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Abstract

Context Understanding the factors contributing to
maintaining biodiversity is crucial to mitigate the
impact of anthropogenic disturbances. Representing
large proportions of green area in highly modified
landscapes, residential gardens are often seen as local
habitats that can contribute to larger networks of
suitable environments at the landscape scale.
Objectives We investigated the impact of the land-
scape context on butterfly communities observed in
residential gardens, taking into account garden char-
acteristics, land-use types and presence of linear
features in the surrounding landscape. We examined
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how species traits affected butterflies’ response to
landscape context and habitat quality.

Methods We performed a cross-scale study, based
on citizen science data documenting butterfly
species composition and abundance in 920 gardens
across France. We examined the effect of garden
quality, the area of different land-use types and the
length of linear elements measured at three scales
within the surrounding landscape. Species were
grouped according to their habitat preference and
mobility.

Results Urbanization negatively affected total spe-
cies richness and the abundance of butterfly in each
group. This was related to declining habitat quality
and reduced area of suitable habitat in the sur-
rounding landscape. The magnitude of this effect,
however, was negatively correlated with mobility, a
trait related to habitat preference. The spatial scale
at which landscape context best explained variation
in butterfly abundance changed with species’ habitat
preference.

Conclusions This study highlights the importance of
preserving high quality habitats in altered landscapes
and considering species’ mobility and habitat prefer-
ence when assessing the impact of landscapes on
butterfly communities.

Keywords Lepidoptera - Landscape - Connectivity -

Dispersal - Habitat quality - Land-use - Citizen
science - Species traits - Urbanization
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Introduction

Loss and alteration of natural habitats induced by land-
use changes is one of the most important threats to
terrestrial biodiversity (Sala et al. 2000; Rands et al.
2010; Pimm et al. 2014). While current distribution of
protected areas is biased toward regions with low
human pressure (Joppa and Pfaff 2009), understanding
the importance of maintaining networks of suit-
able habitats (e.g. green veining) in human dominated
landscapes has become a central theme in ecology and
conservation planning (Margules and Pressey 2000;
Ekroos et al. 2014). By shaping composition and
configuration of natural and semi-natural habitats,
human activities have a profound impact on extinc-
tion, colonization processes and species diversity. A
large body of work has documented the effects of
habitat loss on population persistence and diversity of
plants (Dupré and Ehrlén 2002; Petit et al. 2004),
mammals (Frey-Ehrenbold et al. 2013), birds (Watson
et al. 2005) and insects (Hopfenmiiller et al. 2014). In
Europe, butterflies have strongly declined over the last
decades, showing their sensitivity to global change
(Van Swaay et al. 2013).

Among land-use changes, urbanization and inten-
sive farming have been repeatedly identified to be
the most detrimental to butterflies (Ekroos et al.
2010). Nevertheless, some human activities may
also create new habitats that can contribute to
maintain wildlife by providing refuges and resources
in highly modified landscapes (Wood and Pullin
2002; Carrier and Beebee 2003; McFrederick and
LeBuhn 2006; Loram et al. 2007; Ockinger et al.
2009). This is the case of residential gardens that
often represent a substantial proportion of the
vegetated area in otherwise sealed urban areas.
Public and private gardens can provide larval host-
plants and contribute to maintain continuous nectar
resources throughout the season (Gaston et al. 2005;
Matteson and Langellotto 2010). In France, half the
population owns a garden which represents more
than 1,300,000 hectares (Agreste 2014). Yet,
because access to residential gardens is generally
restricted, few studies have examined the contribu-
tion of such gardens to butterfly conservation.
Identifying and understanding the factors that con-
tribute to maintaining insect diversity in these highly
modified environments is crucial as these landscape
features might provide essential habitats that can
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mitigate the adverse effect of human activities on
biodiversity in highly anthropogenized landscapes.
Butterfly diversity has been found to be favoured by
diversity of native plants in anthropogenic environ-
ments (Burghardt et al. 2009) and depends on
management practices in private gardens (Muratet
and Fontaine 2015). In contrast with local resources,
site area and patch isolation seem to have a more
limited influence on butterflies (Thomas et al. 2001;
Poyry et al. 2009).

Structure and composition of butterfly communities
mainly depend on the amount of habitat in surround-
ings (Krauss et al. 2003a, b; Bergman et al. 2004; Flick
et al. 2012) and, to a lesser extent, on habitat
fragmentation and landscape features facilitating or
limiting species dispersal (Bergman et al. 2004; Flick
et al. 2012). Compared to local features, however, the
importance of garden surroundings is unclear and it has
been argued that butterfly populations in gardens can
be either well or poorly connected to the wider
countryside populations (Bergerot et al. 2011; Lizée
et al. 2012). One explanation for these equivocal
results lies in the complexity of the effect of landscape
context on meta-community dynamics and butterfly
dispersal. Linear features such as hedges and road
verges can also play arole either as habitats or corridors
connecting gardens to semi-natural habitats (Munguira
and Thomas 1992; Ries et al. 2001; Saarinen et al.
2005), even if the positive effect of road verges can be
hindered by mortality due to high traffic volume on
highways and roads (Skorka et al. 2013). The com-
bined effect of local and regional attributes on butterfly
diversity stresses the importance of considering mul-
tiple scales when investigating the impact of landscape
change on local species assemblages.

Here we perform a multi-scale study to assess the
combined impact of garden quality and landscape
structure on composition and abundance of butterfly
communities in 920 private gardens distributed across
France and four biogeographic regions (Fig. 1). We
considered groups of species based on habitat prefer-
ence and mobility, two traits that have been shown to
influence species response to their environment
(Bergman et al. 2004; Kuussaari et al. 2007). More
specifically, we investigated the effect on butterfly
abundance and richness of (a) garden area and
resource availability and (b) amount of semi-natural
habitats and urbanized area in the surrounding land-
scape. We expected abundance of butterflies and total
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Fig. 1 Distribution of the monitored gardens across France and
the corresponding biogeographic regions

species richness to increase primarily with habitat
quality and, to a lesser extent, with the area of habitats
and the availability of corridors in the surrounding
landscape, especially the area of semi-natural habitats
and the length of road verges. We also hypothesized
that habitat specialists and low-dispersing butterflies
would be more sensitive to local and landscape
features than habitat generalists and high-dispersing
species.

Material and method
Butterfly Data

Butterfly data were obtained through a nationwide
butterfly monitoring scheme in private gardens called
“Observatoire des Papillons des Jardins” (OP]J,
obj.mnhn.fr). This citizen science program was initi-
ated in 2006 by Vigie Nature at the French National
Museum of Natural History (http://vigienature.mnhn.
fr/) to gather butterfly counts in private gardens and
backyards. Analyses were conducted on a total of 920
gardens distributed across France and surveyed at least
once since March 2006 (Fig. 1).

The OPJ monitoring scheme protocol is based on
the identification and count of butterflies from a closed
list of 9 species and 19 species groups (morphospecies,
see Table 1). All studied species/morphospecies are

widespread across France and equally likely to be
found in any region. Butterfly survey were performed
between March Ist and October 31th and reported
monthly. Using an online reporting system, volunteers
reported the monitoring frequency (daily, weekly, or
monthly) and the maximum number of individuals of
each species/morphospecies observed simultaneously
in the garden during that month, Monitoring frequency
was then used to account for variation in sampling
effort over the season. To reduce heterogeneity in
count data due to variation between species and
species-groups detectability, monthly abundances
above 10 (0.4 % of all data) were truncated to a
maximum count of 10 (Julliard et al. 2006). In our
analyses, we removed Macroglossum stellatarum (the
only Heterocera in the closed list) and four species
(Aporia crataegi, Cacyreus marshalli, Callophrys
rubi and Brintesia circe) for which phenological
comparison with (expert) atlas data indicated frequent
species misidentifications in the OPJ dataset (results
not shown). Although identification errors may still
persist in the remaining dataset, we are confident that
by grouping species according to two ecological traits
(habitat preference and mobility), our analyses were
robust to bias related to potential misidentification as
confounded species generally share the same traits.
This was shown for both habitat preference (Kuussaari
et al. 2007) and mobility (Stevens et al. 2013).

For a given garden, month and year, we calculated
the cumulative (maximum) abundance of all species
for each of the six butterfly groups considered (three
habitat specialization classes, three classes of mobil-
ity). As the group of small blue lycaenids included
common species preferring either forest edges (e.g.
Celastrina argiolus) or grasslands (e.g. Polyommatus
icarus), its abundance was used to calculate both the
abundance of forest and grassland species. As a proxy
of species richness, we used the total number of
species/morphospecies seen in each garden at each
month of observation. Habitat preference (semi-natu-
ral grasslands, field margins or forest edges) was based
on the classification provided by Kuussaari et al.
(2007), and their mobility (high, medium, low) on the
mean dispersal distance (MDD) provided in Stevens
et al. (2013). Based on species’ MDD, we defined
three levels of mobility, where low mobility species
have a MDD lower than 200 m, medium mobility
between 200 and 500 m, and high mobility above
500 m.
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Table 1 List of species and groups of species with their corresponding habitat preference (based on Kuussaari et al. 2007), mobility

(based on Stevens et al. 2013) and frequency in the data set

Family Species/group species Habitat Mobility Frequency
preference
Hesperiidae  Pyrgus spp., Erynnis tages (Dingy Skipper), Carcharodus spp., [Grey G L 0.04
Skippers]
Thymelicus spp., Ochlodes sylvanus (Large Skipper), Hesperia comma G L 0.06
(Sylver-Spotted Skipper) [Orange Skippers]

Papilionidae Iphiclides podalirius (Scarce Swallowtail) F M 0.16
Papilio machaon (Common Swallowtail) F H 0.15

Pieridae Pieris spp., Euchloe spp., [Large Whites] M H 0.79
Anthocharis cardamines (Orange tip) F M 0.14
Colias croceus (Clouded Yellow) G M 0.09
Gonepteryx rhamni (Brimstone) F H 0.31

Lycaenidae  Lycaena phlaeas (Small Copper) G L 0.10
Polyommatus spp., Celastrina argiolus (Holly Blue),... [Small Blues] F/G M 0.33

Nymphalidae Pararge aegeria (Speckled Wood) F L 0.39
Lasiommata megera (Wall), L. maera (Large Wall Brown) G M 0.15
Coenonympha spp. *C. pamphilus (Small Heath) G L 0.14
Pyronia spp. (Pyronia tithonus (Gatekeeper)) F L 0.13
Maniola jurtina (Meadow Brown) G L 0.22
Melanargia galathea (Marbled White) G L 0.09
Argynnis spp. *A. paphia (Silver-Washed Fritillary) F M 0.10
Limenitis camilla (White Admiral), L. reducta (Southern White Admiral) F M 0.06
Aglais urticae (Small Tortoiseshell) M H 0.15
Inachis io (Peacock) M H 0.36
Vanessa atalanta (Red Admiral) M H 0.40
Vanessa cardui (Painted Lady) M H 0.17
Polygonia c-album (Comma) F H 0.20

Habitat preference is defined by: F = forest-edge, G = grasslands, M = field-margin; and mobility by: L = low, M = medium and
H = high. Scientific names of species and species group in italic, common names in parentheses (), and common group names in

square brackets []

* Most common species within a group
Garden characteristics

For each garden, volunteers provided information
about the garden area (0, 20, 100, 200, 400, 600, 800,
1000, 1500, 2000, 2500, 3000, 4000, 5000 and
6000 m) and the presence of specific garden elements
(lawn, pavement, pond for instance) as well as a list of
plants species known to positively influence butterflies
as either nectar resources or larval host plants. Based
on these local variables, we calculated an index of
garden naturalness and an index quantifying the
potential nectar offer. The index of garden naturalness,
determined by the presence of ivy, nettle, bramble and
fallow land, was calculated as the total number of
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these elements found in the garden. Garden nectar
offer was estimated from the attractiveness coefficient
of flowers for butterflies (Bergerot et al. 2010), using
the sum of the coefficients of all the flowers listed in
Appendix Table 1 and present in the garden.

Landscape structure and composition

To quantify the structure and the composition of the
landscape surrounding each garden, we collected infor-
mation from digitized land cover maps from the BD-
Topo® (French National Geographical Institute 2013)
[http://professionnels.ign.fr/bdtopo] and the (Registre
Parcellaire Graphique 2011 (RPG), produced by
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Table 2 Coordinates of 100 m 500 m 2000 m

explanatory variables on the

two axes of the PCA PC 1 PC2 PC 1 PC2 PC 1 PC2

computed for 100, 500 and

2000 meters buffers Garden naturalness —-0.70 0.02 —0.74 0.30 —0.77 —0.23
Nectar offer —0.58 0.04 —0.65 0.30 —0.68 —0.28
Garden area —0.74 —0.11 —-0.71 0.14 —0.70 —0.25
Grassland area —0.32 0.58 —-0.25 0.17 —-0.37 —0.02

o ) Wood area —0.50 —0.60 —0.51 —0.70 —0.38 —0.77

Each PC axis is a linear Crops area —0.30 0.64 —0.14 0.63 —0.07 0.82

combination of the

explanatory variables. Each Urban index 0.70 0.04 0.51 0.24 0.53 —-0.20

coordinate corresponds to Trails/roads length —0.22 —0.40 —0.24 —0.59 0.15 0.42

the contribution of the Highways length 0.37 0.21 —0.21 —0.14 —0.04 ~0.26

variable to the axis

Agence de Service et Paiement in compliance with the
European Common Agricultural Policy legislation).
Specifically, we computed the total area of grasslands,
croplands and woodlands within buffers of 100, 500 and
2000 m radii around the center of each garden. Urban-
ization was calculated from the soil sealing raster file
(pixels of 20 x 20 m) available from the European
Environment Agency (EEA 2010). Soil sealing value
was contained between 0 and 100, corresponding to the
percentage of impervious area in the pixel. An index of
urbanization was then calculated as the total urbanized
area in the buffer considering all pixels with impervious
area percentage above 0. Because different linear fea-
tures may have contrasted effect on butterflies, we dis-
tinguished a priori favorable (trails, roads) from a priori
unfavorable elements (highways) and calculated their
respective cumulative length in the different radii. We
excluded from the calculation (1) roads in urban areas
because they rarely have vegetated verges and therefore
play limited role for butterflies, and (2) trails and roads
in forests because their impact on butterflies is highly
dependent on canopy openness, a feature that could not
be estimated with available GIS layers.

Climatic data

As our study covers large bioclimatic gradients and
because butterflies species distributions are known to
be strongly dependent on climatic conditions (Menén-
dez et al. 2007; Schweiger et al. 2014), we included in
our models three variables that encompass the com-
bined effect of geographic and climatic drivers on
butterfly’s distribution across France. To avoid

problems related to model over-fitting, we restricted
our selection to three main variables, namely elevation
(m), annual precipitation (mm), and minimal temper-
ature (°C) of the coldest month that we extracted from
the WorldClim database (Hijmans et al. 2005).

Statistical analyses

Because garden and landscape variables were highly
correlated, we applied a principal components analysis
(PCA) on the standardized variables to synthesize the
information in reduced orthogonal dimensions for
each buffer size. From the PCA, we retained the first
two principal components (representing respectively
55, 49 and 48 % of the variance for 100, 500 and
2000 m scales, Table 2).

We modeled butterfly abundance and species
richness with generalized linear mixed models
(GLMM), using a Poisson distribution for the error
term. In our models, we included “garden” as a
random effect, and fixed effects were: the positions of
the gardens on the two axes of the PCA, an interaction
term between latitude and longitude to account for
potential spatial gradient in the butterfly abundance
data, an interaction term between the month and the
year of the observation to account for seasonal and
yearly variations in abundance, a quadratic effect of
garden elevation to account for potential hump-shaped
relationship (Wagner et al. 2013) and the monthly
monitoring frequency to account for sampling effort.
The full model fitting butterfly abundance or species
richness (X;y,,) in garden i for year y and month m was
defined by:
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Xiym = o + fy(lat; * long;) + f,(y * m)
+ B3vfym + Bapreci + Pstemp; + Bgelev;
+ Brelev; + ByPCAL; + By PCA2;

where o is the intercept, f the coefficients of each
explanatory variables, lat = latitude, long = longi-
tude, y = year, m = month, vf = visit frequency,
prec = precipitation, temp = temperature, elev =
elevation and PCAI and PCA2 the two axes of the
PCA.

We determined the best model for each response
variable by sequentially deleting explanatory vari-
ables from the complete model, starting with interac-
tions and the least significant terms. To ease
interpretation and comparison across scales, values
of continuous variables (latitude, longitude, PCA1 and
PCA?2) were standardized and centered before model
selection (Schielzeth 2010). We applied this model
selection procedure for each spatial scale. All statis-
tical analyses were computed with the software “R
software 3.0.1.” (R Core Team 2013) and the pack-
age « Ime4 » (Bates et al. 2013).

Results

The total dataset comprised 220,133 individual but-
terflies recorded during 20,640 observation events, in
the 920 gardens. The number of species recorded per
garden and per month ranged from 0 to 23 and the
number of individuals from 0 to 184. Mobility was
correlated with habitat preference (X2 = 174,df = 4,
p value = 0.002): grassland species were generally
characterized by low mobility, while field margin
species showed high mobility and forest edge species
medium mobility (Appendix Table 2). Analyses were
done for both habitat specialization and mobility, but
to avoid redundancy, we only show the results for
habitat specialization.

Spatial scales
After AIC-based model selection, six models were
retained to explain how butterfly abundance and

species richness relate to landscape and local variables
measured at three different scales:
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M1 : lat +y* m+vf + PCA1 + PCA2,

M2 : lat + y x m + vf + prec + PCA1 + PCA2,
M3 : lat +y * m + vf + prec + PCAL,

M4 : lat +y * m + vf + temp + PCA1 + PCA2,
MS : lat +y * m + vf + temp + PCAL,

M6 : lat + y x m + vf + elev + PCA1 4+ PCA2.

AIC comparison showed that the set of variables
included in the best models was relatively consistent
across scales, but that the spatial extent (i.e. buffer
size) at which the effect of landscape structure on
abundance was strongest varied between butterfly
groups (Table 3). For the abundance of grassland
species, the best fit was obtained within 100 m radius.
This contrasted with field margin species for which the
best fit was observed for 2000 m buffers. For forest-
edge species, we found no clear difference between
buffers of 100 and 2000 m radii. For species richness,
landscape structure measured within 100 m buffers
had lower explanatory power compared to measures
extracted from larger buffers. Nevertheless, we could
not identify an optimal radius as model fits were
relatively equivalent between buffers of 500 and
2000 m radius.

Local and landscape variables

Gardens were distributed along two main environ-
mental gradients (Table 2). The first PCA axis
represented a gradient of urbanization where “high-
quality” gardens characterized by large area,
enhanced naturalness and high nectar offer were
associated to rural landscapes and “low-quality”
gardens characterized by small area, reduced natural-
ness and low nectar offer to urbanized areas. The
second axis represented a gradient opposing land-
scapes characterized by large proportion of forested
areas to landscapes having large areas of cropland.
Linear features were either not important or strongly
confounded with cropland (100 m) or forested areas
(500 and 2000 m).

There was a strong negative effect of the urban
gradient on grassland, forest edge and -to a lesser
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Table 3 Best model for Species Scale (m) Best model AIC AAIC
three scales (100, 500 and
2000 m) with AIC and delta Field margin species abundance 2000 M3 60654 0
AIC calculated against the 500 M2 60665 1
minimum adequate model
observed for abundance in 100 M1 61020 366
each of three groups of Grassland species abundance 100 M3 46205 0
butterfly given their habitat 500 M2 46217 12
preference, and for the total
species richness 2000 M4 46225 20
Forest-edge species abundance 100 M4 55838 0
2000 M6 55839 1
500 M5 55842 4
Species richness (all groups) 2000 M6 53234 0
500 M2 53235 1
100 M2 53257 22

Table 4 Effect [estimate (standard error)] of urban and agricultural gradients, latitude, elevation and climatic variables on the
abundance of butterfly and total species richness estimated from the best models, with the spatial scale and the marginal R* associated

Spatial scale Abundance of field Abundance of Abundance of Abundance of Species Species
margin species forest-edge species forest-edge species grassland species  richness richness
2000 m 100 m 2000 m 100 m 500 m 2000 m
Urban gradient ~ —0.20 (0.015)*** —0.27 (0.02)%** —0.31 (0.02)%** —0.38 (0.025)***  —0.17 —0.18
(PCAD) (0.01)***  (0.01)***
Agricultural NS —0.10 (0.02)*** —0.13 (0.02)*%** NS 0.03 —0.03
gradient (0.01)* (0.01)*
(PCA2)
Latitude 0.07 (0.02)*** —0.19 (0.03)*%** —0.20 (0.03)*** —0.30 (0.04)***  —0.09 —0.09
(0.02)*#*  (0.02)%**
Altitude NS NS —0.001 NS NS NS
(0.0001 )#**
Temperature NS 0.005 (0.002)** NS NS NS NS
Precipitation NS NS NS 0.001 (0.0003)* NS NS
Model marginal 0.43 0.4 0.39 0.57 0.38 0.37

RZ

NS Not selected or non-significant
*p > 0.05 ** p>0.01, *** p < 0.001

extent- field-margin species abundance, but also on the
global species richness (Table 4 and Fig. 2). Increases
in cropland area had a negative effect on the
abundance of forest-edge species, but not the others.
The effect of cropland area on species richness
changed across scales, the effect being positive at
the 500 m scale and negative at the 2000 m scale.

Discussion

Our results provides clear evidence of the influence of
the surrounding landscape on butterfly species

assemblages in private gardens, highlighting the
negative impact of urbanization on garden butterflies,
but also showing that the magnitude of this effect
varies with species’ habitat preference and mobility.
By contrast, the response of the butterfly species
assemblages to the composition of the non-urban
matrix was less systematic.

As expected, the spatial scale at which landscape
factors affected butterflies abundance varied between
species groups and was mainly related to species’
habitat preference and mobility. Nevertheless, we
could not distinguish and measure the relative effect of
habitat preference and dispersal capacity as these two

@ Springer
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Fig. 2 Estimates of the
effect of urban gradient on
butterfly abundance for
three habitat preference
species groups and on total 0.40
species richness obtained
from models fitted at three
spatial scales (100, 500 and
2000 m). Asterisks selected
models
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factors were highly correlated, habitat generalists and
specialists showing respectively high and low mobil-
ity. Mobility in butterflies is often shown to be
associated with other life-history traits such as diet
specialization, niche breadth or reproduction (Komo-
nen et al. 2004), leading to what is known as a
“dispersal syndrome” (Stevens et al. 2013). The
correlation between habitat preference and species
mobility we observed was also shown by Turlure et al.
(2010) where species mobility is related to the spatial
distribution of nectar plants and its overlap with larval
host plants, species mobility being reduced when
nectar resources are more widespread. Field margin
species may have greater dispersal ability because
their resources (host plants, nectar) tend to be more
scattered over the agricultural landscapes and less
predictable over seasons and years due to more
frequent and intensive disturbances compared to
grasslands or forest edges. While mobile species
may benefit of the enhanced gene flow between
populations (Stevens et al. 2012), greater dispersal
capacity may also contribute to avoid inbreeding and
competition with kin or of density-dependent
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Species richness

processes such as competition or parasitism (Clobert
et al. 2012). Conversely, dispersal is costly and
associated with greater mortality risks, especially if
the outcome of the dispersal event is strongly uncer-
tain (Clobert et al. 2012). This may explain why
grassland specialists tend to have lower mobility. To
adequately disentangle the effect of species mobility
from the influence of habitat preference, we would
need to analyze a set of species that covers a wider
range of mobility within each group of habitat.
Butterfly abundance was depleted by urbanization
in every species groups, most likely due to reduced
area of semi-natural habitats (semi-natural grasslands,
forest edges and field margins), garden area and lower
food and host plant resources in the garden (i.e.
decrease of the garden variables). This is consistent
with other studies focusing on butterfly abundance in
urban areas, showing that species richness and abun-
dance increased with vegetated area and declined with
impervious areas, proportion of built area being a
better predictor of butterfly diversity than the amount
of vegetated area (Lizée et al. 2012). The effect of
local habitat condition such as host plant density,
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nectar resource, vegetation condition (i.e. naturalness
in our case) and site area was also found in both urban
(Di Mauro et al. 2007; Williams 2011) and semi-
natural landscapes (Matter and Roland 2002). Never-
theless, the literature on the effect of habitat area in the
surrounding landscape on local butterfly abundance is
equivocal. While Krauss et al. (2003a) and Botham
et al. (2015) demonstrated a positive relationship
between habitat area and butterfly abundance, others
found no correlation between butterfly abundance and
habitat area (e.g. Flick et al. 2012). In our study, due to
the high correlation between grassland area, garden
variables and urbanized area, we were unable to partial
out and identify the most important factor between
local habitat quality, urbanized area and other land-
scape variables. In fact, these factors are likely to
interact and result in an overall effect on butterfly
diversity and abundance along a gradient of urbaniza-
tion (Di Mauro et al. 2007).

Here we showed that the strength of the effect of
urban gradient varied across species groups. Thus,
grassland (i.e. poorly mobile) species were more
impacted than forest-edge species (i.e. moderately
mobile) and field margin species (i.e. highly mobile).
The spatial scales at which the models best explained
species response were consistent with their dispersal
capacity of each group. Grassland specialists were more
influenced by the variation measured in the narrow
surrounding (100 m radius), whereas the response of
species with high mobility (i.e. field margin species) was
better explained by variation observed within the larger
landscape. The trait-dependency that we observed in
species responses to landscape context was also docu-
mented other habitat and landscape types (Briickmann
et al. 2010; Ekroos et al. 2013; Perovi¢ et al. 2015).
While highly mobile species are more prone to move
between patches than low mobility species, the differ-
ence in the effect size observed between species can
also, at least partly, be explained by the deferred cost of
dispersal (Stamps et al. 2005; Bonte et al. 2012). This
suggests that in our study, the variation in species
groups’ response to the urban gradient resulted from the
combined effect of the difference in garden’s attrac-
tiveness and species’ mobility, both being strongly
determined by species life history traits. In urban
environments, such constraints seem to be more detri-
mental for specialist species than generalists.

As expected, abundance of forest species was
higher in landscapes with larger proportion of forested

area, suggesting that the local abundance this butterfly
group is directly impacted by the amount of habitat in
the surrounding landscape. Such effect, however, was
not detected for grassland and field-margin species.
This was surprising, considering that previous studies
have shown the positive effect of habitat area on the
abundance of specialist and generalist species (Stef-
fan-Dewenter and Tscharntke 2000; Botham et al.
2015). The negative correlation observed between
garden quality and grassland area measured within a
100 m buffer may partly explain the non-detection of
an effect of habitat area on grassland butterflies’
abundance. Also indicating the relative importance of
local habitat quality for grassland species, a factor that
may shade the effect habitat area in the surrounding
landscape. For field margin species, the apparent lack
of effect of the habitat availability in the large
surrounding (2000 m surrounding) is potentially asso-
ciated with their high mobility and capacity to move
between more isolated patches.

In the same way as its affected butterfly abundance,
the number species was significantly lower in garden
embedded in more urbanized landscape. Butterfly
species richness is indeed known to be affected by
urbanization (Di Mauro et al. 2007), as well as by
nectar resources, host plants and habitat area (Steffan-
Dewenter and Tscharntke 2000; Thomas et al. 2001;
Poyry et al. 2009). More surprising is the contrasting
influence of the forested area on total species richness,
being negative at 500 m and becoming positive
measured at 2000 m scale. This apparent contradiction
is most likely due to the difference in the covariance
pattern observed between landscape and garden vari-
ables at the two different scales. While the positive
effect of woodland area on total species richness has
been evidenced in other studies (Shreeve and Mason
1980; Marini et al. 2009; Briickmann et al. 2010), it
would be sensible, as a complement, to also assess the
effect of land-use change on richness of specific
functional and ecological groups. In fact, changes in
habitat area is very likely to affect species in different
ways with respect to their mobility, feeding niches and
reproductive rates (Ockinger et al. 2010). Because of
the relatively low number of species considered in our
study, we could not partition the effect of land-use
change on species richness between the different
groups. Nevertheless, as species richness was best
explained by variable measured within buffers of 500
and 2000 m, our results suggest that variation of
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species richness observed in residential gardens is
mainly determined by species with relatively high
level of mobility.

The number of citizen programs related to biodi-
versity monitoring and conservation is rapidly increas-
ing worldwide, although only a fraction is being used
for scientific publications (Theobald et al. 2015).
Although it has been proven that such programs
generally deliver information as reliable as profes-
sional monitoring (Lewandowski and Specht 2015),
this may not always be true and biases such as observer
effects have been reported (Williams et al. 2015). In
our case, comparison of the butterfly data partly
delivered by non-experts with more expert data
indicated that some species were reliably detected
and identified while other species were not, leading us
to shorten the initial list of species. As a result, analysis
of citizen science data should always be conducted
with caution and we recommend systematically com-
paring citizen data with external references before
analyzing such data. In addition, citizen programs
should implement protocols asking participant to
inform a number of variables related to sampling
effort and local environment as they proved to be
influential variables.

Conclusion

The differences in response to landscape context and
local quality between species according to functional
and ecological traits stress the need to consider species
traits in butterfly studies. Urbanization appeared to be
the most important driver of total species abundance
and species richness in private gardens, by simultane-
ously decreasing the area and the quality of habitat.
While being detrimental for all species groups, the
strongest effect of urbanization was observed for
grassland species, a group of butterflies that is
characterized by limited mobility and that is known
to be declining at an alarming rate in Europe (Van
Swaay et al. 2013). Considering that urban areas are
continuously growing worldwide, this threat is likely
to increase in the future (Prokop et al. 2011) and calls
for immediate and more integrated conservation
actions in urban areas.

Using data stemming from non-expert volunteers
enable us to conduct one of the first large scale study
on butterfly communities in private gardens. Citizen

@ Springer

science based monitoring programs are a unique way
to generate datasets that cover large spatial extent and
areas where access is usually restricted. Nevertheless,
such programs come with the drawback of depending
on relatively simple sampling designs that restrict the
hypothesis that can be tested. As a complement,
further studies should adopt sampling designs that
would enable to better quantify and disentangle the
effect of garden quality and urbanization. Such studies
would provide a real measure of the benefit of
improving local habitat quality in altered landscapes
and how these actions can compensate for habitat loss
induced by urbanization. Our study also stresses the
need to better understand the role of private gardens in
ecological processes such as food resources and egg-
laying spots. Comparing residential gardens to nearby
semi-natural habitats in terms of butterfly communi-
ties, biotic and abiotic conditions could help to advise
concrete conservation actions in gardens to maintain
and potentially increase butterfly diversity and abun-
dance in anthropogenized landscapes.
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