COMPOSITION AND STRUCTURE OF RIPARIAN AREAS
ALONG A LAND-USE GRADIENT IN AN AGRICULTURAL
WATERSHED OF NORTHEASTERN OHIO
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Abstract.—The restoration of riparian areas along many streams often proceeds with little
existing information on the composition and structure of woody riparian vegetation. We
examined the woody riparian vegetation in three subwatersheds of the Sugar Creek watershed
in Ohio, each with different environmental characteristics (e.g., glacial history, physiography,
soils, stream features) and surrounding land-use practices (e.g., forest, pasture, row crops,
lawns). At the community level, we found that the overstory (stems > 10.0 cm diameter at
breast height [d.b.h.]) and the understory (stems 2.5-10.0 cm d.b.h.) species compositions
were not significantly different among riparian areas with different environmental
characteristics or surrounding land-use types (multiple response permutation procedure;

P =0.365 and P = 0.325, respectively). However, canonical correspondence analyses suggest
relationships among individual overstory species, physiographic and stream variables, and
surrounding land use. For example, northern catalpa (Catalpa speciosa [arder] Warder ex
Engelm.) and American beech (Fagus grandifolia Ehrh.) were most frequently associated with
riparian areas with surrounding wooded pasture land uses. In terms of structure, we found
canopy openness to be significantly different among riparian areas adjacent to different land
uses (Kruskall-Wallis, 2 = 0.007); we also found differences in understory stem density. These
results suggest that environmental factors interacting with surrounding land-use types are
associated with woody riparian vegetation, often resulting in riparian areas with simplified
canopy structures and reduced complexity that may complicate riparian restoration efforts.

INTRODUCTION

It has long been recognized that riparian areas provide many important functions that are critical to overall
watershed health (Naiman and others 1993). Although riparian areas often constitute a small proportion of a
watershed, the ecosystem functions they provide illustrate their importance (Gregory and others 1991, Meyer
and others 2007). Despite this importance, many riparian areas are highly disturbed, and in the Central
Hardwood Forest region, many agricultural watersheds lack natural riparian forests (Naiman and others 1993,
Tockner and Stanford 2002). Furthermore, frequent flooding and the linear structure of riparian forests lead
to high levels of species richness, but also makes them highly susceptible to invasion by exotic, non-native
species (Planty-Tabacchi and others 1996).

In an effort to better understand the factors that regulate riparian forest development and to help guide

the management and restoration of riparian areas, many studies have focused on the influence of fluvial
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geomorphology and flooding on riparian communities’ composition, structure, and diversity (e.g., Holmes
and others 2005, Goebel and others 2006). These studies, however, have focused on relatively undisturbed
forested settings, not areas where land-use practices may have significantly impacted the development of
riparian plant communities. As many current riparian restoration efforts are occurring in highly disturbed
watersheds, including agricultural watersheds of the Central Hardwood Forest region that were once forested,
it is also important to understand plant community development in these disturbed riparian areas. It is

likely that the extensive fragmentation and anthropogenic modifications made to landscapes in the Central
Hardwood Forest region have generated complex disturbance gradients associated with surrounding land use;
these disturbances have been shown to influence plant community development in other regions (Moffat
and others 2004). Elucidating differences in plant community development in disturbed vs. less-disturbed
watersheds is an important first step in developing appropriate management and restoration techniques for

riparian areas in disturbed landscapes (Goebel and others 2003).

The objective of this study was to compare the vegetation among riparian areas along a disturbance gradient in
an agricultural watershed of northeastern Ohio. Specifically, we assessed: 1) differences in riparian composition
and structure associated with different land-use types; and 2) the relationships between environmental factors

(including surrounding land use) and riparian overstory vegetation.

STUDY AREA

We focused our efforts in three representative subwatersheds of the Sugar Creek watershed in northeastern
Ohio. The Upper and North Fork subwatersheds are located in the glaciated Erie Drift Plains Ecoregion

(U.S. Environmental Protection Agency [EPA] 2007). The landscape of this Ecoregion, dominated by glacial
landforms of Wisconsinan age, is characterized by gently sloping topography and poorly drained soils (Ohio
EPA 2002). These areas are highly productive and are characterized by a mixture of both large- and small-scale
dairy and row-crop farming. The South Fork subwatershed is located in the unglaciated Western Allegheny
Plateau Ecoregion and is characterized by steeper slopes and higher stream gradients than the Upper and
North Fork subwatersheds (Ohio EP 2002). Due to the limitations of steep terrain on row-crop agriculture,

many small-scale dairy farms operate in this subwatershed.

The climatic conditions of all three subwatersheds are similar. Mean summer temperatures range from 20.6 to
21.1 °C, and mean winter temperatures range from -1.7 to -2.8 °C (Bureau and others 1984, Waters and Roth
1986, Seaholm and Graham 1997). Average annual precipitation ranges from 90 to 98.3 cm, with increasing
levels as one moves south from the Upper subwatershed to the South Fork subwatershed (Bureau and others
1984, Waters and Roth 1986, Seaholm and Graham 1997). More than half of the precipitation falls between
April and September in all three subwatersheds (Bureau and others 1984, Waters and Roth 1986, Seaholm
and Graham 1997).

METHODS
FIELD AND LABORATORY ANALYSES

Within each subwatershed, we utilized 31 existing sample sites established as part of a long-term project
examining the effects of land use on water quality and ecosystem function in headwater streams of the
Sugar Creek watershed. Sites were carefully selected to represent the range of riparian and stream conditions
associated with each subwatershed, with streams characterized as perennially flowing first- and second-order

streams (Strahler 1957). As part of our long-term project, we have classified each site based upon the
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dominant surrounding land-use types arrayed along the following developed-to-natural gradient: row crop,
lawn, grassed pasture, wooded pasture, and wooded land-use types. The surrounding land use for each site was
determined using digital aerial photographs and a geographic information system (GIS) following methods
described in Moffat and others (2004). Specifically, within the GIS, the proportion of each land-use category
was estimated within 1,000-m radius concentric circles centered on each site. In almost all cases, sites were
selected that had homogenous surrounding land use. In those cases where there was more than one dominant
surrounding land use, we characterized these ‘mixed’ land-use types based upon the two dominant land uses.
In these instances, there was often a different land-use type on each side of the stream and the three ‘mixed’

categories encountered were row crop/lawn, row crop/grassed pasture, and lawn/wooded.

At each location we established two 100-m transects, one on each side of the stream, 2 m from the stream-
bankfull stage. Along each transect at 20-m intervals, we sampled woody vegetation using the point-centered
quarter method (Bonham 1989) from June-August 2008. This method has been shown to be an effective
method to sample narrow riparian areas in other regions (e.g., Palik and others 1998). At each sample

point, we divided the area into four 90° quarters using the four cardinal directions (i.e., north, east, south,
and west). Within each quarter, we recorded the species, size, and crown class (overtopped, intermediate,
codominant, dominant) of the closest living overstory tree (stems > 10.0 cm diameter at breast height [d.b.h.],
as well as the distance from the center of the tree to the point. At the center of each point, we established a
1.78-m radius plot and sampled saplings (stems <10.0 cm d.b.h. and >1.0 m tall) and recorded species and
d.b.h. Nomenclature follows the PLANTS database (U. S. Department of Agriculture, Natural Resources

Conservation Service 2009).

To characterize canopy closure, we collected hemispherical photographs using a Nikon Coolpix 8400 digital
camera with a Nikon FC-E9 Fisheye lens mounted 1 m above the ground and 2 m to the right of every other
woody vegetation sampling point, totaling six photographs per sampling site. In the laboratory, we utilized
the software program WinSCanopy Pro 2006 (Regent Instruments, Inc., Ste-Foy, QUE) for digital image
processing and determining percent canopy openness of each sample site (using a hemispherical threshold
compensation to rectify a bright sun in the photograph, causing canopy to be classified as sky). We utilized

the six estimates of canopy openness to calculate mean percent openness at each sampling site.

We utilized the U.S. Department of Agriculture Web soil survey to characterize the environmental
characteristics of each sampling location. Specifically, we classified the parent material (glacial till or alluvium),
general soil texture (sandy loam, sandy to silt loam, silt loam, or fine loamy to silt loam), and soil color (as an
indication of drainage class) for each sampling location. To verify this information in the field, we collected

a soil sample from each sampling location using a split tube sampler to a maximum depth of 30 ¢cm, and
compared texture and color with what the Web soil survey indicated, where possible depending on

landowner consent.

In addition to vegetation sampling and basic soil description, we also characterized stream channel and stream
valley characteristics at each sampling location. Specifically, we measured bankfull width (m) and depth (m),
flood-prone area width (maximum bankfull depth divided by the bankfull width and multiplied by 2, then
the width of the channel re-measured at this calculated depth), and percent stream slope. With these data, we
calculated an entrenchment ratio (flood-prone area width divided by bankfull width) to determine the vertical
containment of a stream, as well as the width-to-depth ratio (bankfull width divided by bankfull depth),

which indicates the channel cross-section shape (Rosgen 1996).
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DATA ANALYSES

Using the overstory data, we first calculated importance values (IV; sum of relative density, relative dominance
as expressed by basal area, and relative frequency divided by 3) for each species at each sampling location
following methods described in Bonham (1989). To determine whether there was a difference in riparian
overstory composition (as expressed by IVs) associated with different surrounding land-use types, we used a
multi-response permutation procedure (MRPP) in PC-ORD (Version 5.0 MjM Software, Gleneden Beach,
OR). MRPP is a non-parametric test, which requires neither normally distributed data nor homogeneity
variance (McCune and Grace 2002). With MRPD, we used Sorenson’s distance and a weighting factor, and

made pairwise comparisons.

To test for differences in overstory structure among riparian areas with different surrounding land use, we
calculated mean (+ 1 standard deviation) dbh and mean canopy openness (+ 1 standard deviation) for each
type using MINITAB®, Version 15.1.2 (Minitab Inc., State College, PA). Finally, we used a non-parametric
Kruskall-Wallis test in MINITABVersion 15.1.2 to examine whether there were significant differences in
overstory and understory composition and structure, as well as in environmental variables among riparian

areas.

Using the understory data, we calculated species richness (the number of species present), number of saplings
per hectare, and relative abundance by sapling species among riparian areas. To determine whether there was a
difference in understory composition associated with the different riparian areas, we used MRPP in PC-ORD
Version 5.0 (MjM Software, Gleneden Beach, OR). We used the species abundance with a weighting factor
and Sorenson’s distance, and made pairwise comparisons in PC-ORD. The row crop/grassed pasture land-use
type was deleted from this analysis because saplings occurred at only one sampling location. Because MRPP is
used for testing for differences among two or more groups, we were not able to use this statistical analysis for

the row crop/grassed pasture riparian type (McCune and Grace 2002).

To examine the relationship between overstory species’ IVs and environmental factors, we used canonical
correspondence analysis (CCA) using CANOCO software Version 4.53 (Biometris-Plant Research
International, Wageningen, The Netherlands). Included in the analysis were three major groups of
environmental factors: surrounding land use (each land-use type as a ‘dummy’ variable), soil characteristics
(soil parent material and soil texture), and stream characteristics (entrenchment ratio, width-to-depth ratio,
and stream channel gradient). While CCA is a direct gradient analysis that constrains the distribution

of samples in ordination space based upon the ‘best” fit between the environmental factors and species
composition, it does require that the environmental factors included in the analysis be representative of

the underlying gradients that structure the plant community.

RESULTS
STREAM, PHYSIOGRAPHIC, AND SOIL CHARACTERISTICS

We found no significant differences in stream characteristics, including entrenchment ratio (2 = 0.3550),
width-to-depth ratio (2 = 0.1500), and stream gradient (= 0.5220), among riparian types (Table 1). The soil
profiles of most riparian types were formed in alluvium (about 81 percent), while the remainder developed

in glacial till parent material. Soil texture for all riparian type soils was predominantly (about 90 percent) silt

loam, while the remaining soils consisted of fine loamy to silt loam, and sandy loam texture.
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Table 1.—Mean (* 1 standard deviation) entrenchment ratio, width-to-depth ratio, and gradient for
riparian areas classified by surrounding land use in the Sugar Creek watershed, northeastern Ohio.

Stream Characteristics

Adjacent Land Use Entrenchment Ratio Width-to-Depth Ratio Stream Gradient (%)
Row crop 1.31 (0.27) 9.20 (3.21) 1.38 (0.75)
Lawn 2.58 (1.30) 7.98 (6.44) 1.17 (0.29)
Grassed pasture 3.10 (1.83) 10.70 (8.87) 2.21 (1.60)
Wooded pasture 4.07 (3.89) 7.91 (5.97) 3.25(2.47)
Wooded 1.86 (1.11) 16.27 (5.00) 1.17 (0.29)
Row crop/lawn 1.86 (0.64) 10.61 (6.06) 0.75 (0.35)
Grassed pasture/row crop 3.65 (3.82) 4.60 (0.74) 1.50 (0.58)
Lawn/wooded 2.53 (1.70) 5.85 (1.74) 1.50 (0.71)

OVERSTORY COMPOSITION AND STRUCTURE

We sampled 43 overstory species in the riparian areas of the Sugar Creek watershed; a little more than a third
(37 percent) of these species occurred frequently (at least 10 percent of the sample plots; see Appendix for
complete list of species). The MRPP results indicate no significant differences in overstory composition among
riparian areas when classified according to their surrounding land-use type (T = -0.272; P = 0.3650). The
most ubiquitous overstory species was black cherry (Prunus serotina Ehrh.) with the highest IV in six of the
eight surrounding land-use types (Table 2). Other common species included black walnut (Juglans nigra L.),
red maple (Acer rubrum L.), and green ash (Fraxinus pennsylvanica Marsh.). Red maple had the highest IV in
the riparian areas associated with the row crop land-use type, black cherry in the lawn land-use type, and both
white ash (¥ americana L.) and black cherry in the grassed pasture land-use type (Table 2). At the opposite
end of the disturbance gradient, riparian areas associated with the wooded pasture land-use type, northern
catalpa (Catalpa speciosa [Warder] Warder ex Engelm.), American beech (Fagus grandifolia Ehrh.), and black
walnut were the dominant species. In contrast, riparian areas associated with the wooded land-use type were
characterized by sugar maple (Acer saccharum Marsh.), green ash, and black cherry (Table 2). Other species
dominated the mixed land-use types (Table 2).

Table 2.—Mean importance value of most common (those occurring on at least 10 percent of the
sample plots) riparian overstory (stems 2 10 cm diameter at breast height) species for riparian
areas classified by surrounding land use in the Sugar Creek watershed, northeastern Ohio.

Grassed
Grassed Wooded Row crop/ pasture/ Lawn/

Species Name Row crop  Lawn pasture  pasture Wooded lawn row crop  wooded
Acer negundo - 21 - - - 18.8 - 2.5
A. rubrum 14.0 - 2.2 5.4 10.1 - - 12.6
A. saccharinum - 2.5 - - - - - 8.9
A. saccharum - 14.8 - - 22.7 - - -
Carya ovata - 5.1 6.2 54 - - 14.0 -
Catalpa speciosa - - - 19.5 - 6.2 9.4 -
Cercis canadensis - 11.8 - - 1.2 - - -
Fagus grandifolia - - 1.1 25.3 5.0 - - -
Fraxinus americana 2.8 16.7 10.6 - - - - -

F. pennsylvanica 4.3 - 3.5 9.7 25.8 - - 41
Juglans nigra 1.1 - 24 20.8 1.2 29.6 - 18.7
Morus alba 15 1.7 - - - - - 5.6
Morus rubra - - - - 1.3 - - 71
Prunus serotina 10.5 35.2 17.7 2.6 39.6 31.6 3.0 13.8
Quercus rubra - 3.1 - 6.1 - 4.2 - -
Salix nigra - - 7.9 - - 3.1 - -
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We detected no significant differences in mean tree d.b.h. (2 = 0.0640) and found that canopy openness
differed significantly (2 = 0.0070) among surrounding land-use types (Fig. 1). Specifically, we found that the
riparian areas with the most open canopy were associated with the row crop/grassed pasture land-use type
(83.42 percent + 7.06 percent), while the wooded pasture and wooded land uses had mean openness values of
16.86 percent (+ 8.86 percent) and 13.56 percent (+ 6.63 percent), respectively (Fig. 1).

UNDERSTORY COMPOSITION AND STRUCTURE

We found no significant differences in understory composition among riparian areas (T = -0.173;

P =0.3250). Black cherry occurred at 4 sites, the most of any of the 19 understory species sampled, and was
the most common species in both the row crop and wooded land-use types. In riparian areas associated with
the lawn riparian type, American cranberrybush (Viburnum opulus L.) was the most common species in the
understory layer. The most common species in riparian areas associated with the grassed pasture land-use type
was willow (Sa/ix spp.). In riparian areas associated with the wooded pasture land-use type, both American
beech and black walnut were the most common species in the understory layer, while hawthorn (Crataegus
spp. L.) and northern red oak (Quercus rubra L.) were the most common species in the row crop/lawn land-
use type. In the lawn/wooded land-use type, American hornbeam (Carpinus caroliniana Walter) was the most

common species.

100
80 4
S
@
@ 60 4
c
c
@
o
(@]
> i
a 40
o
c
o
(@]
20
0_
A N A
$ 3 S g & S 5 5
o & 2}
§ & ¢ S & & ¢
o Y £ L o fo
@ £ o & @
> & k3 2] &
o g S 5 o
o s & &
& S N
&
&

Land use type

Figure 1.—Mean canopy openness (percent) (+ 1 standard deviation) for riparian areas classified by surrounding land
uses in the Sugar Creek watershed, northeastern Ohio.
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Understory density was significantly different (2 = 0.0020) among riparian areas. Those surrounded by a
wooded land-use type had the highest understory density (774.19/ha + 2.33/ha), while the row crop/lawn
land-use type had the lowest density (64.52/ha + 2.22/ha). Both wooded and lawn/wooded land-use types

had the highest understory species richness (six species in both riparian types) of all riparian areas.

VEGETATION-ENVIRONMENT RELATIONSHIPS

CCA results identified associations between overstory vegetation and environmental factors, explaining

18.4 percent of the variation in the overstory vegetation along the first two canonical axes. For the most

part, overstory species were arrayed along the first axis (eigenvalue = 0.664) (Fig. 2). Of the variation in
environmental factors, 9.6 percent was explained by CCA axis 1; CCA axis 2 explained an additional 8.8
percent. Along the first CCA axis, riparian areas associated with row crop and lawn-wooded mixed land
use-types were positively associated with more deeply entrenched headwater streams in finer-textured soils
associated with alluvium. Red maple, red mulberry (Morus rubra L.), and white mulberry (M. alba L.) all
were associated with these land-use types (Fig. 2). Conversely, the row crop-lawn, grassed pasture, and lawn
land-use types were characterized by less entrenched stream channels and more sandy soil textures developed
in glacial parent material rather than alluvium. A variety of species were associated with these land-use types,
including black willow (Salix nigra Marsh.), black cherry, and boxelder (Acer negundo L.). These land-use
types also had the most diverse riparian overstory layers as we encountered more than 25 different overstory
species in these riparian areas. We encountered most of these species infrequently and do not believe they are
characteristic of mature riparian forests of the study area. Examples include eastern hemlock (Z5uga canadensis
[L.] Carr.), eastern white pine (Pinus strobus L.), Callery pear (Pyrus calleryana Decne.), and a variety of apple
species (Malus spp.). Along the second CCA axis, the mixed grassed pasture-row crop land-use type was
associated with higher stream gradient systems and dominated largely by northern catalpa. Many of these
riparian areas were located in the South Fork subwatershed within the unglaciated portion of the study area,
where the topography is more undulating than in the Upper and North Fork subwatersheds. Riparian areas
associated with surrounding wood land-use types were located near the origin of the ordination diagram

(Fig. 2).

DISCUSSION

Although it is well understood that riparian forests provide many important ecological functions, riparian
vegetation removal and degradation have resulted in poorly functioning riparian areas (Knutson and Klass
1998). In agricultural watersheds formerly dominated by forest, riparian loss has negatively affected stream
water quality and aquatic food webs (Allan and others 1997). In response to these changes, a variety of
organizations have been focused on restoring riparian forests across the Central Hardwood Forest region.

In many instances, these efforts have been undertaken on a case-by-case basis without adequately prioritizing
restoration efforts or considering the influences of surrounding land use on the composition and structure of

riparian areas targeted for restoration.

Our results from headwater riparian areas in the Sugar Creek watershed, a typical agricultural watershed

in the Central Hardwood Forest region, suggest that the composition and structure of riparian areas are
associated with differences in environmental factors and surrounding land use. Other studies of riparian
vegetation have also observed that surrounding land use is a critical factor along gradients of disturbance
(Moffatt and others 2004). However, we should be clear that although the ordination analysis demonstrates
a relationship between overstory composition and anthropogenic disturbance (as represented by surrounding
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Figure 2.—Canonical correspondence analysis biplot relating mean riparian overstory species’ importance values

to environmental characteristics in the Sugar Creek watershed, northeastern Ohio. Only those species occurring
frequently (those occurring on at least 10 percent of sample plots) are included. Continuous environmental variables
are designated by vectors; nominal environmental variables are designated by label only following guidelines of Lep$
and Smilauer (2003).

land-use types) and environmental factors, additional research is needed to determine the strength and

frequency of the relationships between disturbance and environmental factors across this landscape.

The patterns we observed in the composition of overstory species illustrate the potential influence of
surrounding land use on riparian areas. Overstory species typically associated with disturbed sites, including
eastern cottonwood, hawthorn, and northern catalpa, were associated with more disturbed surrounding
land-use types (i.e., wooded pasture, row crop/lawn, and row crop/grassed pasture). This relationship is

not surprising given the life-history traits of these species. Eastern cottonwood is a very shade-intolerant
species which prefers wet soils, as does northern catalpa. Although not as intolerant to shade, hawthorn

is characterized by an intermediate shade tolerance. As with the previously listed land-use types, species
associated with the lawn/wooded land-use type are intermediate to intolerant of shade and thus grow well in

open, disturbed areas. In addition, American sycamore prefers wet soils along streams and lakes. Although the

Proceedings of the 17th Central Hardwood Forest Conference GTR-NRS-P-78 (2011) 193



wooded riparian type was not associated with either axis 1 or 2 in the ordination, two sampling locations, i.e.,
U20A and U24C, were negatively associated with axis 2 and are both characterized as wooded riparian types.
A few examples of species associated with these sites are American elm, blackgum, cherry spp., northern red
oak, and willow spp., and range in shade tolerance from fairly tolerant to intolerant. Many of the common
overstory and understory species characteristic of riparian areas in each land-use type (e.g., black cherry) are
also shade-intolerant. The overstory of these riparian areas associated with wooded surrounding land-use types

is similar to that of nearby reference or benchmark systems (Holmes and others 2005).

IMPLICATIONS FOR RESTORATION

The Sugar Creek watershed is a highly disturbed agricultural watershed with poor water quality due to land-
use practices and poorly functioning riparian areas (Ohio EPA 2002). Because of the important functions
riparian areas provide, restoration is necessary to reduce the impacts of land-use practices. Despite some
differences in the importance of individual species, we found no differences in the stream characteristics

or overall overstory composition among riparian areas associated with surrounding land-use types. We

did, however, find differences in the structural attributes among riparian areas associated with different
surrounding land-use types. These results suggest that enhancing the structure of those riparian areas
surrounded by more disturbed land-use types may be an effective restoration treatment. Furthermore, the
information gathered in this study can be used as baseline conditions by which to compare riparian vegetation

composition and structure following restoration efforts in this watershed.
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APPENDIX. List of all overstory species in the Sugar Creek watershed, northeastern Ohio.

Scientific Name

Common Name

Acer negundo L.

Acer rubrum L.

Acer saccharinum L.

Acer saccharum Marsh.

Aesculus hippocastanum L.

Carpinus caroliniana Walter

Carya cordiformis (Wangenh.) K. Koch
Carya ovata (Mill.) K. Koch

Catalpa speciosa (Warder) Warder ex Engelm.

Cercis canadensis L.
Crataegus spp. L.

Fagus grandifolia Ehrh.
Fraxinus americana L.

Fraxinus pennsylvanica Marsh.
Gleditsia triacanthos L.

Juglans nigra L.

Liquidambar styraciflua L.
Liriodendron tulipifera L.

Malus spp. Mill.

Maclura pomifera (Raf.) C.K. Schneid.
Morus alba L.

Morus rubra L.

Nyssa sylvatica Marsh.

Ostrya virginiana (Mill.) K. Koch
Pinus strobus L.

Platanus occidentalis L.
Populus deltoides Bartram ex Marsh.
Prunus serotina Ehrh.

Prunus spp. L.

Pyrus calleryana Decne.
Quercus bicolor Willd.

Quercus muehlenbergii Engelm.
Quercus palustris Minchh.
Quercus rubra L.

Robinia pseudoacacia L.
Sassafras albidum (Nutt.) Nees
Salix spp. L.

Salix nigra Marsh.

Salix x pendulina Wender.

Tilia americana L.

Tsuga canadensis (L.) Carriere
Ulmus americana L.

Ulmus rubra Muhl.

boxelder

red maple

silver maple

sugar maple

horse chestnut
American hornbeam
bitternut hickory
shagbark hickory
northern catalpa
eastern redbud
hawthorn

American beech
white ash

green ash
honeylocust

black walnut
sweetgum
yellow-poplar
apple

osage orange
white mulberry

red mulberry
blackgum
hophornbeam
eastern white pine
American sycamore
eastern cottonwood
black cherry

cherry

callery pear

swamp white oak
chinkapin oak

pin oak

northern red oak
black locust
sassafras

willow

black willow

Wis. weeping willow
American basswood
eastern hemlock
American elm
slippery elm

The content of this paper reflects the views of the author(s), who are
responsible for the facts and accuracy of the information presented herein.
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