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ABSTRACT

RIPARIAN VEGETATION STRUCTURE ALONG THE
INDUSTRIALLY IMPACTED MAHONING RIVER, OHIO

Anna Stambolia-Kovach
The steel mills lining the banks of the lower Mahoning River in northeast Ohio
once produced a full ten percent of our nation’s steel. The incessant operation of
the mills for nearly a century also produced tremendous amounts of toxic wastes
and by-products, which were discharged directly into the Mahoning River. This
historic industrialization has severely impaired the aquatic habitat and biota of the
lower Mahoning River, but the biological impairment has not extended to the
terrestrial component of the river. The riparian corridor flanking the severely
degraded river boasts a healthy and diverse woodland, where tree basal area is
dominated by native Eastern cottonwood, American sycamore, silver maple, and
American elm. Statistical analysis revealed no correlation between riparian
woodland structure and degree of industrialization or aquatic degradation.
Multivariate ordination analysis instead identified land-use history and riverbank
topography as factors most influential upon the localized structure and
composition of the streamside community. Therefore, conservation of the intact
native riparian woodland should be prioritized. Land use and development next
to the river should be limited through legislation, and the proposed remediation of
the lower Mahoning River must carefully avoid possible detrimental effects to this

vital streamside ecosystem.
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L. INTRODUCTION

The Mahoning River arises in northeast Ohio and flows 174 km to empty
into the Shenango River in western Pennsylvania. The upper 96 km of the river
escaped heavy industrialization during the last century and a half, but the
majority of the 60-km reach between the upper Mahoning River and the Ohio-
Pennsylvania border was severely compromised by the continuous production of
steel for over 70 years. First drawn to the area by large deposits of iron ore and
limestone, the steel industry relied upon the Mahoning River to provide water and
power to over 50 steel-related facilities (USACE 1999). Until 1970, the river also
received vast quantities of untreated by-products and waste from the steel mills.
The discharged materials included highly toxic compounds such as
polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHSs),
and metals such as mercury. The insoluble contaminants quickly bound to the
river sediment, and huge volumes of oil-soaked sediment remain impounded
behind the low-head dams on the river. The steel industry that once made
Youngstown, Ohio, one of the wealthiest cities in America also left the Mahoning
River one of the most contaminated waterways in the world.

Current State of the Mahoning River Ecosystem

By 1988, the Ohio Environmental Protection Agency (OEPA) issued the
first dermal contact advisory for the industrialized portion of the Mahoning River,
urging citizens to avoid prolonged contact with the river sediment (OEPA 2005).
The OEPA assessed the water quality and biological integrity of the Mahoning

River in 1996, confirming that water and sediment in the lower industrialized




portion of the river continued to carry dangerous amounts of residual toxic
contaminants. A subsequent study on mercury, PAH, and PCB content of sport
fish prompted the OEPA to issue in 1997 a public health advisory against any
consumption of channel catfish and common carp caught from the lower reaches
of the Mahoning River (2005). Neither advisory has been lifted, as contamination
levels are unabated. Excessive exposure to PCBs and PAHs can result in
immunological disorders, neurological dysfunction, reproductive failure, and
cancer in humans and wildlife (ATSDR 2000).

The acute toxicity of Mahoning River sediment is very apparent in the
aquatic ecosystem. In isolated places, as many as 24% of lower Mahoning River
fish have displayed deformities, erosions, lesions, or tumors caused by the
mutagenic contaminants in the water and sediment (USACE 1999). When
pollution-intolerant macroinvertebrates (Ephemeroptera, Plecoptera, and
Trichoptera) were sampled in the lower Mahoning River, the number of taxa
present in some dam impoundments was zero, and averaged less than one third
of the mean 6.4 taxa present in the upper reach of the river (Schroeder 1998).
The impairment to aquatic life and damage to the physical aquatic habitat by
industrialization of the Mahoning River has been found to be most acute in the
impoundments of sediment behind each of the low-head dams (USACE 1999).

Proposed Remediation of the lower Mahoning River

In response to the 1996 OEPA report, the United States Army Corps of

Engineers (USACE) selected the lower Mahoning River as one of five rivers to be

considered for federal funding toward clean-up and restoration (USACE 1999).



The USACE issued a 1999 reconnaissance study that targeted for remediation
the reach of the Mahoning River under OEPA dermal contact advisory, and the
project is now in the feasibility phase. The stated goal of the remediation is to
restore the aquatic ecosystem of the target area to conditions similar to those
found upstream of the contact advisory (USACE 1999). The reference area is
located upstream of the steel mills, in northern Warren and Leavittsburg, and has
been determined to be environmentally safe and ecologically intact (USACE
1999).

The methods proposed to be most effective in restoring the aquatic
ecosystem involve sediment dredging and low-head dam removal (USACE
1999). Recommended by the USACE is the intermediate-cost option of
hydraulically dredging 247,000 m° (70%) of contaminated riverbed sediment,
mechanically dredging 87,000 m® (30%) of contaminated bank sediment, and
removing five of nine dams from the target area. These actions, supplemented
by stabilization and the addition of new substrate to the riverbed and bank,
promise to rapidly improve the health and integrity of the aquatic ecosystem.
They will also modify the banks of the river, disrupt the interaction between the
terrestrial and aquatic ecosystems, and permanently alter the riparian landscape.
How injurious these sudden adjustments may be to the riparian vegetation
remains to be seen.

The Riparian Corridor of the lower Mahoning River

Although the Mahoning River has been carefully examined and the

damage to the aquatic ecosystem well-documented, the terrestrial component of



the river has not received comparable attention from researchers. Bank
sediment was found by the U.S. Fish and Wildlife Service (USFWS) to contain
residual toxic hydrocarbons and heavy metals comparable to that found in
riverbed sediment (USFWS 1999). While biological assessments have quantified
the effects of riverbed sediment and water contamination on aquatic organisms,
few studies have attempted to describe the effects of riverbank contamination
and dam impoundment on species in the riparian corridor. At the advice of the
USFWS (1999) to “fully address the impact [of remediation] to riparian
vegetation”, the USACE assembled a general list of plant species seen within the
riparian corridor, as well as strategies for the preservation of the riparian
vegetation during remediation of the river (1999). However, no detailed appraisal
or analysis of the riparian habitat with respect to historic industrialization has
been performed.
Goals and Objectives

The primary objective of this study was to identify spatial patterns in
riparian ecosystem health and integrity along the lower Mahoning River.
Multifaceted vegetation community analyses evaluate the impacts of
industrialization, human disturbance, and land use on the structure and
composition of the riparian ecosystem. In addition, the study quantitatively
assesses the influence of low-head dams on the woodland community just
beyond the water's edge. Three null hypotheses were addressed during the
study: (1) the structure and composition of streamside woody vegetation in the

portion of the lower Mahoning targeted for remediation does not differ from



structure and composition along upstream reference area, (2) the structure and
composition of riparian woodland immediately upstream of low-head dams does
not significantly differ from woodland structure and composition just downstream
of the dams, and (3) the structure and composition of the riparian woodland does
not vary with proximity to the river itself when considering the twelve meters
closest to the river.

This comprehensive account of the structure and composition of the
streamside woodland surrounding five low-head dams encourages preservation
of the riparian woodland, conservation of several important native species, and
close observation of any deleterious effects of the proposed remediation. Broad-
scale, qualitative description of trends in riparian health along the lower
Mahoning River also provides insight on which factors may have been most
influential on the structure, composition, and integrity of the streamside woodland

along this urban waterway.

Il METHODS
Study Design
This study was designed to determine which riparian woodland community
parameters may reflect the severe degradation to the aquatic habitat in the reach
of the lower Mahoning River targeted for remediation. The data collected were
used to assess the localized effect of low-head dams on riparian woodland, and
to identify any changes in structure or composition relating to proximity with the

river. Study sites were selected by degree of industrialization, as reflected by the



health of the aquatic community. At each site, identical vegetation sampling
schemes were applied above and below a low-head dam. Data were recorded
with respect to distance from the low-water level, and the structure and
composition of the woodland were described using seventeen community
parameters.
Study Sites

The study area included the riparian woodland along the 60 km of the
Mahoning River between the non-industrialized upper Mahoning (RK 78-174)
and the Ohio-Pennsylvania border at RK 18 (Figure 1). Sediment and aquatic
habitat quality remain within safe ranges upstream of RK 67 in Warren, Ohio,
where the upper boundary of the contact advisory and remediation is set (OEPA
1996, USACE 1999). Below RK 18, no dams were built and there has been no
direct discharge of contaminants, but the steel industry has adversely affected
sediment and water quality in this Pennsylvania reach of the Mahoning River.

Each of six study sites (five of which centered on a low-head dam)
comprised a tract of approximately 500 m of riparian corridor. Two sites
(Leavittsburg and Lovers Lane) were chosen in the upstream reference area,
three sites (Summit Street, Liberty Street, and Lowellville) were centered on
dams and spanned the remediation target area, and one Undammed site was
located downstream of the remediation area. More detailed descriptions of each
study site can be found in Appendix A.

The five low-head dams were evaluated for localized influence upon

riparian structure and composition. Two dams were in the minimally



contaminated reference area, and the remaining three dams have been subject
to varying degrees of industrialization. The Summit Street dam in Warren, Ohio,
lies within 2 km of the upper boundary of the contact advisory area, and
upstream of serious biological impairment. The Liberty Street dam in Girard is
located in the reach of the river where industrialization and aquatic degradation
have been most acute. The southernmost dam (Lowellville) is downstream of the
heaviest industrial contamination, and was found to impound relatively small
amounts of sediment that cause only moderate impairment to the aquatic habitat
(USACE 1999). Details on the appearance, location, and construction of the five
low-head dams addressed in this study can be found in Appendix B.

Among the six study sites, the width of the streamside woodland is
spatially limited by roads, railways, or farmland, and ranges from 14 m to almost
100 m. Due to the degree of variation in this dimension, and in order to assess
the vegetation most likely to be affected by remediation tactics, only the 12 m
immediately adjacent to the river were sampled in this study.

Data Collection

At each study site, a 30-m length of streamside vegetation upstream of the
dam was exhaustively sampled for woody plant species, and a second 30-m plot
was sampled downstream of the dam (Figure 2A). Each upstream and
downstream plot was partitioned into three zones: Zone A was 0-4 m from the
low water level, Zone B was 4-8 m from the river, and Zone C was 8-12 m from
the river. In each zone, the average depth of the litter layer was determined, and

the amount of vegetative ground cover was visually estimatedina2m X2 m



quadrat placed at random coordinates (random.org). In order to accurately
describe the structure and composition of the riparian woodland in each study
plot, all woody plants over 0.5 m in height were counted and identified to species
according to Gleason and Cronquist (1991). Vouchers of each species were
obtained and deposited in the Herbarium of Youngstown State University (YUO).
Nativity of each species to northeastern Ohio was preferably reported according
to Braun (1989); nativity of species not reported by Braun was presented
according to Gleason and Cronquist (1991).

All plants over 5 m in height comprise the tree layer and were measured
for DBH (height = 1.4 m) to be used in tabulation of total basal area within each
zone and plot. Tree basal area, calculated from all stem diameters greater than
3 cm, was used in this study to report species contributions in each of the study
tracts. Canopy cover of the tree layer was estimated using a densiometer, and
the height of the tree canopy was estimated using a Nikon® 400 laser
rangefinder.

Woody plants 2.6-5.0 m in height comprise the upper shrub layer, where
large upright shrubs and young trees dominate the flora. Shrubs and seedlings
less than 2.5 m in height occupy the herbaceous layer of a woodland (Figure 2B),
where they tend to sprawl or achieve rapid vertical growth to compete with forbs
and grasses for resources (vertical stratification adapted from Mueller-Dombois
and Ellenberg 1974). In each of these strata of the understory, the crown size of
each woody plant was estimated as an ellipse, and the number of stems

recorded. Total crown cover was reported for the herbaceous layer and for the
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upper shrub layer as a percentage of the total area sampled. The contribution of
each growth form to the total crown cover was also determined.

A summary of the woodland parameters estimated with this sampling
protocol is presented in Table 1. Each of the seventeen descriptive parameters
was determined for the six study sites, for each of two study plots within each
site, and for each of three zones within each plot. The total area sampled in all
12 study plots was 4230 m?, which was adjusted by subtracting the area of a
paved walkway bisecting the study plot downstream of the Summit Street dam.

Statistical Analysis

In order to describe changes in woodland structure moving downstream
from the reference area to the area targeted for remediation, correlation analysis
was used to identify patterns in five widely reported descriptors (Shannon-Wiener
diversity indices for tree and shrub species, tree basal area, upper shrub layer
cover, and herbaceous layer cover) that were associated with river kilometer
(RK) (Zar 1999). There appears to be a trend in land use and development
along the Mahoning River that corresponds with location within the study area.
The upstream reference sites (Leavittsburg, Lovers Lane), and the Summit Street
site are located in residentially developed areas where the streamside woodland
has been selectively cleared or removed altogether. The downstream sites
(Liberty Street, Lowellville, Undammed) remain more heavily industrialized, but
the immediate riparian corridor has been less disturbed. Thus, RK is not used
here as a controlling independent variable, but instead as a surrogate factor that

reflects the gradient in land-use history seen along the lower Mahoning River.
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In order to identify localized effects of the low-head dams on streamside
vegetation, the same five widely reported descriptors were compared above and
below the dams, and subjected to paired sample t-tests using the five dammed
sites as replicates (Zar 1999).

Ordination by non-metric multidimensional scaling (NMDS) was also used
to examine woodland structure and composition in the reference area and the
target area (Glenn 1999). Ordination considers multiple community parameters
in order to create a two-dimensional plot that represents the degree of
dissimilarity among a set of samples, and can also identify the variables most
significant in the differential placement of data points. In this analysis, NMDS
ordination indicated which of the six study sites were similarly structured, based
on seventeen provided descriptors. Once plotted, categorizing the study sites by
independent variable revealed which factors had detectable influences on the
overall structure of the sampled riparian woodland. NMDS was also used to
illustrate how woodland structure and composition differed above and below low-
head dams, or consistently varied with proximity to the river.

Species Diversity and Richness (SDR) software was used to calculate
diversity and evenness indices, and NMDS was conducted using SPSS 11.0
software. The equations used by these software programs are presented along

with the tabulated data in Appendix D.
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IIl. RESULTS

A total of 44 woody plant species were identified, including 26 that
typically grow in tree form (Table 2) and 16 that predominantly occur in shrub
form (Table 3). One species (Acer negundo) was found to grow in both tree and
shrub form in the area sampled, and the contribution of each growth form is
noted in Tables 2 and 3. One tree (Craetagus sp.) and one shrub (Rubus sp.)
were only identified to genus, due to the lack of distinguishing specific characters
at the time of sampling. A complete list of the streamside woody flora found in
this study of the lower Mahoning River can be found in Appendix C.

The parameters of the six riparian woodland study sites, and each plot
and zone within each site, on the lower Mahoning River are given in Appendix D.
Due to difficulty in measuring accurate tree height, canopy height was not used
as a variable in the statistical analysis of Mahoning River riparian woodlands.
Significant findings and trends based on the remaining seventeen woodland
parameters will be discussed in the Structural Analysis of the woodland adjacent
to the lower Mahoning River.

Within the study area, the riverbank supports a lush woodland with a tree
basal area averaging 71 m%ha (calculated by pooling data from all twelve study
plots). The trees along the length of the study area are dominated by Acer
saccharinum (silver maple), with consistent contributions from Ulmus americana
(American elm) and Fraxinus americana (white ash) (Table 2). Other trees that
contribute significant basal area, but not at all study sites, are Platanus

occidentalis (American sycamore), Populus deltoides (Eastern cottonwood),
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Prunus serotina (wild black cherry), Quercus rubra (red oak), and Robinia
pseudoacacia (black locust). Nine additional tree species were identified at only
one study site each.

Only three non-native tree species were identified during sampling, and
their occurrence was very limited near the river. The invasive Ailanthus altissima
(tree of heaven) and the cultivated llex opaca (American holly) were each found
at only one site (Summit Street and Leavittsburg, respectively). The naturalized
Morus alba (white mulberry) was found only at the Liberty Street site, where it
grew along with the native Morus rubra (red mulberry). Tree basal area in the
sampled woodland was 99.5% native.

Canopy height was consistent among the study sites, and averaged 20-25
m with emergent trees reaching heights of 30 m. Canopy cover of the woodland
exceeded 90% at most sites (Table D3).

The understory layers (height < 5 m) of the riverbank riparian zone were
occupied by a mixture of native and invasive shrub species. Most abundant was
Rosa multiflora (multiflora rose), an invasive species, and second most common
was Euonymus atropurpurea (Eastern wahoo), a shrub native to Ohio (Table 3).
Shrubs restricted to the herbaceous layer provided 8.7% crown cover, while
shrubs extending into the upper shrub layer provided 4.2% cover. Immature
trees (DBH < 3 cm) contributed an additional 3.3% coverage in the herbaceous
layer and 3.1% in the upper shrub layer (Tables D3 and D4). Trends in species
occurrence will be addressed in the Compositional Analysis.

A parallel study assessed the avifauna at the same study sites, and a
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complete list of birds identified during a series of point counts at the sites is given
in Appendix E. A list of large mammals frequenting the riverbank, either visually
observed in the study area or identified by tracks left in the moist soil, is also
included in Appendix E.

Structural Analysis: Location, Location, Location

Tree and shrub diversity values for the six study sites are visualized in
Figure 3. Shannon-Wiener diversity indices for mature trees were highly variable
along the length of the study area, ranging from 0.6718 in the Summit Street site
to 1.4590 in the Lowellville site.

Shrub diversity (Shannon-Wiener) ranged from 1.6180 in the Leavittsburg
site to 1.050 in the Lowellville site (Figure 3). Among the six study sites, there
was a trend of decreasing shrub diversity moving downstream from the reference
area through the target area. Shannon-Wiener diversity indices for shrub
species were found to have a significant association (R=0.896, P=0.016) with
river kilometer. Shrub diversity was highest in the residential northern sites.

Total basal area of streamside trees showed a significant inverse
correlation (R = -0.828, P = 0.042) with river kilometer (Figure 4). Moving
downstream along the lower Mahoning River, tree basal area tended to increase
as the river became more industrialized. Conversely, total shrub layer cover
steadily decreased from 37% at Leavittsburg to only 4% at Lowellville. The
correlation between shrub diversity and river kilometer was not found to be
significant due to a dense shrub layer in one plot at the Undammed site. These

trends illustrate the dynamics between the shrub layer and the tree layer of a
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woodland. Sites that had well-developed tree layers with more basal area
tended to have less developed shrub layers, while sites that showed higher shrub
diversity and shrub cover often had a less mature tree layer with less basal area.

The ordination plot of the six study sites (Figure 5A) showed grouping of
study sites according to the topography of the sampled riverbank. The Summit
Street, Liberty Street, and Lowellville sites, placed through NMDS on the left half
of the plot, were floodplains that are inundated frequently as the river rises in
response to precipitation. The significant loading vectors suggested that these
floodplains were characterized by a large tree basal area with a dense canopy
closure (Figure 5B).

The northernmost and southernmost sites (Leavittsburg and Undammed,
respectively) have terraced riverbanks, where inundation occurs far less
frequently; only when the river rises to the height of the terrace. These two sites
were placed by NMDS farthest to the right of the plot, but not near each other on
the vertical axis. The Leavittsburg terrace had a dense shrub layer with far more
stems, species, and herbaceous layer cover than the less disturbed Undammed
site, which had 58.3 m%ha more basal area than Leavittsburg.

The Lovers Lane site had a riverbank that was steeply and evenly sloped,
and this land was probably manipulated during construction of the city street
(Lovers Lane) that parallels the river here. Flooding occurs at this site as a
function of the river rising, but the steep slope limits the width of the flood.
Lovers Lane had a lower basal area and denser shrub layer than the floodplains,

but was not so distant from the floodplains in ordination space as were the two
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terraced sites. Land-use and disturbance history, suggested by river kilometer,
appears to be an important factor in restricting the Leavittsburg and the sloped
Lovers Lane site, to the upper right quadrant of the plot (Figure 5B).

The Liberty Street site, which holds many times the volume of
contaminated sediment than other sites, is not isolated or divergent from the
other industrialized sites in the ordination plot of riparian woodland structure
(Figure 5A). Historic industrialization has uniquely impacted the aquatic habitat
and ecosystem at the Liberty Street Site, but has not caused the streamside
vegetation community to be structurally dissimilar from the other study sites.

Structural Analysis: Possible Effects of Low-head Dams

The effect of the low-head dams upon diversity was not uniform: four of
five sites (all but Lovers Lane) showed higher tree diversity downstream of the
dam (Table 4). Conversely, four of five sites (all but Summit Street) had higher
shrub diversity upstream of the dam. When shrub diversity was higher upstream
of the dam, the average difference in Shannon-Wiener diversity was 0.7180.

No consistent difference in tree basal area or upper shrub layer cover was
found between upstream and downstream plots, but woody cover in the
herbaceous layer of upstream plots was significantly higher (P = 0.037) than that
found downstream of the dams (Table 5). Of the five diversity and density
parameters thus evaluated, this was the only parameter found in this study to be
consistently and significantly affected by the presence of a low-head dam.

NMDS produced an ordination graph (Figure 6A) that shows modest

convergence of four out of five plots sampled downstream of dams. The most
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significant (P < 0.05) loading vectors are indicated in Figure 6B and allow
qualitative description of the four homogenous downstream plots.

The woodland downstream of the Lowellville and Summit Street dams had
more tree stems and less herbaceous cover than woodland upstream of these
dams (green arrows). The litter depth was consistently lower downstream of
these dams, suggesting less frequent inundation and less litter deposition.

The woodland downstream of the Liberty Street and Lovers Lane dams
had fewer shrub stems and species, and less cover in both the herbaceous layer
and the upper shrub layer than upstream woodland (blue arrows). The most
divergent plots (not encircled) were in the Leavittsburg study site, which was
used for recreation and timber purposes throughout the reign of the steel
industry.

Structural Analysis: Proximity to the River

Litter depth in the region closest to the river, Zone A, was lower than or
equal to that in the farthest, Zone C, with Zone B usually intermediate in value, in
all twelve study plots. No other parameter showed a consistent trend moving
away from the river. NMDS was applied to the seventeen descriptive community
parameters for all 36 zones (three zones in each of twelve study plots). The
resulting ordination plot (Figure 7) suggested modest homogeneity of Zone C,
the farthest from the edge of the river, but the placement of the remaining data
points was not informative. This study revealed no discernible changes in
community structure or composition within the first twelve meters of riparian

woodland along the lower Mahoning River.
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Compositional Analysis

The riparian woodland along the lower Mahoning River is dominated by
Acer saccharinum (silver maple), which comprises 55% of the total basal area
sampled in this study with stems ranging from 3.2 to 93.9 cm in diameter. This
native tree occurs along the study area at an average of 39 m?/ha and
constitutes 38-85% of the basal area among the six study sites.

A notable species making consistent contributions along the length of the
study area is Ulmus americana (American elm), occurring along the study area at
an average of 4.0 m*ha. Although Ulmus americana comprised only 5.6% of the
total sampled basal area, it occurs at all of the six sampled sites and is the fourth
most dominant species along the river. In addition to mature elm trees, Ulmus
americana is present in the study area as seedlings, comprising 6.7% of all
seedlings identified.

A third species occurring along the length of the study area is the native
Fraxinus americana (white ash), which comprises 3.5% of total basal area.
Although mature white ash is present at only 2.5 m?/ha within the sampled sites,
seedlings of this species were found to constitute a full 46% of all seedling
stems. While Acer saccharinum is present at a slightly higher basal area in the
four southernmost sites, UImus americana and Fraxinus americana are uniformly
present along the length of the lower Mahoning River. Each of these three
species is native to northeast Ohio.

Although Platanus occidentalis (American sycamore) is present at only

three of six study sites, it comprises 15% of the total basal area sampled and is
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the second most abundant species along the lower Mahoning River. When
calculated using the area sampled over all six study sites (4230 m?), Platanus
occidentalis occurs at a basal area of 11 m%ha. Sampling of the northern three
sites identified no sycamore trees, while sampling of the southern three sites
found increasing basal area of Platanus occidentalis moving downstream. The
stem diameter of this species averaged 43 cm, and ranged from 17 to 96 cm.

The distribution of Populus deltoides (Eastern cottonwood) within the
study area was similar to that of Platanus occidentalis; it was virtually absent
from the northern sites while contributing significant basal area to the southern
sites. Populus deltoides occurred at 5.5 m?/ha within the length of the study
area, making cottonwood the third most abundant species (7.8% of total basal
area) along the lower Mahoning River. The size of the sampled cottonwood
trees ranged from 28.6 cm to 148 cm in DBH. Like Platanus occidentalis, no
immature seedlings of Populus deltoides were identified during sampling.

The contribution of the four dominant tree species (Acer saccharinum,
Platanus occidentalis, Populus deltoides, and Ulmus americana) to site basal
area is illustrated in Figure 8. These four native trees comprised over 90% of
basal area in the three southernmost sites, but some species were largely
replaced in the northern sites by pioneer, invasive, and cultivated species.

The Leavittsburg site exhibited 30% and 14% contribution to basal area by
pioneer species Prunus serotina (wild black cherry) and Robinia pseudoacacia
(black locust). The average DBH of these less mature trees were 16.1 cm and

31.8 cm, respectively. Also present among the trees at this site was the
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cultivated llex opaca (American holly). The shrubs of Leavittsburg included such
non-native species as Elaeagnus umbellata (autumn olive), Ligustrum vulgare
(common privet) and Rubus sp. (bramble), whose distributions are limited to the
northern three sites.

Lovers Lane, with its steeply sloped riparian corridor, supported the only
mature Quercus rubra (red oak), Fagus grandifolia (American beech), and Nyssa
sylvatica (black tupelo) in the study area. These upland species contributed
more basal area at this site than even silver maple. Present among the shrubs at
this site were the only Viburnum opulus and Staphylea trifolia (bladdernut), both
known to escape cultivation, to be identified during sampling.

The basal area at Summit Street was 85% Acer saccharinum with the
presence of the pioneer Robinia pseudoacacia (black locust) and the invasive
Ailanthus altissima (tree of heaven). The shrub species Berberis thunbergii
(Japanese barberry) was found only at this site. In sum, the northern three sites
supported ten tree and seven shrub species absent from the southern sites.
Most conspicuous among these trees were pioneer species in Leavittsburg, and
upland species at Lovers Lane. Shrubs found only in the north included several
species that probably grow along the river as the result of escaped cultivation.

Only seven tree species were restricted to the southern sites; of these,
Platanus occidentalis (American sycamore) and Populus delfoides (Eastern
cottonwood) were easily the most informative. Two shrubs were restricted in

occurrence to the southern sites: Prunus virginiana (chokecherry) was common



20

among the three sites, while Virburnum prunifolium (black haw) was found only at
the Undammed site. Both of these shrub species are native to northeast Ohio.
Since all sampling data were recorded with respect to the longitudinal
zonation of the study plots, the occurrence of all 39 woody plant species was
documented for each zone. Quantitative assessment of each species’
occurrence revealed no trends in growth that correspond to proximity to the edge
of the river (data not shown). No trends in woodland structure were identified,
nor were any trends in composition recognized, that were related to the proximity

to the river.

IV. DISCUSSION

Shrub diversity was found to be highest in the residential northern sites,
where more recent development and the escape of cultivars may have fostered
colonization by species not found in the southern sites. Tree basal area in these
sites was lower than in the southern industrialized sites, which have remained
largely unaltered since the original industrialization of the river. The NMDS
ordination plot of the six study sites indicated that the mature tree layer creates a
dense canopy closure in the southern sites that may restrict diversification in the
shrub layers (Figure 5B). The riparian woodland of the southern sites appears to
be more resistant to invasion by alien species than the woodland in the northern
reference area.

Ordination analysis revealed that the study sites also differ from one

another based upon landform, a healthy and natural response to change in
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topography. River kilometer, possibly reflecting a gradient in land-use history,
also appeared to be associated with the varying structure of woodland along the
lower Mahoning River. Specifically, the convergence of the Lovers Lane and
Leavittsburg sites to the upper right quadrant of the ordination plot probably
reflects the high degree of disturbance to the riparian woodland (Figure 5A).
These two sites were located upstream of the contact advisory (in the reference
area), but land use in these northernmost residential areas apparently has been
most disruptive among the study sites. This was also reflected by the lower tree
basal area, and by the more diverse and dense shrub layers, in these parcels of
woodland.

Thus, the first null hypothesis was rejected; this study demonstrated that
riparian structure and composition does significantly differ between the reference
and target areas, likely due to variation in anthropogenic disturbance and land
use patterns. Unlike the aquatic habitat of the river, the terrestrial ecosystem in
the target area is notably healthy and mature. Ordination analysis revealed that
the structure of the woodland also differed between study sites according to
landform.

Structural analysis of streamside woodland surrounding the low-head
dams revealed significantly less herbaceous layer cover downstream of each
dam, which may be a direct result of less frequent inundation with river water.
Dams create an upstream pool of water that flows over the riverbank more
frequently than the more rapidly flowing tailwater downstream of the dam

(Johnson 2002). Low-growing shrubs, as well as the young tree seedlings found
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in the herbaceous layer, respond to fluctuations in water supply more readily than
larger shrubs and adult trees.

The occurrence of shrubs along the lower Mahoning River, as described in
Table 3, provided some insight into the finding of lower shrub diversity
downstream of four out of five dams. At least seven shrub species (Elaeagnus
umbellata, Lindera benzoin, Lonicera morrowii, Sambucus nigrum, Viburnum
dentatum, Viburnum prunifolium) were found only in upstream plots or in the
Undammed site. Less frequent watering can reduce the optimality for seed
germination and early woody growth, which may result in lower shrub diversity
and less herbaceous layer cover adjacent to the tailwater. Possible impediment
of seed movement across the dams may have also contributed to lower
downstream shrub diversity (Andersson et al. 2000). Overall, the effect of the
dams upon terrestrial vegetation structure is small and not detrimental,
particularly with respect to that seen in the aquatic ecosystem of the river.

Based on the fact that at least one community variable (herbaceous layer
cover) was consistently and significantly affected by the presence of low-head
dams, the second null hypothesis was rejected. Low-head dams on the
Mahoning River were found in this study to appreciably affect localized structure
and composition of riparian woodland adjacent to the river.

No evidence was found that riparian woodland structure varies within the
twelve meters closest to the water. The third null hypothesis was therefore
accepted, with notation of the limitations of this study design to fully address the

phenomenon.
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The sampling for this study was performed near several of the low-head
dams on the industrialized Mahoning River, where remediation is most likely to
take place. Alteration to the boundaries of a river can result in drastic changes to
the riparian vegetation, as large empty niches are exposed and existing flora is
permanently submerged (Shafroth et al. 2002). Remediation of the degraded
aquatic ecosystem could jeopardize the integrity of the healthy and native

streamside woodland.

V. HEALTH AND INTEGRITY OF THE RIPARIAN ECOSYSTEM

The riparian woodland along the historically industrialized lower Mahoning
River is highly functional and fittingly diverse. Much of the riverbank has been
largely undisturbed by human activity since the initial industrial development of
the river. While the seriously impaired aquatic ecosystem has labeled the
Mahoning River as unsafe and marked it for remediation, the neighboring
vegetation is largely intact and stands today as a fine exemplar of intact, native
riparian woodland in northeast Ohio. Structural and compositional analyses at
six study sites revealed virtually no negative impact of historic industrialization on
the streamside vegetation. To the contrary, the woodland adjacent to the most
heavily contaminated reach of the river has remained essentially free of human
intrusion. Most of this land is considered brownfield, and would require costly
clean-up efforts prior to construction or renovation. As a result, the brownfields
left by the steel industry along the Mahoning River offer perhaps the best green

space in the vicinity of Youngstown, Ohio.
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Most significant among the findings of this study are the gradients in
structure and composition seen along the length of the study area. Moving
downstream within the 60-km study area, there is a clearly defined gradient in
streamside vegetation from shrub-dominated black locust-black cherry-silver
maple woodland in the northern sites to the more mature, native sycamore-
cottonwood-silver maple woodland in the south. The woodland surrounding the
Leavittsburg site is most disturbed among the vegetation sampled. The
downstream plot here is a shrub-dominated community that more resembles a
thicket than a woodland. Aside from silver maple, trees in this site are largely
limited to black locust and wild black cherry, two species known to colonize
recently cleared woodland. The study site lies just downstream of Canoe City, a
recreation park that has been in operation since the early part of the twentieth
century and utilizes the river by offering canoe rentals and fishing supplies. The
steel industry did not severely contaminate the water and sediment in this area,
and the river has remained safe for recreational use and adjacent residential
development. In some areas near the study site, lawns of residents extend to the
edge of a channelized river. Given the opportunity to enjoy an unindustrialized
reach of the Mahoning River, citizens have done so, but with substantial effects
on the health and integrity of the riparian woodland in Leavittsburg.

The region surrounding the Lovers Lane site is not so directly disturbed by
human activity, with the exception of an encroaching residential area on the east
bank of the river upstream of the dam. The woodland sampled in this study is

located on the west bank between the river and a city road, and the steep terrain
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does not invite citizens to frequent the riverbank. A well-traveled road (Lovers
Lane) and the adjacent residential neighborhood do impinge on the integrity of
the riparian corridor, however. Landscape cultivars and invasive species have
come to dominate the woodland nearest the road, and a tremendous amount of
garbage has been discarded into the woodland from Lovers Lane. The landform
of this riparian corridor is unnatural, and the flora is a mixture of native, invasive,
and cultivated species. A few of the major species identified during sampling are
unique to this site, as the slope permits the growth of red oak and American
beech that would not tolerate the inundation that occurs elsewhere along the
river. While the woodland near Lovers Lane is productive and functional, the
general health and integrity of the ecosystem is questionable.

The reach of the river targeted for remediation includes the southern four
study sites (Summit Street, Liberty Street, Lowellville, and Undammed). These
sites support woodland that is, in general, more mature and less disturbed than
the woodland in the northern sites. The Summit Street site is just within the
northern boundary of the remediation area. The health of the aquatic ecosystem
is marginal here, and the riparian woodland is only moderately disturbed.
Upstream of the dam, the sampling plot is located behind an electrical power
station, is not readily accessible, and appears to have remained undisturbed for
decades. The downstream sampling plot is situated near a city park, where the
woodland was partially cleared in 1997 for construction of the Riverwalk. The
City of Warren has publicized the goal of increasing public appreciation of the

Mahoning River, and the expansion of Perkins Park promises to serve that
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purpose. The manicured lawn, baseball diamonds, a newly constructed outdoor
amphitheater and freshly paved sidewalks draw increasing numbers of citizens to
visit the park along the river. Park officials have wisely chosen to leave intact a
narrow (< 5 m) strip of riverbank vegetation, but the improvements recently made
to the park have damaged the integrity of the streamside woodland. The new
Riverwalk, extending northward out of the park and bisecting the downstream
study plot, offers visitors a stroll by the river, but also provides immediate access
to partially cleared woodland that was previously inaccessible and undisturbed.
The two northernmost sites provide evidence that clearing, even selective, leaves
a woodland vulnerable to colonization by pioneer, invasive, and cultivated
species. Cottonwoods as large as 2.0 m in DBH are still maintained in the lawn
of Perkins Park, and mature sycamores were noted in Perkins Park and near the
Leavittsburg upstream site. This confirms that both Populus deltoides and
Platanus occidentalis were once common near the northern sites, but have been
reduced in occurrence by residential and commercial development. The Summit
Street site is one of transition, marking the northern limit of the original native
riparian woodland of the Mahoning River, and the southern boundary of historic
human manipulation and recreational use of the riverbank.

The Liberty Street dam has been identified as the one impounding the
largest volume of contaminated sediment in the Mahoning River. The majority of
biological and physical indices determined for the ecosystem of the lower
Mahoning River identify the river reach near this dam as the poorest in aquatic

health and integrity, and the riverbank sediment remains soaked with oil to the
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surface. Nevertheless, the riparian woodland is robust and native, boasting the
northernmost occurrence of streamside cottonwood found in this study. Here,
the original state of the riparian woodland of the lower Mahoning River becomes
apparent. Large, multi-stemmed silver maples arch over the river with huge
cottonwoods and American elms dotting the riverbank. The shrubs that were so
conspicuous in the northern sites become less dense here in the more mature
woodland of the southern Mahoning River. The sampling plots are located on
the east bank between the river and the railways that were once essential to the
steel industry. Development is limited on this bank by the nearby railway and the
steep slope that supports it, but residents encroach upon the river on the west
bank downstream of the dam. Some are surely regretful to have done so, as the
landform of the west bank is an unbuffered floodplain that regularly receives river
water during heavy precipitation. In 2003, an estimated 50-year flood completely
destroyed a number of homes here, and in many other areas along the Mahoning
River.

Moving downstream to the Lowellville site, thé woodland becomes even
more impressive, with sycamore and cottonwood prevalent among the trees.
Silver maple remains, as in most sites, dominant in basal area. The woodland is
mature and largely undisturbed, and the shrub layer is less dense than in the
Liberty Street site. Near the study site, residential areas have been developed
adjacent to both banks of the river, but generally not so close as to disrupt the
riparian woodland. Townspeople speak of opening a canoe rental business in

the vicinity of the downstream study plot, and regularly clear the herbaceous flora
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in the area. They have sensibly left the woody flora intact, however, and one
hopes that such an enterprise would not severely impinge on the integrity of the
native woodland that grows there. As residents gain interest in recreational use
of the river, measures should be taken to minimize the potentially deleterious
effects of human disturbance.

The Undammed site, particularly the downstream plot, features what is by
far the least disturbed and most impressive riparian woodland within the study
area. The site is located in a rural setting just beyond the Ohio state line. While
agricultural fields occasionally occupy the 100 m between the railway and a
narrow strip of riparian corridor on the east bank (the upstream sampling plot was
delimited by a corn field), much of the woodland remains largely intact and
appears to have been undisturbed for hundreds of years. The west bank of the
river is similarly intact, with untouched woodland extending away from the river.
Sampling of the east riverbank identified mature cottonwood, silver maple, and
American elm. Additional sampling in this area found a massive sycamore with
DBH of 1.4 m. An accompanying expert who had visited all of the study sites
suggested that, at upwards of 200 years, this tree may be among the oldest in
the Mahoning River riparian corridor. Some selective clearing of this forest may
have taken place in the distant past, but there is no evidence that the 100 m of
unblemished riparian woodland behind the downstream plot has been altered by
recent human activity. The woodland is so mature and functional that even the
shrub layer has become well developed, beneﬁtihg from canopy gaps left in the

overstory by trees that have aged and gradually succumbed. This region of
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intact woodland should undoubtedly serve as a reference for remediation of the
dissembled riparian woodland found in the northern sites.

The low-head dams on the Mahoning River were previously found to have
a profound negative effect on the health of the aquatic ecosystem. The low
height of the dams renders them relatively insignificant to the hydrologic regime
of the river, but they impounded highly contaminated sediment from over a
century of industrialization. The resulting impoundments provide a dismal habitat
for bottom-dwelling macroinvertebrates, altogether precluding their presence
behind some dams. Even organisms not physically associated with the sediment
(such as fish) have been drastically affected by the impounded sediment through
their predation on bottom-dwellers.

In direct contrast to the aquatic ecosystem, the terrestrial component of
the lower Mahoning River has not been severely impacted by the impoundment
of contaminants behind low-head dams. Woody flora is remarkably resistant to
soil contamination, and the woodland along the Mahoning River has not been
compromised by sediment contamination. This is not unexpected, for trees have
been used to effectively remove contaminants from soil in a practice called
phytoremediation (Dickinson 2000). Animal life in the riparian corridor is also
abundant and diverse. A parallel study analyzing the avifauna of the lower
Mahoning River found a full 75 species of birds utilizing the riparian corridor at
the same six study sites considered in this study (Blohm 2005). Species utilizing

the streamside woodland include raptors, waterfowl, permanent residents, and
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migratory birds, and are indicative of a healthy, diverse habitat (Canterbury et al.
2000).

The USACE clearly stated in their reconnaissance study the goal of
returning the southern industrialized portion of the river to conditions similar to
that in northern Warren and Leavittsburg. The USACE and the OEPA both
neglected to qualify the riparian woodland as an integral living feature of the
Mahoning River. Had they done so, they may have recognized that the heaith
and integrity of the streamside vegetation has been seriously compromised in the
reach of the river used as their reference for optimal conditions. They may have
added to their remediation objectives the goal of returning the conditions of the
terrestrial ecosystem in their reference reach of the river to its native state. They
may have emphasized the unique import of the relatively undisturbed, highly
functional woodland that lies adjacent to the portion of the river they intend to
remediate. They may have warned officials that remediation of the river, as
proposed, threatens to destroy some of the finest riverside woodland remaining
in northeast Ohio.

The quality of the terrestrial ecosystem is at least as important as the
quality of the aguatic portion of the river. With native wetlands and riparian
corridors disappearing from Ohio at an alarming rate, emphasis must be placed
on conservation of the stable and functional woodland adjacent to the most
industrialized reach of the lower Mahoning River. Remediation of the river is a
noble and exciting prospect, but any actions that disrupt the riparian vegetation

will likely reduce the quality of the woodland. The railway that runs parallel to the
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river at the three southern sites, as well as the road that parallels the Lovers
Lane site, are lined with stands of the invasive tree of heaven. Thus far, the
riparian corridor has largely withstood invasion by this and other exotic species,
but even subtle alterations caused to the riverbank threaten to open niches to be
readily colonized by invasives. The fact that the structure and composition of the
woodland along the entire length of the study area respond to changes in
riverbank topography and human activity far more than to changes in aquatic
health or sediment quality underscores the stability, functionality, and autonomy
of the ecosystem.

In addition, the presence of both mature and seedling American elm, even
in the more recently disturbed northern sites, grants conservation of this riparian
woodland precedence over aquatic remediation tactics that could disrupt the
riverbank. The absence of cottonwood or sycamore seedlings along the river
implies that removal of mature individuals would essentially eliminate these
species from the landscape, leaving huge niches to be filled with any number of
noxious and nonnative species. At what cost is the USACE willing to remediate
the aquatic portion of the Mahoning River?

The information provided in this report should be carefully considered prior
to any aquatic remediation efforts. This study, along with reports from the
USACE and OEPA, provide a thorough snapshot of the current biological
conditions of the lower Mahoning River. The success of any clean-up effort is
sure to be documented for the riverbed sediment and the health of the aquatic

ecosystem. If remediation does proceed in spite of the threat to the health and
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integrity of the riparian woodland, then the impact to the streamside vegetation
can be clearly documented for consideration in remediation attempts elsewhere.
While the fitness of the aquatic ecosystem of the Mahoning River has
been largely governed by historic industrialization, the wellbeing of the riverbank
vegetation community was found in this study to be much more heavily
influenced by the history of land use next to the river. The steel industry has
come and gone from the Mahoning River, leaving a critically wounded riverbed
and aquatic habitat. The woodland on the banks of the river survived the steel
industry, however, and remains native and largely intact. The Mahoning River is
reputed for its polluted water and sediment, and the health advisories issued as a
result of the contamination. Rarely considered is the riparian vegetation
community, which is yet to be ruined. This study demonstrates that the most
immediate threat to the woodland is land use and human perturbation. While
policymakers continue to ponder remediation of the Mahoning River, action must
be taken to protect and conserve the riparian woodland of the river from
disruption, invasion, and loss of integrity. It is truly the only part of the river that

we have left.
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