridors it can contribute to conservation, foster a shift in human
641  attitudes towards preserving natural areas, and enhance the ecological quality of urban
642  environments. To maximally exploit all benefits of domestic gardens, population-wide, regular,
643  and high-quality educational programs which, shape people's attitudes, willingness to take

644  action, and interest, are needed (Shwartz et al., 2012). Similar educational programs have been
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645  running for decades in Western European countries but they are still scarce in CEE (European
646  Commission, Directorate-General for Communication, 2015; Jehlicka & Jacobsson, 2021). Yet,
647  the need for improving the ecological quality of domestic gardens is not unique to Western
648  Europe, where it gets the most emphasis, but is also present in CEE. Hence, local strategies for
649  environmental education emphasising the importance of biodiversity-friendly gardening should
650  be developed for CEE countries as well. These, however, should be tailored to local needs and
651  provide access to biodiversity-related information through a broad variety of channels to reach
652  all strata of society.

653  Besides serving as a proxy to indicate gardens’ environmental quality, our study also can help
654 in accessing these gardens’ potential in designing eco-networks of biodiversity-friendly
655  gardens. It also can act as a tool for facilitating the decision for optimal strategies to maximise

656  the environmental benefits of domestic gardens.


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

657

658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

made available under aCC-BY-NC-ND 4.0 International license.

Author information

Affiliations

Zsofia Varga-Szilay, Doctoral School of Biology, Institute of Biology, ELTE Eo6tvos
Lorand University, Pazmany Péter sétany 1/C, 1117, Budapest, Hungary,
zsofia@vargaszilay.hu

Arvids Barsevskis, Coloepterological Research Center, Institute of Life Sciences and
Technology, Daugavpils University, Vienibas Str., 13, LV-5401, Daugavpils, Latvia,
arvids.barsevskis@du.lv

Klara Benedek, Department of Horticulture, Faculty of Technical and Human Sciences,
Sapientia Hungarian University of Transylvania, Calea Sighisoarei nr. 2, 540485, Targu-
Mures, Romania, benedekklara@ms.sapientia.ro

Danilo Bevk, Department of Organisms and Ecosystems Research, National Institute of
Biology, Vecna pot 121, 1000, Ljubljana, Slovenia, danilo.bevk@nib.si

Agata Jojczyk, Department of Landscape Art, Institute of Environmental Engineering,
Warsaw University of Life Science, str.,166., 02-787, Nowoursynowska, Warsaw,
agata_jojczyk@sggw.edu.pl

Anton Kristin, Institute of Forest Ecology SAS, L. Stara 2, SK-96053, Zvolen, Slovakia,
kristin@ife.sk

Jana Ruzickova, HUN-REN-ELTE-MTM Integrative Ecology Research Group,
Budapest, Hungary; Department of Systematic Zoology and Ecology, ELTE Eo6tvos
Lorand University, Pazmany Péter sétany 1/C, 1117, Budapest, Hungary,
jr.tracey@seznam.cz

Lucija Seri¢ Jelaska, Department of Biology, Faculty of Science University of Zagreb,
Rooseveltov trg 6, 10000, Zagreb, Croatia, lucija.seric.jelaska@biol.ppmf.hr

Eve Veromann, Chair of Plant Health, Institute of Agricultural and Environmental
Sciences, Estonian University of Life Sciences, Fr. R. Kreutzwaldi 1, 51006, Tartu,
Estonia, eve.veromann@emu.ee

Silva Vilumets, Chair of Plant Health, Institute of Agricultural and Environmental
Sciences, Estonian University of Life Sciences, Fr. R. Kreutzwaldi 1, 51006, Tartu,
Estonia, silva.vilumets@emu.ee

Kinga Gabriela Fetyko, Independent researcher, Kecskemét, Hungary,
kingha221@gmail.com


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

689 — Gergely Szévényi — Department of Systematic Zoology and Ecology, ELTE E&tvos
690 Lorand University, Pazmany Péter sétany 1/C, 1117, Budapest, Hungary,

691 szovenyig@gmail.com

692  — Gabor Pozsgai, Ce3C — Centre for Ecology, Evolution and Environmental Changes,
693 Azorean Biodiversity Group, CHANGE — Global Change and Sustainability Institute,
694 University of the Azores, Faculty of Agricultural Sciences and Environment,

695 Universidade dos Agores, Rua Capitao Jodo D'Avila, 9700-042, Angra do Heroismo,
696 Acgores, Portugal, https://doi.org/10.54499/UIDB/00329/2020, pozsgaig@coleoptera.hu
697

698  Corresponding authors

699  Correspondence to Zso6fia Varga-Szilay and Gabor Pozsgai
700

701 ORCID number of authors

702 — Zsobfia Varga-Szilay: 0000-0001-9712-7654
703  — Arvids BarSevskis: 0000-0001-9703-0115
704  — Klara Benedek: 0009-0002-1936-3541

705  — Danilo Bevk: 0000-0002-5715-3089

706  — Agata Jojczyk: 0000-0003-4993-3226

707  — Anton Kristin: 0000-0001-7422-6393

708  — Jana Ruzickova: 0000-0001-9703-4538

709  — Lucija Serié¢ Jelaska: 0000-0003-1840-7119
710 - Eve Veromann: 0000-0002-0977-5270

711 — Silva Vilumets: 0000-0002-4060-9596

712 — Kinga Gabriela Fetyko: 0000-0003-4150-6385
713 — Gergely Szovényi: 0000-0001-9632-4066
714  — Gabor Pozsgai: 0000-0002-2300-6558

715

716  Author contributions

717  — Zso6fia Varga-Szilay: Conceptualization; Data curation; Formal analysis; Investigation;
718 Methodology; Project administration; Resources; Software; Validation; Visualization;
719 Roles/Writing - original draft; and Writing - review & editing

720  — Arvids BarSevskis: Data curation; Investigation; Methodology; Project administration; and

721 Writing - review & editing


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

722 — Klara Benedek: Data curation; Investigation; Methodology; Project administration; and
723 Writing - review & editing

724  — Danilo Bevk: Data curation; Investigation; Methodology; Project administration; and
725 Writing - review & editing

726 — Agata Jojczyk: Data curation; Investigation; Methodology; Project administration; and
727 Writing - review & editing

728  — Anton Kristin: Data curation; Investigation; Methodology; Project administration; and
729 Writing - review & editing

730  — Jana Ruzickova: Data curation; Investigation; Methodology; Project administration; and
731 Writing - review & editing

732 — Lucija Seri¢ Jelaska: Data curation; Investigation; Methodology; Project administration;
733 and Writing - review & editing

734  — Eve Veromann: Data curation; Investigation; Methodology; Project administration; and
735 Writing - review & editing

736 — Silva Vilumets: Data curation; Investigation; Methodology; Project administration; and
737 Writing - review & editing

738  — Kinga Gabriela Fetyko: Conceptualization; Data curation; Investigation; Methodology;
739 Project administration; Validation; and Writing - review & editing

740  — Gergely Szovényi: Conceptualization; Data curation; Investigation; Methodology; Project
741 administration; Supervision; Validation; and Writing - review & editing

742  — Gabor Pozsgai: Conceptualization; Data curation; Formal analysis; Investigation;
743 Methodology; Project administration; Resources; Software; Supervision; Validation;
744 Visualization; Roles/Writing - original draft; and Writing - review & editing

745

746  Funding

747  — DB was supported by the Slovenian Research Agency (research core funding No.P1-0255)
748 and FRACTAL (Interreg Alpine Space).

749  — AK was supported by the Slovak Scientific Grant Agency VEGA 2/0097/23.

750  — EV was supported by the Estonian Research Council grant PRG1056.

751  — LSJ was supported by The Croatian Science Foundation, MEDITERATRI project (HRZZ
752 UIP 2017-05-1046).

753  — GP was supported by the project Open Access FCT-UIDP/00329/2020-2024 (Thematic

754 Line 1 — integrated ecological assessment of environmental change on biodiversity,


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

755 https://doi.org/10.54499/UIDB/00329/2020) and by the Azores DRCT Pluriannual
756 Funding (M1.1.A/FUNC.UI&D/010/2021-2024).
757

758  Declarations

759  Conflict of interest
760  The authors declare no competing interests.

761
762 Code availability
763  The underlying computer code is available in the GitHub repository

764  https://github.com/zsvargaszilay/domestic_gardens_in CEE
765


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

766 References

767  Aguilera, G., Ekroos, J., Persson, A. S., Pettersson, L. B., & Ockinger, E. (2019). Intensive

768 management reduces butterfly diversity over time in urban green spaces. Urban Ecosystems,
769 22(2), 335-344. https://doi.org/10.1007/s11252-018-0818-y

770  Alber, J., & Kohler, U. (2008). Informal Food Production in the Enlarged European Union. Social
771 Indicators Research, 89(1), 113—127. https://doi.org/10.1007/s11205-007-9224-1

772 ArcGIS Data and Maps. (2022a). Europe NUTS 2 Demographics and Boundaries—Overview.

773 https://www.arcgis.com/sharing/rest/content/items/48f0d1a2006c4e89a85712a618fcff89

774  ArcGIS Data and Maps. (2022b). Europe NUTS 3 Demographics and Boundaries—Overview.

775 https://www.arcgis.com/home/item.html?id=5eb88decb{f54520b49¢785241c07bf4

776  Baldock, K. C. R. (2020). Opportunities and threats for pollinator conservation in global towns and
777 cities. Current Opinion in Insect Science, 38, 63-71.

778 https://doi.org/10.1016/j.c0is.2020.01.006

779  Baldock, K. C. R., Goddard, M. A., Hicks, D. M., Kunin, W. E., Mitschunas, N., Morse, H.,

780 Osgathorpe, L. M., Potts, S. G., Robertson, K. M., Scott, A. V., Staniczenko, P. P. A., Stone, G.
781 N., Vaughan, 1. P., & Memmott, J. (2019). A systems approach reveals urban pollinator

782 hotspots and conservation opportunities. Nature Ecology & Evolution, 3(3), Article 3.

783 https://doi.org/10.1038/s41559-018-0769-y

784  Bengtsson, J., Nilsson, S. G., Franc, A., & Menozzi, P. (2000). Biodiversity, disturbances, ecosystem
785 function and management of European forests. Forest Ecology and Management, 132(1), 39—
786 50. https://doi.org/10.1016/S0378-1127(00)00378-9

787  Beninde, J., Veith, M., & Hochkirch, A. (2015). Biodiversity in cities needs space: A meta-analysis of
788 factors determining intra-urban biodiversity variation. Ecology Letters, 18(6), 581-592.

789 https://doi.org/10.1111/ele.12427

790  Beumer, C. (2018). Show me your garden and I will tell you how sustainable you are: Dutch citizens’
791 perspectives on conserving biodiversity and promoting a sustainable urban living environment
792 through domestic gardening. Urban Forestry & Urban Greening, 30, 260-279.

793 https://doi.org/10.1016/j.ufug.2017.09.010

794  Borysiak, J., Mizgajski, A., & Speak, A. (2017). Floral biodiversity of allotment gardens and its

795 contribution to urban green infrastructure. Urban Ecosystems, 20(2), 323-335.

796 https://doi.org/10.1007/s11252-016-0595-4

797  Braschler, B., Gilgado, J. D., Zwahlen, V., Rusterholz, H.-P., Buchholz, S., & Baur, B. (2020).

798 Ground-dwelling invertebrate diversity in domestic gardens along a rural-urban gradient:

799 Landscape characteristics are more important than garden characteristics. PLOS ONE, 15(10),

800 €0240061. https://doi.org/10.1371/journal.pone.0240061


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

801 Cameron, R. W. F., Blanusa, T., Taylor, J. E., Salisbury, A., Halstead, A. J., Henricot, B., & Thompson,

802 K. (2012). The domestic garden — Its contribution to urban green infrastructure. Urban

803 Forestry & Urban Greening, 11(2), 129-137. https://doi.org/10.1016/j.ufug.2012.01.002
804  Camps-Calvet, M., Langemeyer, J., Calvet-Mir, L., & Gomez-Baggethun, E. (2016). Ecosystem

805 services provided by urban gardens in Barcelona, Spain: Insights for policy and planning.
806 Environmental Science & Policy, 62, 14-23. https://doi.org/10.1016/j.envsci.2016.01.007
807 Chamberlain, S., Barve, V., Mcglinn, D., Oldoni, D., Desmet, P., Geffert, L., & Ram, K. (2024). rgbif:
808 Interface to the global biodiversity information facility API. https://CRAN.R-

809 project.org/package=rgbif

810 Chollet, S., Brabant, C., Tessier, S., & Jung, V. (2018). From urban lawns to urban meadows:

811 Reduction of mowing frequency increases plant taxonomic, functional and phylogenetic

812 diversity. Landscape and Urban Planning, 180, 121-124.

813 https://doi.org/10.1016/j.landurbplan.2018.08.009

814  Church, A., Mitchell, R., Ravenscroft, N., & Stapleton, L. M. (2015). ‘Growing your own’: A multi-
815 level modelling approach to understanding personal food growing trends and motivations in
816 Europe. Ecological Economics, 110, 71-80. https://doi.org/10.1016/j.ecolecon.2014.12.002
817  Coisnon, T., Rousseliére, D., & Rousseliére, S. (2019). Information on biodiversity and environmental
818 behaviors: A European study of individual and institutional drivers to adopt sustainable

819 gardening practices. Social Science Research, 84, 102323,

820 https://doi.org/10.1016/j.ssresearch.2019.06.014

821 Concepcion, E. D., Aneva, L., Jay, M., Lukanov, S., Marsden, K., Moreno, G., Oppermann, R., Pardo,
822 A., Piskol, S., Rolo, V., Schraml, A., & Diaz, M. (2020). Optimizing biodiversity gain of
823 European agriculture through regional targeting and adaptive management of conservation
824 tools. Biological Conservation, 241, 108384. https://doi.org/10.1016/j.biocon.2019.108384
825 Delahay, R. J., Sherman, D., Soyalan, B., & Gaston, K. J. (2023). Biodiversity in residential gardens:
826 A review of the evidence base. Biodiversity and Conservation, 32(13), 4155-4179.

827 https://doi.org/10.1007/s10531-023-02694-9

828  Dobrovodska, M., Kanka, R., Gajdos, P., Kristin, A., Kollar, J., StaSiov, S., & Lieskovsky, J. (2023).
829 Factors affecting the biodiversity of historical landscape elements: Detailed analyses from
830 three case studies in Slovakia. Environmental Monitoring and Assessment, 195(6), 674.

831 https://doi.org/10.1007/s10661-023-11035-w

832  Donkersley, P., Witchalls, S., Bloom, E. H., & Crowder, D. W. (2023). A little does a lot: Can small-
833 scale planting for pollinators make a difference? Agriculture, Ecosystems & Environment, 343,
834 108254. https://doi.org/10.1016/j.agee.2022.108254

835  European Commission. (2022). Pioneering proposals to restore Europe s nature by 2050. European

836 Commission. https://ec.europa.eu/commission/presscorner/detail/en/ip 22 3746


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

837  European Commission, Directorate-General for Communication. (2015). Special Eurobarometer 436:
838 Attitudes of Europeans towards biodiversity (1.00) [Dataset].

839 http://data.europa.eu/88u/dataset/S2091 83 4 436 ENG

840  European Environment Agency. (2012). Protected areas in Europe—An overview [Publication].

841 https://www.eea.europa.eu/publications/protected-areas-in-europe-2012

842  European Environment Agency. (2022). How green are European cities? Green space key to well-
843 being — but access varies [News)]. https://www.eea.europa.eu/highlights/how-green-are-

844 european-cities

845  European Environment Agency. (2023, March 23). Net land take in cities and commuting zones in
846 Europe. https://www.eea.europa.eu/en/analysis/indicators/net-land-take-in-cities

847  Eurostat. (2021). NUTS - Nomenclature of territorial units for statistics—QOverview.

848 https://ec.europa.eu/eurostat/web/nuts

849  Eurostat. (2022a). Regional gross domestic product (PPS per inhabitant) by NUTS 2 regions [Dataset].
850 https://doi.org/10.2908/TGS00005

851  Eurostat. (2022b). Urban-rural Europe—Introduction. https://ec.europa.eu/eurostat/statistics-

852 explained/index.php?title=Urban-rural Europe - introduction

853  Eurostat. (2024). Rural development—Methodology. https://ec.europa.eu/eurostat/web/rural-

854 development/methodology

855  Fischer, L. K., Neuenkamp, L., Lampinen, J., Tuomi, M., Alday, J. G., Bucharova, A., Cancellieri, L.,
856 Casado-Arzuaga, I., Ceplovai, N., Cervero, L., Deak, B., Eriksson, O., Fellowes, M. D. E.,
857 Fernandez de Manuel, B., Filibeck, G., Gonzalez-Guzman, A., Hinojosa, M. B., Kowarik, I.,
858 Lumbierres, B., ... Klaus, V. H. (2020). Public attitudes toward biodiversity-friendly

859 greenspace management in Europe. Conservation Letters, 13(4), e12718.

860 https://doi.org/10.1111/conl.12718

861 Fontaine, B., Bergerot, B., Le Viol, 1., & Julliard, R. (2016). Impact of urbanization and gardening
862 practices on common butterfly communities in France. Ecology and Evolution, 6(22), 8174—
863 8180. https://doi.org/10.1002/ece3.2526

864  Galluzzi, G., Eyzaguirre, P., & Negri, V. (2010). Home gardens: Neglected hotspots of agro-

865 biodiversity and cultural diversity. Biodiversity and Conservation, 19(13), 3635-3654.

866 https://doi.org/10.1007/s10531-010-9919-5

867  GBIF.org. (2024). GBIF Home Page. GBIF.Org. https://www.gbif.org

868  Glavan, M., Schmutz, U., Williams, S., Corsi, S., Monaco, F., Kneafsey, M., Guzman Rodriguez, P. A.,
869 Ceni¢-Isteni¢, M., & Pintar, M. (2018). The economic performance of urban gardening in

870 three European cities — examples from Ljubljana, Milan and London. Urban Forestry &

871 Urban Greening, 36, 100—122. https://doi.org/10.1016/j.ufug.2018.10.009


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

872  Goddard, M. A., Dougill, A. J., & Benton, T. G. (2010). Scaling up from gardens: Biodiversity

873 conservation in urban environments. Trends in Ecology & Evolution, 25(2), 90-98.

874 https://doi.org/10.1016/j.tree.2009.07.016

875 Goddard, M. A., Dougill, A. J., & Benton, T. G. (2013). Why garden for wildlife? Social and

876 ecological drivers, motivations and barriers for biodiversity management in residential

877 landscapes. Ecological Economics, 86, 258-273.

878 https://doi.org/10.1016/j.ecolecon.2012.07.016

879 Greenwell, B., Boehmke, B., Cunningham, J., & Developers (https://github.com/gbm-developers), G.
880 B. M. (2022). gbm: Generalized Boosted Regression Models (2.1.8.1) [Computer software].
881 https://cran.r-project.org/web/packages/gbm/index.html

882  (Griffiths-Lee, J., Nicholls, E., & Goulson, D. (2022). Sown mini-meadows increase pollinator

883 diversity in gardens. Journal of Insect Conservation, 26(2), 299-314.

884 https://doi.org/10.1007/s10841-022-00387-2

885  Haenke, S., Scheid, B., Schaefer, M., Tscharntke, T., & Thies, C. (2009). Increasing syrphid fly

886 diversity and density in sown flower strips within simple vs. Complex landscapes. Journal of
887 Applied Ecology, 46(5), 1106—1114. https://doi.org/10.1111/j.1365-2664.2009.01685.x

888  Hagen, M., Kissling, W. D., Rasmussen, C., De Aguiar, M. A. M., Brown, L. E., Carstensen, D. W.,
889 Alves-Dos-Santos, 1., Dupont, Y. L., Edwards, F. K., Genini, J., Guimaraes, P. R., Jenkins, G.
890 B., Jordano, P., Kaiser-Bunbury, C. N., Ledger, M. E., Maia, K. P., Marquitti, F. M. D.,

891 Mclaughlin, 0., Morellato, L. P. C., ... Olesen, J. M. (2012). 2—Biodiversity, Species

892 Interactions and Ecological Networks in a Fragmented World. In U. Jacob & G. Woodward
893 (Eds.), Advances in Ecological Research (Vol. 46, pp. 89—-210). Academic Press.

894 https://doi.org/10.1016/B978-0-12-396992-7.00002-2

895 Hanson, H. 1., Eckberg, E., Widenberg, M., & Alkan Olsson, J. (2021). Gardens’ contribution to people
896 and urban green space. Urban Forestry & Urban Greening, 63, 127198.

897 https://doi.org/10.1016/j.ufug.2021.127198

898  Harris, C. R, Millman, K. J., Van Der Walt, S. J., Gommers, R., Virtanen, P., Cournapeau, D., Wieser,
899 E., Taylor, J., Berg, S., Smith, N. J., Kern, R., Picus, M., Hoyer, S., Van Kerkwijk, M. H.,

900 Brett, M., Haldane, A., Del Rio, J. F., Wiebe, M., Peterson, P., ... Oliphant, T. E. (2020). Array
901 programming with NumPy. Nature, 585(7825), 357-362. https://doi.org/10.1038/s41586-020-
902 2649-2

903  Heidt, V., & Neef, M. (2008). Benefits of Urban Green Space for Improving Urban Climate. In M. M.
904 Carreiro, Y.-C. Song, & J. Wu (Eds.), Ecology, Planning, and Management of Urban Forests:
905 International Perspectives (pp. 84—96). Springer. https://doi.org/10.1007/978-0-387-71425-
906 76

907 Home, R., Lewis, O., Bauer, N., Fliessbach, A., Frey, D., Lichtsteiner, S., Moretti, M., Tresch, S.,
908 Young, C., Zanetta, A., & Stolze, M. (2019). Effects of garden management practices, by


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

909 different types of gardeners, on human wellbeing and ecological and soil sustainability in
910 Swiss cities. Urban Ecosystems, 22(1), 189-199. https://doi.org/10.1007/s11252-018-0806-2
911 Hruska, V., Smutna, Z., & Véavra, J. (2021). Why I Would Want to Live in the Village If I Was Not
912 Interested in Cultivating the Plot? A Study of Home Gardening in Rural Czechia.

913 Sustainability, 13, 1-21. https://doi.org/10.3390/su13020706

914  Jehlicka, P., Anci¢, B., Danék, P., & Domazet, M. (2021). Beyond hardship and joy: Framing home
915 gardening on insights from the European semi-periphery. Geoforum, 126, 150—-158.

916 https://doi.org/10.1016/j.geoforum.2021.05.018

917  Jehlicka, P., Grivins, M., Visser, O., & Balazs, B. (2020). Thinking food like an East European: A
918 critical reflection on the framing of food systems. Journal of Rural Studies, 76, 286-295.

919 https://doi.org/10.1016/j.jrurstud.2020.04.015

920  Jehlicka, P., & Jacobsson, K. (2021). The importance of recognizing difference: Rethinking Central
921 and East European environmentalism. Political Geography, 87, 102379.

922 https://doi.org/10.1016/j.polge0.2021.102379

923  Jongman, R. H. G. (2002). Homogenisation and fragmentation of the European landscape: Ecological
924 consequences and solutions. Landscape and Urban Planning, 58(2), 211-221.

925 https://doi.org/10.1016/S0169-2046(01)00222-5

926  Kabisch, N., & Haase, D. (2013). Green spaces of European cities revisited for 1990-2006. Landscape
927 and Urban Planning, 110, 113—122. https://doi.org/10.1016/j.landurbplan.2012.10.017

928  Keshavarz, N., Bell, S., Zilans, A., Hursthouse, A., Voigt, A., Hobbelink, A., Zammit, A., Jokinen, A.,
929 Mikkelsen, B., Notteboom, B., loannou, B., Certoma, C., Schwab, E., Senti¢, 1., Barstad, J.,
930 Willman, K., Calvet-Mir, L., Balezentiené, L., Weirich, M., & Gogova, Z. (2016). A history of
931 urban gardens in Europe (pp. 8-32). https://doi.org/10.4324/9781315686608-2

932 Krols, J., Aerts, R., Vanlessen, N., Dewaelheyns, V., Dujardin, S., & Somers, B. (2022). Residential
933 green space, gardening, and subjective well-being: A cross-sectional study of garden owners in
934 northern Belgium. Landscape and Urban Planning, 223, 104414.

935 https://doi.org/10.1016/j.landurbplan.2022.104414

936  Kuhn, M., cre, Wing, J., Weston, S., Williams, A., Keefer, C., Engelhardt, A., Cooper, T., Mayer, Z.,
937 Kenkel, B., R Core Team, Benesty, M., Lescarbeau, R., Ziem, A., Scrucca, L., Tang, Y.,

938 Candan, C., & Hunt, T. (2023). caret: Classification and Regression Training (6.0-94)

939 [Computer software]. https://cran.r-project.org/web/packages/caret/index.html

940  Lacey, L. A., Grzywacz, D., Shapiro-Ilan, D. I., Frutos, R., Brownbridge, M., & Goettel, M. S. (2015).
941 Insect pathogens as biological control agents: Back to the future. Journal of Invertebrate

942 Pathology, 132, 1-41. https://doi.org/10.1016/].jip.2015.07.009

943  Landis, D. A., Wratten, S. D., & Gurr, G. M. (2000). Habitat Management to Conserve Natural

944 Enemies of Arthropod Pests in Agriculture. Annual Review of Entomology, 45(Volume 45,
945 2000), 175-201. https://doi.org/10.1146/annurev.ent0.45.1.175


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

946  Larson, K. L., Lerman, S. B., Nelson, K. C., Narango, D. L., Wheeler, M. M., Groffman, P. M., Hall,

947 S. J., & Grove, J. M. (2022). Examining the potential to expand wildlife-supporting residential
948 yards and gardens. Landscape and Urban Planning, 222, 104396.

949 https://doi.org/10.1016/j.1andurbplan.2022.104396

950 Lerman, S. B., Contosta, A. R., Milam, J., & Bang, C. (2018). To mow or to mow less: Lawn mowing
951 frequency affects bee abundance and diversity in suburban yards. Biological Conservation,
952 221, 160-174. https://doi.org/10.1016/j.biocon.2018.01.025

953 Li, M., Remme, R., Bodegom, P., & van Oudenhoven, A. (2023). Solution to what? Global review of
954 nature-based solutions, urban challenges, and outcomes.

955 https://doi.org/10.1101/2023.12.07.570577

956  Liang, H., He, Y.-D., Theodorou, P., & Yang, C.-F. (2023). The effects of urbanization on pollinators
957 and pollination: A meta-analysis. Ecology Letters, 26(9), 1629—-1642.

958 https://doi.org/10.1111/ele.14277

959  Lin, B. B., Gaston, K. J., Fuller, R. A., Wu, D., Bush, R., & Shanahan, D. F. (2017). How green is your
960 garden?: Urban form and socio-demographic factors influence yard vegetation, visitation, and
961 ecosystem service benefits. Landscape and Urban Planning, 157, 239-246.

962 https://doi.org/10.1016/j.landurbplan.2016.07.007

963  Lin, B. B, Philpott, S. M., & Jha, S. (2015). The future of urban agriculture and biodiversity-

964 ecosystem services: Challenges and next steps. Basic and Applied Ecology, 16(3), 189-201.
965 https://doi.org/10.1016/j.baae.2015.01.005

966  Lindemann-Matthies, P., & Marty, T. (2013). Does ecological gardening increase species richness and
967 aesthetic quality of a garden? Biological Conservation, 159, 37-44.

968 https://doi.org/10.1016/j.biocon.2012.12.011

969  Lundberg, S. M., & Lee, S.-1. (2017). A Unified Approach to Interpreting Model Predictions. Advances
970 in Neural Information Processing Systems, 30.

971 https://proceedings.neurips.cc/paper/2017/hash/8a20a8621978632d76c43dfd28b67767-

972 Abstract.html

973  Majewska, A. A., & Altizer, S. (2020). Planting gardens to support insect pollinators. Conservation
974 Biology, 34(1), 15-25. https://doi.org/10.1111/cobi.13271
975  Marques, P, Silva, A. S., Quaresma, Y., Manna, L. R., de Magalhdes Neto, N., & Mazzoni, R. (2021).

976 Home gardens can be more important than other urban green infrastructure for mental well-
977 being during COVID-19 pandemics. Urban Forestry & Urban Greening, 64, 127268.
978 https://doi.org/10.1016/j.ufug.2021.127268

979  Mayer, M., & Stando, A. (2023). shapviz: SHAP Visualizations (0.9.2) [Computer software].

980 https://cran.r-project.org/web/packages/shapviz/index.html

981  Mayer, M., Watson, D., & Biecek, P. (2023). kernelshap.: Kernel SHAP (0.4.0) [Computer software].
982 https://cran.r-project.org/web/packages/kernelshap/index.html


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

983  Muller, N., Werner, P., & Kelcey, J. G. (2010). Urban Biodiversity and Design. John Wiley & Sons.
984  Muratet, A., & Fontaine, B. (2015). Contrasting impacts of pesticides on butterflies and bumblebees in

985 private gardens in France. Biological Conservation, 182, 148—154.

986 https://doi.org/10.1016/j.biocon.2014.11.045

987  Pebesma, E. (2018). Simple features for r: Standardized support for spatial vector data. The R Journal,

988 10(1), 439-446. https://doi.org/10.32614/RJ-2018-009

989  Perpida Castillo, C., Kavalov, B., Jacobs-Crisioni, C., Baranzelli, C., Batista e Silva, F., & Lavalle, C.

990 (2019). Main land-use patterns in the EU within 2015-2030 (JRC115895; JRC Policy

991 Insights). Europena Commission. https://joint-research-

992 centre.ec.europa.eu/document/download/124cfe53-0684-4da6-a240-

993 bcbfb7577d1f en?filename=jrc115895.pdf

994  Petzke, N., Konig, B., & Bokelmann, W. (2021). Plant protection in private gardens in Germany:

995 Between growing environmental awareness, knowledge and actual behaviour. European

996 Journal of Horticultural Science, 86, 59—68. https://doi.org/10.17660/eJHS.2021/86.1.7

997  Philpott, S., Egerer, M., Bichier, P., Cohen, H., Cohen, R., Liere, H., Jha, S., & Lin, B. (2020).

998 Gardener demographics, experience, and motivations drive differences in plant species

999 richness and composition in urban gardens. Ecology and Society, 25(4).
1000 https://doi.org/10.5751/ES-11666-250408
1001  Ponizy, L., Latkowska, M. J., Breuste, J., Hursthouse, A., Joimel, S., Kiilvik, M., Leitdo, T. E.,
1002 Mizgajski, A., Voigt, A., Kacprzak, E., Mackiewicz, B., & Szczepanska, M. (2021). The Rich
1003 Diversity of Urban Allotment Gardens in Europe: Contemporary Trends in the Context of
1004 Historical, Socio-Economic and Legal Conditions. Sustainability, 13(19), Article 19.
1005 https://doi.org/10.3390/su131911076
1006  Pourias, J., Aubry, C., & Duchemin, E. (2016). Is food a motivation for urban gardeners?
1007 Multifunctionality and the relative importance of the food function in urban collective gardens
1008 of Paris and Montreal. Agriculture and Human Values, 33(2), 257-273.
1009 https://doi.org/10.1007/s10460-015-9606-y
1010  Prendergast, K. S., Tomlinson, S., Dixon, K. W., Bateman, P. W., & Menz, M. H. M. (2022). Urban
1011 native vegetation remnants support more diverse native bee communities than residential
1012 gardens in Australia’s southwest biodiversity hotspot. Biological Conservation, 265, 109408.
1013 https://doi.org/10.1016/j.biocon.2021.109408
1014  Proske, A., Lokatis, S., & Rolff, J. (2022). Impact of mowing frequency on arthropod abundance and
1015 diversity in urban habitats: A meta-analysis. Urban Forestry & Urban Greening, 76, 127714.
1016 https://doi.org/10.1016/j.ufug.2022.127714

1017  Python Software Foundation. (2019). Python Language Reference (3.8) [Computer software].
1018 http://www.python.org


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

1019  Quesada-Moraga, E., Garrido-Jurado, 1., Yousef-Yousef, M., & Gonzalez-Mas, N. (2022).

1020 Multitrophic interactions of entomopathogenic fungi in BioControl. BioControl, 67(5), 457—
1021 472. https://doi.org/10.1007/s10526-022-10163-5

1022 Quistberg, R. D., Bichier, P., & Philpott, S. M. (2016). Landscape and local correlates of bee

1023 abundance and species richness in urban gardens. Environmental Entomology, 45(3), 592—-601.
1024 https://doi.org/10.1093/ee/nvw025

1025 R Core Team. (2021). R: A language and environment for statistical computing [ Computer software].
1026 https://www.R-project.org/

1027  Ramalho, C. E., & Hobbs, R. J. (2012). Time for a change: Dynamic urban ecology. Trends in Ecology
1028 & Evolution, 27(3), 179—188. https://doi.org/10.1016/j.tree.2011.10.008

1029  Revelle, W. (2021). psych. Procedures for psychological, psychometric, and personality research
1030 [Computer software]. https://CRAN.R-project.org/package=psych

1031  Samus, A., Freeman, C., Dickinson, K. J. M., & van Heezik, Y. (2022). Relationships between nature
1032 connectedness, biodiversity of private gardens, and mental well-being during the Covid-19
1033 lockdown. Urban Forestry & Urban Greening, 69, 127519.

1034 https://doi.org/10.1016/j.ufug.2022.127519

1035 Seitz, B., Buchholz, S., Kowarik, 1., Herrmann, J., Neuerburg, L., Wendler, J., Winker, L., & Egerer,
1036 M. (2022). Land sharing between cultivated and wild plants: Urban gardens as hotspots for
1037 plant diversity in cities. Urban Ecosystems, 25(3), 927-939. https://doi.org/10.1007/s11252-
1038 021-01198-0

1039 Shwartz, A., Cosquer, A., Jaillon, A., Piron, A., Julliard, R., Raymond, R., Simon, L., & Prévot-
1040 Julliard, A.-C. (2012). Urban Biodiversity, City-Dwellers and Conservation: How Does an
1041 Outdoor Activity Day Affect the Human-Nature Relationship? PLOS ONE, 7(6), e38642.
1042 https://doi.org/10.1371/journal.pone.0038642

1043  Smith, J., & Jehlicka, P. (2013). Quiet sustainability: Fertile lessons from Europe’s productive

1044 gardeners. Journal of Rural Studies, 32, 148—157.

1045 https://doi.org/10.1016/j.jrurstud.2013.05.002

1046  Tassin de Montaigu, C., & Goulson, D. (2023). Factors influencing butterfly and bumblebee richness
1047 and abundance in gardens. Science of The Total Environment, 167995.

1048 https://doi.org/10.1016/j.scitotenv.2023.167995

1049  The pandas development team. (2022). pandas-dev/pandas: Pandas (v1.5.2) [Computer software].
1050 Zenodo. https://doi.org/10.5281/zenodo.7344967

1051  Téoth, A., Duzi, B., Véavra, J., Supuka, J., Bihunova, M., Halajova, D., Martinat, S., & Novakova, E.
1052 (2018). Changing Patterns of Allotment Gardening in the Czech Republic and Slovakia.

1053 Nature and Culture, 13(1), 161-188. https://doi.org/10.3167/nc.2018.130108


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

1054  Trendov, N. (2018). Comparative study on the motivations that drive urban community gardens in

1055 Central Eastern Europe. Annals of Agrarian Science, 16.

1056 https://doi.org/10.1016/j.aasci.2017.10.003

1057  Tresch, S., Frey, D., Le Bayon, R.-C., Zanetta, A., Rasche, F., Fliessbach, A., & Moretti, M. (2019).
1058 Litter decomposition driven by soil fauna, plant diversity and soil management in urban
1059 gardens. Science of The Total Environment, 658, 1614-1629.

1060 https://doi.org/10.1016/j.scitotenv.2018.12.235

1061 Tresch, S., Moretti, M., Le Bayon, R.-C., Mider, P., Zanetta, A., Frey, D., & Fliessbach, A. (2018). A
1062 Gardener’s Influence on Urban Soil Quality. Frontiers in Environmental Science, 6.

1063 https://doi.org/10.3389/fenvs.2018.00025

1064  Troumbis, A. Y. (2021). Imbalances in attitudes of European citizens towards biodiversity: Did the
1065 communication of the European Biodiversity Strategy work? Journal for Nature

1066 Conservation, 63, 126041. https://doi.org/10.1016/j.jnc.2021.126041

1067  United Nations. (2018). World Urbanization Prospects: The 2018 Revision. United Nations,

1068 Department of Economic and Social Affairs, Population Division.

1069  van der Veen, M. (2005). Gardens and Fields: The Intensity and Scale of Food Production. Worid
1070 Archaeology, 37(2), 157-163. https://doi.org/10.1080/004382405000130731

1071  van Elsen, T. (2000). Species diversity as a task for organic agriculture in Europe. Agriculture,

1072 Ecosystems & Environment, 77(1), 101-109. https://doi.org/10.1016/S0167-8809(99)00096-1
1073  Varga-Szilay, Z., Fetyko, K. G., Szovenyi, G., & Pozsgai, G. (2024). Bridging biodiversity and
1074 gardening: Unravelling the interplay of socio-demographic factors, garden practices, and
1075 garden characteristics. Urban Forestry & Urban Greening.

1076 https://doi.org/10.1016/j.ufug.2024.128367

1077  Varga-Szilay, Z., & Pozsgai, G. (2022). Plant growers’ environmental consciousness may not be
1078 enough to mitigate pollinator declines: A questionnaire-based case study in Hungary. Pest
1079 Management Science, 79(4), 1284—1294. https://doi.org/10.1002/ps. 7277

1080  Vavra, J., Danek, P., & Jehlicka, P. (2018). What is the contribution of food self-provisioning towards
1081 environmental sustainability? A case study of active gardeners. Journal of Cleaner

1082 Production, 185, 1015-1023. https://doi.org/10.1016/j.jclepro.2018.02.261

1083  Vavra, J., Lapka, M., & Cudlinova, E. (2014). Current challenges of Central Europe: Society and
1084 environment. Chapter: Challenges of urban agriculture: highlights on the Czech and Slovak
1085 Republic specifics. Filozoficka fakulta Univerzity Karlovy.

1086


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

60°N -

55°N 1

50°N 1

45°N 1

15°E

GAR index

60
56
52

48

60°N -

55°N A

50°N A

45°N

15°E

60°N -

55°N -
RES index
70
65
60
99 50°N
50
45°N -

eookm NN TS

15°E

20°E

25°E

30°E

PES index
85

80
75
70
65


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

average time longitudes 0609
gardening
gardening 6-565
perception '
longitudes - 0.609
: latitudes 0.410 . - on
gardening b-444
experience '
latitudes - 0.410
highest
education - 0.401
level
PPS 0.336 R
gender l 0.115
Feature value
1.00
having children I 0.055 0.75
0.50
0.0 0.5 1.0 1.5 2.0 0.25
-6 -3 0
mean(|SHAP valuel|) SHAP value 0.00
country 2.145
average time
spent with 1.940 oo
gardening
age 1.033
bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer revi&v;%j;s ;Cgiglﬁgoaﬁlég?g% \(/:vhé)leﬁlsc g_]’r\lagtz% ?L(:Sr)ﬂ;ti) :i(;elzrl:csg nt(s)e(?isplay the preprint in perpetuity. It is

gardening

having children no yes

highest
education level

: 0.969 - oo
perception
garde.ning 0.441 o R . .
experience
highest
education 0.401 co oo
level
gender 0.115
having children 0.055 o om - @ o
-10 -5 0 5
SHAP value
country ® ® = 0 HR HU LV ® - ® ro si @ sk
average time spent
with gardening . 1 . 2 3 4 . >
gardening experience . 1 year . 2-5 years <1 . >10 . >5, <10
gardening perception . pastime . duty hobby . exercise . work
gender . female male . other
age ® 5 ® 53 36-45 46-55 @ 55 over65 @) under1s

element middle . postgraduate . postsecondary


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

gardening longitudes 0394
average time
gardening
longitudes - 0.394
gardening latitudes 0169 - cOPm @wom oo v -
experience . 8903
latitudes I 0.169
gender I 0.107
PPS I 0.088
highest
education I 0.084 PPS 0088 -® - o @
level Feature value
having ‘ 0.018 1.00
children ' 0.75
0.50
0 1 2 3 4 0.25
mean(|SHAP value|) 0.00
-4 -2 0 2
SHAP value
country 3.802
gardening —_—
perception

average time
Spent W|th 1.845 o oo @ @ @ e
gardening

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

having children no yes

highest
education level

age 1.137
garde.nlng 0506
experience
gender 0.107
highest
education 0.084 -
level
ha_Ving 0.018
children
-10 -5 o) 5
____________________________________________________________________________________________________ SHAP value e
country ® ® = 0 HR HU LV ® - ® ro si @ sk
average time spent
with gardening . 1 . 2 3 . 4 . >
gardening experience . 1 year . 2-5 years <1 . >10 . >5, <10
gardening perception . pastime . duty hobby . exercise . work
gender . female male . other
age ® 5 ® 53 36-45 46-55 @ 55 over65 @) under1s

element middle . postgraduate . postsecondary


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

a b

country 3.197

average time
spent with
gardening

latitudes 0484

1.559

gardening

. 0.948
experience

gardening

perception 0.592

latitudes 0.484

longitudes 0127

gender 0.160

o
-
D
o

age

having

children 0.132

o
=
N
~

longitudes

highest
education

PPS 0019 -

0.125
level Feature value
1.00

PPS 0.019 0.75
0.50

mean(|SHAP value|) ! I ! 1 0.00
SHAP value

O_

C

country 3.197

average time
spent with 1.550
gardening

gardening
experience

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.12.603327; this version posted July 16, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

0.948

having children no yes

highest
education level

gardenipg 0.5 o oo
perception
gender 0.160
age 0.144 <)
having 01 -
children
highest
education 0125 - - =
level
-10 -5 0 5
SHAP value
country ® ® = 0 HR HU LV ® - ® ro si @ sk
average time spent
with gardening . 1 . 2 3 4 . >
gardening experience . 1 year . 2-5 years <1 . >10 . >5, <10
gardening perception . pastime . duty hobby . exercise . work
gender . female male . other
age ® 5 ® 53 36-45 46-55 @ 55 over65 @) under1s

element middle . postgraduate . postsecondary


https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

60°N - e h 60°N-
55°N + 55°N -
50°Nq{

50°Nq °

45°N - 45°N -

15°E 20°E 25°F 30°E 15°E 20°E 25°F 30°E

SN - d 6oN-

bioRxiv preprint goi: https://doi.org/10.1101/2024.07.12.603327; this version{posted Ju

55°N -

50°Nq 50°N -

45°N - 45°N -

15°E 20°E 25°F 30°E 15°E 20°E 25°F 30°E

Predominantly urban Intermediate Predominantly rural



https://doi.org/10.1101/2024.07.12.603327
http://creativecommons.org/licenses/by-nc-nd/4.0/

