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Factors influencing butterfly and bumblebee richness and abundance 
in gardens 
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• Butterflies were more influenced by ur-
banisation and latitude than 
bumblebees. 

• Presence of wildlife-friendly habitats 
positively influenced biodiversity 
estimates. 

• 32.6 % of garden owners used pesti-
cides, including 28.7 % of which were 
insecticides. 

• Butterfly richness was 7 % lower in 
gardens applying pesticides.  
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A B S T R A C T   

Gardens are often depicted as green sanctuaries, providing refuges for wildlife displaced from the countryside 
due to intensive farming. While gardens have been recognized for their positive impact on biodiversity con-
servation, few studies have investigated the impact of pesticide usage in domestic gardens. In this study, we 
explored how butterfly and bumblebee populations in gardens across the UK are influenced by habitat quality, 
urbanisation level and pesticide use. To achieve this, we engaged with participants in Garden BirdWatch, a 
weekly garden wildlife recording scheme operated by the British Trust for Ornithology. Participants in the study 
provided data on the attributes of their garden and surrounding area and were asked to complete a questionnaire 
about their pesticide practices. Of the 417 gardens from which we obtained useful data, we found that 32.6 % 
had pesticides applied to. Urbanisation and garden quality were the main factors influencing insect populations. 
Butterfly richness was lower in suburban and urban gardens and butterfly abundance lower only in suburban 
gardens when compared to rural gardens, but this relationship did not hold for bumblebees. Abundance of 
butterflies and bumblebees, but not their species richness, increased with the habitat quality of gardens. But-
terflies were lower in abundance and richness in more northerly gardens, which was not the case for bumblebees. 
Effects of pesticides were relatively weak, but butterfly richness was 7 % lower in gardens applying any pesticide. 
Overall, our study shows that garden butterfly and bumblebee abundance and richness are strongly influenced by 
both extrinsic and intrinsic factors, and that garden management can have an important positive effect on insect 
population.  
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1. Introduction 

In 2017, Hallmann and colleagues estimated that the total flying 
insect biomass on German nature reserves decreased by 82 % in mid- 
summer over a 27-year period (Hallmann et al., 2017). More recently, 
Seibold et al. (2019) found that arthropod biomass in Germany declined 
by 67 %, arthropod abundance reduced by 78 % and the number of 
arthropod species decreased by 34 % in grassland between 2008 and 
2017. Overall, there is a strong consensus that insect populations appear 
to be undergoing rapid decline across Europe, North America and 
probably elsewhere (Wagner et al., 2021). However, this can vary 
greatly depending on taxonomic groups and species. For instance, 
Biesmeijer and colleagues observed a decline in local bee diversity in the 
UK and the Netherlands, but divergent trends were observed in hover-
flies (Biesmeijer et al., 2006). In general, Lepidoptera, Hymenoptera and 
Coleoptera have been identified as the taxa most affected (Sánchez-Bayo 
and Wyckhuys, 2019). In addition, specialist species have been showed 
to be more sensitive to landscape changes; for example, declines in 
pollinators were stronger in habitat and flower specialist species (Rösch 
et al., 2013; Wagner and Van Driesche, 2010; Rocha and Fellowes, 2020; 
Tallamy et a., 2020). Declines in insect biomass are sure to have negative 
effects on ecosystems, through processes like decreased pollination and 
by reducing food supplies for higher trophic levels such as birds, 
mammals, and amphibians. 

The global extent of urban areas is expanding, affecting biodiversity 
and ecosystem services (McDonald et al., 2020; Piano et al., 2020). 
Within urban areas, green spaces have been found to support the di-
versity and abundance of insects (Osborne et al., 2008; Tonietto et al., 
2011; Baldock, 2020), birds (Chamberlain et al., 2004; Campos-Silva 
and Piratelli, 2021; Tassin de Montaigu and Goulson, 2023), amphibians 
(Gaston et al., 2005b), and mammals (Mimet et al., 2020; Van Helden 
et al., 2020; App et al., 2022). Although the primary focus of research on 
the importance of urban greenspaces in conservation has been on public 
green spaces such as parks, the conservation potential of private gardens 
has also been recognized (e.g., Gaston et al., 2005b; Loram et al., 2008a; 
Osborne et al., 2008; Lowenstein et al., 2014; Kaluza et al., 2016; Bal-
dock, 2020; Šlachta et al., 2020; Anderson et al., 2022; Negret et al., 
2022). Taken individually, single gardens may seem to be of little bio-
logical significance, but together they represent a potentially important 
shelter, nesting habitat, and food resource for urban wildlife. In the UK, 
it is estimated that there are 22.7 million private gardens (Davies et al., 
2009), and that they represent 25–35 % of the area of UK cities (Baldock 
et al., 2019). They can help maintain connectivity between larger 
patches of habitat, acting as steppingstones for populations of flora and 
fauna (Doody et al., 2010; Rudd et al., 2002). 

Gardens could represent a safer environment for insect communities 
compared to the agricultural landscape (Šlachta et al., 2020). Some 
species experiencing declines in farmland are faring better within urban 
habitats, including domestic gardens. Examples include amphibians 
such as the common frog (Rana temporaria, Niemeier et al., 2020), birds 
like the song thrush (Turdus philomelos, Baillie et al., 2007; Peach et al., 
2004), mammals like the hedgehog (Erinaceus europaeus, App et al., 
2022), and invertebrates such as some moths (Conrad et al., 2006; 
Waring and Townsend, 2017). A considerable portion of the species 
recorded from the UK have been observed in residential gardens 
(Hammond, 1974; Davis, 1978; Owen, 1991; Vickery, 1995), although it 
should be noted that some of these species were temporary visitors. 
Gaston et al. (2005a) even state that for some species, the urban pop-
ulations may act as significant sources of emigrants, bolstering pop-
ulations elsewhere. In the UK, when comparing domestic gardens and 
rural habitats, Osborne et al. (2008) found that bumblebee nest density 
was higher in domestic gardens, while Baldock et al. (2019) found more 
bees and hoverflies in allotments and gardens compared to other urban 
green spaces (e.g., parks, cemeteries). In Australia, Kaluza et al. (2016) 
found that stingless bees (Tetragonula carbonaria) had a higher foraging 
activity in suburban gardens than in natural forests and plantations. 

Clearly gardens as a whole do have value for wildlife, but gardens 
vary hugely in the habitats they provide. Management practices and 
general garden characteristics, such as vegetation structure (i.e., vege-
tation density or height), number of trees, or presence of vegetable 
patches, have been shown to be important indicators of the fauna 
composition in gardens (Savard et al., 2000; Gaston et al., 2005a; Smith 
et al., 2005, 2006a, 2006b; van Heezik et al., 2008; Harrison and Win-
free, 2015). Similarly, the proportion of native versus exotic plants was 
found to influence bird species visitation (Daniels and Kirkpatrick, 2006; 
Anderson et al., 2022). There have been studies looking at the effec-
tiveness of creating various habitat features in increasing garden 
biodiversity, for example by creating nest sites (for birds with nest boxes 
or invertebrates with bee hotels), the construction of ponds, creating 
mini-meadows, or by leaving dead wood (Gaston et al., 2005a, 2005b; 
Kirkpatrick et al., 2007, 2009; Loram et al., 2008b, 2011; Smith et al., 
2010; Hill and Wood, 2014; Baldock et al., 2015; Fröhlich and Ciach, 
2020; Hill et al., 2021; Rahimi et al., 2021; Griffiths-Lee et al., 2022). 

While pollinator declines are due to a complex combination of fac-
tors including habitat loss, climate change, invasive species and the 
increasing use of fertilizers and pesticides (Hallmann et al., 2017; 
Wagner et al., 2021), the latter has been the focus of much scientific 
research, particularly regarding agricultural pesticides intended to kill 
insects. In contrast, the use of similar pesticides in domestic gardens has 
received little interest. It has been estimated that in the UK in 2019, 42.8 
% of gardeners used pesticides in their gardens, with most products 
bought being herbicides, molluscicides and insecticides (HSE, 2019). 
Pesticides for domestic use are widely available in garden centres, DIY 
stores and supermarkets. Furthermore, domestic users are unlikely to be 
trained in pesticide use as farmers are, may not read instructions care-
fully, and may not be aware of guidelines such as avoiding spraying 
insecticides on flowering plants. There is clear evidence that non-target 
insects are exposed to pesticides in urban areas. For example, 13 
different pesticides have been found in bees (Apis mellifera and 7 wild 
bee genera) from urban grassland and community gardens in Texas 
(Siviter et al., 2023). Additionally, Benner et al. (2023) found that 
bumblebee (Bombus terrestris) were under pesticide pressure both in 
agricultural and urban landscapes, with a seasonal difference. 
Bumblebee forager from agricultural landscape had higher pesticide 
residues in May, while more pesticide residues could be found on urban 
forager in April. The decline in pollinator populations could have 
detrimental economic consequences as the yields of many crops, 
including oilseeds, fruits and vegetables, rely on pollinator visitation 
(Goulson, 2003; Goulson et al., 2008). While there have been very few 
studies of the effects of garden pesticides on pollinators, Muratet and 
Fontaine (2015) found that butterfly and bumblebee abundance was 
negatively correlated to the use of insecticide and herbicide in a study 
including over 3000 French gardens. 

In this study, we investigate the factors affecting butterfly and 
bumblebee richness and abundance in UK gardens. We examine the ef-
fects of urbanisation levels, how local and surrounding habitat quality 
influence this relationship, and pesticide use. We hypothesise that the 
availability of high-quality habitats within and near gardens is likely to 
positively impact butterfly and bumblebee richness and abundance, 
while urbanisation level and pesticide use would negatively influence 
butterfly and bumblebee richness and abundance. 

2. Methods 

2.1. Data collection 

We approached BTO Garden BirdWatch (GBW) participants, asking 
them to complete a questionnaire on their garden pesticide use. GBW is a 
citizen science monitoring scheme, established in 1995 to monitor birds 
in UK gardens (Cannon et al., 2005). Since 2007, participants in the 
scheme have also been able to submit weekly records of certain other 
taxa groups, including butterflies, bumblebees, but also mammals, 

C. Tassin de Montaigu and D. Goulson                                                                                                                                                                                                    



Science of the Total Environment 908 (2024) 167995

3

reptile, and amphibians. Participants submit weekly observations and 
counts of target species throughout the year, either recording ‘presence’ 
of a species or a count of the maximum number of individuals of that 
species seen at any one time during their weekly recording period. They 
are instructed to maintain consistent monitoring effort across weeks and 
to discard data from those weeks with over- or under-recording. Most 
observations are collected through a web application, while some use 
paper forms, with both sets subject to validation procedures based on 
threshold values. GBW currently has around 24,000 participants across 
the UK, the distribution of which is closely linked to the pattern of 
human population density nationally. Levels of participation are there-
fore greater in the south-east of England, but the levels of coverage are 
sufficient to produce robust measures of garden use at the national level 
(Cannon et al., 2005; Toms and Newson, 2006; Plummer et al., 2023). 
Although there will inevitably be some degree of variation in the abili-
ties of participants to identify the species they record, and in the amount 
of time spent recording, the use of site-effects in analyses of GBW data, 
coupled with the very large sample sizes involved, support the produc-
tion of robust metrics. Participants provide information on their gardens 
and surroundings (the latter defined as within 100 m of the garden 
boundaries), including presence of specific features (e.g., coniferous 
trees, shrubberies) and urbanisation level, defined as “urban: densely 
built-up areas and town centres with very few natural or near-natural 
bird feeding sites”, suburban as “inhabited areas on the outside of 
built-up areas, near countryside or with large gardens, municipal parks 
or recreational areas”, or rural as “areas away from towns, with just a 
few scattered houses, farms or other isolated buildings”. For more in-
formation about the specifics of data collection see Tassin de Montaigu 
and Goulson (2023). An abbreviated version is presented here. 

The questionnaire asked volunteers to report their pesticide practices 
over one year, between 2020 and 2021 (Appendix A), including types of 
pesticides used and application seasons. The active substances linked to 
each pesticide brand were subsequently identified. We received a total 
of 866 responses, out of which some were not affiliated with the GBW 
scheme or had not provided data on garden characteristics or insect 
populations, and so were discarded. The butterfly and bumblebee data 
received were recorded between the 29th of December 2019 and the 

22nd of August 2021. 
We conducted a species accumulation curve analysis (vegan package 

v2.5.7; Oksanen et al., 2020) to determine the minimum number of 
weeks of data collection by a volunteer needed to produce a reliable 
species richness estimate (Plummer et al., 2019). This analysis showed 
that, with a minimum of 16 weeks of participation, the number of but-
terfly and bumblebee species was approaching the asymptote (Appendix 
B.1 and B.2 respectively). After removing gardens with incomplete in-
formation or with <16 weeks of participation, we ended up with a total 
of 417 gardens, out of which 417 recorded butterflies and 362 recorded 
bumblebees between December 2019 and August 2021 (Fig. 1). The 
gardens used in this analysis had an average participation of 40.9 weeks, 
with 233 gardens recording data for over 30 weeks. 

2.2. Creating garden quality and surrounding quality indices 

The habitats present in a garden and in the surrounding area are very 
likely to influence their suitability for butterflies and bumblebees. From 
the garden characteristics and the surrounding characteristics (within 
100 m of the garden) collected by the GBW volunteers, we created a 
garden quality index (GQI) and a surrounding quality index (SQI), 
respectively. 

We created the two indices by including variables that we expect to 
have a positive impact on local insect communities (directly or indi-
rectly; Appendix C), through the increase of food availability, shelter, 
and foraging opportunities. In our analysis, the higher the score for SQI 
and GQI, the more wildlife-friendly the garden is estimated to be. The 
GQI included 17 variables such as the estimated proportion of vegetable 
patches, the number of trees, or the proportion of flowerbeds. Likewise, 
the SQI included 13 variables such as if there was broadleaved wood-
land, scrubland, or a stream within 100 m (no = 0, yes = 1 for each). 

Principal Component Analyses (PCA) were conducted to assess the 
potential link between all variables within and between indices. For the 
variable included in the garden quality index the first dimension of Ei-
genvalues only explained 22.4 % of the variance. For the variables 
included in the surrounding quality index, the first dimension of Ei-
genvalues only explained 25.2 % of the variance. No correlation was 

Fig. 1. Location of all gardens recording butterflies (a) or bumblebees (b) participating in the study, coloured relation to their urbanisation level.  
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high enough to justify regrouping variables within indices. The first 
dimension of Eigenvalues between the garden quality and the sur-
rounding quality indices only explained 59.8 % of the variance, which 
shows that garden quality index is not highly correlated to surrounding 
quality index and can be kept separate. 

2.3. Statistical analysis 

We used as dependent variables: Butterfly richness (defined as the 
total number of butterfly species recorded per week per garden; n =
417), butterfly abundance (defined as the total average number of in-
dividual butterflies per week per garden; with all 40 butterfly species 
pooled; n = 396), bumblebee richness (defined as the total number of 
bumblebee species recorded per week per garden; n = 362), and 
bumblebee abundance (defined as the total average number of 

individual bumblebees recorded per week per garden; all 19 species 
pooled; n = 356). Unidentified species included in the data received by 
BTO (e.g., “Unidentified black bee with red tail”) were removed from 
species richness, butterfly, and bumblebee richness, but those in-
dividuals were still included in the abundances. 

Urbanisation level was initially registered by volunteers as rural, 
suburban, or urban. Garden size and urbanisation level were highly 
correlated, meaning that large gardens almost exclusively occurred in 
rural habitat. Therefore, we chose to exclude garden size (large/me-
dium/small) and only use urbanisation level (rural/suburban/urban) in 
our analysis. 

We focused our analysis on the use of all pesticides in gardens, 
however, we did not include any analysis of the use of pesticide mixtures 
or interactions between pesticides, and the time of year of application 
was not included in our analysis. 

Table 1 
Summary of the models on butterfly richness (total number of butterfly species recorded per garden), butterfly abundance (average number of individual butterflies per 
garden), bumblebee richness (total number of bumblebee species recorded per garden). n: sample size, SE: standard-error.   

Butterfly richness  Butterfly abundance  Bumblebee abundance   

numDF slope 
estimates (SE) 

tvalue p 
value 

numDF slope 
estimates (SE) 

tvalue p value numDF slope 
estimates (SE) 

tvalue p 
value 

Urbanisation (suburban) 416 − 1.7 (1) − 1.7 0.09 395 − 0.1 (0.02) − 5.2 2.88e- 
07 

355 − 0.02 (0.05) − 0.3 0.7 

Urbanisation (urban) 416 − 5.7 (1.9) − 2.9 0.004 395 − 0.02 (0.04) − 0.7 0.5 355 0.2 (0.09) 1.7 0.09 
Garden quality 416 0.35 (0.2) 2.0 0.05 395 0.03 (0.006) 4.5 1.02e- 

05 
355 0.04 (0.01) 2.7 0.006 

Latitude 416 − 1.1 (0.1) − 10.6 < 2e- 
16 

395 − 0.01 (0.005) − 1.9 0.06 355 0.03 (0.01) 2.2 0.03 

Garden quality x 
urbanisation (urban) 

416 1.1 (0.6) 2.0 0.06 395 − 0.002 (0.03) − 0.07 0.9 355 0.006 (0.08) 0.08 0.9 

Pesticide (presence) 416 − 2.7 (1) − 2.7 0.008 395 − 0.02 (0.02) − 0.9 0.4 355 − 0.05 (0.05) − 1.05 0.3 
Pesticide (presence) x 

garden quality 
416 0.4 (0.2) 1.8 0.07 395 0.003 (0.01) 0.2 0.8 355 0.0003 (0.03) 0.01 0.9  

n = 417, Adjusted R2 =

0.41   
n = 396, Adjusted R2 =

0.13   
n = 356, Adjusted R2 =

0.05    

Fig. 2. a) Butterfly species richness (total number of butterfly species recorded per garden) and b) butterfly abundance (average number of individual butterflies per 
garden; log transformed) as a function of urbanisation level. (The asterisks represent the associated p value, *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001). 
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Our variables of interests were tested using linear models (LMs) 
against several independent variables, along with all relevant in-
teractions (see appendix E). The full model for each dependent variables 
included all independent variables and interactions listed in appendix E. 
The butterfly abundance and bumblebee abundance (used as indepen-
dent variables, see appendix E) were log-transformed for analysis. 

We established the most suitable model for each response variable by 
successively removing the least significant terms explanatory variables 
from the complete model, starting with interactions and followed by 
single terms, with the best model being the one with the lowest Akaike’s 
Information Criterion (AIC based model selection). Normality and ho-
moscedasticity of residuals were plotted against simulated values using 
the DHARMa package (v0.4.4; Hartig, 2021). We performed post-hoc 
Tukey tests to compare urbanisation levels and reported them when 
necessary. All statistical analyses were carried out using R v. 4.0.3 5 (R 
Core Team, 2020). 

3. Results 

3.1. Urbanisation, garden quality index, and latitude 

3.1.1. Urbanisation 
Most of the studied gardens were suburban gardens (50.4 %), fol-

lowed by rural (41.9 %), and finally urban gardens (7.7 %). We found 
that butterfly richness was significantly lower in urban gardens (p <

0.05; Table 1). Post-hoc test revealed that rural versus urban gardens 
and rural versus suburban gardens were significantly different (respec-
tively, p < 0.001, 95 % C.I. = − 4.48, − 0.77 and p < 0.01, 95 % C.I. =
− 3.57, − 1.59). More specifically, butterfly richness was 26.5 % ± 0.94 
lower in urban and 25.9 % ± 0.51 lower in suburban gardens compared 
to rural gardens (Fig. 2a). Butterfly abundance, on the other hand, was 
significantly lower in suburban gardens when compared to rural gardens 
(p < 0.001, 95 % C.I. = − 0.15, − 0.07) but this relationship was not 
significant for rural versus urban gardens (p = 0.2, 95 % C.I. = − 0.14, 
0.02) or suburban versus urban gardens (p = 0.3, 95 % C.I. = − 0.03, 
0.13). Butterfly abundance was lower by 12.1 % ± 0.02 in suburban 
gardens when compared to rural gardens (Fig. 2b). We found that 
bumblebee abundance tended to be lower in urban gardens than in rural 
gardens, but the difference was not significant (p = 0.09, Table 1). 
Bumblebee richness did not show any influence from the studied 
variables. 

3.1.2. Quality indexes 
In this study the GQI ranged from 0.7 to 9.3 with an average of 3.9. 

Our results showed that butterfly richness and abundance and 
bumblebee abundance were significantly positively correlated with the 
GQI (respectively: p < 0.05, p < 0.001 and p < 0.01, Table 1, Fig. 3). 

While butterfly richness increased with increasing GQI, the rela-
tionship tended to be steeper in urban gardens than in suburban and 
rural gardens (p = 0.06, Table 1). The surrounding quality index had no 

Fig. 3. a) Butterfly richness (total number of butterfly species recorded per garden; y = 0.35 ± 0.2, r2 = 0.41); b) Butterfly abundance (average number of individual 
butterflies per garden; log transformed; y = 0.03 ± 0.006, r2 = 0.13; and c) bumblebee abundance (average number of individual bumblebees per garden; log 
transformed; y = 0.04 ± 0.01, r2 = 0.05, as a function of ‘garden quality’. 
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effects on either insect group abundance or species richness. 

3.1.3. Latitude 
Latitude was found to be of significant negative influence for but-

terfly richness (p < 0.001, Table 1, Fig. 4a) while it positively influenced 
bumblebee abundance (p < 0.05, Table 1, Fig. 4b). 

3.2. Pesticide use 

In the 417 studied gardens, a total of 32.61 % of participants applied 
at least one pesticide in the previous year. Most pesticide application 
happened in Spring (51.47 %), followed by Summer (38.97 %), Autumn 
(2.94 %) and finally Winter (0.74 %). Most of the pesticides applied 
were herbicides (63.97 %), out of which 56.62 % were glyphosate-based 
herbicides, followed by molluscicides (39.71 %), insecticides (28.67 %), 
fungicides (7.35 %), and other types (5.15 %). 

Butterfly richness was found to be significantly lower when pesti-
cides were used (p < 0.01, Table 1, Fig. 5). 

4. Discussion 

We studied garden butterflies and bumblebees richness and abun-
dance, in relation to urbanisation level, habitat quality, and pesticide 
use in gardens. We previously used a similar approach to investigate 
garden bird richness and abundance (Tassin de Montaigu and Goulson, 
2023), and our results once again highlight the high variability and 
complexity of the relationships between garden biodiversity and garden 
practices. 

4.1. Environmental effects: urbanisation, garden and surrounding quality, 
and latitude 

Only butterflies seemed to be strongly influenced by urbanisation, 
with butterfly richness significantly lower in suburban and urban gar-
dens compared to rural, and butterfly abundance lower in suburban 
gardens compared to rural. Negative effects of urbanisation had been 
previously found in butterflies (Di Mauro et al., 2007; Olivier et al., 
2016; Fontaine et al., 2016), but also in other insect taxa such as wasps 
and beetles (Guenat et al., 2019). As in our previous study on garden 
birds populations (Tassin de Montaigu and Goulson, 2023), we found 
here that our measure of garden habitat quality (GQI) was a primary 
driver of garden butterflies and bumblebees abundance but not so much 
for richness. This is not surprising, as the lack of influence from GQI to 
bumblebee richness and small effect for butterfly richness, could be 
explained by butterflies and bumblebee being mobile. Few individual 
butterflies and bumblebees may be seen in a garden with few resources, 
but over the long period of the study most of the different species present 
in the surrounding area are likely to pass through and be recorded. 
Olivier et al. (2016) also found that urbanisation was a major factor in 
determining insect (and/or specific insect groups) populations and was 
linked to reduced habitat quality when they performed a study doc-
umenting butterfly composition and abundance in French gardens. 
Previous studies suggest ways to mitigate the negative impact of ur-
banisation and to increase habitat quality for pollinators by providing 
resource-rich habitat either via increasing flower diversity (Stewart 
et al., 2009), adding particularly nectar-rich plants (Fontaine et al., 
2016), or by sowing mini-meadows (Griffiths-Lee et al., 2022). Our 
study suggests that urban gardens can provide a suitable habitat for 
pollinators and deploying these measures will provide even more ben-
efits in urban areas. 

Contrary to what was found for bird population previously (Tassin de 

Fig. 4. a) Butterfly species richness (total number of butterfly species recorded per garden; y = − 1.1 ± 0.1, r2 = 0.41) and b) bumblebee abundance (average 
number of individual bumblebees per garden; log transformed; y = 0.03 ± 0.01, r2 = 0.05), as a function of the studied gardens’ latitude;. 

C. Tassin de Montaigu and D. Goulson                                                                                                                                                                                                    



Science of the Total Environment 908 (2024) 167995

7

Montaigu and Goulson, 2023), no main effect of the quality of the 
habitat surrounding the garden was found on either butterfly or 
bumblebee population. 

Expectedly, we found a negative effect of the studied garden’s lati-
tude on butterfly richness but positive for bumblebee abundance 
(Table 1, Fig. 4). Butterflies are thermophilic, and many species such as 
the gatekeeper (Pyronia tithonus; Appendix D) reach the northern edge of 
their range in the UK and so are only found in southern gardens. In 
contrast, bumblebees are well adapted to cooler conditions, being able 
to generate heat internally and maintain an elevated body temperature 
(Heinrich, 2004). 

4.2. Effects of pesticide applications 

From the studied gardens and the questionnaire sent to volunteers, 
we found that 32.6 % of surveyed gardens applied at least one pesticide 
during the last year. Our surveyed population likely represents a non- 
random sample when it comes to wildlife awareness and appreciation, 
since they are taking part in garden wildlife counts. They are likely to 
have been influenced by recent campaigns aiming to enhance habitat 
quality for garden wildlife, in particular for pollinators, advocated by a 
range of environmental charities and the general media (Butterfly 

Conservation, 2023; Bumblebee Conservation Trust, 2023; The Wildlife 
Trusts, 2023). It seems very probable that their use of pesticides is lower 
than the average for the British population. The Health and Safety Ex-
ecutive found that 42.8 % of gardeners in the UK used plant protection 
products (HSE, 2019). The pesticide types applied in the studied gardens 
were in majority herbicides (63.97 %) and were mostly applied in 
springtime (52 %) and summer (39 %), the period when insects are most 
active. 

The relationships between pesticide use and the two studied polli-
nator taxa were not strong, though butterfly richness was about 7 % 
lower in gardens applying any type of pesticides (Table 1, Fig. 5). 

In general, we might expect that pesticides would have detrimental 
effects on insect population via direct or indirect exposure routes. Direct 
exposure could occur topically, when the homeowner sprays a product 
or by contact with sprayed surfaces, or orally via consumption of 
contaminated water, nectar, or pollen (David et al., 2016). Neon-
icotinoid insecticides such as acetamiprid are systemic in plants, and so 
can be found in nectar and pollen (Pohorecka et al., 2012), honey 
(Gaweł et al., 2019; Capela et al., 2022) and worker bees (Shi et al., 
2020a). Exposure to acetamiprid was found to negatively impact hon-
eybee foraging behaviour and overall lifespan (Shi et al., 2020a, 2020b), 
reduce reproduction in bumblebees (Bombus ssp.; Van Oystaeyen et al., 

Fig. 5. Butterfly species richness (total number of butterfly species recorded per garden) in function of the presence of pesticides in the studied gardens. (n = sample 
size; the asterisks represent the associated p value, *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001). 
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2021), and reduce nest growth and development, drone weight and 
production in colonies of Bombus impatiens colonies (Camp et al., 2020; 
Weitekamp et al., 2022). 

Recently, it has been found that the detrimental impact of pesticides 
might not only come from the active ingredient but also surfactants and 
co-formulants. Straw and colleagues (2020) found, by testing mortality 
from glyphosate formulations direct exposure in bumblebees 
(Roundup® with/without glyphosate and Weedol®), that the active 
ingredient glyphosate did not cause the high mortality seen in bees (94 
% mortality with Roundup® Ready-To-Use, 96 % mortality with 
Roundup® No Glyphosate, and no significant mortality with Weedol®). 
This study suggests that the formulation of Roundup® product caused 
bumblebee body hair to be matted, resulting in their death (Straw et al., 
2021). More recently, it was found that the digestive tract microbiota of 
bumblebees was impacted differently by pure glyphosate compared to 
commercial formulations containing glyphosate (e.g., Roundup® Op-
tima), once more emphasising the possible effects of co-formulants 
(Cullen et al., 2023). 

Herbicides may also impact on bees and butterflies indirectly by food 
depletion (fewer flowers or larval foodplants). For example, the reduced 
populations of larval foodplants (common milkweed, Asclepias syriaca) 
due to herbicide use on US farms is thought to be a major contributor to 
declines of the monarch butterfly (Danaus plexippus; Pleasants and 
Oberhauser, 2013; Wilcox et al., 2019). 

It is important to note that our data do not provide compelling evi-
dence that pesticide use has a major influence on bee or butterfly pop-
ulations in gardens. However, the overall sample size of gardens 
applying pesticides was small, and likely not reflective of national pat-
terns since our respondents are nature lovers and are more likely to have 
an interest in adopting wildlife-friendly gardening approaches. We were 
unable to gather data on the amount of pesticides applied, or when and 
how they were applied, which may influence the impact of pesticides. In 
addition, only presence/absence of pesticide use was assessed in this 
study. Furthermore, there is some limitations and reliability issues with 
citizen science projects. The surveyed garden owners may have also 
omitted some of their pesticide applications, either because they were 
unaware that they were pesticides, they forgot that they used pesticide 
over the last year, or simply were dishonest (Braschler et al., 2021). 
There is also likely to be some degree of variation in the abilities of 
participants to identify the insect species. Also, pesticide use may 
correlate with other gardening practices (for example garden tidiness), 
which may create patterns that are non-causative. Overall, we suggest 
that further and more detailed investigations are needed. 

5. Conclusion 

Our study shows that garden management practices have a major 
influence on butterflies and bumblebee populations, regardless of 
external factors, so that gardeners should feel empowered by knowing 
that their actions make a difference. Plummer et al. (2023) recently 
found that populations of common butterfly species mostly increased in 
UK gardens between 2007 and 2020, perhaps in part the result of more 
wildlife-friendly garden management. Additional research is needed to 
reveal which garden habitats are most valuable for pollinators, and the 
mechanisms by which urbanisation, habitat quality, and pesticide use 
influence butterfly and bumblebee populations, such as habitats 
providing shelters, and temperature difference between urban and rural 
habitats. An experimental approach in which homeowner are asked to 
carry out specific interventions could be a more powerful means to test 
the impact of specific gardening actions. 
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