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Abstract. Increasingly, homeowner associations and municipalities are requiring a certain percentage of native trees and shrubs
as part of any new landscape installation. These native species mandates make numerous claims as to the superiority of native plants
over introduced species, including their ability to enhance ecosystem biodiversity. In contrast, nonnative trees and shrubs are labeled
as harmful to biodiversity, primarily because they are improperly grouped with known invasive species. This review summarizes the
current published science regarding the effects of native and nonnative woody species on urban landscape stability as measured by bio-
diversity of associated plants, birds, insects, reptiles, and mammals. The preponderance of studies demonstrate that parameters other
than species nativity have the greatest influence on biodiversity of these groups. Rather than limiting tree and shrub selection lists to
a narrow palette of native species, a more practical, science-based approach to enhancing urban landscape biodiversity is suggested.
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Native plant species are increasingly popular
choices for urban gardens and landscapes, as evi-
denced by the proliferation of native plant societies,
native plant nurseries, and most recently native
plant mandates—legally enforceable policies. Early
native species mandates were found primarily in
highway revegetation efforts (U.S. Department of
Transportation ND), where previous plantings of
invasive species became management problems.
Emerging requirements for ecological restoration
of wetlands and natural areas have also height-
ened public awareness of how important native
species can be in creating a functional ecosystem.
In contrast, introduced ornamental species can
be perceived as undesirable, hazardous, or un-
sustainable [in spite of “their ubiquitous presence
in most towns and cities” (Hitchmough 2011)].

There is widespread belief that native plants are
superior to introduced species because of their
adaptation to local environmental conditions.
This belief is bolstered by governmental organi-
zations, including the U.S. Environmental Pro-
tection Agency (EPA) and National Park Service
(NPS), which make many scientifically unsup-

ported statements about native plant superiority
on their websites (NPS 2005; EPA 2012). These
native species attributes fall into two categories
that are actually independent of species nativity:

Plant functionality:
o  help reduce air pollution (EPA)

« produce long root systems to hold soil in
place (NPS)

« promote biodiversity (EPA)

« protect water quality by controlling soil ero-
sion and moderating floods and droughts
(NPS)

o provide shelter and food for wildlife (EPA,
NPS)

Plant selection and management:
« do not require fertilizers (EPA, NPS)

 help slow down the spread of fire by staying
greener longer (NPS)

o require fewer pesticides (EPA)
» require less water (EPA, NPS)
« require very little long-term maintenance
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if they are properly planted and established
(NPS)

» save money (EPA)

Despite the lack of evidence to support these
assertions (Kendle and Rose 2000; Davis et al.
2011), native plant superiority continues to be pro-
moted and entrenched into policy as community
planting mandates (Ingram 1999; Smith 2013) and
sometimes to justify nonnative tree removal (Engar-
dio 2013). Mandates include “native only” policies,
such as those adopted by the Village of Riverside,
Illinois, U.S. (2010), as well as policies requiring a
certain percentage of natives in new tree plantings
(New York City Council 2010). In this latter policy,
the Council states that “native plants provide habi-
tats for local birds, insects, and other animals that
are indigenous to our region”—even though this
urban environment surely bears little resemblance
to the ecosystem that existed prior to development.

Thus, the increased interest in native plant and
animal species is entwined with a heightened aware-
ness of their sometimes tenuous existence in urban
areas. Long-term studies have documented the loss
of native species in urbanized landscapes. Though
this decrease in biodiversity is largely driven by
land-use changes, such as the transformation from
rural to urban land use and the historic drainage of
wetlands (Knapp et al. 2010), there is a perception
that biodiversity loss is due to nonnative species
forcing native species into extinction. In preamble
to its biodiversity law for public landscapes, the
New York City Council (2010) states that “nonna-
tive species often out-compete native plant species
leaving native species and the animals that depend
on them vulnerable to depletion or even extinction.”

This perception is augmented by a related corol-
lary—that only native plants can fill ecological roles
in landscapes (Lukas 2011). For instance, Tallamy
and Shropshire (2009) claim that insects prefer native
to nonnative species. The authors correctly point out
that productive landscapes are critical to supporting
terrestrial food webs and that plant genera with no
local species harbor fewer lepidopteran species than
plant genera with local species representation. How-
ever, the authors label entire plant genera as “native”
or “alien” based solely on whether the genus con-
tains species native to the northeastern U.S. In doing
so, nearly 200 introduced woody species are folded
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into “native” genera, some of which (e.g., Berberis,
Lonicera, Prunus, Rosa, and Rubus) contain aggres-
sively invasive, nonnative species, which are spread
by members of that food web. Extrapolating the
results of this study to determine the effect of invasive
species on biodiversity is not possible, as those spe-
cies were combined with natives at the genus level.

METHODOLOGY

The purpose of this review is to answer the ques-
tion: Do native and nonnative woody species differ
in how they affect species diversity? To address this
question, the author considered information drawn
from a global survey of relevant, peer-reviewed,
scientific articles found across several databases
(AGRICOLA, BIOSIS, CABI, and ISI Web of Sci-
ence) from 1990 to 2014. Both native and nonna-
tive (or the synonymic terms alien, introduced,
and invasive) were required search terms. While
there is no scientific consensus on the exact defi-
nitions of these terms (Sagoff 2005), they served
to identify relevant papers. Ecological restoration
research was excluded from consideration, as na-
tive species are required for installation. Likewise,
the author did not include publications on geo-
graphically isolated and/or exceptionally sensitive
areas, such as Hawai’i, U.S., where even noninvasive
introduced species can have significant disruptive
effects on native ecosystems (Lukas 2011). Thus, in-
terpreting the findings of this paper in the context of
such sensitive places should be done with caution.

Native planting mandates can require removal
of nonnative trees and shrubs, which are often
well-established components of landscapes and
whose removal can be disruptive to that land-
scape’s function. Therefore, a second set of search
terms, which define the author’s species of interest,
were included—trees and shrubs. Both terms were
included as the line between large shrubs and small
trees is blurry. The search was limited to research
focused on woody plants, not ground covers, lawns,
or flowering annuals and herbaceous perennials.

The third set of search terms focused on urban
landscapes. The author defined urban landscapes to
include settings such as public parks, golf courses,
remnant natural areas, botanical gardens, private
residences, and traffic roundabouts. Scientific arti-
cles that met the “urban landscape” definition also
needed to include measures of biodiversity apart
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from the tree species themselves. In other words,
the articles had to consider the impact of native
or nonnative woody species on the biodiversity of
birds, insects, mammals, reptiles, or other plants.
Thus, the fourth search term was biodiversity (which
encompasses the earlier ecological terms species
richness, species evenness, and species diversity).

The final review collection represented
more than 120 articles from 30 countries
on every landscaped continent (Table 1).

Table 1. Study sites represented in the literature review.

Continental area Countries

North America Canada (3 provinces)

United States (11 states)

Central America Mexico
Puerto Rico

South America Argentina
Brazil
Chile
Peru
Uruguay

Europe Bulgaria
Czech Republic
Denmark
France
Germany
Slovakia
Spain
Switzerland
Turkey
United Kingdom

Asia China
India
Japan
Malaysia
Nepal
Philippines
Taiwan

Middle East Israel
Africa South Africa

Oceania Australia
New Zealand

INFLUENCE OF TREE PROVENANCE
ON LANDSCAPE BIODIVERSITY —
A REVIEW OF THE LITERATURE

Plants

Relatively few studies have investigated the influ-
ence of tree provenance on affiliated native plant
species. One group of plants that can be depen-

dent on native tree species are epiphytic species.
Some orchids (Adhikari et al. 2012a) and lichens
(Eliasaro et al. 2009), for instance, have specific host
preferences. All epiphytes, however, benefit from
the presence of older trees, which provide thick,
coarse bark for attachment (Adhikari et al. 2012b).

For all other plant groups, however, the pres-
ence of nonnative species was not detrimental
to native plant species richness. Of particular
importance were edge habitats—those transi-
tional areas between different landscape types.
Even though edge habitats often contain non-
native species, these edges were richer in both
total native species and native forest specialists
than forest interiors (Vallet et al. 2010), which
presumably would have fewer nonnative species.
Such edges may play a role as refuges for rem-
nant populations of rare and endangered plants
(Roberts et al. 2007). Home gardens and other
cultivated areas may also serve as conserva-
tion refuges for endangered and vulnerable
plant species (Roberts et al. 2007; Akinnifesi et
al. 2010; Pozi et al. 2013; Schmidt et al. 2014).

Birds
Bird activity is easily monitored, and many research-
ers have investigated the relationship between na-
tive birds and tree species in urban landscapes.
Urbanization and the inevitable introduction of
nonnative plant species favors omnivorous, carniv-
orous, frugivorous, granivorous, nectarivorous, and
cavity-nesting species, but can threaten those that
nest or forage in grasses or on the ground (Miller et
al. 2003;1a Sorte and Boecklen 2005; Leveau and Le-
veau 2005; Chace and Walsh 2006; Davis etal. 2012).
The most noticeable effects of urbanization on
bird species diversity occur when open pasture and
grassland habitats are converted to shrub or tree-
dominated communities (Standley 2003). Many
native birds are ground nesters, and their numbers
plummet as native grasses and forbs are replaced by
lawns, shrubs, and trees (Marzluff and Ewing 2001;
Miller et al. 2003; Shwartz et al. 2008; Hudson and
Bird 2009). Yet even these urban areas have a high
bird richness and density due to the shift in bird com-
munity structure, as grassland species are replaced
by native forest species better adapted to urbanized
landscapes (Miller et al. 2003; Leveau and Leveau
2005; MacGregor-Fors 2008; Khera et al. 2009).
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Surprisingly, native bird numbers and species
richness can increase with the development status
of land, perhaps correlating to the diversity of trees
and shrubs planted. Suburban, residential areas
have greater numbers of birds (Sewell and Catterall
1998; Shwartz et al. 2008; Catterall et al. 2010) and
bird species (Sewell and Catterall 1998; Reis et al.
2012; Taylor et al. 2013) compared to other systems,
including remnant forests (Sewell and Catterall
1998), rural areas (Leveau and Leveau 2005), and
other unmanaged systems (Shwartz et al. 2008).
While forests tend to provide mainly seed as a food
source, urban gardens provide a wide range of
resources, including fruit, nectar, and pollen (Smith
et al. 2006; van Heezik et al. 2013). Moreover, an
urbanized landscape provides resources throughout
the year, which is of particular benefit to native birds
during the winter (Atchison and Rodewald 2006).

Large trees and large habitats are important
to native bird species. In environments that vary
from Northern California to tropical Mexico to
the Canary Islands, bird species richness is posi-
tively related to tree height (Palomino and Carrascal
2005; MacGregor-Fors 2008; Kalinowski et al. 2010;
Strubbe et al. 2010; Stagoll et al. 2012). Likewise,
native bird species richness increases with increased
habitat size, particularly that of insectivores, hollow-
nesters, and other forest species (Donnelly and
Marzluff 2004; Donnelly and Marzluff 2006; Posa
and Sodhi 2006; Lu et al. 2007; Hudson and Bird
2009; Khera et al. 2009; Strubbe et al. 2010; Ikin et
al. 2013a; van Heezik et al. 2013; Yu and Guo 2013).

Tree provenance appears to influence bird popu-
lations more than other animal groups, with several
papers associating greater species richness with
native tree density (Pennington et al. 2008; Helden
et al. 2012; Petrova and Irikov 2012; Reis et al. 2012;
Ikin et al. 2013b). This may be more a failure to retain
appropriate habitat composition rather than native
plant species, however, as an ecologically functional
environment is required for improving native bird
diversity (Parsons et al. 2004) and may be more
important than provenance. Birds, including native
forest species, prefer urban sites that retain veg-
etative characteristics such as structure (Chace and
Walsh 2006; Hodgkison et al. 2007; van Heezik et al.
2008; Khera et al. 2009; Echevarria et al. 2011) and
density (Hennings and Edge 2003; Chen et al. 2005;
Donnelly and Marzluff 2006; Faggi and Perepelizin
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2006; Posa and Sodhi 2006; Lu et al. 2007; Luther
et al. 2008; MacGregor-Fors 2008; Pennington et al.
2008; van Heezik et al. 2008; Kalinowski et al. 2010;
de Toledo et al. 2012), which could be supplied either
by native or carefully selected introduced species.
While some native birds are undoubtedly depen-
dent on native tree species, others have learned
to utilize introduced trees, including invasives,
for food [e.g., holly berries (Ilex spp.), figs (Ficus
spp.), and honeysuckle (Lonicera spp.) nectar]
and habitat for nesting and predator avoidance
(e.g., Cytisus scoparius) (Sewell and Catterall 1998;
Crooks et al. 2004; Feldman and Krannitz 2004;
Hasebe and Franklin 2004; Leveau and Leveau
2005; Atchison and Rodewald 2006; Kath et al.
2009; Gleditsch and Carlo 2011; Caughlin et al.
2012; Helden et al. 2012; Moller et al. 2012). The
relationship between native birds, especially fru-
givorous species, and introduced plants is com-
plex. Not only do many invasive trees and shrubs
expand habitat choices for native birds, but these
birds contribute to invasive plant spread through
fruit consumption and seed dispersal (Reichard et
al. 2001; Caughlin et al. 2012; Moller et al. 2012).
In summary, native bird species abun-
dance and richness are positively influenced by:
 habitat connectivity and size (Donnelly and
Marzluff 2004; Donnelly and Marzluft 2006;
Posa and Sodhi 2006; Hudson and Bird 2009;
Khera et al. 2009; Strubbe et al. 2010; van
Heezik et al. 2013; Yu and Guo 2013)

« abundance and diversity of trees and shrubs
(Sewell and Catterall 1998; Hennings and
Edge 2003; Crooks et al. 2004; Chen et al.
2005; Palomino and Carrascal 2005; Donnelly
and Marzluff 2006; Faggi and Perepelizin
2006; Posa and Sodhi 2006; Hodgkison et
al. 2007; Lu et al. 2007; Luther et al. 2008;
MacGregor-Fors 2008; Pennington et al.
2008; Shwartz et al. 2008; van Heezik et al.
2008; Hudson and Bird 2009; Kath et al.
2009; Khera et al. 2009; Suarez-Rubio and
Thomlinson 2009; Kalinowski et al. 2010;
Ortega-Alvarez and MacGregor-Fors 2010;
de Toledo et al. 2012)

« vertical diversity (Hodgkison et al. 2007; van
Heezik et al. 2008; Khera et al. 2009)

« moderately disturbed sites, such as suburbs
and public greenspaces (Blair 1996; Crooks et
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al. 2004; Feldman and Krannitz 2004; Hasebe
and Franklin 2004; Leveau and Leveau 2005;
Atchison and Rodewald 2006; Faggi and
Perepelizin 2006; Shwartz et al. 2008; Catter-
all et al. 2010; Ikin et al. 2013a; Taylor et al.
2013)

« native vegetation for specialist species (Chace
and Walsh 2006; Hodgkison et al. 2007; Pen-
nington et al. 2008; van Heezik et al. 2008;
Petrova and Irikov 2012; Reis et al. 2012; Ikin
et al. 2013b)

o older, larger trees (Palomino and Carrascal
2005; MacGregor-Fors 2008; Ortega-Alvarez
and MacGregor-Fors 2010; Strubbe et al. 2010;
Stagoll et al. 2012)

o hollow trees for nesting (Ikin et al. 2013a)

o herbaceous/grass cover (Feldman and Kran-
nitz 2004; Chen et al. 2005)

o permanent water source (Shwartz et al. 2008)

Insects
In contrast to Tallamy and Shropshire’s research
(2009) referenced earlier, the majority of papers
reviewed for this study found no support for the
assertion that native insect diversity is harmed by
introduced tree species. Hanley et al. (2014) state
that “gardeners can encourage pollinators without
consideration of plant origin or bias towards ‘local’
biogeographical species.” Urban areas, which include
mixtures of native and nonnative species, can provide
habitat for native insects and increase overall species
diversity (Whitmore et al. 2002; Delabie et al. 2007;
Ferracini and Alma 2007; Hodge et al. 2010; Sattler
et al. 2011; Wray et al. 2014). In fact, even invasive
trees were found to meet and diversify insect habitat
needs (Blanchon et al. 2011), particularly as native
host trees have disappeared (Raju 2003; Fetridge et
al. 2008). There is a rich diversity of insects, especially
pollinators, such as bees and butterflies, supported
in community, botanical, and residential gardens,
all of which routinely include introduced plant
species (Raju 2003; Yates et al. 2005; Fetridge et al.
2008; Frankie et al. 2009; Pryke and Samways 2009).

Overall, insect species abundance and richness
are positively influenced by the following vegetation
factors:

 habitat connectivity (Brown Jinior and Frei-

tas 2002)

« abundance and diversity of trees and shrubs
(McIntyre and Hostetler 2001; Whitmore et
al. 2002; Delabie et al. 2007; Pryke and Sam-
ways 2009; Hodge et al. 2010; Uno et al. 2010;
Pecarevic et al. 2010)

« profusely flowering species with seasonal
diversity (Raju 2003; Tommasi et al. 2004;
Yates et al. 2005; Frankie et al. 2009)

o large trees (Borges Junior et al. 2011)
 hollow trees for nesting (Antunes et al. 2012)

o permanent water source (Brown Junior and
Freitas 2002)

Recalling the popular belief that native plant spe-
cies require fewer pesticides, the author looked for
supporting evidence in the collected literature. In
some cases, there was simply no difference between
pest insect presence on native and nonnative
trees (Kulfan et al. 2010; Ryall 2010), while others
reported less damage to exotic species (Matter et al.
2012). In other studies, native trees in forest settings
were damaged more by chewing insects than those
in urban or ornamental plantings (Nuckols and
Connor 1995; Guthrie et al. 2008). Finally, the havoc
wreaked upon native tree species by the introduced
emerald ash borer (Agrilus planipennis), Dutch elm
disease (Ophiostoma spp.), and sudden oak death
(Phytophthora ramorum) is definitive evidence
that nativeness does not confer resistance to pests.

Mammals

While one paper identified native vegetation on
golf courses as one of several criteria needed to
enhance native mammal diversity (Hodgkison et
al. 2007), the remainder of the papers surveyed
cited other factors as more critical. Urban environ-
ments, with their collections of native and non-
native trees, support a broad variety of mammals,
especially those that depend on the habitat struc-
ture and resources trees provide (Caldara Jr. and
Leite 2007; Bonnington et al. 2014). While parking
strips and other fragmented greenspaces aren’t large
enough to support some mammals (Fernandez
and Simonetti 2013), suburbs with large acre-
age serve to protect threatened species, such as
bandicoots (Daniels and Kirkpatrick 2012), fox
squirrels (Jodice and Humphrey 1992), and bats
(Basham et al. 2011) even better than wildlands.
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Generally, mammal abundance and richness are
positively influenced by the following vegetation
factors:

o habitat size (Oprea et al. 2009; Basham et al.

2011; Daniels and Kirkpatrick 2012)

o vertical structure (Garden et al. 2007;
Andrade-Nufez and Aide 2010; Garden et
al. 2010)

o tree density (canopy cover) (Andrade-Nufez
and Aide 2010)

o tree species diversity (Jodice and Humphrey
1992; Andrade-Nufiez and Aide 2010; Brear-
ley et al. 2011)

o large trees and hollow trees (Basham et al.
2011; Brearley et al. 2011)

o grass cover between forests and other habi-
tats (Hodgkison et al. 2007; Andrade-Nuiez
and Aide 2010; Brearley et al. 2011)

o permanent water source (Daniels and Kirk-

patrick 2012)
These  papers provide solid evidence
that  introduced  tree  species, includ-

ing invasives, can meet and enhance habi-
tat needs for native mammal populations.

Reptiles

Most research on native reptile diversity and
tree provenance has been conducted in Austra-
lia. There, researchers have linked richness and
diversity of skinks and other reptiles to a struc-
turally complex, species-rich assemblage of trees
and shrubs (Garden et al. 2007; Hodgkison et
al. 2007; Garden et al. 2010; Brown et al. 2011),
some of which correlated directly to prey avail-
ability (Garden et al. 2007). Specific site variables
identified as beneficial to reptile diversity were:

o tree density and size (Brown et al. 2011)

o hollow trees and woody debris (Garden et al.
2007; Brown et al. 2011)

o herbaceous cover (Garden et al. 2007; Hodg-
kison et al. 2007)

THE RATIONALE REVISITED
As native-only policies and mandates expand in
countries such as the USA and UK, so does research
on the validity of the topic (Kendle and Rose 2000;
Johnston et al. 2012). Far from damaging native spe-
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cies biodiversity, introduced trees and shrubs have
documented benefits for plant and animal species
abundance and richness. Thus, the science does not
support the supposition that native plantings are
required for enhancing community diversity. Sum-
marizing their review of native species mandates,
Johnson et al. (2012) declare “it is clear that any
automatic preference for native trees when plant-
ing in urban areas is not a science-based policy”
There are a number of related misconceptions that
contribute to this erroneous belief that are worth
addressing, especially as they relate to policy making:
+ The definitions of native and alien species are
value judgments, not science-based concepts.

As Kendle and Rose (2000) state so clearly,
nativeness is “not founded on hard science,

as often implied, but reflects a set of value
judgments about the timescales of environ-
mental change and forms of human impact
regarded as acceptable within the landscape”

« Native species are often poorly suited to
urban conditions. Many native environ-
ments were forest ecosystems; after urban
development they rarely resemble a natural
habitat. Trees and shrubs adapted to shaded,
moist conditions do not thrive in sunny sites
with bare, compacted soil. The less urban
soils resemble the original soil types, the less
native plant species will be likely to tolerate
them. Furthermore, climate change is occur-
ring at a rate that makes it difficult for many
native species to adapt.

« Introduced species provide ecological ben-
efits. As this literature review demonstrates,
nonnative species can and do play important
roles in creating habitat for native plant and
animal species. Even aggressive and invasive
shrubspecies,suchascotoneaster (Cotoneaster
spp.) and blackberry (Rubus discolor), along
with a number of herbaceous weedy species,
can be the most popular resources for native
pollinators (Tommasi et al. 2004). Whole-
sale removal of invasive species can have the
unintended effect of depauperating native bee
populations. Furthermore, stands of older,
introduced trees have demonstrated value in
carbon storage (Freedman et al. 1996) no dif-
ferent from that of native trees (O’Donoghue
and Shackleton 2013).
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o Not all introduced species are invasive. In
fact, a 1997 study found that less than 10% of
the more than 4,000 introduced plant species
found outside of cultivation in the U.S. truly
met the standard of invasiveness (Reichard
and Hamilton 1997). A more recent, small-
scale analysis of the Machu Picchu Sanctuary
in Peru determined that while a similar per-
centage of the introduced plant species were
invasive, the great majority “apparently do
not represent an actual threat to local biodi-
versity” (Ochoa and Andrade 2003).

« Many introduced species are better adapted
than native plants for urban environments.
From air pollution to zinc contamination,
urban landscapes provide a litany of envi-
ronmental challenges to plant communities.
Urban areas are typically brighter, hotter,
and drier than surrounding forest systems,
and the trees that thrive in these conditions
are often nonnatives (Chocholouskova and
Pysek 2003). The fact that introduced species
make up a substantial proportion of these
urban plant communities globally, some-
times to the point of becoming naturalized or
invasive, is evidence that native plants are not
necessarily the best-adapted species in what
is essentially a human environment—not a
native ecosystem.

MANAGING URBAN LANDSCAPES
FOR OPTIMAL BIODIVERSITY

The published research overwhelmingly identifies
diversity, structure, and function as the most impor-
tant vegetation characteristics for enhancing com-
munity biodiversity (Garden et al. 2007; Nielsen et
al. 2014). Native species are part of this scenario,
but they do not have to be the primary contribu-
tor to community biodiversity. In fact, sometimes
landscapes require the inclusion of exotic trees and
control of natives to maintain biodiversity (Kirk-
patrick 2004). Sagoff (2005) goes as far to say that
“introduced organisms typically, generally, and sig-
nificantly add to species richness in ecosystems.”

There are specific actions, supported by pub-
lished research, landscape managers can take to
maintain or enhance species biodiversity in urban
greenspaces. Table 2 summarizes general site and
vegetation traits that are positively associated with
animal species abundance and richness. Table 3
describes tree selection criteria that can be used to
enhance ecosystem biodiversity by the judicious
use of native and noninvasive, introduced species.
Reichard and Hamilton (1997) have developed a
simple, practical decision tree that can aid landscape
managers in selecting tree and shrub species least
likely to become invasive. Table 4 presents practical
steps that can be taken to meet specific manage-
ment goals in selecting and maintaining tree and
shrub species for optimal community biodiversity.

Table 2. Site and vegetation traits associated with animal species abundance and richness:.

Vegetation trait Birds Insects Mammals Reptiles
Habitat structure (canopy cover, vertical X X X X
diversity, tree and shrub density and diversity)

Larger and/or connected sites X X X

Older, larger trees X X X X
Hollow trees X X X X
Woody debris X
Moderately disturbed sites X

Profusely flowering species with X

seasonal diversity

Native vegetation” X X

Herbaceous/grass cover X X X
Permanent water source X X X

“The absence of an association means only that none were found in the literature surveyed.

¥ Specialists only.
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Table 3. Selecting tree and shrub species to enhance ecosystem biodiversity.

Goal Activity Information to collect References
Determine the need Conduct tree surveys Age distribution, canopy cover, percent

for new trees natives, species diversity

Determine potential Evaluate site conditions Air pollution, drought, heat, light, salt, Pair 1994;

environmental stresses

Determine community

needs for specific
resources

Determine potential
invasiveness

soil conditions, pests, disease
Diversify plant palette

species of interest

Research possible introductions
using decision tree

Food, nesting habitat needs for native

Any relevant plant introduction regulations;
data on invasiveness of related species

Kirnbauer et al. 2009

Reichard and
Hamilton 1997;
Kirnbauer et al. 2009;
Zhu et al. 2010

Table 4. Managing urban greenspaces o enhance native community biodiversity.

Goal

Activity

References

Reduce invasive
plant species

Increase tree and
shrub species
diversity

Maintain a vertically
diverse assemblage
of vegetation

Improve tree size
distribution

Enhance ecosystem
edges

Reduce predation
on native animal
species

Improve soil habitat
for insects, reptiles,
and mammals

* Plant alternative resources before removing invasives with food or nesting value
* Remove invasives favored for nesting during the winter
* Remove invasives favored for food only when ample alternatives present

* Plant native as well as non-invasive introduced species

* Plant more ground and shrub vegetation for bird habitat
* Plant trees in groups rather than as isolates
* Retain deadwood and other nesting structures in place when possible

* Protect middle-aged trees to ensure longevity
* Retain old, large trees

* Use small “urban” tree species sparingly

* Increase diversity of plants in edge habitats
* Reduce management of edges (e.g., no mowing, pesticide application, etc.)

* Reduce managed, open lawns

* Reduce soil compaction with organic mulch

Eliasaro et al. 2009; Kath et al.
2009; Gleditsch and Carlo 2011;
Adhikari et al. 2012a;

Santamour 1978

Oneal and Rotenberry 2008;
Suarez-Rubio and Thomlinson
2009; Adhikari et al. 2012b

Marzluff and Ewing 2001;
Landmann 2006; Nagendra and
Gopal 2011; Adhikari et al. 2012b

Marzluft and Ewing 2001; Stewart
et al. 2004; Roberts et al. 2007;
Shwartz et al. 2008; Vallet et al.
2010

Marzluff and Ewing 2001

Garden et al. 2007

In addition to these general recommendations,
there are special landscape situations that merit
additional discussion. Many authors have identified
the influence of unmanaged ecosystem edges on bio- .
diversity (the “edge effect”). Often, more species are
found in these resource-rich transition zones than in
theadjacent forests or other natural areas (Zerbe etal.

2003; Crooks et al. 2004; Faggi and Perepelizin 2006;
Vallet et al. 2010). In fact, edge environments are key
refuges for rare and endangered species, plant and
animal alike (Roberts et al. 2007; Vallet et al. 2010).
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There are two specific urban environments that
naturally contain edges and can be managed to
enhance and preserve species biodiversity.

Golf courses. Though fairways and greens are
intensively managed, out-of-bounds areas are
similar to the forests found outside courses
(Yasuda and Koike 2006). They have a large
percentage of edge habitat, a significant
amount of deciduous and coniferous tree
cover (Hudson and Bird 2009), and include
water features. Golf course managers can
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leave out-of-bounds areas unmanaged and
increase vegetation surrounding all water
bodies (Hudson and Bird 2009), thereby
acting as a refuge for flora and fauna (Yasuda
and Koike 2006).

o Public and residential gardens and land-
scapes. Public and private landscapes, dom-
inated by a diverse collection of native and
introduced trees and shrubs, are substantial
contributors to regional species biodiversity
(Yilmaz et al. 2008; Goddard et al. 2010;
Molebatsi et al. 2013; Nielsen et al. 2014).
They naturally contain a high percentage of
edge environments and are usually rich in
plants with floral and fruit displays. These
characteristics create environments that can
be significant refuges for endangered plants
and animals (Akinnifesi et al. 2010), and may
house more species than either managed or
natural areas. Botanically diverse commu-
nities are less vulnerable to exotic species
invasion (Mandryk and Wein 2006), and if
noxious weeds do appear they are likely to be
spotted and removed by landscape managers
and homeowners before they can establish
recalcitrant populations.

CONCLUSIONS

It is challenging to engage homeowners and land-
scape managers on the issue of landscape biodiver-
sity, simply because there is no obvious venue for
doing so. Certified arborists, Extension specialists,
and others should reach out to private property
owners with science-based recommendations for
attracting and retaining birds, pollinators, and other
desirable animal species in their gardens and land-
scapes. Specific, achievable actions could include:
o reducing open lawn (Marzluff and Ewing
2001; Hudson and Bird 2009) and replacing
it with vertically diverse vegetation (Ikin et

al. 2013a)

o increasing shrub and tree cover, especially
in newer neighborhoods distant from forest
edges (Kalinowski et al. 2010; Ikin et al.
2013a)

o selecting both native and noninvasive, intro-
duced trees and shrubs to increase plant
diversity (Raupp et al. 2006) and aesthetics

o planting fruit-bearing trees, shrubs, and
ground covers for human and animal con-
sumption alike (Campbell and Campbell 2001)

+ adding a permanent water feature when
feasible

These science-based recommendations for
increasing species biodiversity in urban land-
scapes stand in stark contrast to the list of char-
acteristics used to promote the exclusive use of
native plant species. This review demonstrates that
nonnative plants will attract and retain beneficial
wildlife, including birds, insects, mammals, and
reptiles; furthermore, by expanding the accept-
able list of landscape trees and shrubs, biological
and genetic diversity are enhanced. An additional
benefit is that biodiverse landscapes have been
positively linked to self-perceived well-being
of neighborhood residents. (Luck et al. 2011).

Science-informed decisionmaking must occur
in the planning and designing of urban green-
spaces as well as in the selection and management
of woody species. To paraphrase Sagoft (2005) and
Davis et al. (2011), it is time for urban planners to
focus on the function of tree species, not on their
origin. Urban planners should engage landscape
professionals and applied plant scientists in their
process so that current, relevant, research-based
information can be considered. The message is
simple and straightforward: a natives-only tree
policy sharply reduces the planting palette and
ultimately community biodiversity of urban areas.
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Résumé. De plus en plus, les regroupements de propriétaires
et les municipalités exigent l'utilisation d'une certaine proportion
darbres et d'arbustes indigénes dans le cadre des nouveaux projets
d'aménagement paysager. Les promoteurs de telles pratiques font
de nombreuses représentations quant a la supériorité des plantes
indigeénes sur les espéces introduites, dont leur capacité a accroitre
la biodiversité des écosystémes. A l'inverse, les arbres et arbustes
non indigénes sont considérés comme nuisant a la biodiversité,
principalement parce qu'ils sont apparentés avec certaines espéces
envahissantes bien connues. Cette revue de littérature résume les
résultats de publications scientifiques portant sur les impacts d'es-
peéces ligneuses indigénes et non indigénes sur la stabilité de pay-
sages urbains en fonction de la biodiversité des plantes, des oiseaux,
des insectes, des reptiles et des mammiféres qui y sont associés. La
prépondérance des études consultées démontre que des parametres
autres que le caractere indigene ou non des especes, ont une plus
grande influence sur la biodiversité de ces groupes. Plutot que de
limiter la sélection des arbres et des arbustes a un choix restreint
despéces indigénes, une approche davantage concréte et appuyée
sur le résultat de recherches est recommandée en vue d'améliorer la
biodiversité des paysages urbains.

Zusammenfassung. Hauseigentiimervereinigungen un Kom-
munalverwaltungen haben einen wachsenden Bedarf, einen be-
stimmten Prozentsatz einheimischer Geholze auf neuen land-
schaftlich installierten Flichen zu pflanzen. Diese Mandate zur
Verwendung einheimischer Arten machen zahlreiche Anspriiche
zur Bevorzugung einheimischer Pflanzen gegeniiber eingefithrten
Arten, einschliellich ihrer Féhigkeit zur Verbesserung der
Biodiversitit des Okosystems. Im Kontrast dazu sind nicht-
einheimische Baume und Straucher als schédlich fiir die Biodiver-
sitdt gebrandmarkt, in erster Linie weil sie ungiinstig verbunden
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sind mit bekannten invasiven Arten. Dieser Uberblick summiert
die gegenwirtig publizierte Forschung betreffend des Einflusses
auf einheimische und nicht-einheimische Geholze auf die Stabilitat
urbaner Landschaftsgestaltung, gemessen an der Biodiversitit der
assoziierten Pflanzen, Vogel, Insekten, Reptilien und Saugetieren.
Die Mehrheit der Studien demonstriert , dass andere Parameter als
die Artenherkunft den grofiten Einfluss auf die Biodiversitat dieser
Gruppen haben. Statt einer Begrenzung der Baum- und Strauch-
auswahllisten auf eine enge Gruppe von nativen Arten, wird eine
eher praktische, auf den Forschungsergebnissen basierende Hand-
lungsweise zur Verbesserung der Biodiversitat urbaner Landschaf-
ten vorgeschlagen.

Resumen. Cada vez mas, las asociaciones de propietarios y los
municipios estin requiriendo un cierto porcentaje de arboles y
arbustos nativos como parte de cualquier nueva plantacién en el
paisaje. Esto lleva a numerosos requerimientos en cuanto a la supe-
rioridad de las plantas nativas sobre especies introducidas, incluy-
endo su capacidad para mejorar la biodiversidad de los ecosistemas.
Por el contrario, los arboles y arbustos no nativos han sido etiqu-
etados como perjudiciales para la biodiversidad, principalmente
porque estan impropiamente agrupados con las especies invasoras
conocidas. Esta revision resume la ciencia actual publicada con re-
specto a los efectos de las especies nativas y no nativas lefiosas sobre
la estabilidad del paisaje urbano, medido por la biodiversidad de las
plantas asociadas, aves, insectos, reptiles y mamiferos. La prepon-
derancia de los estudios demuestra que los distintos parametros de
las especies nativas tienen la mayor influencia en la biodiversidad
de estos grupos. En lugar de restringir las listas de seleccion de ar-
boles y arbustos a una paleta limitada de especies nativas, se sugiere
un enfoque mds practico, basado en la ciencia para mejorar de la
biodiversidad del paisaje urbano.



