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ABSTRACT PAGE

Creation of wetlands has been used since the 1980s as a tool for the mitigation of natural
wetlands lost to development. Although current wetland policy attempts to compensate for
lost wetland acreage, replacement of function may lag considerably. To measure this
suspected lag, | evaluated the plant community and soil composition of nine created
palustrine forested wetlands in Virginia relative to natural reference wetlands. A previous
study (Fajardo 2006) indicated that the vegetation and soil composition was far from that
observed in natural wetlands. This study re-sampled these wetlands in 2008 to determine
whether the functional gap between created and natural wetlands has changed with age,
and to create a baseline for future assessment. Plant communities were analyzed for the
presence of hydrophytic vegetation (weighted average) and species richness. Our results
showed that all sites had >50% plots dominated by hydrophytic vegetation and most
exhibited positive successional changes represented by more woody species. Soil cores
were obtained from around the vegetative plots and analyzed for physical, chemical, and
morphological properties. Organic matter nearly doubled (to 4.41%). C increased, while N,
Fe, and P increased significantly (to 1.68%, 0.17%, 0.75%, 159 mg/kg respectively), while
C:N decreased significantly (to <14:1). Modified Soil Particle Density decreased significantly
in most sites. Three sites exhibited soil chroma changes towards becoming more oxidized,
four more reduced, and two saw no overall change. Results of this study could be used to
validate the untested assumption that created palustrine forested wetlands may attain the
functional equivalency of wetlands lost to development.
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Chapter 1. Introduction and Literature Review

1.1 INTRODUCTION

Since the policy of “no net loss” was adopted by former President George H.
Bush in 1989, compensatory mitigation has become a widespread practice throughout the
United States. The short-term goal of “no net loss” is to halt the decline in the overall
wetland area of the U.S., while the long-term is a net gain of the country’s wetlands
(Sibbing n.d.). “No-net-loss” calls for the mitigation of impacts to wetlands, and calls for
creation or restoration of wetland sites damaged due to unavoidable impacts to natural
sites through in-kind replacement when possible (Salzman and Ruhl 2006).

Developers who cannot avoid construction to wetlands must acquire a special
permit in order to proceed, which also requires a mitigation plan in order to replace the
impacted wetland type. This is achieved through negotiations with the Department of
Environmental Quality (DEQ). The plan options include preservation, restoration, and
creation of wetlands. However, only restoration and creation calls for an end result of an
overall increase in wetland area relative to the area impacted. Restoring wetlands
involves transforming natural sites that have been degraded by anthropogenic forces,
usually by land conversion from hydrologic diversion, by reestablishing the hydrology
and vegetation that once dominated the landscape. Preserving wetlands requires purchase
and donation of a large natural site (or multiple sites) in order to prevent future
developers from impacting those sites. Creating wetlands usually involves the conversion
of upland environments to wetland environments by removing soil horizons from the

landscape until the appropriate depth is reached, usually close to the seasonal high water



mark. As a result, groundwater and/or surface runoff are able to affect the landscape in
ways that strongly influences the development of soil and vegetation.

The “no-net-loss” wetlands’ policy is excellent in concept in that it proposes to
eliminate further total wetland losses in the United States, a country that has already lost

‘more than 50% of wetland resources in just its first two-hundred years (Dahl 1990; Ohio
Division of Wildlife). However, studies have shown that “no-net-loss” did not become
the planned success it was originally anticipated to be (Zedler and Callaway 1999;
Sibbing n.d.; Salzman and Ruhl 2006). Permits usually require a monitoring time of five
to ten years. However, many permits are not followed through on, and many sites are
never created. This is usually due to limited oversight and enforcement by the ACOE
(Salzman and Ruhl 2006).

Additionally, due to limited knowledge of developers and researchers and natural
fluctuations, sites may develop into a wetland type different from that required by the
permit (i.e., emergent growth rather than forested) (Cole and Shafer 2002). Permit
holders often monitor sites for only a short period of time, and they may erroneously
expect that the sites are nearing functional wetland status. In mitigation of climax
communities (i.e., forested wetlands), the literature shows that five to ten years may be
too short of a time for the sites to mature and fully compensate for those wetland areas
and their functional losses (Zedler and Callaway 1999; Giese and Flannagan, unpublished
data).

In order to account for low success rates in replacement capabilities, the U.S.
Army Corps of Engineers (ACOE) mandated that developers create additional area

beyond the size of what was originally impacted. These mitigation ratios are based on the



relative success of compensation (i.e., creation and restoration) efforts to date. Emergent
wetlands are relatively easy to replace qualitatively, followed by shrub-scrub, and then
forested wetland types. The required mitigation ratios (required acres: impacted acres) are
1:1, 1.5:1, 2:1, respectively (VDEQ n.d.); although some studies recommend that even
these figured may not be sufficient (Robb 2002). Sites that are particularly unique may
require > 5:1 acres to be mitigated in compensation (MDEQ n.d.).

The nationwide success of restored and created wetlands is limited as a result of
insufficient remediation efforts of permit holders (Kettlewell et al 2008; Maguire 1985;
Race 1985; Mager 1990; Holland and Kentula 1992; Zedler and Callaway 1999; Cole and
Brooks 2000; Robb 2002; Kihslinger 2008). Many permit holders comply with the
minimum requirements of planting and then move on without any monitoring (Salzman
and Ruhl 2006), while others avoid compensation by not creating or restoring sites at all
(Robb 2002).

Most often, the success of mitigation is based on the existence of a completed
mitigation project, rather than success of individual sites in replacing wetland functions.
The need for compensation policy is still essential. New policy that legislates more
effective sites, larger mitigation ratios (Zedler and Callaway 1999), and consistency in
construction methods may needed to insure improvement in the functional statuses of
created sites.

Based on the goals of governmental policy, there is a need to design successful
created forested wetland sites. There exists a lag in wetland creation science in that

created forested sites take longer to mature than the science has existed. Few studies have



incorporated a temporal component to evaluate functional status while establishing a
baseline for future studies (O’Donnell and Galat 2008).

The theory of a set developmental trajectory, the supposedly clear pathway that
created sites follow in order to meet some hypothetical quantitative and qualitative goal
of functional success, may only be viable as just that, a theory (Zedler et al. 2001).
However, providing the necessary hydrologic, soil, and vegetative background, and
sufficient time for development might foster a created wetland’s functional improvement.
Nevertheless, some aspects of the design must be left to natural development (Mitsch and
Gosselink 2000).

Current policy is based around the central concept of monitoring created sites for
up to the first decade. Jorgenson (1994) reported that the further initial conditions are
from their natural state, the longer it takes for that system to reach equilibrium within the
natural system. As a result, it may take many centuries to reach a stable equilibrium with
nature. While a true final age of maturity for these sites may never be fully agreed upon,
a more appropriate length of monitoring may be invaluable for adjusting policy
requirements for mitigation.

A realistic trajectory might allow developers to more accurately envision the
changes that may occur at sites over time, in order to better evaluate the different
methods of creating wetlands that yield the more effective functional outcome. As
required by the permitting authority, hydrology, soils and vegetation are monitored for up
to ten years by the creator. However, after this time, many permit-holders assume that the
sites are equivalent with reference sites and will continue to be. In many instances, sites

are minimally monitored after this marker (Salzman and Ruhl 2006), or this information



is not disseminated to show that monitoring has occurred and to share the results of the
research (O’Doonnell and Galat 2008). Monitoring may characterize trends rather than
assess project effectiveness (O’Doonnell and Galat 2008), and/or created sites do not
resemble or function as natural wetlands at project completion (Race 1985; Reinartz and
Warne 1993; Mitsch and Wilson 1996; Cole and Brooks 2000).

This study shows that consistent and increased monitoring may be necessary in
order to ensure correct developmental growth, and that proven methods of site creation
must become standard. In order to determine some of the most effective wetland creation
methods, I am creating a baseline of key wetland characteristics at nine created palustrine
forested wetlands.

The specific aims of this study were to:

1. Determine the relative effectiveness of wetland construction practices over time, such
as application of organic amendments, or the use of cut versus filled sites; and

2. Evaluate the change in vegetative cover, species dominance, and successional change
(i.e. presence of woody species) over time in created wetlands, in order to determine if
the sites exhibit characteristics consistent with natural wetland indicators; and

3. Analyze the change over time of key soil characteristics and determine if the created
sites exhibit characteristics consistent with natural wetland indicators; and

4. [llustrate a developmental trajectory of potential growth in created wetlands according
to actual development, as compared to reference sites, in order to visually evaluate any
changes over time towards becoming functional, mature sites.



1.2 FUNCTIONS AND VALUES OF WETLAND ECOSYSTEMS

Wetlands exist as ecotones in the environment, functioning as the transition
between aquatic and terrestrial environments (Cowardin et al. 1979, Mitsch and
Gosselink 2000; Dahl 2006) because they share characteristics of both distinct systems.
Wetlands are terrestrial systems with anaerobic soils for at least part of the growing
season, while the dominance of trees, shrubs, grasses, mosses and other vascular plants
distinguishes wetlands from aquatic systems (van der Valk 2006). Specifically, the
boundary between the wetlands and aquatic environment lies at rooted emergent
vegetation.

Natural wetland functions include trapping excess nutrients, nutrient cycling
(Giese and Flannagan, unpublished data), and serving as habitat for unique biota and
environments for sediment to settle out of the water column. Values for humans that go
beyond the health of the single ecosystem are numerous and varied. Wetlands mitigate
flood events (EPA, 1995), aid as aquifer recharge mechanisms (Salzman and Ruhl 2006;
Mitsch and Gosselink 2000), and serve as nurseries for fish and shellfish in coastal areas
and habitat for plant and vertebrate populations (Dahl 1990; Mitsch and Gosselink 2000;
Salzman and Ruhl 2006). Additionally, wetlands function to clean wastewater by settling
excessive sediment and filtering toxic pollutants (Mitsch and Gosselink 2000).

There is an undeniable need for wetlands in the global economy and society. The
question is how to convey this need to people outside of the field who might otherwise be
interested in preserving this resource. This anthropocentric view of wetlands implies that
they hold certain values: something of worth, are useful, or otherwise provide something

advantageous for humans that arises from natural wetland functions (Brinson and



Rheinhardt 1998; Mitsch and Gosselink 2000). All wetland sites provide natural
functions, some more than others; however, not all of these functions may be documented
or viewed as providing societal values.

1.3 HISTORY, POLICY, AND REGULATION

As a result of negative sentiments and poor government policies, more than 50%
of American wetlands were depleted in the country’s first 200 years (Mitsch and
Gosselink 2000; Ohio Division of Wildlife n.d.; Dahl 1990). Sites were drained or filled
to be used for agricultural, forestry, and coastal land development (Mitsch and Gosselink
2000; Dahl 2006). Dahl (1990) estimated that while some states had lost very few
wetlands, others had lost nearly 90% by the 1980s. By this point, Virginia had lost 42%
of its wetlands (Dahl 1990).

Changing public attitudes toward industrial impacts on the environment led to
legislation in the 1970s which brought protection for wetlands with section 404 of the
Clean Water Act (1977) (Mitsch and Gosselink 2000). In this legislation, wetlands are
protected to help maintain the health of U.S. waterways. Through this act, the U.S. Army
Corps of Engineers (ACOE) was given the authority to grant or withold permits to
developers to dredge or fill wetland environments, and in essence became a “Protector”
of water resources (ACOE 2004) The ACOE defined these sites as:

Those areas that are inundated or saturated by surface or ground water at a

frequency and duration sufficient to support, and that under normal circumstances

do support, a prevalence of vegetation typically adapted for life in saturated soil
conditions (Environmental Laboratory 1987).

The ACOE solicited the advice of the U.S. Fish and Wildlife service (FWS), as well as
the U.S. Environmental Protection Agency (EPA) and other government departments in

order to design the standards for wetland protection and mitigation.



The ACOE Regulatory Program protects wetlands by encouraging developers to
circumvent losses and mitigate those that are unavoidable (ACOE 2004; US EPA 2004).
Sites with especially rare habitats or species are usually better protected through the
developer’s need to mitigate impacts to these sites with higher ratios (Granger 2004).
Although 97% of permit applications are granted (Totenberg 2006), the lengthy and
expensive process has helped to deter development in these environments and the rate of
wetland loss has decreased since the 1950s (Bridgham et al. 2006; Dahl 2006).

To further mitigate local impacts from converted wetland sites, the EPA and the
ACOE favor compensation efforts that produce on-site and in-kind developments
(Salzman and Ruhl 2006). An on-site versus an off-site development refers to creating a
wetland < 1km from the impacted site. An in-kind wetland attempts to recreate the
wetland that was lost, according to its Cowardin classification (Cowardin et al. 1979). In
this way, the watershed has the potential to regain the functions lost to the developed site.

Compliance can be achieved by a variety of methods including restoration of
areas that were historically wetland areas, enhancement of low-quality, damaged
wetlands (both methods of restoration), or creation of a wetland in a historically upland
or deepwater area, and the preservation of existing wetlands (Mitsch and Gosselink 2000;
Norfolk District Corps and VDEQ 2004; Salzman and Ruhl 2006; Virginia State Water
Control Board 2007). As mentioned earlier, the method of compliance is up to the
developer and the Department of Environmental Quality (DEQ); however, options of
restoration and creation are favored by the Virginia State Water Control Board (2007)
since this increases total local wetland area. However, it also makes compensation with

immature wetlands more financially favorable than maintenance of mature sites (Salzman



and Ruhl 2006). Achieving functional success at created sites is a long process with
mixed results (Kettlewell et al 2008; Eliot 1985; Race 1985; Mager 1990; Holland and
Kentula 1992; Maguire 1985 and Reimold and Cobler 1985 from Mitsch and Wilson
1996; Zedler and Callaway 1999; Streever 1999; Cole and Brooks 2000; Robb 2002;
Dahl 2006).

The national policy of “no-net-loss” was first devised by the National Wetlands
Policy Forum (The Conservation Foundation 1988), and later adopted into national policy
by George H.W. Bush in 1988 (Dahl 2006). A study twelve years later by the National
Research Council (2001) showed that despite efforts, around 60,000 acres were still lost
in the United States annually (NRC 2001; Esty 2007). In 2004, George W. Bush set an
ambitious goal to improve and protect more than three million acres of wetlands within a
five year period (Dahl 2006).

In a follow-up report by Kihslinger (2008) only a fraction of the sites that had
been implemented according to permit requirements were deemed functionally
successful. This loss represents the failures of both implementation and functional failure
of both individual and banking mitigation sites (Mack and Micacchion 2006; Kettlewell
et al 2008 Kihslinger 2008), that have resulted from the issuance of around 80,000
permits per year (Stokstad 2008) to mitigate 47,000 acres of wetland per year (Kihslinger
2008). The Government Accountability Office faulted the ACOE for this discrepancy, as
a result of their not asserting jurisdiction in monitoring the outcomes of wetland
permitting.

In recent years, the Clean Water Act has also fallen under scrutiny which has

affected the protection of natural wetlands. In 2009, the Clean Water Restoration Act was



established with the hope to define the CWA for wetlands all waters (Clean Water
Action). Regardless, wetlands in Virginia were protected during this time because state
laws are more stringent than Federal (e.g., Virginia Constitution - Article XI, Section 1,
1972 VA Wetlands Act, and Virginia’s Chesapeake Bay Preservation Act). Additionally
the Norfolk District Corps and VDEQ (2004) lay out rigorous guidelines for constructing

wetlands.

1.4 WETLAND CRITERIA

A jurisdictional wetland is one that is legally considered to be a wetland under
Section 404 of the Clean water Act (ACOE 2008). These sites must be defined by
effective wetland hydrology, hydrophytic vegetation, and hydric soils (Mitsch and
Gosselink 2000; Whittecar and Daniels 1999). Moreover, these characteristics are not

independent.

1.4.1 Wetland Hydrology Criteria and Indicators

Effective wetland hydrology may by characterized by the frequency and duration
by which the depth of the water table saturates or inundates the upper soil substrate
during at least part of the growing season, in order to support hydrophytic vegetation
(Mitsch and Gosselink 2000; ACOE 2008). Wetland indicators provide evidence of a
continuing hydrologic regime, rather than a historical one (ACOE 2008).

Being transitional environments, there also exists a gradual topographic cline at
sites between upland and the wetland environments. According to site morphology,
wetlands may be fed by any combination of groundwater infiltration, precipitation, and/or

stream overflow (Mitsch and Gosselink 2000). Before developing land into a created
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wetland, the hydrology should be monitored via piezometers (i.e., wells) for a few
growing seasons to determine the overall hydroperiod that the site might experience
during any given year (Whittecar and Daniels 1999; Mitsch and Gosselink 2000). The
ACOE requires that:

The site is inundated (flooded or ponded) or the water table is <12 inches below
the soil surface for >14 consecutive days during the growing season at a minimum
frequency of 5 years in 10 (=50% probability). Any combination of inundation or
shallow water table is acceptable in meeting the 14-day minimum requirement.
Short-term monitoring data may be used to address the frequency requirement if
the normality of rainfall occurring prior to and during the monitoring period each
year is considered (ACOE 2005).

Indicators of wetland hydrology in the Atlantic Coastal Plain Region (ACOE 2008):
In order to determine if wetland hydrology is present, the site must exhibit either one
primary indicator, or two secondary indicators.
1. Direct observation of surface water or groundwater.
a. Primary: Surface water, high water table, saturation.
2. Evidence that a site is subject to flooding or ponding.

a. Primary: water marks, drift deposits, sediment deposits, algal mat or crust,
Fe deposits, inundation visible on aerial imagery, water-stained leaves,
aquatic fauna.

b. Secondary: surface soil cracks, sparsely vegetated concave surface,
drainage patterns, moss trim lines.

3. Other evidence that the soil is, or was recently saturated.

a. Primary: H,S odor, oxidized rhizospheres along living roots, presence of
reduced Fe or S in the soil profile, recent Fe reduction in tilled soils, thin
much surface.

b. Secondary: dry-season water table, crayfish burrows, saturation visible on
aerial imagery.

4. Landscape vegetation and soil features indicative of contemporary wet conditions.

a. Secondary: geomorphic position, shallow aquitard, FAC-neutral test.

1.4.2 Hydric Soils Criteria and Indicators

Hydric soils are “soils that formed under conditions of saturation, flooding, or
ponding long enough during the growing season to develop anaerobic conditions in the
upper part" (Federal Register 1994). Saturation or inundation depletes the soil of new

oxygen inputs since the gas diffuses 10,000 times more slowly in water than in air
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(Greenwood 1961; Brady and Weil 2008). The soil oxygen is quickly utilized by the flora
and microbial biomass for metabolism until it is depleted, at which point the microbial
biomass becomes dominated by anaerobes that utilize alternative elements as terminal
electron acceptors (TEA) when breaking down the organic matter (Mitsch and Gosselink
2000; Brady and Weil 2008). There exists a hierarchical schematic for the metabolism of
soil organic matter according to the redox potentials at which they were observed to
occur (Table 1) (Mitsch and Gosselink 2000; Bailey et al. 2007; Brady and Weil 2008).
When oxygen is depleted, the soil redox potential falls below 0.38 to 0.32 V, and the next
most easily reduced substance, nitrate, is reduced, etc. (Brady and Weil 2008). The result
is anaerobic soils.

Soil colors change as a result of oxidation or reduction of certain elements which
results in the transformation, accumulation, or loss of these compounds from the soil
solution (Table 1). The compounds are the basis for a range of redoximorphic features
which vary in color, and as a result, comprise a large portion of hydric soil field
indicators (Megonigal 1993; Fajardo 2006; Brady and Weil 2008; USDA NRCS 2010).
The reduction of elemental oxides like iron and manganese remove the colors from the
soil particle surfaces which results in the predominance of a gray soil matrix (reduced
matrix), and similarly- redox depletions (Mitsch and Gosselink 2000; Brady and Weil
2008; USDA NRCS 2010). These elements can be re-oxidized as redox concentrations
elsewhere —most notably in the rhizosphere where hydrophytic plant roots have the
potential to leak excess oxygen — as pore linings, root channels, or iron oxide plaques

(Mitsch and Gosselink 2000; Weiss et al. 2003; Neubauer et al. 2007; Brady and Weil
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2008). The presence of these and certain other indicators are considered proof-positive
field evidence of hydric soils (Fajardo 2006).

Table 1: Oxidized to Reduced Forms and Charge for Several Elements and Redox
Potentials Ey, at which The Redox Reactions (Oxidation-Reduction Reaction) Occur in a
Soil at pH 6.5 (Adapted from Brady and Weil 2008: Table 7.1).

Oxidized Cha.rg.e °"  Reduced Charge on E;, at which change
Element oxidized reduced
Sform clement form of form occurs, V
Oxygen = O, 0. HO . 038t00.32
Nitrogen NO5 15 N - 0.281t00.22
‘Manganese Mn* +4  Mn™® 2 02210018
fron  Fe” 3 R 2 0.11t00.08
Sulfur ~ SO& A6 RS e A2 - -0.14t0-0.17
Carbon CO, +4 CH4 -4 -0.20 to -0.28

Since anaerobic metabolism occurs much more slowly than aerobic
transformations (accumulation exceeds the rate of decomposition), hydric soils can
usually be characterized by high levels of organic matter (Whittecar and Daniels 1999;
Mitsch and Gosselink 2000; Norfolk District Corps and VDEQ 2004; Brady and Weil
2008). This is especially true in the surface layers where litter is deposited directly by
hydrophytic vegetation. The rate of decomposition by the microbial biomass is regulated
by environmental conditions including, but not limited to temperature, pH, litter
palatability and supply of TEAs (Mitsch and Gosselink 2000), and site hydroperiod (Stolt
et al. 2001).

Hydric soil indicators in the contiguous United States (USDA NRCS 2010):
All soils have a dominant chroma of <2, or if >2, unless noted (*), the thickness
of the layer(s) is < 15cm. Nodules and concretions are not considered to be redox
concentrations, unless noted (*).
1. Soil indicators for all soils (any USDA texture):
a. All Histosols except Folists, Histic Epipedons, Black Histics
b. Hydrogen sulfide
c. Stratified layers, depleted below dark surface, thick dark surface

d. Organic bodies, muck presence, coast prairie redox*
2. Sandy soil (texture of loamy fine sand and coarser) indicators:
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a. Sandy mucky mineral, mucky peat or peat, sandy gleyed matrix, sandy
redox, stripped matrix*,
b. Dark surface, thin dark surface, poly value below surface
3. Loamy and clayey soil (textures of loamy very fine sand and finer) indicators:
a. Loamy mucky mineral,
b. Loamy gleyed matrix, depleted matrix
c. Depleted below dark surface, thick dark surface, redox dark surface,
depleted dark surface
Redox depressions*, vernal pools, marl,
Depleted ochric, umbric surface,
[ron-manganese masses*
High plains depressions”, delta ochric, reduced vertic
Piedmont flood plain soils*
Anomalous bright loamy soils*

FEE o e

1.4.2.1 Physical Soil Properties

1.4.2.1.1 Modified Soil Particle Density (MSPD)

Modified soil particle density (MSPD) is a measure of the mass of dry soil within
a certain volume, typically measured in grams per cubic centimeter. Typical mineral soils
have MSPDs around1.25 g/cc, but these values can increase to 2.00 g/cc and occasionally
even higher in more compact soils. Compacted soils occur as a result of construction
from heavy machinery which has the potential to create layers such as traffic pans under
the right moisture regime (Brady and Weil 2008). This compaction cannot be reversed
naturally for decades or centuries, so instead, deep ripping of the soil may be necessary.
Soils become root limiting to vegetation between 1.45 g/cc for fine textures to 1.75 g/cc
for coarse loamy textures (Daniels and Whittecar 2004).

As a result of this compaction, soil particles are pushed closer together which may
reduce infiltration capacity, and soil pore space. Since soil pores hold both gases and
water, a decreased volume of pore space reduces the water holding capacity of the soil,

and MSPD is therefore increased (Fajardo 2006; Brady and Weil 2008).
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Correspondingly, soil strength then increases (Brady and Weil 2008) which can severely
retard or fully prevent vegetative rooting ability, through its inability to push through the
soils (Nair et al. 2001; Fajardo 2006).

Surface soils are more likely to contain higher levels of organic matter, which has
a lower particle density. Surface soils also tend to be characterized by more soil
aggregation and higher concentrations of roots and soil-dwelling organisms that also
breakdown the soil. These are all factors that lead to lower MSPDS (Brady and Weil
2008). Deeper horizons are normally affected by contrary characteristics, and can also
become compacted from the addition of the weight from upper horizons, which results in

higher MSPDs (Brady and Weil 2008).

1.4.2.1.2 Organic Matter

Soil organic matter (OM) is comprised of the remains of biota including the living
soil microbial biomass, as well as the stable organic humus (Brady and Weil 2008). It
supports macroinvertebrates, increases the cation exchange capacity (CEC), hydraulic
conductivity, and water holding capacity of the soil, reduces modified soil particle
density and increases aggregation, removes toxins and metals from the soil solution,
releases nutrients for floral and faunal uptake, and stores global C (Mitsch and Gosselink
2000; Bruland and Richardson 2004; Bailey et al. 2007; Brady and Weil 2008). Since
OM exerts so much influence over these important characteristics it is frequently utilized
as a measurement to assess hydric soil development, and overall functional status (Nair et
al. 2001; Fajardo 2006).

Organic matter can be oxidized quickly in aerobic systems (i.e. upland

environments), especially in warm, dry climates, where decomposition rates are greater
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than rates of accumulation (Brady and Weil 2008). In anaerobic wetlands, decomposition
1s hindered which allows OM to accumulate much more readily (Mitsch and Gosselink
2000; Brady and Weil 2008). This accumulation occurs most readily at the surface layers,
which exhibit typical characteristics of containing high levels of OM: lower mass, lower
modified soil particle density, higher moisture content, and higher porosity (Bailey et al.
2007). Correspondingly, the deeper soil layers which typically contain less OM, are
characterized by: higher mass, lower porosity, lower moisture content, and much higher
MSPDs.

A soil OM level of 4% is deemed the standard target for mineral organic wetland
soils since that is the reference natural forested wetland average (Atkinson et al. 1993;
Cummings 1999). Soil OM levels may take decades to reach the equivalent depths of
reference natural wetlands (Odum 1969; Windham et al. 2004; Bailey et al. 2007). In
order to jumpstart growth at the systems, many studies recommend using OM
amendments in creation methods and guidelines (Bischel-Machung et al. 1996; Brinson
and Rheinhardt 1996; Mitsch and Gosselink 2000; Cole and Brooks 2000; Stolt et al.
2000; McKinstry and Anderson 2003; Daniels et al. 2005; Norfolk District Corps and
VDEQ 2004; Bailey et al. 2007; Bruland et al. 2009). Additionally, Bailey et al. (2007)
recommended a rate of application of 112 Mg/ha as the optimal amendment to increase
nutrient levels and overall primary production levels to those consistent with natural
systems, while minimizing elevation changes. Topsoil from the disturbed natural site may
serve as an additional organic source when stored properly. This soil is usually laden with

a natural seedbank and microbial biomass, and has been shown to create more desirable
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soil conditions in created sites (i.e., lower bulk density, higher water holding capacity,

etc.) (Bruland and Richardson 2004).

1.4.2.1.3 Chroma

The chroma of a soil indicates the purity, strength, or saturation of the color
(Munsell Soil Color Charts 2000; Brady and Weil 2008). Darker chroma (lower numbers)
indicate higher levels of organic matter coating the particles in the soil layer. Megonigal
et al. (1993) found chroma to be strongly correlated with redox potential and soil O
content, and found gleying and low chroma to be a proxy measurement for more detailed
measurements of redox potential (Brady and Weil 2008). More specifically, soil chroma
< 2 indicate periods of anaerobic conditions (Hossler and Mitsch 2004; USDA NRCS

2010).

1.4.2.2 Soil Chemical Properties

1.4.2.2.]1 Total Nitrogen

Nitrogen is the first element after oxygen to be reduced in the wetland
environment which makes it important for the oxidation of organic matter (Table 1)
(Mitsch and Gosselink 2000). It is important for development and growth for a variety of
plant processes (i.e. photosynthesis and carbohydrate use), including uptake of other
nutrients (Brady and Weil 2008). However much of the N in soils is largely not plant-
available without microbial transformation in the rhizosphere or oxidized soil layer.
These transformations also remove excess nitrates from the soil solution through
denitrification and plant assimilation (Mitsch and Gosselink 2000; Hossler and Mitsch

2004; Brady and Weil 2008).
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1.4.2.2.2 Carbon to Nitrogen Ratio (C:N)

C:N is an indication of OM decomposition and stabilization (Nair et al. 2001;
Brady and Weil 2008). Different types of organic litter have different levels of ratios of
C:N, and so OM amendments added to sites must be chosen carefully. Detritus with high
C:N can typically can range > 100s:1 (i.e., sawdust, newspaper) while better quality
detritus contains a C:N range of 15:1 to about 30:1 (i.e., grass or compost) (Brady and
Weil 2008).

OM with high C:N have relatively low palatability due to high C-content and
immobilized nitrogen. The low N levels will also cause microbes to supplement N from
the soil solution which will cause a nitrate depression whereby N is unavailable to
vascular plants. OM characterized by low C:N provides this necessary N for microbes,
which maintains soil N. As a result, a nitrate depression does not occur, and nitrate soon
becomes plant-available (Brady and Weil 2008).

Newer soils, such as those implanted into created wetland sites, typically have
high C:N levels. It is only once the soils have been transformed by microorganisms that
the levels decrease. Typical C:N ratios of created wetland soil are between 15:1 to 25:1

(Nair et al. 2001).

1.4.2.2.3 Total Iron

Iron is important for chlorophyll formation and is used in enzymes, especially
those used for redox transformations (Brady and Weil 2008). Oxidized (ferric) iron
displays a characteristically bright red color as iron oxides that coat the soil particles in
aerobic conditions. Under anaerobic conditions, reduced (ferrous) iron is removed from

the soil particles, due to its higher solubility (Brady and Weil 2008). This leaves the
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gleyed, gray matrix typical of wetland soils (Mitsch and Gosselink 2000; ACOE 2008;
Brady and Weil 2008; USDA NRCS 2010). Ferric iron can be reformed along the
rhizosphere as iron plaques and exert influence on the mobility of P (Weiss et al. 2003;

Neubauer et al. 2007).

1.4.2.2.4 Total Phosphorus

Phosphorus is essential for optimal plant growth, functioning in photosynthesis,
reproduction and maturation, N-fixation, and root growth (Brady and Weil 2008).
Phosphate can be deposited in wetlands as particulates, or dissolved P can adsorp to clay
particles (Klapproth and Johnson 2000). By being retained by colloids and oxides,
inorganic P can become desorbed to the soil solution, and made available to plants as
phosphate ions. Organic P is the more valuable form to flora and is mineralized from
decomposing OM (Brady and Weil 2008). Its availability generally increases in hydric
soils, but it can be precipitated out by equally available iron (Mitsch and Gosselink
2000).

The soil of a created wetland must be given time to weather and allow plants to
both incorporate and reconstitute the soil P from inorganic to organic. With time, and the
increase of organic P from vegetative litter, vegetative species diversity can increase to
include species that require higher levels of organic P.

Human activities have contributed large amounts of P to the natural environment
(agriculture, waste treatment, etc) which have resulted in heavy system nutrient
enrichment (Mitsch and Gosselink 2000; Hogan et al. 2004; Brady and Weil 2008).
Excess nutrients are removed by transformations in wetland soil systems which may then

prevent eutrophication in sensitive systems.
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1.4.3 Hydrophytic Vegetation Criteria and Indicators

Hydrophytic vegetation are species adapted to living in saturated or inundated
soils (Tiner 1996; Mitsch and Gosselink 2000; Dahl 2006; ACOE 2008) that possess
some morphological, physiological, or reproductive characteristics that have enhanced
their survival and ability to out-compete other species (i.e. pneumatophores, enhanced P
uptake). Since vegetation may respond to both soil and hydrologic conditions, vegetation
may help researchers determine if the wetland is successful overall (Atkinson et al.
1993), although Reinartz and Warne (1993) do not recommend using vegetation as an
indicator of function.

Vegetative communities are defined by the dominant species at the given site,
which are those that are the most abundant (Tiner 1999). Similarly, the 50/20 rule states
that > 50% of the total cover of the most abundant species, or > 20% of the cover
individually, in any particular stratum (i;e. herbaceous, shrub) is considered to be
dominant (Tiner 1999; Mitsch and Gosselink 2000; ACOE 2008).

Plant species have been assigned an indicator (WI) as a measure of their affinity
to wetland conditions (USFWS; Tiner 2006; ACOE 2008). Species with the status of
obligate wet (OBL), facultative wet (FACW), or facultative (FAC) assignments refer to
these species adapted to living in anaerobic soils. When combined with hydrologic and
biogeochemical indicators, a determination of > 50% wetland designated dominant
species identifies the site as a wetland (USFWS; Norfolk District Corps and VDEQ 2004;
ACOE 2008).

Biological development along a theoretical trajectory gradient is based upon the

basic tenants of ecological succession as defined by Odum (1969). Accordingly, the
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community of vegetation is said to develop in both a conventional and directional manner
culminating in some maximum biomass. As a result, woody vegetation can be expected
to culminate the development of created wetlands. However, the time frame in which this
may occur may never be fully understood (Mitsch and Gosselink 2000).

Indicators of hydrophytic vegetation in the Coastal Plain Region (ACOE 2008):
The following indicators should be applied in the sequence presented. The stepwise
procedure is designed to reduce field effort by requiring that only one indicator, the
dominance test, be evaluated in the majority of wetland determinations. Hydrophytic
vegetation is present if any of the indicators is satisfied.

1. Apply Indicator 1 (Dominance Test).

a. Ifthe plant community passes the dominance test, then the vegetation
is hydrophytic and no further vegetation analysis is required.

b. Ifthe plant community fails the dominance test, and indicators of
hydric soil and/or wetland hydrology are absent, then hydrophytic
vegetation is absent unless the site meets requirements for a
problematic wetland situation.

c. Ifthe plant community fails the dominance test, but indicators of
hydric soil and wetland hydrology are both present, proceed to step 2.

2. Apply Indicator 2 (Prevalence Index of three or less).
This step assumes that at least one indicator of hydric soil and one primary or
two secondary indicators of wetland hydrology are present.

a. Ifthe plant community satisfies the prevalence index, then the
vegetation is hydrophytic. No further vegetation analysis is required.

b. If the plant community fails the prevalence index, then hydrophytic
vegetation 1s absent unless indicators of hydric soil and wetland
hydrology are present and the site meets the requirements for a
problematic wetland situation.

1.5 WETLAND MITIGATION

As previously mentioned, when avoidance of wetland impacts is impossible, in
accordance with the policy of “no-net-loss,” developers must mitigate these wetland
impacts with preservation, restoration, or creation of unrelated sites. While preservation,

through the purchasing of natural wetland area, does not increase the total area of wetland

area and instead perpetuates net loss, it does allow for the protection of wetland area for
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future generations. Restoration involves the conversion of a site that was historically
wetland environment, but was converted for anthropogenic usage, back to wetland area.
This requires the re-establishment of wetland hydrology which then alters the now
aerobic soil and upland-type vegetation back to hydrophytic and anaerobic types.

Wetland creation occurs when a site is constructed where a wetland has never
stood historically. A cut site is created by removing the upper horizons of an upland
environment down to the level of the water table, so that the hydrology can affect the
aerobics of the surface of the soil solution. A filled site involves the placement of soil in
order to raise the soil surface to an adequate level for both soil and vegetative
development. Inland systems that are not regulated by tides (i.e., non-tidal, palustrine) are
much more difficult to recreate (Whigham 1999) and these types constitute 80% of all
impacted systems (Mitsch and Gosselink 2000). Of these, palustrine forested wetlands
are one of the most commonly disturbed and most difficult to recreate (Kusler and
Kentula 1989), due to a variety of factors, including the developers lack of experience in
wetland creation (Mitsch and Gosselink 2000).

Ecological adaptation through self-design should be promoted through created
wetland development (Mitsch and Gosselink 2000). This means that created wetlands
should be designed in a way that is conducive to development in the desired direction
(i.e., forested versus emergent sites), while simultaneously allowing for natural
fluctuations. Similarly, there exists a significant need for adaptive management
techniques in wetland creation (Palmer et al 2005). Sites must be created with the
opportunity to deal with system uncertainty, and managers must adapt management based

on data from monitoring system performance. Finally, conclusions derived from site
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construction and monitoring methods must be made available to the public, in order to
insure that future managers are enabled with previous resolutions (O’Donnell and Galat
2008). This would ensure that managers can continue to improve mitigation and
restoration sites.

Researching baseline data at mitigation sites through pre- and post-construction,
as well as utilization of control or reference sites, is crucial for making better qualitative
and quantitative assessments as to the environmental success of wetland characteristics
over time (ACOE 2004; Norfolk District Corps and VDEQ 2004; Palmer et al. 2005;
O’Donnell and Galat 2008).

Overall, it appears that total wetland area has begun to increase through
mitigation, and rate of wetland area loss has slowed (Dahl 2006). However, this does not
reference the quality or functional status of sites. In fact, many higher order wetlands are
being converted to lower classified systems (i.e., forested sites converted to herbaceous
dominated sites) (Kihslinger 2008). Dahl (2006) found that ponded area increased
substantially (12.6%) by 2004, and that little palustrine forested wetland area was gained
between 1998 and 2004. What was acquired was due to shrub maturation.

In order to better guarantee future functional success of sites, the EPA and the
ACOE began to rely more on wetland mitigation banking (WMB) (Mitsch and Gosselink
2000; Salzman and Ruhl 2006). WMBs are larger entities produced off-site where
developers can purchase credits and avoid compensation construction on their own.
Theoretically, in this way, integrity of ecological function can be better guaranteed in the
larger lots, rather than smaller more isolated sites. However even WMBs have been

subject to debate about their overall functional success (Mack and Micacchion 2006).
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Overall, much of the wetland area included in the total for “no-net-loss” arises from off-
site WMBs rather than on-site compensatory efforts (Salzman and Ruhl 2006), which

may result in a loss of functional assets in areas where wetlands historically stood.

1.6 PROPERTIES OF MITIGATION WETLANDS

Overall, functional wetland recreation has proven troublesome (NRC 2001). The
literature agrees that more research must be performed in order to better develop created
systems since there exists so much uncertainty as to the potential for functional
equivalency with mitigated sites. Additional research is crucial for evaluating the key
attributes of wetlands where created sites seem to fail the most: hydrology, MSPD, and
organic matter content. Studies have stressed the importance of modeling developmental
trajectories of growth in order to better evaluate the potential for directional growth
analogous to natural site characteristics (Zedler and Callaway 1999; Windham et al.

2004; Giese and Flannagan, unpublished data).

1.6.1 Hydrologic Properties of Mitigation Wetlands

Proper hydrologic design is the backbone to proper created wetland development
since it leads to proper biogeochemical soil formulation, which in turn affects vegetative
development (Mitsch and Gosselink 2000).

Similar to the transitional nature of a wetland between an upland and aquatic
environment, so must there exist a transition between palustrine wetland and the
surrounding environment (Mitsch and Gosselink 2000). Mitigation credit is not given to
this transitional area which, in some cases, results in the creation of sites with steeper

than recommended slopes. This coincides with the perception in the United States that
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created sites should show the presence of standing water (Streever 1999). As a result, the
basin morphology of many mitigation wetlands can best be described as “bathtub”
inspired, (Whittecar and Daniels 1999; Pennington and Walters 2006).

Studies have shown mixed hydrologic success in wetlands. Many mitigation sites
end up having water levels that are too high (Stolt et al 2000; NRC 2001), or too low
(Pennington and Walters 2006). Sites in Michigan were historically designed with high
water levels to ensure permit compliance (Pennington and Walters 2006). Many Eastern
Virginia VDOT mitigation sites also end up being "too wet" or "too dry” (Whittecar and

Daniels 1999), often due to insufficient site hydrologic evaluations prior to construction.

1.6.2 Soil Properties of Mitication Wetlands

Created wetland soils have been shown to lag in rates of development when
compared to natural reference wetlands (NRC 2001). Due to compaction by heavy
machinery during construction, created sites tend to have higher MSPDs (Whittecar and
Daniels 1999; Nair et al. 2001; Hogan et al 2004; Norfolk District Corps and VDEQ
2004; Brooks et al. 2005; D'Angelo et al. 2005; Fajardo 2006; Bailey et al. 2007), and
lower porosity (Fajardo 2006). Similarly, created sites were characterized by sandier
textures (Bishel-Machung et al. 1996; Stolt et al. 2000; Fajardo 2006), and lower levels
of organic matter relative to natural reference sites (Atkinson et al. 1993; Bishel-
Machung 1996; Whittecar and Daniels 1999; Nair et al. 2001; Hogan et al 2004; Brooks
et al. 2005; D'Angelo et al. 2005). Incorporating microtopography (pits and mounds) into
construction has been recommended to both mitigate some minor issues in hydrology,
better mimic wetland conditions, and create a heterogeneous soil and microclimatic

environments (Whittecar and Daniels 1999; Stolt et al 2000; Pennington and Walters
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2006). This has the potential to increase species richness (Bruland and Richardson 2005;
Moser et al. 2007).

Created sites were shown to be lacking proper soil biogeochemical conditions
(Bailey et al. 2007), more specifically the essential nutrient levels necessary for plant and
microbial development. Natural sites contained more % C (Nair et al. 2001; Giese and
Flannagan, unpublished data), more total N (Nair et al. 2001; Hogan et al 2004; Giese
and Flannagan, unpublished data), more % P (Nair et al. 2001; Hogan et al 2004), and
more % Fe (Nair et al. 2001).

However, many studies have also shown that these characteristics slowly began to
change over time in the direction towards increasing similarity to natural reference sites.
Giese and Flannagan (unpublished data) found that eight created sites contained
increased levels of %0OM, %N, and %C increased by the fourth growing season, while
C:N correspondingly decreased. The ratio of C:N appeared to be equitable to that of
natural reference sites by the end of the third growing season. Nair et al. (2001) similarly
found that with increasing age, MSPD and C:N decreased, and Total C increased at
created sites. Hossler and Mitsch (2004) reported an overall decrease in chroma at sites
which equates to a 24% increase in hydric soil at the surface layer, and Vepraskas et al.
(1999) reported that soil chroma changes of an entire unit can be seen within one year’s
time. Many studies are showing evidence of positive changes towards becoming wetland
soils; however the timeline for how long this should take is still not fully understood
(Windham et al. 2004; Daniels et al. 2005; Giese and Flannagan, unpublished data;

Fajardo 2006).
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1.6.3 Vegetative Properties of Mitigation Wetlands

Due to inadequate time to develop, wetland vegetation at very young created sites
tends to be lacking in species diversity, richness, and maturing successional species
(Fajardo 2006) relative to reference wetlands. Species diversity tends to increase in older
created sites, and overall, has been found to be greater than at the more mature natural
wetlands (Balcombe et al. 2005), where each niche is otherwise defined (Cowardin et al.
1979). Percent cover of vegetation was found to be similar to reference sites after only a
few years of development (Balcombe et al. 2005).

Self-design, according to Mitsch and Gosselink (2000), is defined as ecosystem
development where the introduction of floral and faunal species and their subsequent
survival or nonsurvival provides the essence of a site’s development. It allows natural
successional patterns to take course based on the success or failure of the
hydrogeomorphic setting of the site. In this way, developers are able to introduce woody
species that have previously proven successful (Andreas and Lichvar 1995; Mitsch and
Gosselink 2000; USGS 2002; Tiner 2006; Natural Resources Conservation Service 2007,
ACOE 2008; Environmental Concern 2008) into sites and given the opportunity to
flourish or falter. Reinartz and Warne (1993) and Balcombe et al. (2005) recommend
introducing native species diversity early to ensure the long-term diversity of the sites.
Mitsch et al. (1998) saw similar results in diversity between a control and sample site six
years after planting.

Other studies have similarly shown that given appropriate hydrologic and soil
conditions, hydrophytic vegetation was likely to establish itself early in mitigation site

development, often within three to five years after construction (Confer and Niering
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1992; Brown 1999). For the first ten years, species diversity may suffer and volunteer
species may be comprised of non-native types (National Research Council 2001), but

with time, it is expected that these volunteers will be competitively excluded (Balcombe

et al. 2005).
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Chapter 2. Vegetation and Physical Soil Characteristics

2.1 METHODS

Daniels et al. (2005) and Fajardo (2006) investigated the relative quality and
success of created non-tidal compensatory mitigation forested wetlands within the
Coastal Plain and Piedmont Provinces of Virginia by measuring environmental variables.
Sites selected for their studies were all recently constructed (i.e., post 1998) wetlands
mitigating VDOT construction, that were six to ten years old for my study. The sites were
designed to replace palustrine forested wetland sites, and had been constructed with a
variety of different soil reconstruction approaches (i.e. cut or fill, organic matter amended
or un-amended sites) (Table 2, 3, 4).

The researchers had input from the VDOT Environmental Division and
background research histories for each site. Other important factors for selecting these
sites were the previous experience and knowledge of principal investigators regarding
each of the sites as well as the presence of reference wetlands that were adjacent to each
site. The soil at each reference site had never been disturbed, but vegetation had been
disturbed relative to the sites’ ages (i.e., a 37-year-old reference site was disturbed 37
years ago). Reference site data for Dick Cross and Stony Creek sites were unavailable.
Natural reference sites ranged in age from 37 years old at the reference to Mt. Stirling to
82 years old at the reference for SW Suffolk. Descriptions of these sites can be found in
DeBerry (2006).

Fajardo (2006) assessed each of the selected sites for hydric soil indicators and
reported encountered vegetative species. Daniels et al. (2005), a summary report,

encompassed data from Fajardo (2006) and other studies to evaluate these sites for a full
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range of soil, hydrologic, and vegetative characteristics in order to assess the sites for
permit compliance. The previously documented sites common to those studies and the
present study are listed in Table 2, and identified by location in Figure 1. Individual site
soil preparation methods are laid out in Table 3. General vegetative and planning site

descriptions are listed in Table 4.
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2.1 Site Descriptions

Table 2: Nine selected VDOT sites used in this study. Site size, age, location, and

mitigation cause. For further directions to the sites see Appendix 5.2.

Site Name . Initial Size | Latitude & . Construction
(Abbreivation) Figures Construction | (ha) | Longitude Region Compensation
Charles o VA .
City 2a,b 1998 2078 37.343590 N, Coastal R(?uFe 199 in
(CCW) 30a-d 76.92788° W Plain Williamsburg
Partial mitigation for
expansion of State
Dick Cross | 3a,b 2000 lo4s | 366165 N, | VA Coi‘t’r‘:zﬁsoii‘)‘ghe
(DC) 31la-d 78.27222° W | Piedmont State Route 1 Bridge
over the Roanoke
River
Manassas 4a, b 1999 15.87 38.72294° N, VA Construction of State
(MAN) 32a-d ) 77.50565° W | Piedmont | Route 234 Bypass
(Mitigation Bank)
. VA Multiple points of
Mattaponi 5a, b 38.02204° N ; .
’ 2001 8.41 o, | Coastal impact to non-tidal
(MATTA) 33a-d 77.37701° W Plain portions of the York
River watershed
, VA Construction of the
Mt. Stirling 6a, b 1999 13.00 37.42033° N, Coastal Interstate 95 Atlee
(MTS) 34a-d ' 77.03699° W | 03 | Elmont Interchange
Plain Bypass
eedy Ta-e S0t laoy | 373227°N, | VA Construction of
(RCK) 35a-d ’ 77.78963° W | Piedmont Route 288
Construction of the
Sandy o VA Hampton Roads
Bottom 8a, b 2002 19.43 37'067450 N, Coastal Center Parkway &
36a-d 76.43797° W .
(SB) Plain expressway
extension
Stony o VA Small maintenance
Creek 3,9 7az’1-tt)> 1998 2.27 7376 39;23 677‘};1?;’ Coastal and replacement
(SCW) ) Plain projects
Sw
Suffolk/ 10a, b 2002 5.02 36.71807°N, CVAt I Construction of the
Lake Kilby | 38a-d : 76.61992°W | 03| qw Suffolk Bypass
(SWS) Plain
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Table 3: Soil Construction Methods for the Nine selected VDOT sites in this study. Soil
classification and in-depth construction details, were outlined in previous studies (Fajardo
2006; Daniels et al. 2005).

Soil Sampling Dates . oM/ Returned
. (site age in years) Construction Lime / Topsoil
Site - Method: - Ripped / Disked?
Fajardo Depth (m) Fertilizer Depth
Kreisel P Applied? (cm)
Post Fajardo
Charles 4/2002 (4) Cut: sampling/ Yes/ )-8
City (CCW) 1/2009 (10) 0.6-0.9 Yes/ Yes (15 cm)
No
Dick Cross 8/2002 (2) Cut: 5;// No / s
(DC) 1/2009 (8) 0.6-0.9 Yes Yes (15 cm)
Manassas 7/2002 (3) Cut: 0.56 5;// No/ Unknown
(MAN) 1/2009 (9) o Yes Yes depth
Mattaponi 5/2002 (1) Cut: Y:{Sez;/"/ No/ 30
(MATTA) 1/2009 (7) 06-1.2 Yes Yes (15 cm)
Mt. Stirling 10/2003 (4) Cut: gg? Yes (not deep) / 15
(MTS) 1/2009 (9) 0.8-0.9 Yes Yes (15 cm)
Yes
lé:‘:]{ 3/2004 (3) Cut: (Old site Veg.y Unknown / 30
(RCK) 1/2009 (7) 03-0.9 \ées/ Yes (15 cm)
€S
Sandy Yes 4%/ No (Yes post 2003
Bottom 181//22000(;38% Fill Yes/ sampling) / 15
(SB) unknown Yes (20 cm)
Stony Creekl  7/2002 (4) - yes No/ "
(SCW) 9/2008 (10) Yes Yes (15 cm)
Sljkse“g‘l’l')‘;/ 4/2004 (2) Fill Yo / No/ Unknown
(SWS) 1/2009, 2/2009 (6) Yes Yes depth
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Table 4: General vegetative and planning site descriptions for each of the nine sites in

this study. In-depth construction details, were outlined in previous studies (Fajardo 2006;

Daniels et. al 2005).

Vegetation
. Planting No-Net-.Loss Planted Woody S.amplln.g Dates
Site Date Planning & Shrubby Vegetation (site age in years)
Efforts yves Fajardo
Kreisel
Betula nigra
Cephalanthus occidentalis
Charles . 88% forested Quercus palustris 4/2002 (4)
City Spring 6% scrub-shrub Quercus pagodaefolia
(CCWw) 2004 6% emergent Quercus phellos, 6/2008, 9/2008 (10)
Rosa palustris
Taxodium distichum
Betula nigra
75% forested Cephalanthus occidentalis
Dick Cross| August 22% scrub- qunus amonum 8/2002 (2)
(DC) 2003 shrub Hibiscus mos.cheutos
39, Quercus bicolor 6/2008, 9/2008 (8)
o emergent Quercus nigra,
Quercus phellos
Alnus serrulata
Cephalanthus occidentalis
N . .
Manssas| Moy | SO | P puni | 720020
(MAN) 2000 24% emergent Quercus phellos 6/2008, 9/2008 (9)
: Rosa palustris
Salix nigra
Alnus serrulata
Betula nigra
50% forested Carpinus caroliniana
Mattaponi May 25% scrub- Cephalanthus occidentalis >/2002 (1)
(MATTA) 2003 shrub Fraxinus pennsylvanica 6/2008, 9/2008 (7)
25% emergent Quercus phellos
Hibiscus moscheutos
llex decidua
Acer rubrum
January 74% forested Betula nigra
Mt Stirling| 2003, | 24% scrub- et 1072003 ()
(MTS) | & early  shiub Pt pyrjj’,o i 6/2008, 9/2008 (9)
2004 2% emergent Salix nigra
Vaccinium corymbosum
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Table 4 continued

Vegetation
. Planting No-Net-Loss Planted Woody Sampling Dates
Site Date Planning & Shrubby Vegetation (site age in years)
Efforts yves Fajardo
Kreisel
Acer negundo
Carpinus caroliniana
Reedy Winter 86% forested Cephalanthus occidentalis 3/2004 (3)
Creek 2% scrub-shrub uercus bicolor
(ROK) 2005 | oy emergent Quercu g 6/2008, 9/2008 (7)
Rosa palustris
Sambucus nigra ssp. canadensis
Alnus serrulata
Nyssa aquatica
Sandy Fall 109/0% foges}tledb Pgotinia p?zrifolia 8/2003 (1)
Bottom o sCrub-shru uercus lyrata
(SB) 2004 4% emergent Quercus phellos 6/2008, 9/2008 (6)
Taxodium distichum
Viburnum dentatum
Betula nigra
(S:tl:‘g( September | 86% forested Salix nigra 712002 (4)
(SCW) 1999 14% emergent Quercus palustris 6/2008, 9/2008 (10)
Taxodium distichum
Cephalanthus occidentalis
Decodon verticillatus
SW Suffolkf ¢ . 85% forested Nyssa aquatica 4/2004 (2)
Lake Kilby 9% scrub-shrub Pinus seratina
(SWS) 2003 6% emergent Quercus lyrata 6/2008, 9/2008 (6)
Rosa palustris
Taxodium distichum
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2.1.1 Charles City Wetland (CCW)

Prior to being a created wetland, CCW was partially forested with small pines and
the rest of the site was agricultural fields (D. Bova, VDOT, pers. comm.). The site is
located near the Chickahominy River in Charles City County, VA (Figures 2, 39; Tables
2, 3, 4). Hydrology for the site is precipitation driven. Some of the site is underlain by a
plow pan from agriculture and/or a traffic pan from construction which prevents some
water from infiltrating into the soil. At some point between the two studies, CCW
received major remediation. The site was re-graded, ditches were filled, a berm around
the pond was created, and Scm to 8cm of organic matter were added (L. Snead, VDOT,
pers. comm.). The site is located in an agro-residential neighborhood. The site sits on
land obtained from the farmer who owns the rest of the land in that lot. The site is
bordered by forest, the farm, and a pond. Much of CCW was successfully comprised of
hummocks and hollows to allow for variable microtopography . Some plots (CCW9,

CCW10) were located in relatively dry soil.

2.1.2 Dick Cross (DC)

Part of DC is a restored site. The space was once a wetland, but had been
converted for agricultural use (D. Bova, VDOT, pers. comm.). The site is located near the
Allen Creek, a tributary of the Roanoke River in Mecklenburg County, VA (Figures 3,
40; Tables 2, 3, 4). Developers expected both groundwater and overbank flooding to
maintain the hydrology at the site. DC is located more than a mile from developed areas,
with the closest roads passing through sparse agro-residential neighborhoods. The site is
segregated into three distinct regions, separated by a large berm which is wide and tall

enough to drive across.
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2.1.3 Manassas (MAN)

The site was previously used for farming operations. It was developed in a cut/fill
manner. The site is located near Broad Run, a tributary of the Occoquan River in Prince
William County, VA (Figures 4, 41; Tables 2, 3, 4). Hydrology was created at the site by
the use of a soil saturation gradient resulting from two dams from the Cannon (North)
and Cockrell Branch (East), which enter the site. Sporadic neighboring streams and
groundwater were expected to maintain the hydrology at the site. At some point between
the two studies, MAN received Typha sp. and water level management in the form of
unclogging drainage pipes (L. Snead, VDOT, pers. comm.).

MAN is located near larger roadways in a semi-commercial area. It is also located
across a stream from the Manassas regional airport. Helicopters and planes flew overhead
at a low altitude creating higher than average noise disturbance areas. Manassas’ plots

ring a small lake with a driving berm that surrounds the site.

2.1.4 Mattaponi (MATTA)

The site is located on the Mattaponi River in Caroline County, VA (Figures 5, 42;
Tables 2, 3, 4). Hydrology is maintained from groundwater seepage and overflow from
the nearby river. Prior to being a wetland MATTA was predominately active farmland,
with some wooded areas. The site was created by deep-cutting. After being sampled in
Fajardo (20006), the site was remediated by cutting a ditch and adding pipes in the weirs at
the NE portion in order to control Typha sp.. Pipes were also added in the SW portion to
drain as well (M. Haus, VDOT, pers. comm.). MATTA is located just past a residential

area. It is near industrial roads and bordered by major CSX and Amtrak rail lines.
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Mattaponi plots are surrounded either by upland or consistently inundated areas, all

situated inside a bathtub-type design.

2.1.5 Mt Stirling (MTS)

The site is located on the Chickahominy River in Charles City County, VA
(Figures 6, 43; Tables 2, 3, 4). A large portion of it was created from converted farmland.
As a result, hydrology was reestablished by removing the drain tiles and ditches. At the
time of construction, it was expected that hydrology would be sustained by precipitation,
groundwater, and runoff from the adjacent stream - Collins Run. MTS is located in an
agro-residential neighborhood. The site is bordered by the property owners’ farmland to
the South and West, and undeveloped forested land and the Chickahominy River lie
North and East of the site. Either a berm, or a stream with a forested border divide the site
into four sections separating MTS2 from MTS3, and MTS4 from MTS5; and MTS7 from

MTSS, respectively (Figure 6b).

2.1.6 Reedy Creek (RCK)

The site is located on the Appomattox River in Chesterfield County, VA (Figures
7, 44; Tables 2, 3, 4). Located on private property, water inputs are provided by
groundwater and runoff from an adjacent, unnamed natural system. Prior to being a
wetland, RCK was used for silvicultural purposes for younger regenerative pine
stands. RCK is located approximately2km from River Road, which is a two-lane route
through a wooded residential area. RCK is comprised of three main sections within a
small valley with lakes, ponds, and heavily wooded areas. Section A (RCK12-14) is the

most northeastern section which borders forest, emergent wetland areas, and a dirt road.
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Section B (RCK 7-11) is just south of Section A, and is comprised of smaller sections
(RCK8, RCK9 are distinct), separated by reference areas and ponds, and bordering the
main dirt road. Section C (RCK1-6) is southeast of Section B, and is set farthest into the

forest, and borders both forest and emergent wetland and lake area.

2.1.7 Sandy Bottom (SB)

The site is located in the Sandy Bottom Nature Park in Hampton, VA (Figures 8,
45; Tables 2, 3, 4), surrounded by walking paths and bridges for visitors to walk across.
The park borders Interstate 64, which sits only about a couple hundred meters away. Plots
are situated around a small key shaped pond. Prior to wetland creation, SB was used for
sand mining for Interstate 64 (Daniels et al 2005; Fajardo 2006). As a result, elevation
was reestablished by filling and grading the borrow pits, while allowing for
microtopographic variation. Due to considerable dominance of invasives like Lespedeza

sp. SB was partially remediated after being sampled in Fajardo (2006).

2.1.8 Stony Creek (SCW)

Prior to wetland creation, SCW (Figures 9, 46; Tables 2, 3, 4) was used for sand
mining (Fajardo 2006). As a result, elevation and hydrology were reestablished by filling
and grading the deep pond according to adjacent wetlands. Hydrology is maintained
through seepage and stream overflow from the Stony Creek channel. SCW was the
smallest of the sites, a small wetland forming an L around a pond normally a few feet
deep. SCW sits directly off of State Road 40 in Sussex County, VA, and Interstate 95 is

less than a mile away. A minor dirt road on the western border of the site runs to private
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property in the back, and a construction trailer (visible in Figure 19) sat idle on the SW
corner of the site. State Road 40 receives a relatively low amount of traffic.

In the beginning of the 2008 growing season, the entire site was unsaturated. By
the end of the growing season, water had risen to more than ~20cm. By wintertime, this
depth had tripled and remained so into the next growing season (2009). As a result of
this, field work was unable to be completed for this site. We were later informed by
VDOT that beavers were making a home in the drainage pipe (D. Devereux, VDOT, pers.

comm.), and this had been the cause of the water blockage.

2.1.9 SW Suffolk/Lake Kilby (SWS)

SWS is located on Lake Kilby in Suffolk, VA (Figures 10, 47; Tables 2, 3, 4), and
was previously used for sand mining (Fajardo 2006). As a result, elevation was
reestablished by filling and grading the borrow pits, and cutting the edges of the pits. At
the time of construction, it was expected that hydrology be sustained by groundwater and
surface flow. The site also receives runoff from the housing development. SWS is < 0.5
km from U.S. Route 13. A railroad sits approximately 1km away from the site both to the
North and South, and the Suffolk municipal airport is only 3 km away. During field work,
the dirt road surrounding the site was frequented by all-terrain vehicles (ATVs) from the

adjacent residential neighborhood. A power line runs through the center of the site.
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2.1.2 Field Sampling

2.1.2.1 Site Sampling Methodology

Sampling methods followed of Fajardo (2006). Michael J. Schmidt (Virginia
Polytechnic Institute and State University) developed the methods and five sites in 2002
(CCW, DC, MAN, MATTA, and SCW). Fajardo (2006) subsequently sampled the
remaining sites in 2003 (MTS, SB, and SWS) and 2004 (RCK and SWS).

Sample locations (plots) within each site were determined by stratified random
sampling whereby an electronic grid was superimposed onto a digital image of the site
map, and adjusted to create a number of sampling locales depending on the size of the
wetland. The larger sites (> 4 ha) were each given ten (CCW, DC, MAN, MATTA, MTS,
SB, and SWS) or fourteen (RCK) sampling locations. For the smaller wetland (< 4 ha:
SCW), the sampling numbers were reduced to at least one sampling location per 0.5 ha.
Plot locations were identified by designation of nodes within the borders of the created
wetlands. Specifically, they were within the areas designated as forested locations. These
nodes on the grid were equivalent to the number of sampling plots.

The plot sample locations from Fajardo (2006) were relocated using a Garmin
GPSmap 76Cx (95% of errors are 4.4m or less, average error is 2.0m, and drift is 3m/min
(Garmin)). Care was taken to be as close to the original sampling plot as possible. Out of
the original 88 points, 86 were re-located. One plot location each from Reedy Creek
(RCK3), and Manassas (MANS), had to be excluded from the study because of their
current location underwater.

Fajardo (2006) prepared a detailed soil description of the pedon at each plot, from

a location deemed to be typical of the “surrounding 10m (based on vegetation, surface
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conditions and elevation). If the grid location was in standing water (> 10 cm), all
samples except the composite surface samples were instead taken from closest non-
ponded soil.”

Vegetative sampling for this study took place in the same plots, but at a different
time (June and September 2008), as soil sampling which took place in the Fall and

Winter of 2008-2009.

2.1.2.2 Vegetation Sampling

In June 2008 all sampling plots that could be located were marked by multiple
plastic tree shelters or nylon marking tape to insure that the same point was sampled
throughout the season. Quadrats were used to visually estimate percent cover of plant
species. Four Im PVC pipes were used to form 1m* quadrats around the designated GPS
plots (Figure 11) and plant cover was estimated for each plant species (see text below for
cover scale used). Other information included general weather conditions and whether
woody vegetation greater than six feet tall cast a shadow on the plot.

Digital photographs were taken of every species encountered. In addition,
detailed photographs were taken in the late summer of each cardinal view of the
wetland, as seen from each of the plots. Photos were also taken in early summer for
all sites except Charles City and Manassas.

Care was taken to collect at least two specimens of higher vascular plants as seen
in plots; however, plants were not collected directly from the plots. Plants were identified
in the field or laboratory to the lowest taxonomic level possible. Specimens are archived

in the Herbarium at The College of William and Mary (Appendix 5.3).
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2.1.2.3 Soil Sampling

Ten random, 2cm x 15cm deep soil cores were taken from within a 10m radius
around each of the sampling plots. In Fajardo (2006), this was the surface core (0-15 cm).
In this study, each core (0-15 cm) was sub-divided into four depth increments (0-2cm, 2-
5cm, 5-10cm, 10-15cm) (Figures 12, 13). These depth increments were pooled into
separate Ziploc® bags, creating four composite soil samples by depth (i.e. 0-2cm, etc) for

each plot. Soil samples were stored in a refrigerator prior to analysis.
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2.1.2.4. Hydrologic Evaluation

During each successive visit, sites were qualitatively analyzed for relative
hydrologic conditions by recording qualitative soil moisture conditions (Table 5) and
depth of any standing water on site. Depth of any standing water was measured to the
nearest centimeter.

Table 5: Qualitative assessment criteria of average hydrology by site as assessed by
relative soil moisture conditions.

Not Saturated | Soil appears to be completely dry.

Damp Soil surface may have limited moisture present, but is not wet to the touch.
Saturated Soil is noticeably wet at the surface but no standing water is present.
Saturated- Individual sampling areas are represented by areas that are both saturated
Inundated and inundated (due to microtopographic variation).

Inundated Standing water is present in the entire sampling area, depth noted.

2.1.3 Laboratory and Analytical Methods

2.1.3.1 Vegetation

The percent cover values were imported to the modified Braun-Blanquet cover
scale (Daubenmire 1959; DeBerry and Perry 2004; Bailey et al. 2007) to estimate percent
cover for each plot, and each wetland as a whole. The percent cover in each quadrat was
estimated in the field as a value from 1 to 100% or trace (<1%) (Table 6). These values
were converted to the modified Braun-Blanquet cover scale (Daubenmire 1959; DeBerry
and Perry 2004; Bailey et al. 2007).

Table 6: Modified Braun-Blanquet cover scale.

0.1% 3% 15% 37.5% 62.5% 85% 97.5%

Trace (<1%) | 1%-5% | 5%-25% | 25%-50% | 50%-75% | 75%-95% | 95%-100%

The sum of the species cover estimates may exceed 100% due to overlapping herbaceous
leaf, and woody branch layers, even when the total cover was less than 100%

(Daubenmire 1959; Moser et al. 2007).
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Plants were identified in the field or lab to the lowest taxonomic level, using
collected specimens when possible, and digital images when specimens were not
available. Identification was performed with assistance of J.E. Perry and Doug DeBerry,
using the vascular plant manual (Gleason and Cronquist 1995) and the illustrated
companion (Holmgren 2005). Voucher specimens were pressed and are archived in the
herbarium at The College of William and Mary (Appendix 5.3).

Wetland indicator status (WI), as assigned by the U.S Fish and Wildlife
Service (Environmental Laboratory 1987; U.S. Fish and Wildlife

http://www.fws.gov/wetlands, Tiner 2006) was used to determine whether the plots

and sites were dominated by hydrophytic vegetation (Table 3). Using the USDA
Plant Database, the wetland indicator status of each species can be identified (Table
7). For purposes of this study, I have also included an “unknown” indicator code
category. This category was used to describe plants that were unidentifiable to
species or higher levels, and as a result a wetland indicator status could not be
determined.

Relative cover was calculated from the modified Braun-Blanquet values and
relative frequency from a presence/absence conversion of the cover data (trace or
greater was equal to present, and was represented by 1, whereas absent was
represented by 0). From these two values, the relative importance value (IV) of each
of the vegetative species in each of the sites was acquired (Bailey et al. 2007;

Atkinson et al. 1993) and applied to determine the dominant species (Appendix 5.4).
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Table 7: Wetland Indicator categories (USDA).

Indicator Wetland Comment
Code Type
OBL Obligate Occurs almost always (estimated probability 99%) under
Wetland natural conditions in wetlands.
FACW Facultative | Usually occurs in wetlands (estimated probability 67%-
Wetland 99%), but occasionally found in non-wetlands.
FAC Facultative | Equally likely to occur in wetlands or non-wetlands
(estimated probability 34%-66%).
FACU Facultative | Usually occurs in non-wetlands (estimated probability
Upland 67%-99%), but occasionally found on wetlands (estimated
probability 1%-33%).
UPL Obligate Occurs in wetlands in another region, but occurs almost
Upland always (estimated probability 99%) under natural
conditions in non-wetlands in the regions specified. If a
species does not occur in wetlands in any region, it is not
on the National List.
NI No indicator | Insufficient information was available to determine an
indicator status.
NO No The species does not occur in that region.
occurrence
(Hor(-) Used with the Facultative Indicator categories to more
specifically define the regional frequency of occurrence in
wetlands. The positive sign indicates that species is more
frequently found in wetlands, and a negative sign indicates
that species is less frequently found in wetlands.
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Dominant species of each of the sampling plots that were calculated from the
importance values (IV) were determined to be all plant species that together
comprised > 50% of the total percent I'V of each plot. This is the dominance
threshold (Tiner 1999) and could be comprised of one or more species. Any species
compromising 20% or more [V was considered dominant (Tiner 1999; Mitsch and
Gosselink 2000).

Data from vegetative percent cover could not be directly compared to
previously compiled data (Fajardo 2006). Instead, an evaluation of woody species
presence or absence from sites, overall plots cover, as well as the relative
hydrophytic status of site dominant species was used to track plant community

development.

2.1.3.2 Soil

Soil hue, value, and chroma of the matrix (or matrices), as well as any
redoximorphic (redox) features, were evaluated from the loose bag, moist soil samples
using a Munsell soil chart (Munsell 2000). The contrast of the redox features from the
matrix was recorded, as was the occurrence of larger roots or other macro-organic matter.
Soil chroma from this study were compared against those from Fajardo (2006) using
weighted averages across the four soil depths to compare soil oxidation status since the
previous study.

Mineral hydric soils are determined by chroma colors at specified depth:
immediately below the A-horizon or at ten inches (30 cm), whichever is shallower.
Because this depth was not included in this study (soil samples to 15cm), samples could

not be defined as hydric or otherwise. Instead, a weighted average value of the chroma in
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the more shallow soil layers to 15¢m conveys the potential for these plots to have been
hydric, had a full evaluation been conducted. In this respect evaluations were according
to the Field Indicators of Hydric Soils in the United States (USDA 2003). For the current
study, mineral hydric soils were evaluated using the Munsell Soil Chart (Munsell 2000)
using two indicators of hydric soil: a matrix chroma of <2 in soils with depletions or
concentrations; or a matrix chroma of <1 in soils without depletions or concentrations.
The abbreviations used were according to the Field Book for Describing and Sampling
Soils (Schoeneberger et al. 2002).

Using an open-barreled syringe, Scc sub-samples were acquired from the bagged
bulk soil sources, freeze-dried using a Labconco Freeze Dry System/ Freezone 4.5, and
then ground with a mortar and pestle. From these samples, modified soil particle density
(MSPD), and soil moisture were determined. Percent OM was acquired through weight
loss on ignition. The final soil characteristics for 0-15c¢m for MSPD, and OM, resulted
from a weighted average from the results of the four depth increments analyzed. These
results were then compared against Fajardo (2006). Percent OM was not specifically
analyzed in Fajardo 2006, so %C (Chapter 3) was extrapolated using an overestimating

conversion factor of 0.58 (Nelson and Sommers 1982).

2.1.4 Developmental Trajectories

In producing this trajectory I am assuming a linear relationship over time among
all of the sites in my study, and the younger and natural counterparts to the sites. Soil and
vegetative characteristics from created sites, as reported in my study and Fajardo (2006),

are compared against data from natural reference sites, as reported in DeBerry (2006).
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2.1.5 Statistical Analysis

All comparisons of the measurement variables among studies, sites, and depths
were analyzed using SPSS System for Windows, Version 17.0 (2008), setting the level of
statistical significance at p < 0.05.

For data that were non-normally distributed, statistical comparisons between
variables were evaluated using the PASW System for Windows, Version 17.0.2 (2009).
The Wilcoxon Rank Sum Test was used to compare all variables examined in this study
between sites (e.g., comparing % OM data among all sites in this study). The Wilcoxon
Signed Rank Test was used to compare variables between studies (e.g., comparing % OM
data at CCW of this study, to the data from Fajardo (2006)), and to compare single
variables within a plot at different depths (e.g., comparing % OM data at CCW1 between
0-2cm and 2-5cm). In this manner, covariance effects are removed from the test. Both
nonparametric tests are based on the assumption that data arise from randomly selected
pairs that are matched up (Motulsky 1995). Neither assumes normal distribution but both
allow for smaller sample sizes than their t-test counterpart (the two-sample, and paired t-
tests, respectively).

Serensen’s Similarity Index was utilized to determine the similarity of species
richness and woody species richness between this study and Fajardo (2006). The Paired
T-test was also utilized to determine any statistical relationships between the studies (e.g.,
dominant vegetation, dominant hydrophytic vegetation, and hydrophytic plots). Pearson
correlation was utilized to determine whether any significant differences existed among
any of the site soil parameters. Principal components analysis (PCA) was used to

examine relationships among multiple soil variables.
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2.2. RESULTS

2.2.1 Site Vegetation

Fajardo (2006) collected a total of 54 higher vascular plant species, while I
collected 162 species in this study. From both studies, a total of 191 species were
encountered within plots at the study area (Table 8). Most of the flora in this study was
identified in June 2008, with the additional identification of approximately 30 more
species in September 2008 (Appendix 5.3).

Of the species that were successfully identified in the current study, only
approximately 20% (29) were upland (UPL) or facultative upland (FACU). However, in
the early growing season, FACU plants constituted a dominant portion of 67% (6) of the
sites (Figure 14a), but this diminished to only 22% (2) of sites by the end of the growing
season (Figure 14b). UPL plants were only dominant in two sites (SB, RCK) but this
dominance both persisted and increased relative to other dominant species at the sites
throughout the entire growing season.

The majority of the dominant plants, identified from importance values (IV), were
obligate (OBL) or facultative wetland (FACW) (Figure 14). OBL plants were dominant
throughout each site in the early summer, but decreased to about 40% of the sites by late
summer (Figure 14). Even though most sites had more visible standing water in the latter
half of the summer (Figure 20), fewer OBL species made up the vegetative community in
September. Plants designated as FACW were dominant at every site throughout the
growing season, and their relative dominance at all sites increased over time except at SB

(decrease) and SCW (no change).
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2.2.1.1 Vegetative Plot Cover

In this study, the sites exhibited an increase in vegetative plot cover from Fajardo
(2006) (Figure 15). In Fajardo, DC contained the lowest overall percent vegetative cover
(43.1%), while SB had the highest cover (102%). The average percent cover in 2006
study was 66.1% while the average in this study was 109.6%. Most sites experienced
nearly 50% increases in overall plot cover, with the exception of SB which declined
nearly 23%

Dick cross exhibited the greatest variation (56.5% (DC6) to 179.8% (DC5))
(Figure 16), and the least amount of variation was seen at Reedy Creek (90.6% (RCK6)
to 130.1% (RCK1)). DCS had the highest percent cover of the entire study (179.8%) and

MATTAT7 had the lowest percent cover of the study (47.7%).
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