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INTRODUCTION 
Wetlands are vital areas of biodiversity, housing 

disproportionately large amounts of endangered 
species due to the vast destruction of these habitats 
(Williams and Dodd 1978; Cronk and Fennessy 
2001; Zedler and Kercher 2005). Approximately 
49 million hectares (122 million acres), or 55%, of 
the original wetlands in the United States have been 
destroyed by urban and agricultural development 
since Europeans arrived (LePage 2011). Wetland 
destruction has been more extreme in Ohio, where 
only 10% of the original wetlands remain (Mitsch 
and Day 2006). Historically, wetlands were generally 
thought of negatively by the public as obstructions 
to development. But public perception started to 
change in the late 1970s (Kusler and Kentula 1990; 
Dahl 2006; LePage 2011). This change in public 
perception is due to the realization of the many 
services wetlands provide; 4 of the most significant 
of these services are water quality improvement, 
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biodiversity support, flood mitigation, and nutrient 
and carbon management (Kusler and Kentula 1990;  
Zedler and Kercher 2005). Since the mid-2000s, 
US wetland restoration and creation efforts have 
surpassed US wetland destruction, leading to an 
annual net gain of approximately 13,000 hectares 
(32,000 acres) (Dahl 2006; LePage 2011). 

Wetland restoration projects seek to recover 
degraded wetland functions and services by targeting 
certain assemblages of flora as well as desirable abiotic 
characteristics such as appropriate hydrological 
features and stable nutrient cycles (Moreno-Mateos 
et al. 2012). While it is currently unknown how 
long it takes for ecosystems to fully recover after 
disturbance, current estimates range from several 
decades to centuries (Jones and Schmitz 2009; 
Moreno-Mateos et al. 2012; Moreno-Mateos et. 
al. 2015). However, most restorations are rarely 
monitored longer than what is required by law, 
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mostly due to the difficulty of obtaining funding to 
continue long-term monitoring (Ruiz-Jaen and Aide 
2005; Robertson et al. 2018). For example, under 
the Clean Water Act, mitigation sites are required 
to be monitored for at least 5 years—even though 
soils affected by mining can take over 15 years to 
recover to similar values to undisturbed soil (Ruiz-
Jaen and Aide 2005; CMLAR 2008; Robertson et 
al. 2018). Vegetation is almost always included in 
post-restoration monitoring, as recovery of fauna and 
other ecological functions often follow recovery of 
vegetation (Ruiz-Jaen and Aide 2005). For example, 
a correlation has been found between recovery of 
birds and recovery of diverse vegetation structure 
(Ruiz-Jaen and Aide 2005). 

“The ultimate goal of restoration is to create a self-
supporting ecosystem that is resilient to perturbation 
without further assistance” (Ruiz-Jaen and Aide 
2005). Due to the prevalence of invasive species 
in degraded ecosystems, however, recolonization 
is a serious concern. Therefore, tracking potential 
recolonization of invasives into restored areas is 
why long-term monitoring of restored sites is 
vitally important to the success of restoration and 
mitigation projects. Matthews and Spyreas (2010) 
found that restored wetlands followed desired 
trajectories towards high-quality target states for 
the first 4 years of monitoring, but then deviated 
from those ideal trajectories and converged upon 
the vegetative community of degraded wetlands—
mainly due to the recolonization of invasive species. 
Due to wetlands forming in landscape sinks 
(which then collect nutrients, sediment, seeds, and 
pollutants from the surrounding land as water flows 
in), wetlands are extremely vulnerable to invasive 
plants (Boers et al. 2006). Wetland invasives are 
categorized by their rapid growth, aquatic seed 
dispersal, and broad ecological niches (Zedler and 
Kercher 2004). For example, Typha spp., or cattails, 
are extreme generalists: their seeds germinate under 
a wide range of water depths and tolerate a wide 
range of soils (Kantrud 1986). Invasive species often 
out-compete more specialized or slower growing 
plants, leading to a decline in species diversity and 
establishing monotypic stands (Kantrud 1986; 
Galatowitsch et al. 1999; Zedler and Kercher 2005; 
Aronson and Galatowitsch 2008). Monotypic stands 
are typically less effective at controlling nutrients 
than diverse communities, and eutrophic conditions 
can lead to further degradation of the ecosystem 

(Boers et al. 2006). Due to the dominating and 
resilient nature of invasives, restored areas may be 
recolonized over time, thus creating the need for 
monitoring and control after the initial project is 
complete (Kennedy et al. 2002). 

Many restoration and mitigation projects aim 
to provide suitable habitat for breeding wetland 
bird and waterfowl populations (VanRees-Siewert 
and Dinsmore 1996; Ortega-Álvarez and Lindig-
Cisneros 2012). Birds, due to their relatively high 
position in trophic webs and sensitivity to pollutants, 
are a bio-indicator of ecosystem health (Furness 
1993; Tsipoura et al. 2008; Zhang and Ma 2011; 
Ortega-Álvarez and Lindig-Cisneros 2012). Habitat 
heterogeneity, vegetation, wetland size, and time 
since restoration each factor into the richness and 
diversity of bird species present (Kantrud 1986; 
Gibbs et al. 1991; VanRees-Siewert and Dinsmore 
1996; Brown and Smith 1998; Ortega-Álvarez and 
Lindig-Cisneros 2012). Birds have been found to 
prefer wetlands with high vegetative heterogeneity 
over wetlands dominated by tall, monotypic stands 
(such as those formed by Typha spp.) (Kantrud 
1986; Lehikoinen et al. 2017). A review of previous 
literature has found that 33 to 66% emergent cover 
is ideal, as intermediate cover supports a greater 
species richness than closed (>66%) or open (<33%) 
wetlands; additionally, breeding species richness 
increases with increasing emergent cover (Gibbs et 
al. 1991; VanRees-Siewert and Dinsmore 1996). 
Marsh bird use of restored/mitigation wetlands 
versus natural wetlands is a relatively well studied 
field, as it is important to determine if the restored 
wetlands are providing the same habitat quality as an 
undisturbed wetland (Delphey 1991; Delphey and 
Dinsmore 1993; Brown and Smith 1998; Brusati et 
al. 2001; Ratti et al. 2001; Brown 2008; Desrochers 
et al. 2008). However, the comparison of bird use 
of restored versus unrestored wetlands has rarely 
been studied (Seigel et al. 2005). Partially restored 
wetlands, such as the location of this study, give 
the unique opportunity to compare avian presence 
in an unrestored wetland with their presence in an 
adjacent restored wetland. 

Miller Valley Wetland, located at a conservation 
facility known as The Wilds® in Muskingum 
County, Ohio, is an example of a restoration 
project that benefits from repeated monitoring. 
In 2011, a restoration project—consisting of the 
installation of a weir and a controlled drainage 
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system, along with mechanical and chemical 
removal of invasive plant species—was completed 
in 6.5 of the 22 hectares (16 of 55 acres) of the 
wetland. While restoration of all 22 hectares (55 
acres) was planned, further restoration has not 
occurred due to funding constraints. Accordingly, 
the restored (native-dominated) community is still 
directly connected to the unrestored (invasive-
dominated) community due to the stream flowing 
from the unrestored to the restored section. As plant 
communities change over time through means of 
succession, the biological barrier (i.e., the separation 
of communities due to species composition) 
between the restored and unrestored habitats may 
degrade (Kennedy et al. 2002). The goal of this 
study, therefore, was to continue monitoring the 
vegetative community in the restored portion of the 
wetland, while also comparing it to the community 
of the unrestored portion. As this was an ongoing 
project, the vegetation data collected in 2018 builds 
off data from previous years to create a trendline 
of vegetative community health. In addition, an 
initial avian community survey was completed as a 
supplementary tool for future management decisions 
regarding Miller Valley Wetland. The data collected 
here will help determine if the goals of the original 
restoration project (such as greater native and 
obligate species richness and greater floral diversity) 
are being met, as well as provide information about 
succession over time. 

METHODS
Site Description 

The study site is the Miller Valley Wetland, 
lat 39°50'42.4"N, long 81°42'46.1"W (39.8451 N, 
−81.7128 W), located on The Wilds, a conservation 
facility in Cumberland, Ohio, United States. The 
Wilds is housed on almost 4,000 hectares (10,000 
acres) of reclaimed surface mining land. The tract 
that Miller Valley Wetland currently occupies has 
been subjected to various land uses due to farming 
and mining activities. In the late 1950s  a land 
bridge was constructed over the wetland valley 
in order to more easily haul mining materials. In 
1982 the valley flooded due to a blocked culvert, 
creating a 24-hectare (60-acre) sediment lake known 
as Lake Rise and Fall. (The following timeline was 
obtained from a 2016 The Wilds internal document 
detailing the history of Miller Valley Wetland, 
provided by K. Kirkpatrick; unreferenced.) In 1984 

the dam was removed, creating a silted mud flat 
marsh wetland. Beavers (Castor canadensis) then 
created and maintained a varied hydrology. In 
2006, however, the beavers entirely abandoned the 
wetland, leading to a dramatic decrease in water level 
and an increase in invasive plant species. In 2011 
approximately 6.5 hectares of the 22-hectare (16 of 
55 acres) wetland underwent restoration. Invasive 
species such as cattails (Typha spp.) (both narrowleaf 
and hybrid cattails were present), autumn olive 
(Elaeagnus umbellata), reed canary grass (Phalaris 
arundinacea), common reed (Phragmites australis), 
and others were removed through mechanical and 
chemical means. Riparian zones were replanted 
with a highly diverse mix of herbaceous and woody 
native species, introduced through 13,000 native 
plant plugs, 3,000 native trees, and approximately 
34 kg (75 pounds) of seed. Finally, a recycled vinyl 
sheet pile weir was installed to rebuild and control 
the hydrology. While there has been almost yearly 
monitoring, only minimal restoration work has been 
done since the initial restoration (Fig. 1). 

 
Vegetative Surveys 

A permanent 2 × 5 grid pattern transect, as 
described by Peet et al. (1998), was established in 
2010 (shortly before the restoration project was 
complete) in order to evaluate the wetland integrity 
using the Vegetation Index of Biotic Integrity 
(VIBI). This original transect, hereafter referred 
to as T1, is located on the northern edge of the 
restored section of the wetland, within the emergent 
boundaries (Fig. 2). The area T1 has been evaluated 
using the VIBI method since 2010, completed 
by various staff members and summer interns of 
The Wilds. A second VIBI transect (T2), with a 
similar grid pattern, was established in 2016 in the 
unrestored portion of Miller Valley Wetland. T2 was 
also located on the northern edge of the wetland 
within the emergent boundary. From 28 June to 28 
July 2018, a VIBI was performed at each transect 
following the Ohio EPA standard field method 
(Mack and Gara 2015). Based on the species and 
their relative abundances found in the modules, 
the wetland is assigned a primary and secondary 
community that describes the dominant types of 
vegetation—for example, a primary community of 
cattail marsh. These community designations are 
used to determine which VIBI category should be 
used to calculate the score. Biomass samples were 
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FIGURE 1. Pictures of Miller Valley Wetland (A) before restoration (June 2010), (B) after restoration (June 2011), (C) July 2017, 
and (D) August 2018. Photo point was located overlooking the weir (lower left in B, bottom center in C and D).  

FIGURE 2. Graphic of VIBI transects across Miller Valley Wetland, with restoration project boundaries outlined. The yellow 
border outlines the hydrological restoration, while the green line marks the western boundary of the vegetative restoration 
(invasive removal, native planting, etc.). The orange outline represents the unrestored section, which continues west off the 
image. The blue line marks the restored VIBI plot (T1), and the red line marks the unrestored VIBI plot (T2). Map originally 
drawn by Katie Kirkpatrick, edited by Riley Jones.  
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harvested from 2 opposite corners of each intensive 
module. Harvesting was accomplished by clipping 
all rooted vegetation, at dirt level, within a 0.1 m2 
quadrat. After recording the wet weight (grams) 
soon after harvest, biomass samples were air dried 
for at least 72 hours and then weighed. 

VIBI data was analyzed using the Ohio EPA’s 
“Automated Spreadsheets for Calculating and 
Reporting the Vegetation Index of Biotic Integrity 
(VIBI) Metrics and Scores v. 2015.2.” Two VIBI 
categories were used: the VIBI-E, for emergent 
communities, and the VIBI-FQ for floristic quality.  
The VIBI-FQ uses only 2 metrics with a maximum 
of 50 points each: diversity and dominance. Specifics 
on calculating the Floristic Quality Assessment 
Index (FQAI) can be found in Andreas et al. (2004). 
Diversity is calculated by using the FQAI and the 
following equation:

Dominance is calculated by multiplying the 
relative cover of each species by its coefficient of 
conservatism (C of C) value (Andreas et al. 2004). 
The VIBI-FQ is useful to compare wetlands with 
different hydrogeomorphic (HGM) classes, as 
traditional VIBIs are influenced by the HGM class 
of the plot; this allows wetlands that have similar 
plant assemblages (or are neighboring) to be directly 
compared in order to see overall trends in a larger 

area (Spieles et al. 2006; Gara 2016). The VIBI-FQ 
scoring system is more accurate than the traditional 
VIBIs (Gara 2016). Additionally, because the FQAI 
weighs species by assigning higher values to rare 
and specialist species, it is a useful indicator of the 
specificity of the plant community (Johnston et al. 
2009; Brandt 2013). Vegetation species, cover, and 
biomass data were put into the automated spreadsheet 
to calculate VIBI-E and VIBI-FQ scores. 

Avian Surveys 
From 8 July to 5 August 2018, 8 total point 

count bird surveys were conducted at Miller Valley 
Wetland. The survey followed a modified version 
of the Standardized North American Marsh Bird 
Monitoring Protocol that excluded the call broadcast 
period (Conway 2011). This survey was conducted 
using survey rounds: each survey was completed 
within a 10-day window, with each window separated 
by 7 days. The survey windows were 8 to 17 July and 
27 July to 5 August. Surveys were completed both 
in the morning (starting 30 minutes before sunrise 
and ending approximately 1 hour after sunrise) 
and evening (starting approximately 1 hour before 
sunset and ending 30 minutes after sunset). Six 
survey points were established along the transect to 
maximize coverage of the tall emergent marsh habitat 
(Fig. 3). While the surveys (due to logistical issues) 
did not extend into the section with no restoration 
efforts, the 3 western-most points were considered 
proxies for the unrestored section due to similarity in 

FIGURE 3. Graphic of avian survey passive-period locations at Miller Valley Wetland. Orange dots represent points categorized 
as open water, yellow dots represent points categorized as closed cattail habitat. The transect was walked from east to west.  
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cattail dominance. Each point was categorized “open 
water” or “closed cattail” based on a visual estimation 
of the density of cattails present in the middle of 
the wetland. While no surveys were conducted, the 
closed cattail portions were estimated to be around 
80% cover, while the open water section was around 
5% cover—the latter featuring only small clumps of 
cattails (Fig. 4). At each point, all birds heard and 
seen in a 5-minute passive-period were recorded. 
The transect was walked from east to west. At the 
beginning and end of the survey the temperature 
(°F), wind speed and direction, and cloud cover 
were recorded for potential use during analysis: to 
account for weather and temperature effects on the 
activeness of birds during sampling. 

Avian survey analyses were performed using R 
software, version 3.5.0, with the lme4 package lmer 
function for linear mixed effects models (Bates et al. 
2015; R Core Team 2018). Boxplots were created in 
R 3.5.0 (R Core Team 2018). 

RESULTS 
Vegetative Surveys

The restored section of the Miller Valley Wetland 
was primarily dominated by mixed emergent marsh 
vegetation, with a secondary community of a cattail 
(Typha spp.) marsh. The unrestored section of the 
wetland had a primary community of a cattail 
marsh, and a secondary vegetation community of 
non-wetland, non-woody plants, with a modifier 
of an old field. Therefore, the VIBI-E metrics (for 

emergent community dominated wetlands) were used 
to calculate the VIBI score for both transects. For the 
hydrogeomorphic (HGM) class, the restored section 
of Miller Valley Wetland was classified as a human 
impoundment—due to the use of the weir and the 
controlled drainage system to control hydrology. Due 
to lack of surface water in the unrestored plot, other 
than Miller Valley Creek, the unrestored section was 
classified as a surface water depression. The HGM 
class influences the quality of habitat assigned to a 
range of VIBI scores (for further reading about the 
HGM approach, see Whigham 1999). 

A total of 45 species were identified in the restored 
plot (T1), including 8 species considered adventive, 
or non-native, in southeastern Ohio (Gara 2016) 
(Table 1). For the purposes of VIBI, there is not an 
“invasive” category. However, some of the adventive 
species, such as autumn olive (Elaeagnus umbellata) 
and multiflora rose (Rosa multiflora), are considered 
invasive at The Wilds. The VIBI-E score for T1 was 
58 in 2018, an increase of 15 points from the score 
of 43 in 2017 (Fig. 5A). The VIBI-FQ score also 
increased to 43 in 2018, versus the score of 19 in 
2017, and was the highest score obtained since the 
VIBI-FQ method of scoring was adopted in 2016 
(Fig. 5B). While the vegetative species richness (i.e., 
the total number of plant species) identified in the 
plot has decreased from a high of 76 in 2014 to 42 
in 2018 (Fig. 5C), the percentage of wetland obligate 
plants has increased, and the percentage of upland 
plants has decreased (Fig. 6). 

FIGURE 4. Comparison of closed cattail habitat (left) versus open water habitat (right) at Miller Valley Wetland. Both pictures 
were taken during August 2018. While each photo point is technically within the area that was restored in 2011, the difference 
in Typha spp. presence is striking—approximately 80% cover in the closed cattail habitat, as opposed to approximately 5% 
cover in the open water habitat.   
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Table 1
Year 2018 vegetative species list of the restored plot (T1) of the 

Miller Valley Wetland in descending order of relative cover

Species Common name C of C a Nativity Wetland 
indicator b, c

Relative 
cover 

Potamogeton nodosus long-leaf pondweed 3 native OBL 0.286
Pontederia cordata pickerelweed   6 native OBL 0.198
Typha angustifolia narrow-leaf cat-tail 0 adventive OBL 0.149
Eleocharis palustris common spike-rush 5 native OBL 0.106
Juncus effusus common rush 1 native FACW+ 0.068
Scutellaria lateriflora mad dog skullcap 3 native FACW+ 0.049
Carex hystericina porcupine sedge 5 native OBL 0.0187
Leersia oryzoides rice cut grass 1 native OBL 0.018
Agrimonia parviflora harvestlice   2 native FAC 0.018
Persicaria hydropiperoides swamp smartweed 6 native OBL 0.013
Boehmeria cylindrica smallspike false nettle 4 native FACW+ 0.013
Ludwigia palustris marsh seedbox 3 native OBL 0.008
Rosa multiflora multiflora rose 0 adventive FACU 0.008
Carex vulpinoidea fox sedge 1 native OBL 0.007
Hibiscus moscheutos swamp rosemallow 4 native OBL 0.004
Apocynum cannabinum Indian hemp 1 native FACU 0.004
Apocynum androsaemifolium spreading dogbane 6 native FACU− 0.004

a C of C indicates the coefficient of conservatism, with lower scores indicating more tolerant species and higher scores
for more sensitive species.

b Wetland indicators status reflects the likelihood of a plant being found in a wetland. 
OBL: Obligate plant; almost always found in saturated soils. 
FACW: Facultative wet plant; almost always occur in areas of prolonged flooding, but on occasion may be found

in non-wetlands. 
FAC: Facultative plant; occur in a variety of habitats that may be wetland or non-wetland, but are commonly 

found in wetland habitats. 
FACU: Facultative upland plant; typically occur in non-wetland habitats but can occur frequently in wetlands. 
UPL: Upland plant; almost never occur in a wetland habitat. 

c The (+) or (−) indicates species with frequencies that are intermediate between 2 categories (Lichvar et al. 2012).

The unrestored plot (T2) had a vegetative species 
richness of 33, with 6 of those species considered 
adventive (Table 2). T2 was given a VIBI-E score 
of 27 in 2018, a decrease of 2 points from 2017 
(Fig. 5A), and a VIBI-FQ score of 21 in 2018, up 
from a score of 13 in 2017 (Fig. 5B). T2 shows the 
opposite trend as T1, as the total number of plant 
species found in the unrestored plot has increased 
annually (Fig. 5C), while the percentage of wetland 
obligate species has decreased over time (Fig. 7). 

Avian Surveys
The “open water” habitat had significantly higher 

avian species richness, with an average of 1.5 ± 0.5 
species more than the “closed cattail” habitat per 
survey (χ2(1) = 6.723, p = 0.00951) (Fig. 8). Total 
species richness was also higher for the open water 
area, with 3 more species observed in the open water 
section than in the closed cattail section (Table 3). 
Though composed of different species, the number 
of wetland-dependent species was the same in each 
section (n = 9) (Table 3).  
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Table 1 (continued)
Year 2018 vegetative species list of the restored plot (T1) of the 

Miller Valley Wetland in descending order of relative cover

Species Common name C of C a Nativity Wetland 
indicator b, c

Relative 
cover 

Scirpus cyperinus woolgrass 1 native FACW+ 0.004
Solidago sp. goldenrod N/A adventive FACW 0.004
Asclepias incarnata swamp milkweed 4 native OBL 0.001
Sparganium eurycarpum giant bur-reed 4 native OBL 0.001
Parthenocissus quinquefolia Virginia creeper 2 native FACU 0.001
Aster sp. aster N/A native UPL 0.001
Impatiens capensis spotted touch-me-not 2 native FACW 0.001
Verbena hastata blue vervain 4 native FACW+ 0.001
Cirsium arvense Canada thistle 0 adventive FACU 0.001
Epilobium ciliatum fringed willowherb 4 native FAC− 0.001
Schoenoplectus 
tabernaemontani

softstem bulrush 2 native OBL 0.001

Galium tinctorium stiff marsh bedstraw 4 native OBL 0.001
Persicaria hydropiper marshpepper knotweed 1 native OBL 0.001
Mimulus ringens Allegheny monkeyflower 4 native OBL 0.001
Carex tribuloides blunt broom sedge 4 native FACW+ 0.001
Toxicodendron radicans poison ivy 1 native FAC 0.001
Calystegia sepium hedge bindweed 1 native FAC− 0.001
Vitis sp. grape N/A native FACW 0.001
Elaeagnus umbellata autumn olive 0 adventive FACU 0.001
Prunella vulgaris common selfheal 0 native FACU+ 0.001
Lythrum salicaria purple loosestrife 0 adventive FACW+ 0.001
Lycopus virginicus Virginia water horehound 3 native OBL 0.001
Avenella flexuosa crinkled hairgrass 8 native UPL 0
Salix nigra black willow 2 native FACW+ 0
Salix alba white willow 0 adventive FACW 0
Salix sp. willow N/A native OBL 2.34 × 10-5

Mentha X piperita peppermint 0 adventive FACW+ 2.34 × 10-5

Acer negundo box elder 3 native FAC+ 2.34 × 10-5

a C of C indicates the coefficient of conservatism, with lower scores indicating more tolerant species and higher scores
for more sensitive species.

b Wetland indicators status reflects the likelihood of a plant being found in a wetland. 
OBL: Obligate plant; almost always found in saturated soils. 
FACW: Facultative wet plant; almost always occur in areas of prolonged flooding, but on occasion may be found

in non-wetlands. 
FAC: Facultative plant; occur in a variety of habitats that may be wetland or non-wetland, but are commonly 

found in wetland habitats. 
FACU: Facultative upland plant; typically occur in non-wetland habitats but can occur frequently in wetlands. 
UPL: Upland plant; almost never occur in a wetland habitat. 

c The (+) or (−) indicates species with frequencies that are intermediate between 2 categories (Lichvar et al. 2012).
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FIGURE 5. Trend lines of the vegetative survey results in the restored plot (T1) since 2010 and the unrestored plot (T2) since 
2016 at Miller Valley Wetland. (A) VIBI-E scores. T1 was not surveyed in 2013 and 2015, therefore those years were omitted 
from the figure. (B) VIBI-FQ scores. The VIBI-FQ method of scoring was adopted in 2016, so previous years have been omitted 
from the figure. (C) Species richness (or total plant species). (D) Number of wetland obligate species found.  

FIGURE 6. Changes in wetland indicator status of the plant community in the restored plot (T1). The chart from 2010 represents 
the wetland before restoration, while the chart from 2011 represents the wetland immediately after the restoration project. 
The percentage of wetland obligate (OBL) plants has increased since the restoration project. FAC = facultative, FACW = 
facultative wetland, FACU = facultative upland, UPL = upland, ND = not determined.  
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Table 2
Year 2018 vegetative species list of the unrestored plot (T2) of the 

Miller Valley Wetland in descending order of relative cover

Species Common name C of C a Nativity Wetland 
indicator b, c

Relative 
cover 

Typha angustifolia narrow-leaf cat-tail 0 adventive OBL 0.333
Impatiens capensis spotted touch-me-not 2 native FACW 0.113
Solanum dulcamara bittersweet nightshade 0 adventive FAC− 0.010
Boehmeria cylindrica smallspike false nettle 4 native FACW+ 0.086
Cirsium vulgare bull thistle 0 adventive FACU− 0.056
Asclepias syriaca common milkweed 1 native FACU− 0.042
Cuscuta gronovii scaldweed 3 native FACW+ 0.040
Bidens connata purplestem beggarticks 3 native FACW+ 0.032
Lycopus virginicus Virginia water horehound 3 native OBL 0.024
Parthenocissus quinquefolia Virginia creeper 2 native FACU 0.024
Onoclea sensibilis sensitive fern 2 native FACW 0.020
Rosa multiflora multiflora rose 0 adventive FACU 0.020
Rubus allegheniensis Allegheny blackberry 1 native FACU− 0.020
Calystegia sepium hedge bindweed 1 native FAC− 0.016
Lycopus americanus American water horehound 3 native OBL 0.016
Bidens frondosa devil's beggartick 2 native FACW 0.008
Vernonia gigantea tall ironweed 2 native FAC 0.008
Conoclinium coelestinum blue mistflower   3 native FAC 0.006
Vitis aestivalis summer grape 4 native FACU 0.005
Cirsium arvense Canada thistle 0 adventive FACU 0.005
Toxicodendron radicans poison ivy 1 native FAC 0.005
Acer rubrum red maple 2 native FAC 0.004
Agrimonia parviflora harvestlice 2 native FAC 0.004
Verbesina alternifolia wingstem 5 native FAC 0.004
Persicaria hydropiperoides swamp smartweed 6 native OBL 0.003
Castanea pumila chinquapin 0 adventive UPL  0.002
Eupatorium perfoliatum common boneset 3 native FACW+ 0.002
Galium tinctorium stiff marsh bedstraw 4 native OBL 0.002

a C of C indicates the coefficient of conservatism, with lower scores indicating more tolerant species and higher scores
for more sensitive species.

b Wetland indicators status reflects the likelihood of a plant being found in a wetland. 
OBL: Obligate plant; almost always found in saturated soils. 
FACW: Facultative wet plant; almost always occur in areas of prolonged flooding, but on occasion may be found

in non-wetlands. 
FAC: Facultative plant; occur in a variety of habitats that may be wetland or non-wetland, but are commonly 

found in wetland habitats. 
FACU: Facultative upland plant; typically occur in non-wetland habitats but can occur frequently in wetlands. 
UPL: Upland plant; almost never occur in a wetland habitat. 

c The (+) or (−) indicates species with frequencies that are intermediate between 2 categories (Lichvar et al. 2012).
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Table 2 (continued)
Year 2018 vegetative species list of the unrestored plot (T2) of the 

Miller Valley Wetland in descending order of relative cover

Species Common name C of C a Nativity Wetland 
indicator b, c

Relative 
cover 

Lonicera oblongifolia swamp fly honeysuckle 9 native OBL 0.002
Acer negundo box elder 3 native FAC+ 0.001
Mimulus ringens Allegheny monkeyflower 4 native OBL 0.001
Samolus valerandi seaside brookweed 4 native OBL 1.13 × 10-5

Senna hebecarpa American senna 4 native FAC 1.13 × 10-5

a C of C indicates the coefficient of conservatism, with lower scores indicating more tolerant species and higher scores
for more sensitive species.

b Wetland indicators status reflects the likelihood of a plant being found in a wetland. 
OBL: Obligate plant; almost always found in saturated soils. 
FACW: Facultative wet plant; almost always occur in areas of prolonged flooding, but on occasion may be found

in non-wetlands. 
FAC: Facultative plant; occur in a variety of habitats that may be wetland or non-wetland, but are commonly 

found in wetland habitats. 
FACU: Facultative upland plant; typically occur in non-wetland habitats but can occur frequently in wetlands. 
UPL: Upland plant; almost never occur in a wetland habitat. 

c The (+) or (−) indicates species with frequencies that are intermediate between 2 categories (Lichvar et al. 2012).

FIGURE 7. Annual changes in wetland indicator status of the plant community in the unrestored plot (T2). T2 was established 
in 2016. The percentage of wetland obligate (OBL) plants has decreased over time. FAC = facultative, FACW = facultative 
wetland, FACU = facultative upland, UPL = upland.  
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Table 3
Year 2018 avian species list recorded in Miller Valley Wetland by section

Open water Both areas Closed cattails

American Redstart American Crow American Woodcock a

Baltimore Oriole American Goldfinch Cedar Waxwing

Belted Kingfisher a American Robin House Sparrow
Indigo Bunting Barn Swallow Virginia Rail a

American Tree Sparrow American Black Duck a   Wild Turkey

Trumpeter Swan a Chipping Sparrow
Turkey Vulture Common Grackle
Yellow Warbler Common Yellowthroat a

Eastern Kingbird
Eastern Towhee
European Starling
Field Sparrow

Great Blue Heron a

Green Heron a

Grey Catbird
House Wren

Killdeer a

Mourning Dove
Northern Cardinal
Pileated Woodpecker
Red-eyed Vireo
Red-winged Blackbird
Eastern Screech-Owl 
Song Sparrow

Swamp Sparrow a

Tree Swallow a

Tufted Titmouse
White-eyed Vireo
Wood Thrush
Yellow-billed Cuckoo

a Water birds and wetland-dependent species are shown in bold (as denoted in ODNR 2006).
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FIGURE 8. Avian species richness between open water and closed cattail habitat at Miller Valley Wetland. Species richness 
was calculated by averaging the 3 survey points per wetland area, obtained over 8 total surveys. 
** Symbolize p < 0.001, linear effects model.  

Moreno-Mateos et al. (2012) in which plant richness 
increases for 5 years after restoration, then decreases 
again for another 5 years; this is similar to the overall 
loss of richness observed in wetland emergent zones 
in Minnesota after 13 years (Robertson et al. 2018). 
These trends appear to be due to some of the planted 
community failing to thrive, then recolonization 
of unplanted and invasive species, and finally 
domination by the invasive species. A review of 
wetland responses to different restoration approaches 
found that the structure of biotic assemblages 
recovered to approximately 80% of reference wetland 
levels after 10 years when flow reestablishment and 
revegetation techniques are used (Moreno-Mateos 
et al. 2015); the trend of modest improvement at 
Miller Valley Wetland indicates that it is generally 
following this same trajectory. Robertson et al. (2018) 
observed a loss of cover in emergent communities 
due to increased open water, a trend also observed 
in Miller Valley Wetland. Consequently, the general 
upward trend of increased wetland obligative plants 

DISCUSSION
Vegetative Surveys

Using the traditional Vegetation Index of Biotic 
Integrity for Emergent Vegetation (VIBI-E), the 
restored wetland is considered a wetland habitat 
which can support a balanced, adaptive, and 
integrated community. The unrestored section is 
considered a restorable wetland habitat, which is 
a degraded wetland that still has the potential to 
become a wetland habitat (see Peet et al. 1998 for 
original scoring table; Mack and Gara 2015). The 
relatively low quality of the wetland sections—the 
restored section scored at the lower range of the 
wetland habitat category—is unsurprising, as many 
studies have found that vegetation takes significantly 
longer than 10 years to reach comparable states to 
reference wetlands (Seabloom and van der Valk 2003; 
Jones and Schmitz 2009; Matthews et al. 2009; 
Moreno-Mateos et al. 2012; Moreno-Mateos et al. 
2015). The plant richness of the restored section 
appears to be following the trend identified by 
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in the restored section, likely due to the increase in 
open water, is also consistent with trends observed 
in restored Illinois wetlands (Meyer et al. 2010). 

Since 2016, muskrats (Ondatra zibethicus) have 
been observed recolonizing Miller Valley Wetland, 
and their feeding activity may be limiting the 
recolonization of Typha spp. into the restored 
section. Cattail is known to be a favorite food of 
muskrats of all ages—and muskrats have been 
shown to eat all parts of the plant at different times, 
including the underwater portions (Errington 1941). 
Muskrats have been recommended for invasive 
cattail management, as they are highly efficient, if 
imprecise, grazers (Ball 1990; Svedarsky et al. 2019). 
A quantitative study of muskrat activity in Miller 
Valley Wetland may be useful in testing the role of 
muskrats in controlling the spread of cattail.  

In the unrestored section, there has been an 
increase in facultative upland and facultative, or 
generalist, plant species in the 3 years of monitoring. 
The number of wetland obligate and facultative 
wetland plants have decreased, thus demonstrating 
an opposing trend to the restored section. The 
unrestored section lacks surface water other than a 
small stream, so the hydrological regime does not 
support wetland obligate species. These differences 
are not only indicative of the health of the wetland, 
they also demonstrate the different trajectories of 
the 2 sections. So far, the unrestored section—on 
its own—is not increasing in quality. 

While the VIBI scores have generally increased 
since 2017 (except the VIBI-E score of the 
unrestored section), fluctuations in the vegetative 
community are expected; therefore, continued 
monitoring and potentially further restoration is 
required to determine if the upward trajectory will 
persist (Zedler 2000; Seabloom and van der Valk 
2003; Aronson and Galatowitsch 2008; Matthews 
and Spyreas 2010; Price 2016; Robertson et al. 
2018). From personal observation, it is clear Typha 
spp. is invading the restored portion of the wetland 
due to the close physical proximity of the unrestored 
section, as well as the existing seedbank from before 
the restoration. Typha spp., if not actively managed, 
has been found to significantly increase around 5 to 
8 years after restoration efforts (Galatowitsch et al. 
1999; Aronson and Galatowitsch 2008; Meyer et al. 
2010; Robertson et al. 2018). Additionally, restored 
wetland sites in close proximity have been shown to 
converge or homogenize (Aronson and Galatowitsch 

2008; Matthews and Spyreas 2010; Price 2016; 
Robertson et al. 2018). The lack of other restored 
wetlands, in close proximity to the current study 
site, further disadvantages the restored section of 
Miller Valley Wetland in resisting the encroachment 
of invasive species from the adjoining unrestored 
section. The risk is exacerbated by the fact that 
the unrestored section is upstream of the restored 
section, which facilitates the spread of invasive 
species (Baldwin 2004; Moreno-Mateos et al. 2008). 
Finally, Seabloom and van der Valk (2003) found 
that the weak dispersal abilities of desired wetland 
plants are the largest barriers to recolonization 
and early succession of restored wetlands; thus, 
these authors recommend restoration of entire 
wetland complexes to minimize the isolation 
between wetlands. While the approaching Typha 
spp. has reached the restored VIBI plot at Miller 
Valley Wetland, the muskrats may be suppressing 
new recruitment of Typha in much of the rest of 
the restored section for now (pers. obs.). While 
literature is sparse, muskrats have been found to 
preferentially reduce Typha biomass and facilitate 
increases in open water area (Proulx and Gilbert 
1983; Connors et al. 2000). However, without 
another round of invasive removal, what progress 
the restored section has experienced is in peril. 

Avian Surveys
Animal assemblages (unlike plant assemblages) 

have been found to recover quickly in restored 
wetlands, especially when the restoration included 
flow re-establishment and revegetation—as was the 
case for Miller Valley Wetland (Moreno-Mateos et 
al. 2012). The data from these avian surveys reflected 
the findings of Seigel et al. (2005); that study found a 
significant increase in species richness 5 years after the 
restoration of an urban tidal marsh, when compared 
to pre-restoration data. Additionally, Brown and 
Smith (1998) found that total avian species richness 
was similar between a recently restored wetland and 
a high-quality reference site, though the species 
composition differed; the current study mirrors this 
when comparing the avian species richness of the 
restored and unrestored sections, though neither 
could be called “high quality.” The higher avian 
species richness per survey in the “open water” habitat 
at Miller Valley Wetland is likely due to increased 
habitat heterogeneity, as it is known that birds 
prefer wetlands with high vegetative heterogeneity 
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over wetlands dominated by tall, monotypic stands 
(Kantrud 1986; Seigel et al. 2005; Lehikoinen et al. 
2017). This response can be used to inform future 
invasive removal plans: if bird surveys are continued 
and avian species richness decreases, it can indicate 
invasive removal may be necessary. Therefore, these 
avian surveys can be used as a supplement to the 
VIBI vegetation surveys to evaluate the health of 
Miller Valley Wetland. 

It is recommended that future bird surveys 
be conducted in the Miller Valley Wetland. 
These surveys should occur over a longer period, 
incorporate multiple seasons, and include breeding 
periods and overwintering of different species. Such a 
study would help determine the importance of Miller 
Valley Wetland to the avian community. Finally, a 
Virginia Rail (Rallus limicola) was detected during 
the current study—these secretive birds are often a 
focus of targeted wetland management, and knowing 
more about their occupancy of Miller Valley Wetland 
will aid future vegetation management decisions. 

The apparently successful restoration of Miller 
Valley Wetland as a wetland bird habitat—due to 
the observed number of wetland-dependent species 
and increase in species richness—also supports 
the total restoration of the wetland. The size of a 
restored habitat is often correlated with the species 
of wetland birds that will use the site, with larger 
wetlands typically boasting greater species diversity 
(Gibbs et al. 1991; VanRees-Siewert and Dinsmore 
1996; Brown and Smith 1998;  Naugle et al. 1999; 
Fletcher et al. 2007; Sebastián‐González and Green 
2014). Managed wetlands have higher detection and 
occupancy rates than unmanaged sites, including 
for several at-risk and priority bird species like the 
Least Bittern (Ixobrychus exilis) and Sora (Porzana 
carolina) (Hagy and McClain 2015; Tozer et al. 
2018). Moreover, while cost is typically a barrier 
to restoration and management projects, a direct, 
positive correlation has been found between the 
amount of money spent on overgrowth removal 
measures and bird abundance (Lehikoinen et al. 
2017). It is expected that the total restoration 
of Miller Valley Wetland, in conjunction with 
vegetation management in the already-restored 
section, would benefit the avian community. 

Conclusion
As many wetland researchers have previously 

concluded, the 5-year monitoring period required 
by laws (such as the Clean Water Act) in the United 
States is inadequate to fully understand the progress 
and success of a wetland restoration (Zedler 2000; 
Kellogg and Bridgham 2002; Ruiz-Jaen and Aide 
2005; Aronson and Galatowitsch 2008; Matthews 
and Spyreas 2010; Price 2016; Robertson et al. 
2018). The current study at the Miller Valley Wetland 
corroborates these observations; if monitoring had 
been stopped after only 5 years, trends at that time 
would have indicated a misleadingly positive image 
of the success of the restoration. Additionally, Miller 
Valley Wetland illustrates the necessity of fully 
restoring a wetland—while the partial restoration 
of the wetland does provide a unique research 
opportunity, the unrestored section is contributing 
negatively to the future health of the restored section. 
The upstream location of the unrestored section is 
likely contributing to the recolonization of Typha 
spp. into the restored section (Galatowitsch et al. 
1999; Baldwin 2004; Aronson and Galatowitsch 
2008; Moreno-Mateos et al. 2008; Meyer et al. 
2010; Robertson et al. 2018). Therefore, Miller 
Valley Wetland demonstrates the need not only 
for continued monitoring and invasive control, 
but also the full restoration of the total area of the 
wetland. The avian community would also benefit 
from the full restoration: while vegetation control 
and open-water expansion would benefit some bird 
species more than others, higher species richness and 
diversity are associated with both larger restorations 
and higher habitat heterogeneity (VanRees-Siewert 
and Dinsmore 1996; Brown and Smith 1998; Seigel 
et al. 2005; Fletcher et al. 2007; Sebastián‐González 
and Green 2014; Lehikoinen et al. 2017). 
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