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a b s t r a c t

As the pace of urbanization accelerates, the conservation of urban biodiversity emerges as a rising con-
cern. Urban ecological research has revealed that some green areas in cities can harbor a rich diversity of
species that can be enhanced by certain landscape- and local-scale structural planning variables. How-
ever, while most studies have been conducted in large greenspaces (e.g., parks, remnants), less effort
was made to understand which variables influence biodiversity within small green patches and the effi-
ciency of management practices has been seldom investigated. Here, we explore how management prac-
tices interplayed with landscape and structural variables to influence the diversity of plants, birds,
butterflies and other pollinating insects in small public gardens (0.5–2.0 ha) in the center of a large
metropolis (Paris, France).

Small public gardens hosted significant common biodiversity and the ones that employed a conserva-
tion program (i.e., differential management) supported a higher diversity of all taxa and less urbanophile
communities of birds and butterflies. Local-scale and management variables were more important in
enhancing biodiversity than landscape-scale variables. Specifically, lawns rich in wild plants attracted
many pollinators and bird richness increased with tree cover. Pesticides had a negative effect on bird
richness, while a higher diversity of habitats and soils (i.e. mulching, peat) increased the diversity of
all four taxa. We also found that bird richness could serve as a reasonable surrogate for butterflies and
other pollinators. Our results highlight how planning and managing public gardens in the center of a large
metropolis can benefit biodiversity, regardless of spatial context.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Urban development poses some of the greatest threats and
challenges for biodiversity conservation in the 21st century
(McKinney, 2002). Today, most of the world’s population lives in
cities (UN, 2008) with an ecological footprint that goes well beyond
the boundary of the urban ecosystem (Wu, 2010). Yet it has been
shown that cities can harbor a rich diversity of species that some-
times even exceed that found in neighboring greener environ-
ments (e.g., Blair, 1996; Rees et al., 2009). This urban nature can
also provide a range of socio-economic benefits (TEEB, 2011),
including reconnecting people to nature (Miller and Hobbs,
2002). This has stimulated interest in ‘‘greening’’ cities, whether
through the growing use of ‘‘biodiversity-friendly’’ management
practices, or by extensive work focused on understanding how
the spatial arrangement and quality of greenspaces can determine
species diversity (reviewed by Sadler et al., 2010).

The potential of small urban greenspaces to improve the func-
tioning of urban ecosystems is relatively unexplored. Indeed,
greenspaces in cities are often small, fragmented and isolated,
but up until now, most ecological research has focused on large
green patches (Matteson and Langellotto, 2010). As a result, very
little is known about how these small green islands can contribute
to biodiversity conservation and to people. But although small
green patches may not provide as many resources or shelter oppor-
tunities for different taxa as larger patches, they form intercon-
nected networks that improve the urban matrix permeability
(Shanahan et al., 2011). In the context of large urban agglomera-
tions, these small greenspaces also allow people to maintain con-
tact with nature (Miller and Hobbs, 2002), providing ecosystem
services that improve city-dweller well-being (Fuller et al., 2007).
Thus, understanding how to plan and manage small greenspaces
to maintain or even increase biodiversity can be of great value
for both city-dwellers and conservationists.

The relative importance of local- vs. landscape-scale variables in
influencing urban biodiversity varies among taxa and studied
locations (Goddard et al., 2010). For instance, Evans et al. (2009)
demonstrated that local variables, such as tree cover, structural
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complexity and human disturbance, were more important than
landscape variables in determining bird diversity. But most exist-
ing avian studies focused on large patches (Goddard et al., 2010).
In smaller patches within the urban matrix, Loss et al. (2009) and
Shanahan et al. (2011) showed that bird richness was also strongly
dependent on landscape factors, such as the heterogeneity of land
cover types, distance to natural areas and landscape connectivity.
Both landscape- and local-scale variables, such as patch age and
diversity of sub-habitats, influence the diversity of vascular plants
and pollinators in various urban locations (e.g., Bastin and Thomas,
1999; Brown and Freitas, 2002; Kadlec et al., 2008; Ahrne et al.,
2009). But in private gardens, local variables seemed to be more
important than landscape ones in determining the diversity of
plants and invertebrates (e.g., Thompson et al., 2004; Gaston
et al., 2005; Smith et al., 2006). Overall, species diversity does
not appear to exhibit similar spatial patterns across different taxa
in the urban environment (McDonnell and Hahs, 2008; but see
Blair, 1999). But most urban studies focus on a single taxa (McDon-
nell and Hahs, 2008), and cross-taxonomic studies are needed to
better understand the different drivers of urban biodiversity.

While extensive research exists on the relationship between
environmental variables and urban biodiversity, the effectiveness
of management practices has rarely been studied. The level of
management (i.e., grass cutting, pruning and fertilizing) was
shown to influence bird diversity in a large urban park (Shwartz
et al., 2008). Gaston et al. (2005) demonstrated experimentally that
the presence of ponds and nesting-boxes for solitary bees could en-
hance biodiversity in private gardens, unlike other practices such
as leaving deadwood and nettle patches. For pollinators, flower
selection and lawn mowing practices have been shown to influ-
ence both the richness and the abundance of bees and bumblebees
(Ahrne et al., 2009; Kearns and Oliveras, 2009). The diversity and
composition of wild plants in urban lawns has been shown to be
influenced by mowing practices, public access and the use of pes-
ticides and fertilizers (Kirkpatrick, 2004; Politi-Bertoncini et al.,
2012).

As cities become more aware of the multiple benefits provided
by nature, they are promoting management practices aimed at
increasing biodiversity (TEEB, 2011). One example is the ‘differen-
tial management’ program, which was first developed in Germany
during the 1990s as an alternative to intensive horticultural man-
agement of urban greenspaces (Aggeri, 2010) and is now wide-
spread in Europe. The program promotes a range of practices for
developing sustainable greenspaces in urban areas and one of its
objectives is to increase biodiversity (Aggeri, 2010). It therefore rec-
ommends some ‘biodiversity friendly’ practices such as zero pesti-
cides, reuse of organic waste as mulch and the creation of several
semi-natural sub-habitats. Although this program has been adopted
by several European cities (e.g., Amsterdam, Hamburg, Brussels), we
are not aware of any study that has explored the efficiency of these
practices in retaining or even increasing urban biodiversity.

This paper investigates how environmental variables interplay
with management practices to influence biodiversity in a heav-
ily-developed, densely-populated metropolis (Paris, France). In
2004, the Paris municipality started using the ‘differential manage-
ment’ program. It published a set of guidelines for gardeners and
managers, who were then able to choose whether to apply all,
some or none of them, resulting in a variance in management prac-
tices. We therefore used those small public urban gardens as a nat-
ural experiment to investigate: (i) which biodiversity they can
harbor; (ii) how landscape, local-scale variables and management
practices influence the diversity of birds, pollinator insects and
wild plants in those public gardens; and (iii) whether some taxa
could serve as surrogates for others. Answering those questions
could help provide useful guidelines on how to better design and
manage small public gardens.

2. Materials and methods

2.1. Study system

The study was carried out in Paris (France), one of the most den-
sely-populated metropolises in Europe. Paris has a green infra-
structure consisting of two large parks (�1000 ha) at the
periphery of the city, 17 medium-size parks (5–15 ha), over 400
small public gardens (0.1–5.0 ha), and an additional 800 ha of pri-
vate greenspace (APUR, 2010). Since only public gardens in Paris
are gradually applying the differential management program, we
conducted our research on 36 small public gardens (0.5–2.0 ha;
more details on garden selection in Supplementary material S1).

2.2. Biodiversity surveys

During 2009, we sampled the diversity of three taxa representa-
tive of different trophic levels: birds, pollinators and plants. Birds
were sampled during the breeding season (April–May) between
30 min before sunrise and 3 h after, using point counts. We visited
each garden eight times for 10 min and recorded the species and
the number of individuals of every bird seen or heard up to 50 m
from the sampling point. Birds flying over the survey area were
ignored.

We used two different methods to sample pollinating insects.
Diurnal butterflies (Lepidoptera sp.) were sampled from June to Au-
gust on sunny days with a minimum temperature of 18 �C. We
used the quadrat method as it was more suitable than a normal
transect for sampling the public gardens that were relatively indi-
vidual- and species-poor. Each garden was visited seven times, by
walking in a quadrat of 0.5 ha (without retracing our steps) for
15 min recording any butterfly in sight. All butterflies were identi-
fied at the species level, except garden whites, which were grouped
at the genus level (i.e., Pieris).

To assess the diversity of other pollinators without capturing
individuals, we developed a picture-based procedure based on a cit-
izen science protocol used in France (http://www.spipoll.org). We
visited each garden seven times for 20 min on sunny days between
9:30 and 17:30. Before the sampling season, we mapped and num-
bered all the flower patches (i.e., flowerbeds, lawns with flowers,
flowering trees and bushes). At each visit, we randomly drew four
numbers and sampled the corresponding patches for 5 min by pho-
tographing the pollinators on flowers. We later identified the pic-
tured pollinators to morphospecies level (i.e., one species or
group of species distinguished from others only by its morphology;
Kremen et al., 2011), since 46% of species sampled could only be
identified at the species level by capture (e.g., family Halictidae).

Finally, we were also keen to explore to what extent small pub-
lic gardens supported populations of wild plants, beyond the orna-
mental species that were planted in the gardens but did not form
self-replacing populations. The classification of species as wild
and cultivated was given by the Conservatoire Botanique National
du Bassin Parisien (CBNBP, 2011). Thus, in August we inventoried
the presence/absence of wild vascular plant species within the
same quadrats as those used for pollinator sampling.

Sampling effort was estimated for birds, butterflies and pollina-
tors in each of the 36 public gardens using sample-based rarefac-
tion curves. We used the observed richness when all public
gardens reached accumulation and the average number of species
if not (more details in Supplementary material S1).

2.3. Biodiversity indices

Richness of birds, butterflies, plants and pollinator morphospe-
cies (average species per visit), and the average abundance of birds
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and butterflies were calculated. Indices measuring the affinity of
birds, butterflies and plants for urban areas were also estimated.
Following Blair (1999), bird species were classified in two groups:
urban exploiters (i.e., species that exploit the urban ecosystem;
Supplementary material S2) and urban adaptors (i.e., species that
adapt to urban environment and live mostly in green areas; Sup-
plementary material S2). We then calculated the urbanophobe bird
index as the share of urban adaptors out of the total bird abun-
dance. For butterflies, we calculated the sensitivity of each species
to urbanization following Bergerot et al. (2011). The urbanophobe
index was calculated as the weighted average of this index based
on relative abundance for all public gardens that supported com-
munities of butterflies (i.e., excluding the three gardens with al-
most no butterflies). We used Biolflor urbanity trait (Kühn et al.,
2004) to classify plant species in five categories of urbanity and as-
sess an average plant urbanophobe index per garden. For all three
indices, high values reflect urbanophobe communities. We used
Pearson correlation coefficients to explore how these indices re-
lated to each other.

2.4. Landscape variables

Using ArcMap 9.2, we estimated 14 landscape variables that we
expected may influence the diversity of the different taxa in the 36
public gardens. We measured the distance of each garden from the
center of Paris (which is negatively correlated with intensity of
urbanization; Muratet et al., 2008) and from the nearest large
(�1000 ha) urban park (that could act as a source for the nearest
gardens). In order to estimate the green cover around each garden,
we also used Normalized Difference Vegetation Index (NDVI, IAU-
RIF, 2003) data estimated from satellite imagery (15 m � 15 m res-
olution data estimated from Landsat 7 Thematic Mapper satellite
imagery recorded the 28th August 2000), classified in thirteen clas-
ses ranging from zero (concrete) to twelve (dense vegetation).
NDVI has been shown to be strongly related to the extent of vege-
tation cover (Purevdorj et al., 1998). We then calculated the aver-
age green proportion for six buffer zones (100–500, 1000 m).
Similarly, we calculated the proportion of greenspace (i.e., areas
that are defined as green in Land Use Patten map; IAURIF, 2003)
around each garden for the same six buffer zones. Since all 14 land-
scape variables were highly correlated, we used hierarchical parti-
tioning (Mac Nally, 2002) to select the variable with the strongest
independent influence on all the biodiversity indices, i.e. the mean
NDVI in a 300 m buffer zone around the garden.

2.5. Structural garden variables

Five structural garden variables were digitized using both Arc-
Map 9.2 and field surveys (garden area, tree cover formed of spe-
cies with a single trunk and higher than 3 m, bush cover formed
of species with several stems and smaller than 3 m, flowerbed cov-
er and lawn cover). We also calculated the Shannon–Wiener index
of habitat diversity per garden based on the proportion of cover of
each the sub-habitats types (the five sub-habitats listed above, and
cover of water, unmanaged areas, and flower meadows – areas
seeded with wild flowers and high grasses).

2.6. Management practices

Based on the extent to which public gardens employ the prac-
tices recommended under the ‘‘differential management’’ program
for the city of Paris, public gardens can obtain ‘biodiversity-
friendly’ certification (notwithstanding the consequences of these
practices). We used a student T-test to compare the richness of
birds, butterflies, wild plants and other pollinators between certi-
fied and non-certified public gardens (Fig. 1). However, since the

certification involves many different criteria (e.g., water saving,
compost), even certified public gardens vary in their management
practices.

In order to explore this variance in management practices (i.e.,
the degree to which different practices are employed in each gar-
den), we interviewed each garden manager with a questionnaire.
We assessed five variables that we thought would influence the
diversity of species sampled: (1) pesticides – we used a two-level
factor indicating the presence/absence of pesticides. Only nine
public gardens still use pesticides of the 36 gardens studied; (2)
quantity of mulch ranging from 0 (no mulch) to 6 (mulch covers
most unpaved parts of the gardens, except lawns). Mulch in Pari-
sian public gardens consists of pellets produced from the organic
garden waste; (3) quantity of peat ranging from 0 (no peat) to 5
(covers most unpaved parts of the public gardens excluding
lawns); (4) mow height ranging from 4 to 8.5 cm and (5) mowing
frequency per month (since public gardens with small lawns were
cut in one go). Mowing higher and less frequently was expected to
be a biodiversity friendly practice.

2.7. Data analysis

We used nine separate Linear Models to explore the relative
influence of management practices, landscape and structural vari-
ables on species diversity indices, normal error structures were
used when possible. (A scheme showing the statistical design of
all analyses used in this paper is presented in Supplementary
materials S1.) Since no significant collinearity was found between
variables, the landscape variable and all management and struc-
tural variables (excluding flowerbed cover for birds, since we did
not expect it to influence bird diversity) were entered into the
models. We also entered in each model the interactions lawn-
cover �mow-height and lawn-cover �mowing frequency, since
we expected these practices to be mostly related to lawn cover.
All the statistical analyses were done in R.2.12.2 (R Development
Core Team, 2011). We first tested for normality assumptions and
non-constant error in variance (Breush–Pagan test). Wild plant
richness, butterfly and bird abundance were not normally distrib-
uted and were modelled in Generalized Linear Models with quasi-
Poisson distribution error to account for over-dispersion. We found
no spatial auto-correlations among public gardens (Durban–
Watson test and Mantel test between taxonomic similarities and
geographic distances).

For model selection, we used a model-averaging approach
(Burnham and Anderson, 2002; Symonds and Moussalli, 2011).
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Fig. 1. Differences in richness of birds (a), butterflies (b), pollinators (c) and wild
plants (d) between public gardens that were certified as ‘biodiversity-friendly’
(certified) and public gardens that were not certified (non-certified).
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We first ranked all models based on the AICc (corrected Akaike
Information Criterion) or QAICc for quasi-Poisson model using
the MuMIn package (Barton, 2011). We then considered variables
from most parsimonious models (i.e., DAICc < 4) by averaging their
estimates and standard errors weighted by each model AICc/QAICc
(Burnham and Anderson, 2002). Model averaging computed the
post-probability (hereafter referred to as PP) of an explicative var-
iable influencing the dependant variable taking into account the
number of times the term appeared as significant in the selected
models. A rule of thumb for using these post-probabilities was to
consider that PP >0.95, 0.95–0.5, and <0.5 corresponded roughly
to the classical p-values <0.01, 0.01–0.05, >0.05 (Pellissier et al.,
2012). We therefore presented coefficients and standard error for
explicative variables that had post-probabilities higher than 0.5
(see Supplementary material S3 for all models and post-probabili-
ties). For each model we also present the adjusted R-square, which
was calculated as the average R-square in the most parsimonious
models.

3. Results

Altogether we recorded 30 species of birds (7–20 per garden),
12 species of butterflies (2–9), 74 morphospecies of pollinators
(7–36), belonging to 29 different families. We also recorded, 218
wild plants (11–67), of which 19% were naturalized species (see
Supplementary material S2 for full species lists).

We found that the ‘biodiversity-friendly’ public gardens sup-
ported a richer biodiversity than non-certified gardens (Fig. 1).
Both the richness of birds and the average richness of pollinators
were significantly higher in the certified gardens (respectively
t = 3.4, p = 0.001; t = 2.71, p = 0.01), and the richness of wild plants
and butterflies showed a similar but only marginally significant
pattern (respectively t = 1.94, p = 0.06; t = 1.84, p = 0.07). The biodi-
versity-friendly public gardens also displayed higher proportions
of urbanophobe birds (t = 2.21, p = 0.03) and tended to support
more urbanophobe butterflies than non-certified public gardens.

Several local structural variables and management practices ex-
plained the variance of the different diversity indices, whereas the
landscape variable influenced only butterfly abundance. Although
garden selection and sampling design were made to reduce the ef-
fect of garden size on biodiversity, total garden area was positively
correlated to the diversity of birds, butterflies and pollinators (Ta-
ble 1). Among the most parsimonious models, the use of pesticides

and mow height had important negative effects on bird richness,
while tree cover, mulch and peat exhibited positive effects
(Table 1).

Higher use of mulch and peat in public gardens seemed to facil-
itate conditions for urbanophobe birds. Bush cover and garden size
were important in explaining the variance of both richness and
abundance of butterflies (Table 1). Lawn cover also had a strong
positive effect on butterfly abundance, followed by mulch, the
diversity of habitats and a weak effect of NDVI buffer 300. Public
gardens with both small lawns and poor tree cover supported more
urbanophobe communities of butterflies. Pollinator diversity was
positively influenced by the use of peat, and by lawn cover and
habitat diversity (Table 1). All parsimonious models for wild-plant
richness included a negative interaction between lawn cover and
mow height (PP = 1.0). In public gardens with small lawn cover,
the richness of wild plants increased with mow height, while in
public gardens with large lawn cover richness of wild plants de-
crease with mow height. Wild plant richness was also positively
correlated with peat and habitat diversity (Table 1). Urbanophobe
wild plant communities were found in public gardens with low
tree cover.

The different biodiversity indices were moderately correlated to
each other (Table 2), but some interesting patterns emerged. Bird
richness was positively correlated to the diversity of butterflies,
pollinators, urbanophobe bird index and negatively to the urbano-
phobe butterfly index (Table 2). Public gardens that had higher
abundance of birds supported less urbanophobe communities of
birds and wild plants. The richness of pollinators, butterflies, wild
plants and the abundance of butterflies were all positively corre-
lated to each other (Table 2). Finally, public gardens that supported
urbanophobe butterflies also supported a lower richness of other
pollinators and wild plants, and urbanophobe communities of wild
plants (Table 2).

4. Discussion

Maintaining biodiversity in urban environments has become an
important conservation priority (Jarošik et al., 2011). Our results
showed that even small public gardens in the heart of Europe’s sec-
ond largest metropolis (�12 million inhabitants) can host a signif-
icant diversity of species from different taxa. Although small public
gardens only form a small part of the green infrastructure found in
Paris, alongside larger parks, wood remnants, unmanaged areas

Table 1
Estimated average coefficients ±SE for important landscape, structural and management variables (i.e., post-probabilities > 0.5) for the most parsimonious (DAICc < 4) generalized
linear models (n = 36; �n = 33) with normal or quasi-Poisson error selected (butterfly abundance and wild plants richness).

Variable type Birds
richness

Urbanophobe
birds

Butterfly
richness

Butterfly
abundance

Urbanophobe
butterfly�

Pollinator
richness

Wild plant
richness

Urbanophobe
plant

Management
Adjusted R2 0.72 0.46 0.41 0.59 0.29 0.66 0.57 0.19
Intersect 13.10 ± 0.36 0.21 ± 0.02 4.01 ± 0.23 1.54 ± 0.10 6.98 ± 0.09 6.87 ± 0.24 3.87 ± 0.04 3.06 ± 0.02
Pesticides �0.76 ± 0.85 – – – – – – –
Mulch 0.52 ± 0.48 0.05 ± 0.02 – 0.16 ± 0.15 – – – –
Peat 0.36 ± 0.40 0.06 ± 0.02 – – – 0.96 ± 0.26 0.07 ± 0.04 –
Mow height �0.42 ± 0.41 – – – – – 0.002 ± 0.04 –
Mow height � lawn

cover
– – – – – – �0.16 ± 0.04 –

Local structural
Area 2.00 ± 0.38 – 0.72 ± 0.23 0.21 ± 0.10 – 0.62 ± 0.28 – –
Tree cover 0.90 ± 0.48 – – – �0.23 ± 0.10 – – �0.03 ± 0.03
Bush cover – – 0.60 ± 0.33 0.19 ± 0.12 – – – –
Lawn cover – – – 0.26 ± 0.09 �0.14 ± 0.11 0.40 ± 0.28 0.04 ± 0.04 –
Diversity of habitats – – – 0.10 ± 0.13 – 0.95 ± 0.26 0.08 ± 0.05 –

Landscape
NDVI buffer 300 – – – 0.08 ± 0.10 – – – –
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and other private or small green environments, they account for a
large part of the city’s regional species pool. Birds sampled repre-
sented nearly 50% of the birds known to breed in Paris (Malher
et al., 2010). Similarly, butterflies sampled accounted for over half
of the total species sampled in 135 sites in the Paris region (Ile-de-
France; Bergerot et al., 2011), while other pollinators accounted for
44% of morphospecies reported in a citizen science project of 406
sites in the Paris region (Deguines et al., 2012). The plant species
observed in this study corresponded to over 30% of the flora ob-
served in almost one thousand sites of an urban department in
the same region (Muratet et al., 2008). However, the vast majority
of species sampled in the small public gardens were common spe-
cies in the Paris region. Common species are highly important for
conservation, since they contribute much of the structure, biomass
and energy turnover of an ecosystem (Gaston, 2010). They are also
frequent victims of habitat loss and species invasions, which could
have a profound influence on ecosystems and the services they
provide. In the urban context, these common species form interac-
tions with people, which could influence their well-being and
shape their relation with nature (Miller and Hobbs, 2002).

Developing sustainable cities is one of the great challenges for
urban planners, local authorities and conservationists (Wu,
2010). Programs like the ‘differential management’ program that
aim to find a subtle balance between horticultural traditions and
‘natural’ management could contribute to these efforts. However,
the evaluation of management programs is crucial to understand-
ing their value for conservation (Ferraro and Pattanayak, 2006).
The differential management program promotes the creation of
semi-natural habitats and the use of ‘environmental friendly’ prac-
tices in greenspaces (Aggeri, 2010). One of its objectives is to safe-
guard high biodiversity. In our study, the 20 ‘biodiversity-friendly’
public gardens supported a richer diversity of species than the 16
public gardens without this label. On this scale, it seems that the
differential management program benefits various taxa. However,
it is important to further explore the relationship between each
taxon, management practices and garden characteristics if we are
to validate those practices to promote sustainable conservation.

4.1. Landscape, structural variables and species diversity

In the context of a large metropolis, we found that local-scale
variables and management practices had more influence on species
diversity in small public gardens than landscape-scale effects. The
green cover index only weakly influenced the abundance of butter-
flies. This is likely explained by the movement of migratory butter-
flies along green corridors or stepping stones (Baum et al., 2004).
Indeed, the migrating painted lady (Cynthia cardui) accounted for
61% of total butterfly abundance in our survey, and when we rerun

the model excluding migrating species, the green cover index no
longer had a significant effect on butterfly abundance (PP = 0.16).
The absence of landscape effect for birds appears to be consistent
with other studies focused mostly on large greenspaces (Evans
et al., 2009), but is less consistent with recent work that investi-
gated the effect of landscape variables on small green patches in
large cities (Shanahan et al., 2011). Our results imply that adequate
planning and management of small public gardens could suffice to
increase species diversity (of some taxa) irrespective of the green
context these gardens are located in. While large greenspaces can
support more species than small patches, budgetary and spatial
constraints often prevent conservation at such large scales (Loss
et al., 2009). Therefore, in such cases (but not only those) small gar-
dens (public and private) provide an excellent opportunity to in-
crease the quality of biodiversity in the city.

Many studies demonstrate positive relationships between area,
vegetation diversity and species diversity for various taxa
(Goddard et al., 2010). Although we only considered a small range
of garden sizes (0.5–2 ha), area was important in four out of the
nine indices studied, thus even small changes in garden area may
increase species diversity. Similarly, the positive relationship be-
tween vegetation diversity and biodiversity is well-established in
cities (e.g., Kearns and Oliveras, 2009; Jarošik et al., 2011), espe-
cially between the diversity of woody species and birds (Evans
et al., 2009). Accordingly, we found that public gardens with a large
proportion of tree cover supported more bird species, but also a
lower proportion of urbanophobe plants and butterflies. Trees are
essential for protection, nesting and feeding of many urban breed-
ing birds (Fontana et al., 2011). However in our public gardens,
trees were generally used to shade pathways and were thus asso-
ciated to concrete or compacted soil cover, where urbanophobic
plants could hardly survive. For example, Sagina procumbens, a
plant very tolerant to trampling and considered as urbanophile
(urbanity index = 2), was only found in public gardens with high
tree cover (>40%). Since the most urbanophile butterfly species
were woodland species such as the speckled wood (Pararge aege-
ria) and comma (Polygonia c-album), high tree cover was associated
with urbanophobic communities of butterflies.

In cities, the richness of pollinators has been found to be
positively correlated to the diversity of nectar-giving flowers
(Matteson et al., 2008; Ahrne et al., 2009; Kearns and Oliveras,
2009). In this study, flowerbed cover was not correlated to pollina-
tor richness, but lawn cover was found to be positively correlated
with butterfly abundance and with the richness of other pollina-
tors and wild plants. For instance, a 10% increase in lawn cover
could add four pollinator species. Flowerbeds contained mostly
flowers selected for the production of numerous petals to the det-
riment of nectar production (Comba et al., 1999). Overall, 87% of

Table 2
Pearson correlation coefficients for the nine biodiversity indices is presented along with their significance level (�<0.05 and ��<0.001).

Bird
richness

Bird
abundance

Bird urbanity
index

Butterfly
richness

Butterfly
abundance

Butterfly
urbanity index

Pollinator
richness

Wild plant
richness

Plant urbanity
index

Bird richness 1
Bird abundance 0.03 1
Bird urbanity

index
0.62�� �0.56�� 1

Butterfly richness 0.47�� �0.14 0.44�� 1
Butterfly

abundance
0.38� 0.11 0.07 0.56� 1

Butterfly
urbanity index

�0.37� 0.04 �0.29 �0.03 0.11 1

Pollinator
richness

0.53�� 0.14 0.17 0.32 0.54�� �0.38� 1

Wild plant
richness

0.17 0.25 0.04 0.12 0.44�� �0.33� 0.45�� 1

Plant urbanity
index

�0.26 �0.51�� 0.16 0.11 0.13 0.37� �0.21 �0.07 1
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wild plants inventoried were either nectar or pollen resources for
pollinators (e.g. Cirsium arvense, Cirsium vulgare, Trifolium repens).
Improving lawn quality was one of the priorities fixed by the
municipality of Paris as part of the ‘differential management’ pro-
gram, as commonly ‘municipal lawns’ are not pollinator friendly.
This involved practices facilitating conditions for wild plants such
as aeration, less weeding, leaving grass longer when mowing and
reducing mowing frequency. These initiatives improved the ability
of lawns to support wild flowers essentially found in lawns (69% of
sampled wild plants) and enhance the diversity of pollinators,
which were found to be correlated to wild plant richness. Thus,
lawn management in Parisian public gardens represent a unique
and successful case study, in which conservation campaign has
facilitated the conditions for biodiversity in lawns. Additional
conservation campaigns, that encourage gardeners to design polli-
nator-friendly flowerbeds, could help in further enhancing pollina-
tor’s diversity in small public gardens.

Butterfly richness and abundance were positively correlated to
bush cover. This could be explained by the over-representation of
the exotic butterfly bush, Buddleja davidii, considered as invasive
in the region and known to attract several butterflies and other
pollinators (Tallent-Halsell and Watt, 2009). A comparison be-
tween public gardens with (n = 21) and without (n = 15) butterfly
bush revealed that butterfly abundance was almost three times
higher (3.27 vs. 9.54; t = 2.95, p = 0.007) and butterfly richness
was also higher (2.8 vs. 4.8; t = 2.71, p = 0.01) in gardens with the
butterfly bush. This result raises an interesting debate regarding
the use of exotic plants in urban conservation management
(Prévot-Julliard et al., 2011), since besides its positive effect on but-
terflies, this species could have detrimental effects on the native
flora (Tallent-Halsell and Watt, 2009). However, a cultivated sterile
hybrid highly attractive to butterflies has been developed, which
offers an opportunity to plant this species safely in urban
greenspaces.

4.2. The differential management program and species diversity

The main objective of this study was to understand how different
practices proposed by the ‘differential management’ programs can
facilitate the conservation of biodiversity in small public gardens.
This program aims to improve the quality of garden habitats, also
by promoting structural changes, such as introducing less-managed
sub-habitats such as ponds, meadows and unmanaged areas
(Aggeri, 2010). Indeed, public gardens with higher habitat diversity
supported a higher richness of wild plants and pollinators, and more
‘natural’ communities of those taxa. In the context of small public
gardens, the scale of change was minor (i.e., introducing sub-habitat
in the scale of 30–50 m2) and those changes seemed to be less
important for birds, yet significant for plants and pollinators.
Increasing the diversity of habitats can improve natural processes,
such as recruitment and germination, and also provide resources
for various garden pollinators, especially for less mobile species
such as bees and bumblebees (Matteson and Langellotto, 2010).

The differential management program also promotes a range of
soil management practices, of which use of mulch and peat and re-
moval of pesticides may be the most prevalent. We found that pes-
ticides only had a negative influence on bird richness. The effect of
pesticides has rarely been studied in urban environments, but some
evidence points to a negative effect of certain chemical inputs on
plant richness, rarity and bird diversity (Geiger et al., 2010; Politi-
Bertoncini et al., 2012). The impact of pesticides depends on their
types (insecticides, herbicides, fungicides, etc.) and the quantity ap-
plied. Since these data were not obtained for the nine public gar-
dens that still use pesticides in Paris, a more thorough approach
is required to better understand how pesticides influence biodiver-
sity. In contrast, mulch is an organic cover placed over the soil that

retains moisture and provides nutrients that stimulate soil activity,
resulting in improved soil fertility (Hanula and Horn, 2011). Ground
foragers such as blackbirds, song thrushes and robins may espe-
cially profit from mulching. Indeed, their abundance was positively
correlated with mulch (Spearman’s rho = 0.36 p = 0.03). The abun-
dance of butterflies appeared to benefit from the use of mulch. This
might be because conditions for wild plants were slightly improved.
Indeed, mulch appeared significant in about 40% of most parsimo-
nious models for wild plant richness (PP = 0.40). Furthermore,
mulch could also improve conditions that influence plant abun-
dance and the quality of their flower production, which could ex-
plain the positive relation between mulch and butterfly’s
abundance. Peat is recommended for its ability to acidify the soil
and favor particular cultivated or wild plant communities adapted
to this soil acidity. Its use effectively creates an additional ecosys-
tem in the garden and could thus be associated with an increase
in the number of species observed. Indeed, we found that peat
use had a strong positive effect on pollinator and wild plant rich-
ness. Peat areas were also mostly fenced-off, which can facilitate
conditions for urbanophobic birds such as bush nesting birds (e.g.,
song thrush, European robin). Indeed, bush nester abundance was
positively correlated with peat (Spearman’s rho = 0.62, p < 0.001).
However, this practice is not promoted by the municipality of Paris,
since its mining damages natural environments.

While mowing frequency did not influence the diversity indices,
lawn area and the mow height had a significant influence on wild
plant richness. In private gardens, mowing was frequently also
found to have little effect on plant diversity (Thompson et al.,
2004). However, wild plant richness was found to increase more
rapidly in private gardens with small lawns than in gardens with
larger ones (Thompson et al., 2004). Similarly, we found that public
gardens with a small lawn cover were poorer in wild plants than
public gardens with a larger lawn cover (44.6 ± 3.0 species vs.
51.7 ± 2.7 mean ± SE). Mowing lawns short creates a disturbance
that can increase wild plant diversity by facilitating the conditions
for stress-tolerant species and ruderal species that are able to col-
onize these pioneer habitats. By contrast, high lawns are shaded,
essentially by species with high competitive power (e.g., Lolium
perenne), thus offering fewer available niches and supporting a
smaller diversity of wild plants. In Paris, leaving grass longer is
considered a ‘biodiversity-friendly’ practice for plants and pollina-
tors, as this is what is found in more ‘natural environments’
(Kearns and Oliveras, 2009). Overall, lawn quality in the public gar-
dens was high, supporting a rich diversity of wild plants. When
considering the height of mowing, we found that wild plant rich-
ness could benefit from a mixed strategy based on the size of lawns
and on the plants targeted for conservation (e.g., ruderal or com-
petitive species). However, the range of lawn heights studied here
remained very small (4–8.5 cm) and did not allow us to compare
the diversity of lawns vs. meadows, which are known for their high
floristic diversity (Muratet et al., 2008).

4.3. Biodiversity indices

Although the use of a single indicator taxa or biodiversity index
has been criticized for conservation studies (Caro and O’Doherty,
1999), much of the conservation and ecological research and policy
still leans on surrogacy (Rodrigues and Brooks, 2007). In the urban
context, some studies have shown that different taxa respond sim-
ilarly to urbanization, especially along the urban gradient (e.g.,
Blair, 1999; Jarošik et al., 2011). Here, we found that most biodiver-
sity indices were only moderately correlated to each other. This
demonstrates the importance of monitoring several taxa if we
are to understand how to conserve biodiversity in the urban envi-
ronment (Jarošik et al., 2011). However, we did find some correla-
tions among the nine indicators, with mostly bird richness having a
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weak surrogacy power over the other taxa. Similarly to Blair
(1999), we found that bird richness was positively correlated to
butterfly richness and abundance, urbanophobe bird index and
pollinator richness. On the other hand, bird abundance, which
was mostly driven by urban exploiters (75.7% of individuals ob-
served), can serve as an indicator for species-poor public gardens,
as it was negatively correlated with the bird and plant urbano-
phobe indices. Although this study was conducted within the ur-
ban ecosystem, these findings coincide with landscape-scale
studies along the urban–rural gradient that showed contradictory
responses of bird richness and abundance to urbanization (e.g.,
Blair, 1996). Birds, which are particularly well studied in cities
and located high in the food chain (Evans et al., 2009), could there-
fore serve as reasonable surrogates for pollinators and together
with wild plants could serve as useful indices for monitoring biodi-
versity patterns in small public gardens.

5. Conclusion

Although small public gardens may not harbor as much diver-
sity as large green areas in the urban environment, it has become
clearer that small patches (i.e., private and public gardens) can
contribute to general urban conservation efforts (Goddard et al.,
2010). Our results coincide with other studies (e.g., Loss et al.,
2009; Fontana et al., 2011) showing that even these habitats can
support a significant level of common biodiversity, even in the
heart of a large metropolis. Moreover, since many city-dwellers
frequently visit those gardens in their daily life, these gardens
may play an important role in reconnecting people with nearby
nature (Miller and Hobbs, 2002).

Our results further underline that the ‘differential management’
program could be useful in increasing biodiversity of small public
gardens. Improving the quality of public gardens (i.e., mulch, peat,
zero pesticide and mowing practices) and introducing a diversity
of sub-habitats (ponds, flower meadows, unmanaged patches) can
have an important influence on biodiversity, regardless of the land-
scape context in which the public gardens are located. Such prac-
tices are often easier and faster to apply in comparison with
efforts to increase the green index of a city or to manage large parks
(Loss et al., 2009). Nevertheless, our results also demonstrate the
importance of setting specific goals for conservation programs and
of validating those goals (Ferraro and Pattanayak, 2006), since the
efficiency of some practices could vary among taxa and locations.
Therefore, studying several taxa and locations is crucial if we are
to understand urban biodiversity (Jarošik et al., 2011). Research
on the role of management practices on urban biodiversity is still
needed and those findings may help to pinpoint some practices that
can improve the quality of the urban ecosystem for a range of taxa
and locations. City-planners and decision-makers could then use
this information to prioritise conservation efforts and (i.e., select
practices that answer their conservation program goals).
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