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Abstract The rural landscapes surrounding large cities are
rapidly becoming incorporated into the urban environment.
The most conspicuous changes involve green spaces, such
as former agro-forestry systems like fruit orchards. In this
paper, we assess the influence on biodiversity of restoring a
large urban traditional fruit orchard as reflected by six selected
taxa: plants, lichens, butterflies, beetles, orthopteroids and
birds. The study was performed in Prague, which is the capital
city of the Czech Republic and has more than a million inhabitants. We studied the effect of orchard renewal in 45 patches
(15 for birds and 30 for other taxa). The majority of taxa
responded positively to the restoration. The restoration had a
significant positive effect on the species richness of lichens,
butterflies and beetles. All taxa showed significantly altered
species compositions, and the number of red-listed species
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increased. Orchards have a high potential for multifunctional use. Orchards are productive agro-forestry systems
and host numerous possible human activities. Therefore, orchard restoration also has a social aspect. Moreover, our research in this artificial ecosystem revealed that its restoration
increased the biodiversity and conservation potential of the
associated areas.
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Introduction
Former rural agricultural or agro-forestry land at the peripheries of large cities has become an increasingly important
part of the urban environment as a green infrastructure.
Urban green spaces, such as parks, lawns, street avenues
or orchards, have numerous functions, and the most important are environmental, social, health or even aesthetic functions (Konijnendijk et al. 2006). Plants in urban greenings
reduce many pollutants in the environment, and they create
specific microclimates by decreasing wind, airborne dust,
traffic noise or solar irradiation (Akinshina and Azizov
2008; Elmqvist et al. 2015; Li et al. 2015). Thus, the care,
development and monitoring of the actual status of urban
green spaces are important issues in every city (Akinshina
and Azizov 2008).
The creation of new green spaces in urban areas is not
easy, although the restoration or renewal of former agricultural, agro-forestry or forest land that is now absorbed by
the cities represents such an opportunity. The renewal or
restoration of such habitats could focus on either individual
species (e.g., threatened or flagship) or entire communities
likely to be found in an area (Miller and Hobbs 2007). The
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urban green spaces mostly consist of relatively small but
important areas. Former agro-forestry land, such as fruit
orchards in Europe, is a highly important and often biodiverse urban habitat type, and orchards have been reported
promote communities from forests (e.g., saproxylics; Horák
2011, 2014a) and open habitats (Horak et al. 2013); such
characteristics are important for the possible renewal or
restoration of urban greening. For example, to support viable populations that were located in the area before the
restoration, the availability of resources must be ensured,
including standing dead trees that serve as suitable nesting
and feeding sites for dead wood-dependent species over
several years. An important fact connected with such restorations is the improvement of landscape connectivity for
species that require multiple habitats or for species seeking
a new suitable environment for living in the restored area.
This connectivity could also increase the biodiversity of a
restored area (Miller and Hobbs 2007).
Considering the biodiversity of urban greenings, all possible organisms within such habitats must be identified.
One group could be formed by species that have adapted
to these environments, such as birds and plants. These species are occasionally referred to as apophytes, or a group of
native species that are dependent on disturbed land. A
number of some species could evolve in the green space
because of human influence, and their natural habitat is
unknown. These species (especially plants) exclusively
found in artifacts are called anecophytes (McKinney
2008; Melles et al. 2003; Muller et al. 2010). Certain urban
greenings, such as orchards, appear to be current hot spots
of taxa diversity because of their complex structure (Horak
2014b). The main significance of a hot spot in a highly
urbanized landscape is related to the ability support original
populations of organisms that are capable of moving from
the hot spot to surrounding areas if the associated living
conditions improve because of renewal or restoration.
Nevertheless, urban orchards are also significant for species
migrations and may act as a stepping stone or ephemeral
food source (Horak 2014a). This information should lead to
the use of additional groups of organisms (i.e., multi-taxa
approach) in evaluations of the influence of urban greening
interventions (Muller et al. 2010).
Fig. 1 Conditions of the
traditional fruit orchard study site
in Prague (a) before and (b) after
the restoration. The pictures were
taken at the plateau from the
central path in August 2014 (a)
and April 2016 (b)

The aim of this paper was to identify the influence of the
restoration on biodiversity of a large traditional fruit orchard in
Prague as reflected by six selected taxa. Our particular questions regarding the aim of the paper were as follows:
(i) Does restoration increase species richness?
(ii) Does restoration change the composition of species?
(iii) How many species are specific to the pre- and poststages of the intervention, and how many were
resistant?
(iv) How does the restoration influence the occurrence of
red-listed species?

Materials and methods
Study site
The study site was located close to the center of Prague
(50.0969 N; 14.5010E) and situated on an oblong (west-east
orientation) hill called Třešňovka (Cherry tree orchard), and its
elevation is from 240 to 265 m a. s. l. This traditional fruit
orchard is more than 10 ha and represents the second largest
orchard in Prague. The fruit orchard was surrounded by a mosaic of urban environment, including city highways, blocks of
flats, industrial areas, allotments and other urban green spaces.
The orchard is visible in the first aerial photographs of this
territory taken as early as 1945, although it was most likely
established at the time of the Third Military Mapping Survey
(1877–1880). Although its surroundings experienced significant changes from a rural environment (SÚKHMP 1848) to a
highly urbanized environment, the extent of the orchard
remained approximately equivalent. The most conspicuous
change occurred immediately after the Velvet revolution
(1989) in the Czech Republic when the orchard was no longer
used to ripen fruit (approximately in 1992) and became abandoned (Fig. 1a). Currently, the orchard is the property of the
Prague City. The orchard is dominated by cherry trees (Prunus
avium; 99%) and only partly by walnut (Juglans regia) and
pear (Pyrus communis) trees. Before the restoration, approximately 80% of the orchard was overgrown by shrubs and forest
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trees, and certain edges had completely lost the typical orchard
structure. Half of the trees were newly planted during the restoration (Fig. 1b), whereas only 5% are mature. The remaining
trees are over-matured or dead trees. Cherry trees were planted
in an 8 × 8 m rhomb spacing design.
Study taxa and sampling
We studied six taxa that were selected because of their disparate
ecological requirements, dispersal patterns and indication abilities. All taxa were sampled using standard biodiversity sampling methods in 2014 before the restoration and in 2016 after
the restoration in 30 patches. Only birds were sampled in 15
sites because of their high dispersal and potential overlap
among suitable patches. Patches were distributed throughout
the entire orchard and were randomly stratified as follows: approximately one third on the northern slope, one third on the
southern slope and one third at the plateau. Because the study
primarily focused on the biodiversity conditions before and
after restoration, we sampled the taxa at the same time in a
particular season in the same number of patches. According
to the various sampling opportunities in a particular year, the
taxa were not sampled in permanent plots but were randomly
selected each year. This sampling strategy was primarily
adopted because of the limited accessibility of scrubby vegetation for sampling in the first year and damage of permanent
marks caused by the mechanization during the restoration.
Plants were selected as the traditionally studied group and
sampled at the end of the summer in 1 × 1 m grids.
Lichens were selected as sedentary taxa with high
bioindication potential. Lichens were sampled in the beginning of the autumn in patches with a 10-m radius on timelimited survey walks (10 min per patch).
Butterflies (Lepidoptera) were studied as a mediumdispersal taxon that is highly connected with vegetation.
These species were sampled from the end of the spring to
the beginning of autumn on six occasions using the same
method used for lichens.
Floricolous (flower-visiting) beetles (Coleoptera) were
studied as medium-dispersal taxa and considered suitable taxa
for agro-forestry habitats because of their interconnection with
dead wood and flowering plants. Floricolous beetles were
sampled six times in the same manner as butterflies.
Orthopteroids (Orthoptera) were selected as potentially more
sedentary taxa of insects. Orthopteroids were sampled using
direct visual and audio observations and vegetation sweeping
in the beginning of autumn in the same manner as lichens.
Birds were selected as high-dispersal taxa. They were
sampled using direct visual and audio observations (except
for the birds that flew over) during the 15-min survey period. Birds were sampled in patches with a 25-m radius during two visits in each season (at the end of spring and at the
beginning of summer).

Study environment
This study was focused on determining the difference between
the two studied years, which represented the period when the
orchard was abandoned (first year) and the period when the
orchard was restored (second year). However, to control for
the influence of changes in the environment, we selected other
environmental characteristics that may have an influence on
the studied taxa.
The effect of slope direction was studied for all taxa except
birds. An ordinal scale was applied, with −1 for the northern
slope, 0 for the plateau and 1 for the southern slope. We also
studied the effect of flowering intensity on butterflies and
beetles. We used the mean value calculated from all visitations
for a particular patch using a five-category ordinal scale
(Horák 2016). The extent of grassland cover (in %) in a particular patch was also studied for all insect taxa. Because the
environment was changing during the second season, we used
the mean value for a particular patch that was derived from
measurements in April and June. We also studied the potential
effect of weather conditions on butterflies and beetles and
applied an ordinal scale, with 1 for cloudy sky, 2 for partly
cloudy sky and 3 for clear sky during the visit to a particular
patch. The data were represented by the mean values from all
visits.
Statistical analyses
Analyses were performed using R 2.0.3 and CANOCO 4.5.
Species data for a particular taxon were used as dependent
variables with appropriate data distributions. Gaussian distributions were used for plants and birds, Poisson distributions
were used for lichens, beetles and orthopteroids and quasiPoisson distributions were used for butterflies. The pure effect
of restoration on the species composition was calculated using
randomized canonical correspondence analyses (CCAs) for
all taxa except beetles. Because of the short gradient length
in detrended correspondence analysis (DCA), we used redundancy analysis (RDA) for beetles. For plants and lichens, we
used 0 for absence and 1 for presence in a patch. For the other
taxa, the observed abundance was used. Generalized linear
models were used to evaluate the restoration effect together
with the potential impacts of other environmental variables.

Results
We identified 65 plant species, 25 lichen species, 17 butterfly
species, 19 beetle species, 12 orthopteroid species and 18 bird
species before the restoration and 108 plant species, 33 lichen
species, 21 butterfly species, 27 beetle species, 14 orthopteroid species and 16 bird species after the restoration of the
traditional fruit orchard (Appendix A,B,C,D,E,F).
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The studied taxa (except for birds) indicated that the number of specific species in the year after the intervention was
greater that of the previous year. However, several taxa (lichens, orthopteroids and birds) exhibited the highest number
of overlapped species (Fig. 2). Furthermore, in the case of all
taxa studied, the difference in species composition between
the two studied periods was significantly different (Fig. 2).
After the restoration of the orchard, the mean number of
species increased for lichens, butterflies, beetles and orthopteroids, whereas the mean number of species decreased for
plants and birds (Fig. 3).
The difference in species number before and after restoration remained statistically significant for four groups when
included in the generalized linear models together with other
important environmental characteristics. Lichens were richer
in species the year after the orchard was restored but were not
influenced by the slope. Butterflies and beetles were also more
species rich in the second year and positively driven by increases in the flowering intensity of the patch. Butterflies were
favored by more suitable weather conditions. Bird species
numbers were negatively influenced by the restoration of the
orchard. Plants and orthopteroids did not respond to the studied independent variables (Table 1).
The data show that three of the five red-listed species that
were present before the restoration were not observed after the
restoration. Nevertheless, five species were newly identified
after the restoration (Table 2).

Direct connections with the results
The higher number of specific species in the second period
might indicate that restoring this type of agro-forestry green
space may lead to the creation of a new type of habitat that is
suitable for new species or helps increase the latent population
densities of overlooked species to densities that can be detected during commonly used biodiversity surveys. High number
of species shared in both years indicated the taxa that are more
sedentary or resistant to the restoration. This response was not
surprising for lichens, which are good environmental indicators (e.g. air pollution), especially in long-term studies. A surprising result was the low response of orthopteroids, which
was likely related to the prolonged spread of propagules (i.e.
moving of females and laying of eggs) to the newly
established sites for oviposition compared with that of other
insects (e.g. Kočárek et al. 2013).
Important species group responses
An increase in species numbers is not the only factor related to
successful biodiversity action. The difference in species composition for all taxa between the studied periods is another
important factor for the future management of the orchard.
Hence, future management activities must implement suitable
conservation actions, especially for the target species (i.e.
carefully selected). From a general perspective, the status of
these species as welcomed (red-listed species or flagship
species) or unwanted (alien species) is not important.

Discussion
Red-listed associates
The majority of the studied taxa showed an increased number
of species after the restoration of the abandoned orchard, indicating the positive response of biodiversity indices to the
restoration of this rural artifact in the highly urbanized environment of Prague.

Fig. 2 Number of species of the different taxa found in a traditional fruit
orchard in Prague. The number of species of a plants, b lichens, c
butterflies, d beetles, e orthopteroids and f birds before the restoration is
indicated in gray and after the restoration is indicated in green, and the

Monitoring the status of red-listed species before and after
biodiversity action is an important issue, and determining
the number of red-listed species in important groups that
vanished from and arrived at the site after restoration is the

gray-green overlap area indicates shared species for both time periods. F
and P-values were derived from the species composition analyses
performed via CCAs (a, b, c, e, f) and RDA (d)
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Fig. 3 Difference in species richness in the studied taxa between the two
studied years in a traditional fruit orchard in Prague: a plants, b lichens, c
butterflies, d beetles, e orthopteroids and f birds. Squares are the mean

values per studied patch; bubbles are the true values. Note that the y-axes
are not shown on the same scale in all panels

first task. Although seven red-listed species were observed in
the orchard after the restoration, the possible loss of three
species (two birds and one beetle) represents the most important information.
The Bee beetle (Trichius fasciatus) was only observed as
single individual in the flowering gap at the southern slope at
the beginning of summer of the first year. Knowledge related
to the requirements of this species are rather anecdotal, although adult bee beetles are mostly found in low population
densities and often as single individuals (e.g. Mertlik 2009).
The larvae of this species are saproxylic and utilize old dead
wood or mold in tree cavities. Thus, the absence of this species
in the year of restoration did not directly indicate the loss of
this species. Future management to improve dead wood

conditions, such as retaining hollowed trees and leaving snags
and dead branches in piles, is highly recommended.
The loss of the Lesser spotted woodpecker (Dendrocopos
minor) and the Grey-headed woodpecker (Picus canus) is
questionable and was likely caused by the commonly used
study method, which is suitable for overall bird communities
but not for detailed studies on woodpeckers. Moreover, a decreasing trend of the Grey-headed woodpecker and Lesser
spotted woodpecker population densities has been observed
in Prague (Šťastný et al. 2006). One Grey-headed woodpecker
was observed by our group (JR) during the control of management activities in the second year. Other suitable sites in
addition to orchards likely host the insect prey species for
these birds, and birds can easily disperse to these sites.

Table 1 Response of the studied
taxa to the restoration and
changing environment in a
traditional fruit orchard in Prague

Group

Year

Slope direction

Flowering

Plants

−1.40

−1.16

-

Lichens
Butterflies
Beetles
Orthopteroids
Birds

2.57*
4.09***
2.30*
0.84
−5.30***

−1.01
0.88
−0.96
1.74
-

3.11**
1.97*
-

Values are t or z values from the generalized linear models
- indicates the variable was not studied for a particular taxa
* P < 0.05; ** P < 0.01; *** P < 0.001

Grassland
0.59
−0.86
0.52
-

Weather
2.78**
0.50
-
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Table 2 Red-listed species and their presence before and after the
restoration of the traditional fruit orchard in Prague
Taxa

Species

Category Abandoned Restored

Plants

Armeria elongata

C4a (NT)

Yes

Lichens

Pertusaria amara

NT

Yes

Caloplaca obscurella
Candelariella reflexa

NT
NT

Yes

Pseudevernia furfuracea NT

Yes
Yes
Yes

Physcia aipolia
Butterflies Iphiclides podalirius

EN
VU

Yes

Beetles
Birds

Trichius fasciatus
Dendrocopos minor

NT
VU

Yes
Yes

Picus canus

VU

Yes

Yes
Yes

Red-listed categories are based on actual Czech Red lists (Farkač et al.
2005; Grulich 2012; Liska et al. 2008; Plesník et al. 2003)

However, the possible increase of saproxylic insects, which
represent the primary food species for woodpeckers, under the
recommended management strategies would promote increased populations of these birds.
Flagship species for similar urban green spaces
The second important question regarding the future of such
green spaces is the selection and future presence of potential
flagship species. Flagships are charismatic species that engender public interest and sympathy, and they can be used for
public conservation campaigns (Simberloff 1998); thus, their
careful selection and conservation would lead to a better understanding of similar interventions in urban habitats. These
species are often conspicuous and have the potential for environmental education. However, of all of the observed species
at the restored orchard, at least one butterfly, one orthopteroid
and one bird exhibited high potential as a flagship species.
The first species is the Scarce swallowtail (Iphiclides
podalirius) butterfly, which is red listed in the Czech Republic.
This species is highly conspicuous and well recognized by the
public. Moreover, its activity coincides with the end of
the school year in the Czech Republic, when pupils and
teachers frequently take school trips. Thus, this butterfly
species can be successfully used for environmental education. Moreover, the abandonment of orchard-like habitats represents a possible threat to the survival of this
species (Benes et al. 2002).
The second potential flagship is the Blue-winged grasshopper (Oedipoda caerulescens). Although this species is not
endangered, it is interesting because of its two colorations: a
cryptic color displayed when the insect is on the ground and a
conspicuous coloration of blue wings that are revealed when
flying. The abundance and presence of this species in close
proximity to paved surfaces indicates the educational potential

of this species; moreover, because the species is present at the
beginning of the school year, it has the same potential for use
in environmental education as mentioned above for the butterfly. Although this species is not red listed, it represents a
pioneer species in open and disturbed habitats and is threatened by succession (Kočárek et al. 2013). However, the Bluewinged grasshopper is not as well connected with orchard-like
green spaces as the scarce swallowtail.
The third species with the potential for designation as a
flagship species in the city orchard is the Common redstart
(Phoenicurus phoenicurus). This species is also not threatened, but it is a conspicuous and unmistakable bird that often
searches for open forests, parkland and garden areas. Thus,
this species is common in orchards. Current and future management activities in the orchard are highly suitable for this
species (Šťastný et al. 2006).
Potential role of alien species
The third question pertains to an issue caused by changes in
species composition, primarily plant species, namely the establishment and spread of alien species. Thus, target alien species that are favored under disturbed conditions should be
monitored. The majority of these species are favored by ‘disturbed and abandoned’ types of interventions (Timmins and
Williams 1991). Thus, the most important factor is the establishment of future permanent management activities at these
sites, such as mowing or grazing.
The presence of certain non-indigenous species, such as
Watermelon (Citrullus lanatus), may be interesting for the
public, and the optimal conditions for a number of nonindigenous species are observed in different habitats than orchard (e.g., Annual fleabane, Erigeron annuus), other species
show a considerable potential for wide dispersal, including
Canadian horseweed (Conyza canadensis) and Canadian
goldenrod (Solidago canadensis). Canadian horseweed has
high invasive potential for permanently disturbed habitats
and open rocky spaces, and Canadian goldenrod is highly
invasive in abandoned grasslands (e.g. Pyšek et al. 2012).
Thus, active management (e.g. manual weeding of the former
and mowing together with grazing for the latter) is needed to
suppress the potential spread of these species.
Human perspective on agro-forestry rural artifacts
in a city
In addition to providing biological and ecological knowledge,
the renaissance of an agro-forestry system in a large city provides a historical view of the city’s past (Hammersley and
Westlake 1996). The restoration of these rural artifacts inside
the urban environment of Prague provides a glimpse of the
historical conditions of green spaces within the city and the
biota they hosted before they were abandoned, cut or forested.
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In addition to providing information on the past, another
interesting notion is the present use of this city fragment by the
public (Konijnendijk et al. 2006). Unfortunately, only subjective observational data were available for public visits to this
orchard before restoration; however, in the year after the restoration, a considerable amount of various human activities
were observed.
Bikers started to use the orchard for training, and a plan is
in place to host an international competition in the future. The
orchard is often used by maternal schools for walks and
games. High visitor activity was observed during the fruit
ripening period, which provided a free and diverse food supply, and groups related to the use of urban green spaces began
supporting community fruit gathering events. Children and
young people were observed gathering the cherries in the
crowns of trees. Numerous people walk their dogs and jog
in the area. These sample activities are only a small representation from a list of wide-ranging human activities and illustrate the important social aspect of successful urban space
renewals.
Management activities
The restoration of the traditional orchard was simple in the
beginning. Woody vegetation (excluding grafted fruit trees)
was cut and partly retained on the edges. Fruit trees were
pruned, and their branches and dead trees were retained. The
orchard had been partly occupied by homeless people, and all
of the garbage was removed. Then, new fruit trees were
planted in the empty spaces. During the summer, the orchard
was mowed and the plant material was removed. These activities were the starting-point for future management.
In the future, a greater understanding of all of the abovementioned species (e.g. promoting red-listed and flagship species and suppressing aliens) is needed to retain the present
structure of the orchard. The main goal is the suppression of
shrubs using cutting (and only partially retaining flowering
solitaries) and the use of sheep grazing (because sheep do
not damage fruit trees compared with other domestic animals).
Regarding other activities in the orchard, the rotation grazing
of sheep is the most likely option. The future plan also involves the establishment of small houses for sheep herders,
who will be selected from among homeless individuals interested in this management activity. A plan is also an place for
an environmental information center. The presence of pioneer
species (e.g. lichens and grasshoppers) might be also support
by the biking community (e.g. Weiss et al. 2016).

Conclusions
Multi-functional ecosystems are the focus of the present environmental agenda. As illustrated here, traditional fruit

orchards have a high potential for multi-functional uses. In
addition to the promotion of biodiversity and productivity of
the agro-forestry system, which represents a free resource for
citizens, numerous possible human activities can be hosted in
this area. In addition, the positive social aspect of this restored
artifact cannot be ignored. The restoration of this somewhat
artificial ecosystem indicates the potential for increasing biodiversity and conserving green spaces using a multi-taxa
approach.
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