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AN ECOLOGICAL ASSESSMENT OF OHIO MITIGATION BANKS
VEGETATION, AMPHIBIANS, HYDROLOGY, SOIL

John J. Mack'
Mick Micacchion'

ABSTRACT

Mitigation banks are often considered to have multiple advantages over individual mitigations including
improved economies of scale; consolidation of economic, planning, and scientific resources; greater
likelihood of success, etc. There are few assessments of multiple banks to determine whether these
advantages are in fact producing a more successful or more consistently successful mitigation wetland. And
no attention has been paid to the main risk of mitigation bank: failure of large banks represents a substantial
net loss of wetland acreage or function whereas failure of individual small mitigations usually represents a
nominal loss. Of the bank area assessed (nearly 400 ha), approximately 25% was not "wetland" but was
primarily shallow unvegetated pond; of the remaining "wetland" acreage, approximately 25% was "poor"
quality, 58% was "fair" quality, and 18% was "good" quality when vegetation data from mitigation banks was
compared to ecoregionally calibrated scores from natural reference wetlands. Only one bank had areas where
forest regeneration is occurring and no bank had restored common Ohio shrub swamp communities, e.g.
buttonbush or alder swamps. When amphibian communities are compared, the amphibian community
composition and quality was significantly lower at banks than natural forest, shrub, or emergent wetlands.
Pond-breeding salamanders and forest dependent frog species were nearly absent and amphibian communities
at banks were all dominated by one or more of four common tolerant frog species. Based on the data
collected here, successful banks were defined as maximizing areas defined as "wetland," minimizing areas
of open water, having hydroperiods which mimic hydroperiods of natural wetlands, maximizing cover of
perennial native hydrophytes, minimizing cover of invasive plant species, and have mean VIBI scores of 40-
60 (fair to good). Based on these criteria, of the 12 banks assessed in Ohio, 3 were mostly successful, 5 were
successful in some areas but failed in other areas, and 4 were mostly failed. Unfortunately, this is not the
proportion of success and failure that was at least implicitly promised in the Federal Bank Guidance. The
economies of scale and consolidation of resources was to provide a consistently higher quality "product" of
wetland restoration than was achievable by individual restorations. This "promise", although clearly
achievable, has not been consistently attained in practice. But the basic practical fact remains, that a workable
regulatory compensatory mitigation program needs a mitigation banking system that is successful acre for
acre and also ecologically. What is needed is a re-appreciation that this is not easy work, that the "devil" is
in the details at all levels (theory, planning, design, and management), and that "nature" does know "best"
(or at least is our best referent for "success").

! Ohio Environmental Protection Agency, Division of Surface Water, Wetland Ecology Group, 4675

Homer Ohio Lane, Groveport, Ohio 43125, john.mack@epa.state.oh.us, mick.micacchion@epa.state.oh.us.
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INTRODUCTION

Mitigation banking is defined in the
Federal Guidance for the Establishment, Use and
Operation of Mitigation Banks (Federal Bank
Guidance) (60 Federal Register 58605-58614) as
"...wetland restoration, creation, enhancement, and
in exceptional circumstances preservation
undertaken expressly for the purpose of
compensating for the unavoidable wetland losses
in advance of development actions, when such
compensation cannot be achieved at the
development site or would not be environmentally
beneficial. It typically involves the consolidation
of small, fragmented wetland mitigation projects
into one large contiguous site. Units of restored,
created, enhanced or preserved wetlands are
expressed as "credits" which may be subsequently
withdrawn to offset "debits" incurred at a project
development site."

According to the Federal Bank Guidance,
mitigation banks can have several advantages over
individual mitigation projects. First, the overall
goal of maintaining "aquatic ecosystem integrity"
may be improved by consolidating individual
mitigation projects "when ecologically
appropriate."” When consolidation is not
ecologically appropriate is not addressed but
presumably would be when the small size of the
impacted wetland is important to its ecosystem
processes. An example might be small forested
vernal pools with seasonal hydroperiods where
consolidation into larger wetlands with permanent
inundation might make it impossible for pond-
breeding salamanders and wood frogs to utilize
the site for breeding.

The second advantage is that mitigation
banks have greater economies of scale over an
individual mitigation project. This consolidation
of financial, planning, scientific and regulatory

review resources should result in wetland creation
or restoration at mitigation banks that is more
successful (ecologically or acre for acre), or at
least more consistently successful than individual
mitigation projects.

Third, mitigation banking should improve
the overall efficiency of the wetland permit
program by removing a time consuming step from
the permit process: review and approval of
individual mitigation plans. Again, unaddressed
in the Federal Bank Guidance is the significant
review time needed for large complex bank plans,
credit releases, annual monitoring reports, and
other bank management needs.

Finally, construction of banks should
reduce temporal losses of wetland function, i.e. the
lag between the wetland impact and obtaining a
fully functional mitigation wetland. If a reduction
in temporal loss is occurring at mitigation banks,
itis only a partial reduction. For example, in Ohio
most banks typically receive authorization to sell
up to 30% of their credits prior to construction.
For most banks constructed prior to 2004,
additional credit releases (often up to 100%) were
authorized upon the establishment of "adequate
hydrology" even if other performance goals or
wetland criteria (e.g. hydrophytic vegetation) were
not being met. Completely unaddressed by the
Federal Bank Guidance are the risks of mitigation
banking. While consolidation of resources and
individual impacts into a single large restoration
site is perhaps the greatest advantage of mitigation
banks, it is also the greatest disadvantage. When
an individual mitigation project of lha fails, the
net loss to the overall aquatic resource is relatively
nominal; when a 100ha mitigation bank fails, the
loss to the aquatic resource is substantial.

Given the 1) many claimed but largely
untested advantages of mitigation banks, 2) the
importance they have in the smooth, day-to-day



functioning of the State of Ohio’s regulatory
program, and 3) the significant losses of wetland
resource that could occur if banks are failing, Ohio
EPA undertook a comprehensive assessment of all
mitigation banks that had been constructed for
sufficient time that evaluation of them was
warranted using biological, biogeochemical, and
hydrologic monitoring techniques developed in
earlier studies and part of the State of Ohio’s
wetland assessment program (e.g. Fennessy et al.
2004; Mack et al. 2004; Mack 2004a, b, c;
Micacchion 2004; Knapp 2004). To the authors’
knowledge, this represents the most
comprehensive, detailed effort to evaluate the
success of mitigation banking undertaken to date.
Mitigation banks should represent the best that is
attainable in the restoration, creation, and
enhancement of wetlands by providing a
consistently high quality mitigation and
substantially improved economic and regulatory
efficiencies. The goal of this study was to
evaluate whether banks in Ohio were in fact
providing this consistently high quality wetland
"product."

METHODS

Site selection

As of 2003, there were 18 mitigation
banks constructed or approved for construction in
Ohio (Several more have been proposed or come
on-line since then). Of these 18 banks, 12 were
constructed for a sufficient period of time to be
included in this study (Table 1). Each bank was
visited at least once (and usually several times)
prior to sampling and a detailed site
reconnaissance was performed to become familiar
with the bank layout, subareas of the bank, and the
Additionally,
members of the study team were familiar with and

dominant plant communities.

had visited most of the banks multiple times while
performing Mitigation Bank Review Team duties.
Most of the 12 banks sampled had several discrete
subareas (usually separated by berms). Logistical
constraints (time, field staff, etc.) precluded
sampling every subarea at every bank, but one or
more subareas representative of the wetland
habitats at the each bank were sampled (Table 2).
The 12 banks were located in 3 Ohio ecoregions
(lake plains of northwest Ohio, till plains of
central Ohio, and glaciated Allegheny plateau of
northeast Ohio) and 8 counties (Ashtabula (3),
Licking (1), Lorain (1) Marion (2), Medina (1),
Pickaway (1), Sandusky (2), Summit (1)) (Figure
1). Refer to Appendix C for maps of the
individual bank sites.

Sampling methods - Vegetation, Soil, Water

To ensure maximum comparability with
Ohio Environmental Protection Agency's (Ohio
EPA) existing wetland reference data set, data was
collected using Ohio EPA's standardized sampling
methods (Mack 2004c; Mack et al. 2004). The
vegetation survey was designed to collect data
sufficient to determine conformance with the
bank's existing performance standards, to calculate
the Vegetation Index of Biotic Integrity (VIBI)
(Mack 2004b) to obtain estimates of wetland
versus non-wetland areas, per cent cover of
invasive species, etc., to collect soil and water
chemistry data, and other physical variables.

A combination of "focused" and random
plots was used. The focused plots employed a set
of 10 modules in a 20m x 50m layout (Figure 1).
This is a modification of the "Whittaker" plot
(Schmida 1984) and is appropriate for most types
of vegetation, flexible in intensity and time
commitment, compatible with data from other
methods, and provides information on species
composition across spatial scales (Peet etal.1998).



The location of the focused plots was
subjectively determined in the field using the plot
location rules in Mack (2004c). Plots were
located in areas that were most representative of
the conditions at that area of the bank being
sampled. At least one 20m x 50m plot was
established at each bank or subarea of a bank that
was sampled.

Within the plot, presence and areal cover
was recorded for herb and shrub stratums. Percent
cover was estimated using cover classes of Peet et
al. (1998) (solitary/few, 0-1%, 1-2.5%, 2.5-5%, 5-
10%, 10-25%, 25-50%, 50-75%, 75-90%, 90-
95%, 95-99%). The midpoints of the cover
classes were used in all analyses. All woody
species in the plot >1m tall were counted and
assigned to diameter at breast height (dbh) classes
as recommended by Peet et al. (1998) (0-1cm, 1-
2cm, 2-5cm, 5-10cm, 10-15¢m, 15-20cm, 20-
25c¢m 25-30cm, 30-35¢m, 35-40cm). Trees with
dbh >40cm were individually measured.
Midpoints of the diameter classes were used in all
analyses. Standing biomass (g/m*) was collected
from 0.1m? clip plots located in the eight nested
quadrat corners of the intensive modules or from
a single corner of each random module (Figure 2).
Various physical variables (e.g. % open water,
depth of standing water, litter depth, depth to
saturated soils, number of tussocks and
hummocks, and amount of coarse woody debris)
were measured and a soil pit was dug in the center
of every plot and soil color, texture, and depth to
saturation recorded. A soil sample was collected
from the top 12 cm of soil using a 8.25x25cm
stainless steel bucket auger (AMS Soil Recovery
Sampler) with a butyrate plastic liner by insert the
auger to half its depth. The soil sample was
analyzed for Total Organic Carbon (TOC),
particle size, percent solids, pH, P, NH,-N, NO;-
N, and metals (Al, Ba, Ca, Cr, Cu, Fe, K, Mg, Mn,

Na, Ni, Pb, Sr, Zn) at the Ohio EPA laboratory. If
standing water was present, a grab sample of water
was collected and analyzed for various water
quality parameters (P, NH,-N, NO,-N, TOC, Ca,
K, conductivity, DO, pH, Cl, Al, Ba, Ca, Cr, Cu,
Fe, K, Mg, Mn, Na, Ni, Pb, Sr, Zn).

In addition to the focused plots, a random
survey design was also implemented because of
the size of the bank sites, as check on the
representativeness of the focused plots, and to
obtain estimates of wetland versus non-wetland
areas, per cent cover of invasive species, etc.
Basically, the random survey took a standard plot
comprised of ten 10m x 10m modules and
randomly located the modules across the area
sampled. A geospatially referenced 10m x10m
grid was created on a map of each site (Figure 3).
Depending on the information available for each
bank, the grid was created on existing digital maps
of a site, the areas of the bank sampled were
mapped in the field using geographic positioning
system instruments, or the bank areas were
delineated on aerial photography of the bank site
in Arcview™. Each grid square was sequentially
numbered and associated with the latitude and
longitude at the center of the square and a simple
random sample was selected of at least twice the
number of points needed using Minitab v. 12.0. A
map showing the selected points was produced
(Figure 4). Maps of the all 12 banks can be found
in Appendix C.

The randomly selected points were
evaluated in order. If a point was rejected, the
next available point was evaluated. For example,
if 10 random points were to be sampled and point
No. 5 is found to be located on the berm of the
bank, point 5 is rejected. The next point evaluated
as a substitute is point No. 11. Points were
rejected in the office and in the field. A point was
rejected based on an office review of the maps if



1) it was located partly on a berm or dike, 2)
located within a preexisting wetland area that was
included in the perimeter of the bank unit, 3) it
was located immediately adjacent to another
random point. A point was rejected in the field if
was located outside of the bank or on a dike or
other engineered structure. If the point was
located in a deep water area that was not wadable,
i.e. greater than about 1.5m, it was recorded as
"non-wetland, deep open water" with 100% open
water cover, and water depth >1.5m, unless the
area of deeper water was very small (e.g. a ditch).
In that case the sample point was moved 10m in a
randomly selected cardinal compass direction

At each selected point, a 10m x10m plot
was established with the plot centered on the
point. The same data was collected in the plot as
in an intensive module of a focused plot except 1)
a soil sample was collected in the center of the
plot with a soil probe from the top 12 ¢cm and
analyzed for standard agronomic soil parameters
(%oorganic matter (Walkley-Black), available P
(Bray 1 and 2), exchangeable ions (K, Mg, Ca, H),
pH, Cation Exchange Capacity, total C and N) at
Midwest Laboratories, Inc., Omaha Nebraska
(NCR 1998), and 2) additional water chemistry
information was collected using a handheld YSI
sonde (pH, DO, conductivity, temperature). The
number of random plots varied depending on the
size of the bank: less than 500 grid squares (<5
ha) approximately 5 random plots; 500-2000 grid
squares (5 to 20 ha) approximately 10 random
plots; >2000 squares (>20 ha) approximately 20
random plots.

Amphibian and macroinvertebrate sampling
Funnel traps were used to sample
macroinvertebrates (results found in Knapp 2006)
and amphibians using previously developed
sampling protocols (Micacchion 2004, Knapp

2004). Other organisms, e.g. fish, that were found
in the traps were also identified. A qualitative
sample was also collected using a triangular ring
frame dip net and by hand picking the substrates.
The funnel traps were 46cm long and 20cm in
diameter. The narrow end of each funnel was
directed into the funnel trap body and had a
4.5cm opening. Traps were made from aluminum
(funnel trap body) and fiberglass (cone-shape
funnels at each end of the body) and assembled
with staples (see photo on cover page).

At most sites, 10 funnel traps were placed
evenly around the perimeter of the bank subarea.
At a few very large subareas, or where the
placement around the entire perimeter was not
feasible (slopes too steep, water too deep, etc),
transects along the sides of the subarea were used.
Care was taken to assure that all habitat types
within the wetland subareas were represented
proportionally within each transect. Each area
was sampled three times between March and early
July with trapping runs about 5 to 6 weeks apart.
In all cases, the traps were left in the wetland
approximately 24 hours to ensure unbiased
sampling for species with diurnal and nocturnal
activity patterns and to limit mortality since
individuals were not in traps for extended periods.

Traps were emptied by everting one
funnel end and shaking the contents into a white
collection and sorting pan. Organisms that could
be readily identified in the field (especially adult
amphibians and larger and easily recognized fish
species) were identified and released. The
remaining organisms were transferred to wide-
mouth one liter plastic bottles and preserved with
95% ethanol. The contents of each trap were kept
in separately marked bottles for individual
analysis in the laboratory. Laboratory analysis of
the funnel trap and qualitative macroinvertebrate
and fish samples followed the standardized Ohio



EPA procedures (Ohio EPA 1989). Salamanders
and their larvae were identified using keys in
Pfingsten and Downs (1989) and Petranka (1998).
Frogs, toads and tadpoles were identified using
keys in Walker (1946).

Hydrology

Surface water depth and depth to saturated
soils (if no standing water was present) was
measured at each random plot. Shallow ground
water wells were installed at each bank area
sampled (Remote Data Systems, Inc. Model WL-
40 or Ecotone Wells). Readings were collected
two times per day (8am, 8pm) for at least one
year. A total of 36 wells were deployed at the 33
bank subareas sampled. Wells were located just
upslope of the area of maximum inundation at
sites with substantial inundation and in
representative locations for areas with saturated
soils. Well installation was done in accordance
with the procedures outlined in Installing
Monitoring Wells/Piezometers in Wetlands (WRP
2000). Well screens were installed 50-100 cm
deep depending on the soil profile. When a
subsoil or impermeable layer was encountered,
excavation of the hole for the well screen was
halted. A staff gauge was installed near each well
and water levels recorded whenever the wells were
downloaded (approximately every 2-3 months).
Annual hydrographs were constructed using the
data from the ground water wells and various
hydrologic attributes calculated.

Data analysis

Vegetation data from plots at the
mitigation banks was reduced and analyzed using
standard procedures found in Mack (2004c).
Scores for the VIBI-E, -SH, and -F and there
component metrics were calculated for each bank
using the metrics and scoring ranges from Mack

(2004b) (Tables 3 and 4) as well as other attributes
of interest, e.g. areal cover of perennial native
hydrophytes. Average values from mitigation
bank plots were then compared to Ohio EPA’s
reference wetland data set using box and whisker
plots, ANOVA and Tukey’s multiple comparison
test. All calculations were performed using
Minitab v. 12.0.
performance for each plot was evaluated using

Simultaneous metric

Principal Components Analysis (PCA) in PC-
ORD (McCune and Mefford 1999).

Various estimates of overall bank or bank
subarea characteristics were calculated from the
random plot data:

1) The areal cover of open water and
unvegetated open water was recorded in
the field for each random plot. "Open
water" was defined as inundated areas
without rooted emergent vegetation
although submersed (e.g. Elodea
canadensis) or floating (e.g. Potamogeton
nodosus) aquatic plants could be present;
"unvegetated open water" was defined as
areas lacking or nearly lacking in any
vegetation including submersed or
floating aquatic plants. The %open water
or %unvegetated open water was
calculated by averaging the cover values
for these parameters.

2) The area cover of perennial native
hydrophytes was calculated in four steps.
First, the relative cover of plant species in
each random module was calculated.
Second, the species occurring in the
module were coded as native/adventive,
perennial/bienniel/annual/woody, and
hydrophytes (FAC, FACW,
OBL)/upland/not listed. =~ Third, the



relative cover values of native perennial
(including woody species) hydrophytes
were summed. Finally, the summed
relative cover values from each random
plot were averaged to obtain the estimate
for perennial native hydrophyte cover at
the bank or bank subarea. The same
procedure was used to calculate areal
cover of other metrics like percent
tolerant and sensitive species.

3) Whether the plot was a "jurisdictional"
wetland was determined. The three
parameter approach in the 1987
Delineation Manual was used and a plot
was determined to be "wetland" if hydric
soils were present, wetland hydrology
was present, and the vegetation was
dominated by hydrophytes (FAC, FACW,
OBL species).

4) Each random plot and the data
collected within it was assigned a unique
alpha-numeric identifier and coded by
community type (forest, shrub, marsh, wet
meadow, upland forest, upland thicket,
pond, old field). The data from each
community type within a bank subarea
was aggregated and Vegetation IBI scores
and metric values and other attributes of
interest were then calculated using the
aggregated data. For example, at Big
Island Area A, 10 random plots were
sampled; 5 plots were coded as "forest", 4
plots were coded as "marsh" and 1 plot
was coded as wet meadow. Data from the
5 forest plots was combined into a single
data set and treated like a focused plot (in
effect a 10m x 50m plot) for purpose of
calculating relevant scores and attributes.

Table 5 summarizes the focused and
aggregated plots by community, HGM
class, and site.

Amphibian data from trap collections at the
mitigation banks was reduced and analyzed using
standard procedures found in Micacchion (2004).
AmphIBI scores and their component metrics
were calculated for each bank using the metrics
and scoring ranges from Micacchion (2004).
Average values from mitigation bank areas were
then compared to Ohio EPA’s reference wetland
data set using box and whisker plots, ANOVA and
Tukey’s multiple comparison test. All
calculations were performed using Minitab v.
12.0. Amphibian community characteristics were
evaluated using PCA in PC-ORD (McCune and
Mefford 1999).

RESULTS

There were 34 subareas sampled at the 12
banks included in the study with a total area of
approximately 400 ha. A total of 42 focused plots
(~10 per 100 ha assessed) and 331 random plots
(~8 per 10 ha assessed) were sampled that were
grouped into 61 aggregated random plots (Table
2). A total of 1040 funnel traps were deployed for
a total of 24,960 trap hours in three trapping runs;
104 qualitative dip net samples were also
collected.

Basic vegetation and wetland establishment
Basic "wetland establishment"
was evaluated in three ways. First, amount of
"open water at the banks was evaluated. "Open
water" is defined as areas of inundation with or
without rooted emergent vegetation, and does not
meet the hydrophytic vegetation criterion of the
1987 Delineation Manual (dominance of rooted



emergent hydrophytes, although they may be
vegetated with submersed or floating aquatic
plants and be considered "special aquatic sites")
(Environmental Laboratory 1987). "Open water"
acreage at the banks ranged from a low of 0% to a
high of 62%. Of the total bank acreage assessed,
28% or 111.7 ha was non-wetland open water
(Table 6). Since the basic performance standard
for all the Ohio banks is that acreage must be
considered "jurisdictional" wetland (i.e. meet the
soil, hydrology, and hydrophyte criteria), this can
be considered a "net-loss" of over 100 ha of
wetland for impacts mitigated at Ohio bank sites.
Considering just the net-loss at banks that have
sold all of their credits (or have approval to sell all
or nearly all of their credits and thus do not have
an opportunity to reduce their credit load to
account for failed acreage), over 70 ha of wetland
loss has occurred (Big Island, Hebron, Sandy
Ridge, Trumbull Creek have most or all of their
credits released).

Second, basic wetland establishment was
evaluated by estimating the amount of
"unvegetated" open water, since areas of open
water vegetated with submersed or floating
aquatic vegetation are ecological "wetlands" ifnot
"jurisdictional" wetlands. Unvegetated open water
at the banks ranged from 0% to 52% (Table 7).
Total acreage of unvegetated open water at the 12
banks assessed was 77.9 ha or 20% of the total
bank acreage assessed. If only sold-out banks are
considered, this represents a net loss of over 50 ha
of wetland for impacts mitigated at these banks.

Finally, areas of wetland acreage at the 12
bank sites was estimated by determining which
random plots individually met the 3 criteria for
wetland (hydric soil, hydrophytic vegetation,
wetland hydrology) (For this analysis, submersed
and floating aquatic plants were included in the
calculation for determining dominance by

hydrophytes, even though technically they are
excluded by the 1987 Manual). Percent of each
site that was "wetland" ranged from 40% to 100%
with an estimated net-loss of wetland acreage of
70 ha (Table 8).

The dominant community types created or
restored at the banks was evaluated. Emergent
communities (marsh, wet meadow) accounted for
63% of the bank acreage created or restored
(Table9). Wetland forest communities accounted
for only 11% of the acreage created and restored,
and of this only the plots at Big Island can be
considered actual wetland forest restoration where
secondary succession has been initiated; the
forested areas at 3 Eagles, Grand River Lowlands,
and Trumbull Creek banks were all existing
forests with hydrologic "enhancements" (Table 9).
The rarest community type at all mitigation banks
was wetland shrub swamps (2%). No good
examples of typical Ohio shrub communities (e.g.
buttonbush swamp, alder swamp, mixed shrub
swamp) were observed at any of the bank sites.
Finally, 12% of the plots were classified as upland
habitats (usually old field vegetation), and 10% of
the plots were classified as "pond", i.e. inundated
areas with no vegetation. To be included in the
"pond" classification the plots had to be
completely lacking in vegetation, otherwise they
were included in the "marsh" class.

One of the few quantitative standards
included in many instruments of many Ohio banks
is the requirement that the be dominated by
perennial native hydrophytes (>75% coverage)
and have low cover of invasive plants like
Phalaris arundinacea and Phragmites australis
(usually <10%). Using data derived from the
random plots, 31.3% of the bank subareas sampled
had greater than 75% areal cover of perennial
native hydrophytes (FAC, FACW, OBL spp.) an
additional 15.6% of the bank subareas were close



to that goal and would be considered to be on a
trajectory to reaching it (Table 10). When data
from focused and aggregated random plots was
analyzed, i.e. areas vegetated enough to be
"wetland" and excluding random plots coded as
"pond," 23.8% of the plots evaluated (34 out of
101) had 75% or greater cover of perennial native
hydrophytes and 41.5% had greater than 65%
cover and would be considered to be on a
trajectory to reach it (Tables 11 and 12). As a
comparison, the relative cover of just FACW and
OBL species (excluding FAC species) at natural
reference wetlands in Ohio EPA's data set was
65.6%, 73.5% and 81.% for low, medium, and
high quality wetlands, respectively.

The relative cover of invasive species
listed in Table 1 of ORAM v. 5.0 ranged from O to
94% (Table 11) (Lythrum salicaria, Myriophyllum
spicatum, Najas minor, Phalaris arundinacea,
Phragmites, australis, Potamogeton crispus,
Ranunculus ficaria, Rhamnus frangula, Typha
angustifolia, T. xglauca). Thirty-four plots
(33.7%) had no Table 1 species, 73 plots (72.2%)
had <10% cover of Table 1 species, and 69 plots
(68.3%) had <5% cover of Table 1 species (Table
12). Similar proportions were observed for
nonnative and adventive species cover (Table 12).

Plant community evaluation

The quality of the mitigation banks was
assessed using the score and metric values from
the Vegetation IBI (Mack 2004c). Vegetation IBI
scores and metric values were calculated for each
focused plot and from aggregated random plots of
that community type (marsh, wet meadow, forest,
shrub) in a bank subarea (Tables 13 and 14).
Mean VIBI scores for bank plots (36.5) was
significantly lower than good (49.6) to high (77.5)
quality natural reference wetlands, but were
significantly higher than low quality natural
wetlands (17.5) (p <0.05) (Figure 8). Scores from

bank plots were, on average, higher but were not
significantly different from scores from typical
individual mitigation sites (27.8) previously
sampled by Ohio EPA (Figure 7).

Vegetation IBI scores from the bank plots
were compared to Wetland Tiered Aquatic Life
Use (WTALU) categories (Mack 2004c). The
scoring ranges for the WTALUs are calibrated
with HGM class, dominant plant community and
ecoregion. Data from the random plots can be
equated to the area of a bank site with that quality
wetland (Table 15). Of the acreage of banks that
was "wetland", 79.9 ha (25.8%) was Limited
Quality Wetland Habitat (LQWLH) ("poor"
quality), 198.7 ha (64.3%) was Restorable
Wetland Habitat (RWLH) ("fair" quality), and
30.5 ha (9.9%) was Wetland Habitat (WLH)
("good" quality). No plots assessed at the bank
sites were Superior Wetland Habitat (SWLH)
("exceptional" quality). However, 11 plots were
only 2-4 points less than the cut-off for WLH. If
these are included in WLH, the percentage of
WLH quality wetland increases to 54.7 ha
(17.7%).

The average metric values for the bank
plots were compared to natural reference wetlands
and individual mitigation sites (Table 16).
Average metric values for banks and individual
mitigations were not significantly different for the
11 metrics that could be compared (Table 16).
Bank plots had significantly better metric values
than degraded natural reference wetlands (1%
ORAM tertile) for only 3 of 17 metrics
significantly higher (hydrophyte metric where
higher is "better"; or %invasive graminoid and
biomass metrics where lower is "better"). For fair
to good quality natural reference wetlands (2™
ORAM tertile), metric values for bank plots were
not significantly different for 11 of 17 metrics.
High quality natural reference wetlands (3"
ORAM tertile) performed better than average



values from bank plots on 14 of 17 metrics. So,
considering each metric individually, banks had
metric values that were more similar to (not
significantly different from) natural wetlands in
the 2 ORAM tertile.

Simultaneous metric performance for
natural, bank, and individual mitigation plots was
evaluated using PCA. Emergent sites (the
majority of bank plots) and forested sites were
compared separately. Natural emergent reference
wetlands ordinated along Axis 1 from poor to high
quality with the Carex, dicot, FQAI, hydrophyte,
%sensitive and shrub metrics associating with
good condition and biomass, %invasive
graminoids and %tolerant species associating with
poor condition (Figure 10). Of note are plots from
several bank sites that are intermingled with good
to high quality natural wetlands (Panzner Field E
and B, Cherry Valley Area 1 and 3 marshes, Big
Island Area A and C, Trumbull Creek Berm 5
focused plot) although this pattern was not
observed when Axes 1 and 3 and 2 and 3 were
compared (Figures 11 and 12). Most emergent
bank plots and individual mitigations ordinated
apart from all natural wetlands (Figures 10-12).
Axis 2 in these plots was associated with biomass
and annual/perennial species ratios (Sites with low
standing biomass tend to have higher wetland
annual richness; disturbed natural wetlands tend to
have high biomass due to dominance by invasive
graminoids like Typha spp.).

Natural forested wetlands ordinated along
a condition gradient (Figure 13). A few enhanced
bank forests ordinated near good to high quality
natural forests, although it was not possible to
determine in the field how much of the plant
community in these areas was present prior to
"enhancing" the hydrology at these sites. Early
successional forests at Big Island and "green tree"
forests at Grand River Lowlands and Trumbull
Creek ordinated apart from natural wetland forest

plots due to the open canopy and strong presence
of full sun, non-forest species (Figure 13).

Amphibian community evaluation

Given the predominance of emergent
communities and permanent hydroperiods at the
Ohio banks, it is not surprising that amphibian
communities was markedly different from natural
forest and shrub wetlands with seasonal
hydrology. Nine species of amphibians and one
hybrid were collected in the traps deployed during
the study. Ohio mitigation banks were dominated
by several tolerant, early colonizing amphibian
species:  Rana clamitans (Green frogs), Rana
catesbeiana (bullfrogs), Rana pipiens (leopard
frogs), and Bufo spp. (toads (tadpoles of Bufo
americanus and Bufo fowleri cannot be
distinquished). Depending on the bank, one or
several of these species were extremely abundant.
By far the most common amphibian was the green
frog. Overall, green frogs accounted for 37.7% of
the taxa collected, toads 22.2%, leopard frogs
19.1% and bullfrogs 12.3%. No other species
comprised more than 4.9% of the total individuals
encountered. Other amphibian species
occasionally observed included Pseudacris
crucifer (spring peeper) (4.9%), Pseudacris
triseriata (western chorus frog) (2.5%) , Hyla
versicolor (gray tree frog®) (0.5%), Ambystoma
texanum (smallmouth salamander) (0.75%), and
Ambystomatid salamander hybrids (0.01%) (Table
17). The only two sensitive species collected
were tiger salamander (Ambystoma tigrinum)
(0.08%) and red spotted newt (Notophthlamus
viridescens) (0.04%). Tiger salamanders were
collected at Slate Run Southeast near an existing
wetland forest and red spotted newts were

2 This may have included the

tetraploid hybrid, Hyla chyrsoscelis (Cope’s gray tree
frog), which can be only be differentiated by its song.



encountered in all three Trumbull Creek subareas;
Berm 5, 7E, and 7F, which are located within or
adjacent to large acreages of mature intact forest.
Spotted salamanders (Ambystoma maculatum) and
wood frogs (Rana sylvatica), species associated
with high quality natural wetlands in Ohio
(Micacchion 2002, 2004), were not collected at
any of the mitigation banks.

The quality of amphibian habitat at Ohio
mitigation banks was evaluated using the
Amphibian Index of Biotic Integrity (AmphIBI).
The AmphlIBI is a measure of the quality of the
amphibian community utilizing data from natural
wetlands that correlates well with the degree of
human disturbance experienced by those wetlands
(Micacchion 2002, 2004). AmphlIBI scores can
vary from 0 to 50: scores of 0 to 9 indicate poor
quality, 10 to 19 fair quality, 20 to 39 good
quality and 40 to 50 exceptional quality
(Micacchion 2004).  All but four of the bank
subareas sampled had AmphlIBI scores of 0, and
all four of those had a score of 3. The AmphIBI
scores of the Ohio banks were also significantly
than
dominated by emergent vegetation (marshes, wet

lower scores from natural wetlands
meadows) (Figure 14).

Finally, PCA was used to compare the
amphibian communities at the mitigation banks
with amphibian species relative abundance data
from 111 natural emergent and woody dominated
(forest and shrub) wetlands and also with data
from individual Ohio wetland mitigation projects
(Figure 15). The natural wetlands spanned the
range of disturbance from least impacted to highly
disturbed.

mitigation banks clearly ordinated apart from

Amphibian communities at Ohio

other sites and were furthest removed from natural
forest and shrub dominated wetlands. Individual
mitigation sites clustered together most closely to
the mitigation bank sites. Natural emergent

wetlands also clustered together in the middle of
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the graph separated from individual mitigation and
mitigation bank sites as well as high quality
shrub Spotted
salamanders and wood frogs are species separating

natural forest and sites.
the natural forest and shrub sites from other sites
whereas green frogs, leopard frogs and toads are
separating out the individual mitigation and

mitigation bank sites.

Forest succession

Only one bank (Big Island) had large
areas where secondary succession of wetland
forest had been clearly initiated (Areas A and D)
(a small area at Hebron Bank also appeared to be
reverting to forest) (Tables 18 and 19).
densities of wetland tree species averaged 1065
stems/ha in the Big Island plots (Table 18). Forest
subcanopy trees and shrubs (e.g. Lindera benzoin)

Stem

were absent at Big Island, but several plots had
relatively high densities of willows and dogwoods
(Table 19).
"enhanced" forest:

Four other banks had areas of

1) At 3 Eagles Bank hydroperiod and

water depth were increased by
impounding water into areas of mesic
floodplain forest. These areas remain
dominated by mesic forest species (Tables
18 and 19). The main effect of enhancing
the hydrology has been to kill mesic tree
species but these have not been replaced
with wetland tree species (standing dead
ranged from 163-300 stems/ha) (Table

18);

2) At Grand River Lowlands (Area F),
dikes were built around and through
existing forest dominated by Quercus
palustris (pin oak) and Q. bicolor (swamp
white oak). In the bank instrument, this
area was characterized as mostly non-



wetland but sampling for this study
strongly suggests that this was a pre-
existing oak swamp. Importance values
for pin oak and swamp white oak were
0.436 and 0.347, respectively (Table 19).
The impoundment in Area F has killed
many trees with stem densities of standing
dead trees ranging from 1150 to 1750
stems/ha (Table 18). Areas of existing
second growth forest in Areas A-D and B-
C of Grand River Lowlands have been
also been killed (standing dead 2950 and
2400 stems/ha, respectively) (Table 18);

3) At Trumbull Creek (Berm 7F), a large
hummock-hollow wooded area dominated
by Fraxinus pennsylvanica, had large
dikes built around and through it to
As at
Grand River Lowlands, this area was

impound water into the forest.

characterized as mostly upland forest due
toalack of hydrology. Importance values
indicated a highly diverse preexisting
forest with the following tree species
having importance values >0.10: Acer
rubrum (0.201), A. saccharum (0.133),
Fagus grandifolia (0.164), Fraxinus
pennsylvanica (0.361), Liriodendron
tulipifera (0.164), standing dead (0.379)
(reflecting the effect of the impoundment)
and Ulmus rubra (0.252) (Table 19).
Stem densities of standing dead trees
ranged from 1183 to 2570 stems/ha in
Berm 7F (Table 18). Areas of existing
second growth forest were also killed in
area Berm 7E, Berm 6, and Berm 5.

4) At White Star Expansion, hydrology
was enhanced in an existing Fraxinus
pennsylvanica (green ash) dominated
forest with prickly-ash (Zanthoxylum
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americanum) and black-haw (Viburnum
prunifolium) thickets. Extensive areas of
mesic forest with Quercus rubra, Tilia
americana, and Carya ovata were also
present outside the limits of inundation
The
enhancement seems to be effective with

but within the bank boundaries.

considerable die back or stress of upland
shrub and tree species observed while
wetland species appear to be thriving.
The bank has plans to plant wetland trees
and shrubs in subsequent years.

In addition to areas of "enhanced" (usually dead
or dying) forest noted above, existing young to
well-established second growth forest was killed
by the impoundment of deep permanent water in
Big Island Area B and Sandy Ridge Area 1
(Tables 18 and 19).

Only a few areas at any of the banks (parts
of Big Island Area A, B, and D), south end of
Chippewa, parts of Panzner Areas B and C, parts
of White Star South) (Table 18) could be
considered dominated by wetland shrubs and no
examples of typical wetland shrub communities in
Ohio were observed at any bank (Table 19). In
fact, common wetland shrub species were only
occasionally observed: Cephalanthus occidentalis
(9 plots), Cornus amomum (23 plots), C. sericea
(1 plot), Lindera benzoin (6 plots), Rosa palustris
(1 plot), Viburnum recognitum (8 plots) (Table
19).

Hydrology

A total of 38 wells were installed in 31 of
the 33 subareas sampled. Wells were not able to
be installed in every subarea of every bank due to
logistical constraints (Table 20). Because each
bank had distinct hydrologic characteristics, the
hydr