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Please provide an abstract on your project and its results (approximately 200 words or less):
This project was done to assess relationships between tree growth and environmental parameters known to vary
across the rural-suburban-urban continuum. For this study, 320 established, healthy, open-crown trees were sampled
according to gradients in community population level (0 (rural parks), 500, 5,000 and 50,000) and land use (city
parks, residential, and commercial sites) in 5 Midwestern states. According to population levels, trees in rural parks
were older (69 years) and had lower mean growth rates (3.5 mm/yr) than trees in small (51 yrs, 4.6 mm/yr), medium
(40 yrs, 4.7 mm/yr), and large towns (39 yrs, 4.6 mm/yr). Across the land use gradient, both mean age and growth
rate were lower for trees on commercial sites (24 years and 4.1mm/yr) than for those in city parks (54 yrs, and 5.2
mm/yr). The relationships between tree growth rates and several biotic and abiotic variables were also examined.
For individual biotic variables, number of other trees within 9 m, and presence of disease, insects, and human-induced
injuries were strongly related to tree growth rates. Individual abiotic variables that affected tree growth included bulk
density and presence of pavement in proximity to the trees. Values for measured soil properties that increased
significantly going from rural to urban and from park to commercial sites included pH. coarse fragment content. and
metal content (Pb, Cd, Cu, and Zn). Bulk density increased significantly going from urban to rural sites, and from
commercial to park sites, although very few samples had values that are considered limiting to tree growth.
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Project objectives:
1. Develop historical information database on trees/soils for 50 to 60 sites in the Midwest.
2. Use this data for selection of smaller number of sites for field study.
3. Perform detailed field study to collect tree and soil samples as well as data on other environmental parameters.
4. Perform gradient analysis and develop environmental indices using data collected above.

Objectives met successfully:
A mailed survey was used to collect historical information for potential study sites. The information gathered was
used to develop a stratified random sampling design, which included 6 "clusters" (rural parks. small towns. medium-
sized towns, and large towns) of sites located in 5 states (Illinois. Iowa, Minnesota, Missouri, and Wisconsin, see
attached figure). Within each town, different land use areas were selected for study. including park, residential. and
commercial sites where trees were found. Tree increment cores and associated surface soil samples (15 cm deep)
were collected for each of 320 trees located on 42 study sites. In addition, for a single cluster 1-m deep soil cores
were collected to more fully describe urban soil characteristics.

Analyses completed to date include evaluation of tree characteristics across the human population gradient and the
land use gradient, and regression analyses of tree growth rates in relation to a number of biotic and abiotic factors. In
addition, analyses of soil properties across the two gradients have been completed.

Objectives not yet met:

Historical analyses of tree growth rates over time are not complete. Relationships between some soil properties and
tree growth rates have not been examined. Comparisons of growth rates for the different species included in the
study have not been completed. The results have not yet been combined to develop environmental indices to enable
prediction of tree performance in different settings. We anticipate completion of these objectives within 6 months
when Rebecca Mack completes her MS thesis. Ms. Mack is one of two graduate students who will earn MS degrees
from this project. The other was Valasia Iakovoglou, who successfully defended her thesis in November, 2000.

List the major research or policy findings of your project. If not apparent in the above, or if your
project did not involve research, how did the project increase the knowledge we have about urban
forestry? How did (will) the public benefit?

Characteristics of the sample tree population

These findings are based on a stratified random sample of 320 trees, partitioned among 4 community population
levels (0, 500, 5,000 and 50,000) and 3 land uses (park, residential and commercial) within each community
population level. Our proxy for the rural-urban continuum was the selection of towns with these population levels
within 45-krn radius areas that we refer to as -clusters". Two clusters were studied in Iowa, and one each in Illinois,
Minnesota, Missouri, and Wisconsin (see attached Figure 1). Along the rural-urban continuum, trees on rural sites
were older (average age was 67 years) than trees in small towns, medium-sized towns, and large towns (51, 40, and 39
years, respectively). Age ranges encountered across the entire rural-urban gradient were similar, from about 10 years
to about 140 years. This indicates that the potential for longevity exists even in relatively large cities. For trees
sampled according to land use, average age was greatest for trees in city parks (54 years), intermediate for trees in
residential areas (41 years) and lowest for commercial sites (24 years). Age ranges for trees in parks and residential
sites were similar. from about 10 to about 140 years. The age range for trees in commercial sites was less, from 9 to
69 years. However, this still indicates greater potential longevity than has been previously reported in the literature
for intensively altered (commercial) urban settings.

Most of the trees sampled had relatively high incremental diameter growth rates. The typical annual increment
growth averaged over the last 10 years was between 3 and 6 mm/year, with lower average growth occurring on rural
sites for the rural-urban gradient, and lower growth rates on commercial sites for the land use gradient. These growth



rates are more rapid than the literature led us to expect, although they seem reasonable given our sampling criteria
for trees, which included open canopies and overall good health.

Our analyses indicate that tree-tree competition is related to urban tree growth rates even though trees with open or
nearly open crowns were selected for this study. Levels of competition are relatively high on rural sites and
decrease as community population levels increase (see attached Figure 2). Competition is also greater on park and
residential sites compared to commercial sites. Competition level was statistically related to decreased tree growth
rates for rural parks, but not for other sites. In fact, on commercial sites, increasing numbers of nearby trees were
related to increased growth rates. We are doing further investigation of other factors that may affect tree growth
rates in commercial settings. Even though competition was statistically related to growth rates of the sampled trees,
it did not seem to be limiting growth from a pragmatic standpoint, since tree growth rates of all sampled trees were
relatively high.

Relationship between edaphic factors and tree growth rates

Regression analyses were performed for three scenarios: All species sampled in all clusters. a single species in all
clusters, and all species in a single cluster. Six biotic variables and seven abiotic variables were tested for all clusters.
Eleven abiotic variables were included in the analysis of a single cluster. Biotic factors that were strongly related to
tree growth rates included number of competing trees within 9 m, presence of disease or insects, and human-induced
injuries. Abiotic factors that were strongly related to tree growth included soil core bulk density and presence of
pavement near the tree. The amount of variability explained using regression techniques was small (between 5 and
11%, depending on the scenario examined). albeit statistically significant.

In general the soil properties observed in this study don't appear to be limiting tree growth. For example, the mean
core bulk density of the top 15 cm of soil was 1.1 g cm', which is ideal for growth. Maximum core bulk density was
1.6 g cm', which is only slightly limiting for plant growth. The lowest core bulk densities were found on commercial
sites. This reflects the high proportion of peat, bark, wood fragments and other organic debris incorporated into
tree planters/pits, which were common in commercial settings. The range in pH for the top 15 cm of soil was 5.3 to
8.0, which suggests that no soil was extremely acidic nor extremely alkaline or sodium-enriched. In analyses
completed to date, soil pH has not been found to be an important limiting factor for tree growth. Additional soil
analyses that have been completed indicate increasing levels of metals (Pb, Cd. Cu, and Zn) with increasing
community population levels and with increasing intensity of land use. Particle size analyses indicate very few
textural differences along the urban-rural gradient, for the land use gradient coarser soil textures (more sand and less
clay) were observed in commercial settings than in park settings. Additional statistical analyses of soil properties
and their relationship to tree growth are ongoing. Analyses of deep soil cores are also ongoing (see Figure 3).

What recommendations might you make for community foresters or others who might benefit from
your project?

(1) Characteristics of this sample population suggest that trees can thrive in all of the settings we examined.
Thus while good management practices are a must, no particular locale should be "written off' as unsuitable
for trees without thorough site investigation.

(2) Urban environments are extremely heterogeneous, both above- and below- ground. Factors that may limit
growth in one setting may enhance growth in another setting (e.g. number of neighboring trees has a
negative effect on growth rates for park trees, but it has a positive effect for trees in commercial settings).
Thus, while generalizations may help somewhat for the purpose of organizing information, they may not
apply well to urban tree management from a pragmatic standpoint.

(3) Previously reported urban tree demographics, based on average ages and sizes, may "undersell" the potential
of some sites to support long-term tree growth. Based on our study, trees can thrive under the proper
conditions even in large cities and in intensive land use settings for up to 70 or 100 years. Since benefits that
accrue from these trees increase dramatically as the trees' canopies expand, community foresters should be
encouraged to judiciously plant long-lived species and maintain them to achieve maximum benefits in the
long run.



Attach copies of reports, publications, or videos. If your work has been published (journals, popular
press, etc.), provide where they have been published or reported and how copies can be obtained.

Attached: Iakovoglou. V. 2000. Trees examined along a rural-urban gradient and by local land use in the Midwestern
US: An investgation of factors related to tree growth. Unpubl. MS thesis, Iowa State University, Ames, 129 pages.

Other publications are not yet available. We will provide copies to NUCFAC and Midwest area coordinators as soon
as they are completed.

How were your results disseminated to the public?

Abstracts based on this project have been submitted for presentations at the International Society of Arboriculture's
Midwest Chapter meeting in February, 2001 and for the National Urban Forestry Conference in September. 2001.
Four manuscripts are in preparation and will be submitted for peer review early in 2001. Journals to which these will
be submitted include Journal of Arboriculture, Journal of Environmental Quality, and the Soil Science Society of
America Journal. Those manuscripts as well as a more popular audience "fact sheet" will be distributed to State
Urban Forestry Coordinators and their advisory councils throughout the Midwest, as well as to contacts at all field
sites included in the study.

List the active partners (key individuals or organizations) involved in the project:

Jan Thompson, Lee Burras, Phil Dixon, John Smith (Faculty/staff, Iowa State University)
Valasia Iakovoglou. Rebecca Mack (Graduate Research Assistants, Iowa State University)
Peggy Sand. Dick Rideout, Robert Krepps, John Walkowiak, Reinee Hildebrandt (current or former State Urban

Forestry Coordinators in 5-state study area)
Local contacts (city foresters, city clerks, local tree volunteers, or public works personnel at 42 sites)

Photo or Illustration:

See attached figures. Citations are given on each.

If a no-cost time extension was granted for this project, why was it needed?

One no-cost time extension was granted to allow completion of data analyses. The extra time was needed for the
two graduate students working on the project adequate time to process the data and write draft manuscripts to be
submitted for publication.

How would you evaluate the grant process? What changes, if any, would you recommend?

The grant process was excellent. Preparation of a less detailed pre-proposal before submittal of the full proposal was
very helpful to us. We enjoyed excellent communication with Ms. del Villar, who addressed all of our questions in a,
very timely manner as the project went forward. We appreciated the mail reminders for submittal of progress
reports, and it was helpful that preparation of those reports satisfied both NUCFAC and our Federal reporting
requirements. We recommend no changes.



Comments considered of importance but not covered above:

We thank NUCFAC for their support of this project. It offered the principle investigators the opportunity to more
closely examine factors affecting urban tree growth in a variety of settings. It offered the opportunity and provided
monetary support for two graduate students to focus on a significant research problem for a two-year period. We
look forward to publication of the results in the very near future.

This report was prepared by:
Name: Jan Thompson
Title: Assistant Professor, Forest Biology and Urban & Community Forestry
Phone Number: 515-294-0024
Date: December 19, 2000



From Iakovoglou, V. 2001. Trees examined along a rural-urban gradient and by land use in the
Midwestern U.S.: An investigation of factors related to tree growth. Unpublished M.S. Thesis,
Iowa State Univ. Ames, IA.



Figure 2. Photo A shows  a typical rural park, photo B shows a typical commercial site,
Photo C and photo D show a city park and residential site, respectively.

From Iakovoglou, V. 2001. Trees examined along a rural-urban gradient and by land use in the Midwestern
U.S.: An investigation of factors related to tree growth. Unpublished M.S. Thesis, Iowa State Univ. Ames, IA.



sentation of large trees than did other land-use types.
Kjelgren and Clark (1992) included an analysis of the ef-
fect of land use on radial growth rates for juvenile
sweetgum trees in Seattle, Washington; they found higher
growth rates for trees growing on park sites compared to
downtown street trees and trees on a traffic island site.

The relative performance of several different species in
urban settings has also been examined. Average ages vary
according to historical availability of different types of
plant material. For example, for residential sites in New
Jersey and New York, average ages for London planetrees
(39 years) and Norway maples (48 years) were much
lower than that reported for silver maples (73 years)
(Richards 1979: Polanin 1991). Rhoads et al. (1981)
evaluated 15 different species in street tree plantings in
Philadelphia, finding most rapid radial growth for Ameri-
can elm ( Ulmus americana cv Augustine, "Augustine as-
cending elm"), Chinese elm, Japanese scholar tree, and
willow oak. Diameter growth rates ranging from 2.8 mm/
yr for Alaskan white cedar to 13.4 mm/yr for northern
red oak were reported by Rhodes and Stipes (1999)
for trees growing on a university campus in Virginia.

One key limitation of previous research is that it does
not clearly and systematically distinguish how
community population level and land use were related to tree
performance. In addition, few studies analyzed the per-
formance of common midwestern urban forest species.
Our study was conducted to systematically examine how
four different community population levels and three
different land uses are related to tree growth and condi-
tion for five midwestern species. Population levels in-
cluded rural parks, small towns (~ 500 people), medium
towns (~ 5,000 people), and large towns (~ 50,000
people). Land uses were city park, residential, and com-
mercial. Species were silver maple (Acer saccharinum L.),
honeylocust ( Gleditsia triacanthos L.), hackberry ( Celtis
occidentalis L.), black maple (Acer nigrum Michx. F.), and
basswood ( Tilia americana L.). We hypothesized that tree
growth rate would decrease as population increased due
to stress induced by deviation from natural ecosystem
characteristics. Among land uses, we hypothesized that
there would be a relationship between the level of hu-
man impact on a site and tree performance—that intense
land uses would be associated with decreased tree
growth compared to more natural city park sites. We also
hypothesized that species adapted to disturbance (e.g.,
silver maple) would perform better on a variety of dif-
ferent site types.

MATERIALS AND METHODS
Study Area and Site Selection
The study area included Illinois, Iowa, Minnesota, Mis-
souri, and Wisconsin. Sites were between 45 ° 34' N and
38 ° 42' N latitude, and between 8745' W and 94° 02' W
longitude. The sampling protocol used "clusters" of
towns, each composed of two rural parks, two small
towns (approximate population of 500), two medium
towns (population of 5,000), and one large town (popu-
lation of 50,000). One cluster was sampled in Illinois,
Minnesota, Missouri, and Wisconsin, and two clusters
were sampled in Iowa. The large town in each cluster
was randomly selected from a list of towns in each state
with an approximate population of 50,000. In order to
minimize geographic and climatic variability within each
cluster, other sampled locations were randomly selected
from lists of towns with appropriate population levels
within a 45-km (28-mi) radius of the largest town. Each
municipality was contacted by letter and by telephone in
advance of fieldwork, and permission was obtained to
collect samples. All samples were collected between May
and September 1999.

Within each community, sites were randomly selected
within specific land uses using city maps. For large and
medium towns, trees in commercial and residential dis-
tricts as well as from city parks were sampled. In small
towns, only trees in residential and city park sites were
sampled, due to absence of trees in commercial districts.

City park sites were city-designated park/recreation
areas (Figure la). Mowed lawn (evidence of mainte-
nance) was the primary criterion for site selection
within city parks. Residential sites were areas of single-
family housing with yards (Figure lb). Commercial sites
were areas surrounded by sidewalks, parking lots, or
other commercial amenities with businesses extending at
least one city block in each direction (Figure lc).

Selection of Sample Trees
To control biological variability, only five species—sil-
ver maple, honeylocust, hackberry, black maple, and
basswood—were sampled. These species were chosen
because of their broad geographical ranges. abundance
in the study area (Preston 1989), representation in the
urban forests of the area (Schoon 1993), and general
good health. Species exhibiting decline symptoms (the
ashes) or susceptible to disease transmission using the
increment borer (the oaks) were avoided. Although
sites were randomly chosen, the largest, healthiest, and
most open-grown trees on those sites were preferen-



tially sampled, and among species silver maple was
preferentially sampled (up to 50% representation).
These criteria were imposed to minimize extraneous
factors (other than site) that might influence growth
and to provide data for in-depth analysis of a single
species across all sites. Four to six trees per land use
within each town were selected.

Measurements of Sample Trees and
Tree Core Collection
Tree height and diameter at 1.37 m (4.5 ft dbh) were
recorded for each tree. Height and dbh were measured
using a clinometer and a diameter tape, respectively.

Tree cores were extracted from each tree at dbh us-
ing a handheld 5-mm (0.2-in.) diameter increment



borer following the method described by Phipps
(1985). Cores up to 61 cm (24 in.) long were collected.
Cores were stored in 5-mm plastic straws in a chilled
cooler (field) or freezer (laboratory). Cores were air-
dried, glued in wooden trays, and smoothed with fine-
grade sandpaper. Ring width measurements were done
manually using a magnifying lamp and digital calipers.
When rings were difficult to distinguish. a photo-mi-
croscope was used and cores were moistened to in-
crease visibility of annual rings.

Tree age was determined for cores reaching the pith.
When cores did not reach the pith, an estimate of age was
made by dividing the tree diameter by the mean ring
width of all measured years. Ring width data for the last
ten years were used to compare growth rates between
community population levels and different land uses.

Data Analysis
This study used a stratified sampling design. Each cluster
represented a stratum, and class variables were the se-
lected community population levels and land uses. Ring
width measurements were log-transformed to reduce the
effect of age on ring width (Cook 1987). The general lin-
ear models (GLM) procedure of the Statistical Analysis
System (SAS Institute Inc. 1996) was used to describe and
compare mean values of all tree characteristics that were
adjusted to accommodate an unbalanced sample size be-
tween clusters. For example, the descriptive mean age of
60 years for silver maple in rural settings was adjusted to
62 years to allow comparison in the model for age accord-
ing to population level, a change of 3%. The types of ad-
justment required for all models are indicated where

marginal means are presented (Littell et al. 1991). Mul-
tiple comparisons were done by evaluating p values for
all pairs of means for both population level (trees
sampled in rural parks, and small, medium, and large
towns) and by land use (commercial, residential, and
park) (Bowerman and O'Connell 1990). Separate spe-
cies analyses (resulting in different marginal mean values
according to necessary adjustment in the models) were
also done using pairwise comparisons. Statistical signifi-
cance was determined for comparisons with p < 0.05.

RES U LTS
Three hundred twenty-eight trees were sampled (Table 1).
Silver maple was the most common species sampled
(43%), although predominant species varied somewhat
according to community. population level and land use
(Table 1). Trees over 30 cm (12 in.) diameter constituted
80% of the sample population. Detailed results for tree
performance across the two gradients are presented first,
followed by a comparison of performance for three of
the sampled species.

Characteristics of Trees Sampled
According to Community
Population Level
The age range across the community population gradient
for trees sampled in rural park sites was 16 to 148 years;
for trees in small and medium towns it was 9 to 144 years
and 7 to 130 years, respectively; for trees in large towns it
was 10 to 144 years.

As community population level increased, sampled trees
were younger, shorter, and had smaller diameters (Figure 2).

Application of the
statistical model to
examine the popula-
tion level gradient to
two individual species
(silver maple and
honeylocust), how-
ever, indicated that
silver maple deviated
from the general pat-
tern observed, with
no significant differ-
ences in age or di-
ameter along the
population gradient
(Figure 2).





Adjusted mean annual ring width, averaged over the
past 10 years for all species, was smaller for trees in ru-
ral parks than those in small, medium. and large towns
(Figure 2). There were no differences between small,
medium, and large towns. Application of the statistical
model for population level in this case indicated that
silver maple also had lower growth rates in rural parks
compared to all town sizes. Honeylocust showed no
differences in ring width along the population gradi-
ent. The effect of age on mean annual ring width aver-
aged over the past 10 years for the overall analysis was
significant, even though the ring width data were log-
transformed for data analysis; greater ring widths were
consistently associated with younger trees: In (rw) =
—0.0108x + 1.9967; r2=0.38.

Characteristics of Trees by Land Use
The age range for trees sampled in city parks was 7
to 144 years, for trees on residential sites it was 9 to
144 years, and for trees on commercial sites it was 9
to 69 years.

As land use changed from park and residential to
commercial, sampled trees were younger, shorter, and
had smaller diameters (Figure 2). When the statistical
model for the land-use gradient was applied to all spe-
cies and to a single species (honeylocust), height and di-
ameter of trees on residential sites were not different
from those in city parks.

Adjusted mean annual ring width averaged over the last
10 years for all species was greater for trees in city parks and
in residential sites compared to commercial sites (Figure 2).
When the land-use model was applied to single species,
there were no significant differences in growth rates for
silver maple or honeylocust (Figure 2). Again, the effect
of age was significant, even though the ring width data
were log-transformed for data analysis; greater ring
widths were associated with younger trees.

Comparison of Species
Overall adjusted mean age was greater for black maple
than for honeylocust. basswood, or hackberry (Table 2).
Adjusted mean height and diameter of silver maple were
greater than those of all other species. Adjusted mean
ring width over the past 10 years for silver maple was
also greater than that of black maple and honeylocust.



Both the range of measured ring widths and the greatest
values for ring widths of trees sampled in towns in this
study were greater than those we measured in rural
parks or found reported in the literature for trees grow-
ing in natural stands (Table 3). However, measured ring-
width values are consistent with those previously
reported for urban trees (Table 3).

Characteristics of Species According to
the Two Gradients
A statistical model for species comparison was applied
for each community size and land use including all spe-
cies, but only the three most common species sampled
are reported here: silver maple, honeylocust, and hack-
berry (Table 4). When tree ages were compared accord-
ing to population level, silver maple and hackberry were
older than honeylocust sampled in medium and large
towns (Table 4). Silver maple sampled in city parks were
also older than honeylocust. For all town sites sampled
along both gradients, silver maple had consistently
greater height and diameter than did honeylocust. There
were no differences between species in adjusted mean
ring width for the last 10 years in rural parks or large
towns (Table 4). Silver maple had greater adjusted mean
ring widths than did honeylocust in small and medium

towns and in city parks and commercial areas. In resi-
dential areas, silver maple had greater mean ring widths
than did hackberry (Table 4).

DISCUSSION
Community population levels and land uses were each
related to tree growth, although our initial hypotheses
were not all validated. Our hypothesis that higher com-
munity population levels would be associated with re-
duced growth rates of trees was not supported. In fact,
we found the opposite to be true—as community
population level increased, mean radial growth rates
also increased. Our hypothesis that city park sites
would be associated with greater growth rates com-
pared to commercial sites was validated. Lastly, our hy-
pothesis that disturbance-adapted species such as silver
maple would perform better on a variety of site types
was found to be true.

Although site selection was done randomly for this
study, individual tree selection criteria were such that
the sample population reported on here is composed
of larger, older trees (80% were > 30 cm diameter)
compared to earlier reports for urban tree populations
(60% to 80% of trees < 30 cm; e.g., Kielbaso and
Cotrone 1989, Jo and McPherson 1995). Although this

precludes some analyses,
our objective of sampling
the healthiest specimens
at any given site was met.
Our results and interpre-
tation are limited to site
comparisons, and the
sample population re-
ported here should not
considered representative
of actual urban forests.

The adjusted mean
age of trees sampled was
youngest in large towns,
intermediate in small
towns, and oldest in ru-
ral parks. These data for
the Midwest corroborate
trends reported earlier
by Moll (1989) and
Kielbaso and Cotrone
(1989). Our interpreta-
tion is that the predomi-
nance of younger trees



in large towns is largely due to relatively recent tree
planting associated with urban redevelopment and/or
expansion. For example, according to census data.
Coon Rapids (the large town sampled in Minnesota)
has experienced a 420% increase in population over the
past 40 years (from 14,931 residents in 1960 to 62,790
residents in 1996). Alternatively, the lower average age
of trees in more highly populated communities could
indicate reduced lifespan, although our study did not
include examination of mortality.

Adjusted growth rates averaged over the past 10
years clearly indicate that trees in rural parks have been
growing more slowly than trees on city sites. These re-
sults corroborate at a regional scale the earlier findings
of Rhoades and Stipes (1999), who found reduced ra-
dial growth rates for trees in rural areas compared to
urban settings in and near Blacksburg, Virginia. Re-
duced growth rates in our study are partly attributable
to greater mean age of rural trees, even though the data
were log-transformed to reduce that effect. Although
an attempt was made to sample open-crown trees,
there were a greater number of potentially competitive
trees in the rural parks, which may be related to radial
tree growth in those settings (lakovoglou 2001).

For trees sampled according to land use, those in
city parks were oldest, residential areas were interme-
diate, and those in commercial sites were youngest.
These trends were consistent with previous reports for
street trees (Moll 1989; Foster and Blaine 1978), al-
though previously reported age values for downtown
sites were considerably less (7 years and 10 years, re-
spectively). The mean age of these trees reflects rela-
tively recent planting. However, our data also indicate
that early mortality on downtown sites may be avoid-
able. The range in age for trees in commercial settings
in our study was from 9 to 69 years, indicating the po-
tential for much greater longevity than is typically be-
lieved to be true for downtown environments. Continued
investment in seeking better ways to install and manage
trees for potentially long lives in commercial districts is
worthwhile.

Even though commercial trees were young, they had
lower mean growth rates compared to residential and
city park trees (Figure 2). Kjelgren and Clark (1992)
reported similar findings for juvenile sweetgum  trees in
Seattle, Washington. Since age was not the cause for re-
duced growth rates on commercial sites, other site-
related factors appear to cause unfavorable conditions
for tree growth. This provides evidence that downtown

settings are limiting long-term tree growth compared
to other land-use types in the Midwest.

The relative performance of the three species most
thoroughly evaluated on different site types in this
study could be summarized by generally examining
the age—growth rate relationships for each species along
both of the gradients analyzed. This interpretation is
based on fewer available data points (Table 3). Overall,
mean tree age decreased with increasing community
population and increasing intensity of land use (Figure
2). A concomitant increase in radial growth rate could
be expected if growth rate for each species was due
simply to age, which was a significant factor in the
overall analysis (an expected scenario is shown in Fig-
ure 3a). For the town size gradient, silver maple and
honeylocust generally follow this pattern (Figure 3b).
Although less data are available, hackberry differs from
the expected relationship since it has significantly
greater growth rates in large towns even though there is
not a consistent trend in age along the population gra-
dient for this species (Figure 3b). Considering land-use
types, silver maple exhibits an expected increase in
growth rate (although not statistically significant) with
average age decreasing from park sites to commercial
sites (Figure 3c). Differences in growth rate along the
land-use gradient were not significant for honeylocust
or hackberry, although growth rates for these species
were generally lowest on commercial sites in spite of
the relative youth of the trees (Figure 3c). This analysis
suggests that silver maple, honeylocust, and hackberry
could be expected to grow well in urban settings re-
gardless of city size. In addition, it is evident that silver
maple grows rapidly even under relatively intense
land-use situations where the other species examined
in this study do not.

PRACTICAL APPLICATIONS
Characteristics of this sample population suggest that
trees can perform well in all of the settings we exam-
ined. Thus, while good management practices are a
must, no particular locale should be deemed unsuitable
for trees without a thorough site investigation. In addi-
tion, previously reported urban tree demographics,
based on average ages and sizes. may undersell the po-
tential of some sites to support long-term tree growth.
Based on our study, trees can thrive under the proper
conditions even in large cities and with intensive land
uses for 70 to 100 years. Since benefits that accrue from
these trees increase dramatically as the trees' canopies



expand, community foresters are encouraged to plant
long-lived species and maintain them to achieve maxi-
mum benefits in the long run. Finally, although struc-
tural integrity in silver maple can be problematic, this
species appears to be adapted to environments with
significant human disturbance. Thus, silver maple may
merit serious consideration for impacted sites where
rapid tree growth and canopy development are desired
and adequate maintenance will be provided.







CHARACTERISTICS OF TREES ACCORDING TO
COMMUNITY POPULATION LEVEL AND BY LAND USE
I N THE U.S. MIDWEST
by Valasia lakovoglou 1, Jan Thompson 1, and Lee Burras 2

Abstract. Long-term urban tree growth is crucial because of
the need for tree-derived benefits and high placement costs.
This study was conducted in five U.S. midwestern states to
examine how tree characteristics are related to community
population leyel and land-use type. Age, height, diameter, and
average growth rates for the last decade were measured on 328
trees. When evaluated in terms of community population,
trees in rural parks were older than trees in small, medium, and
large towns. Adjusted mean growth rate was lower in rural
parks than in small, medium, and large towns. When evaluated
in terms of land use, both mean age and mean growth rate
were higher for trees in city parks than in commercial sites.
Trees in residential areas had intermediate age, size, and
growth rate characteristics. Of the five species studied, silver
maple, honeylocust, and hackberry performed well in a variety
of settings.

Key Words. Growth rate; age—growth rate relationships;
tree performance; increment core analysis.

It is often suggested that urban environments are stress-
ful for trees because they differ from forest environments
with respect to a number of factors. As Whitlow and
Bassuk (1987) and Nowak and McBride (1991) have
pointed out, the types of stress imposed in urban settings
differ from those of forest environments, although the
magnitude of stress has not been shown to be different.
Owing to the complexity and interrelated nature of dif-
ferent environmental stress factors that may affect urban
trees, previous researchers have suggested the use of tree
performance to evaluate the impact of site on urban
trees (e.g., Whitlow and Bassuk 1987; Neal and Whitlow
1997). Easily identified urban characteristics, such as
population level and different types of land use, may be
related to environmental stress and could be used to ex-
tend this approach beyond specific site analyses.

There has been little research done to systematically
compare tree performance according to human popu-
lation levels and land use, although some work has ana-
lyzed tree age, size, and growth rate. Moll (1989) reported

differences in tree populations between rural and urban
settings, with much higher average ages for trees in rural
settings (150 years) compared to city trees (32 years) us-
ing data gathered during a nationwide survey from
more than 300 cities in 21 U.S. states. Based on the
same data, Kielbaso and Cotrone (1989) described the
diameter distribution of sampled trees, with 66% less
than 30 cm (12 in.) in diameter and only 8% more than
60 cm (24 in.) in diameter. In an analysis of the urban
forest structure of Chicago, Illinois, Nowak (1994) re-
ported that only 7.5% of trees were greater than 46 cm
(18 in.). Jo and McPherson (1985) also found that 80%
to 90% of residential trees in two neighborhoods in Chi-
cago were less than 30 cm (12 in.) diameter. Radial
growth rates of urban trees also appeared to vary ac-
cording to city size. In general, radial growth rates re-
ported for rural forest areas ranged from 1.5 mm/yr to
12 mm/yr for species that are common in both forested
and urban areas of the Midwest (Smith and Shifley 1984;
Burns and Honkala 1990; Hix and Lorimer 1996). Ra-
dial growth rates for urban areas ranged from 1.9 mm/yr
in small towns to 8 mm/yr in large towns (Rhoads et al.
1981; Jo and McPherson 1985; Kjelgren and Clark
1992; Neal and Whitlow 1997; Rhoades and Stipes
1999). In one study that directly compared the radial
growth rates of rural and urban trees, Rhoades and Sti-
pes (1999) found greater growth rates for urban trees,
which they attributed to fertilization and lack of com-
petition on the urban sites.

Within urban settings, there is limited information
available on the potential effect of land use on tree
performance. Moll (1989) reported lower average age
(7 years) for trees in downtown areas compared to the
average age of trees on residential sites (32 years).
Slightly greater ages (median age of 17 years) were re-
ported by Urban (1989) for trees growing in downtown
areas in 13 eastern U.S. cities. Nowak (1994) reported
that institutional land dominated by buildings and resi-
dential areas in Chicago had greater proportional repre-



sentation of large trees than did other land-use types.
Kjelgren and Clark (1992) included an analysis of the ef-
fect of land use on radial growth rates for juvenile
sweetgum trees in Seattle, Washington; they found higher
growth rates for trees growing on park sites compared to
downtown street trees and trees on a traffic island site.

The relative performance of several different species in
urban settings has also been examined. Average ages vary
according to historical availability of different types of
plant material. For example, for residential sites in New
Jersey and New York, average ages for London planetrees
(39 years) and Norway maples (48 years) were much
lower than that reported for silver maples (73 years)
(Richards 1979; Polanin 1991). Rhoads et al. (1981)
evaluated 15 different species in street tree plantings in
Philadelphia, finding most rapid radial growth for Ameri-
can elm ( Ulmus americana cv Augustine, "Augustine as-
cending elm"), Chinese elm, Japanese scholar tree, and
willow oak. Diameter growth rates ranging from 2.8 mm/
yr for Alaskan white cedar to 13.4 mm/yr for northern
red oak were reported by Rhodes and Stipes (1999)
for trees growing on a university campus in Virginia.

One key limitation of previous research is that it does
not clearly and systematically distinguish how commu-
nity population level and land use were related to tree
performance. In addition, few studies analyzed the per-
formance of common midwestern urban forest species.
Our study was conducted to systematically examine how
four different community population levels and three
different land uses are related to tree growth and condi-
tion for five midwestern species. Population levels in-
cluded rural parks, small towns 500 people), medium
towns 5,000 people), and large towns 50,000
people). Land uses were city park, residential, and com-
mercial. Species were silver maple (Acer saccharinum L.),
honeylocust ( Gleditsia triacanthos L.), hackberry ( Celtis
occidentalis L.), black maple (Acer nigrum Michx. E), and
basswood ( Tilia americana L.). We hypothesized that tree
growth rate would decrease as population increased due
to stress induced by deviation from natural ecosystem
characteristics. Among land uses, we hypothesized that
there would be a relationship between the level of hu-
man impact on a site and tree performance—that intense
land uses would be associated with decreased tree
growth compared to more natural city park sites. We also
hypothesized that species adapted to disturbance (e.g.,
silver maple) would perform better on a variety of dif-
ferent site types.

MATERIALS AND METHODS
Study Area and Site Selection
The study area included Illinois, Iowa, Minnesota, Mis-
souri, and Wisconsin. Sites were between 45 ° 34' N and
38° 42' N latitude, and between 87 °45' W and 94° 02' W
longitude. The sampling protocol used "clusters" of
towns, each composed of two rural parks, two small
towns (approximate population of 500), two medium
towns (population of 5,000), and one large town (popu-
lation of 50,000). One cluster was sampled in Illinois,
Minnesota, Missouri, and Wisconsin, and two clusters
were sampled in Iowa. The large town in each cluster
was randomly selected from a list of towns in each state
with an approximate population of 50,000. In order to
minimize geographic and climatic variability within each
cluster, other sampled locations were randomly selected
from lists of towns with appropriate population levels
within a 45-km (28-mi) radius of the largest town. Each
municipality was contacted by letter and by telephone in
advance of fieldwork, and permission was obtained to
collect samples. All samples were collected between May
and September 1999.

Within each community, sites were randomly selected
within specific land uses using city maps. For large and
medium towns, trees in commercial and residential dis-
tricts as well as from city parks were sampled. In small
towns, only trees in residential and city park sites were
sampled, due to absence of trees in commercial districts.

City park sites were city-designated park/recreation
areas (Figure la). Mowed lawn (evidence of mainte-
nance) was the primary criterion for site selection
within city parks. Residential sites were areas of single-
family housing with yards (Figure lb). Commercial sites
were areas surrounded by sidewalks, parking lots, or
other commercial amenities with businesses extending at
least one city block in each direction (Figure 1c).

Selection of Sample Trees
To control biological variability, only five species—sil-
ver maple, honeylocust, hackberry, black maple, and
basswood—were sampled. These species were chosen
because of their broad geographical ranges, abundance
in the study area (Preston 1989), representation in the
urban forests of the area (Schoon 1993), and general
good health. Species exhibiting decline symptoms (the
ashes) or susceptible to disease transmission using the
increment borer (the oaks) were avoided. Although
sites were randomly chosen, the largest, healthiest, and
most open-grown trees on those sites were preferen-



tially sampled, and among species silver maple was
preferentially sampled (up to 50% representation).
These criteria were imposed to minimize extraneous
factors (other than site) that might influence growth
and to provide data for in-depth analysis of a single
species across all sites. Four to six trees per land use
within each town were selected.

Measurements of Sample Trees and
Tree Core Collection
Tree height and diameter at 1.37 m (4.5 ft dbh) were
recorded for each tree. Height and dbh were measured
using a clinometer and a diameter tape, respectively

Tree cores were extracted from each tree at dbh us-
ing a handheld 5-mm (0.2-in.) diameter increment



borer following the method described by Phipps
(1985). Cores up to 61 cm (24 in.) long were collected.
Cores were stored in 5-mm plastic straws in a chilled
cooler (field) or freezer (laboratory). Cores were air-
dried, glued in wooden trays, and smoothed with fine-
grade sandpaper. Ring width measurements were done
manually using a magnifying lamp and digital calipers.
When rings were difficult to distinguish, a photo-mi-
croscope was used and cores were moistened to in-
crease visibility of annual rings.

Tree age was determined for cores reaching the pith.
When cores did not reach the pith, an estimate of age was
made by dividing the tree diameter by the mean ring
width of all measured years. Ring width data for the last
ten years were used to compare growth rates between
community population levels and different land uses.

Data Analysis
This study used a stratified sampling design. Each cluster
represented a stratum, and class variables were the se-
lected community population levels and land uses. Ring
width measurements were log-transformed to reduce the
effect of age on ring width (Cook 1987). The general lin-
ear models (GLM) procedure of the Statistical Analysis
System (SAS Institute Inc. 1996) was used to describe and
compare mean values of all tree characteristics that were
adjusted to accommodate an unbalanced sample size be-
tween clusters. For example, the descriptive mean age of
60 years for silver maple in rural settings was adjusted to
62 years to allow comparison in the model for age accord-
ing to population level, a change of 3%. The types of ad-
justment required for all models are indicated where

marginal means are presented (Littell et al. 1991). Mul-
tiple comparisons were done by evaluating p values for
all pairs of means for both population level (trees
sampled in rural parks, and small, medium, and large
towns) and by land use (commercial, residential, and
park) (Bowerman and O'Connell 1990). Separate spe-
cies analyses (resulting in different marginal mean values
according to necessary adjustment in the models) were
also done using pairwise comparisons. Statistical signifi-
cance was determined for comparisons with p < 0.05.

RES U LTS
Three hundred twenty-eight trees were sampled (Table 1).
Silver maple was the most common species sampled
(43%), although predominant species varied somewhat
according to community population level and land use
(Table 1). Trees over 30 cm (12 in.) diameter constituted
80% of the sample population. Detailed results for tree
performance across the two gradients are presented first,
followed by a comparison of performance for three of
the sampled species.

Characteristics of Trees Sampled
According to Community
Population Level
The age range across the community population gradient
for trees sampled in rural park sites was 16 to 148 years;
for trees in small and medium towns it was 9 to 144 years
and 7 to 130 years, respectively; for trees in large towns it
was 10 to 144 years.

As community population level increased, sampled trees
were younger, shorter, and had smaller diameters (Figure 2).

Application of the
statistical model to
examine the popula-
tion level gradient to
two individual species
(silver maple and
honeylocust), how-
ever, indicated that
silver maple deviated
from the general pat-
tern observed, with
no significant differ-
ences in age or di-
ameter along the
population gradient
(Figure 2).





Adjusted mean annual ring width, averaged over the
past 10 years for all species, was smaller for trees in ru-
ral parks than those in small, medium, and large towns
(Figure 2). There were no differences between small,
medium, and large towns. Application of the statistical
model for population level in this case indicated that
silver maple also had lower growth rates in rural parks
compared to all town sizes. Honeylocust showed no
differences in ring width along the population gradi-
ent. The effect of age on mean annual ring width aver-
aged over the past 10 years for the overall analysis was
significant, even though the ring width data were log-
transformed for data analysis; greater ring widths were
consistently associated with younger trees: in (rw) =
—0.0108x + 1.9967; r2 =0.38.

Characteristics of Trees by Land Use
The age range for trees sampled in city parks was 7
to 144 years, for trees on residential sites it was 9 to
144 years, and for trees on commercial sites it was 9
to 69 years.

As land use changed from park and residential to
commercial, sampled trees were younger, shorter, and
had smaller diameters (Figure 2). When the statistical
model for the land-use gradient was applied to all spe-
cies and to a single species (honeylocust), height and di-
ameter of trees on residential sites were not different
from those in city parks.

Adjusted mean annual ring width averaged over the last
10 years for all species was greater for trees in city parks and
in residential sites compared to commercial sites (Figure 2).
When the land-use model was applied to single species,
there were no significant differences in growth rates for
silver maple or honeylocust (Figure 2). Again, the effect
of age was significant, even though the ring width data
were log-transformed for data analysis; greater ring
widths were associated with younger trees.

Comparison of Species
Overall adjusted mean age was greater for black maple
than for honeylocust, basswood, or hackberry (Table 2).
Adjusted mean height and diameter of silver maple were
greater than those of all other species. Adjusted mean
ring width over the past 10 years for silver maple was
also greater than that of black maple and honeylocust.



Both the range of measured ring widths and the greatest
values for ring widths of trees sampled in towns in this
study were greater than those we measured in rural
parks or found reported in the literature for trees grow-
ing in natural stands (Table 3). However, measured ring-
width values are consistent with those previously
reported for urban trees (Table 3).

Characteristics of Species According to
the Two Gradients
A statistical model for species comparison was applied
for each community size and land use including all spe-
cies, but only the three most common species sampled
are reported here: silver maple, honeylocust, and hack-
berry (Table 4). When tree ages were compared accord-
ing to population level, silver maple and hackberry were
older than honeylocust sampled in medium and large
towns (Table 4). Silver maple sampled in city parks were
also older than honeylocust. For all town sites sampled
along both gradients, silver maple had consistently
greater height and diameter than did honeylocust. There
were no differences between species in adjusted mean
ring width for the last 10 years in rural parks or large
towns (Table 4). Silver maple had greater adjusted mean
ring widths than did honeylocust in small and medium

towns and in city parks and commercial areas. In resi-
dential areas, silver maple had greater mean ring widths
than did hackberry (Table 4).

DISCUSSION
Community population levels and land uses were each
related to tree growth, although our initial hypotheses
were not all validated. Our hypothesis that higher com-
munity population levels would be associated with re-
duced growth rates of trees was not supported. In fact,
we found the opposite to be true—as community
population level increased, mean radial growth rates
also increased. Our hypothesis that city park sites
would be associated with greater growth rates com-
pared to commercial sites was validated. Lastly, our hy-
pothesis that disturbance-adapted species such as silver
maple would perform better on a variety of site types
was found to be true.

Although site selection was done randomly for this
study, individual tree selection criteria were such that
the sample population reported on here is composed
of larger, older trees (80% were > 30 cm diameter)
compared to earlier reports for urban tree populations
(60% to 80% of trees < 30 cm; e.g., Kielbaso and
Cotrone 1989, Jo and McPherson 1995). Although this

precludes some analyses,
our objective of sampling
the healthiest specimens
at any given site was met.
Our results and interpre-
tation are limited to site
comparisons, and the
sample population re-
ported here should not
considered representative
of actual urban forests.

The adjusted mean
age of trees sampled was
youngest in large towns,
intermediate in small
towns, and oldest in ru-
ral parks. These data for
the Midwest corroborate
trends reported earlier
by Moll (1989) and
Kielbaso and Cotrone
(1989). Our interpreta-
tion is that the predomi-
nance of younger trees



in large towns is largely due to relatively recent tree
planting associated with urban redevelopment and/or
expansion. For example, according to census data,
Coon Rapids (the large town sampled in Minnesota)
has experienced a 420% increase in population over the
past 40 years (from 14,931 residents in 1960 to 62,790
residents in 1996). Alternatively, the lower average age
of trees in more highly populated communities could
indicate reduced lifespan, although our study did not
include examination of mortality.

Adjusted growth rates averaged over the past 10
years clearly indicate that trees in rural parks have been
growing more slowly than trees on city sites. These re-
sults corroborate at a regional scale the earlier findings
of Rhoades and Stipes (1999), who found reduced ra-
dial growth rates for trees in rural areas compared to
urban settings in and near Blacksburg, Virginia. Re-
duced growth rates in our study are partly attributable
to greater mean age of rural trees, even though the data
were log-transformed to reduce that effect. Although
an attempt was made to sample open-crown trees,
there were a greater number of potentially competitive
trees in the rural parks, which may be related to radial
tree growth in those settings (Iakovoglou 2001).

For trees sampled according to land use, those in
city parks were oldest, residential areas were interme-
diate, and those in commercial sites were youngest.
These trends were consistent with previous reports for
street trees (Moll 1989; Foster and Blaine 1978), al-
though previously reported age values for downtown
sites were considerably less (7 years and 10 years, re-
spectively). The mean age of these trees reflects rela-
tively recent planting. However, our data also indicate
that early mortality on downtown sites may be avoid-
able. The range in age for trees in commercial settings
in our study was from 9 to 69 years, indicating the po-
tential for much greater longevity than is typically be-
lieved to be true for downtown environments. Continued
investment in seeking better ways to install and manage
trees for potentially long lives in commercial districts is
worthwhile.

Even though commercial trees were young, they had
lower mean growth rates compared to residential and
city park trees (Figure 2). Kjelgren and Clark (1992)
reported similar findings for juvenile sweetgum trees in
Seattle, Washington. Since age was not the cause for re-
duced growth rates on commercial sites, other site-
related factors appear to cause unfavorable conditions
for tree growth. This provides evidence that downtown

settings are limiting long-term tree growth compared
to other land-use types in the Midwest.

The relative performance of the three species most
thoroughly evaluated on different site types in this
study could be summarized by generally examining
the age—growth rate relationships for each species along
both of the gradients analyzed. This interpretation is
based on fewer available data points (Table 3). Overall,
mean tree age decreased with increasing community
population and increasing intensity of land use (Figure
2). A concomitant increase in radial growth rate could
be expected if growth rate for each species was due
simply to age, which was a significant factor in the
overall analysis (an expected scenario is shown in Fig-
ure 3a). For the town size gradient, silver maple and
honeylocust generally follow this pattern (Figure 3b).
Although less data are available, hackberry differs from
the expected relationship since it has significantly
greater growth rates in large towns even though there is
not a consistent trend in age along the population gra-
dient for this species (Figure 3b). Considering land-use
types, silver maple exhibits an expected increase in
growth rate (although not statistically significant) with
average age decreasing from park sites to commercial
sites (Figure 3c). Differences in growth rate along the
land-use gradient were not significant for honeylocust
or hackberry, although growth rates for these species
were generally lowest on commercial sites in spite of
the relative youth of the trees (Figure 3c). This analysis
suggests that silver maple, honeylocust, and hackberry
could be expected to grow well in urban settings re-
gardless of city size. In addition, it is evident that silver
maple grows rapidly even under relatively intense
land-use situations where the other species examined
in this study do not.

PRACTICAL APPLICATIONS
Characteristics of this sample population suggest that
trees can perform well in all of the settings we exam-
ined. Thus, while good management practices are a
must, no particular locale should be deemed unsuitable
for trees without a thorough site investigation. In addi-
tion, previously reported urban tree demographics,
based on average ages and sizes, may undersell the po-
tential of some sites to support long-term tree growth.
Based on our study, trees can thrive under the proper
conditions even in large cities and with intensive land
uses for 70 to 100 years. Since benefits that accrue from
these trees increase dramatically as the trees' canopies



expand, community foresters are encouraged to plant
long-lived species and maintain them to achieve maxi-
mum benefits in the long run. Finally, although struc-
tural integrity in silver maple can be problematic, this
species appears to be adapted to environments with
significant human disturbance. Thus, silver maple may
merit serious consideration for impacted sites where
rapid tree growth and canopy development are desired
and adequate maintenance will be provided.
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