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Abstract: There is a need to understand how anthropogenic influences affect urban and periurban
forest diversity at the regional scale. This study aims to compare urban and periurban tree
composition along a geographic gradient, and test hypotheses about species composition and
ecological homogeneity. We paired urban forest (UF) data from eight cities across the southeastern
US with periurban forest (PF) data from the USDA Forest Service Forest Inventory and Analysis
program. We found that tree diversity, as well as both observed and estimated species richness values
were greater in UF versus PF. Community size structure analysis also indicated a greater proportion
of large trees and greater numbers of non-native, invasive, and unclassified tree species in the UF
versus the PF, regardless of location. Both forest type and ecological province had a significant effect
on community species composition, with forests closer together in space being more similar to each
other than those more distant. While land use change and management has been associated with
ecological homogenization in human dominated landscapes, we found that species composition
was more dissimilar along latitudinal lines than compared to between forest types, refuting this
hypothesis, at least in terms of tree diversity.

Keywords: urban forest composition; regional diversity; forest inventory and analysis;
ecological homogenization

1. Introduction

Rapid urbanization and land use change in proximity to urban areas has led to the alteration of
structure and composition of forests [1]. Novel ecosystem assemblages have developed in both
urban and periurban forests in response to land use change, as well as species introductions,
ecological disturbance, and sociopolitical and economic shifts [2–5]. As natural landscapes are
altered by urbanization, there is a gap in our understanding of the implications these changes
might have on regional urban and periurban tree diversity. For example, have anthropogenic
influences resulted in a homogenization of species composition within urban forests across regional
scales? Are human-dominated landscapes providing adequate areas for native tree species? Is the
species composition of urban areas more or less resistant to climate change, as compared to adjacent
periurban forests?

There is mounting evidence suggesting that more diverse ecosystems have increased resistance to
pests and disease [5–8]. Urban forests with low tree diversity may be at substantial risk in terms of
potential alteration from ecological disturbances. For example, Dutch elm disease caused the mortality
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of millions of elm trees [5], greatly changing the urban forest composition and structure in cities such as
Boulder City, NV and Chicago, IL in the United States (US) [9,10]. Since then, urban forester managers
and planners have placed a higher value on urban tree diversity to limit future disturbances [11].

Because tree diversity is associated with enhanced ecosystem resistance to disturbances, tree
diversity can also potentially increase resistance and adaptation to the impacts of a changing climate [8].
More diverse populations have greater adaptive capacity and thus are able to better withstand changes
in ambient biophysical conditions [12,13]. Climate change has already caused shifts in tree species
ranges and phenology [14,15]; if changes continue as predicted, this may lead to future unsuitability of
species in both urban and periurban forests.

Invasive woody plants have had well-documented negative effects on both urban and periurban
landscapes [16–18]. The presence of invasive plant species has been associated with reduced
biodiversity and increased biotic homogenization [4,16], changes in forest structure, altered natural
disturbance regimes [19,20], and subsequently modified ecosystem processes [21,22]. Moreover,
innocuous non-native species may become invasive; worldwide, an estimated 62% of invasive species
were introduced for horticulture and 13% for forestry [4]. For example, Pyrus calleryana Decne. has
escaped cultivation in many areas of the US as a result of hybridization, forming dense homogenous
plant communities and outcompeting local species [23,24]. Pinus pinaster Aiton and P. halepensis Mill.
have negatively impacted water resources and biodiversity, as well as increased fire severity in Cape
Town, South Africa [17]. Additionally, with changing climate, species that have not yet previously
posed an invasive threat may become so with range shifts into areas more suitable for the non-native
species [25].

Because non-native tree species (e.g., P. calleryana and Acer platanoides L. in the US) often have a
broader niche that allows them to thrive in urban locales, these species have been historically planted
intentionally throughout different regions of the world. These human planting preferences have led
to the hypothesis that human dominated landscapes are undergoing ecological homogenization [3].
However, few studies have quantified similarities in tree species composition across urban and rural
or periurban forest gradients.

Given this lack of information, our study aims to characterize community structure and
composition of urban forests in the southeastern United States (SE US), and compare these metrics
against adjacent periurban forests. For this study, we defined urban forests (UF) as a collection of
trees within urban boundaries and its mixed land uses as well as in privately and publicly owned
properties [26]. UF therefore included high- and low-density residential areas, as well as commercial,
institutional, and industrial land uses. Periurban forests (PF) were defined as non-urban, forested
areas located within 25 km of an urban city center. The SE US is an ideal location for this type of
study due to its recognition as a tree diversity hotspot within North America and classification as a
priority ecoregion for conservation [27,28]. We hypothesize that greater tree diversity exists in UF,
with a greater number of both non-native and native species [29]. Additionally, a greater prevalence of
human disturbance (as is the case in urban areas versus periurban areas) will result in a greater number
of unintentional introductions, resulting in a prevalence of non-native and invasive species in UF
versus PF [4]. We also expect that trees in UF will be smaller than those in adjacent PF. Moreover, we
hypothesize that the species community composition among the UF of the different localities sampled
will be more closely linked to geography than forest type (UF vs. PF).

2. Materials and Methods

2.1. Data Acquisition

Urban forest data were collected by independent research groups in eight localities (Figure 1;
Table 1) between 2008 and 2014. The data were compiled into the Southeastern Urban Tree Database as
part of a collaborative project sponsored by several universities and the Southern Research Station
of the US Department of Agriculture (USDA) Forest Service. All UF data were collected using, or
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based on, the i-Tree Eco protocol [30], a standard sampling and inventory protocol that has been used
extensively for sampling urban forests throughout the world [31,32]. In Gainesville, FL, plots were
established randomly across varied urban land uses, such as commercial, vacant, and residential [33].
(See [22,30–36] for specific information regarding land use definition and the percentage of these in
the different localities.) Four Virginia locations (Charlottesville, Abingdon, Winchester, and Roanoke
City; [36]), as well as east Orlando, Florida were sampled using stratified random sampling, stratifying
by land use [22]. One location in Virginia (Falls Church) was sampled using a randomized grid. Plots
were selected in the City of Atlanta (Fulton and DeKalb counties) as part of a sub-study of the Proctor
Creek Watershed (a Federal Urban Waters Project, [37]). Plots were selected via random generation of
GIS locations from three land use class strata (residential, transportation, and all other) in proportion
to US Geographical Survey land use land cover classifications. All urban localities in the study area
were sampled using randomly selected 0.04 ha plots established within city limit boundaries (with the
exception of east Orlando, where plots were placed within a 200 km2 area around an eddy flux tower).
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Figure 1. Eight urban forest locations sampled in the southeastern United States (SE US). Inset map
shows where this region is relative to North America.

Each tree or palm with diameter at breast height (DBH; measured at 1.37 m from the ground)
greater than 2.5 cm was measured and its species name recorded. Other measurements included
height, land use, crown width, and crown light exposure. If a tree had multiple stems below DBH,
it was counted as a singular tree, and the largest diameters (up to six) were recorded. For specific
measurement methods, refer to [22,30,33–36]. For multi-stemmed trees, we calculated the quadratic
mean diameter to represent the DBH underlying a tree with the same total tree cross-sectional area.
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Table 1. Locality and plot characteristics for sampling locations and urban* and periurban** forest types in the southeastern US study area. Numbers of trees were not
expanded to reflect lower sampling intensities in periurban microplots. Ecological province was defined by USDA Forest Service ecozones [38]. Population density
is from 2010 U.S. Census Data [39]. CABF = Central Appalachian Broadleaf Forest-Coniferous Forest-Meadow, SMF = Southeastern Mixed Forest, OCP = Outer
Coastal Plain.

Locality Location
Center

Ecological
Province

Average
Annual

Rainfall (cm)

Urban Population
Density

(Person/km2)
Forest Type Elevation

Range (m)
Area

Sampled (ha)
Number of
Treed Plots

Number of
Trees

Abingdon, VA 36˝42135” N,
81˝58132” W

CABF 116 392
Urban 590–709 1.56 39 279

Periurban 414–1419 3.83 57 1970

Atlanta, GA 33˝45118” N,
84˝23124” W

SMF 126 1218
Urban 159–331 11.92 298 1548

Periurban 145–513 2.02 30 659

Charlottesville, VA 38˝1147.64” N,
78˝28144.4” W

CABF 108 1640
Urban 92–198 2.36 59 409

Periurban 68–964 3.16 47 1205

East Orlando, FL 28˝35133.5411 N,
81˝1210.3411 W

OCP 129 1023
Urban 1–29 3.16 79 732

Periurban ´1–39 1.75 26 603

Falls Church, VA 38˝52156” N,
77˝10116” W

SMF 113 2382
Urban 82–134 1.24 31 178

Periurban ´25–174 1.28 19 357

Gainesville, FL 29˝3917.19” N,
82˝19129.97” W

OCP 120 783
Urban 15–61 2.04 51 659

Periurban 11–61 3.43 51 1429

Roanoke, VA 37˝1610” N,
79˝5610” W

CABF 105 880
Urban 271–531 4.56 114 1627

Periurban 234–1197 2.76 41 1044

Winchester, VA 39˝1110” N,
78˝1010” W

CABF 97 1096
Urban 194–287 2.24 56 336

Periurban 92–864 1.95 29 633

* Urban forest types sampled using i-Tree plots; ** Periurban forest types sampled using FIA plots.
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All periurban data were from forested areas sampled with the USDA Forest Inventory and
Analysis (FIA) protocol which were located within 25 km of an urban city center. Data were obtained
from the USDA Forest Service datamart [40]. FIA data encompass areas that range from suburban to
rural [2], but include only “forest land”, which is defined as having an area of at least 0.4 ha with at least
10% canopy cover of live tree species of any size, either at the time of sampling or in the past, where
the land is not subject to non-forest use which would prevent normal tree regeneration and succession
(e.g., regular mowing, or grazing) [28]. All FIA plots are measured on a cyclic basis throughout the
United States by the USDA Forest Service, with the intention of collecting data on an estimated 1 in
2428 hectares of land in the country to monitor the forest resources of the US. We extracted FIA data
within a radius of 25 km around each urban forest location using ArcMap 10.1. The FIA plot locations
are “fuzzed” and do not report exact spatial coordinates to comply with privacy issues; thus locations
are between 0.8 and 1.6 km of the actual plot. Accordingly, we analyzed results on a community scale
rather than by plot [41,42], so we estimated location error to be small. We obtained data from the years
2010–2013 for Virginia, and 2009–2013 for Georgia and Florida to obtain the maximum number of tree
measurements while excluding re-measured trees. In three instances, data were also extracted from
surrounding states because the 25 km buffer extended past state lines (Figure 1). Years extracted in
those states were between 2009 and 2013, excluding 2009 if a re-measurement occurred in 2013.

The FIA plots consist of groups of four subplots that cover an area of approximately 0.067 hectares,
with a microplot approximately 0.001 hectares in area located within each subplot. Woody plants with
DBH values less than 12.7 cm but greater than or equal to 2.54 cm are measured only in the microplots.
We used an expansion factor of 12.46 for the tree counts within microplots to adjust for their smaller
sample plot. Tree data collected includes condition, species, DBH, height, and location within plot
(for more information on FIA data collection, see [43]). In contrast to the i-Tree protocol, under the FIA
protocol a tree that splits below DBH is recorded as more than one tree. Since trees that split between
0.3 m and 1.37 m are given the same cardinal distance and direction, we were able to combine multiple
stems using the quadratic mean diameter to match the two protocols in these cases. We could not,
however, differentiate between trees that split less than 0.3 meters from the ground and those which
had not been split. Thus, we performed analyses with measures of stem density, as well as with basal
area to account for this potential error.

2.2. Statistical Analyses

Unless otherwise stated, statistical analyses were carried out in R version 2.2-1 [44] with the vegan
package [45]. We characterized species richness for each location using a bootstrap method to estimate
the expected number of species in an area, using rare species to quantify how many species were likely
unobserved. Species accumulation curves were created by graphing the area sampled rather than by
the number of plots to account for different plot sizes. Curves were visually analyzed to verify species
richness to avoid confounding results from locations with differing sampling intensities and plot sizes.
Diversity by location was quantified using both the Shannon-Weaver (H1) and the Inverse Simpson’s
(λ´1) Indices:

H1 “ ´
ÿ

pi lnpi (1)

λ´1 “ p
ÿ

p2
i qλ´1 (2)

where: pi is the proportion of individuals in the ith species for a particular location. We did not quantify
plot-level diversity because of differences in data collection methods between urban and periurban
plots, such as different plot sizes and shapes. Additionally, PF plots contained, on average, many more
trees than UF plots because all plots were classified as “forest land.” Diversity metrics (species richness,
Shannon-Weaver, and Inverse Simpson’s) were analyzed with all species, as well as with only native
and naturalized species to answer questions about species which could be expected to persist without
further human influence. We defined “naturalized” species as those which are invasive or have been
recorded as invasive anywhere within the US [46].
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To assess community structure, we used graphical as well as statistical means. We focused on
DBH-based measures of structure rather than other measures (e.g., tree height or biomass) due to the
strong correlation between DBH and both biomass and tree height, and the lack of local and UF-specific
biomass equations for most UF species. We first analyzed DBH distributions graphically according to
forest type and location, and investigated significant differences between PF and UF as well as among
locations using the Log-Rank and Wilcoxon tests via the SAS (9.3) procedure PROC LIFETEST [47].

Species composition was investigated by categorizing tree species into native, non-native, invasive,
and unclassified. Native status was defined by classification in i-Tree [48], supplemented by the USDA
PLANTS database [49]. Invasive species classification was defined using invasive plant species lists by
state [50–52]. Species with any level of invasive status (e.g., threat level categorizations) within the state
in which they were sampled were considered to be invasive. Trees were unclassified if they were either
measured only to the genus-level or were cultivars with unspecified origin. To further understand
community similarities or dissimilarities, we used a permutational ANOVA (PERMANOVA) [45] to
determine whether differences in community structure were due to urbanization, geographic area, or
both [53,54]. We included ecological province and land use (urban vs. periurban) in the model and used
999 permutations, following Anderson and Walsh [50]. Community differences were quantified using
the Raup-Crick metric, which measures the similarities or dissimilarities between communities [55,56].
The Raup-Crick metric allows for comparisons between communities with varied numbers of species
and sampling sizes, whereas other common similarity metrics such as Jaccard’s could be skewed
due to dissimilarities in species richness [55–57]. Using a matrix of comparisons between all pairs
of associations, the Raup-Crick index compares observed number of species with the distribution of
co-occurrences generated from 200 Monte Carlo random replicates [55]. The computed index ranges
from a value of 1.0 indicating no similarity, to 0 indicating identical similarity. To further visualize the
results, we created a dendrogram from a Raup-Crick dissimilarity metric to compare each site [55],
utilizing presence/absence data to prevent bias from the differences in plot sizes between UF and
PF samples.

3. Results

3.1. Tree Diversity Comparisons

In all localities except for Abingdon, VA, species richness values (both observed and estimated)
were greater in UFs (Figure 2). The range of estimated number of species per location was 63–124
in UFs versus 35–64 in the PFs. Abingdon had the greatest number of species in its PF and the least
number of species in its UF; however, species richness was not significantly different between its PF
and UF (63.6 ˘ 2.5 and 63.2 ˘ 3.5, respectively; Figure 2). Roanoke’s UF had the greatest number
of species overall (124 and 106; estimated and observed), while East Orlando’s PF had the fewest
number of species (35 and 30; estimated and observed). In six of the eight locations, species richness,
as illustrated by species accumulation curves (Figure 3 and Figure S1), was clearly greater in the UF.
Differences were more difficult to distinguish between the PF and UF of Abingdon and Atlanta due to
discrepancies in sample size.

Tree diversity as described with both the Shannon and Inverse Simpson’s indices was greater
in UF (Figure 4). These indices indicate that the most diverse PFs were less diverse than the least
diverse UFs regardless if analyses were based on biomass or stem counts. Gainesville (both PF and
UF) had the lowest diversity with both indices (2.3 and 3.2, for Shannon; 5.8 and 17.0 for Inverse
Simpson’s, for PF and UF, respectively), when compared to other UF and PF. As measured by the
Shannon Index, Charlottesville’s UF had the greatest diversity; as measured by the Inverse Simpson’s
Index, and Falls Church’s UF has the highest diversity. Overall, the PF had greater relative abundance
of the most common species than the UF (PF ranged from 15% to 36%, whereas UF ranged from 7%
to 15%). This measure serves as an indicator of diversity as it is significantly related to the Shannon
Diversity Index, with lower relative abundance of the most common species attributed to greater



Forests 2016, 7, 120 7 of 15

diversity [11]. Gainesville’s PF had the greatest relative abundance of the most common species (36%,
Pinus elliottii Engelm.).

Forests 2016, 7, 120 7 of 15 

Gainesville’s PF had the greatest relative abundance of the most common species (36%, Pinus elliottii 
Engelm.).  

 
Figure 2. Number of tree species estimated by bootstrap methods and observed via collection. 
Locations are listed North-South, with the exception of Falls Church which is listed more southerly 
to reflect its ecological province. Secondary colors (orange and green) represent the species richness 
of only the native and naturalized species, whereas primary colors (red and blue) include all species. 
(ATL = Atlanta, GA; CHA = Charlottesville, VA; EORL = East Orlando, FL; FC = Falls Church, VA; 
GNV = Gainesville, FL; ROA = Roanoke, VA; ABI = Abingdon, VA; WIN = Winchester, VA, NN = 
Native and Naturalized). 

 
Figure 3. Species accumulation curves by ecoregion in the SE US. Regions are (A) Central Appalachian 
Broadleaf Forest, (B) Outer Coastal Plain, and (C) Southeastern Mixed Forest (Atlanta urban forest 
(UF) is truncated in image C for better visualization). 

 

Figure 2. Number of tree species estimated by bootstrap methods and observed via collection.
Locations are listed North-South, with the exception of Falls Church which is listed more southerly
to reflect its ecological province. Secondary colors (orange and green) represent the species richness
of only the native and naturalized species, whereas primary colors (red and blue) include all species.
(ATL = Atlanta, GA; CHA = Charlottesville, VA; EORL = East Orlando, FL; FC = Falls Church, VA;
GNV = Gainesville, FL; ROA = Roanoke, VA; ABI = Abingdon, VA; WIN = Winchester, VA, NN = Native
and Naturalized).

Forests 2016, 7, 120 7 of 15 

 

Gainesville’s PF had the greatest relative abundance of the most common species (36%, Pinus elliottii 

Engelm.).  

 

Figure 2. Number of tree species estimated by bootstrap methods and observed via collection. 

Locations are listed North-South, with the exception of Falls Church which is listed more southerly 

to reflect its ecological province. Secondary colors (orange and green) represent the species richness 

of only the native and naturalized species, whereas primary colors (red and blue) include all species. 

(ATL = Atlanta, GA; CHA = Charlottesville, VA; EORL = East Orlando, FL; FC = Falls Church, VA; 

GNV = Gainesville, FL; ROA = Roanoke, VA; ABI = Abingdon, VA; WIN = Winchester, VA, NN = 

Native and Naturalized). 

 

Figure 3. Species accumulation curves by ecoregion in the SE US. Regions are (A) Central Appalachian 

Broadleaf Forest, (B) Outer Coastal Plain, and (C) Southeastern Mixed Forest (Atlanta urban forest 

(UF) is truncated in image C for better visualization). 

Figure 3. Species accumulation curves by ecoregion in the SE US. Regions are (A) Central Appalachian
Broadleaf Forest; (B) Outer Coastal Plain; and (C) Southeastern Mixed Forest (Atlanta urban forest (UF)
is truncated in image C for better visualization).

125 

en 
~ 100 
C 
..c u 
i:i:: 
en 75 
Q) 

T5 
Q) 
Q. 

(f) 50 

25 

-
:ll 100 
-~ 80 
a. 
(/) 

60 0 
ai 40 
.c 
E 20 ::, 
z 0 

0 

-

~ 

f • 

~ • ~ 

• ~ • 
~ i ~ • • 

i ¥ I • 
• 

W IN CHA ROA A B I FC 

2 3 

Hectares Sampled 

"' 70 
-~ 60 
~ 50 
(/) 40 
0 

Locality 
-- - -·· · J 

A 

4 5 

~ 

• 

~ 
ai ~ • 
• ' ~ 

' • • 

i I 
ATL GNV EORL 

Cl) 70 
Ql 

60 ·u 
Ql 

50 a. 
(/) 

40 0 
30 ai 

.0 20 
E 10 ::, 
z 0 

0 

Forest Type 
ai 30 
.o 20 
§ 10 
z 0 

• Urban • Periurban 

Measurement 

• Observed 

• Estimated 

ForestType 

-+- Periurban r~ Pe,;, ,ba, (NN) 

-+- Urban 

-+- Urban (NN) 

2 3 

Hectares Sampled 

C 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

Hectares Sampled 
I lt::VlCII c:, ~CII I l t.JICU 

B 

4 



Forests 2016, 7, 120 8 of 15Forests 2016, 7, 120 8 of 15 

 

Figure 4. Diversity by location and forest type based on stem counts as defined by (A) Shannon Index 
and (B) Inverse Simpson’s Index. Diversity indices for all species were overlaid with diversity indices 
including only the native and naturalized species; secondary colors (orange and green) represent 
native and naturalized species diversity, primary colors (red and blue) plus secondary colors 
represent diversity for all species. Locations are listed North-South, with the exception of Falls Church 
which is listed more southerly to reflect its ecological province. (ATL = Atlanta, GA; CHA = 
Charlottesville, VA; EORL = East Orlando, FL; FC = Falls Church, VA; GNV = Gainesville, FL; ROA = 
Roanoke, VA; ABI = Abingdon, VA; WIN = Winchester, VA, NN = Native and Naturalized). 

3.2. Community Structure and Composition 

The UFs and PFs presented mixed results in regards to community structure and composition. 
Community size structure was similar regardless of location or forest type. All locations had reverse 
J distributions (Figure 5), with a larger presence of small trees and fewer large trees. A significantly 
greater proportion of trees from PF had smaller diameters than trees from UF (Wilcoxon p < 0.0001). 
UF had a greater proportion of large (<100 cm) trees, though this difference was not significant, 
indeed, only three of eight PFs had trees in that size category (Log-Rank p = 0.1057). 

 

Figure 5. Distribution of trees by diameter at breast height (DBH) and location. Urban forest is in blue, 
periurban forest is red. (A) Winchester, VA; (B) Charlottesville, VA; (C) Roanoke, VA; (D) Abingdon, 
VA; (E) Falls Church, VA; (F) Atlanta, GA; (G) Gainesville, FL; (H) East Orlando, FL. 

Altogether, there were 181 species that were present in UF but absent in PF, and 23 that were 
present in PF but absent in UF. The most widespread species was Acer rubrum L., which was present 
in every site (regardless of PF or UF location) and was within the three most common species for five 
 

Figure 4. Diversity by location and forest type based on stem counts as defined by (A) Shannon Index
and (B) Inverse Simpson’s Index. Diversity indices for all species were overlaid with diversity indices
including only the native and naturalized species; secondary colors (orange and green) represent
native and naturalized species diversity, primary colors (red and blue) plus secondary colors represent
diversity for all species. Locations are listed North-South, with the exception of Falls Church which is
listed more southerly to reflect its ecological province. (ATL = Atlanta, GA; CHA = Charlottesville,
VA; EORL = East Orlando, FL; FC = Falls Church, VA; GNV = Gainesville, FL; ROA = Roanoke, VA;
ABI = Abingdon, VA; WIN = Winchester, VA, NN = Native and Naturalized).

3.2. Community Structure and Composition

The UFs and PFs presented mixed results in regards to community structure and composition.
Community size structure was similar regardless of location or forest type. All locations had reverse
J distributions (Figure 5), with a larger presence of small trees and fewer large trees. A significantly
greater proportion of trees from PF had smaller diameters than trees from UF (Wilcoxon p < 0.0001).
UF had a greater proportion of large (<100 cm) trees, though this difference was not significant, indeed,
only three of eight PFs had trees in that size category (Log-Rank p = 0.1057).
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every site (regardless of PF or UF location) and was within the three most common species for five of
the eight PF locations and one of the eight UF locations (Table S1). Other widespread species include
Carya glabra (Mill.) Sweet (present in all PF and six of the eight UF) and Prunus serotina Ehrh. (present
in seven of the eight PF and UF). There were many species which were widespread in UF but absent in
PF, such as Lagerstroemia indica L. and P. calleryana. Both were recorded in seven of the eight UF but not
in any PF. The UF and PF had similar proportions of palms, with 1.0% in the UF and 0.8% in the PF.

There were greater numbers of non-native, invasive, and unclassified species in the UF versus
the PF, regardless of location (Figure 6). Winchester and Falls Church UF had a greater number
of non-native species than native species (36 versus 25 for Winchester, and 20 versus 31 for Falls
Church). There was no common pattern describing the proportion of native species by forest type.
By counts of individuals, PF had a substantially greater proportion of native trees in every location
(Figure S2). Fewer than 50% of the trees in the UF of Winchester were native, but all other locations had
communities where at least 50% of the trees were native. There were six invasive species throughout
all PFs, and every invasive species found in PF was also found in UF. There were 19 additional invasive
species found across our UF sample, with 10 found in Atlanta alone. However, based on numbers of
trees, the UF in Atlanta had a smaller proportion of invasive trees than that of PF (Figure S2).
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Unsurprisingly, the two invasive species found in the PF of Atlanta (Ailanthus altissima (Mill.) Swingle
and Albizia julibrissin Durazz.) commonly invade disturbed areas [61].

There is a growing body of research on the structural and ecological dynamics of UFs
using permanent field plot and forest inventory methods similar to the ones presented in this
study [2,3,5,22,33,35,58] (and citations therein). The field measurement protocols in these disparate
studies are, however, often different because of (for example) land use definitions, the stem size criteria
for differentiating tree and shrub growth forms, and the presence of multi-stemmed tall woody shrubs
in certain biomes (e.g., mangroves, shrublands) [2,30,33]. However, this study´s use of the same UF
and PF inventory protocols and tree size criteria eliminated many of these issues. Similarly, we found
that PFs were found to have a greater proportion of smaller DBH trees when compared to UF (Figure 5).
This was not surprising, considering that PFs are likely to have an understory component containing
saplings, due to planting or natural regeneration. On the other hand, only UF plots falling in vacant
areas, parks or remnant forest patches would be likely to have comparable understories [58]. However,
we did not measure the age nor assess the origin of sampled trees in our study.

Overall, we found greater species-level homogeneity in PFs than in UFs as evidenced by a greater
relative abundance of the most common species in the region’s PFs. The PF of Gainesville was
especially homogenous and other PF areas with low diversity were made up of very few species;
greater than 50% of the trees in the PF of Gainesville were pines (primarily Pinus taeda L. and P. elliottii).
This is likely a result of human intervention and legacy effects of past land use practices favoring
pine plantations [1,27,62], and also a result of the generally lower tree species richness in the naturally
pine-dominated landscapes sampled in this study. While hardwood-dominated depressional wetlands
of this region contain higher tree diversity, our sample included few PF forests of this type. The more
northern locations (those in Virginia), with their prevalence of non-native species within their UF
(Figure 6), had more distinct PF and UF communities (Figure 7). Conversely, Florida locales had
fewer non-native tree species, which could explain the similarities between the PF and UF in those
locations. This is reflective of the lower natural tree species diversity in pine-dominated outer coastal
plain landscapes sampled in this study, versus broadleaf and mixed forests, which are dominated by
hardwoods and other species [27,28].

More importantly, species composition analyses indicated that urban forests were more similar
to their periurban counterparts within eco-zone than were urban forests to each other, indicating
that UFs are strongly influenced by the natural diversity patterns in the local vegetation. This result
refutes the hypothesis of ecological homogeneity across urban areas, at least in terms of tree diversity.
If homogeneity were to hold true in this region, we would have expected the urban locations to be more
similar to each other, regardless of ecoregion. Instead, there was a clear distinction due to ecoregion.
The results of the PERMANOVA showed that species composition of urban forest was significantly
different than periurban, and significant differences also were found among urban ecological provinces.

The increased diversity in UF was a likely result of the greater diversity of the Central Hardwood
forests, as well as greater landscape heterogeneity, which has been shown to result in more diverse
communities [63]. However, the PF in Abingdon had an elevation gradient of greater than 1000 meters
(Table 1), which could support a larger range of plant communities [64]. Abingdon’s PF had species
richness which was comparable to not only its UF, but also that of Falls Church. The smaller species
richness values in Abingdon’s UF may be a result of Abingdon’s less urbanized character (with a
population density of <400 people/km2) and correspondingly fewer opportunities for planted species
and less heterogeneity.

5. Conclusions

Our results indicate that urban tree species distributions are not geographically homogenous
throughout the SE US. Urban forests in this region have maintained a fair amount of native species,
and thus are a reflection of their respective periurban tree communities. Our conclusions are, however,
somewhat limited by different plot size and measurement techniques used in the urban (i-Tree) and
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periurban (FIA) protocols. On the other hand, with the relatively recent (2014) implementation of
urban FIA sampling, there is a need to develop techniques and metrics to compare the data that are
available in order to further investigate hypotheses about the impacts of urbanization on trees further
into the future.

Utilizing existing SE US urban forest data collected under standardized inventory and monitoring
protocols, as well as available data from the USDA Forest Service FIA program, we used a novel
approach to investigate urban forest community composition relative to adjacent periurban forests
along a geographic and urban to rural gradient. Comparing community composition and structure
between urban forests and their periurban counterparts could be used further to better assess the
ecological stability and sustainability of an area in the face of climate change and urbanization. Overall,
our findings indicate that urban forests, with their great diversity, should fare well in the face of
future global changes. However, care should be taken to monitor non-native and invasive species and
to ensure that the species and size composition support sustainability of both urban and periurban
forests. In the future, more comprehensive studies should be undertaken that include more global
cities to encompass a larger variety of land uses and management histories, as well as a wider range
of vegetation types, to gain a more complete understanding of regional anthropogenic influences on
diversity in PFs and UFs.

Supplementary Materials: The following are available online at www.mdpi.com/1999-4907/7/6/120/s1,
Table S1: Common species by location, Table S2: PERMANOVA results, Figure S1: Species accumulation curves
by location, Figure S2: Origins of trees by locations.
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