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environmental changes such as intensive agriculture, cli-
mate change, and habitat loss (Potts et al. 2010; Vanber-
gen et al. 2013; IPBES 2016). Land use is one of the key 
factors in pollinator decline by the deprivation of diverse 
and natural habitats (Elmqvist et al. 2013; United Nations 
2015; Potts et al. 2016), resulting in the loss of rare spe-
cies and decreased diversity (Bates et al. 2011; Harrison et 
al. 2019). Urbanisation has a significant role in such land 
use change and habitat loss (United Nations 2015), driving 
biodiversity loss even more than agriculture in some parts 
of the world (Geslin et al. 2013; Rosin et al. 2021). In con-
trast, green spaces in urban areas can serve biodiversity by 
providing foraging and nesting habitats as well as refuges 
for many species, including pollinators (Pereira-Peixoto 
et al. 2014; Guenat et al. 2019; Baldock 2020; Ayers and 
Rehan 2021). Therefore, improving habitat conditions in 
urban areas could increase biodiversity and contribute to 

Introduction

Human well-being needs well-functioning ecosystems 
(Bratman et al. 2019). Although pollinators provide essen-
tial ecosystem functions e.g. via the reproduction of numer-
ous crops and wild plants (IPBES 2016), their function 
(i.e. pollination) is threatened by global anthropogenic 
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Abstract
Urbanisation has a strong role in pollinator decline, while properly managed green spaces could promote pollinators – 
especially bees and butterflies – by providing foraging and nesting habitats in cities. In public spaces, several opportunities 
exist to help pollinators including rare mowing, flower strip sowing, and bee hotel establishment. However, pollinator-
promoting interventions are almost lacking and still understudied in Eastern Europe. We aimed to investigate the impact of 
rare mowing and annual flower-sowing interventions on pollinators, floral resources, and vegetation attributes in three case 
studies within Hungary. We compared treatment (extensively mown or sown) and control (intensively mown) site pairs 
during five sampling occasions within a season. We found positive, but due to the severe drought and management inac-
curacies relatively minor effect of both interventions. The extensively mown sites presented higher and greener vegetation 
with more flowers and pollinators. The sown flower patches provided floral resources and supported the pollinators in the 
second half of the season, while they were scarcely visited in spring and early summer due to the annual soil scarification 
and re-sowing. Although the two types of interventions could complement each other during the season, there is room for 
further improvements. To reach resilient urban ecosystems against climate and environmental changes, we recommend 
using primarily native and mostly perennial seeds, combining intervention types, planning for the long-term, and avoiding 
management inaccuracies (e.g. unplanned mowing). Promoting and monitoring plant-pollinators systems may increase the 
diversity and human well-being in cities, while citizens’ involvement can facilitate these interventions.

Keywords  Management inaccuracies · Mowing regime · Plant-pollinator systems · Pollinator conservation · Sown 
wildflower strip · Urban green spaces
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pollinator conservation (Aguilera et al. 2019; Persson et al. 
2020; Steidle et al. 2022).

Several local- and landscape-scale solutions exist in 
urban settlements to promote pollinators (Baldock 2020). 
The proportion of green vegetation is one of the key fac-
tors influencing pollinators in an urban landscape (Zanette 
et al. 2005; Ahrne et al. 2009), thus improving the design 
and implementation of green infrastructure networks can be 
remunerative in cities (Nilon et al. 2017; European Com-
mission 2023). Various positive effects can be achieved on 
pollinators by increasing the amount, size, and quality of 
urban green spaces (Nilon et al. 2017; Baldock et al. 2019; 
Daniels et al. 2020). Moreover, green-infrastructure devel-
opment projects go beyond nature conservation and benefit 
also humans through clean air as well as psychological and 
social impacts (Bratman et al. 2019; Barragan-Jason et al. 
2023). The public is becoming more and more aware of the 
relevance of biodiversity in urban areas (Nilon et al. 2017; 
Hall and Steiner 2019). However, increasing the amount 
and size of green space is usually extremely hard in densely 
populated, highly built-up urban environments (Jenks and 
Jones 2010).

Besides landscape-scale factors, the local management of 
urban vegetation is one of the main influential elements for 
pollinator communities (Öckinger et al. 2009; Aguilera et al. 
2019; Persson et al. 2020) through the availability of their 
floral and nesting resources (Lerman et al. 2018; Phillips et 
al. 2020). Short-term abandonment or reduction of mowing 
frequency could naturally provide a higher amount of floral 
resources compared to high-intensity regular cutting, which 
is the usual management of urban vegetation (Valtonen et al. 
2007; Wastian et al. 2016; Del Toro and Ribbons 2020). The 
achieved higher vegetation can buffer microclimatic condi-
tions, retain water, and create habitat for pollinator offspring 
(Noordijk et al. 2009; Lange-Kabitz et al. 2021; Winterg-
erst et al. 2021). Rare mowing may be more cost-effective 
than the conventional maintenance of urban green areas 
(i.e. frequently mowed, usually irrigated parks; Garbuzov 
et al. 2015; O’Sullivan et al. 2017; Mody et al. 2020). Flo-
ral availability for pollinators can be also boosted by sow-
ing herbaceous seed mixtures in public spaces (Blackmore 
and Goulson 2014; Hicks et al. 2016; Norton et al. 2019; 
Dietzel et al. 2023), which proved to be an efficient and 
popular approach in agricultural areas (Albrecht et al. 2020; 
Zamorano et al. 2020; Báldi et al. 2022). In addition, the 
habitat quality for pollinators in urban areas could also be 
improved with the diversification of the vegetation structure 
through planting shrubs and trees, as well as adding nest-
ing places by bare ground surfaces and bee hotels (Baldock 
2020), while noting that bee hotels can also host parasites 
and favour invasive species (Fortel et al. 2016).

In several cities in the USA and Western Europe, these 
interventions have been widely introduced, and initiatives 
(e.g. ‘No Mow May’, ‘All-Ireland Pollinator Plan’, ‘UK 
National Pollinator Strategy’) are helping cities by man-
agement guidelines, involving inhabitants in citizen sci-
ence projects, and revealing the effectiveness by monitoring 
programmes (DEFRA 2014; Domroese and Johnson 2017; 
Wilk et al. 2019; Del Toro and Ribbons 2020; Mody et al. 
2020; NBDC 2020). In contrast, in Eastern Europe (i.e. in 
most of the post-Soviet countries), the proportion of urban 
green spaces decreased until recently (Kabisch and Haase 
2013; Kronenberg 2015), although this trend seems to be 
slowly reversing (Pauleit et al. 2019; Gavrilidis et al. 2020). 
Pollinator-promoting projects and monitoring studies have 
been started only in the last few years with a great variation 
among these countries (Skórka et al. 2013; Dylewski et al. 
2019, 2020; Báthoryné et al. 2021), where biodiversity is 
generally higher than in Western Europe (Batáry et al. 2010; 
Kovács-Hostyánszki et al. 2016; Török et al. 2020). How-
ever, culturally negative attitudes can be observed towards 
such projects (Kronenberg 2015) compared to Western 
Europe (Hoyle et al. 2017; Southon et al. 2017). In the East-
ern European region, detailed knowledge of the effective-
ness of such pollinator promotion projects is still lacking. 
There are several studies about the effect of urbanisation 
on pollinators (e.g. Prague, Czech Republic; Konvicka and 
Kadlec 2011 and Poznan, Poland; Banaszak-Cibicka and 
Żmihorski 2020; Dylewski et al. 2020), but only a few took 
the impact of the local management of public green spaces 
into account (e.g. Poznan, Poland; Dylewski et al. 2019; 
Pardubice, Czech Republic; Horák et al. 2022, and Prague, 
Czech Republic; Rada et al. 2023).

In this study, we aimed to investigate the impact of pol-
linator-promoting interventions (rare mowing and flower 
sowing) on pollinators and wildflowers through three case 
studies from two Eastern European cities (Budapest and 
Veszprém in Hungary). We used an experimental approach, 
where we sampled pairs of urban green areas. One half of 
the site pairs were treatment sites (extensively mown or 
sown areas), while the other half of the pairs were control 
sites (conventionally managed areas with intensive mow-
ing). We were interested in the (i) differences between the 
treatment and control sites in vegetation height and cover, 
the abundance, morphogroup richness and diversity of flow-
ers and pollinators; (ii) temporal changes in the vegetation, 
pollinators, and flowers within a season; (iii) compositional 
differences in communities of pollinator guilds between the 
treatment and control sites during the season. Our aim was 
to identify the shortcomings and specificities of pollinator-
promoting interventions by example studies from an East-
ern European country (Hungary) and to make suggestions 
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for the enhancement of such urban pollinator-promoting 
projects and monitoring studies.

Materials and methods

Studied pollinator-promoting interventions in 
Hungary

We studied the first attempts at pollinator-promoting man-
agement methods in two Hungarian cities. Veszprém city 
(administrative county centre in the Veszprém Plateau; 
~266  m a.s.l.; 126.9 km2; 58,153 inhabitants, Wikipedia 
2023b; 10.3  °C annual average and 532  mm annual total 
precipitation based on 10-year (2012–2021); Vmeteo 2022) 
started the ‘Wildflower Veszprém’ project in 2017 with 
reduced mowing frequency (3 mowings/year instead of 
more than 3) in seven test areas (hereafter: rare mowing in 
Veszprém).

In Budapest (the capital city within Buda Hills and Pest 
Alluvial Plain; ~105 m a.s.l.; 525.1 km2; 1,706,851 inhabit-
ants, Wikipedia 2023a; 13.2 °C annual average and 538 mm 
annual total precipitation based on 10-year (2012–2021); 
KSH 2022), an extensive grassland management program 
started in 2021 within the ‘Wildflower Budapest’ project 
on twenty-two insect-friendly (in total ~ 28 ha) areas by the 
Horticultural Division of Budapest Public Utilities (Kovács 
et al. 2021). The mowing frequency in the mown grasslands 
was reduced to 1–2 mowing/year instead of more than two 
to enable wild herbaceous plants to develop flowers and 
seeds, and to disperse (hereafter: rare mowing in Budapest).

Independently from the Wildflower Budapest project, the 
12th District of Budapest started the ‘Bee-friendly District’ 
program in 2018 (Hegyvidéki Önkormányzat 2020). They 
have been creating an increasing number of annually sown 
bee pastures (hereafter: flower sowing in Budapest). In this 
study, we sampled six sites sown with a herbaceous seed 
mixture of 44 native and adventive plant species originat-
ing from a Hungarian distributor (Mix1; Sipos 2020, see 
Table S1), and another six sites sown with an ornamental 
seed mixture of 40 different flower varieties originated from 
a Dutch distributor (Mix2; flower your place 2023; without 
detailed species list, containing at least 10 North American 
annual species). The sown sites were scarified and re-sown 
in spring every year, and regularly watered and weeded dur-
ing the season.

Study sites

In 2022, we selected 5 site pairs of treatment (3 mow-
ings/year) and control (4–7 mowings/year; conventionally 
mown parks) for rare mowing in Veszprém, 10 site pairs 

of treatment (1–2 mowings) and control (3–4 mowings/
year; conventionally mown parks and road verges) for rare 
mowing in Budapest, and 12 site pairs of treatment (sown 
bee pastures) and control (conventionally mowed parks 
and road verges) for flower sowing in Budapest (Fig. 1; for 
coordinates see Supplement 2). During the site selection, 
we aimed to ensure that all sites were as similar as possi-
ble in size, exposure, vegetation type, and potential human 
impact while keeping paired sites close to each other. How-
ever, note that the appropriate controls for flower sowing in 
Budapest probably would be areas that were watered (and 
weeded) in the same way as the sown sites. However, such 
a comparison was not possible because most of the public 
road verges and parks are not watered in the same way as 
the sown sites.

Sampling

We sampled the whole season from spring to autumn with 
five sampling occasions (end of April, mid-May, mid-June, 
mid-July, and end of August) in 2022. The control-treatment 
pairs were sampled haphazardly after each other on the 
same day to have as similar weather and daytime conditions 
as possible, decreasing the influence of the daily rhythm of 
flowers and pollinators. We sampled the vegetation, floral 
resources, and pollinators in 5 circular 160 cm diameter (2 
m2) plots per site on each sampling occasion (using a simi-
lar, but further developed sampling method than the ‘Fit 
Count’ of UKCEH 2021). We placed the plots haphazardly 
paying attention to avoid shade within the sites. Within 
these circular plots, we measured the average vegetation 
height [cm] using a tape measure and estimated the green 
vegetation cover [%]. We recorded the number of flower 
units per morphogroups of all currently flowering, insect-
pollinated herbaceous species (Szigeti et al. 2016; UKCEH 
2021). Morphogroups refer to individuals (i.e. flowers and 
pollinators) that can be distinguished visually by phenotypic 
characteristics such as colour, size, body type, hairiness, 
patterns, etc. Furthermore, we recorded visually the num-
ber of pollinators at morphogroup levels during continuous 
5 min per plot without catching the animals and stopping the 
stopwatch while writing information. Pollinators were also 
grouped into major guilds such as honey bees, bumblebees, 
solitary bees, hoverflies, butterflies, and moths. We con-
ducted the samplings only in suitable weather conditions: 
rain-free hours; dry vegetation; temperature: 20–30  °C 
(except in April, when we sampled > 13 °C in full sunshine, 
and > 16  °C in partly cloudy weather); wind: <15  km/h 
(verified by an Extech 45,158 mini thermo-anemometer 
(Teledyne FLIR LLC; Wilsonville, Oregon, USA)), in day-
time (April: 9.30 AM – 4.30 PM; May: 9.00 AM – 5.00 PM; 
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Part of these management inaccuracies are related to the 
drought, e.g. watering might favour the more resistant weeds 
in the sown areas, while intensive mowing was not needed. 
Because without precipitation, the vegetation did not grow 
well, so frequent mowing was not necessary. In addition, 
the vegetation in the rarely mowed sites did not develop 
much better and might not produce much more flowers than 
the control sites. Off-schedule mowings occurred in the 
program of rare mowing in Veszprém and rare mowing in 
Budapest, while sometimes un-removed hay also occurred 
in the latter. In the case of sowing in Budapest, probably a 
too strong watering in the initial period and a lack of proper 
weeding caused worse conditions than expected in some 
sites compared to previous years (pers. obs. of the local 
authority maintaining the intervention). Due to the drought 
and management inaccuracies, the following treatment sites 

June and July: 8.30 AM – 6.00 PM; August: 9.00 AM – 5.00 
PM).

A year of challenges due to drought and imperfect 
management

The year 2022 was extreme in terms of weather conditions 
combined (and probably interrelated) with some inaccura-
cies in the site management of treatments. At the drought-
monitoring station (Pusztaszabolcs) between Budapest and 
Veszprém, the drought index was above 3 (extreme drought) 
on 24 days (Fiala et al. 2018; ODWMS 2023) between 1 
April and 1 September 2022. In contrast, there was not a 
single day in the previous 5 years when the drought index 
was above 3 (ODWMS 2023). Some management inaccura-
cies have occurred in both kinds of management methods. 

Fig. 1  The sampling sites within Hungary: rare mowing in Veszprém 
(A), rare mowing in Budapest (B) and flower sowing in Budapest (C). 
Numbers and letters represent site pairs. Black letters and numbers 
are the treatment sites, while grey letters and numbers are the control 

sites. The uncircled numbers represent the sites sown with Mix1, while 
the circled numbers are the sites sown with Mix2 in the C part of the 
Figure. Map data 2022 © OpenStreetMap
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differences than two between the AIC values of compared 
models, we averaged the models and reported coefficients.

Besides models, we evaluated the seasonal changes 
graphically. For this, all sampling occasions of each vari-
able were averaged for the treatments, controls, and all sites 
separately, for each case study, and presented on a figure by 
these descriptive statistics.

Furthermore, we analysed the effects of treatment on 
the community composition of main pollinator guilds. For 
this, we calculated the abundance of pollinator guilds per 
site and sampling occasion by pooling data from the plots. 
We used zero-adjusted Bray–Curtis dissimilarities, add-
ing a dummy guild with abundance = 1 to each site in each 
sampling occasion (Clarke et al. 2006; Borcard et al. 2018), 
because we did not record any pollinators on some sampling 
occasions and sites. We applied Permutational Multivariate 
Analysis of Variance (PERMANOVA; Borcard et al. 2018) 
to analyse the effect of treatment and season (i.e. sampling 
occasion) as explanatory variables, as well as their interac-
tions on the community composition separately for the three 
case studies. We included the sampled site pairs as ‘blocks’ 
(i.e. random factor) to handle the non-independencies in 
the sampling structure. To represent the potential differ-
ences within the guild composition between treatment and 
control sites, as well as along the season by 2-dimensional 
figures, we performed non-metric multidimensional scaling 
(NMDS; Borcard et al. 2018), using the same zero-adjusted 
Bray–Curtis dissimilarities as above. We presented the first 
two dimensions of NMDS, as well as the pollinator guilds, 
the treatment, and sampling occasions on our plots. In addi-
tion, we evaluated the association of pollinator guilds to the 
combined variables of the treatment and the sampling occa-
sion by indicator species analysis (Dufrêne and Legendre 
1997; Borcard et al. 2018) separately for each case study. 
The indicator species analysis originally could test how the 
given species within a community associates with given 
environmental factors; here we only changed the species 
by the recorded pollinator guilds. Indicator species analysis 
uses the IndVal index, defined by the mean abundance of 
the species within the targeted community compared to its 
mean abundance across the whole analysed community, and 
presenting the connection of a species to a community, site 
or even environmental variable (Borcard et al. 2018). Here, 
the indicator values of the pollinator guilds were tested via 
the Monte-Carlo simulation using 100,000 permutations. 
The accepted significance level was p < 0.05 (Borcard et al. 
2018).

The statistical analyses were carried out using the R 
statistical environment (v.4.2.1; RCoreTeam 2022), pack-
ages ‘glmmTMB’ v.1.1.5 for GLMMs (Brooks et al. 2017), 
spdep v.1.2-8 for Moran I tests (Bivand et al. 2015), MuMIn 
v.1.47.1 for model averaging (Barton 2023), vegan’ v.2.6-4 

of sowing in Budapest program have been withdrawn by the 
local authority from the pollinator-promoting project (i.e. 
vegetation has been cut and not watered) after mid-July: 4, 
6, 8, Y (Fig.  1). However, we continued the sampling on 
these sites despite the cessation of the original management 
thus they were sampled as many times as the other sites.

Statistical analyses

For analyses, we applied the original plot-level data. We 
tested differences between treatment and control sites in 
height and green cover of vegetation; total abundance, mor-
phogroup richness and Shannon diversity of floral resources 
and pollinators during the five sampling occasions. For this, 
we applied generalized linear mixed models (GLMMs) using 
Gaussian distribution on the ten-based logarithm of the veg-
etation height (adding one to all values before transforma-
tion due to zeros), Beta distribution on the vegetation green 
cover, zero-inflated Poisson distribution on abundances and 
morphogroup richness, and zero-inflated Gaussian distribu-
tion on Shannon diversities as the best-fitted distributions 
(Zuur et al. 2009). We added a small value (0.000001) to 
all zero and subtracted a small value (0.000001) from all 
values one of vegetation green cover to be able to analyse 
ratios because Beta distribution does not accept exact 0 and 
1 values. The response variables were vegetation height 
and green cover; total abundance, morphogroup richness 
and Shannon diversity of floral resources and pollinators. 
The explanatory variables were the sampling occasions (i.e. 
April, May, June, July, and August as factors), the treatment, 
and their interactions. We included the site code within the 
site pair code into the model as nested random factors to 
treat the potential spatial autocorrelation by the sampling 
structure (i.e. control-treatment pairs of sites were close in 
space and sampling time) and the pseudoreplication (i.e. five 
replications during one sampling occasion) within the site. 
We analysed separately the three case studies. We extracted 
the model estimates, standard errors and p-values for con-
trols and treatments for all the sampling occasions. Further-
more, we tested the spatial autocorrelations both on our raw 
data and also on the residuals of our models by Moran I tests 
(Li et al. 2007) to ascertain that the applied nested random 
factors are treated the potential autocorrelations (Table S2).

In addition to the previous model for the sowing in Buda-
pest case study, we run models including also the effect of 
the two types of seed mixture to test their influences. For 
this, we applied a model selection based on the AIC val-
ues by a comparison between the models including (1) the 
sampling occasions, treatment and their interaction (i.e. the 
original model presented previously), (2) adding mixture 
type as an additive explanatory variable, (3) adding mix-
ture type and treatment interaction. In the case of smaller 
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Rare mowing in Budapest

All significant variables were higher for the treatment sites 
during the season. The vegetation height was consistently 
higher in all sampling occasions, but the vegetation green 
cover was higher only in July in the treatment sites com-
pared to the controls (Fig. 2, Table S3). Some variables of 
the floral resources also showed significant differences in 
favour of the treatment sites (e.g. higher flower abundance 
in April and July; higher morphogroup richness in all sam-
pling occasions except August; and higher diversity in May 
and June; Fig.  2, Table S3). Pollinator abundance, mor-
phogroup richness, and diversity tended to be higher in the 
treatment sites in the beginning and middle of the season 
(April and June), while in May and July, only the pollina-
tor abundance and morphogroup richness were higher in the 
treatment sites, respectively (Fig. 2, Table S3). We did not 
find any significant difference between the treatment and 
control sites in August except the vegetation height (Fig. 2, 
Table S3).

Regarding the seasonal changes, the control and treat-
ment sites showed similar patterns for all variables through-
out the season, except the vegetation height, which was 
consistently low in the control sites, but was higher and 
constant from May to July in the treatment sites (Fig.  3). 
The vegetation green cover drastically decreased in the sec-
ond half of the season in all sites (Fig. 3). The flower and 
pollinator variables also followed this decreasing trend with 
a slight peak in June and also in April, respectively (Fig. 3). 
At the end of the season, both the control and the treatment 
sites had similar values for all variables (Fig. 3).

In the case of the community composition of pollina-
tor guilds, we did not find significant differences between 
treatment and control sites (p = 0.0510; R2 = 0.02), while 
the community composition changed during the season 
(p < 0.0001; R2 = 0.17) without significant interaction 
between treatment and season (p = 0.7140; R2 = 0.03; Fig. 
S1B). Indicator pollinator guild analysis revealed that hov-
erflies (in April), solitary bees (in April), and bumblebees 
(in June) were linked to treatment sites for rare mowing in 
Budapest (Fig. S2, Table S4).

Sowing in Budapest

In the first half of the season, in the control sites, the veg-
etation green cover and flower abundance were higher in 
April, and all the vegetation and floral resource variables 
were higher in May compared to the treatment sites (Fig. 2, 
Table S2). In June, the vegetation height, flower abundance, 
and pollinator abundance were higher in the treatment sites 
(Fig.  2, Table S2). In the second half of the season (July 
and August), all variables were significantly higher in the 

for PERMANOVA and NMDS (Oksanen et al. 2022), and 
‘labdsv’ v.2.0–1 for indicator species analysis (Dufrêne and 
Legendre 1997; Roberts 2022).

Results

We sampled 1,350 plots during net 113 h (net 21 h (rare 
mowing in Veszprém), 42 h (rare mowing in Budapest), and 
50 h (sowing in Budapest)), where we counted 36,889 floral 
units and observed 5,917 pollinators in total (per case stud-
ies: 5,052 flowers and 904 pollinators (rare mowing in Vesz-
prém); 12,134 flowers and 1,816 pollinators (rare mowing 
in Budapest); 19,703 flowers and 3,197 pollinators (sowing 
in Budapest)). Pollinators belonged to 7.6% honey bees, 
6.7% bumblebees, 64.0% solitary bees, 10.5% hoverflies, 
9.9% butterflies, and 1.3% moths.

Rare mowing in Veszprém

The vegetation height and green cover were significantly 
higher in treatment sites during the season (except in May 
and August) compared to the controls (Fig.  2, Table S3). 
All variables in June and all variables except flower abun-
dance and morphogroup richness in July showed significant 
differences in favour of the treatment sites, while just veg-
etation height and green cover, pollinator abundance and 
morphogroup richness in April. In contrast, one variable, the 
flower abundance was higher in the control sites in May and 
August (Fig. 2, Table S3).

For the seasonal changes, the vegetation height and 
green cover drastically decreased in the treatment sites for 
the second half of the season (Fig. 3). In the control sites, 
the vegetation green cover notably increased from July to 
August (Fig. 3). The flower and pollinator variables also fol-
lowed the decreasing trend with a peak in April and June 
(Fig. 3). At the end of the season, both the control and the 
treatment sites had similar values for all variables (Fig. 3).

In the case of the community composition of pollinator 
guilds, we did not find significant differences between treat-
ment and control sites (p = 0.0544; R2 = 0.04), while the com-
munity composition changed during the season (p = 0.0007; 
R2 = 0.21) without significant interaction between treatment 
and season (p = 0.7122; R2 = 0.05; Fig. S1A). The analysis 
of indicator pollinator guilds combining the sampling occa-
sion and site pair type showed that from the sixty potential 
links only the solitary bees (in April), honey bees (in June), 
and butterflies (in July) were linked to treatment sites for 
rare mowing in Veszprém (Fig. S2, Table S4).
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(Fig. 3). There was a peak in all the flower and pollinator 
variables in the control sites in April and June, while the 
treatment sites showed the flower and pollinator peak in the 
second half of the season (except August; Fig. 3).

The models including the seed mixture type as an 
explanatory variable were the best for more than half of the 
response variables (except vegetation green cover, pollina-
tor morphogroup richness and diversity; see Table S5), but 
note that there were very small differences between the AIC 
values in all cases, so these results should be treated with 
caution (Table S6).

treatment sites, except the vegetation green cover and the 
flower abundance in August (Figs. 2 and 3, Table S2).

For the seasonal changes, the vegetation height slightly 
decreased, while the green cover drastically decreased in the 
control sites for the second half of the season (Fig. 3). In 
the treatment sites, the vegetation height and green cover 
increased from May to July, which was suppressed by the 
withdrawal of some sites from the pollinator-promotion until 
our sampling in August (Fig. 3). The floral resource and pol-
linator variables followed the same trend as the vegetation 
variables in the control and the treatment sites, respectively 

Fig. 2  Differences in vegetation height and green cover, abundance, 
morphogroup richness and diversity of flowers and pollinators, respec-
tively, between the treatment and control site pairs for the three case 
studies. For the compact and comparable presentation, we calculated 
scaled differences between treatment and control site pairs by the 
pooled sampling plots per site. All values of variables were scaled to 
0–1 at all sampling occasions, separately for each occasion of the three 
case studies, and the scaled value of the control site was subtracted 
from the scaled value of the treatment site pair. Scaled differences show 

higher values in the control sites between − 1 and 0, and higher values 
in the treatment sites between 0 and 1. Boxplots show the median, 25th 
and 75th percentiles; the whiskers indicate the values within 1.5 times 
the interquartile range. Significant (p < 0.05) differences according to 
GLMMs are indicated by stars on the corresponding side of the boxes. 
Numbers and letters represent site pairs (Fig. 1). The darker grey num-
bers represent the sites sown with Mix1, while the grey numbers are 
the sites sown with Mix2 in the case of sowing in Budapest
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Fig. 3  The seasonal changes in the 
vegetation height and green cover, 
flower and pollinator abundance 
and morphogroup richness for 
the three case studies. The grey 
connected dots indicate the aver-
age of the control sites, while the 
black connected dots indicate 
the average of treatment sites. 
Dashed lines presented each site 
separately (grey: controls, black: 
treatments)
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pollinator guild analyses are suggesting a homogenized 
urban pollinator community within the cities (Deguines et 
al. 2016). However, any change in community composi-
tion can only be expected in the long term in such a highly 
artificial urban environment, the community composition 
changes will probably start in treatment sites close to semi-
natural areas near the outskirts of the cities (Piano et al. 
2019).

Temporal changes within a season

The revealed temporal changes in floral resources and pol-
linators within the season are probably explained by the sea-
sonality in plant-pollinator systems (Roulston and Goodell 
2011; Thomas and Schultz 2016; Szigeti et al. 2018), the flo-
ral resource availability in the landscape (Timberlake et al. 
2019), the climate of the year (Colom et al. 2021; ODWMS 
2023), and the temporal aspects of the different manage-
ments (Wastian et al. 2016; Norton et al. 2019). Although 
the sown sites provided floral resources only in the second 
half of the season, Mix1 started to flower earlier (in June), 
than Mix2, causing seasonal differences in floral resources 
and pollinator communities also among the sown sites. The 
indicator analyses on pollinator guilds also suggested a sea-
sonality due to the differences in which intervention type 
(i.e. rare mowing or sowing) attracts which pollinator guilds 
and at which part of the season.

The studied two types of pollinator-promoting manage-
ment methods may also complement each other side by side 
in cities due to the provided flower resources in the first half 
of the season by reduced mowing and in the second half of 
the season by annual flower sowings (Blackmore and Goul-
son 2014; Del Toro and Ribbons 2020). However, a mosaic 
mowing system alone would be a suitable solution to pro-
vide continuous food resources during the whole season 
while establishing more resilient vegetation even in drought 
conditions (Valtonen et al. 2006; O’Sullivan et al. 2017) 
as well as help to avoid the degradation of non-frequently 
mown urban green areas (O’Sullivan et al. 2017; Unterwe-
ger et al. 2018; Wintergerst et al. 2021).

Experiences from a year of drought and imperfect 
management

The year 2022 was extreme in terms of weather conditions 
because of the extreme drought in Hungary (ODWMS 
2023; see the details in Materials and methods), providing 
an insight into a climatic event which is expected to be more 
frequent due to climate change (Descamps et al. 2021). The 
severe drought may have influenced negatively both the 
treatment and control sites, decreasing the diversity of wild-
flowers and pollinators in the urban landscape (Hamblin et 

In the case of the community composition of pollinator 
guilds, we did not find significant differences between the 
treatment and control sites (p = 0.0907; R2 = 0.01), while 
the community composition changed during the season 
(p < 0.0001; R2 = 0.13) with significant interaction between 
treatment and season (p = 0.0359; R2 = 0.05; Fig. S1C). 
Indicator pollinator guild analysis revealed that hoverflies 
(in June), bumblebees (in July), butterflies (in July), and 
solitary bees (in July) were linked to treatment sites in the 
case of sowing in Budapest (Fig. S2, Table S4).

Discussion

Knowledge about the influence of local habitat manage-
ment on urban biodiversity is crucial for the contribution 
to pollinator conservation in cities. Reduced mowing and 
sown flower patches have proven to be adequate pollinator-
promoting interventions in the USA and Western Europe 
(Wastian et al. 2016; Norton et al. 2019). However, little 
is known so far about the effectiveness of any conservation 
practices in Eastern European urban areas (Csákvári et al. 
2021). In this study, we evaluated the effects of interventions 
on pollinators during a whole season by five sampling occa-
sions, providing novel insights into the fine-scale temporal 
dynamics of pollinator-promoting interventions, compared 
to previous studies mostly presenting only yearly pooled or 
summer-period results (Banaszak-Cibicka and Żmihorski 
2020; Dylewski et al. 2020; Fournier et al. 2020).

Effects of pollinator-promoting interventions

Studying three different pollinator-promoting interventions 
in two Hungarian cities, we found that the less frequently 
mown public spaces had higher and greener vegetation with 
more flowers and pollinators than the frequently mown 
areas, in parallel with earlier studies (Garbuzov et al. 2015; 
Dylewski et al. 2019; Del Toro and Ribbons 2020; Horák 
et al. 2022). However, the found positive effect varies even 
within a season, e.g. the differences mostly disappeared by 
August. The sown flower patches provided food for many 
pollinators in the second half of the season, when food 
resources are insufficient in urban landscapes, such as dry or 
mown traditional parks and public spaces (Blackmore and 
Goulson 2014; Hicks et al. 2016; Norton et al. 2019; Mody 
et al. 2020; Dietzel et al. 2023). Compared to the rarely 
mown sites, here, the weed seedlings were eliminated annu-
ally in April with soil scarification and re-sowing in May. 
Hence these seedbeds with bare soil did not provide food, 
thus until the sown species bloomed, the conventionally 
managed sites were more beneficial for pollinators. Almost 
neutral results of our community composition and indicator 
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environmental education programmes (e.g. citizens pre-
pare bee hotels), installing bee hotels and birdhouses, con-
tinuously increasing the number of rarely mowed sites, 
and introducing community composting places (Hegyvi-
déki  Önkormányzat 2020; Báthoryné et al. 2021; Takács 
2021). These multiple interventions can support pollinators 
at several levels (Baldock 2020), but some aspects prob-
ably need re-considerations. For example, invasive species 
(e.g. Erigeron annuus (L.) Pers., Solidago sp.) potentially 
could spread in the rarely mown sites, which problem must 
be taken into account during designing the mowing sched-
ule by avoiding the invaded areas’ inclusion in pollinator-
promoting projects until appropriate eradications (Jang 
et al. 2020). We also suggest careful consideration of the 
type of seed mixture used for sowing (Hicks et al. 2016). 
In our study, Mix 2 contained a higher proportion of Aste-
rales species, blooming in late summer, limiting the pol-
linator species that could forage on these plots (Ballantyne 
et al. 2017). In contrast, Mix 1, the mainly native mixture 
of annual and perennial species with different floral mor-
phologies provided a longer flowering period from June and 
probably offered less food while for more pollinator spe-
cies by their diverse floral traits (Salisbury et al. 2015). Seed 
mixes containing non-native plants pose a potential risk to 
urban green spaces, as well as semi-natural and protected 
areas in the neighbourhood (Tinsley et al. 2006; Kandori et 
al. 2009; Süle et al. 2023). It would be crucial to use only 
native seed mixtures (Wilk et al. 2019), which even lack 
standard regulation in Hungary, the EU or worldwide (Tin-
sley et al. 2006; Mainz and Wieden 2019). However, we 
can find nice examples from Germany regarding native seed 
mixture legalisation (Mainz and Wieden 2019), but its utili-
sation is not mandatory leading to the use of easily acces-
sible non-native mixtures. The native seed mixture should 
contain a higher proportion of perennial species, facilitating 
the long-term establishment of sown areas without annual 
soil disturbance, which could also reduce the costs (Nor-
ton et al. 2019) and increase the benefits for ground-nesting 
bees, overwintering pollinators, and herbivore larvae using 
the sown species as hostplants (Unterweger et al. 2018; 
Lange-Kabitz et al. 2021). To improve the quality of floral 
resources for years with minimal soil disturbance, the best 
option would be to combine the two types of interventions 
such as overseeding the green areas with native seed mix-
ture and maintaining them with a mosaic mowing system 
(Ferreira et al. 2011; Neumüller et al. 2021). Also, note that 
the timing, ratio, and location of the mown area should be 
determined site-specifically according to the local environ-
mental and societal conditions.

Despite the imperfect management and drought, these 
pollinator-promoting practices still had a significant posi-
tive effect on the pollinators. Furthermore, we sampled only 

al. 2018; Phillips et al. 2018), but also decreasing the poten-
tial differences between treatment and control sites. In the 
case of both rare mowing projects, the original mowing 
schedule was changed as the treatment sites were collec-
tively mown at the end of summer, due to drought-induced 
desiccation and fire risk (Winkler et al. 2021). As well, 
the control sites needed less mowing within the year and 
treatments did not grow well due to the heavy drought thus 
the (management and vegetation of the) controls became 
slightly similar to the treatments. In contrast, the sown sites 
were regularly watered during the season. Probably the 
combined effect of sowing and watering plays an important 
role in promoting urban wildflowers and pollinators with or 
without severe drought (Rojas-Botero et al. 2023). Together, 
the positive effect of the pollinator-promoting interventions 
in the sampled year probably decreased and the intervention 
has not achieved its higher aim in some sites (Wastian et 
al. 2016). In addition, the off-scheduled mowing and non-
removed hay could have resulted in inhibited re-flowering, 
organic matter accumulation and desiccation causing poten-
tial long-term degradation (e.g. setting back the vegetation 
for several months; Noordijk et al. 2009; Manninen et al. 
2010). In the case of sowing, too strong watering in the ini-
tial period and/or later the extreme drought probably dam-
aged seeds and sprouts of sown species, however, may have 
favoured the more resistant weeds. In addition, weeding 
seemed improperly carried out during the whole season, 
resulting in heavy weed infestation (pers. obs. and comm. 
with local authority). Both management inaccuracies could 
have contributed to the insufficient emergence/growth of 
sown species (Hitchmough et al. 2004).

Compared to some Western European examples (Noordijk 
et al. 2009; Hicks et al. 2016; Norton et al. 2019; Lange-
Kabitz et al. 2021), in the post-Soviet, Eastern Europe coun-
tries, the urban pollinator-promoting interventions are still 
in their early stages. The lack of monitoring and the poten-
tial inaccuracies in the management of pollinator-promoting 
interventions are concerning issues (Noordijk et al. 2009; 
Hicks et al. 2016; Norton et al. 2019; Lange-Kabitz et al. 
2021) and decreasing the potential efficiency of these inter-
ventions (Wilk et al. 2019). Therefore, promoting and moni-
toring such urban projects along with the involvement of 
the citizens could be appropriate for contributing to pollina-
tor conservation also in Eastern European cities (European 
Commission 2023). However, future implementations can 
benefit from a couple of recommendations from our study.

Recommendations on pollinator promotion and 
monitoring within cities

In the two sampled cities, the local authorities used a 
broader set of biodiversity-supporting initiatives, such as 
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sampling method could be suitable for use in a citizen-sci-
ence project that could be developed into a mobile sampling 
application offering personalised ecological experience for 
citizens (sensu Soga and Gaston 2022). Meanwhile, there 
is considerable demand by stakeholders and local authori-
ties for detailed recommendations (Wilk et al. 2019; NBDC 
2020), as we provided above. However, broader datasets 
are needed to strengthen the general, as well as region-
specific measures by evidence. During the maintenance of 
urban pollinator-promoting interventions, it is essential to 
pay attention to education and present up-to-date, transpar-
ent, interactive information for citizens about management 
while also gathering their opinions and feedback (Hall and 
Martins 2020). Interventions should be designed in a resil-
ient way, e.g. using native, drought-resistant plant species 
and mosaic mowing regime, to be prepared for increasingly 
frequent extreme weather events such as droughts, due to 
climate change (Jentsch et al. 2007).
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two cities (one small and one large capital), they and other 
cities may differ from each other in several socio-ecological 
attributes, which should be considered. Hence, we need fur-
ther studies from more and more cities to explore in detail, 
whether the pollinator-promoting management methods 
would be also effective and beneficial on a wider spatio-tem-
poral scale (Keilsohn et al. 2018), for example, how much 
the effectiveness of interventions depends on the correspon-
dence with landscape-scale factors such as the proportion 
of green infrastructures (Dylewski et al. 2020; Prendergast 
et al. 2022). Nevertheless, to make sure that these interven-
tions are successful contributions to pollinator conservation, 
i.e. no sink habitats were created (Gardiner et al. 2018), 
long-term monitoring is needed on vegetation attributes, 
floral resources, pollinators, nesting sites and even on co-
benefits of these projects such as microclimatic conditions, 
soil regeneration, and aesthetic values (Norton et al. 2019). 
As well, to reveal the details in pollinator communities, i.e. 
which pollinator species prefer or avoid the treatment sites, 
there is a need for low-impact urban trapping and captur-
ing approaches. However, non-lethal recording at pollinator 
guild-level can be investigated by our sampling method.

Besides ecological impact, the societal impression of 
pollinator-promoting intervention should also be taken into 
account (Southon et al. 2017). Although the reduced mow-
ing benefits pollinators, it may lead to some undesirable 
negative consequences such as the increase of garbage in tall 
grass because litter probably will be disposed more likely by 
citizens here, while noticed less by city workers, degrading 
these sites in long-term (Turo and Gardiner 2019). Unfortu-
nately, negative attitudes from citizens in addition to some 
political repercussions toward the rare mowing intervention 
could be encountered in Hungary (Balázsi 2021). Part of the 
citizens could be averse to higher vegetation due to untidy 
appearance, a presumed infestation of ticks, spikelets of 
Hordeum murinum L. (causing inflammation in dogs), and 
alien species triggering allergies (e.g. Ambrosia artemisiifo-
lia L.), besides fearing of stings of wasp and bees. All of 
these factors in local circumstances should be revealed and 
studied for new types of green space interventions.

Conclusions

Pollinator-promoting interventions, that have been applied 
previously in Western cities require specified modifications 
according to the local conditions of other regions, due to the 
contrasting socioeconomic and ecological contexts (Batáry 
et al. 2010; Kronenberg 2015; Southon et al. 2017). Moni-
toring programmes should be established, improved, and 
their funding has to be secured in the long term, especially 
in less-developed more biodiverse locations. Our simple 
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