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Citizen science initiatives
Increase pollinator activity in
private gardens and green
spaces

Anna S. Persson*, Veronica Hederstrom, Iris Ljungkvist,
Lovisa Nilsson and Liam Kendall

Centre for Environment and Climate Science (CEC) Ecology Building, Lund, Sweden

Wild insect pollinators are essential to cultivated and natural ecosystems
globally. Today, many pollinator species are declining. One reason is a general
lack of flowering habitats at landscape scales. However, urban areas, including
private gardens, may provide flowers, and constitute beneficial habitats for
pollinators. Here, we evaluate the ecological outcomes of a citizen science
campaign run by the Swedish Society for Nature Conservation (SSNC) (called
"Operation: Save the bees"), encouraging citizens to incorporate interventions
beneficial to wild pollinators (garden meadows, flower plantings, and bee
hotels) in their gardens. Data on insect observations and flowering plants
were collected through online questionnaires at the end of the growing
season. In total, we received 3,758 responses for the three interventions.
We found that participants were more likely to observe many pollinators
(as opposed to few or none) in more species rich garden meadows, and
in larger and older plantings. The surrounding environment also affected
pollinator abundance: fewer pollinators were observed in plantings in dense
urban areas. Direct counts of pollinators during 10-min surveys correlated
strongly to the simplistic abundance assessment (none, few, or many insects
seen over the summer season). Bee hotel occupancy was positively related to
local flower availability and bee hotel age. Smaller nest holes (<10 mm) were
more occupied than larger holes (11-15mm) and hotels in rural gardens and
natural/semi-natural sites were more occupied than those in urban gardens.
This study demonstrates that flower-rich private gardens provide integral
habitat for wild pollinators and that citizen science programs can provide a
tool for implementing and evaluating conservation practices. However, longer
lasting commitment resulting in older interventions are preferable and should
be encouraged in future campaigns.

pollinator conservation, urban green space (UGS), bee hotel, garden meadow, flower
plantings
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1. Introduction

Wild insect pollinators are essential to both natural and
managed ecosystems. Globally, around 90% of flowering plants
(Ollerton et al., 2011) and 75% of crop species (Klein et al,
2007) are, to some degree, dependent on pollinators for seed or
fruit set. Bees are the most well-documented insect pollinators
but also, e.g., flies, beetles, moths, butterflies, wasps, and ants
can act as pollinators (Rader et al., 2016). However, many wild
pollinator species are declining (Biesmeijer et al., 2006; Zattara
and Aizen, 2021), e.g., due to anthropogenic land use change,
which has reduced the area of suitable habitat for foraging
and nesting, mainly flower rich grasslands such as traditional
meadows and pastures (Goulson et al., 2015; IPBES, 2016).
One way to increase the availability of flower-rich habitats is to
integrate them and promote their uptake into private gardens
and green spaces. Gardens and backyards cover as much as 30%
of urban areas (Goddard et al., 2010) and have the potential to
act as a pollinator refuges, both in urban (Baldock, 2020) and
rural (Samnegard et al., 2011) areas. Importantly however, this
potential is moderated by pollinator ecological and life history
traits. For example, hoverflies are more sensitive to urbanization
than bees (Verboven et al., 2014; Persson et al., 2020), most likely
because their larval stage is often connected to specific habitats
largely lacking in urban areas, e.g., shaded wooded habitats with
dead organic matter (Bartsch, 2009). For bees, above-ground
(cavity) nesting, social, and generalist species tend to benefit
from moderate urbanization (Fortel et al., 2014; Wenzel et al,,
2019; Fauviau et al., 2022), and especially in comparison to land
use dominated by agriculture (Wenzel et al., 2019). For bee body
size, the results are so far inconclusive, and both large and small
species have been shown to benefit from different aspects of
urbanization (Wenzel et al., 2019; Gathof et al., 2022). Hence,
the effects of increasing the cover of flower-rich habitats in urban
gardens are expected to vary between taxa and trait groups.

It is well-established that more local flower resources will
attract pollinators and potentially benefit populations, both in
urban (e.g., Quistberg et al., 2016; Baldock et al., 2019) and rural
agricultural (e.g., Jonsson et al., 2015) settings. So called “urban
meadows,” can be created either by reducing the intensity of
mowing, or by sowing or planting seedlings of native herbaceous
plants. They have been shown to benefit invertebrates in general
(Garbuzovetal., 2015; Norton et al., 2019) and insect pollinators
in particular (Blackmore and Goulson, 2014; Fischer et al,
2016), and to increase local insect pollinator diversity (Griffiths-
Lee et al., 2022). Promoting meadow-like vegetation in private
gardens and green spaces may thus benefit pollinators across
urban residential areas. Traditional flowerbeds dominated by
ornamental and non-native plants will mainly benefit generalist
pollinator species (Hanley et al, 2014; Wenzel et al, 2019).
As generalists are particularly common in urban areas, such
resources can be expected to benefit a large proportion of urban
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pollinator communities (Wenzel et al, 2019). For example,
small-scale additions of an exotic ornamental plant species
in urban sites resulted in increased abundance and species
density of small sized Halictid bees, with species density further
increasing the following year (Simao et al., 2018). The rationale
behind promoting bee hotels (often made from cut bamboo
sticks or drilled holes in blocks of wood) is to benefit solitary
cavity nesting bee populations through increased availability of
nest sites. There is evidence from rural settings that man-made
nests can led to increased populations (Steffan-Dewenter and
Schiele, 2008), although the actual benefits of bee hotels are
contested (Maclvor and Packer, 2015).

Given that urban areas are human-dominated landscapes,
citizen science initiatives provide an outlet for engaging the
public in pollinator conservation efforts, as well as to assess
the effects of such efforts on pollinator communities. Residents
invest both their time and money in gardens, allotments,
and other private green spaces in order to provide, e.g.,
space for recreation (Barnes et al, 2020), and gardening of
pollinator dependent crops (Lin and Egerer, 2017). There is thus
great potential to introduce biodiversity friendly interventions
and management of gardens (Goddard et al, 2013). To
engage residents in local biodiversity conservation may also
be important in the transition toward a more sustainable
society, e.g., through the so called Pigeon paradox, hypothesizing
that encounters with biodiversity where people live and work
may lead to an increased understanding and engagement in
biodiversity conservation (Dunn et al., 2006). Previous research
has shown that people’s perceived behavioral control (feeling
able to help pollinators) is an important predictor of pro-
pollinator actions (Knapp et al., 2021). Hence, it is important to
evaluate to what degree people draw conclusions about the level
of success of interventions based on the ecological outcomes, in
this case pollinator activity and abundance.

Citizen science is a way for researchers to collect amounts of
data that would not otherwise be possible by including society
and individual voluntary citizens in the process (Bonney et al.,
2009). Research is thus facilitated while the public is engaged
and made aware of important issues. Internationally, there are
several examples of successful citizen science projects focusing
on pollinators [e.g., Bumble Bee Watch (North America), the
Bumblebee Conservation trusts “Bee walk” (UK), and Spipoll
(France)]. Such projects have the potential to generate data and
knowledge relevant to pollinator conservation (e.g., Deguines
et al., 2012; Bates et al., 2015; Griffiths-Lee et al., 2022).

The campaign “Operation: Ridda bina” (“Operation: Save
the bees” in English), was run by The Swedish Society for Nature
Conservation (SSNC) during 2018-2021. The aim was to benefit
wild pollinators and especially bees by encouraging the public to
increase the flower density in private gardens and green spaces,
either through establishment of meadows or plantings, and to
put up bee hotels (SSNC., 2022). Here, we aim to evaluate the
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citizen science project carried out in connection with the above-
mentioned campaign. To this end, we use data from 2020 on
three pollinator friendly interventions collected through online
questionnaires administered by the SSNC. In addition, in order
to verify the robustness of the simple pollinator assessment, we
use data on direct pollinator counts from a follow-up survey
done in 2021. We subsequently compare standardized counts
with the simple assessment method.

We evaluate whether the campaign has given the desired
result, that is, to what extent garden meadows, flower plantings,
and bee hotels have attracted wild pollinators, and how the
surrounding environment may have affected the outcome. The
following ecological questions are examined:

(i) How is the abundance of pollinators in flower interventions
(garden meadows and plantings) affected by the local
quality of interventions in terms of size, age, and flower
species richness?

(ii) How is the occupancy of bee hotels related to size of nesting

cavities, bee hotel age, and surrounding flower availability?

(iii) How is the presence of pollinators in interventions

moderated by the surrounding environment?

(iv) (How) does the abundance of pollinators observed affect

how successful participants judge their flower intervention

to be?

We expected that more pollinators would be observed in
interventions that were larger, older and more flower-rich, and
that bee hotels in moderately urbanized areas would be more
occupied than in either highly urbanized or rural areas. We
further expected that observing more insects would lead to a
higher score for intervention success.

2. Materials and methods

2.1. Data collection

Data on the three interventions were collected in 2020
within the citizen-science SSNC campaign “Operation: Save
the bees” using an online questionnaire prepared by the lead
author (AP) in collaboration with officers at the SSNC. The
campaign started in 2018 when volunteers in Sweden could
register pollinator-friendly interventions that they had carried
out in their gardens and other green spaces. The campaign
encouraged three different interventions: (i) flowering “garden
meadows,” (ii) bee-friendly flower plantings, and (iii) bee
hotels. Those who registered that they had undertaken an
intervention received an email with a link to questionnaires
with queries regarding their intervention(s) at the end
of the growing season in September 2020 (Table1 and
Supplementary material). Separate surveys were provided for
each type of intervention. Hence, if a participant registered more
than one type of intervention they received, and potentially
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answered, two or three separate surveys. The surveys were
sent to all who had registered interventions between 2018
and 2020. Note that respondents could register interventions
that had been established before the start of the campaign
in 2018.

In the questionnaires, the participants were asked about
flower-visiting insects in general, i.e., potential pollinators.
Hereafter, we refer to them as pollinators. Participants were not
asked to distinguish between different insect taxa. We used the
questions related to the abundance of pollinators observed, the
size, age, and floweriness or flowering plant species richness of
the intervention, and the type of surrounding habitat for further
analyses, Table 1. The assessment of abundance of insects in

«

flower interventions was answered as either: “no insects,” “a

» «

few,” “many,” or “I do not know,” Table 1. Note that participants
were not given any instruction on the definitions of “a few” and

many” insect pollinators.

2.2. Data curation

Responses to the number of insects seen stating “I do
not know” were removed from further analyses, as were
interventions accidently stated to have been established before
year 1900 or after September 2020, responses with an incorrect
number of digits for year of establishment, and responses stating
zero or >50 flowering plants species in flower interventions.
One bee hotel, listed with a 1 million nest holes (a straw roof)
was removed prior to analysis, resulting in a range of bee hotels
with 1-2,500 nest holes. We also excluded responses where the
number of occupied nest holes exceeded the total number of nest
holes listed for the bee hotel, or where the number of nest holes
per size category did not match the total number of nest holes
listed. Collectively, this resulted in 370 responses being removed
prior to analyses.

The number of insects seen in meadows and plantings was
transformed into a binomial variable for further analyses, where
0 =No, or few, insects seen, and 1 = Many insects seen. We used
year of establishment to infer age of intervention as a numerical
factor 1-5, where interventions established before 2016 were
merged into the oldest category (5) and years 2017-2020 were
kept as four separate categories (4, 3, 2, 1). For the number of
flowering plant species, responses of zero species were removed
and the remaining responses were categorized in to five-step
intervals: 1-5, 6-10, 11-15, 16-20, and >20 species. To assess
potential effects of surrounding environment, the three non-
garden categories (agricultural landscape, forestry landscape,
and nature, Table 1) were merged into category rural. Gardens of
urban single-family houses and allotment gardens were merged
into category urban garden. Balconies and yards of multi-family
houses were merged into category dense urban. Single-family
rural gardens were kept as a single category, hereafter called rural
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TABLE 1 The questions used to evaluate the success of interventions to benefit pollinators, with answer alternatives stated in parenthesis.

Garden meadow

Did you see insects in your meadow during
summer? (No; Yes a few; Yes many; I do not
know)

Flower planting

Did you see insects in your planting during
summer? (No; Yes a few; Yes many; I do not
know)

Bee hotel

How many nest holes did your bee hotel contain?
Answer per size category (diameter), 2-5, 6-10,
11-15 mm

How large area does your meadow cover (square
meters)?

How large area does your planting cover (square
meters)?

How many nest holes were occupied in your bee
hotel per size category (diameter), 2-5, 6-10,
11-15 mm?

Approximately how many flowering plant species
does your meadow contain?

Approximately how many flowering plant species
does your planting contain?

How much flowers did the close surrounding,
within 50 m, contain? (Likert scale 1-5, where 1 =
very few flowers of few species, 5 = many flowers
of several different species)

When was your meadow established?
(month/year)

When was your planting established?
(month/year)

When was your bee hotel established?
(month/year)

In which environment did you create the
meadow? (In an urban area, e.g., back yard to a
multifamily house; In the garden of a single-family
house in a city or town; In the garden of a
single-family house in a rural area; In an
allotment; In the farmland landscape; In a forest
production landscape; In nature)

In which environment did you create the planting?
(In an urban area, e.g., back yard to a multifamily
house; In the garden of a single-family house in a
city or town; In the garden of a single-family
house in a rural area; In an allotment; In the
farmland landscape; In a forest production
landscape; In nature)

In which environment did you put up a bee hotel?
(In an urban area, e.g., back yard to a multifamily
house; In the garden of a single family-house in a
city or town; In the garden of a single
family-house in a rural area; In an allotment; In
the farmland landscape; In a forest production
landscape; In nature)

How successful was your meadow? (Likert scale
1-5)

How successful was your planting? (Likert scale
1-5)

In which municipality was your meadow placed?

In which municipality was your planting placed?

In which municipality was your bee hotel placed?

How engaged are you in issues regarding
biodiversity? (Likert scale 1-5)

How engaged are you in issues regarding
biodiversity? (Likert scale 1-5)

How engaged are you in issues regarding
biodiversity? (Likert scale 1-5)

Year of birth

Year of birth

Year of birth

Gender (female, male, other/do not want to state)

Sex (female, male, other/do not want to state)

Sex (female, male, other/do not want to state)

Complete questionnaires are provided in the Supplementary material.

garden. Thus, in total four environment categories were used for
further analyses.

For the evaluation of how successful the respondents
perceived their intervention to be (1-5, Likert scale), answers
were grouped into three categories: low success (1-2), medium
success (3), and highly successful (4-5).

To evaluate the accuracy of the simple assessment of
pollinator abundance (none, few, or many insects seen in
flower interventions), we used data from 2021 collected through
another online questionnaire. Similar to 2020, this questionnaire
was sent to all participants in the campaign 2018-2021, asking
them to assess the abundance of insects in their intervention(s).
In 2021, however, participants were also asked to complete a 10-
min survey of 50 m? of their garden, which included their flower
intervention, and to count all flower visiting insects into five
groups (bees and wasps, hoverflies, butterflies, beetles, and other
insects). The survey was to be performed sometime between
11.00 and 16.00 on a calm, sunny, and warm day (>16°C)
in July.

2.3. Statistical analyses

We modeled to what extent flowering interventions
(meadows and plantings) were visited by pollinators using
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(GLM),
distribution. We specified separate models for meadows and

generalized linear models with binomial error
plantings. The proportion of participants who stated they
observed “many insects” (as opposed to “none, or few, insects”),
were modeled as a function of intervention area (categorical),
intervention age (numeric: 1-5), species richness of flowers
(categorical), and the type of surrounding environment
(categorical). We assessed if flower intervention age and
plant species richness was correlated using Spearman rank
correlations, for meadows and plantings separately.

We modeled bee hotel occupancy using a GLM, specified
with a beta binomial distribution. Occupancy was modeled
as a function of environment (categorical), nest size category
(categorical: 2-5, 6-10, and 11-15mm wide), degree of
flowering (numeric: 1-5), and bee hotel age (numeric: 1-5).
We accounted for zero-inflation in the response. We assessed
the interaction between environmental and nest size category
but this was non-significant (p = 0.8) and removed from the
presented model.

We evaluated if seeing many pollinators affected the feeling
of having established a successful flower intervention (meadow
or planting) using GLMs, with a binomial error distribution. We
modeled the proportion of participants that stated they observed
“many insects” (as opposed to “none, or few”), as a function of
perceived intervention success.
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We evaluated the accuracy of the simple pollinator
assessments using a GLM with a negative binomial distribution,
165) and plantings (N = 218)
separately. We summed counts of the three major pollinator

modeling meadows (N =

groups counted during surveys in 2021 (bees and wasps,
butterflies, and hoverflies) to assess how pollinator abundance
related to participants simple scores of insect abundance (“many
insects,” as opposed to “none, or few”).

All analyses were carried out in R v 4.1.1 (R Core Team,
2021). Model assumptions were checked with package DHARMa
(Hartig, 2020). Variance inflation factors (VIF) for models
of meadows and plantings were checked with package car
function vif (Fox and Weisberg, 2019), while VIF for bee
hotels were checked with package performance (Lidecke et al,
2021). Contrasts between groups (for example different sizes
of plantings) were analyzed using Tukey’s test for post-hoc
analysis in the Emmeans package (Lenth, 2022). Test results
were obtained from Analysis of Deviance Table using Wald Chi-
square tests (package car function Anova, Fox and Weisberg,
2019) and the ggplot2 package was used to visualize data and
create graphs (Wickham, 2016).

Respondents’ gender, year of birth, and engagement in
issues related to biodiversity (self-rated, Likert scale 1-5) were
compiled to describe whom the campaigned had reached
and involved. All respondents from the meadow- and flower-
planting surveys were included, even if their answers had
previously been removed from analyses of ecological questions
due to incomplete data. We were interested in how changes to
vegetation quality affects peoples’ perception of their garden,
and therefore did not include data from bee hotel-respondents.
Moreover, in contrast to added flower resources, the benefits of
bee hotels are contested.

3. Results

In total, 3,758 survey responses were received for registered
interventions: 898 for meadows, 1,281 for flower plantations,
and 1,580 for bee hotels. After data curation (see above) 809
remained for meadows, 1,232 for plantations, and 1,210 for
bee hotels. Approximately 19% of meadows, 23% of plantings,
and 20% of bee hotels were situated in the 10 most populated
cities/municipalities of Sweden (Stockholm, Goteborg, Malmo,
Uppsala, Upplands Visby and Sollentuna, Vasteras, Orebro,
Linkoping, Helsingborg, and Jonkoping), all situated in the
southern third of the country. The vast majority of intervention
were carried out in single-family residential gardens, in either
urban or rural locations: 83% of meadows, 75% of plantings, and
82% of bee hotels.

3.1. Meadows

The number of participants who saw many pollinators was
related to the number of flowering species in the meadow
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FIGURE 1

The proportion (estimated marginal means + 95% confidence
levels) of participants that reported having seen “many insects”
in relation to flowering plant species richness in meadows.
Pairwise comparisons of estimated marginal means are
indicated by compact letter display, where plant species
richness categories sharing a letter are not significantly different

(x> = 40.247, df = 4, p < 0.001). Post-hoc tests revealed that
fewer participants had reported many pollinators in meadows
that contained 1-5, as compared to >5, flowering plant species
(Figure 1). The meadow size and its surrounding environment
had no significant effect on the likelihood of reporting many
pollinators (size: x> = 6.899, df = 4, p = 0.141; environment:
¥> = 2.057, df = 3, p = 0.561), while meadow age showed a
non-significant positive trend (age: x> = 3.122, df = 1, p =
0.077). Meadow age and plant species richness were positively
correlated (rtho = 0.24, p < 0.001), but not strong enough to
preclude inclusion in the same models (checked with VIFs,
as above).

3.2. Plantings

The proportion of participants that saw many pollinators
was positively related to the age and size of the planting (age:
x> =935 df =1, p = 0.002 size: x> = 3124, df =2,p <
0.001; Figures 2A, B). A lower proportion of participants saw
many pollinators when plantings were situated in dense urban,
compared to the other environments (x> = 19.08, df =3, p <
0.001, Figure 2C). The number of flowering plant species had
no significant effect on the abundance of pollinators seen (x> =
2.17, df =4, p = 0.71). As for meadows, age and plant species
richness were positively correlated (rho = 0.36, p < 0.001), but
not strong enough to preclude inclusion in the same models
(checked with VIFs, as above).
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The proportion of participants (estimated marginal means +
95% confidence levels) who reported having seen "many
(Continued)
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FIGURE 2 (Continued)

insects” in their plantings in relation to (A) planting age, (B)
planting size, and (C) the surrounding environment. Pairwise
comparisons of estimated marginal means are indicated by
compact letter display such that environments sharing a letter
are not significantly different.

3.3. Success of flower interventions

A higher proportion of participants who reported having
seen many pollinators also viewed their meadow as successfully
established (x> = 108.46, df = 2, p < 0.001, Figure 3A). More
participants reported they had observed many pollinators in
meadows with the highest success rating, compared to meadows
of either medium or low success, while participants with a
medium success rate were in between the low and highly
successful. Similarly, a higher proportion of participants who
viewed their plantation as succesfull reported to have seen many
insects, compared to those with a low or medium success rating
(x*>=87.85,df =2,p < 0.001, Figure 3B).

3.4. Bee hotels

Bee hotel occupancy rates were positively related to both
local flower availability (x2 = 20.5, p < 0.001, Figure 4A)
and bee hotel age (x> = 69.85, p < 0.001, Figure 4B).
Furthermore, occupancy rates differed between nest size
categories 2= 101.99, p < 0.001, Figure 4C). Occupancy was
significantly higher in small and medium sized holes (2-5, 6-
10 mm diameter), than in large holes (11-15 mm). Occupancy
rates differed significantly between environment types (> =
74.69, p < 0.001, Figure 4D). In particular, occupancy was
significantly higher in both rural environments than either of the
urban environments.

3.5. Accuracy of pollinator assessments

For both meadows and plantings, the pollinator abundance
assess by 10-min surveys was highly positively related to if
participants reported having seen “none or few” or “many”
insects (meadows: z = 3.668, p < 0.001; plantings: z = 5.167,
p < 0.001).

3.6. Demographics of respondents

The vast majority (80%) of survey respondents were women
and most (47%) were aged 41-60 years, while the categories aged
20-40 and 61-80 years made up 27% and 25%, respectively.
The majority (69%) considered themselves to have a strong
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FIGURE 3

The proportion of participants (estimated marginal means +
95% confidence levels), with meadows (A) or plantings (B) that
reported having seen "many insects” in relation to their
perception of intervention success. Pairwise comparisons of
estimated marginal means are indicated by compact letter
display. Success levels sharing a letter are not significantly
different.

engagement (4-5 on a 1-5 Likert scale) in issues related to
biodiversity conservation, while 26% classified themselves as
equally committed as the societal average (3).

4. Discussion

Using data collected by citizens, we show that the ecological
benefits of simple measures to enhance foraging resources
for pollinators in private gardens and green spaces were
moderated by flower species richness (for meadows), age
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and size (for plantings): older, more species rich, and larger
flower interventions attracted more pollinators than newly
established, species poor, or small ones. Similarly, the added
nesting resources for bees (bee hotels) were more occupied
when they were older and situated in more flower-rich
gardens, compared to younger hotels in flower-poor gardens.
In addition, smaller nest holes (2-10 mm wide), were more
occupied than large ones (11-15mm wide). There was a
negative effect of urban environments, as both bee hotels and
plantings situated in urban gardens and/or dense urban areas
were less visited by pollinators. We also found that flowering
interventions were perceived as more successful when they
attracted many pollinators.

4.1. Flower richness increases pollinator
activity in gardens

Positive effects of local flower species richness and
abundance on the diversity and abundance of pollinator
communities has previously been reported using traditional
research methods, both in urban gardens (Quistberg et al., 2016;
Del Toro and Ribbons, 2020), in rural experimental (Hegland
and Boeke, 2006; Ebeling et al., 2008), and in agricultural settings
(Potts et al., 2009; Jonsson et al., 2015). In addition, a citizen
science project using standardized sampling methods showed
that sown garden meadows enhanced local pollinator abundance
and diversity over a 2-year period (Griffiths-Lee et al., 2022).
Our results corroborate these findings, and in addition show
that a very simple measurement, such as perceived pollinator
abundance estimated by citizen scientists, may be used as a proxy
for abundance to assess and compare the value of pollinator
enhancement interventions.

The availability of local flower resources has been
highlighted as a key factor for urban pollinator abundance
and diversity (e.g., reviewed by Wenzel et al.,, 2019; but see
Gathof et al., 2022) and may even buffer bee populations against
the negative effects of landscape scale urbanization (Burdine and
McCluney, 2019). Although we cannot evaluate the effects on
pollinator populations in the wider landscape, even small-scale
flower enhancements may result in population level effects
if implemented on a large enough scale. For example, based
on research in agricultural landscapes (e.g., Cong et al., 2014;
Jonsson et al., 2015), one may expect that neighborhoods where
uptake of interventions is high can support more pollinators at
the landscape scale.

There was no effect of plant species richness in plantings
on pollinator abundance. This may be because flowerbeds in
general are highly dominated by ornamental and non-native
plant species (Loram et al., 2007; Lowenstein and Minor, 2016),
and therefore mainly cater for generalist pollinator species
(Corbet et al., 2001; Wenzel et al., 2019). Adding more plant
species to a flowerbed may then still only benefit the same
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part of the pollinator community and thus to a lesser degree
attract more pollinators of other species (but see Simao et al.,
2018; Staab et al,, 2020). Simao et al. (2018) also show that,
for small generalist bees, additions of urban flower resources
had the strongest (positive) effect at low surrounding resource
levels, whereas at higher levels the effect was unpredictable. Most
(75%) of respondents reported plantings from single-family
housing areas and we expect a generally high level of flowering
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of ornamental plants in such locations. In contrast, adding more
plant species to a garden meadow dominated by native plants
may increase the attractiveness of the garden to a wider array of
pollinator species, including some specialists. Participants were
only asked about the number of plant species present in their
meadows or plantings, not about the abundance. It is therefore
possible that we had seen a positive effect of flower abundance on
pollinator activity in both meadows and plantings (as we did for
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occupancy of bee hotels), had we measured this variable. Indeed,
the size of plantings, which is likely positively related to flower
abundance, had a positive effect on pollinator abundance.

4.2. The value of interventions increase
with time

Our results highlight the enhanced benefit of older flowering
elements and bee hotels, and thus the need for gardeners to
make more lasting commitments to changes in garden design
and management. The significant positive effect of planting
age (and the non-significant positive trend for meadows) could
be because perennial plants, which are often preferred by
bumblebees (Fussell and Corbet, 1992), often require several
years to establish and flower from seed. Gardeners may make
several attempts at sowing or planting new species into an
intervention, thus intentionally increasing plant richness over
time. In addition, spontaneous establishment of plant species,
especially in garden meadows, may lead to increased plant
diversity over time (Norton et al., 2019). Age and plant diversity
were indeed positively correlated. Another explanation could be
that beneficial micro-habitats build up over time in gardens and
flower beds, including bare patches of soil for ground nesting
bees, dead wood and stems with hollows for cavity nesters, and
dead organic matter for some hoverfly taxa, allowing a delayed
response of pollinator populations to an intervention. For bee
hotels, the philopatric behavior of many solitary bee species
may explain why occupancy builds up over time. The increased
occupancy of older nests has previously been described for the
common species Osmia bicornis (Steffan-Dewenter and Schiele,
2004; Fortel et al., 2016).

4.3. Nest size determine bee hotel
occupancy

The largest nest cavities (11-15 mm) were far less inhabited
than smaller ones (2-5 and 6-10mm). Most likely, this is
due to there being few bee or wasp species in Sweden
that use nests larger than 10 mm; Recommendations for bee
hotels in temperate regions rarely stretch past 12mm (e.g.,
Naturhistoriska Riksmuseet, 2013; Bauer et al., 2015; Winter,
2018). Clear information about preferred size and design of
bee hotels may thus increase the occupancy of hotels in
future campaigns.

Bee species differ in their requirements for nesting
conditions. Of Sweden’s approximately 250 solitary bee species,
around 70% are ground nesters, and only a small fraction
of species are known to nest in bee hotels (Linowski et al,
2004; Naturhistoriska Riksmuseet, 2013). Despite this, bee hotels
may be useful bio-indicators for insect pollinators in general
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(Tscharntke et al.,, 1998). A garden where a bee hotel is highly
occupied can thus be expected to host many other pollinating
insects, either nesting in and/or visiting the garden to forage.

4.4. Fewer pollinators seen in urban
environments

We found that the surrounding environment moderated
pollinator abundances in flower interventions, such that
plantings in single-family urban or rural gardens and rural
natural environments were more visited by pollinators,
compared to yards and green spaces in dense urban areas.
Similarly, bee hotels in both rural gardens and natural
environments were more occupied compared to those in both
types of urban sites. Our results thus corroborate previous
research showing that urbanization is generally negative for
insect abundance and diversity, including pollinators (Fortel
et al,, 2014; Geslin et al., 2016; Fenoglio et al., 2020; Piano
et al., 2020). However, pollinator taxa and trait groups differ
in sensitivity to urbanization. Butterflies (Fenoglio et al,
20205 Piano et al., 2020) and hoverflies (e.g., Verboven et al.,
2014; Persson et al., 2020) are generally negatively affected by
urbanization and, while a recent meta-analysis show that bee
diversity is negatively affected by urbanization (Fenoglio et al.,
2020), other studies have shown that cavity nesting and long
tongued bee species may actually benefit from intermediate to
high levels of urbanization (Fortel et al., 2014; Wenzel et al,
2019). Our results show that urban bee hotels were less occupied
than those in rural sites, indicating that cavity nesting species
were actually less abundant in urban areas of Sweden. This
could partly be explained by the large geographical uptake of
the campaign, whereby we likely included rural sites spanning
from those embedded in production landscapes to those rich in
semi-natural or natural habitats, where the latter may harbor
high bee abundance and diversity. Alternatively, and a bit
speculative, bee hotels in urban areas may be of lower quality
than those in rural or natural sites; e.g., they may more often
be store-bought rather than home-made or place-built, and/or
placed in too exposed or too shaded sites. This may make them
less attractive to nesting bees compared to those in rural/natural
sites (von Konigslow et al., 2019).

Regarding bee body size, results are so far inconclusive.
While some studies show that small bodied species may
benefit from highly urbanized areas (Banaszak-Cibicka and
Zmihorski, 2012; Gathof et al, 2022), other studies find
the opposite (reviewed by Wenzel et al, 2019). In addition,
body size and nesting substrate may be correlated, such that
small bees more often are ground nesters (Banaszak-Cibicka
and Zmihorski, 2012). Our results do not indicate that any
size class of cavity nesting bees benefit from urban areas
(non-significant interaction for environment and size class).
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However, we have not assessed ground nesting species and may
therefore have missed genera that are particularly well-adapted
to urban environments.

4.5. High engagement in biodiversity
among participants

Flowering interventions were seen as more successful when
they attracted many pollinators, indicating that respondents
evaluated their interventions based on the desired ecological
outcome (to provide flowers and benefit pollinators). Previous
research has shown that pro-pollinator actions may be
conditional on the degree to which people perceive that their
actions will indeed benefit pollinators (Knapp et al., 2021).
Although not tested here, this may lead to a reinforcing loop,
where perceived successful interventions remain, while less
successful ones are terminated.

People who choose to design and manage their gardens to
benefit biodiversity do so for a multitude of reasons, ranging
from aesthetics and personal well-being to a sense of moral
responsibility for nature (Freeman et al., 2012; Goddard et al.,
2013; Knapp etal., 2021). People who are personally engaged and
interested in biodiversity may also be more likely to perform acts
beneficial to biodiversity (see e.g., Maiteny, 2002). This could
explain why the majority of the respondents in this study stated
that they are highly engaged in issues concerning biodiversity.
Indeed, a growing number of studies highlight citizen science
as a tool in the transition to a more sustainable society by
strengthening, encouraging, and validating public participation
in environmental and sustainability issues (Dickinson et al,
2012; Shulla et al., 2020).

5. Future directions and limitations
to the study

While citizen science projects with appropriate organization
and design have been shown to provide data with similar quality
as that collected by professionals (Danielsen et al., 2014; Henckel
et al., 2020), problems concerning data reliability and quality
may occur (Bonney et al., 2014; MacPhail and Colla, 2020).
For example, Mason and Arathi (2019) show that a citizen
science program that included volunteer training gave reliable
data concerning pollinator presence only at the level of morpho-
species, while species specific mapping was less accurate. The
campaign “Operation: Save the bees” did not include training
of participants in doing insect observations. Respondents will
thus have very different levels of understanding and knowledge
about flower visiting insects and the research methods, and
answers may therefore vary between rough estimates and exact
answers. The lack of definition of “few” vs. “many” insects
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is another weakness. On the other hand, the questions asked
here were kept simple precisely in order not to require prior
knowledge on pollinator or plant species identification, and only
1% of respondents specifically stated that they found certain
questions difficult to answer (data not shown). Our results
align with expectations based on previous scientific studies,
indicating that data is of acceptable quality in relation to the
questions asked and statistical models used. However, our study
may suffer from so called “expectation bias” regarding insect
observations in flower interventions, such that respondents that
have a more species rich flower interventions also expect to
see more insects, and thereby report too high abundances.
Our evaluation of the simple pollinator estimate, using a more
structured flower visiting insect survey, indicate that the simple
measure was valid. Even so, using a standardized survey protocol
and adding surveys by trained staff as a control, would make
possible proper evaluation of the simple method used. Training,
e.g., through (online) instruction videos or workshops and
interactions with campaign staff, and using photo and expert
identification, could further improve both data quality and
reporting frequency and allow the study of more complex
research questions (e.g., Deguines et al., 2016; MacPhail and
Colla, 2020). Training participants using multimedia, and using
social media to promote citizen science projects and help
participants with insect identifications, has been shown to be
successful both in terms of project outreach and an increased
interest and awareness of the benefits provided by insects
(Grifhn et al., 2021, 2022).

The majority of the respondents were middle-aged women
highly engaged in biodiversity. There can be both age and
gender differences regarding engagement, knowledge, roles, and
responsibility in relation to biodiversity and (wildlife) gardening
(Soga and Gaston, 2018; Jones and Niemiec, 2020; Hanson et al.,
2021). Although we do not know to what extent respondents
singlehandedly established and surveyed interventions, the
results indicates that engagement and uptake of interventions
could be further increased by engaging a more diverse group
of participants, including more men and younger people in
the campaign. Indeed, a recent study in Great Britain suggest
that men are overrepresented in environmental citizen science
programs (Pateman et al., 2021). Highlighting the science part of
the campaign, e.g., through multi-media resources and outreach
such as developed by Griffin et al. (2021), could therefore attract
and involve more men.

6. Conclusions

Our results show that data collected by citizens can
be a useful tool for evaluation of small-scale conservation
interventions in private green spaces. Larger and more species

rich flower interventions that last for multiple years, attracted
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more pollinators, and should thus be promoted in future
campaigns. Supporting information and assistance on how
to establish and manage garden meadows (e.g., through
online fora) could increase the success rate and promote
more species rich and long lasting interventions. In addition,
differentiating the recommendations regarding plant choice
based on soil type and surrounding environment (e.g., urban,
rural, latitude/climate zone) may improve outcomes.

The results indicate that the flower interventions registered
through “Operation: Save the bees” may have a positive effect
on local insect pollinator abundance. The fact that private
gardens can be efficient tools in supporting biodiversity in
general (Goddard et al., 2010) and pollinators in particular (e.g.,
Samnegard et al., 2011; Martins et al., 2017; Baldock et al., 2019)
merits further work on how to engage the public in biodiversity
friendly gardening practices.
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