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a b s t r a c t 

 

We study whether butterfly diet predicts butterfly distribution along an urban gradient. Data come from a large scale 

participatory scheme involving the general public reporting butterfly abundance in their gardens (more than 6000 gardens), 

completed by a special survey on the relationship between butterfly species and flower species based on amateur pictures (more 

than 3500 pictures). Many studies show that urbanization promotes the loss of native plant species and their replacement by 

non-native species, so in this context we addressed the question of butterfly diet impacts provided by exotic and native plants 

in urban landscapes and we quantified diet diversity to identify specialist and generalist butterflies. Diet specialists had a longer 

proboscis and both specialization and proboscis length were positively correlated to preferences for exotic flowers. 

Nevertheless, diet specialist butterflies tended to avoid urban areas more strongly than diet generalists, while preference for 

exotic flowers was surprisingly not correlated to preferences for urban life in butterflies. All together this suggests that diet 

preferences do not play a strong part in determining butterfly distribution along urban gradients but also that diet specialization 

must be correlated to other life history traits such as dispersal ability or flexibility in habitat selection. 

 

1. Introduction 

Flower–insect interactions have a long history that dates from the Cretaceous 

(Nell, 2002). The association between floral traits and pollinator specialization 

generates a pollination syndrome defined by Fenster et al. (2004) as a suite of 

floral traits, including rewards, associated with the attraction and utilization of a 

specific group of animals as pollinators (Waser et al., 1996). On the one hand, 

plants have developed a lot of devices to attract insects (Kevan and Baker, 1983; 

Andersson, 2003; Omura and Honda, 2005), including rewards such as nectar 

(Kevan and Baker, 1983), in order to get their pollen transported from flower to 

flower. On the other hand many insects depend on flowers being their main 

resource during the adult part of their life cycle (Corbet, 2000; Fenster et al., 

2004; Ramirez, 2004). Insects themselves have developed very different 

strategies to exploit these resources leading to a continuum between the most 

specialized species exploiting only one plant species to the most generalist 

species able to exploit the full range of available flowers (Gomez and Zamora, 

1999). Coevolution between plants and pollinators (Mayfield et al., 2001; Bloch 

and Erhardt, 2008; Armbruster and Muchhala, 2009) involves 

 
1 ), the plant size (Dennis, 1992) and the flower pattern (Corbet, 2000). As 

suggested by Boggs et al. (2003), a combination of these traits is required to 

elicit naturally observed feeding patterns. 

All together, flower dwelling insect form a vast species 

assemblageinteractingwithavastassemblageofplantspecies(Burghardt et al., 

2009). Importantly, these insects provide ecological services to human beings, 

through the pollination of cultivated flowers which could reach 35% of the 

worldwide crop volume (Klein et al., 2007). As any other biodiversity 

components, pollinating insects, their functions and associated services are 

impacted by humaninduced global change. Here, we focused on one aspect of 

global change, urbanization which is one of the most dramatic land 

modification representing an extreme case of habitat destruction and 

fragmentation (Blair and Launer, 1997; McGeoch and Chown, 1997; 
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a lot of signals and many traits are used as cues by the pollinators, such as the 

color of the flower (Weiss, 1997; Reid and Culin, 2002; Li et al., 1), the scent 

induced by pollen and nectar composition (Andersson and Dobson, 2003; 

Mevi-Schutz and Erhardt, 2005; Omura and Honda, 2005), the flower size 

(Bloch and Erhardt, a rich reward to flower-visiting insects (Comba et al., 

1999; Gaston et al., 2005). Although garden structure (Reid and Culin, 2002) 

and floral diversity (Potts et al., 2003) play an important role in pollinator 

attractiveness because they include a lot of flowering plants (mainly selected 

for ornamental criteria), both exotic and native (Burghardt et al., 2009), we do 

not know how they influence the presence of butterflies in urban areas. 

Butterflies represent a non-negligible group of pollinators (Gregory, 1964; 

Pascarella et al., 2001; Kandori, 2002). The interactions between butterflies 

and flowers depend primarily on the reward offered by the flowers, i.e. nectar 

(Alonso Mejia et al., 1997; Rusterholz and Erhardt, 1997) that governs 

butterfly physiological processes (Baker and Baker, 1975; Moore and Singer, 

McFrederick and LeBuhn, 2006), and on one 

associated perturbation, the introduction of exotic plant 

species. Such a large variety of ornamental flowers 

species affects pollinating insects by modifying the 

available resources (Burghardt et al., 2009). In urban 

areas, urban parks play a crucial part in providing a 

wide range of plants allowing the maintenance of 

pollinator communities (Hermy and Cornelis, 2000; 

McFrederick and LeBuhn, 2006). Private gardens may 

also help to support local pollinator assemblages if they 

offer 
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1987; Hill, 1989; Mevi-Schutz and Erhardt, 2005), and on the match between 

flowers and butterfly eating structures (Dennis, 1992). More precisely, we 

studied how diet specificity predicts the distribution of butterflies along an 

urbanization gradient in France, where private and public gardens represent 

about one million ha (French Agricultural Ministry data, 

http://www.agreste.agriculture.gouv.fr). We hypothesized that generalist 

species may be more present in urban areas than specialists and we quantified 

how adult butterfly diet specialization and preferences for exotic flowers favor 

the colonization of urban areas. Eventually we studied ecological correlates 

associated with these diet characteristics. 

The main difficulty for studying the distribution of butterflies in an urban 

environment is probably the data collection due to access restrictions 

(particularly, in private gardens). In this context, citizen science schemes offer 

a valuable tool to overcome this problem. Our study is based on data provided 

by the French Garden Butterfly Observatory. This scheme is based on 

butterfly observation data gathered by voluntary observers from the general 

public in private or public gardens from 2006 to 2008 in approximately 3500 

private or public gardens each year. In addition, a special study was proposed 

in 2008 inviting observers to photograph butterflies feeding on flowers, 

providing nearly 3500 pictures. 

2. Methods 

2.1. Diet butterfly data 

Data collection was based on pictures of feeding butterflies taken by 

volunteers between March and October 2008. Pictures including a 

butterfly/flower pair were considered only when the butterfly was seen 

feeding. If two or more butterflies were seen feeding on the same flower, they 

were considered as many butterfly/flower pairs. The only constraint was that 

only one picture of a given individual butterfly on a given flower species 

should be sent; if this individual was seen on another flower species, another 

picture could be taken and sent. 

A total of 3942 pictures were collected all over France. Butterfly species 

that occurred less than 20 times were excluded from the analysis in order to 

allow proper estimation of diet specialization. As a result, 33 diurnal butterfly 

species were selected in this study. This represents 26% of the photographed 

species but 81% of the pictures. According to Lafranchis (2000), most of these 

species are widely distributed across France. In one case, two species were 

lumped in the analyses, due to identification difficulties: the pale clouded 

yellow (Colias hyale) and the berger’s clouded yellow (Colias alfacariensis). 

Similarly, plants were identified to the genus level when species identification 

proved to be impossible on pictures. 

2.2. Butterfly characteristics 

Relationships between butterflies feeding preferences and their life history 

traits were studied. To achieve this, the butterflies ecological (host plant 

family and number of host plants referenced in France, Lafranchis, 2000), 

physical (wingspan; proboscis length, Dennis, 1992), migratory (migratory 

status as two levels, migratory or no, Lafranchis, 2000) and phylogenetical 

features (family) were examined in order to explain butterfly diet. 

Phylogenetical characteristics were taken from Weller et al. (1996), and more 

specific information was found in Braby et al. (2006) for Pierids and in Martin 

et al. (2000) for Satyrids. Due to fragmentary information about butterfly 

phylogeny, branch lengths were not available and therefore all set equal to 1 

(Appendix A). 

2.3. Flower characteristics 

Ten flower characteristics which could influence butterfly attractiveness were 

considered in this study. These were based on morphology: color (with nine 

classes: blue, green, purple, orange, white, brown, red, yellow and pink), 

symmetry (axial or radial), flower shape (with five classes: individual, capitulum, 

bell, lip and other), plant size (in meters with four categories: <0.5, 0.5–1.5, 1.5–

3 and ≥3m), flower size (diameter in millimeters with four categories: <15, 15–

40, 40–100 and ≥100mm); resources: nectar quality and pollen quality (with four 

classes: bad, medium, good and very good, using the beekeeping value defined 

by Royan et al., 1998); ecology: annual, persistent, other; and phylogeny 

(family). Even if butterflies were mainly no pollen users, several reasons led us 

to integrate this plant characteristic in our analysis. Indeed, some of the listed 

plant families did not produce nectar but butterflies were observed with proboscis 

extended towards such flowers. Although there is in such case no nectar reward, 

we could explain this behaviour by various hypotheses such as honeydew 

production by Homoptera on the flower or stem, but we could also suggest that 

various cues attracted pollinators such as scent. Indeed, pollen plays a part in 

pollinator attraction, particularly in the emission of scents (Dötterl et al., 2006; 

Waelti et al., 2009). 

A correlation matrix was calculated to look for possible correlations between 

flower traits and identify redundant variables (Appendix B). The analysis showed 

a significant positive correlation between flower shape and flower symmetry and 

a significant positive correlation between flower shape and plant family. 

Significant correlations were also found between plant family and seasonal type 

and plant family and flower symmetry. As a result, seven flower traits were 

retained to develop the Butterfly Feeding Specialization Index: flower color, 

flower form, plant size, flower size, seasonal type, pollen quality and nectar 

quality. 

Plants were classified as native or exotic using the French Natural Heritage 

Inventory website (http://inpn.mnhn.fr/). Based on the seven main flower traits 

selected, differences between native and exotic plant species were analyzed. We 

compared plant size, flower size, pollen quality and nectar with Mann–Whitney 

tests. The flower form, flower color and seasonality were analyzed by Chi-

squared test. 

2.4. Butterfly Feeding Specialization Index (BFSI) 

A generalist species is a butterfly seen on different flower types with respect 

to their availability. Conversely, a specialist species visits only a few flower types 

and neglects the others. We did not have independent data on flower availability 

such as distribution of flower species in garden. We thus used the full range of 

pictures taken by amateurs as the range of flowers available to butterflies and 

compared, for a given flower trait, available flower category to observed flower 

category effectively visited by the butterfly species. 

For each of the seven main flower traits selected, a specialization value was 

calculated following the method proposed by Julliard et al. (2006): 

 i,c c 

SV 

 Mean(Ni,c c 

where SV is the specialization value for one flower characteristic, Ni.c represents 

the number of pictures taken for category c for the ith butterfly species and Nc 

the total number of picture taken for the category c. Then, the average of these 

coefficients was calculated for the seven main flower traits and used as a measure 

of Butterfly Feeding Specialization Index (BFSI). We only used pictures of 

native flower species for the calculation of the BFSI, and butterfly species with 

at least 20 such pictures. 

2.5. Native Preference Index (NPI) 

This index was developed in order to calculate the proportion of native flower 

species in the diet of butterfly and it is based on plant species. Indeed, by counting 

the number of pictures where a butterfly is feeding on native plant species and 

comparing it to the total number of pictures taken for this butterfly, we could 

quantify the butterfly preferences for native flowers. This index was calculated 

as follow: 

[NNi/Ni] 

NPI =  

[NN−NNi/N−Ni] 

http://www.agreste.agriculture.gouv.fr/
http://www.agreste.agriculture.gouv.fr/
http://inpn.mnhn.fr/
http://inpn.mnhn.fr/
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whereNNisthetotalnumberofpicturesofbutterfliestakenfeeding on native plants, 

NNi represents the total number of pictures of the ith butterfly species taken 

feeding on native plants, N the total number of pictures of butterflies taken and 

Ni the total number of pictures of the ith butterfly species taken. Values of this 

index greater than 1 indicate that species have been more photographed on native 

than exotic plant species. 

2.6. Butterfly sensitivity to urbanization 

The sensitivity of butterflies to urbanization was estimated using data from 

the French Garden Butterfly Observatory from 2006 to 2008. Volunteers counted 

butterflies in their gardens (private or public and recorded environmental 

variables: geographical localization, garden size, floral composition of the site: 

with Buddleja, Centaurea sp. and Scabiosa sp., Valeriana sp. and Centranthus sp., 

Geranium sp. and Pelargonium sp., lavenders, crucifers, nettle, bramble, ivy, 

clovers or aromatic plants, surrounding landscape type and use of pesticides). No 

constraint on the frequency of observation was imposed, and at the end of each 

month (March to October), volunteers recorded online the maximum number of 

individuals of each butterfly species seen simultaneously in the garden during the 

month. Visit frequency was recorded. Volunteers recorded butterflies from a 

closed list of 28 common species. These data included species abundance data 

from 4727 municipalities spread all over France and concerned 21 species out of 

the 33 selected in the present study. The sensitivity to urbanization could not be 

calculated for twelve species, as the French Garden Butterfly Observatory 

lumped these with other similar species (all blue Lycaenids, all white Pierids for 

instance). These species are Lycaena phlaeas, Lycaena tytirus, Polyommatus 

icarus, Celastrina argiolus, Plebejus agestis, Issoria lathonia, Lasiommata maera, 

Limenitis reducta, Pieris brassicae, Pieris napi, Pieris rapae and Ochlodes 

sylvanus. 

The measure of sensitivity was based on the abundance of butterflies in 

relation to the percentage of urban area in the municipality of observation, as 

given by the CORINE Land Cover classification (http://www.ifen.fr/). Butterfly 

abundance was calculated as the ratio between the total number of individuals 

for each species observed in a municipality between 2006 and 2008 and the 

number of surveyed months in this municipality. The urbanization gradient was 

strongly skewed towards low urbanization; we thus transformed percentage of 

urbanization into 8 classes of increasing urbanization level defined to include 

similar numbers of observations per categories. We calculated the parameter ˛ of 

the exponential regression between the mean butterfly species 

abundancebymunicipalitiesclassifiedineighturbanizationclasses(<1% of 

urbanization: 986 municipalities, 1%: 407 municipalities, 2–3%: 688 

municipalities, 4–6%: 618 municipalities, 7–10%: 503 municipalities, 11–19%: 

528 municipalities, 20–40%: 470 municipalities, >40%: 527 municipalities). The 

lower the parameter ˛; the higher the species sensitivity to urbanization. A 

positive slope means that the species reacts positively to urbanization. 

Eventually, we analyzed if the sensitivity of butterflies to urbanization was 

correlated to adult food preferences for exotic flowers (NPI) or to diet 

specialization (BFSI). We could then give a ruling on the importance of adult 

food resource to explain the presence of butterflies in urban areas. 

2.7. Statistical analysis 

Correlation tests (Pearson method) were performed to analyze 

relationships between (1) proboscis length and Butterfly Feeding 

Specialization Index, (2) proboscis length and Native Preference Index, (3) 

Native Preference Index and Butterfly Feeding Specialization Index and (4) 

Butterfly Feeding Specialization Index and sensitivity to urbanization. 

Native Preference Index was analyzed with Generalized Linear Models 

(GLM) using wingspan, proboscis length, number of host plant species, 

butterfly family, host plant family and migratory status as explanatory 

variables. GLMs were constructed assuming Normal distribution for the NPI 

and a stepwise selection procedure allowed to select the best fitted model 

(based on the Akaike Information Criterion, AIC, Akaike, 1981). The general 

starting model included the Native Preference Index as a dependent variable 

with all the butterfly traits cited above and their possible double interactions 

as explanatory variables. Analyses of variance (ANOVA) of the GLMs were 

made using a type 3 ANOVA and associated P-values were calculated. To test 

for phylogenetical effects, a Generalized Least Square Model (GLS) was used 

to calculate corrected P-values which were compared to P-values obtained by 

GLM. This method allowed to test if taxonomic links between species played 

a role in flower selection process (Lachenbruch, 1990). This model, taking 

into account phylogenetical relationships between butterfly families, used the 

Native Preference Index as a predictive variable; host plant families, number 

of host plants, proboscis length and interactions between host plant families 

and number of host plants as explanatory variables. We assumed a Grafen 

correlation structure (Grafen, 1989) for the model dependence because branch 

lengths were not available (and therefore all set to 1). 

The same method was used to test if the BFSI influenced species 

distribution areas along an urban gradient. Butterfly sensitivity to urbanization 

was used as the dependent variable, Native Preference Index and Butterfly 

Feeding Specialization Index and their interactions as explanatory variables. 

StatisticalanalyseswereperformedwithR© version2.7.0(200804-22). 

3. Results 

3.1. Data collection 

A total of 3492 pictures of butterflies/flowers pairs were selected, 

including 33 butterfly species belonging to 9 families (Table 1) and 272 plant 

taxa belonging to 66 families (for more details on the plant species, see 

Appendix C). 554 municipalities 

http://www.ifen.fr/
http://www.ifen.fr/
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were represented all over France (Fig. 1) and more than 85% of the pictures 

were taken in gardens (public or private). Among the 554 

municipalitiesreferenced,399privategardens(72%)werefollowed by French 

Garden Butterfly Observatory volunteers. Among them, 341 gardens (85%) 

contained non-native and native nectar sources. 

Table 1 
Butterfly species list (NPI: Native Preference Index; BFSI: Butterfly Feeding Specialization Index; nc: non-calculated). 

Family Scientific name Common name Picture number NPI BFSI 

Heliconiidae Argynnis paphia (Linnaeus, 1758) Silver-washed fritillary 86 0.53 1.44 

 Issoria lathonia (Linnaeus, 1758) Queen of Spain fritillary 32 0.88 nc 

Hesperiidae Ochlodes sylvanus (Esper, 1777) Large skipper 34 1.07 0.93 

Limenitidae Limenitis reducta (Staudinger, 1901) Southern white admiral 23 1.13 nc 

Lycaenidae Lycaena phlaeas (Linnaeus, 1761) Small copper 120 1.29 0.66 

 Lycaena tityrus (Poda, 1761) Sooty copper 22 1.20 1.1 

Nymphalidae Aglais urticae (Linnaeus, 1758) Small tortoiseshell 47 1.08 1.21 

 Araschnia levana (Linnaeus, 1758) Map butterfly 76 1.18 0.9 

 Inachis io (Linnaeus, 1758) Peacock butterfly 314 0.55 1.29 

 Polygonia c-album (Linnaeus, 1758) Comma butterfly 95 0.6 1.18 

 Vanessa atalanta (Linnaeus, 1758) Red admiral 196 0.7 1.31 

 Vanessa cardui (Linnaeus, 1758) Painted lady 87 0.64 1.35 

Papilionidae Iphiclides podalirius (Linnaeus, 1758) Scarce swallowtail 127 0.86 1.38 

 Papilio machaon (Linnaeus, 1758) Swallowtail 106 0.73 1.61 

Pieridae Anthocharis cardamines (Linnaeus, 1758) Orange tip 40 1.67 1.47 

 Colias alfacariensis Ribbe, 1905; Colias hyale (Linnaeus, 1758) Berger’s clouded yellow; pale clouded yellow 26 0.7 nc 

 Colias croceus (Fourcroy, 1785) Clouded yellow 31 0.99 nc 

 Gonepteryx rhamni (Linnaeus, 1758) Brimstone 233 0.62 1.26 

 Pieris brassicae (Linnaeus, 1758) Large white 139 0.73 0.91 

 Pieris napi (Linnaeus, 1758) Green-veined white 132 1.37 0.79 

 Pieris rapae (Linnaeus, 1758) Small white 206 1.34 0.83 

Polyommatidae Plebejus agestis (Denis & Schiffermüller, 1775) Brown argus 35 1.42 0.88 

 Cacyreus marshalli (Butler, 1898) Geranium bronze 70 1.29 0.61 

 Celastrina argiolus (Linnaeus, 1758) Holly blue 38 1.06 1.09 

 Polyommatus icarus (Rottemburg, 1775) Common blue 146 1.55 1.03 

Satyridae Brintesia circe (Fabricius, 1775) Great banded grayling 35 0.15 nc 

 Coenonympha pamphilus (Linnaeus, 1758) Small health 48 1.52 1.23 

 Lasiommata maera (Linnaeus, 1758) Large wall brown 30 0.98 nc 

 Lasiommata megera (Linnaeus, 1767) Wall brown 66 0.87 1.74 

 Maniola jurtina (Linnaeus, 1758) Meadow brown 392 1.15 1.69 

 Melanargia galathea (Linnaeus, 1758) Marbled white 119 1.5 1.23 

 Pararge aegeria (Linnaeus, 1758) Speckled wood 74 0.99 0.72 

 Pyronia tithonus (Linnaeus, 1767) Gatekeeper 267 1.25 0.99 
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Fig. 1. Localization of the 554 French municipalities where pictures were taken. 

1853 pictures represented native plant species, i.e. 53% of the total number of 

pictures. 

3.2. Flower offer selection and comparisons between native and exotic flower 

characteristics 

Exotic plants species were significantly (Mann–Whitney test, P <0.001) 

higher than native plant species and their flowers were bigger (2.18±0.25m vs. 

0.98±0.1m and 27.93±2.39mm vs. 19.26±0.83mm, respectively). The 

distribution of the pictures among different flower colors and flower patterns was 

different between exotic and native species (Chi-squared test, 2 =28.83, P <0.001, 

df=8; 2 =18.93, P <0.001, df=4, respectively). 

Exotic colors and flower patterns were, respectively mainly white, pink, 

purple and yellow (respectively 24%, 20%, 15% and 15% of flowers) and mainly 

individual, capitulum and bell (respectively 31%, 23% and 20% of flowers), 

whereas native flower colors and patterns were, respectively mainly white, pink 

and yellow (respectively 23%, 23% and 20% of flowers) and mainly individual, 

capitulum and lip (respectively 38%, 30% and 20% of flowers). 

There was no significant difference (Mann–Whitney test) between exotic and 

native plants for mean pollen quality (respectively 1.64±0.17 and 1.47±0.09, P 

=0.40) and mean nectar quality (respectively 2.36±0.17 and 2.28±0.08, P =0.63). 

The seasonality of the pictures did not differ between native and exotic species 

(Chi-squared test, 2 =0.1, P =0.66, df=1). 

The Buddleja constituted undoubtedly the most attractive plant 

speciesinthisstudywith539pictures.Atotalof28butterflyspecies (out of 33) were 

identified and represented 9 families. By comparison, a total of 24, 23 and 16 

butterfly species (with 9 families) were 

* P <0.05. 

 

Fig. 2. Relationship between Butterfly Feeding Specialization Index and proboscis length. 

identified, respectively in lavenders, clovers and mints, the three most 

photographed plant species after Buddleja. The main families identified in 

Buddleja were Satyridae, Pieridae and Nymphalidae (with 7, 6 and 6 species, 

respectively). In terms of picture numbers, Nymphalidae represented the main 

family with 240 pictures (mainly represented by the peacock butterfly with 91 

pictures) and Satyridae represented 87 pictures. Even if we listed only two 

Papilionidaespecies,thenumberofpictureswasquitesimilartoPieridae family (75 

vs. 79, respectively). 

3.3. Butterfly Feeding Specialization Index (BFSI) 

Butterfly Feeding Specialization Index (compiled in Table 1) was only 

positively correlated with proboscis length (Table 2, Fig. 2). 

3.4. Native Preference Index 

The final model showed that NPI was significantly negatively related to 

proboscis length (r =−0.67, P <0.001, Table 3, Fig. 3). Accounting for 

phylogenetical relatedness between species did not change this result (P =0.003, 

Table 3). Thus butterflies preferences for native and exotic flowers were clearly 

related to the length of the proboscis (Fig. 3). Negative relationships between 

Native Preference Index and Butterfly Feeding Specialization Index indicated 

that specialist butterflies were more seen on exotic flowers than generalists (r 

=−0.38, P =0.04 adjusted to proboscis length). 

Table 3 
Relationships between the Native Preference Index and variables included in the best fitted model 

using GLM (LR Chisq: Likelihood-ratio Chi square and the associated P-value) and GLS (with the 

corrected P-value associated) procedures. 

 LR Chisq P-value Corrected 
P-value 

Butterfly family 3.96 0.14  

Proboscis length 16.41 <0.001*** 0.003*** 

Number of host plants 1.18 0.28 0.29 

Host family 1.19 0.55 0.59 

Table 2 
Correlations between the Butterfly Feeding Specialization Index (BFSI) and the butterfly traits. 

 Proboscis length Wingspan Number of host plant Host plant family Butterfly family 

Correlation coefficient 0.43 0.32 0.17 0.09 0.01 

P-value 0.03* 0.11 0.39 0.66 0.97 

The asterisks show significant Pearson correlations coefficients (**P <0.01; ***P <0.001). 
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Number of host plants:host family 8.71 0.12 0.18 

 

Fig. 3. Relationship between Native Preference Index and proboscis length. 

3.5. Butterfly sensitivity to urbanization 

The selected model explaining butterfly sensitivity to urbanization 

includes Butterfly Feeding Specialization Index and Native Preference Index 

as explanatory variables without interactions. The sensitivity to urbanization 

was significantly positively related to the Butterfly Feeding Specialization 

Index (LR Chisq=4.63, P =0.03, Fig. 4.) and not significantly to the Native 

Preference Index (LR Chisq=0.02, P =0.90). While accounting for 

phylogenetical relatedness, sensitivity to urbanization was still significantly 

correlated with BFSI (P =0.02) and not significantly with NPI (P =0.94). 

Two species, the speckled wood and the Geranium bronze, reacted 

positively to urbanization. All the other species reacted negatively to 

urbanization. 

 

Fig. 4. Relationship between Butterfly Feeding Specialization Index and the sensitivity to 

urbanization. 

4. Discussion and conclusion 

Citizen science is characterized by volunteer involvement. Even if 

volunteers never detect all the butterflies in a site and species richness is often 

underestimated (Kery and Plattner, 2007), the bias resulting from volunteer 

observations is compensated by the amount of data provided by citizen 

science monitoring schemes. In the “flowers for butterflies” program, we 

compiled 3492 pictures taken in various habitat types and distributed all over 

France (554 municipalities). The 33 studied diurnal butterflies could be 

considered as representative of the common diurnal biodiversity of butterflies 

found in France because these species belong to nine of the major 

Rhopalocera butterfly families and are mostly widely distributed in France 

(Lafranchis, 2000). 

The Buddleja welcomed a large number of butterflies. Its own 

characteristics explained this overwhelming attractiveness (Corbet, 2000). 

However, the composition of butterfly fauna visiting this plant concerned 

mainly large butterflies such as peacock butterfly, red admiral, painted lady, 

silver-washed fritillary, scarce swallowtail or painted lady. This fact could be 

explained by the foraging behaviour of large versus small butterflies (Corbet, 

2000). Indeed compared to large butterflies which could forage easily on 

smallest trees such as Buddleja, smallest butterflies such as Hesperiidae, 

Lycaenidae and Polyommatidae species forage mainly in the herbaceous 

stratum. 

Each species presents its own morphological features, as that give clues 

concerning its foraging behaviors (May, 1992; Corbet, 2000; Bloch and 

Erhardt, 2008). Foraging butterflies are face a wide range of flower types 

which differ in their structures, colors and suitability (Tiple et al., 2009). 

Floral geometry (symmetry and shape) also played a part in the visit of plants 

by pollinators. Indeed, some flowers with deep tubular corollas (such as 

species of Penstemon, Scrophulariaceae) are not visited by butterflies with 

probosciscapableofreachingnectarbecausethereisnoplacetoput the feet and 

balance to feed (Clinebell and Bernhardt, 1998; Lange et al., 2000). For 

example, the meadow brown was more attracted by herbaceous stratum plant 

species with small capitulum and lip flower shapes; white and pink flower 

colors. On the contrary, the scarce swallowtail was mainly attracted by shrub 

plants with large bell and lip flower shapes; purple and pink flower colors. 

Thus we have developed the Butterfly Feeding Specialization Index which 

yielding a butterfly species classification along a specialist/generalist gradient 

with respect to their choice of flowers. Several studies on pollinators like bees 

reveal morphological differences between specialist and generalist (Harder, 

1985) and the same findings exist for butterflies (Tudor et al., 2004; Kunte, 

2007). Indeed, butterflies with long proboscis forage on deep flowers (Kunte, 

2007; Tiple et al., 2009). Our results showing that specialist butterflies are 

mostly long proboscis species, while generalist species are mostly short 

proboscis species are consistent with these studies. Interestingly if a generalist 

butterfly species is defining as an insect visiting a lot of flowers types for 

dwelling nectar, the same thinking for flowers could be made. A generalist 

plant species could 

bedefinedifithasabroaderspectrumofpollinatorsthantheirfloral characters 

might suggest (Bloch and Erhardt, 2008). 

Kunte (2007), explained these differences between specialists and 

generalists by competition arguing that specialist species were less 

competitive compared to shorter proboscis butterflies due to the higher 

handling time cost. Thus, for a given flower available to short and long 

proboscis butterflies, the latter harvest less nectar per unit of time. Indeed, the 

relationship between butterfly specialization and proboscis length can be 

interpreted as the narrowing range of flowers from which nectar can be 

extracted as proboscis length increases (Erhardt, 1995). Even if deeper 

flowers usually have higher standing nectar crops and provide higher 

energetic rewards (Harder, 1986), nectar access required specific adaptation 

in butterflies for exploiting these specific and uncommon plants. 

The native preference index showed that specialist butterflies (with long 

proboscis) were more seen on exotic flowers. Preferences for native or exotic 

plants were only strongly related to the proboscis length. There was no detectable 

influence of phylogenetical constraints. Because the length of the butterfly’s 

proboscis is in relation to the depth of the flower corolla (Dennis, 1992; May, 

1992; Kunte, 2007), we could expect that exotic flowers are 

deeperthannativeflowers.Wefoundthatexoticspeciesweretaller and had larger 

flower diameter than native plants. However, we did not have data referring to 

the corolla depth to validate the assumption that exotic flowers in the dataset were 

deeper than native species. Other differences between flowers were also 

identified. It is commonly admitted that color influences butterfly flower choice 

(Reid and Culin, 2002; Omura and Honda, 2005). Yet the complex mechanisms 

involved in color perception by insects and more particularly the role of ultra 

violet perception (Langanger et al., 2000; Mazza et al., 2002; Barta and Horvath, 
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2004) did not enable us to propose a valuable explanation to the observed 

differences in butterfly preferences between exotic and native flowers. 

Differences in the repartition of exotic and native plant species could be 

noticed. Compared to more natural landscapes, in urban areas, especially in 

gardens, exotic flowers represent an important part of the total amount of 

available nectar for butterflies (Shapiro, 2002). However, even if we did not have 

data on the relative abundance of native and non-native nectar sources in gardens, 

85% of private gardens followed by French Garden Butterfly Observatory 

volunteers (which represented 72% of the total sites) contained non-native and 

native nectar sources. These results suggest that in most cases, butterflies have 

choice between native and non-native nectar sources, and flower/butterfly 

combination should provide a good indication of the relative abundance of native 

and non-native nectar sources in gardens. However, in the case of an absence of 

more-preferred species, butterflies will visit less-preferred species by default. 

Without biasing our outcomes, care needs to be taken for such kind of studies. 

We thus tested the hypothesis concerning the usual pattern of generalist 

species being commoner than specialist species in urban areas (Blair and Launer, 

1997; Niell et al., 2007) and if the available adult food resources in urban areas 

(exotic or native flowers) could explain such pattern of distribution. 

We showed that feeding specialization and not preferences for exotic or 

native was an important factor influencing the distribution pattern of butterflies 

along the urbanization gradient. There was no detectable influence of 

phylogenetical constraints. Our results were consistent with the literature 

(Dennis, 1992; Tolman and Lewington, 1997; Lafranchis, 2000) and showed that 

more generalist species (as the Geranium bronze, the small copper, the speckled 

wood or the green-veined white) occurred more in urban habitats compared to 

specialist butterflies (as the swallowtail or the orange tip). Thus, even if resources 

for specialist species were present in urban areas, they were probably not able to 

get there. More precisely, two generalist species reacted positively to 

urbanization namely the speckled wood and the Geranium bronze. Due to the 

dependence on cultivated Pelargonium species as host plants (Sarto i Monteys, 

1992), we expected to find a positive response to urbanization for the Geranium 

bronze. For the speckled wood, the observed pattern could result from various 

factors. This species has several host plant such as the common couch (Elytrigia 

repens), the Cock’s foot (Dactylis glomerata) or bromes (Brachypodium spp.) 

which are very common in urban areas. Moreover, as explained by Schweiger et 

al. (2006), specific adaptations could explain its presence in urbanized areas. 

Indeed, they suggest that some butterfly species such as the speckled wood living 

in landscapes undergoing massive alterations may form metapopulations in 

response to anthropogenic habitat fragmentation (Shreeve et al., 2004). 

Butterfly feeding specialization may also be correlated to other life history 

traits that explain the avoidance of urban life for feeding specialists. Urbanization 

consequences such as habitat fragmentation could constrain butterfly distribution 

patterns (Smallidge and Leopold, 1997; Weber et al., 2006; Bock et al., 2007). 

Landscape connectivity probably plays an important part in butterfly distribution 

and may interfere with butterfly population dynamics (Rathcke and Jules, 1993). 

Indeed, Corbet (2000), mentioned that body mass and wing loading affect the 

load-carrying (limiting distance between fueling stops and so related to the diet) 

and the cooling rate (limiting the distance between stops for basking or 

endothermic warming) of butterflies. These findings support that the persistence 

of common butterflies in urban areas requires connectivity between floral patches 

(Sutcliffe et al., 2003) including nectar sources (Baguette et al., 2000, 2003; 

Mennechez et al., 2003). Moreover the presence of host plants for larvae may 

also have an important influence on the viability of butterfly populations (Janz et 

al., 2001; Schultz, 2001; Dennis et al., 2004). Indeed, butterflies are highly 

selective in their choice of larval host plants (Dennis et al., 2004; Öckinger, 2008; 

Talsma et al., 2008), and Friberg et al. (2008), showed that habitat selection could 

precede the host plant choice. In many cases, the recognition of larval host plants 

involves locating the adequate habitat and urbanization could limit the abilities 

to locate such habitat patches due to numerous obstacles even if the larval host 

plants is present (Dennis, 1992). 

In conclusion, our results allow us to suggest a mechanism to the usually 

observed pattern of generalist species being commoner than specialist species in 

urban areas (Blair and Launer, 1997; Niell et al., 2007) by showing that even if 

specialist butterflies feed on exotic flowers, they are not able to penetrate in urban 

areas. Butterfly distribution along urbanization gradients are more linked to 

butterfly feeding specialization than preferences for native or exotic species. 

Thus, compared to nectar availability provided by exotic or native flowers, 

butterfly feeding specialization appears as the main factor leading the distribution 

patterns of butterflies in urban areas. This study shows the importance of 

knowing the specificrelationshipsbetweenbutterflytraitstounderstandlargescale 

distribution patterns of common species in urbanized areas. However, 

comparisons with data obtained in wildland settings could be useful to have a 

complete overview of the functioning of butterfly communities. 

 

Fig. A.1. . 

However, despite the potential negative impacts of urbanization on insect 

richness (Matteson et al., 2008), urban areas seem to become pollinator 

reservoirs (McIntyre and Hostetler, 2001; Tommasi et al., 2004), especially 

when current farming methods harm pollinators such as bees or butterflies in 

agricultural landscapes (Kearns et al., 1998; Belfrage et al., 2005). But even if 

some pollinator species like bees are common in urban areas (McIntyre and 

Hostetler, 2001), the question of urban areas becoming refuges for specialist 

butterflies, because of a high availability of exotic flowers, has still to be 

addressed as their sensitivity to urbanization restricts the access to these high 

quality resources. 
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Appendix A. 

Phylogenetical tree representing taxonomical relationships between the 33 

butterfly species referenced (Fig. A.1). 

Appendix B. 
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Correlation matrix for the nine flower traits selected. The asterisks show 

significant Pearson correlation coefficients (**P <0.01; ***P <0.001). 

Appendix C. 

Plant species list and number of pictures ordered by families. 

 

Adoxaceae 7 Sambucus nigra, Viburnum odoratissimum 
Aizoaceae 14 Delosperma cooperi 
Alliaceae 7 Allium sp., Allium sphaerocephalon 
Apiaceae 29 Astrantia major, Daucus carota, Fœniculum vulgare, 

Heracleum sphondylium, Oenanthe sp., Pastinaca 

sativa, Smyrnium perfoliatum 

Apocynaceae 4 Nerium oleander, Vinca major 
Araliaceae 20 Hedera helix 
Asclepiadaceae 2 Asclepias syriaca 
Asphodelaceae 1 Aloe lateritia 
Asteraceae 1185 Achillea millefolium, Ageratum houstonianum, 

Anthemis arvensis, Arctanthemum arcticum, Arctium 

minus, Aster dumosus, Aster novae, 
Aster sp., Bellis perennis, Bidens tripartita, 
Buphthalmum salicifolium, Calendula sp., 

Callistephus chinensis, Carduus sp., Carlina vulgaris, 

Centaurea cyanus, Centaurea scabiosa., 

Chrysanthemum sp., Cichorium intybus, Cirsium 

arvense, Conyza canadensis, Coreopsis sp., Cosmos 

sp., Crepis sp., Dahlia sp., Echinacea purpurea, 

Echinops ritro, Erigeron annuus, Eupatorium 

cannabinum, Euryops chrysamthémoides, Gaillardia 

grandiflora, Galactites elegans, Helianthus annuus, 
Helianthus tuberosus, Helichrysum sp., 
Hieracium pilosella, Hypochaeris radicata, Inula sp., 

Jacobaea maritima, Leucanthemum vulgare, Liatris 

spicata, Ligularia sp., Matricaria recutita, 

Osteospermum sp., Pulicaria vulgaris, Rudbeckia sp., 

Santolina chamaecyparissus, Scabiosa colombaria, 

Senecio cineraria, Senecio vulgaris, Solidago 

virgaurea, Sonchus arvensis, Tagetes patula, Tagetes 

sp., Tanacetum vulgare, 
Taraxacum sp., Thrincia hirta, Zinnia sp. 

Balsaminaceae 1 Impatiens walleriana 
Berberidaceae 1 Berberis vulgaris 
Bignoniaceae 2 Campsis radicans 
Boraginaceae 30 Anchusa officinalis, Borago officinalis, Echium 

vulgare, Heliotropium europaeum, Myosotis sp., 

Symphytum officinale 

Brassicaceae 83 Alliaria petiolata, Alyssum loiseleurii, Alyssum 

saxatile, Arabidopsis thaliana, Armoracia rusticana, 

Aubrieta deltoidea, Brassica napus, Brassica olearacea, 

Brassica rapa, Cardamine pratensis, Eruca sativa, 

Erysimum officinalis, Hesperis matronalis, Iberis 

sempervirens, Iberis umbellata, Lunaria annua, 

Raphanus raphanistrum, Raphanus sativus, Sinapis 

arvensis 

Campanulaceae 10 Campanula sp., Jasione montana, Lobelia inflata, 
Phyteuma spicatum 

Caprifoliaceae 53 Abelia sp., Centranthus ruber, Symphoricarpos albus 

Caryophyllaceae 69 Agrostemma githago, Dianthus barbatus, Dianthus sp., 

Saponaria officinalis, Silene coronaria, Silene sp. 

Cleomaceae 3 Cleome speciosa, Cleome viscosa 
Clusiaceae 5 Hypericum perforatum 
Convolvulaceae 8 Calystegia sp., Convolvulus arvensis 
Cornaceae 2 Cornus sanguinea 
Crassulaceae 97 Sedum sp. 
Cucurbitaceae 2 Cucumis melo 
Dipsacaceae 25 Dipsacus fullonum, Knautia arvensis 
Elaeagnaceae 1 Elaeagnus angustifolia 
Ericaceae 21 Arbutus unedo, Erica cinerea 
Fabaceae 195 Albizia sp., Coronilla vaginalis, Lathyrus odoratus, 

Lotus corniculatus, Medicago sp., Phaseolus 

coccineus, Phaseolus vulgaris, Psoralea bituminosa, 

Sophora japonica, Trifolium sp., Vicia cracca, Vicia 

sativa, Wisteria floribunda 

Fumariaceae 1 Fumaria officinalis 
Geraniaceae 30 Geranium molle, Geranium pratense, Geranium 

robertianum, Geranium sanguineum, Pelargonium sp. 

Appendix C (Continued) 

Plant family Picture 
number 

Plant species 

Grossulariaceae 3 Ribes nigrum, Ribes rubrum 

Hydrangeaceae 16 Hydrangea sp., Philadelphus coronarius 

Hydrophyllaceae 3 Phacelia tanacetifolia 

 Plant family Seasonal type Symmetry Flower size Plant size Pollen quality Nectar quality Flower form Color 

Plant family 1 0.19* 0.23* 0.13 0.14 −0.08 −0.08 0.45 −0.14 

Seasonal type  1 0.07 −0.11 −0.09 0.15 −0.04 0.09 −0.03 

Symmetry   1 −0.17 −0.13 0.04 0.12 0.67 0.09 

Flower size    1 −0.09 0.07 −0.10 −0.14 0.11 

Plant size     1 −0.13 0.01 −0.06 −0.16 

Pollen quality      1 −0.13 −0.10 0.03 

Nectar quality 
Flower form 

      1 
 

0.16 
0.02 

Color         1 

* P <0.05. 
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Lamiaceae 587 Agastache sp., Ajuga reptans, Calamintha nepeta, 
Galeopsis angustifolia, Hyssopus officinalis, 
Lamium album, Lamium prupureum, Lavandula 

angustifolia, Manta arvensis, Melilotus sp., Melissa 

officinalis, Monarda didyma, Nepeta cataria, Nepeta 

sp., Ocimum basilicum, 
Origanum vulgare, Perovskia atriplifolia, Phlomis 

fructicosa, Physostegia virginiana, Prunella sp., 

Rosmarinus officinalis, Salvia microphylla, Salvia 

officinalis, Satureja hortensis, Scutellaria galericulata, 

Stachys officinalis, Thymus serpyllum, Thymus 

vulgaris, Vitex sp. 

Liliaceae 17 Allium porrum, Allium schoenoprasum, 
Aphyllanthes monspeliensis, Asphodelus sp., 
Hyacinthoides non-scripta, Muscari neglectum, 
Narcissus pseudonarcissus 

Loganiaceae 539 Buddleja sp. 

Lythraceae 53 Lythrum salicaria, Syringa vulgaris 

Malvaceae 14 Hibiscus syriacus, Lavatera arborea, Malva sylvestris 

Moraceae 1 Morus nigra 

Nyctaginaceae 4 Bougainvillea glabra 

Oleaceae 15 Jasminum sp., Ligustrum vulgare 

Onagraceae 12 Clarkia speciosa, Epilobium hirsutum, Epilobium 

montanum, Fuchsia sp., Gaura sp., Oenothera biennis 

Oxalidaceae 1 Oxalis corniculata 

Papaveraceae 2 Eschscholzia californica, Papaver rhoeas 

Phytolaccaceae 1 Phytolacca acinos 

Pittosporaceae 2 Pittosporum tobira 

Plantaginaceae 25 Plantago sp. 

Plumbaginaceae 10 Ceratostigma willmotianum, Limonium vulgare, 

Plumbago sp. 

Poaceae 2 Elytrigia 

Polemoniaceae 20 Phlox sp. 

Polygonaceae 2 Polygonum bistorta, Polygonum sp. 

Primulaceae 5 Lysimachia punctata, Primula auricula, Primula sp. 

Ranunculaceae 21 Anemone japonica, Clematis vitalba, Delphinium sp., 

Nigella damascena, Ranunculus sp. 

Rhamnaceae 8 Ceanothus pallidus, Ceanothus sp., Frangula dodonei 

Rosaceae 77 Chaenomeles japonica, Cotoneaster integrifolius, 
Fragaria vesca, Kerria japonica, 
Photinia × fraseri, Physocarpus opulifolius, Potentilla 

sp., Prunus laurocerasus, Prunus lusitanica, Prunus sp., 

Pyracantha coccinea, Rosa sp., Rubus fructicosus, 

Rubus Idaeus, Spiraea vanhouttei, Spirea japonica 

Rubiaceae 3 Crucianella sp., Galium odoratum 

Rutaceae 4 Choisya ternata 

Saxifragaceae 5 Astilbe sp., Deutzia 

Scrophulariaceae 12 Cymbalaria muralis, Hebe sp., Linaria repens, Linaria 

vulgaris, Veronica longifolia, Veronica officinalis 

Simaroubaceae 1 Ailanthus altissima 

Solanaceae 1 Petunia sp. 

Tamaricaceae 1 Tamarix ramosissima 

Tropaeolaceae 2 Tropaeolum majus 

Urticaceae 6 Urtica dioica, Urtica urens 

Valerianaceae 39 Valeriana officinalis 

Verbenaceae 67 Caryopteris sp., Clerodendrum sp., Lantana camara, 

Lantana sp., Lippia canescens, Verbena bonariensis, 

Verbena officinalis 

Violaceae 3 Viola odorata, Viola tricolor 

References 

Akaike, H., 1981. A new look at the statistical-model identification. Engineering, Technology and 

Applied Sciences 51, 22–122. 
Alonso Mejia, A., Rendon Salinas, E., Montesinos Patino, E., Brower, L.P., 1997. Use of lipid 

reserves by monarch butterflies overwintering in Mexico: implications for conservation. Ecol. 

Appl. 7 (3), 934–947. 
Andersson, S., 2003. Foraging responses in the butterflies Inachis io, Aglais urticae (Nymphalidae), 

and Gonepteryx rhamni (Pieridae) to floral scents. Chemoecology 13 (1), 1–11. 

Andersson, S., Dobson, H.E.M., 2003. Behavioral foraging responses by the butterfly Heliconius 

melpomene to Lantana camara floral scent. J. Chem. Ecol. 29 (10), 2303–2318. 
Armbruster, W.S., Muchhala, N., 2009. Associations between floral specialization and species 

diversity: cause, effect, or correlation? Evol. Ecol. 23 (1), 159–179. 
Baguette, M., Mennechez, G., Petit, S., Schtickzelle, N., 2003. Effect of habitat fragmentation on 

dispersal in the butterfly Proclossiana eunomia. CR Biol. 326, 200–209. 
Baguette, M., Petit, S., Quéva, F., 2000. Population spatial structure and migration of three butterfly 

species within the same habitat network: consequences for conservation. J. Appl. Ecol. 37, 

100–108. 
Baker, H.G., Baker, I., 1975. Studies of nectar-constitution and pollinator–plant coevolution. In: 

Gilbert, L.E., Raven, P.H. (Eds.), Coevolution of Animals and Plants. University of Texas 

Press, Austin, pp. 100–140. 
Barta, A., Horvath, G., 2004. Why is it advantageous for animals to detect celestial polarization in 

the ultraviolet? Skylight polarization under clouds and canopies is strongest in the UV. J. 

Theor. Biol. 226 (4), 429–437. 
Belfrage, K., Bjorklund, J., Salomonsson, L., 2005. The effects of farm size and organic farming on 

diversity of birds, pollinators, and plants in a Swedish landscape. Ambio 34 (8), 582–588. 
Blair, R.B., Launer, A.E., 1997. Butterfly diversity and human land use: species assemblages along 

an urban gradient. Biol. Conserv. 80, 113–125. 
Bloch, D., Erhardt, A., 2008. Selection toward shorter flowers by butterflies whose probosces are 

shorter than floral tubes. Ecology 89 (9), 2453–2460. 
Bock, C.E., Bailowitz, R.A., Danforth, D.W., Jones, Z.F., Bock, J.H., 2007. Butterflies and exurban 

development in southeastern Arizona. Landsc. Urban Plan. 80, 34–44. 
Boggs, C.L., Watt, W.B., Ehrlich, P.R., 2003. Butterflies: Ecology and Evolution Taking Flight. 

The University of Chicago Press, Chicago and London. 
Braby, M.F., Vila, R., Pierce, N.E., 2006. Molecular phylogeny and systematics of the Pieridae 

(Lepidoptera: Papilionoidea): higher classification and biogeography (vol. 147, p. 239, 2006). 

Zool. J. Linn. Soc. 147 (3), 417. 
Burghardt, K.T., Tallamy, D.W., Shriver, W.G., 2009. Impact of native plants on bird and butterfly 

biodiversity in suburban landscapes. Conserv. Biol. 23 (1), 219–224. 
Clinebell II, R.R., Bernhardt, P., 1998. The pollination ecology of five species of Penstemon 

(Scrophulariaceae) in the tallgrass prairie. Ann. Mol. Bot. Gard. 85 (1), 126–136. 
Comba, L., Corbet, S.A., Hunt, L., Warren, B., 1999. Flowers, nectar and insect visits: evaluating 

British plant species for pollinator-friendly gardens. Ann. Bot. 83 (4), 369–383. 
Corbet, S.A., 2000. Butterfly nectaring flowers: butterfly morphology and flower form. Entomol. 

Exp. Appl. 96 (3), 289–298. 
Dennis, R.L.H., 1992. The ecology of butterflies in Britain, New York. 
Dennis, R.L.H., Hodgson, J.G., Grenyer, R., Shreeve, T.G., Roy, D.B., 2004. Host plants and 

butterfly biology. Do host-plant strategies drive butterfly status? Ecol. Entomol. 29, 12–26. 
Dötterl, S., Jürgens, A., Seifert, K., Laube, T., Weißbecker, B., Schütz, S., 2006. Nursery pollination 

by a moth in Silene latifolia: the role of odours in eliciting antennal and behavioural responses. 

New Phytol. 169, 707–718. 
Erhardt, A., 1995. Ecology and conservation of alpine Lepidoptera. In: Pullin, A.S. (Ed.), Ecology 

and Conservation of Butterflies. Chapman & Hall, London, pp. 84–97. 
Fenster, C.B., Armbruster, W.S., Wilson, P., Dudash, M.R., Thomson, J.D., 2004. Pollination 

syndromes and floral specialization. Annu. Rev. Ecol. Evol. Syst. 35, 375–403. 
Friberg, M., Olofsson, M., Berger, D., Karlsson, B., Wiklund, C., 2008. Habitat choice precedes 

host plant choice—niche separation in a species pair of a generalist and a specialist butterfly. 

Oikos 117 (9), 1337–1344. 
Gaston, K.J., Smith, R.M., Thompson, K., Warren, P.H., 2005. Urban domestic gardens (II): 

experimental tests of methods for increasing biodiversity. Biodivers. Conserv. 14, 395–413. 
Gomez, J.M., Zamora, R., 1999. Generalization vs. specialization in the pollination system of 

Hormathophylla spinosa (Cruciferae). Ecology 80 (3), 796–805. 
Grafen, A., 1989. The phylogenetic regression. Philos. Trans. R. Soc. Lond. 326 (1233), 119–157. 
Gregory, D.P., 1964. Hawkmoth pollination in the genus Oenothera. Aliso 5, 385–419. Harder, 

L.D., 1985. Morphology as a predictor of flower choice by bumble bees. Ecology 66 (1), 198–210. 
Harder, L.D., 1986. Effects of nectar concentration and flower depth on flower handling efficiency 

of bumble bees. Oecologia 69 (2), 309–315. 
Hermy, M., Cornelis, J., 2000. Towards a monitoring method and a number of multifaceted and 

hierarchical biodiversity indicators for urban and suburban parks. Landsc. Urban Plan. 49, 149–

162. 
Hill, C.J., 1989. The effect of adult diet on the biology of butterflies. II. The common crow butterfly, 

Euploea core corinna. Oecologia 81 (2), 258–266. 
Janz, N., Nyblom, K., Nylin, S., 2001. Evolutionary dynamics of host-plant specialization: a case 

study of the tribe Nymphalini. Evolution 55 (4), 783–796. 
Julliard, R., Clavel, J., Devictor, V., Jiguet, F., Couvet, D., 2006. Spatial segregation of specialists 

and generalists in bird communities. Ecol. Lett. 9, 1237–1244. 
Kandori, I., 2002. Diverse visitors with various pollinator importance and temporal change in the 

important pollinators of Geranium thunbergii (Geraniaceae). Ecol. Res. 17 (3), 283–294. 
Kearns, C.A., Inouye, D.W., Waser, N.M., 1998. Endangered mutualisms: the conservation of 

plant–pollinator interactions. Annu. Rev. Ecol. Evol. Syst. 29, 83–112. 
Kery, M., Plattner, M., 2007. Species richness estimation and determinants of species 

detectability in butterfly monitoring programmes. Ecol. Entomol. 32 (1), 53–61. 
Kevan, P.G., Baker, H.G., 1983. Insects as flower visitors and pollinators. Ann. Rev. Entomol. 28, 

407–453. 
Klein,A.M.,Vaissiere,B.E.,Cane,J.H.,Steffan-Dewenter,I.,Cunningham,S.A.,Kremen, et al., 

2007. Importance of pollinators in changing landscapes for world crops. Proc. R. Soc. B 

Biol. Sci. 274 (1608), 303–313. 
Kunte, K., 2007. Allometry and functional constraints on proboscis lengths in butterflies. Funct. 

Ecol. 21 (5), 982–987. 
Lachenbruch,P.A.,1990.Reviewedwork(s):transformationandweightinginregression. By Raymond 

J. Carroll; David Ruppert. J. Am. Stat. Assoc. 85 (410), 593–594. 



 B. Bergerot et al. / Landscape and Urban Planning 96 (2010) 98–107 107 

Lafranchis, T., 2000. Les papillons de jour de France, Belgique et Luxembourg et leurs chenilles 

(Butterflies of France, Belguim and Luxembourg and their caterpillars). Parthénope (in 

French). 
Langanger, M., Jokl, S., Musso, M., 2000. UV-reflectance in flowers of Nymphaea alba L. and 

Nuphar lutea (L.) Sm. (Nymphaeaceae). Aquat. Bot. 67 (1), 13–21. 
Lange, R.R., Scobell, S.A., Scott, P.E., 2000. Hummingbird—syndrome traits, breeding system, 

and pollinator effectiveness in two synoptic Penstemon species. Int. J. Plant Sci. 161 (2), 

253–263. 
Li, P., Luo, Y., Bernhardt, P., Kou, Y., Perner, H., 2008. Pollination of Cypripedium 

plectrochilum (Orchidaceae) by Lasioglossum spp. (Halictidae): the roles of generalist 

attractants versus restrictive floral architecture. Plant Biol. 10 (2), 220–230. 
Martin, J.F., Gilles, A., Descimon, H., 2000. Molecular phylogeny and evolutionary patterns of 

the European satyrids (Lepidoptera: Satyridae) as revealed by mitochondrial gene 

sequences. Mol. Phylogenet. Evol. 15 (1), 70–82. 
Matteson, K.C., Ascher, J.S., Langellotto, G.A., 2008. Bee richness and abundance in New York 

city urban gardens. Ann. Entomol. Soc. Am. 101 (1), 140–150. 
May, P.G., 1992. Flower selection and the dynamics of lipid reserves in two nectarivorous 

butterflies. Ecology 73 (6), 2181–2191. 
Mayfield, M.M., Waser, N.M., Price, M.V., 2001. Exploring the ‘most effective pollinator 

principle’ with complex flowers: Bumblebees and Ipomopsis aggregata. Ann. Bot. 88 (4), 

591–596. 
Mazza, C.A., Izaguirre, M.M., Zavala, J., Scopel, A.L., Ballare, C.L., 2002. Insect perception of 

ambient ultraviolet-B radiation. Ecol. Lett. 5 (6), 722–726. 
McFrederick, Q.S., LeBuhn, G., 2006. Are urban parks refuges for bumble bees Bombus spp. 

(Hymenoptera: Apidae)? Biol. Conserv. 129 (3), 372–382. 
McGeoch, M.A., Chown, S.L., 1997. Impact of urbanization on a gall-inhabiting Lepidoptera 

assemblage: the importance of reserves in urban areas. Biodivers. Conserv. 6, 979–993. 
McIntyre, N.E., Hostetler, M.E., 2001. Effects of urban land use on pollinator (Hymenoptera: 

Apoidea) communities in a desert metropolis. Basic Appl. Ecol. 2 (3), 209–218. 
Mennechez, G., Schtickzelle, N., Baguette, M., 2003. Metapopulation dynamics of the bog 

fritillary butterfly: comparison of demographic parameters and dispersal between a 

continuous and a highly fragmented landscape. Landsc. Ecol. 18, 279–291. 
Mevi-Schutz, J., Erhardt, A., 2005. Amino acids in nectar enhance butterfly fecundity: a long-

awaited link. Am. Nat. 165 (4), 411–419. 
Moore, R.A., Singer, M.C., 1987. Effects of maternal age and adult diet on egg weight in the 

butterfly Euphydryas editha. Ecol. Entomol. 12 (4), 401–408. 
Nell, A., 2002. The insects: a success of evolution. Pour la Science 293, 32–39. 
Niell, R.S., Brussard, P.F., Murphy, D.D., 2007. Butterfly community composition and oak 

woodland vegetation response to rural residential development. Landsc. Urban Plan. 81, 

235–245. 
Öckinger, E., 2008. Distribution of burnet moths (Zygaena spp.) in relation to larval and adult 

resources on two spatial scales. Insect. Conserv. Divers. 1 (1), 48–54. 
Omura, H., Honda, K., 2005. Priority of color over scent during flower visitation by adult Vanessa 

indica butterflies. Oecologia 142 (4), 588–596. 
Pascarella, J.B., Waddington, K.D., Neal, P.R., 2001. Non-apoid flower-visiting fauna of everglades 

National Park, Florida. Biodivers. Conserv. 10 (4), 551–566. 
Potts, S.G., Vulliamy, B., Dafni, A., Ne’eman, G., Willmer, P., 2003. Linking bees and flowers: 

how do floral communities structure pollinator communities? Ecology 84 (10), 2628–2642. 
Ramirez, N., 2004. Ecology of pollination in a tropical Venezuelan savanna. Plant Ecol. 173 (2), 

171–189. 
Rathcke, B.J., Jules, E.S., 1993. Habitat fragmentation and plant pollinator interactions. Curr. Sci. 

65 (3), 273–277. 
Reid, L.S., Culin, J.D., 2002. Effects of color pattern arrangement and size of color mass on butterfly 

visitation in Zinnia elegans. J. Entomol. Sci. 37 (4), 317–328. 
Royan, C., Roth, C., Roth, L., 1998. Des plantes utiles aux abeilles.Useful Plants for Bees, 

Association de Développement de l’Apiculture d’Île-de-France, 33 pp. (in French). 
Rusterholz, H.P., Erhardt, A., 1997. Preferences for nectar sugars in the peacock butterfly. Inachis 

io. Ecol. Entomol. 22 (2), 220–224. 
Sarto i Monteys, V., 1992. Spread of Southern African Lycaenid butterfly, Cacyreus marshalli 

Butler, 1898 (Lep: Lycaenidae) in the Balearic Archipelago (Spain) and considerations on 

its likely introduction to continental Europe. J. Res. Lepidoptera 31 (1–2), 24–34. 
Schultz, C.B., 2001. Restoring resources for an endangered butterfly. J. Appl. Ecol. 38, 1007–1019. 

Schweiger, O., Dormann, C.F., Bailey, D., Frenzel, M., 2006. Occurrence pattern of Pararge 

aegeria (Lepidoptera: Nymphalidae) with respect to local habitat suitability, climate and 

landscape structure. Landsc. Ecol. 21 (7), 989–1001. 
Shapiro, A.M., 2002. The Californian urban butterfly fauna is dependent on alien plants. Divers. 

Distrib. 8, 31–40. 
Shreeve, T.G., Dennis, R.L.H., Van Dyck, H., 2004. Resources, habitats and metapopulations—

whither reality? Oikos 106 (2), 404–408. 
Smallidge, P.J., Leopold, D.J., 1997. Vegetation management for the maintenance and 

conservation of butterfly habitats in temperate human-dominated landscapes. Landsc. 

Urban Plan. 38, 259–280. 
Sutcliffe, O.L., Bakkestuen, V., Fry, G., Stabbetorp, O.E., 2003. Modelling the benefits of 

farmland restoration: methodology and application to butterfly movement. Landsc. Urban 

Plan. 63, 15–31. 
Talsma, J.H.R., Torri, K., van Nouhuys, S., 2008. Host plant use by the Heath fritillary butterfly, 

Melitaea athalia: plant habitat, species and chemistry. Arthropod–Plant Interact. 2 (2), 63–

75. 
Tiple, A.D., Khurad, A.M., Dennis, R.L.H., 2009. Adult butterfly feeding-nectar flower 

associations: constraints of taxonomic affiliation, butterfly, and nectar flower morphology. 

J. Nat. Hist. 43, 13–14. 
Tolman, T., Lewington, R., 1997. Butterflies of Britain and Europe. Harper Collins Ltd., London. 

Tommasi, D., Miro, A., Higo, H.A., Winston, M.L., 2004. Bee diversity and abundance in an urban 

setting. Can. Entomol. 136 (6), 851–869. 
Tudor, O., Dennis, R.L.H., Greatorex-Davies, J.N., Sparks, T.H., 2004. Flower preferences of 

woodland butterflies in the UK: nectaring specialists are species of conservation concern. Biol. 

Conserv. 119, 397–403. 
Waelti, M.O., Page, P.A., Widmer, A., Schiestl, F.P., 2009. How to be an attractive male: floral 

dimorphism and attractiveness to pollinators in a dioecious plant. BMC Evol. Biol. 9, 190–

197. 
Waser, N.M., Chittka, L., Price, M.V., Williams, N.M., Ollerton, J., 1996. Generalization in 

pollination systems, and why it matters. Ecology 77 (4), 1043–1060. 
Weber, T., Sloan, A., Wolf, J., 2006. Maryland’s green infrastructure assessment: development of 

a comprehensive approach to land conservation. Landsc. Urban Plan. 77, 94–110. 
Weiss, M.R., 1997. Innate colour preferences and flexible colour learning in the pipevine 

swallowtail. Anim. Behav. 53, 1043–1052. 
Weller, S.J., Pashley, D.P., Martin, J.A., 1996. Reassessment of butterfly family relationships using 

independent genes and morphology. Ann. Entomol. Soc. Am. 89 (2), 184–192. 


