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Introduction 

Purpose of the Assessment 
The National Forest Management Act of 1976 requires every national forest to develop, 
maintain, and periodically revise an effective land management plan (also known as a forest 
plan), and to amend or revise the plan when conditions significantly change. The process for the 
development and revision of a forest plan begins with an assessment, followed by plan 
development, implementation, and monitoring. This assessment is intended to be a rapid 
evaluation of existing information on the current and changing ecological, social, and economic 
conditions prevalent across the Wayne National Forest (also referred to as the Wayne) and the 
broader study area. The assessment informs the “need to change” the current forest plan, released 
in 20061. The assessment includes information relevant to the conditions and trends of the 
following 15 topics: 

1. Terrestrial ecosystems, aquatic ecosystems, and watersheds 

2. Air, soil, and water resources and quality 

3. System drivers, including dominant ecological processes, disturbance regimes, and stressors, 
such as natural succession, wildland fire, invasive species, and climate change; and the 
ability of terrestrial and aquatic ecosystems on the plan area to adapt to change 

4. Baseline assessment of carbon stocks 

5. Threatened, endangered, proposed and candidate species; potential species of conservation 
concern (SCC); and species of public interest present in the plan area 

6. Social, cultural, and economic conditions 

7. Benefits people obtain from the planning area (ecosystem services) 

8. Multiple uses and their contributions to local, regional, and national economies 

9. Recreation settings, opportunities and access, and scenic character 

10. Renewable and nonrenewable energy and mineral resources 

11. Infrastructure, such as recreational facilities and transportation and utility corridors 

12. Areas of tribal importance 

13. Cultural and historical resources and uses 

14. Land status and ownership, use, and access patterns 

15. Existing designated areas located in the plan area including wilderness, wild and scenic 
rivers, and potential need and opportunity for additional designated areas (36 CFR 219.6(b)). 

                                                      
1 U.S. Department of Agriculture [USDA]. 2006. Wayne National Forest Land and Resource Management Plan. 
Nelsonville (OH): USDA Forest Service, Eastern Region. 
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The most recent National Forest Management Act planning rule, published in 2012, places an 
emphasis on ecological and social sustainability and adaptive management (36 C.F.R. § 219.1 et 
seq). The Forest Service is revising the 2006 Wayne Forest Plan under the guidance of the 2012 
planning rule. The planning rule’s purpose is to “…guide the collaborative and science-based 
development, amendment, and revision of land management plans that promote the ecological 
integrity of national forests and grasslands and other administrative units of the National Forest 
System.” A forest plan contains strategic direction for the management of forest resources while 
remaining adaptive as conditions change over time in order to remain relevant for the entirety of 
the forest plan’s implementation (10 to 15 years). 

Assessment Organization 
This assessment is divided into 10 sections. Each section includes:  

• an overview, including a description of ecosystem services  

• changed conditions2 

• management implications, with findings and supporting data, and 

• information gaps3  

Assessment appendices are as follows: 

• Appendix A: Collaboration and Public Input 

• Appendix B: Use of Best Available Scientific Information 

Supplemental Reports 
The assessment allows the reader to access information based on level of interest and 
engagement, and—coupled with supplemental reports—establishes a baseline of information 
regarding the current and changing conditions in the Wayne. The supplemental reports support 
the findings and supporting data identified in this assessment and include additional information 
required by the 2012 planning rule. Supplemental reports for the assessment include the 
following4: 

The Air Quality Supplemental Report reviews air quality across a regional airshed. Emissions 
trends for key air pollutants were analyzed across the airshed. Ambient air quality monitoring 
was conducted and reported for concentrations of pollutants with the potential to cause public 

                                                      
2 Changed conditions can be attributed to the alteration of system drivers and associated stressors, such as impacts of 
climate change; availability of best available science information; or a change in public preferences. 
3 Information gaps point out areas where the ability to quantify or qualify the link between management activity, 
condition, and service is unknown or uncertain. These gaps could be a result of the lack of monitoring capacity, or a 
general lack of scientific information. Some of these gaps could be addressed through future monitoring by the 
Wayne National Forest or its partners. 
4Not all assessment topics are covered in a supplemental report. Additional supporting material and documentation 
are kept in the planning record. Some supplemental reports support multiple topics. 
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health effects. Deposition impacts on herbaceous plant species richness, mycorrhizal fungi, and 
acidification of soils, surface water, and tree species were also considered. 

The Aquatic Ecosystems & Watersheds Supplemental Report provides an overview of the 
types of aquatic ecosystems found in the study area, and the biotic and abiotic indicators of 
ecosystem integrity at a landscape scale. These indicators are also aggregated at a sub-watershed 
scale. Those key ecosystem characteristics5 are captured and incorporated into integrity 
statements for each aquatic ecosystem type (current status and trends). The report also provides 
suggestions for improving monitoring and improving baseline data for more comprehensive 
aquatic ecosystems and watershed assessments in the future. 

The At-Risk Species Supplemental Report is organized into four sections: federally listed 
plants, federally listed wildlife, plant species of conservation concern, and wildlife species of 
conservation concern. The sections on federally listed species describe the background, range, 
habitat, behavior, and trends of federally threatened and endangered terrestrial and aquatic 
species. Species of conservation concern sections explain the screening processes for wildlife 
and plant taxa based on a consistent set of criteria. 

The Carbon Supplemental Report provides a summary of carbon stock in the Wayne between 
1991 and 2011, and the extent to which disturbances, regeneration, and nutrient availability 
affect annual carbon fluctuations. 

The Wildland Fire and Fuels Supplemental Report provides context for both wildland fire and 
prescribed fire on the national forest. The report discusses fuel types and particulate matter 
associated with fire. The document characterizes wildfire risk and response across the study area 
and describes the Wayne’s role in supporting communities across the defined Fire Protection 
Area. 

The Mineral Resources Supplemental Report characterizes current mineral ownership and 
extraction activities, quantifies the annual economic contribution from federal leasing within the 
socioeconomic area of influence, and describes federal leasing and drilling processes. The report 
also highlights legacy effects from mineral extraction and the costs of treatment. 

The Socioeconomic Conditions Supplemental Report characterizes land use and ownership 
patterns across the study area, as well as the more specialized demands placed on national forest 
resources by the public. The report analyzes demographic trends and changes in public 
preferences and quantifies regional economic structure, federal payments to counties, and the 
economic activity generated by the Wayne National Forest. The report also analyzes three key 
indicators of socioeconomic sustainability across the study area. 

                                                      
5 Key ecosystem characteristics are the dominant ecological characteristics that describe composition, structure, 
connectivity, and function of an ecosystem which is relevant to important concerns about the land management plan 
(36 CFR 219.19). More in-depth discussions of key ecosystem characteristics as they pertain to ecological integrity 
are addressed in the Terrestrial Ecosystems and Aquatic Ecosystems Supplemental Reports. 
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The Terrestrial Ecosystems Supplemental Report provides a characterization of ecosystem 
types found across the study area, as well as identification of rare or unique high-value 
ecosystems. The report includes a description of key ecosystem characteristics represented across 
these ecosystems, their current status, and stressors6 that impact terrestrial health. A baseline 
qualitative evaluation of ecological integrity is determined for each ecosystem type based on 
status of key ecosystem characteristics and perceived climate change resilience. 

The Wild & Scenic Rivers Eligibility Report outlines the systematic approach taken to 
evaluate eligibility of named streams based on a determination of “free-flowing” character and 
the presence of “outstandingly remarkable values,” based on scenery, recreation, geological 
features, presence of rare or unique fish and wildlife populations or habitat, historical and 
cultural values, or other similar river-related values.  

The Wilderness Inventory describes the spatial analysis process in selecting forest parcels for 
evaluation of potential wilderness characteristics based on size, road density, motorized trail 
density, and presence of oil and gas infrastructure. Human-made improvements were buffered, 
and inventory units were identified and mapped for further evaluation. 

Strategic Alignment 
During the forest plan revision process, the Wayne National Forest is striving for strategic focus 
and coordination with other agencies to better align land management goals and outcomes. 
Forest plan revision tiers directly to both the USDA and Forest Service’s Strategic Plans. The 
USDA Strategic Plan FY 2018 - 20227 contains seven strategic goals that explain the 
Department’s priorities. This assessment directly aligns with the following three goals: 1) Ensure 
USDA programs are delivered efficiently, effectively, with integrity and a focus on customer 
service; 2) facilitate rural prosperity and economic development; and 3) ensure productive and 
sustainable use of our National Forest System lands. 

The USDA Forest Service Strategic Plan FY 2015 to 20208 supplements the USDA strategic plan 
with Agency-specific strategic direction to guide the Forest Service in delivering its mission 
(USDA 2015a). The Forest Service strategic plan contains the following goals: sustain our 
nation’s forests and grasslands; deliver benefits to the public; apply knowledge globally; and 
excel as a high-performing agency. The Draft Assessment lays the groundwork for an effective 
revised forest plan that will help the Wayne to achieve the goals described in both strategic plans. 

The Collaborative Process 
The Wayne National Forest continues to make a concerted effort to increase collaboration in its 
work with State and Federal agencies, Tribes, partners, and the public. Investments in sustainable 

                                                      
6 Stressors are processes that “directly or indirectly impair or degrade ecosystem composition, structure, or function 
in a manner that may impair its ecological integrity” (36 CFR 219.19). Examples include threats such as invasive 
species, loss of connectivity, the disruption of a natural disturbance regime, or land use conversion. 
7 USDA 2018. Strategic Plan FY2018-2022. United States: USDA Forest Service. 
https://www.usda.gov/sites/default/files/documents/usda-strategic-plan-2018-2022.pdf.  
8 USDA 2015. Strategic Plan FY2015-2020. United States: USDA Forest Service. 
https://www.fs.fed.us/strategicplan.  

https://www.usda.gov/sites/default/files/documents/usda-strategic-plan-2018-2022.pdf
https://www.fs.fed.us/strategicplan
https://www.usda.gov/sites/default/files/documents/usda-strategic-plan-2018-2022.pdf
https://www.fs.fed.us/strategicplan
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recreation, leadership and membership on the Ohio Interagency Forestry Team, and engagement 
with citizen groups such as the Southern Wayne Advocacy Council exemplify this collaborative 
approach. These efforts and others like them allow for greater coordination in meeting land 
management goals, more open processes that involve the public at earlier stages, and the ability 
to take advantage of new or previously unknown opportunities that cannot be realized by the 
Forest Service acting alone. Though the planning effort is guided by the expectations set in the 
2012 planning rule, this trajectory towards increased collaboration set the stage for the 
engagement efforts of the forest plan revision process.  

The 2012 planning rule also emphasizes public participation during each phase of the forest plan 
revision process (see, e.g. 36 C.F.R. § 219.4). In order to gain a better understanding of the needs 
of the public and the benefits that national forests provide, the 2012 planning rule emphasizes 
engagement with a diverse set of stakeholders, including: local, regional, and national audiences; 
private land owners in the plan area; Federal, State, and local governments; federally recognized 
Tribes; and those who may not have participated in a forest plan revision process before, such as 
youth, low income, and minority populations within the study area. 

The Wayne is committed to an inclusive and transparent process for revising the forest plan. 
After publication of the Notice of Initiation in the Federal Register in April 2018, the forest plan 
revision team began actively seeking public input. In the spring of 2018, public meetings were 
held to explain the goals of the forest plan revision effort (see figure 1). In addition, monthly 
public update calls inform the general public about plan revision. Eight working groups were 
established in September 2018 that aligned with the key themes stemming from discussions with 
Forest Service staff, partners, and the public. The working groups were organized around the 
following themes and areas: air, renewable energy, and water resources; biodiversity and forest 
health; outdoor recreation; ecological forest management, climate protection, and sustainable 
economies; and by community—Athens Unit, Ironton Unit, and Marietta Unit.  

Input from the working groups as well as comments and submissions from the general public 
were considered in this assessment. Working group submissions were also shared across groups. 
The intent of the public engagement and partnerships during the assessment phase of the forest 
plan revision process was to gather information, develop relationships, and expand public 
interest in the entire forest plan revision process.  

Appendix A. Collaboration and Public Input details the criteria used by the team when working 
through submissions from the working groups and the general public for inclusion in this 
document ensured a systematic and objective process for addressing information submitted for 
this assessment. Public or working group feedback gathered early in the assessment process has 
provided new insights or messages about the Wayne is also included in the appendix. As more 
feedback is received it will be incorporated as in the final assessment in indicated in table 5 in 
appendix A and will inform current as well as shifting attitudes and preferences of the public. 
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Figure 1. The Athens Unit Community Working Group orientation 

Forest Location, History, and Distinctive Features 
The Wayne is located across 12 counties of southeast Ohio and is the state’s only national forest. 
The Wayne’s proclamation boundary9 encompasses approximately 855,532 acres, of which 
approximately 244,265 acres are National Forest System lands. The Wayne is organized into two 
ranger districts, the Athens Ranger District and Ironton Ranger District. The Athens Ranger 
District has two management units, the Athens Unit and the Marietta Unit.  

The Wayne is located in the hills of southeast Ohio, a portion of the state that remained 
unglaciated during the last Ice Age, and today lies within the Ohio River Basin. Ecologically, this 
area is considered part of the Southern Unglaciated Allegheny Plateau, which reaches into 
western Pennsylvania, southeast Ohio, western West Virginia, and part of eastern Kentucky. 
While southeast Ohio is the least densely populated part of the state, it lies within one of the 
more densely populated regions of the United States. An estimated 12.6 million people live 
within 100 miles of the Wayne National Forest (as of the 2010 census). 

The Wayne is situated in the core of the hill country—the most heavily forested part of the state. 
Just 200 years ago most Americans viewed this region of the Allegheny Plateau as part of a vast 
wilderness. However, a number of American Indian cultures inhabited this area for at least 
13,000 years prior to the arrival of Euro-American immigrant settlers in the 18th and 19th 
centuries. Ongoing research shows that American Indian settlements predating contact with 
Euro-American explorers and settlers were widespread and numerous in the region, even if most 
                                                      
9 A “proclamation boundary” is the outer boundary within which Congress authorized a national forest to be 
established. 
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of their sites are no longer obvious. The stone tool scatters, quarries, camps, and burial mounds 
attest to their complex and adaptive cultures that lived in relative harmony with their 
environment.  

Although many people today view the Wayne as the remnant of a “forest primeval,” the impacts 
of industry and agriculture over the past 200 years have left indelible marks upon the land. 
Virtually all the forests that covered Ohio when European immigrants arrived were cut for timber 
and firewood, and tilled to make way for farms and settlements (see figure 2). Even more 
invasive was the mining for iron ore, limestone, coal, and clay, which scarred hillsides and 
polluted many streams. As factories closed and farms failed in the 1930s, the Forest Service 
began to acquire and reforest those lands. Much of that land has since been reclaimed, resettled, 
and restocked, although traces of its exploitative past are easy to find. 

 
Figure 2. Barren hillsides of southeast Ohio in the early 1900s 

Planning Area and Study Area 
A 17-county study area was used for the purposes of this assessment to account for shared 
stewardship and to align with the Southern Unglaciated Allegheny Plateau ecoregion in southeast 
Ohio (figure 3). The 17-county study area is characterized by highly weathered soils from 
sandstone and shale, a highly dissected topography, and a high diversity of trees and 
predominance of an oak-dominated forest type (Iverson et al. 2019a). The 17 counties represent a 
subset of Ohio’s Appalachian counties (as defined by the Appalachian Regional Commission) 
(40 U.S.C. § 14102(a)(1)(H)). The Forest Service only has jurisdiction on National Forest 
System lands within the proclamation boundary. 
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Figure 3. A vicinity map of the Wayne National Forest with the 17-county study area in southeast Ohio
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Distinct analyses mandated by the Forest Service Handbook (such as the wilderness inventory 
and species of conservation concern) emphasize the planning area as defined by the National 
Forest System lands within the proclamation boundary which reflects the location in which 
federal land management occurs.   

The defined socioeconomic area of influence designated for economic modeling spans 26 
counties to account for intra-state similarities in industry, demographic conditions, and the inter-
county flow of goods and services (see Socioeconomic Conditions Supplemental Report for more 
information). Similarly, air quality is assessed across a larger airshed (see Air Quality 
Supplemental Report) to reflect inter-jurisdictional wind patterns and emissions sources; this 
airshed was delineated by counties within a 124-mile buffer beyond National Forest System 
boundaries. 

Shared Stewardship 
The Wayne National Forest consists of less than one third of the land within the Congressionally- 
designated proclamation boundary, and much of it is non-contiguous. The Ohio Department of 
Natural Resources (ODNR) manages an additional 36,780 acres (4%) of land within the 
proclamation boundary. These landownership patterns mean that more effective and deliberate 
cross-jurisdictional planning will be key to aligning and delivering desired resource outcomes 
throughout the proclamation boundary and broader study area.  

As described above, the 17-county study area spans a greater area than the Wayne National 
Forest proclamation boundary, but was examined during this assessment process to account for 
shared stewardship potential across forested landscapes in southeast Ohio. With 46% of the total 
forest resources in Ohio, 24% coverage by public lands (17 of 21 state forests), and 76% of area 
owned by private land owners, the 17-county study area spans the most heavily forested and least 
densely populated portions of the state, and the Wayne National Forest is the second largest 
single land base in this area after lands managed by ODNR. This study area was also targeted by 
a 2015 USDA Joint Chiefs’ Landscape Restoration Partnership project between the Forest 
Service and the Natural Resources Conservation Service (among others), intended to coordinate 
inventory, management, and monitoring of oak-dominated forests.  

While the Forest Service does not have management authority beyond National Forest System 
lands, planning collaboratively beyond national forest boundaries with the public, stakeholders, 
and other land management agencies is necessary to achieve landscape-scale outcomes. The 
Wayne initiated the forest plan revision process to coincide with the Ohio Department of Natural 
Resources Division of Forestry’s revision of Ohio’s Forest Action Plan. A coordinated planning 
effort will encourage collaboration and alignment of desired conditions across Ohio’s public land 
management agencies to more effectively maintain the long-term health and productivity of the 
southeast Ohio landscape. Cooperation and data sharing among multiple agencies will allow land 
managers to have a shared stewardship10 approach. Given the challenges and information gaps in 

                                                      
10 USDA Forest Service 2018. Toward Shared Stewardship Across Landscapes: An outcome-based investment 
strategy. Publication FS-1118. August 2018.  

https://www.fs.fed.us/sites/default/files/toward-shared-stewardship.pdf
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natural resource management, collectively prioritizing investments and collaborating to improve 
monitoring efforts will lead to broader success in regional land management objectives. 

Many challenges to natural resource management cannot be contained within the boundaries of 
the national forest. The compounding effects of climate change, proliferation of non-native 
invasive species, and other neighboring land uses across southeast Ohio require a re-orientation 
of forest plan direction in a way that better enables forest management at a meaningful scale. 
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Ecosystem Services as a Conceptual Framework 
The assessment uses an ecosystem services-based approach to evaluate forest contributions, with 
the recognition that decisions are value-driven and should be focused on management outcomes 
and benefits. The 2012 planning rule requires national forests to “…sustain ecosystem services 
while providing multiple uses” (36 CFR Part 219), while the Forest Service Handbook (1909.12 
Chapter 10) suggests focusing on a subset of key ecosystem services, provided they meet two 
criteria: 1) services that are important to people in the area of influence or the broader landscape; 
and 2) services that are likely to be influenced by the land management plan.  

Central to the Forest Service motto of “caring for the land and serving people,” and implicit in 
the 1976 National Forest Management Act (16 U.S.C §1600), is a recognition that the central 
role of forest management is to contribute to social well-being. The 2012 planning rule requires 
land managers to “consistently and efficiently respond to social, economic, and ecological 
conditions” (36 CFR 219.19). The 2012 planning rule sets forth an assessment process that will 
“…identify and evaluate existing information relevant to the plan area for the benefits people 
obtain from the planning area” (FSH 1909.12), referred to as ecosystem services. Figure 4 
depicts the framework used to organize the topic areas and input from public meetings and 
internal workshops. Each of the topic areas from the Forest Service Handbook are displayed in a 
way that provides context to their inclusion and shows the interactions these topic areas have 
with one another.  

 
Figure 4. The conceptual framework used for the assessment 
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The assessment topic areas (listed on page 1) are addressed within the framework of key 
ecosystem services to allow for a more integrated and contextual discussion. Ecosystem services, 
or the benefits people obtain from ecosystems (Millennium Ecosystem Assessment 2005), 
provide the rationale and the justification for Federal natural resource management. Ecosystem 
services are divided into four categories, as shown in table 1. 

Table 1. Categories of ecosystem services with examples 
Category Examples 

Provisioning services Clean air, fresh water, energy, fuel, forage, fiber, minerals, food, fish 
Supporting services Pollination, seed dispersal, soil formation, nutrient cycling 

Cultural services Educational, aesthetic, recreational, spiritual, cultural 
Regulating services Carbon sequestration, climate regulation, water filtration, soil stabilization, flood control, 

disease regulation 
Source: Millennium Ecosystem Assessment 2005 

During a series of public meetings and internal workshops in the summer of 2018, the following 
preliminary list of key ecosystem services were identified:  

• clean air (breathing—air quality/filtration, scenic quality—haze)  
• water quality and quantity (use and filtration)  
• flood control  
• mineral resources  
• forest products (wood and other forest products)  
• outdoor recreation  
• plants and wildlife  
• cultural and heritage values  

While biological diversity is not an ecosystem service, it was identified as the foundational 
ecological underpinning which sustains ecosystem functionality and many of the other services. 
Those key ecosystem services were grouped by broader themes for efficiency. Each subsequent 
chapter in this assessment follows these broader themes, as described in table 2.  

The framework highlights land ownership patterns, use, and system drivers11 as shaping baseline 
conditions of the ecological and socioeconomic landscape such as terrestrial and aquatic 
ecosystems, recreational preferences, and carbon stocks. Those conditions in turn affect the 
Wayne National Forest’s capacity to sustain ecosystem services. Those ecosystem services 
provide value to society based on the underlying social, cultural, and economic conditions of the 
study area. 

While there is not a one-to-one match between the 15 topic areas and the identified key 
ecosystem services, subsets of the 15 topic areas and their current conditions are assessed 
relative to their ability to sustain key ecosystem services within each theme. Using this approach, 

                                                      
11 System drivers refer to processes that act on ecosystem characteristics. Disturbance regimes (such as fire or 
storms), hydrology, temperature, and precipitation are examples of drivers which dictate ecological condition. 
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some topic areas may be relevant to multiple chapters. The orange boxes (land use, system 
drivers) are evaluated in the context of each theme. For example, infrastructure is managed to 
provide recreational access (outdoor recreation), facilitate the harvest of timber (an identified 
multiple use assessed in forest products), and enhance landscape hydrology (assessed in water 
resources, hazard risk reduction, and biodiversity).  

The Multiple-Use Sustained-Yield Act of 1960 (16 U.S.C. § 528 et seq.) explicitly requires 
national forests to be administered “…for outdoor recreation, range, timber, watershed, and 
wildlife and fish purposes.” While this represents a subset of topic areas and ecosystem services, 
it is not comprehensively representative of all services the Agency is tasked to administer. The 
2012 planning rule further expands on the initial subset of identified “uses,” requiring an 
interdisciplinary team to identify and evaluate available information about each of the identified 
key ecosystem services, including the geographic scale, conditions, and trends of key services. 
The list and description of key ecosystem services initially identified in the assessment may be 
modified, expanded, or reduced based on information obtained later in the planning process 
(FSH 1909.12, ch. 10, sec. 13.12).  

A series of questions is used to evaluate current conditions and ecosystem service contributions: 

• What is the service that is being provided, and how is it valued? 
• What system drivers dictate landscape function and how have they been altered? 
• What stressors are occurring as a result of altered drivers? 
• How has climate change impacted these changes? 
• Is there best available scientific information, technology, or public preferences not 

previously addressed? 
• How have stressors affected condition to provide those services? 
• To what degree can the national forest exert meaningful impact over these stressors?  

When management challenges were identified which inhibit the ability of the Wayne National 
Forest (through its current forest plan) to sustain key ecosystem services based on changing 
conditions, those challenges are highlighted and summarized below. Associated data, new 
scientific literature, or messages which reinforce each assertion were included as supporting data. 
Supporting data is a combination of information derived from Forest Service specialists and 
scientists, State agency counterparts, as well as members of the working groups and members of 
the general public.12 

                                                      
12 See Appendix A for criteria that was used to incorporate external (non-Agency submitted) information. 
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Table 2. Crosswalk of chapter themes, ecosystem services evaluated for sustainability, and relevant topic areas considered  

Topic Areas 
Bio-

diversity 
Forest 

Products 
Water 

Resources 

Hazard 
Risk 

Reduction 
Air 

Resources 

Non-
Renewable 

Energy 
Resources 

Renewable 
Energy 

Resources 
Outdoor 

Recreation 

Cultural & 
Heritage 

Resources 
Designated 

Areas 
Terrestrial and, 
aquatic 
ecosystems & 
watersheds 

x x x  x  x   x 

Air, soil, & water 
resources x x x x x x     

System drivers & 
stressors x x x x x x x x x x 

Carbon stocks x          
At-risk species x         x 
Social, cultural, 
& economic 
conditions 

 x x x  x x x x  

Ecosystem 
services x x x x x x x x x x 

Multiple uses x x x  x   x x  
Recreation 
settings   x x x   x x x 

Energy 
resources   x x x x x    

Infrastructure x x x x  x  x   
Areas of tribal 
importance         x  

Cultural & 
historic 
resources 

        x  

Land status, 
ownership & use x x x x x x x x x  

Designated 
areas          x 
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Biodiversity 

Overview 
Biodiversity is the biological variability among living organisms—including the variability 
within and between species, and within and between ecosystems. Biodiversity is foundational to 
forest health and integral to the sustainability of all other ecosystem services—from wildlife to 
food security, public health, and other cultural uses. The hardwood forests of southeast Ohio 
provide food and shelter for wildlife (Dickson 2004)—survey data suggests 90 identified tree 
species provide habitat for an estimated 92 breeding bird species across the Ohio portion of just 
one overlapping ecological subsection (Rodewald et al. 2016; Iverson et al. 2019a). Oaks play an 
especially important role in the diversity of these forests (Brose et al. 2014). Oak leaves are eaten 
by over 530 species of butterflies and moths (Tallamy and Shropshire 2009), while the hard mast 
(acorns) produced feed a wide variety of bird and mammal species, including gray foxes, 
Virginia opossums, black bears, chipmunks, white-tailed deer, squirrels, and more (Van Dersal 
1940). Management that favors oak can support high-quality spring stopover habitat for 
migratory songbirds, and generally provides preferred foraging substrate compared to red maple 
(Wood et al. 2012). Oak leaf litter decays slowly, providing a stable food source for a variety of 
arthropods, which translates into prey availability for ground-foraging wildlife like birds and 
amphibians (Fox et al. 2010).  

 
Figure 5. The hard mast of an oak tree: acorns 

Leaf litter inputs drive nutrient and energy availability in wetlands, such as vernal pools (Stoler 
and Relyea 2011). Those water bodies with an oak-dominated leaf litter have higher plankton 
productivity than those with maple-dominated leaf litter, which increases amphibian larvae 
performance (Rubbo and Kiesecker 2004). In southeast Ohio, populations of pool-breeding 
amphibians benefit from vernal pools that are surrounded by oak-dominated forest (Graziano 
2017). Oaks have dominated the landscape for thousands of years, and the life cycle and 
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ecological requirements of local plant and animal species have become interrelated with their 
existence (Fralish 2004).  

Forest inventory data suggests that oaks have the highest biomass and species diversity of all 
woody genera; high species diversity promotes stability at the ecosystem level because species 
usually vary in their tolerance to natural disturbances and anthropogenic stressors (Cavender-
Bares 2016). Oaks were once the dominant tree species in the region, although their persistence 
in the future is uncertain; 40% of witness trees used by surveyors working in southeast Ohio 
during the 18th century were white oaks (Quercus alba). While oaks are still common in the 
overstory today, they have declined in proportion to other species (Dyer 2001). Transitioning to a 
more ecosystem-based approach to land management and focusing on restoration of oak-
dominated forests where it makes sense to do so will require greater flexibility to use the full 
spectrum of management techniques to address critical gaps in forest age classes, wildlife habitat 
needs, and anticipated threats from forest health and climatic influences. 

An evaluation of terrestrial ecosystems in the Wayne National Forest reflects an oak-dominated 
forest in transition. In addition to increasing habitat suitability for some non-native invasive 
species currently limited by temperature, projected temperature increases will drive up the rate of 
primary productivity in lakes and ponds contributing to hypoxic conditions that are unfavorable 
to native aquatic species (Naiman et al. 2010). Shifting growing seasons may also change the 
vegetation structure, species distribution, and overall ecosystem productivity of forest and 
riparian systems (Melton et al. 2016). Native migratory species patterns have been altered, as has 
native food source availability (Saino et al. 2010; McEwan et al. 2010; Matthews et al. 2011). 
Pollen production is on the rise, with pollen seasons starting earlier and lasting longer (USGCRP 
2018), resulting in an earlier emergence of native bees as phenological shifts occur (McEwan 
2010). 

Nearly all of the land that makes up the Wayne National Forest today was either converted for 
agriculture, mined for salt, clay, brick, and coal, logged for charcoal production, and fragmented 
by road construction at some point in the past 200 years. Most of the agricultural lands were 
abandoned, allowing the development of second growth forests. These second growth forests 
may lack many of the features and much of the diversity of older forested stands, namely large 
trees, variable age classes, structural complexity, and diverse and abundant wildflowers, 
salamanders, fungi, and invertebrate taxa. Because of the intensity and broad extent of forest 
clearing over the last two centuries, some interior forest-specialist13 species have been extirpated 
over portions of the landscape. If specialist source populations within undisturbed forest 
fragments are not already imbedded within or adjacent to re-growing forested tracts, a lack of 
future biodiversity within secondary forest may be the result (USDA 2006). Despite changes in 
forest composition, human disturbances, and legacy effects from mining, aquatic monitoring 
indicates that high-quality aquatic ecosystems remain in parts of the Wayne National Forest. 
Coldwater and exceptional warmwater habitats and above-average biotic indices are especially 
concentrated among tributaries of the Little Muskingum River in the northern and central sub-

                                                      
13 Refers to species which only thrive under a narrow range of environmental conditions, as opposed to generalist 
species. 
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watersheds of the Marietta Unit (see Aquatic Ecosystems & Watersheds Supplemental Report for 
more information).  

Ancillary Services 
• A dense herbaceous layer is necessary “for the production of flowers, fungi, seeds, and leaf 

material for insects, and other special forest products” (Bazzaz 1996).  

• Wildlife-based recreation in the Wayne National Forest has generated an estimated 95,676 
annual visits since 2014 and $1.6 million in expenditures, while sustaining an estimated 12 
jobs and $423,000 in labor income annually (USDA 2014a).  

• Scientific advances are also attributable to biodiversity; a wide variety of species—
microbial, plant, and animal—and their genes contribute to commercial products in 
industries ranging from pharmaceuticals to agriculture to manufacturing (Millennium 
Ecosystem Assessment 2005). 

• Pollination and pest control are other essential, yet undervalued, ecosystem services that 
ensure crop and tree productivity. Water quality and resultant aquatic systems rely upon 
aboveground herbaceous layers to protect the soil from erosion while retaining nutrients 
(Fralish 2004; Alexander and Arthur 2014).  

Changed Conditions 
The primary system drivers of vegetation change are climate, forest succession, and human or 
natural disturbance (wind, fire, and timber harvests). Climate is anticipated to have the greatest 
effect over the long term. From 1901 to 2011, average temperature in the study area has 
increased by about 0.3° F (USDA 2013), while mid-century (2040 to 2069) temperatures across 
the study area are expected to increase by 2° to 3° F under a low emissions scenario (RCP4.5) 
and by 4° to 5° F under a higher emissions scenario (RCP8.5) (Stoner et al. 2012). Monitoring 
indicates an increase in the length of the growing season within the study area (USDA 2019). 
The region has also experienced a 42% increase in the proportion of annual precipitation falling 
in heavy rain events (USGCRP 2018). The compounding effects of climate on other drivers and 
stressors are expected to significantly impact land managers’ ability to sustain key ecosystem 
services, shifting the magnitude and frequency of disturbance events while altering habitat 
suitability for both native and non-native species (Butler et al. 2015).  

Historic land use patterns of settlement and abandonment, development, and legacy mining 
effects will continue to impact the resilience of forests and watersheds to climate or other 
stressors in the short term. Changes in land use and land cover affect site productivity, and 
increases in impervious surface and soil compaction directly affect both terrestrial and aquatic 
biological communities. Gradual land conversion and parcelization of existing private forest land 
throughout Ohio (USDA 2009; Butler et al. 2016) will continue to increase pressure on public 
lands for natural resources and access opportunities. As a public steward in a landscape 
dominated by private lands, the Wayne National Forest must work with partners to become a 
leader within the region, demonstrate effective land management practices, and influence 
positive changes across the landscape. 
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Biologically diverse aquatic ecosystems rely on stable hydrologic and nutrient cycles, adequate 
forest cover, and habitat connectivity. Biologically diverse terrestrial ecosystems in southeast 
Ohio depend on a structurally complex mosaic of forests (especially those which are oak-
dominated). Consequently, the capacity of the Wayne to support this vast assortment of plant and 
animal species is being compromised by the decline in the number and volume of oaks across the 
study area. 

Changed conditions across the study area are reflected in the dense, closed canopies of aging 
forests (see figure 6), the mesophication of oak-dominated and dry pine-hardwood ecosystems 
(Fralish 2004), the prevalence of non-native invasive plant species, and the alteration of 
hydrologic and nutrient regimes. While oak is present in the canopy and larger size classes, it is 
uncommon in the understory and mid-story—regeneration is not keeping up with changing 
conditions. 

 
Figure 6. An example of mesophication from Utah Ridge in the Athens Unit, with large old oaks 
dominating the canopy, and the midstory consisting of nearly a monoculture of red maples 

The volume of white oak in Southeast Ohio declined by nearly 25% between 2006 and 2016 
(Albright et al. 2018). This decline is a function of harvest, natural mortality, and a lack of young 
regenerating oak to replace what is lost (Albright et al. 2018). There is also an over-
representation of forest age classes age classes in the 50 to 100 year old range, with a relative 
under-representation of younger (<20 year) classes, herbaceous vegetation, and oak woodlands 
when compared to historic conditions (USDA 2018h; Terrestrial Ecosystems Supplemental 
Report). Because oaks are a foundational component of a complex food web, declines in oak will 
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further impact not only the arthropods dependent on them, but the array of wildlife species which 
rely on those arthropods as prey.  

Climate change effects on biological diversity may not be universally negative—modeling 
projects increases in habitat suitability for tree species that are characteristic of oak-dominated 
forests (Iverson et al. 2008; Butler et al. 2015). The resilience of oak-dominated forests in the 
face of a changing southeast Ohio climate highlights the need for management activities to 
sustain seed-bearing oaks across the landscape.  

Management Implications 

Land ownership patterns 
Land use and ownership patterns remain barriers to achieving desired conditions at a regional 
scale. Fragmented federal ownership makes it difficult to access small parcels of the National 
Forest System lands for management. Development, subdivision of larger private parcels, and 
growth in the wildland-urban interface are expected to continue to add complexity to the 
Wayne’s efforts to work with neighboring landowners. Current management area allocations 
may assign unnecessary constraints across the landscape regardless of land ownership pattern, 
making it difficult to achieve desired conditions.  

Findings and Supporting Data 
• 6,370 acres of National Forest System lands have been acquired and added to the Wayne 

National Forest since 2006. 

• There are an estimated 1,992 miles of national forest boundary across the three 
administrative units. When compared to other national forests in the Eastern Region of the 
Forest Service, the Wayne National Forest is the most fragmented based on both perimeter-
to-total-acreage ratio, as well as ownership-to-proclamation-boundary ratio.  

• Though the Wayne National Forest proclamation boundary spans around 855,000 acres 
across 12 counties, approximately 244,000 acres, or 29% of that total, is part of the 
National Forest System. The Wayne National Forest also manages approximately 5% of the 
road system and 27% of the total streambank (USDA 2018a). 

• Land use and ownership change will gradually threaten the function, composition, and 
connectivity of aquatic and terrestrial ecosystems. Between 1997 and 2060, there is a 
projected loss in non-federal forested area across the study area ranging between 1.5% to 
2.4%, with projected increases in developed (non-forested) area ranging from 28% to 42% 
over the same timeframe and location (Wear et al. 2013). From 2000 to 2010, developed 
residential areas across the 17 counties increased by nearly 13% (Headwaters Economics 
2018). The number of family forest landowners increased by approximately 3,000 between 
2006 and 2013 while the average private land base decreased (USDA 2009; Butler et al. 
2016), indicating forest parcelization across the state. 

• Land use patterns beyond national forest boundaries indicate a gradual shift towards more 
wildland-urban interface and more developed areas (Radeloff et al. 2017). 
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• Since 2008, the Wayne National Forest has applied prescribed fire to 22,216 acres (see 
Wildland Fire and Fuels Supplemental Report). The same land areas were burned on 
multiple rotations, so the actual acreage treated by burning was approximately 12,412 
acres, or 5.1% of National Forest System land. The 2006 Wayne Forest Plan anticipated 
46,215 acres treated by burning within the first ten years to encourage oak regeneration and 
up to 21,904 acres for hazardous fuel reduction. The actual treated acreage fell short of the 
objectives set forth in the 2006 Wayne Forest Plan, which was limited in part due to the 
challenges associated with coordinating across landownership types. Education and 
outreach is needed to encourage prescribed fire as a tool for forest management while 
aligning oak-dominated forest restoration priorities across ownership types. 

Uneven distribution of forest age classes 
There is a general overrepresentation of middle-aged forest stands in the Wayne National Forest 
and a relative underrepresentation in availability of habitats such as early successional forest, 
permanent wildlife openings, grasslands and herbaceous vegetation, and oak woodlands 
dependent on disturbances based on LANDFIRE modeling of historic conditions (USDA 2018h; 
USDA 2018b; see Terrestrial Ecosystems Supplemental Report).  

Findings and Supporting Data 
• Forest age class distribution based on plot surveys indicate that 0.1% of National Forest 

System land is comprised of forested lands less than 10 years of age, 3% of stands are less 
than 30 years of age, 68% of forested stands are aged 30 to 100 years, and 29% of stands 
aged 100 years and older (USDA 2018h). A comparison of forested stand data between 
2006 and 2018 indicates young forests less than 20 years of age have declined on the 
Wayne National Forest by 93%, while mature forests 80 years and older have increased 
46% during the same time frame (USDA 2018h). There is an additional 
underrepresentation of native pine stands compared to 2006 desired future conditions 
(5.5% of total acreage in 2018), and habitat managed for aquatic resources (0.81% of total 
acreage in 2018) (USDA 2018b). 

• Oak woodlands, once comprising approximately 48% of the historical land base across the 
study area, now cover approximately 6%; herbaceous vegetation now comprises an 
estimated 0.031% of the study area, compared to 4.8% historically (Terrestrial Ecosystems 
Supplemental Report). 

• Roadside ruffed grouse (Bonasa umbellus) drumming counts indicate precipitous (47%) 
population declines since 1972, among other species that require shrub-dominated or young 
forest habitat (ODNR 2017a). Currently 0.1% of the total forest area within the Wayne 
National Forest falls under the 0 to 10 year age class that is critical for ruffed grouse. Since 
1991, Ohio has lost approximately one million acres of forest habitat dominated by 
seedlings and saplings, according to the Forest Service’s Forest Inventory Analysis 
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(Albright et al. 2018).1415 Ruffed grouse habitat relies on a diversity of forest age classes 
distributed within a mosaic, dense young forest for breeding cover, interspersed cuts of 10 
to 20 acres adjacent to mature stands, and soft mast food sources (Indiana Division of Fish 
& Wildlife 2006). 

 
Figure 7. Early-successional habitat in the Ironton Ranger District, used by a variety of animal 
species (such as prairie warblers and gray ratsnakes) 

• Recent research suggests that a variety of birds that breed in mature forests, like worm-
eating warblers (Helmitheros vermivorum), rely on early-successional habitat created by 
clearcuts during some life stages (Vitz and Rodewald 2006), and a mix of early and late 
successional species will use shelterwoods after the first cut (Newell and Rodewald 2012). 

• The purple martin (Progne subis), a long-distance migratory songbird that breeds in the 
study area, has been declining across North America and Canada. Population declines are 
linked to an increasing mismatch between spring arrival date and timing of food 
availability (Fraser et al. 2013). 

Non-native invasive species 
The establishment and spread of non-native invasive species represents an ever-growing threat to 
the integrity and resilience of native ecosystems. Proliferation of the fungal pathogen 
(Pseudogymnoascus destructans) which causes white-nose syndrome has decimated bat 
populations (Hopkins and Soileau 2018). Encroachment from non-native invasive plants like 
                                                      
14 A comparison of stand data from 2006 to 2018 indicates that young forests (less than 20 years of age) have 
declined by 93% in the Wayne National Forest. 
15Though FIA is administered by the Research & Development branch of the Forest Service, it is considered the 
foundational forest inventory for forested area across all jurisdictions. 
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common reed (Phragmites australis) and Japanese stiltgrass (Microstegium vimineum) 
significantly alter the effectiveness of riparian areas in regulating water temperature and quality, 
and will continue to decrease plant community diversity, reduce forage and cover for native 
wildlife, and degrade forest health (Hermoso et al. 2011). Non-native plants, insects, and 
pathogens continue to compound the ongoing decline and regeneration failures in oak-dominated 
forests (Dey 2014).  

The 2006 Wayne Forest Plan’s emphasis on early detection and rapid response is still warranted, 
but not all areas may be equally treatable. 

Findings and Supporting Data 
• Invasive plants like Japanese stiltgrass (Microstegium vimineum) and tree-of-heaven 

(Ailanthus altissima) are altering forest composition (Sheherezade and Engelhardt 2009; 
Iverson et al. 2019b).  

• Citizen-science based tools to report invasive species could be implemented more widely 
through increased awareness. The Ohio Department of Natural Resources has already 
implemented a program to monitor aquatic invasive species. 

• The Ohio Invasive Plants Council has taken an active role in combating non-native 
invasive species, and has established a base assessment of potential non-native invasive 
species for regulation (Ohio Invasive Plant Council 2019). The use of non-native nursery 
stock is a persistent challenge in Ohio, and the Wayne National Forest works with the Ohio 
Department of Agriculture to get undesirable non-native plants listed as noxious. Once a 
species is considered noxious it is often well-established across the study area, particularly 
around urban interfaces. This makes subsequent control challenging. 

• Climate change could exacerbate the establishment and proliferation of non-native invasive 
plants (Butler et al. 2015). Increased rainfall leads to more stream scouring, which disturbs 
the soil in riparian areas and promotes the spread of invasive plants along waterways 
(Groffman et al. 2014; Pennsylvania Department of Environmental Protection 2004). 
Longer growing seasons favor many non-native invasive species that leaf out sooner and 
senesce later than native vegetation (Iverson et al. 2008).  

• Bush honeysuckle (Lonicera mackii and L. morrowii) is a problematic non-native plant that 
could significantly alter forest structure and management goals if not addressed (Gould and 
Gorchov 2000; Collier et al. 2002; Meiners 2007; Hartman and McCarthy 2008). Non-
native invasive shrubs can affect soil chemistry and nutrient cycling and alter vegetation 
composition. (McEwan et al. 2012; Kolbe et al. 2015). 

• Non-native plants also directly impact native wildlife. For example, songbirds that choose 
to nest in honeysuckle or other non-natives experience increased levels of nest predation 
and decreased nesting success when compared to nests in native woody plants (Schmidt 
and Whalen 1999; Rodewald et al. 2010).  

• There are likely 4,000 to 6,000 acres in the Wayne National Forest that are currently 
impacted by bush honeysuckle, mostly in the Ironton Unit, but also present in the Athens 
Unit. 
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• Invasive grasses like Japanese stiltgrass (Microstegium vimineum) and small carpetgrass 
(Arthraxon hispidus) have established and proliferated as well; the Wayne is currently 
treating less than 10 acres per year, with an infestation that covers at least 5,000 acres. Both 
species have life cycles and dispersal mechanisms that make total control almost 
impossible, especially when factored against fragmented ownership patterns, regular 
disturbance, and conflicting forest use. 

• Planned treatments for non-native invasive species have generally fallen short of projected 
implementation in the decade following the 2006 Wayne Forest Plan; biological controls 
have been established on 5% of the anticipated 1,900 acres, whereas mechanical control 
has been established on 84% of the anticipated 1,500 acres (USDA 2018b). 

• Invasive forest insects and pathogen species are much more numerous in the northeastern 
region of the country (i.e., Ohio) than anywhere else in the nation. This likely reflects the 
significance of anthropogenic movement in facilitating pest arrival, establishment and 
spread, as well as the diversity of native host tree species (Leibhold et al. 2013). As a 
result, projected increases in land development and forest fragmentation from land use 
change (Riitters 2011; Penaluna et al. 2017), recreational access, and energy access and 
development can be expected to accelerate the rate of establishment of non-native invasive 
species (Hulme 2009). 

At-risk species 
Many of the species or groups of species that are declining within the study area depend on 
underrepresented habitats. Management to increase the availability of these habitat types may be 
necessary to improve conditions for declining species. At-risk species are characterized into four 
categories: federally listed threatened and endangered species, species proposed for federal 
listing, candidate species for federal listing, and species of conservation concern. Species 
federally listed as threatened or endangered species, proposed or candidate species are those 
listed for the Wayne National Forest by the U.S. Fish and Wildlife Service. Under provisions of 
the Endangered Species Act of 1973, Federal agencies are directed to conserve endangered and 
threatened species and to ensure that actions authorized, funded, or carried out by these agencies 
are not likely to jeopardize the continued existence of threatened or endangered species, or result 
in the destruction or adverse modification of their critical habitats.  

There are 6 federally listed plants currently known to occur in Ohio (ODNR 2019). Eastern 
prairie fringed orchid (Platanthera leucophaea) and lakeside daisy (Tetraneuris herbacea) occur 
in glaciated Ohio with no suitable habitat for either species occurring in the Western Allegheny 
Plateau Ecoregion where the Wayne National Forest is located. Running buffalo clover 
(Trifolium stoloniferum) is the only federally listed plant that has been documented in the Wayne 
National Forest. The remaining three, northern monkshood (Aconitum noveboracense), small 
whorled pogonia (Isotria medeoloides), and Virginia spiraea (Spiraea virginiana) occur on the 
Western Allegheny Plateau and could potentially grow in the Wayne National Forest. 
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Figure 8. The federally endangered running buffalo clover 

Eight federally endangered or threatened wildlife species are known to occur in, adjacent to, or 
near the Wayne National Forest. These include two small mammals, one terrestrial invertebrate 
and five freshwater mussels, and are listed as follows, with federal designation in bold text: 

• Small Mammals 

♦ Northern long-eared bat (Myotis septentrionalis), Threatened 

♦ Indiana bat (Myotis sodalis), Endangered 

• Terrestrial Invertebrates 

♦ American burying beetle (Nicrophorus americanus), Endangered 

• Freshwater Mussels 

♦ Snuffbox (Epioblasma triquetra), Endangered 

♦ Rayed bean (Villosa fabalis), Endangered 

♦ Sheepnose (Plethobasus cyphyus), Endangered 

♦ Fanshell (Cyprogenia stegaria), Endangered 

♦ Pink mucket pearly mussel (Lampsilis abrupta), Endangered 

Potential species of conservation concern are any species “other than federally recognized 
threatened, endangered, proposed, or candidate species, that is known to occur in the plan area 
and for which the regional forester has determined that the best available scientific information 
indicates substantial concern about the species’ capability to persist over the long-term in the 
plan area” (36 CFR §219.9; FSH 1909.12 Chapter 10, part 12.52).  
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The list of species of conservation concern is identified by the Regional Forester in coordination 
with the forest supervisor of the Wayne. Note that the identification of species of conservation 
concern is a dynamic process and that species of conservation can be refined, either to add or 
remove species, throughout the plan revision process. Refer to the At-Risk Species Supplemental 
Report for additional information. 

Findings and Supporting Data 
• After consultation with the U.S. Fish and Wildlife Service, it was determined that 

implementation of the 2006 Wayne Forest Plan would not significantly affect the only two 
federally listed aquatic species in the area at the time.16 Subsequently, the Wayne only 
needed specific objectives for Indiana bat (Myotis sodalis), bald eagle (Haliaeetus 
leucocephalus), American burying beetle (Nicrophorus americanus), and running buffalo 
clover (Trifolium stoloniferum). The bald eagle has since been de-listed. 

• The northern long-eared bat (Myotis septentrionalis) was listed as threatened in 2015, and 
could be followed by other bat species affected by white nose syndrome such as tri-colored 
(Perimyotis subflavus) and little brown bats (Myotis lucifugus). 

• Three mussel species (rayed bean [Villosa fabalis], sheepnose [Plethobasus cyphyus], and 
snuffbox [Epioblasma triquetra]) were all federally listed, but a determination was made in 
concert with the U.S. Fish and Wildlife Service that implementation of the 2006 Wayne 
Forest Plan would not adversely affect those species.17 

• American burying beetle (Nicrophorus americanus) was re-introduced within the Wayne 
National Forest, but monitoring has failed to detect surviving individuals or an established 
population. The beetle is now being introduced from breeding stocks in Nebraska and not 
Arkansas, with the theory that more similar temperatures to Ohio might improve 
overwintering success. In 2019, the first successful overwintering individual to be captured 
in Ohio was found in Muskingum County. The discovery occurred outside of the Wayne 
but within the 17-county study area (Widman Neese 2019). However, there is still 
uncertainty whether management activities can successfully reintroduce the species. 

• Running buffalo clover (Trifolium stoloniferum) still occurs within the Wayne National 
Forest in two locations near Poplar Flats (Lawrence County) and Creola (Vinton County), 
requiring constant ecological management due to habitat requirements (thinning overstory 
and non-native invasive species control). Running buffalo clover persistence is mainly 
dictated by existing patch size and the spread of other non-native invasive plants like 
Japanese stiltgrass (Microstegium vimineum) (Dart-Padover et al. 2016). There has been 
some establishment success, leading the U.S. Fish and Wildlife Service towards a potential 
delisting, but questions remain about its persistence. Running buffalo clover is atypical 
with respect to most endangered plants because it requires periodic low-intensity 
disturbance to establish and persist. As a result, consideration must be given to past or 

                                                      
16 Fanshell (Cyprogenia stegaria) and pink mucket pearlymussel (Obovaria subrotunda) 
17 Additional consultation may be necessary during plan development and effects analysis to determine the extent to 
which national forest activities affect newly listed species under different alternatives, considering the biological 
effects of herbicides on not only mussel species themselves but the fish host species in which mussels rely for 
reproduction. 
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anticipated disturbance regimes and site conditions if clover re-establishment or spread is 
desired (Burkhart et al. 2013). 

• White-nose syndrome—an invasive fungus found in caves impacting bats—emerged in 
Ohio in 2011. The effects of the disease hampers the Wayne’s ability to aid in the recovery 
of bats through land management because the disease causes population impacts regardless 
of habitat quality. This, coupled with the potential for wind farms (DOE 2017), could kill 
federally listed bats in Ohio. The loss of insectivores like bats could lead to ecosystem and 
vegetation impacts from insect pest outbreaks due to reduced pest control (Boyles et al. 
2011). A national plan was enacted in 2011 to help guide agencies and tribes in managing 
white-nose syndrome in bats (DOI 2011). 

• Mesophication over time has also altered understory conditions through loss of tree species 
diversity, affecting bat foraging and tree roosting success, as well as abundance of native 
insects (Tallamy and Shropshire 2009).  

• There is the potential for the federally threatened small-whorled pogonia (Isotria 
medeoloides) in the Wayne National Forest. Favored habitat is abundant, although it has 
not been identified to date. 

Habitat connectivity 
There is a greater recognition of the need to promote ecological resilience by preserving small 
high-quality habitats as refugia for aquatic and terrestrial biodiversity, and maintaining 
connectivity so populations can maintain gene flow and reestablish after local extirpation (Rook 
et al. 2016; Rahel and Olden 2008). Climate change refugia are areas that are relatively buffered 
against climate change, and can offer places for species to persist within a larger landscape that is 
no longer climatically suitable. These are typically places with high topographic, geomorphic, 
and micro-climatic diversity (Morelli et al. 2016).  

Findings and Supporting Data 
• Land use change can convert or degrade forested and agricultural habitat in and around 

public land, affecting connectivity of habitat patches and overall habitat quality. Larger 
blocks can be sub-divided, developed or harvested, and changed in ways that may or may 
not favor continued wildlife use or accessibility. The amount of private land being enrolled 
annually in open space/farm land programs like the Ohio Current Agricultural Use 
Valuation program has decreased since 2006, indicating that pressures to develop may soon 
overtake landowner preferences for conservation (see Socioeconomic Conditions 
Supplemental Report). 

Pollinators 
Human encroachment and land conversion threaten native pollinator communities. Special care 
should be taken to support creation and maintenance of pollinator habitat as an added objective 
of early successional habitat management. 
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Findings and Supporting Data 
• The Wayne National Forest has only created about 2% of the 500 acres of new permanent 

forest openings projected in the 2006 Wayne Forest Plan, while maintaining an estimated 
38% of the 6,500 acres of existing forest openings in the first decade of implementation 
(USDA 2018b). Currently there are an estimated 9,266 acres (4%) of open land that is part 
of the National Forest System (USDA 2018h). 

• A warming climate has caused plant species to bloom an average of a half day earlier each 
year, and the growing season of some species now begins up to a month earlier compared 
to 45 years ago. This can cause bees and other pollinators to end up out of sync with the 
plants they have historically pollinated (Freese et al. 2016). 

• The compounding threats of grazing, herbicide use, pathogens, and general land clearing 
have all led to a significant decline in the abundance of pollinators like native bees, flies, 
birds, bats, and butterflies (Pennsylvania State University 2019).  

• There is an emerging body of literature establishing best management practices for 
encouraging viable native populations of herbaceous species along roadsides, utility 
corridors and other rights of way. These practices range from weed control to altering the 
frequency and timing of mowing, vegetation management strategies, plant species 
selection, or selective spot treatments which minimize herbicide use to the extent necessary 
(DOT 2016; USDA 2017a). 

 
Figure 9. A pollinator (eastern tiger swallowtail) feeding on milkweed growing in a actively-
managed wildlife opening in the Wayne National Forest 
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Aquatic habitat 
Aquatic and facultative wetland or upland non-native invasive species have different energy and 
hydrologic demands than terrestrial species, which alter ecosystems in various ways. Many 
wetland invaders have become monotypes, affecting nutrient cycling, food web dynamics, and 
habitat structure (Hedja et al. 2009). The 2006 Wayne Forest Plan is limited in its components 
established specifically to limit the spread of aquatic non-native invasive species, and subsequent 
implementation has favored terrestrial invasive species management. 

Findings and Supporting Data 
• Aquatic invasive plants reduce native species diversity, displace rare plant and wildlife 

species, replace riparian communities with monoculture, and alter hydrological conditions 
(Hedja et al. 2009). 

• In the past, aquatic non-native invasive species have not been prioritized for treatment 
outside of site-specific project mitigation and surveying. The increased popularity of trails 
and water-based recreation in the Wayne (ODNR 2018b) and improvement of certain 
watersheds conditions (see Aquatic Ecosystems & Watersheds Supplemental Report) make 
aquatic non-native invasive species management all the more relevant. 

• Non-native invasive organisms that threaten aquatic resources in the study area include: 
Ranavirus (Iridoviridae spp.), chytrid fungus (Batrachochytrium dendrobatidis), snake 
fungal disease (Ophidiomyces ophiodiicola), Asian carp (Cyprinus carpio), watermilfoil 
(Myriophyllum spp.), Japanese knotweed (Polygonum cuspidatum), reed canarygrass 
(Phalaris arundinacea), and common reed (Phragmites australis) (Gabriel et al. 2018; 
Scheffer et al. 2001; Penaluna et al. 2017).  

• The Wayne is on the edge of potential invasion by Asian carp (FISHBIO 2017). Bighead 
carp (Hypopthalmichthys nobilis) have been collected in the upper Ohio River in 
Pennsylvania (DOI 2018a). 

• Chytrid fungus has caused declines in hundreds of frog and salamander species (Oullet et 
al. 2005). Ranavirus has range-jumped due to human transport and infects various fish and 
amphibians (Homan et al. 2013). 

Information Gaps 
High quality or uncommon aquatic and terrestrial habitat (e.g., vernal pools, wetlands, post-oak 
barrens, hemlock stands, old forests) are not systematically mapped, and may prove important as 
climate refugia. Improved mapping of primary headwater streams could increase awareness of 
aquatic ecosystems most sensitive to land-disturbing activities. Quantifying changing seasonal 
patterns in hydrology would allow for more meaningful evaluation of aquatic integrity, along 
with a higher-resolution, integrated catchment-level system of assessing aquatic resilience. More 
intentional documentation of non-native invasive species would also help with project-level 
decision-making and help land managers to identify the most critical sites for treatment. 
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Forest Products 

Overview 
Timber and non-timber forest products generate direct and indirect economic activity through 
jobs and labor income. Timber is sold by volume to contractors who then harvest and sell the 
wood for secondary uses. Typically in the Wayne, raw material is harvested primarily for 
hardwood lumber, and demand has largely been tied to housing and construction industries in 
recent years (Buehlmann et al. 2017). There is also an uptick in high-end wood products from 
processing industries such as furniture and veneer, as well as a viable secondary products market 
for wood pallets and stave production for wine and whiskey barrels. While timber has 
traditionally been used for pulp and paper, those industries have undergone significant 
transformations and regional economic activity has decreased (U.S. Department of Labor 2018). 
Due to the quality of timber, and the proximity of the food industry in the upper Midwest, Ohio 
is consistently ranked high compared to the rest of the country for pallet production (Ohio 
Development Services 2017). Ohio’s timber industry is primarily comprised of pulp and paper 
(69%), followed by solid wood products (17%) and wood furniture (14%), with a marginal 
percentage of raw material. Southeast Ohio contributed approximately 12% to total industrial 
output (McConnell 2012). 

The Wayne National Forest has historically contributed to an active timber industry, 
complemented by the seventeen State Forests across the study area. Seventy-five percent of the 
state’s total economic impact for commercial logging is contributed by the 32 counties of 
southern and eastern Ohio. In the study area, Ross and Vinton County wood industries support 
42% and 51% of each county’s respective total economic output (Appalachian Partnership for 
Economic Growth 2014). Generally, oak is a more valuable timber tree than competing 
mesophytes (e.g., maples, beech), and prescribed burning has relatively little effect on oak timber 
value (Marschall et al. 2014; Stanis et al. 2019). 

The 2006 Wayne Forest Plan estimated that in the first decade of the forest plan, timber harvest 
would occur on 17,941 acres and yield a volume of 83 million board feet. Actual harvests 
yielded 48.3 MMBF across 3,698 acres during that time. An annual average of timber cut 
between 2006 and 2013 generated annualized employment demand for 36 jobs, $1.4 million in 
added labor income, $167,000 in state and local tax revenue, $280,000 in federal tax revenue, 
and approximately $1.97 million in total economic value added. The estimated annual average 
assumed a general volume of 664 CCF in softwood sawtimber, 408 CCF in softwood pulp, 3,280 
CCF in hardwood sawtimber, and 349 CCF in fuelwood (USFS Cut and Sold Reports).18 The 
annual average federal payment to the 12 Ohio counties with National Forest System land 
resulting from a proportion of timber sales revenue was $252,779 across the same time period 
(USFS Federal Payments to Counties Reports).19  

                                                      
18 USDA Forest Service website “Forest Products Cut and Sold from the National Forests and Grasslands” 
accessible at https://www.fs.fed.us/forestmanagement/products/cut-sold/index.shtml  
19 Accessible on the Wayne National Forest website: https://www.fs.fed.us/forestmanagement/products/cut-
sold/index.shtml  

https://www.fs.fed.us/forestmanagement/products/cut-sold/index.shtml
https://www.fs.usda.gov/detailfull/wayne/about-forest/?cid=fsm9_005978&width=full
https://www.fs.fed.us/forestmanagement/products/cut-sold/index.shtml
https://www.fs.fed.us/forestmanagement/products/cut-sold/index.shtml
https://www.fs.fed.us/forestmanagement/products/cut-sold/index.shtml
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Figure 10. Timber harvested in the Ironton Ranger District 

Timber harvests in the Wayne are a management tool, used to achieve desired ecosystem 
conditions. Economic impacts are not the primary objective of timber sales in the Wayne 
National Forest, but timber sales must be commercially viable to accomplish conservation 
objectives and generating economic activity in rural southeast Ohio is consistent with the 
mission of the Forest Service. The Wayne can also retain timber receipts to ensure that the 
contractor funds restoration work following the sale. Knutson-Vandenberg (K-V) funds are used 
to finance reforestation and improvements of the timber sale cutting units,20 while stewardship 
contracting has been used to ensure that the value created through the sale of forest products can 
be applied to the costs of Forest Service projects across a designated area over a ten-year 
timeframe.  

Non-timber forest products generate supplemental income for local residents, and provide 
subsistence, medicinal, decorative, spiritual, or commercial uses. Seasonal permits are required 
for authorized harvest of ginseng (Panax quinquefolis), bloodroot (Sanguinaria canadensis), 
goldenseal (Hydrastis canadensis), black cohosh (Actaea racemose), and snakeroot (Aristola 
serpentaria) in the Wayne National Forest, for either personal or commercial use. All medicinal 
and ginseng root permits cost $20 each and allow up to four wet pounds of root species or 95 
mature ginseng plants to be collected from a separate permit (equivalent of one wet pound). 
Walnut and vine collection is also common, and does not require Forest Service authorization. 
                                                      
20 K-V funds depend on stumpage value and volume of timber, and can be applied towards renewable resource 
projects on individual timber sale areas from which they were collected. 



Draft Assessment 

31 | P a g e  
 

Mushroom hunting is common across the study area but not explicitly authorized in the Wayne 
National Forest. Since 2009, the Wayne National Forest has sold permits for an annual average 
of 370 wet pounds of roots (USFS Cut and Sold Reports). In 2016, an estimated 73% of the 
special forest product permits targeted ginseng (128 wet pounds), while approximately 83% of 
all permits between 2006 and 2017 were authorized for personal use (USDA 2018f). Special 
forest products are highly valued across the state, with an estimated 40% of private forest 
landowners collecting edibles, 7% of landowners collecting medicinals, and 13% of landowners 
collecting forest products for decorative purposes (Butler et al. 2016). The Wayne is one of only 
two national forests in the Eastern Region that still allows the collection of ginseng, though 
restrictions have been adopted on harvesting to help protect the population (Ohio Administrative 
Code 2019); ginseng harvest has been an important source of income for Appalachian 
communities since the mid-1800s, with wild grown roots generating as much as $400 per pound. 

Changed Conditions 
Changed conditions are a result of altered ecological, institutional, and economic drivers.  
Management practices like fire suppression and single tree selection harvests or high grading on 
private land have contributed to mesophication in a historically oak-dominated ecosystem. 
Forests undergoing mesophication are signified by an aging, closed-canopy with an 
overabundance of shade-tolerant species like red maple in the mid-story and understory (Albright 
et al. 2018; Nowacki and Abrams 2008). Proliferation of a number of non-native invasive plants, 
insects, and diseases that increase tree mortality or add to crowding in the understory has 
compounded the challenge of mesophication (Albright et al. 2018; Oldland et al. 2013; Dukes et 
al. 2009).  

However, some tree species characteristic of oak-dominated forests are projected to benefit from 
changing temperature, precipitation, and disturbance patterns expected under climate change 
(Butler et al. 2015). In addition, competition from more mesic species should decline as warmer 
temperatures and drought reduce habitat suitability for trees like beech and sugar maple (Butler 
et al. 2015). This presents an opportunity to reverse the trend of mesophication, but it will be 
critical to retain oaks and associated species in the short term so that these species are present in 
sufficient numbers to respond positively to changing conditions. 

The relative economic attractiveness of oak (especially white oak) species for its product 
versatility, coupled with market fluctuations in housing, construction, furniture, and secondary 
wood product industries, all affect demand for timber in southeast Ohio. Wood product-related 
industries in the study area have generally consolidated since 2006 (U.S. Department of Labor 
2018), as evidenced by fewer businesses and relatively steady employment and output (Ohio 
Development Services 2017). The prolonged national recession in the mid-2000’s contributed to 
a drastic decline in the housing market and consequently, a decline in lumber prices (Coronado 
2015). Since 2008, national housing and construction have made steady gains, which is generally 
consistent with industry trends across the study area (USDA 2012b; Buehlmann et al. 2017). The 
percentage of total hardwood lumber being consumed as an export rose considerably from 8% in 
1991 to upwards of 17% by 2014, with domestic hardwood lumber consumption declining from 
104 cubic meters to 49 cubic meters per 1,000 people between 1995 and 2013 (Buehlmann et al. 

https://www.fs.fed.us/forestmanagement/products/cut-sold/index.shtml
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2017). Protectionist policies could affect long-term demand for hardwood lumber; retaliatory 
tariffs on U.S. imports from and exports to China have cut demand from a nation which 
comprised of nearly half of total exports, generating an estimated $700 million in losses between 
July 2018 and July 2019 (Greene 2019; Carmichael 2019) and increasing costs to construction 
and housing manufacturers (Sisson 2019). As of 2012, an estimated 37% of the entire forest 
products industry in Ohio is exported out of state, with an estimated 4% shipped internationally 
(McConnell 2012). 

In addition to shifting economic conditions, the production of forest products in the Wayne can 
also be driven by institutional factors. The national timber target, which is closely to National 
Forest System budget and performance, and serves as a numeric indicator for on the ground 
management. Since 2006, the target for the Eastern Region, which includes the Wayne, has 
increased by 30%. 

Special forest products (especially ginseng and goldenseal) must withstand market pressure if 
populations are to remain viable. Harvests of these plants yield relatively high dollar values per 
dry pound in recent years and provide much needed supplemental income in economically 
depressed areas.  

An increasingly wet early growing season and more freeze thaw cycles during the winter (Butler 
et al. 2015) make it more difficult to conduct timber harvests while avoiding soil compaction and 
erosion. 

Management Implications 

Flexible silvicultural prescriptions to promote oak & biological diversity 
The oak-dominated ecosystem is the foundation for biodiversity in the region. Managing to 
improve conditions for oak regeneration will continue to be critical. Increasing the amount of 
light penetration to the forest floor through the use of prescribed fire, harvest, and other timber 
stand improvements favors oak recruitment (Brose et al. 2008). While the 2006 Wayne Forest 
Plan identified the importance of managing oak-dominated forests, implementation and 
effectiveness in forest management has fallen short, as reflected by the lack of regenerating oak 
modeled against historic conditions (see Terrestrial Ecosystems Supplemental Report). Issues 
such as access, forest health, shifting species composition, and existing problems with non-native 
invasive species mean that stands within a given management area may not always be an 
appropriate target for vegetation management. The complex mosaic of management areas and 
their silvicultural limitations reduce flexibility in responding to stressors and sustaining oak-
dominated ecosystems across the landscape. Some of the management areas under the 2006 
Wayne Forest Plan do not allow even-aged management, which has a more proven track record 
in successful oak regeneration (Brose et al. 2008). 
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Figure 11. Oak seedlings growing as a result of active management (in this case, prescribed 
burning and timber harvests) in the Ironton Ranger District 

Findings and Supporting Data 
• Periodic disturbances historically reduced the accumulation of shade-tolerant hardwoods

(Hutchinson et al. 2008). Historic fire suppression and land use history, coupled with
selection harvests which favor oak removal, have allowed for shade-tolerant hardwoods to
outcompete other species (Abrams 2005; McEwan et al. 2007; Butler et al. 2015). Periodic
fire reduces the accumulation of shade-tolerant, mixed mesophytic hardwood tree species,
reducing their vigor and exhausting root systems during repeated burns—the lack of these
disturbances has allowed them to grow to sizes which can no longer be effectively
controlled by fire as a stand-alone treatment (Brose et al. 2014). These species often fully
occupy the mid-story growing space, effectively shading oaks from growing to competitive
size classes (Brose et al. 2008). Consequently, when a canopy gap occurs, it is filled by a
beech or maple instead of an oak (Brose et al. 2008).

• Forest Inventory Analysis (FIA) size class trends indicate that timberlands in southeast
Ohio are dominated by stands in the large diameter (greater than 11 inch diameter at breast
height). Over two thirds of the timberland in the region fits this description. The same
pattern is true on the Wayne size class a (increases of 46% in the Wayne since 2006), as
well as increases in the proportion of maple seedlings, saplings, and diameter sizes
compared to oak. As southeast Ohio forests have aged, they have also seen an increase in
the volume and stem counts of shade tolerant species. Red maple, for example saw an
11.6% increase in volume in southeast Ohio between 2006 and 2016 (USDA 2018h).

• Representation of regenerating oaks comprised of 9.6% across the study area, a decline
from its historic representation of approximately 14.8% (see Terrestrial Ecosystems
Supplemental Report).
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• Oak decline, a forest health issue observed in the study area as early as 2003 (Nagle et al. 
2010), is expected to worsen as stands continue to mature and species reach their biological 
rotation. Declines are thought to be a combination of biotic and abiotic factors that 
contribute to dieback and general oak decline (Wargo et al. 1983; Starkey et al. 2004; Nagle 
et al. 2010; Oldland et al. 2013). The accumulation of competitive oak regeneration in the 
understory is important for restocking prior to overstory removal. 

• White oaks in particular have experienced reduction in numbers due to unsustainable rates 
of removal across the region (Rebbeck et al. 2011; Iverson et al. 2017). In fact, of the five 
most commonly harvested tree species in Ohio, only white oak had a net growth that was 
less than the rate of harvest. In 2016, Ohioans harvested over 4 million cubic feet of white 
oak in excess of what was grown. 

• Forest stand data indicates that forest land across all ownership types are seeing a general 
maturation of forests, with slight increases in large diameter forests and a decrease of 
small-size classes (diameter at breast height of 5 inches or less) and early successional 
forest habitat in the 0 to 20 year age class. Wayne National Forest early successional habitat 
declines are the most pronounced, with a 93% decline of young forest since 2006 (USDA 
2018h). 

• Recent incorporation of the SILVAH decision framework is assisting the Wayne National 
Forest in utilizing best available science for stand-specific management recommendations 
(Brose et al. 2008; Brose et al. 2014). 

• Medium to high oak site indices make it challenging to get viable recruitment of oak 
without active management (Brose et al. 2008; Iverson et al. 2018). 

• The Forest Service Northern Research Station has identified where oak has a greater 
capability of occurring on the landscape based on historic landtype. This could be 
corroborated with local knowledge and stand data to identify places where management for 
oak regeneration is appropriate (Iverson et al. 2018, Iverson et al. 2019a; Oak SILVAH 
modeling). 

• Most vegetation treatments have not exceeded projected outputs following the first decade 
of implementation after the 2006 Wayne Forest Plan (USDA 2018b). 

Insects and disease 
Invasive insect pests—like gypsy moth (Lymanria dispar), Asian longhorned beetle 
(Anoplophora glabripennis), and hemlock woody adelgid (Adelges tsugae)—and disease pose 
the greatest threats to vegetation in the near future and are already substantially changing forest 
community composition. Increased precipitation patterns appear to be the leading contributor to 
the presence of the white pine needle disease, a foliar/needle fungal disease complex affecting 
the health and productivity of white pine across a multi-state region of the eastern U.S., including 
the study area (Martin 2019). These stressors could have longstanding effects on the value and 
subsequent demand for wood products. 
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Findings and Supporting Data 
• Emerald ash borer was just becoming established on the landscape in 2006, and now ash 

tree mortality is widespread throughout the region (Albright et al. 2018). Ash mortality has 
had numerous economic consequences. Pest quarantines can inhibit market sales for certain 
forest products, and one study estimated the cost of treatment, removal, and replacement of 
more than 17 million ash trees in communities across the Northeast United States at $10.7 
billion. (Kovacs et al. 2010). In 2015, it was discovered that white fringetree (Chionanthus 
virginicus), a Regional Forester sensitive species present in the Wayne, is also vulnerable to 
impacts from emerald ash borer (Cipollini 2015).  

• Thousand cankers disease (Geosmitha morbida) is an emerging disease in southern Ohio 
causing widespread mortality of walnut trees. The vector for thousand cankers disease is 
the walnut twig beetle (Pityophthorus juglandis). The beetles are typically active between 
April and October, and are transported through beetle-infested wood, including firewood 
(Utley et al. 2013). 

• Decay is the most commonly observed damage on Ohio’s forests. Considering 70% of 
Ohio’s forests are large diameter stands composed of mature trees (68% in the study area), 
the prevalence of decay is unsurprising. However, the prevalence of older, large diameter 
stands on public lands make decay a particularly persistent challenge for the Wayne, with 
oak cull21 steadily increasing across ownership types (USDA 2018h). Decay also leads to 
an overabundance of hazard trees in recreation areas and along trails. 

• The changing climate affects forest health in a number of ways. Increasingly wet weather 
patterns in the spring and summer contribute to a greater risk of fungal pathogens, leaf spot, 
needle diseases, and defoliation (Vermont Urban and Community Forestry 2018; USDA 
2018c), while prolonged hot and dry conditions in the late growing season increase stress 
on trees, exacerbating susceptibility to insect and diseases such as oak decline (Nagle et al. 
2010) and beech bark disease (Houston and Valentine 1987). Milder winters and dry 
autumns favor establishment of hemlock woolly adelgid and gypsy moth as well (Regniere 
et al. 2009; Dukes et al. 2009; Mech et al. 2018). 

• Recent warm, wet conditions appear to be contributing to the presence of foliar disease 
agents not previously observed on white pine in Ohio and other Midwestern states. The 
white pine needle disease complex has been noted in the past decade across the native 
range of white pine, particularly the northeastern United States (Costanza et al. 2018). 
Additional stressors to white pine in the Wayne may be due to planting in former mined 
lands, as well as overcrowded conditions in the stands (Martin 2019).  

• There is now a memorandum of understanding in place between the Forest Service and the 
American Chestnut Foundation to introduce a hybrid chestnut that is resistant to the blight 
that functionally extirpated the American chestnut (Castanea dentata) from the eastern 
deciduous forest. Blight resistant chestnut species do very well in disturbed habitat and are 
compatible with managed forest landscapes subject to thinning and fire (McCament and 
McCarthy 2005). Mycorrhizae in the soil under recently harvested pine stands promote 

                                                      
21 Cull refers to a tree or log that has a defect making it unusable for its original intended purpose. 
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chestnut survival and growth, and reintroduced chestnuts may be useful in mineland 
restoration (McCarthy 2008). 

Native pine management 
The 2006 Wayne Forest Plan provided limited detail and direction on native pine management—
shortleaf pine (Pinus echinata), pitch pine (Pinus rigida), and Virginia pine (Pinus virginiana). 
These native tree species provide valuable wildlife habitat, and early successional native pine 
stands are especially lacking across the study area. In the Ironton Ranger District, a severe 2003 
ice storm, combined with senescence, has led to uprooting and breaking of the pine crowns, 
decreasing the availability of native pine habitat (Turcotte et al. 2012). Native pine stands on the 
Wayne are aging and are not well positioned to regenerate across landscapes without 
management intervention (Vermont Urban & Community Forestry 2018). 

Findings and Supporting Data 
• While there have been positive gains in the recruitment of native pine seedlings on private 

lands, trends are declining overall. Across the study area, they represent less than 1% of 
total seedlings, saplings, and volume. Merchantable volume of native pine across all 
ownerships has declined by 50% since 1991 (USDA 2018h). 

• Uneven-aged management, the dominant management regime prescribed in the 2006 
Wayne Forest Plan and on private lands, is inappropriate for the perpetuation of native pine 
dominated and pine-hardwood forest types due to the light requirements needed for 
regeneration of native pines. Emphasizing perpetuation of native pine-hardwood would 
diversify forest stands and improve resilience to existing and unforeseen disturbances. 

• Other pine species, such as white pine (Pinus strobus), are commonly found in nearly pure 
stands across the study area as a result of widespread planting and reforestation efforts in 
the early to mid-twentieth century. The 2006 Wayne Forest Plan allows the conversion of 
planted pine to native hardwood stands that create young brushy forests with a more 
diverse species composition. The recent Kehota Vegetation Management Project in the 
Athens Ranger District is an example of this work (USDA 2017b). Planned even-aged 
harvests of pine fell well below the 200 acres prescribed by the 2006 Wayne Forest Plan 
(USDA 2018b), and FIA survey data (USDA 2018h) reflects an underrepresentation of 
native pine stands compared to 2006 Wayne Forest Plan desired future conditions (about 
5.5% in 2018 compared to 10.3% dictated in 2006). 

Access and vegetation management 
Concerns about more rainfall, wetter soils, and shorter freeze periods (Butler et al. 2015) could 
conflict with active management objectives. Excessively wet weather throughout much of the 
Appalachians has curtailed timber harvesting (Rittenhouse and Rissman 2014), as contractors are 
having a harder time accessing forested parcels in wetter conditions and implementing Best 
Management Practices (BMPs). This may be especially problematic as Forest Service Eastern 
Region timber targets have increased (see Forest Products chapter). 
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Findings and Supporting Data 
• New Implementation Protocols were developed in late 2017 following national 

standardization of an agency-wide best management practices implementation strategy22 to 
guide specialists, contractors and partners in communicating and implementing the 
mitigation measures and BMPs outlined during project planning under the National 
Environmental Policy Act. These protocols are intended to increase effectiveness in 
carrying out projects in the manner recommended by specialists in order to safeguard forest 
resources, and range from aquatic ecosystem improvements to trail maintenance, road 
crossing maintenance, mechanical site treatments, and ground-based skidding and 
harvesting controls. 

♦ Of the 25 randomly selected sites monitored for BMP compliance between 2015 and 
2018, BMPs were either implemented fully or almost fully at 15 locations (60%). 
BMPs were either fully or mostly effective at 7 sites (47%) (USDA 2018b). 

• Two-hundred and sixty five miles of National Forest System roads (81% of total National 
Forest System road mileage) is used for administrative purposes. Two-hundred and eighty 
five miles of National Forest System road (87%) cross soils with designated “severe” or 
“very severe” erosion hazard potential (USDA 2015b). 

Wood products market 
There is concern both over a declining presence of local infrastructure to absorb and process 
wood products into the local economy. The Wayne National Forest may need to be creative in 
seeking new opportunities to market a broader spectrum of wood products and build local 
familiarity with federal contracting processes. 

Findings and Supporting Data 
• Contractors prefer working with state and private landowners, either due to lower 

transaction costs or general familiarity with their timber sale contracting process. 
Knowledgeable labor supply is expected to constrain Ohio loggers in the foreseeable future 
(Forest Resources Association 2018). 

• The general loss of industry generates increases costs due to longer haul distances. 
Between 2007 and 2016, the number of logging businesses declined by 39%, while 
sawmills declined by 38%, other secondary wood manufacturing declined by 37%, pulp 
and paper manufacturing declined by 23%, and furniture businesses contracted by 31% 
across the study area (U.S. Department of Labor 2018).  

• Out of the estimated 81 sawmills located across the study area (and into the tri-state area), 
approximately 4 are located within 15 miles of the Marietta Unit, 22 are located within 15 
miles of the Athens Unit, and 14 are located within 15 miles of the Ironton Ranger District 
(OhioWood 2018).23 Small-diameter wood products have traditionally been shipped to the 

                                                      
22 U.S. Forest Service Best Management Practices website accessible at 
https://www.fs.fed.us/naturalresources/watershed/bmp.shtml 
23 Fifteen miles is generally considered the threshold for ensuring that hauling sawtimber is a cost-effective 
enterprise following a sale. 

https://www.fs.fed.us/naturalresources/watershed/bmp.shtml
https://ohiowood.osu.edu/
https://www.fs.fed.us/naturalresources/watershed/bmp.shtml
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Coshocton paper mill, and the recent closure of that mill could make it more difficult to 
find qualified bidders. 

• Private landowners prefer multiple-entry harvests that target valuable oak species, leading 
to greater recruitment of shade-tolerant, non-oak tree species, and contributing to a decline 
in the oak-dominated ecosystem. 

• This is a result of timber sales being completed without consultation from professional 
foresters, which could offer advice and guidance on improvement practices to recruit and 
retain oaks. Multiple entry selection harvests are leading to more cull timber in stands and 
long-term declines of early successional habitat across the landscape (USDA 2018h). 
Selection harvests in particular on private lands are more often used as a favorable 
alternative to avoid clearcutting or more complex prescriptions often required for 
successful oak regeneration. Selection harvests typically target the highest valued trees and 
avoid cutting the defective, lower value trees. Additionally, multiple entries over time can 
frequently lead to cumulative damage to the residual trees resulting from felling and 
equipment which allows wounded areas to worsen. 

• The Wayne’s niche in these scenarios is to provide high quality timber while maintaining 
early successional habitat across the oak-dominated landscapes of southeast Ohio. 

Ginseng and other special forest products 
Given high economic demand of ginseng and limited public land base in Ohio, illegal poaching 
may hinder forest capacity to ensure long-term genetic diversity and adequate population of 
ginseng. These long-lived perennial plants are associated with mature forests with well-drained 
soils for optimal growth (Carignan and Branchaud 2018). Less is known about the collecting 
pressure and abundance of other special forest products, such as goldenseal, black cohosh, blue 
cohosh, and snakeroot. These products are also subject to herbivory from deer (Chamberlain et 
al. 2018). 

Findings and Supporting Data 
• Changes in pollinator behavior and abundance, decreased soil moisture, and other indirect 

results of increasing temperatures have been shown to negatively affect ginseng 
populations and reproduction (McGraw et al. 2013). 

• Enforcement capability on overharvesting is limited. Animal browsing and continued 
harvest negatively impact current populations. One of the known populations in the Ironton 
Ranger District was poached out of season in 2017. 

• According to the Convention on International Trade in Endangered Species of Wild Fauna 
and Flora in its 2017 monitoring report prepared for the Ohio Division of Wildlife, the 
highest-yield ginseng counties in Ohio were Monroe, Adams, Pike, Perry, Muskingum, 
Ross, and Washington Counties (CITES 2018). State ginseng dealers must be registered 
and approved annually through the Ohio Division of Wildlife, though ginseng diggers 
operate independently (Ockerman 2016). 

• Across 14 wild ginseng plots spanning all three National Forest System management units 
(over 2,500 individuals), no significant population change has been established between 
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2007 and 2017. The number of individuals that were reproductively active (either flowering 
or fruiting) generally declined slightly during the same time frame (USDA 2019).  

Information Gaps 
There is a lack of harvest information for the other four special forest products besides ginseng 
that require root permits for collection in the Wayne, while the limited resources of law 
enforcement personnel make compliance monitoring difficult. There is limited information 
regarding the local cottage foods industry (ramps, morels, chanterelles, pawpaws, etc.). 
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Water Resources 

Overview 
Healthy watersheds are an integral component of regulating water flow and quality for 
consumptive and aquatic use. Of the 93 sub-watersheds (12-digit Hydrologic Unit Code 
classification [HUC-12]) encompassed by the Wayne National Forest, only 24 contain more than 
20% National Forest System land (USDA 2018a). This fact helps illustrate the challenge of 
managing water resources across boundaries in southeast Ohio. Water originating from the 
Wayne National Forest sub-watersheds contribute in a variety of ways: while the amount of land 
covered by water in the national forest is only 0.3% of the total acreage, water yield originating 
in the national forest conveys approximately 428 million cubic meters of surface water per year 
(Brown et al. 2016). The Wayne also contributes to an estimated 27% of the hydrologic flow at 
the confluence of the Hocking and Ohio Rivers, the latter of which is a nationally important 
waterway for navigating commercial products in and out of the Appalachian region (Luce et al. 
2017). Water use by sector across the study area suggests that 15% of all freshwater is used for 
municipal and domestic consumption, while 4% is used for agriculture, and 9% is used for 
industrial purposes (DOI 2015). In addition to consumptive uses, the timing and continuity of 
instream flow is essential for aquatic habitat. 

Across the study area, water as an agricultural input was estimated at $0.49 of gross domestic 
product (GDP) per gallon, while water for manufacturing was estimated at $2.45 in GDP per 
gallon, water for mining was estimated at $0.11 in GDP per gallon, and water as an input for 
thermoelectric power was estimated at 0.06 gigawatt hours per gallon (DOI 2010). Community 
water systems with protection areas that significantly overlap with Wayne National Forest HUC-
12 sub-watersheds served water to an aggregate population of 79,473 people across seven 
municipal systems in Ohio, Kentucky, and West Virginia.24 About 85% of the population in the 
study area relies on a public water supply, and 75% of the public water supply comes from 
groundwater as opposed to surface water (DOI 2015). Most high-yield groundwater production 
occurs in sand and gravel aquifers along the larger rivers, such as the Hocking River (Thompson 
2018). Source water protection and groundwater wellhead protection overlays indicate the most 
critical sub-watersheds for surface drinking water to be located in the southwest corner of the 
Ironton Ranger District and the northeast corner of the Marietta Unit; the most critical sub-
watersheds for groundwater as a source of public drinking water supply are located in four sub-
watersheds covering the southeast corner of the Athens Unit. In aggregate, these protection zones 
contribute to three surface water intakes and 35 groundwater intakes (see Aquatic Ecosystems & 
Watersheds Supplemental Report for more information). 

Water-based recreation attributable to Wayne National Forest visitation was also estimated based 
on annual visitation and expenditures for swimming, fishing, and recreating on lakes and rivers. 
                                                      
24 Original spatial analysis was used to identify groundwater wellhead and surface water protection areas that 
overlapped with National Forest System HUC-12 sub-watersheds by at least 25% (Epstein 2018). Public water 
supply (drinking water population served) was estimated based on community water systems utilizing identified 
protection areas.  
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Estimated annual spending from these activities resulted in approximately $3.2 million in 2016, 
generating an additional 17 jobs, $531,000 in labor income, $110,000 in state and local tax 
revenue, $118,000 in federal tax revenue, and $910,000 in total value added (White 2017). 
Intermediate ecosystem services,25 such as water purification through nutrient cycling, soil 
decomposition, water storage, ground-based soil stabilization, and tree shading, are critical to 
ensuring quality and timing of water supplies. The management of forested area around 
headwater streams in particular has significant implications as the key points of entry for organic 
matter and nutrients from the landscape, with terrestrial leaf fall critical to the biodiversity and 
trophic structure of aquatic systems (see Aquatic Ecosystems & Watersheds Supplemental Report 
for more information). 

Forests provide a critical role in maintaining water quality by filtering pollutants such as nitrogen 
and phosphorus, as well as intercepting runoff and sediment through transpiration and soil uptake 
before these elements reach bodies of water (Ozment et al. 2013). Forest cover also regulates 
water temperature while providing a buffer from atmospheric deposition (see Air Quality and 
Aquatic Ecosystems & Watersheds Supplemental Reports for more information). Total nitrogen, 
phosphorous, and fecal coliform levels in Ohio streams were found to be much higher 
downstream commercial, residential, and agricultural land uses, and lower downstream when 
there is forested land cover (Tong and Chen 2002). National surveys of water treatment plants 
found that forest cover reduced the cost of treating water by improving water quality at the 
intake, with clear linkages between forest cover and turbidity, and total oxygen content and 
treatment costs (Warziniack et al. 2016). The economic benefit of water filtration was quantified 
by the Forest Service using the iTree landscape tool26 and drawing from both land cover data 
(MRLC 2011) and demographic data (DOC 2017) to reflect vegetation cover throughout the 
proclamation boundary and direct water supply downstream. The benefit is characterized as the 
avoidance cost that would otherwise be incurred through artificial water treatment by public 
water systems and estimates an annualized value of $3,105,095 in water filtration in the study 
area resulting from expected transpiration, rainfall interception, and avoided runoff (Hirabayashi 
2016).  

The condition and capacity of the Wayne National Forest and the broader study area to provide 
these water-based services is significantly impacted by a legacy of limestone, coal, and clay 
mining, as well as broader-scale human modifications to the forested area, such as floodplain 
conversion and land clearing for agriculture and commercial logging. Public and commercial 
land is interspersed with private inholdings and townships. Imbedded throughout the 
proclamation boundary is a mosaic of roads, utility corridors, recreation trails, and road-stream 
crossings. A total of 6,784 miles of roads and 488 impassable crossings located on National 
Forest System land were identified across the proclamation boundary (USDA 2018a). 
Undersized or impassable culverts present serious sedimentation challenges and increase the 

                                                      
25 “Intermediate ecosystem services” are the supporting and regulating ecological functions which are important for 
the production or enhancement of final ecosystem goods and services. “Final goods & services” reflect the point at 
which ecosystem services enter human systems (La Notte et al. 2016). 
26 The iTree Landscape tool is accessible at https://landscape.itreetools.org  

https://landscape.itreetools.org/
https://landscape.itreetools.org/
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potential for road collapse (Gillespie et al. 2014), temporarily impeding waterways and the 
movement of aquatic organisms.  

The artifacts of early-20th century mining—highwalls, waste piles, seepages, spoil and gob piles, 
and land surface subsidences—have resulted in the accumulation of metals in ponds and stream 
sediments. Approximately 10% of the Wayne National Forest lies above abandoned underground 
mines, while approximately 5% of the Wayne National Forest surface is comprised of formerly 
active strip mined land (ODNR 2018a). Total maximum daily load (TMDL) data indicate 
prevalence of ammonia, bacteria, chlorides, dissolved oxygen, nutrients, and total suspended 
solids across portions of the Athens Unit (OEPA 2018). Significant accumulation of metals is 
most evident in Sunday and Monday Creek watersheds in the Athens Unit and in Little Pine 
Creek in the southwest corner of the Ironton Unit. 

 
Figure 12. Acid mine drainage from the Majestic Mine in the Athens Unit 

A 2012 analysis using the Watershed Condition Classification System27 (USDA 2012d) found 
that eleven Wayne National Forest sub-watersheds were “Impaired” and 30 sub-watersheds were 
“At Risk.” In some of the most impacted watersheds across the study area (Monday Creek, 
Raccoon Creek, and Sunday Creek), 356 of the 520 (or 68%) water quality monitoring sites 

                                                      
27 The U.S. Forest Service Watershed Condition Framework was established in 2012 as a nationally-consistent 
standard to classify, evaluate, prioritize, and measure watershed restoration at a sub-watershed (HUC-12) level. Sub-
watersheds are identified as either Functioning Properly, At Risk, or Impaired based on twelve biotic and abiotic 
watershed condition indicators, and two Priority sub-watersheds are designated on each national forest based on 
alignment with existing Agency strategies, socioeconomic values, and existing partnerships. The two Priority sub-
watersheds identified in the Wayne National Forest are Wingett Run (Little Muskingum River watershed) and 
Kitchen Run (Monday Creek watershed). 
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yielded pH levels below 6.5, indicating generally high acidity across the Athens Unit (Voinovich 
School 2018). In Monday Creek alone, there was a recorded average daily loading of 763.8 
pounds of acids and 120 pounds of metals prior to implementation of twelve acid mine drainage 
project sites (Voinovich School 2018). Potential increases in sediment runoff from wellpads and 
roads and possible accidental spills of chemicals, petroleum, or waste water associated with 
ongoing high volume hydraulic fracturing in Monroe and Washington Counties highlights a 
potential challenge in maintaining the high quality water resources of the Little Muskingum 
River and other nearby streams. Despite ongoing challenges and the legacy impacts of human 
modification, several areas have been identified as having high aquatic biodiversity, mostly along 
the Little Muskingum River (see Aquatic Ecosystems & Watersheds Supplemental Report for a 
more comprehensive overview of current ecosystem and watershed condition).  

Changed Conditions 
The major system driver of watersheds and aquatic ecosystems is hydrologic regime—or the 
source, quantity, and seasonality of base flows. Hydrologic regime also interacts with other 
factors to influence ecosystem connectivity and aquatic ecosystem integrity. These factors 
include rainfall, which affects water temperature and hydrologic regime (Furniss et al. 2013); 
nutrient regimes, which contribute to community composition; the range of native and non-
native invasive species; and the landscape scale processes that drive nutrient and sediment inputs 
into aquatic systems. Changing forest composition from oaks to more mesic species could result 
in greater water loss across headwater streams, as shade-tolerant species are less water-efficient 
than oaks (see Aquatic Ecosystems & Watersheds Supplemental Report for more information). 

Land cover changes, heavier spring precipitation, and longer autumn drought patterns linked to 
climate change (Butler et al. 2015) have generated stressors of concern to Wayne National Forest 
land managers. These include increased runoff, stressed infrastructure (ODOT 2016), 
proliferation of non-native invasive species (Palmer et al. 2008; Penaluna et al. 2017), and 
exacerbated effects of acid mine drainage. Warmer water temperatures are another concern 
because they lead to increased primary productivity in aquatic ecosystems, which lowers 
dissolved oxygen availability for sensitive organisms (Headrick and Carline 1993; Butler et al. 
2015). Increased impervious surface and forest fragmentation can decrease the amount of water 
retained and transpired by vegetation cover, thus facilitating surface runoff and resulting in 
impaired water quality (low dissolved oxygen content, sedimentation, and moderate 
concentration of nutrients), and increased turbidity and total suspended solids (Davenport and 
Switalski 2006). Shifts to red maple results in greater water- and nutrient- derived stemflow, 
while altering decomposition rates and nitrogen cycling within the forest floor (Alexander and 
Arthur 2010; Alexander and Arthur 2014). Forest monitoring and evaluation that an estimated 
$24.3 million in 50 projects across Raccoon Creek, Monday Creek, and Sunday Creek have 
reduced daily acid loading by 8,649 pounds while improving 93.5 miles of stream, allowing 92% 
of monitored stream miles to meet its 6.5 pH target between 2005 and 2016 (Calhoun et al. 
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2016).28 Additionally, aquatic organism populations have improved, as Monday Creek now hosts 
37 species of fish where it once was devoid of any aquatic species (USDA 2019). 

The increase in oil and gas development (especially high-volume hydraulic fracturing, 
commonly referred to as fracking) across the study area (ODNR 2018a; DOI 2018b) will 
continue to be a potential source of impacts to water resources, either through increased risk of 
surface or groundwater contamination, or through increased water withdrawals. While projected 
water use through 2060 is not anticipated to result in any supply shortages (USDA 2012c; 
Warziniack 2018), water withdrawal operations with poor controls on timing could deplete 
minimum flows or shorten duration of inundation periods for aquatic ecosystem functions reliant 
on water (Poff et al. 1997).  

Management Implications 

Climate-related stressors on water resources 
Climate change-associated stressors were not accounted for in 2006—especially with regard to 
increased runoff into lakes, ponds, rivers, and wetlands. Increased runoff causes greater 
sedimentation and nutrient discharge, and when coupled with higher temperatures, increases 
eutrophication of wetlands, ponds, and lakes.  

Findings and Supporting Data 
• Timber harvest can further increase surface runoff, but primarily in the short term. In the 

decade following the adoption of the 2006 Wayne National Forest Plan there were an 
estimated 739 acres of planned even-aged hardwood timber harvest, 69 acres of planned 
even-aged pine harvest, and 3,836 acres of planned uneven-aged timber harvest, and 516 
acres of planned commercial thinning (USDA 2018b). 

• Stabilization of disturbed areas and riparian restoration can improve the natural watershed 
ability to absorb runoff. Under the 2006 Wayne Forest Plan, federal land managers have 
stabilized 40 acres of disturbed area and implemented streamside riparian habitat 
improvement across 1.59 acres (USDA 2018b).  

• Runoff from roads and trails contributes to both sedimentation and chemical pollution of 
waterways via transport of contaminants, fertilizers, and nutrients. There is a combined 
total of 6,784.42 miles of roads and utility corridors (326 miles of National Forest System 
roads), and 1,185.63 total miles of trails (336 miles of National Forest System trails) across 
the study area (USDA 2018c). A total of 48 miles of trail were added to the Wayne 
National Forest since 2006, with the Baileys Trail System expected to expand the trail 
network an additional 88 miles in the next five years.29 Lack of trail maintenance due to 
limited funds can contribute to more runoff than trails that are properly maintained on 
regular intervals. 

                                                      
28 Stream miles were deemed “improved” if they met an MAIS index target of 12 and/or an IBI index target of 44/40 
at wadeable/boatable stream sites. 
29 Some of the new trails are reroutes of old trails, which could lead to reduced sedimentation and runoff due to 
better placement. Nearly eight miles of shared non-motorized trails were rerouted between 2006 and 2018. 
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• There are improved methods for evaluating current and projected streamflows to predict 
erosion and increased sediment transport (see Aquatic Ecosystems & Watersheds 
Supplemental Report). 

• Changing land surface and hydrology can alter infiltration and groundwater flow rates that 
drive the fate and transport of contaminants, which alters the groundwater input to 
headwater streams and coldwater habitat. 

• Increases in water temperature are driven by changes in air temperature, further driving 
primary productivity and lowering dissolved oxygen levels in warmer waters (see Aquatic 
Ecosystems & Watersheds Supplemental Report). 

• At the Leith Run Recreation Area campground, inundation from the Ohio River caused 
significant damage to electrical and waste water systems. High-flow events can threaten the 
outflow infrastructure of water storage facilities or septic systems, significantly altering the 
nutrient concentrations and availability in aquatic ecosystems (Naiman et al. 2010). 

Headwater streams 
Headwater streams are where forest management impacts have the most impact on aquatic 
systems, where the dominant drivers are nutrient, temperature and hydrologic regimes. Stream 
dewatering as a result of water withdrawals for high-volume hydraulic fracturing, as well as 
broader-scale shifts to more mesophytic species, could adversely affect aquatic ecosystems far 
beyond the point of impact.  

Findings and Supporting Data 
• Headwater streams collect water from catchment areas and transport it downstream. They 

absorb the stream power and inertia of storm events while interfacing closely with surface 
water runoff. Because of their limited depth and drainage area, they are the most 
biologically sensitive to alteration of hydrologic regime (see Aquatic Ecosystems & 
Watersheds Supplemental Report). 

• There is increased recognition in the link between aquatic and terrestrial systems (water 
supply, shade, and organic and nutrient inputs), particularly in primary headwater systems. 
Relatively small changes in forest cover can alter food webs in small streams (England et 
al. 2004). 

• Red maple species generate two- to three-times more stemflow (more water and 
precipitation-derived nutrients directed towards the base), further bolstering the species’ 
competitive ability relative to oaks while driving up nutrient input into water bodies 
(Arthur and Alexander 2010). 

• There is increased recognition of the role of biofilms and microbial communities, often on 
woody debris and other hard substrate, in nutrient uptake and transformation in small 
streams (Mulholland et al. 2008). Clean water and varied substrates in stream channels are 
important for nutrient capture (Cardinale et al. 2002). 

• In Ohio, the average amount of water used in hydraulic fracturing increased from 8.3 
million gallons per lateral well in 2011 to 19.4 million gallons per well in 2014 (Thompson 



Draft Assessment 

46 | P a g e  
 

2019a), in part due to increases in the length of the lateral that can be drilled form each 
well. Hydraulic fracturing on horizontal well laterals require significantly larger amounts of 
water per well than conventional vertical wells. In Monroe County, the annual total volume 
increased from 67.01 million gallons in 2013 to 1,182.28 million gallons in 2018, while 
annual total volume in Washington County increased from 14.31 million gallons to 22.76 
million gallons from 2013 to 2017 (FracFocus 2019). These numbers reflect an increase in 
both number of active horizontal wells, as well as an increase in the average volume of 
water withdrawn per well. In Monroe County, mining accounted for an estimated 83% of 
all surface water withdrawals, and nearly 42% of total water withdrawals in 2015 (Dieter et 
al. 2018; FracFocus 2019). All or nearly all water withdrawals for high volume hydraulic 
fracturing in the region appear to be from surface water (Thompson 2019a). 

Acid mine drainage 
There is potential that increases in heavy rain events could exacerbate acid mine drainage and 
legacy effects while hindering the effectiveness of existing treatments and manmade 
impoundments.30 Historically, acid mine drainage treatment beyond initial construction is 
expensive and it has been a challenge to receive consistent funding. The sheer number of legacy 
impacts across the Wayne National Forest require a strategic focus on the most impaired 
watersheds where treatments can be sustained over time. 

Findings and Supporting Data 
• Assessments of watersheds for acid mine drainage impacts have found that streams tend to 

be impacted in areas with significant underground mining (Voinovich School 2018). 
Underground mines may have a first flush during a storm event, especially in small mines 
that are more hydrologically responsive to precipitation. Increased precipitation could lead 
to increased water levels in abandoned mines, which isolate exposed mineral surfaces from 
oxygen, preventing acid-producing reactions from proceeding. Typically, discharges from 
larger underground mines do not respond quickly to precipitation; high flow events tend to 
dilute acid mine drainage, while low flow time periods are more critical because the acid 
mine drainage makes up a larger proportion of inflow to stream systems. Discharges from 
mines to streams often travel through subsurface pathways making it difficult to identify 
the source of an impact to a stream. High flow events have sufficient energy to transport 
precipitated metal rich sediments further downstream, which ultimately lead to nutrient 

                                                      
30 It is unclear whether changes in precipitation patterns have significant effects on acid mine drainage discharge. As 
of now, it is a hypothesis based on low-pH levels at the confluence of Monday Creek and Snow Fork following 
heavy flush events. The placement of the Monkey Hollow doser downstream from the original Jobs doser has 
alleviated some concern, but both dosers require constant maintenance. While seasonal pH is relatively neutral, low-
pH observations were also observed with light-moderate frequency (Voinovich School 2018). The Lost Run 3 East 
steel slag leach bed constructed in 2013 is currently offline; while treatment improved water quality within the 
tributary, most of the treatment appeared diluted with a drastic decrease in pH downstream at the confluence with 
Monday Creek. 
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deficient systems when those soils carry calcium and iron (Kruse et al. 2014; Martin 
2017).31 

• The 2006 Wayne Forest Plan prioritizes acid mine drainage treatment in Monday Creek, 
Sunday Creek, Raccoon Creek, Symmes Creek, and Pine Creek watersheds (Goal 2.1). 
There has been a shift towards maintenance phase of acid mine drainage treatments rather 
than treatment of new sites. While numerous acid mine drainage discharges have been 
remediated in the Wayne National Forest, they must be maintained to prevent future 
declines in water quality. Failure or under-maintenance of remediation projects would be 
detrimental to water quality and biota; it may take several years for a stream to recover 
from even a short-term treatment failure (Calhoun et al. 2016). At Coe Hollow in Monday 
Creek, 9.2 acres of limestone leach ponds were constructed at a discharge site, 1.5 of which 
were located downstream from the project to capture precipitate metals in 2010. However, 
lack of maintenance on the limestone berms and bottom has effectively reduced the 
wetland’s infiltration and liming capacity, presenting a potential hazard for the road 
downstream (Calhoun et al. 2018). 

• Treatment and maintenance technology has changed since 2006. Open limestone channels 
have been deemed relatively ineffective compared to dosers, iron pigment harvesting, and 
leach beds (limestone or steel slag). However, unit installation and maintenance is costly. 
The average installation cost for a limestone dosing unit in Monday Creek was $323,466, 
while leach beds run an average cost of $164,000 per unit and $120 per foot of channel.32 

• As of 2018, there were an identified 253 untreated gob or spoil piles (waste from 
underground mining), 752 acid mine seepage sites and 2,800 constructed retention ponds, 
390 subsidences (depressions on the landscape formed due to underground mine collapses), 
and 1,726 portals (original surface entrances to underground mines or excavations) 
throughout the Wayne National Forest (USDA 2018a). Based on 2006 Wayne Forest Plan 
projections, surface mine reclamation achieved 12% attainment (2.4 acres), and portal and 
subsidence closures achieved 9% attainment (20 acres) between 2007 and 2017 (USDA 
2018b). 

Soil resource management 
Soil resource management through forest growth can ensure retention of nutrient inputs, while 
supporting the root structure to prevent further erosion and sedimentation. 

Findings and Supporting Data 
• Forest soils efficiently cycle plant nutrients. Most plant productivity in forests—trunks, 

branches, and leaves—are returned to the soil surface after falling, where they are broken 
                                                      
31 The presence of former surface mines and gob and waste piles do not always result in measurable impacts in 
nearby surface water bodies. This may be due to the presence of significant clay or other fine-grained material in 
mine gob and waste materials limiting the movement and discharge of water from these materials reducing the 
potential for contaminant discharges. However, at a larger scale, the presence of surface mines and gob piles seem to 
be concentrated in the most impacted watersheds (Monday Creek, Sunday Creek, and Raccoon Creek in the Athens 
Unit and Little Pine Creek in the Ironton Unit). 
32 Estimates derived from contracts with a partnering organization (Rural Action) to perform restoration projects in 
the Monday Creek watershed. 
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down and recycled by soil organisms, and can then be reused by plants or soil organisms. 
This nutrient cycling keeps most nutrients onsite in healthy forest ecosystems. 
Ectomycorrhizal fungi possesses the ability to mine nutrients from the soil, and a diverse 
community of these fungi has been linked with enhanced oak seedling establishment and 
growth (Dickie et al. 2002). 

• Carbon-rich soil litter provides habitat for countless diverse soil organisms that produce 
plant growth hormones, form symbiotic associations with plant roots to help plants absorb 
water and nutrients from the soil, and break down wastes. Soil microbes can detoxify 
solvents like chlorobenzenes, polychlorinated biphenyls, and hydrocarbons from the 
petroleum industry including oil and diesel fuel (Comerford et al. 2013).  

• Altered duration of wet and dry seasons may affect stream flows, wetland hydroperiods, 
and lake levels, reducing discharge and altering connectivity while affecting soil infiltration 
capacity when rain does occur. 

• Warmer winters and longer growing seasons will increase evaporation and water use by 
forests, reducing summertime soil moisture and increasing drought-induced plant stress 
while decreasing productivity and survival. Nitrate leaching from forest soils to streams 
may also increase (USDA 2011a). 

• Soil organic matter holds substantial quantities of water, which are released as base flows. 
One percent of organic matter in the top six inches of soil can hold one acre-inch of water 
per acre, while a 1% increase in soil organic matter can increase the water-holding capacity 
of a sandy loam soil by 10% to 15% (Binkley and Fisher 2013). 

• Forest soils can sustain wood harvests over time, with regeneration mostly dependent on 
soil nutrient capital (Comerford et al. 2013). However, soil compaction associated with 
logging has been shown to cause lasting changes to the community of micro-organisms in 
the soil (Hartmann et al. 2014). Older forests have highly developed mycorrhizal fungal 
networks, which enable trees to share nutrients, sequester carbon, and facilitate electrical 
signals and biochemical information (Averill et al. 2014).  

Recreation impacts on water resources 
The Wayne National Forest is increasing its emphasis on place-based economic development 
through recreation. Increased trail use could have detrimental impacts through proliferation of 
non-native invasive species and sedimentation into waterways (Davenport and Switalski 2006; 
Penaluna et al. 2017). This could prove especially problematic as the popularity of water-related 
recreational activities increases. 

Findings and Supporting Data 
• As watershed health has generally improved across the study area (see Air Quality 

Supplemental Report and Aquatic Ecosystems & Watersheds Supplemental Report), the 
greatest projected increases in popularity are anticipated for water-based recreational 
activities across the region (Cordell 2012). Since 2009, fishing as a primary activity on the 
Wayne has increased by nearly 10% (USDA 2014a) while stand-up paddle-boarding day 
trips have increased by 6% throughout the state since 2013. Similarly, 44% of all Ohioans 



Draft Assessment 

49 | P a g e  
 

report kayaking or canoeing in a stream, river, or water trail (ODNR 2018b). The 
popularity of water-based activities increases the risk of non-native aquatic invasive species 
introduction, and underscores the need to safeguard waterways for recreational use. 

• While (legal) motorized trail use in the Wayne National Forest has decreased by 56% 
between 2006 and 2016, trail permit sales are gradually rebounding from an annual low in 
2013 (+20%) (USDA 2018a). Horseback riding is projected to increase in annual visitation 
by nearly 18% between 2008 and 2060 (Cordell 2012), and mountain biking across Ohio 
has increased by an estimated 9% since 2013 (ODNR 2018b). 

• User-created off-highway vehicle (OHV) trails destroy vegetation, increase sedimentation, 
and compact soil. The average industry standard for utility task vehicles (UTV) width has 
increased by 6 inches since 2009 (ATV.com 2018). Increased horsepower and torque of 
these machines also causes greater resource conservation concerns. 

 
Figure 13. AmeriCorps members creating a new section of trail in the Athens Unit 

• Between 2015 and 2017, approximately 66% of total Wayne National Forest trail mileage 
was maintained in any given year; similarly, approximately two-thirds of maintained trails 
were completed by the Forest Service labor force, with the remainder accomplished by 
contractors, partners, and volunteers33 (USDA 2019). Forty-eight miles of trail were added 
to the Wayne National Forest network since 2006 (32 of which allow motorized use) 
(USDA 2018a). 

                                                      
33 A trail is considered “maintained” if effects from trail use do not conflict with environmental laws, hazards do not 
exist on or alongside trails, and trails meet current Agency policy and accessibility guidelines when signed as 
accessible. 
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Information Gaps 
There is inconsistent documentation of water temperature and chemical water quality (pH, 
dissolved oxygen content, turbidity, and total suspended solids), hydrologic flow variation, and 
presence of non-native invasive species in riparian areas and in water bodies across the national 
forest and study area. Additional data on local soil and water chemistry would help to clarify the 
sources of water quality impairment. More granular and updated information on soil 
characteristics could inform practices to reduce sedimentation and retain water and nutrients, 
especially during periods of heavy compaction during project activities. At present, it is unclear 
how much of the low pH levels in some local streams are driven by acid mine drainage caused 
by past mining practices and how much is due to acid deposition resulting from air pollution. 
Additional information on the respective roles of acid deposition and acid mine drainage would 
allow land managers to more effectively mitigate water quality impairment or optimize planting 
based on acid deposition levels in the soil (see Air Quality chapter). There is also a lack of 
information on existing groundwater quality to provide a baseline for identifying potential 
impacts from activities such as high-volume hydraulic fracturing development.  

The Wayne National Forest recently strengthened its best management practices monitoring in 
order to retroactively evaluate the completion and effectiveness of best management practices 
(aquatic ecosystem improvements, land reclamation, wildfire management, recreation 
management, trail and road construction or rerouting, skidding and harvesting, mechanical site 
treatments, use of prescribed fire, and chemical applications) following forest management. 

Finally, sharing road maintenance information across agencies could further improve decision-
making by optimizing investments based on where access is most needed, and ecosystem and 
watershed connectivity is most compromised.  
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Hazard Risk Reduction: Erosion & Flooding 

Overview 
Although only a small percentage of Wayne National Forest System land spans water bodies, 
there are considerable economic implications from a major flood event.34 Approximately 6.11% 
of the land within the proclamation boundary falls within a 100-year designated floodplain 
(USDA 2018g).35 The potential for localized flooding and road collapse are concerns both in the 
Wayne National Forest and across the study area. In the spring of 2018, Leith Run, a popular 
recreation site along the Ohio River, was extensively damaged by flooding requiring the site to 
be closed through most of the summer for repairs and restoration. Elevated river levels in 
September flooded the site again shortly after it was reopened to public, which prompted a 
second closure during the same year.  

Between 2000 and 2018, it was estimated that flood events cost property owners across the study 
area a total of $95.5 million cumulatively, or an average of $5 million in storm-related property 
damage annually. The average number of flood events per year was 46, with 2018 recording 117 
events (2.6x higher than average) (DOC 2018). The average cost of property damages per event 
provides a proxy for flood magnitude, and was estimated at approximately $101,690. A general 
decrease in annualized property-related damages over the last decade coupled with a gradual 
increase in the number of overall events suggests that flooding is occurring more frequently, but 
it is also more localized given development patterns. Ponds and impoundments on abandoned 
minelands created by surface mining could potentially pose risks to nearby roads, and excess 
water from heavy flow events may result in inundation and overflow. Though the Wayne 
National Forest invests in improving, upgrading, and replacing infrastructure and maintaining the 
condition of both natural landscapes and recreation sites and trails, the costs of a major flood 
event are borne by all parties. 

Spatial analysis of Forest Service-managed infrastructure located in Federal Emergency 
Management Act designated Special Flood Hazard Areas and floodways36 identified 1.8 miles of 
motorized trail, 8.2 miles of non-motorized trails, two dams (one National Register-eligible 
dam), 5.83 miles of road, thirteen structures (including a National Register-eligible warehouse), 

                                                      
34 “Flood Events” were queried and aggregated as either flash flood events (life-threatening, rapid rises of water into 
normally dry areas beginning within minutes to multiple hours of the causative event); or flood events (minor 
flooding in urban areas and bottom land areas of small streams and creeks, deep ponding of water during or after a 
heavy rain event, or high stream levels due to steady or slowly rising or receding creeks and streams that do not pose 
an immediate threat to life or property) (DOC 2018). Although property damages are likely underreported for flood 
events, cumulative costs may occur to municipal, state or federal infrastructure. An estimated 27% of all flood 
events across the study area were not considered flash floods. 
35 A Federal Emergency Management Agency-designated 100-year floodplain is defined as “an area with a 1% 
chance of annual flooding, with an average depth ranging from 1 to 3 feet” (FEMA 2018). The 1% likelihood is 
based on historical occurrences, and may or may not be accurate given changing weather patterns. 
36 Special Flood Hazard Areas are identified along 100-year floodplain delineations. A uniform 100-foot buffer was 
applied to capture infrastructure points along the Special Flood Hazard Area to account for existing topography, 
although it may vary based on magnitude of flooding. 
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twelve road-stream crossings, seven developed recreation sites (all Forest Service-managed), and 
1,069 residential structures within the proclamation boundary (7,178 residential structures 
including the 12 counties directly adjacent to the Wayne National Forest) (ODNR 2004; USDA 
2018a).37 Tecumseh Dam, which regulates water flow for the town of Shawnee, is 111 feet from 
a Special Flood Hazard Area. When taking into account the cost of National Forest System post-
flood restoration and recovery of affected infrastructure in similar geographic terrain, the 
estimated in-kind value of assets lying in flood-prone areas is approximately $3.1 million for the 
Wayne National Forest. The additional cost of foregone visitation at popular recreation sites38—
assuming that all identified recreational infrastructure would be affected by a heavy flood event 
(greater than one inch of precipitation over a 24-hour period)—is estimated to range from 
$658,000 to $1.4 million. These estimates do not reflect additional assets and maintenance costs 
across non-federal land, potential damages to private structures, nor do they reflect the 
cumulative effects from multiple flood events. 

Riparian corridors and wetland systems provide ecosystem services by acting as natural buffers 
to flooding, slowing overland flow and retaining water before reaching waterways and 
floodplains. Rainfall and slope gradient both influence the amount of bank erosion, which leads 
to sedimentation (Shen et al. 2016). Increasing vegetation cover, adding in-stream woody debris 
to improve stream complexity and dissipate flow (Lassettre and Kondolf 2012), and reconnecting 
or clearing aquatic impoundments can all mitigate against the types of heavy rainfall events that 
cause significant localized flooding (Allen et al. 2016; DOI 2018c).  

Changed Conditions 
System drivers are hydrologic regime (including rainfall), surface runoff, and land use in flood 
prone areas. Land use change (less forested cover) (Wear et al. 2013) and altered precipitation 
and drought patterns (Butler et al. 2015) linked to climate have resulted in stressors of concern to 
land managers, including increased runoff and flush events that affect watershed ability to absorb 
heavier flows (see Water Resources Chapter for more information). Heavy traffic and road or 
trail development (especially on slip prone soils) can cause collapse when the soil saturates and 
loses its compactness (Albright 2010). Climate change is expected to alter hydrologic regimes by 
increasing the magnitude and frequency of heavy flow events, which in turn increases the risk of 
road washouts, clogged culverts, and embankment failures, especially along bottom land areas 
near major tributaries of the Ohio River and along highly erodible soils on steep gradients. The 
potential for prolonged droughty periods resulting in suppressed vegetation growth and possibly 
wildfires followed by heavy precipitation could exacerbate sedimentation and washouts. Since 
1970, heavy rainfall events have increased, while non-heavy rainfall events have decreased 
(ODOT 2016). 

                                                      
37 Ohio Department of Natural Resources data for residential structures was quite dated (1994); however, given 
relatively flat to declining population density across the study area, the spatial analysis assumes this to be a 
conservative estimate. 
38 Extrapolating from the National Visitor Use Monitoring database it was assumed that annual visitation would 
decline by 11% from one major flood event if all recreational facilities were to temporarily close. 
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Figure 14. A county road in the northwest section of the Ironton Ranger District washed-out by flooding  

Management Implications 

Flooding 
The 2006 Wayne Forest Plan focused on disturbed landscapes and stream profiles, but flooding 
was not explicitly addressed. The potential for more drought coupled with heavier precipitation 
events may lead to flashier, localized flooding and less water retention. This could result in 
damage to property and infrastructure and the potential for lost business productivity or even loss 
of life. 

Findings and Supporting Data 
• There are currently 14 active dams operating in and managed by the Wayne National 

Forest. Three of the 14 dams (Tecumseh in the Athens Unit, and Vesuvius and Timbre 
Ridge in the Ironton Unit) were identified as having “high hazard potential” in the National 
Inventory of Dams (USDA 2018a). Currently there is no secondary all-weather route to 
Timbre Ridge for emergency equipment and repair in the case of partial dam failure; funds 
were requested in 2009 for construction under American Reinvestment and Recovery Act, 
although no funds were received. 

• There have been historic attempts by some local communities to remove woody debris 
from streams, which is at odds with current best practices (Lassettre and Kondolf 2012). 
Channel complexity increases aquatic habitat availability while dissipating potential storm 
surge. Conversely, illegal dumping of refuse into gullies and waterways effectively impedes 
aquatic connectivity and could exacerbate localized flooding. 
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• Floodplain wetlands help to minimize the impacts of floods. Functioning wetlands act like 
sponges and help to regulate water flow, but some National Forest System lands in 
bottomlands retain some legacy from past agricultural uses, such as drain tiles that are used 
to remove excess water from soils. These features can prevent a floodplain wetland from 
functioning properly. Restoration activities that help restore the areas of potential forested 
wetlands are costly but effective ways to reduce bottomland flooding (Allen et al. 2001). 

• Wetland enhancement and restoration was one of the most successfully-implemented 
activities since development of the 2006 Wayne Forest Plan, with planned improvements 
on 159 acres of wetland exceeding projections by 6% (USDA 2018b). The limiting factor 
to expanding wetland improvements is the entrenchment of streams following agriculture 
drainage. The ability for natural inundation depends upon some degree of water retention 
on those impacted bottomlands and expansion from adjacent stream channels following 
rain events. 

Transportation infrastructure 
Forest Service maintenance of National Forest System roads is necessary to reduce 
sedimentation into streams, prevent the risk of washouts, and provide access for recreational uses 
and forest administration. Expected increases in heavy precipitation events will increase 
vulnerability of roads and trails, due to saturation of slip-prone soils. Existing transportation 
infrastructure could impede landscape hydrology, potentially exacerbating the risk of localized 
flooding through debris pileups under road-stream crossings or trail erosion into water bodies. 

Findings and Supporting Data 
• 86% of all National Forest System road mileage is used for forest management objectives, 

while 41% of all National Forest System road mileage is used for recreational access 
(USDA 2015b). 

• As of 2018, 95% of all National Forest System road mileage has met its desired objective 
maintenance level (USDA 2018b).  

• 74.3 miles of National Forest System road (or 22.5%) were characterized as having either 
high or medium risk with low benefit, while 201 miles of road (61%) had high or medium 
benefit (USDA 2015b).  

• Wayne National Forest is currently in full attainment of projected road decommissioning 
from the first decade of implementation following the 2006 Wayne Forest Plan (10 miles or 
29 acres); permanent road construction and temporary road construction have fallen short 
of projected activities between 2007 and 2017 (75% and 28% respectively) (USDA 2018b). 

• Approximately 80% of all National Forest System road and trail mileage is located on soils 
classified with severe erosion hazard potential (USDA 2015b). 

• Soil survey data indicates that soil erosion hazard is severe along 81% of National Forest 
System roads and trails throughout the three Wayne National Forest administrative units 
(USDA 2018d). 
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• The U.S. Fish and Wildlife Service is committed to aquatic connectivity as a key priority in 
increasing the resilience of existing infrastructure and communities to flooding (DOI 
2018c). The ecological and economic benefits of retrofitting culverts for better aquatic 
organism passage using stream-simulation design is well-understood and can reduce flood 
risk (Gillespie et al. 2014). 

• According to two Wayne National Forest Stream Crossing Inventories (2011 and 2015), at 
least 488 out of 965 identified culverts (50.5%) within Wayne National Forest lands are 
considered impassable. Culverts designed for aquatic organism passage now follow a 
geomorphological stream simulation design standard that is more resilient (though 
bottomless arches are not the only valid ways of designing for aquatic organism passage). 

Soil resource management 
Soil condition is important for erosion control and water retention given changing ecological 
conditions. Erosion and landslides following soil saturation can result in adverse impacts on 
utility infrastructure, including pipelines. Any sort of soil compaction modifying the structure of 
soil will alter its strength and drainage properties. 

Findings and Supporting Data  
• Forest soils are a critical reservoir for water supply, controlling retention and release, 

supporting groundwater recharge, and sustaining ecosystems between precipitation events 
(Teepe et al. 2002). 

• Healthy forest soils reduce flood damage when surface soils rich in organic matter allow 
precipitation to quickly infiltrate, dissipating damaging raindrop energy. Heavily urbanized 
areas where soil is compacted are more prone to damaging flood flows (Comerford et al. 
2013). 

• Soil survey data indicates that soil erosion hazard is severe or very severe across 32% of 
Athens Unit, 46% of Marietta Unit, and 48% of Ironton Unit. 

• Most rainfall travels underground through the soil to streams, allowing for nutrient uptake, 
cycling, and contaminant removal. As more precipitation infiltrates into and is stored in 
soils, less of it can rapidly flow overland into streams and rivers as damaging flood flows, 
and more water can be released slowly into streams, moderating stream flow throughout 
the year (Comerford et al. 2013). 

• Natural causes of landslides include slope instability resulting from bedrock conditions, 
steep inclines, water content and flow patterns, precipitation, freeze-thaw cycles, and soil 
characteristics (DOI 2008). 
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Figure 15. Wetlands, like Cadmus Wetland in the Ironton Ranger District, absorb and retain water after 
rain events, which can help lessen the chance of a damaging flood 

Information Gaps 
There is a scientific information gap linking the benefits of active forest management, such as 
maintaining forest regeneration, to aquatic ecosystem health. By building awareness and support 
for the benefits of maintaining oak-dominated forest across the study area, the Wayne National 
Forest can better justify forest management activities that may have short-term implications on 
watershed runoff but improve both forest and watershed health in the long term. Additionally, 
there is a general lack of centralized data regarding road failures and associated damages, costs 
of repairs, and timing of flood events (for roads and road-stream crossings). Given that the 
Wayne National Forest only manages a small portion of the overall road mileage, this 
information would be useful to help target meaningful restoration projects to reduce flood risk at 
a watershed scale. 
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Air Resources 

Overview 
Air quality has long been recognized as an important resource in national forests. Members of 
the public rank clean air and scenic views as some of the primary reasons for visiting national 
forests. Understanding the trends and current status of air quality is thus important, as 
atmospheric pollution can critically impact visibility, public health and the ecological integrity of 
terrestrial and aquatic ecosystems. Forests play a critical role in intercepting particulate matter 
and absorbing air pollutants. Computer simulations with local environmental data reveal that 
trees and forests within the Wayne’s proclamation boundary removed 18,155 tons of carbon 
monoxide, nitrogen dioxide, ground-level ozone, particulate matter 2.5 and 10, and sulfur 
dioxide annually between 2016 and 2018. The economic value of those avoided human health 
effects across the proclamation boundary was estimated at $3.8 million annually during those 
same years (USDA 2018g). Trees remove gaseous air pollution primarily through uptake via leaf 
stomata, though some gases are removed by plant surface. Once inside the leaf, gases diffuse into 
intercellular spaces and may be absorbed by water films to form acids or react with inner-leaf 
surfaces (Smith 1990). 

The Clean Air Act requires that the U.S. Environmental Protection Agency (EPA) set national 
ambient air quality standards at two levels for six air pollutants. A primary national ambient air 
quality standard is set to protect public health, while a secondary standard is set to protect public 
welfare (e.g., damage to animals, crops, vegetation, and buildings). Each standard is reviewed 
every few years and revised if the most recent scientific research indicates that the current 
standard is not protective enough of sensitive populations. The six criteria pollutants are lead, 
sulfur dioxide (SO2), carbon monoxide (CO), nitrogen oxides (NOx), ozone (O3), and particulate 
matter (PM) (EPA 2018a). When measured concentrations of any of these pollutants consistently 
exceed the national ambient air quality standards, the area is usually designated as a “non-
attainment” area by the EPA (EPA 2018b). 

Refer to the Air Quality Supplemental Report for the following, as specified by Forest Service 
Handbook, Chapter 10 Section 12.21 (USFS 2015): 

• Airsheds relevant to the study area; 

• Location and extent of known sensitive air quality areas, such as Class I areas, non-
attainment areas, and air quality maintenance areas; 

• Emission inventories, conditions, and trends relevant to the study area; 

• Federal, State, and Tribal governmental agency implementation plans for regional haze, 
non-attainment, or maintenance areas (including assessing whether Forest Service emission 
estimates have been included in the appropriate agency implementation plans); 

• Critical loads; 

• Conditions and trends of relevant airsheds assuming existing plan direction remains in 
place; 
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Figure 16. Smoke rising above a prescribed burn in the Ironton Unit of the Wayne National Forest  

Prescribed burning temporarily increases smoke concentrations in and around the location of the 
burn, and the increase depends on the extent and intensity of the burn, as well as atmospheric 
conditions at the time. 

Changed Conditions 
Air filtration as an ecosystem service is tied to forest coverage, and forests’ ability to provide air 
filtration services are impacted by changes in vegetation and structure. Timber harvesting can 
impact vegetation cover in the short-term, but land use changes in the study area that lead to 
reduced forest cover represent a greater long term stressor on the ability of forests to mitigate air 
pollution. Human activities, such as increased oil and gas development in and outside the 
national forest and off-highway vehicle use, also contribute to air pollution. Elevated spring and 
summer temperatures may increase particulate matter (Shen et al. 2017) and summertime ozone 
concentrations (Shen and Mickley 2017; NGCRP 2018). As wildland-urban interface has 
increased between 1990 and 2010 (Radeloff et al. 2017), smoke-sensitive areas have also 
increased.  

Despite these ongoing impacts to air purification services, most ambient air pollutant levels in 
the airshed (sulfur dioxide, nitrogen dioxide, and particulate matter 2.5) have declined since 
2006, with all counties in the study area meeting EPA air pollutant attainment goals. Air quality 
critical load exceedances—measured with respect to the threshold necessary to disrupt tree 
species growth, herbaceous biodiversity, and mycorrhizal fungal networks—may be moderate, 
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though there are some uncertainties associated with the models used (see Air Quality 
Supplemental Report for more information). 

Management Implications 

Energy development impacts on air quality 
As high-volume hydraulic fracturing has led to an increase in oil and gas development within the 
study area, public awareness around potential air quality impacts of these activities has increased 
in turn.  

Findings and Supporting Data 
• Community surveys from across the country have revealed that eight volatile organic 

compounds were found to be present near oil and gas operations, including benzene, 
formaldehyde, and hydrogen sulfide (Macey et al. 2014; Breech et al. 2014). These 
compounds are associated with multiple impacts to human health (Colborn et al. 2011; 
Webb et al. 2014).  

• Volatile organic compound emissions in the airshed stemming from oil and gas 
development increased by 110% between 2011 and 2014 (see Air Quality Supplemental 
Report). 

Emissions and ambient air quality 
While recent data reflects that ambient air quality and emissions are improving (see Air Quality 
Supplemental Report), the industrial legacy in southeast Ohio make soil and watershed 
acidification a persistent challenge compared to the rest of the country.  

Findings and Supporting Data  
• Watershed health is gradually improving, as are water-based recreational opportunities 

(ODNR 2018b; Cordell 2012). 

• Acid mine drainage prioritization is moving from treatment to maintenance. 

• Climate change could produce a wide range of effects on soil and water chemistry based 
off persistent abandoned mines and atmospheric deposition patterns (Kruse et al. 2014; 
Martin 2017). 

• Acid deposition has been shown to degrade the value of ecosystem services provided by a 
forested landscape. This form of pollution impacts the value of wood products, visual 
quality, and capacity for carbon sequestration (Beier et al. 2017). 

Information Gaps 
It is unclear the extent to which soil and water resources are impacted by atmospheric deposition 
compared to other land-based inputs (land cover change, fertilizer, nitrogen, and acid mine 
drainage). By isolating and quantifying those impacts over time, land managers could more 
effectively identify and target more specific restoration activities to improve forest and 
watershed health.  
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Non-Renewable Energy Resources 

Overview 
The three primary non-renewable energy resources in the Wayne National Forest are coal, oil, 
and natural gas. Coal has historically been a major target for resource extraction in the area, but 
production has declined in recent years (Appalachian Regional Commission 2018). Because oil 
and gas are the main focus of resource development at this time, this document will primarily 
address conditions and trends related to oil and gas development. Additional information on coal 
and other mineral resources is available in the Mineral Resources Supplemental Report.  

The Wayne National Forest overlies three major conventional oil and gas exploration targets: the 
Berea Sandstone, the Ohio Shale play, and the Clinton-Medina.39 In addition, parts of the 
national forest overlie two major unconventional oil and gas targets: the Marcellus Shale and the 
Utica-Point Pleasant Formation. There are also a number of shallow secondary production zones, 
particularly in the Marietta Unit. National Forest System surface across the Wayne overlies a mix 
of mineral estate that is characterized as either federal, reserved and outstanding rights (private), 
or some combination thereof. As of November 2019, there were about 500 vertical wells 
accessing federal minerals and about 800 vertical wells accessing private minerals located on the 
Wayne National Forest (USDA 2018a). There were an additional five permitted horizontal wells 
on adjacent private land with rights to extract federal minerals underlying the Wayne National 
Forest. 

The Wayne contributes to non-renewable energy development (oil, natural gas, and coal) in two 
ways: direct contributions occur through making national forest areas available for federal 
leasing of minerals as administered by the U.S. Department of the Interior’s Bureau of Land 
Management (BLM); and indirectly through facilitating the extraction of privately owned 
minerals through special use permits. Indirect contributions allow private landowners a share of 
mineral royalties providing supplemental income, while mineral leasing contributes to industrial 
development and public services through corporate tax revenue, employment and associated 
spending in the region. The Wayne National Forest can use stipulations in federal leases to 
control activities on national forest surface and to identify areas of the forest where operators 
cannot occupy the surface. 

In 2016, the BLM held quarterly lease sales that included a total of 14 federal mineral parcels 
underlying the Wayne National Forest, but since that time production activity has only occurred 
on two of them. An estimated 122 federal mineral parcels underlying the Wayne National Forest 
have been leased since 2006, with production activity occurring on eight of them (USDA 2018a). 
Additionally, private lands in the study area contain ten underground storage sites, five gas 
processing plants, one crude oil pipeline, and one crude oil gathering line, with an additional 
refinery located across the Ohio River from Marietta in Parkersburg, West Virginia (Brand 2018). 

                                                      
39 The Ohio Shale is not to be confused with the Marcellus and Utica/Point Pleasant formations. It is a set of 
geological formations located above the Marcellus and Utica/Point Pleasant. The Ohio Shale has been 
conventionally drilled and produced for decades.  
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Figure 17. Infrastructure to support oil and gas extraction is present on the Forest, for example, seen 
here is a 100-gallon tank, a separator (to separate oil, gas, and brine), and a meter to log production of 
the well as it goes through the separator 

Oil sales volume from federal leases under the Wayne National Forest produced 4,500 barrels in 
2016, generating a sales value of $55,497 (DOI 2018b). Gas sales volume from federal leases 
during the same year totaled 35.4 million cubic feet and $55,497 in revenue. Volume in 2016 
generated one additional job, $23,000 in labor income, $9,000 in local, state, and federal taxes, 
and $43,000 in total value added. Federal mineral royalty payments to counties from those leases 
generated an additional $11,958 in 2016.40 However, a 2017 boom in high-volume hydraulic 
fracturing in Monroe County exponentially increased the economic contribution, generating 
national-forest-wide total of approximately 4.8 billion cubic feet of natural gas, $14,367,401 in 
sales value, and $1.5 million in federal mineral royalty payments to counties. This added an 
estimated 53 annual jobs from expanded operations, $1.5 million in labor income, $281,000 in 
state and local taxes, $335,000 in federal tax revenue, $2.8 million in value added, and $6.2 
million in total economic output (DOI 2018d).41 

                                                      
40 BLM administered lease sales only account for a subset of total federal mineral production. Much of the federal 
production on or adjacent to the Wayne National Forest is derived from “private acquired” leases, which are federal 
minerals that are subject to a pre-existing privately negotiated lease. “Private acquired” leases are tracked separately 
but also contribute to federal royalty payments to counties. Thus, economic contribution estimates are fairly 
conservative. The 2017 estimates listed above are intended as a proxy for both direct and indirect economic 
contributions resulting from aggregate federal production of minerals, and thus may not be directly comparable to 
2016 estimates. 
41 U.S. Department of the Interior Natural Resources Revenue Data for Ohio accessible at 
https://revenuedata.doi.gov/explore/OH/#economic-impact  

https://revenuedata.doi.gov/explore/OH/#economic-impact
https://revenuedata.doi.gov/explore/OH/#economic-impact
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Changed Conditions 
Most system drivers pertaining to non-renewable energy development are largely economic and 
sensitive to domestic and international demand, changing marginal prices, and changes in 
technology. Regionally, demand is dictated by property and mineral rights and changes in land 
holdings that affect access. While coal extraction has significantly declined across the region and 
is no longer expected to remain economically competitive (Michaud et al. 2017; Appalachian 
Regional Commission 2018), oil and natural gas production has increased due to the proliferation 
of horizontal drilling and high-volume hydraulic fracturing of previously untapped 
unconventional natural gas sources. Horizontal drilling technology has allowed for higher 
volumes to be extracted more efficiently from deeper shale formations.  

Since 2006, approximately 94 horizontal wells have been completed throughout the proclamation 
boundary, although no horizontal drilling has occurred on the Wayne National Forest surface 
(ODNR 2019). Despite the increased activity associated with horizontal drilling, cumulative 
mineral development activity on the Wayne has fallen short of the 2006 projections (USDA 
2006) (see Mineral Resources Supplemental Report for more information). Proliferation of 
higher-volume extraction coupled with the need to upgrade and replace aging utility 
infrastructure will place pressure on companies to invest in corridors and pipelines, which could 
result in increased requests for special use permits and potential for surface disturbance. 
Nationwide energy infrastructure spending has increased steadily since 2006, and the Wayne has 
experienced an increase in the number and scale of special use requests associated with utility 
infrastructure construction and replacement (DOE 2018).  

Management Implications 

Energy development impacts on water 
There are risks to water resources associated with oil and gas activities, including high-volume 
hydraulic fracturing of horizontal wells (high volume hydraulic fracturing). Given the change in 
mineral development technologies and the high level of public scrutiny, increased emphasis 
should be placed on the mitigation and minimization of potential impacts of future energy 
development to surface water and groundwater resources.  

Findings and Supporting Data 
• As much as 90% of the groundwater within the Wayne originates from bedrock fractures 

(Thompson 2018). These sources of groundwater may be impacted by spills and other 
releases from oil and gas activities. Most flow of groundwater in the Wayne National 
Forest is in shallow bedrock, so anything that penetrates into those materials can affect 
groundwater flow (Thompson 2018). 

• The potential for impacts to water resources from spills and other releases at a well site 
depend on how the chemicals and wastes are stored, the presence and nature of other types 
of containment, chemical and waste handling procedures, and the effectiveness of spill 
responses. The vast majority of well site spills are relatively small and contained before 
reaching a water resource (Thompson 2019a). 
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• Various contaminants, including hydrocarbons, heavy metals, and radioactive elements 
have been found to have contaminated water supplies through faulty well construction, 
surface spills, or improper waste disposal associated with oil and gas wells (EPA 2016; 
Thompson 2019a).  

• An EnergyWire database from 2016 indicates 364 spill reports for Ohio, with 
approximately 64 spills (18%) occurring as a direct result of drilling. 1.6% of spill reports 
were associated with chemical mixing (Soraghan and King 2016).42 However, these 
reported spills involve all types of oil and gas sites and not necessarily high volume 
hydraulic fracturing sites.  

• Risk of groundwater contamination via infiltration from surface water is relatively low 
overall, and based on state mapping of groundwater contamination risk in Ohio, it varies by 
location (Thompson 2018). However, direct sub-surface contamination could occur through 
drilling due to well failure or interception of other nearby oil and gas wells (Thompson 
2019a). Elevation and lateral proximity to streams overlaying significant deposits of sand 
and gravel are the strongest determinants of risk (Thompson 2018).  

• As discussed in the Water Resources chapter, water use in high volume hydraulic fracturing 
operations has intensified. Increased water usage reflects an increase in both number of 
active horizontal wells, as well as an increase in the average volume of water withdrawn 
per well. All or nearly all water withdrawals for high volume hydraulic fracturing appear to 
be from surface water (Thompson 2019a). This is likely due in part to the relatively poor 
groundwater productivity of underlying sediments. 

Social, ecological, and other effects of energy development 
Technological advancements and geology underlying the Wayne indicate that future oil and gas 
development may increase within the region (Saji et al. 2018). In addition, trends indicate 
increased investment in construction and upgrades of other energy infrastructure such as 
electrical power lines (DOE 2018). Given this potential increase, there may be a need to focus on 
thoughtfully crafting forest plan components to mitigate for social, ecological, and other impacts. 

Findings and Supporting Data 
• Five percent of the nearly 6,800 miles of roads and utility corridors throughout the 

proclamation boundary are part of the National Forest System and managed by the Forest 
Service (USDA 2018a). 

• Shale gas development is linked to habitat fragmentation (Langlois et al. 2017), which 
negatively impacts the function of forest ecosystems (Watson et al. 2018). While access 
roads contribute to fragmentation, pipeline construction itself causes the greatest landscape-
scale impacts by creating more forest edge and reducing interior forest habitat (Slonecker et 
al. 2012; Racicot et al. 2014). These operations can be vectors for non-native invasive 
species (Christen and Matlack 2009). 

                                                      
42 Spill reports do not indicate whether or not water resources were impacted. 
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• Exposed oil and gas small diameter gathering lines impede forest management, pose safety 
risks, and reduce aesthetic value. 

• Horizontal drilling allows for access to subsurface shale oil and gas from adjacent or 
nearby land, which could reduce the need for surface operations on National Forest System 
land. However, patchy surface and mineral ownership patterns make it challenging for 
companies and private mineral owners to fully capitalize upon mineral resources. 

• There is an increase of safety risks posed by heavier truck traffic, and health impacts 
associated with noise and light pollution (Krupnick et al. 2017).  

• Seismic events have been linked to high volume hydraulic fracturing operations and high 
volume hydraulic fracturing waste disposal within or near the Marietta Unit’s proclamation 
boundary (Thompson 2019b). Approximately 1.5% of wastewater injection wells and 2.1% 
of hydraulic fracturing wells in Ohio have resulted in seismic events (Thompson 2019b). 
The maximum magnitude event in Ohio was a 4.3 on the Richter Scale and caused slight 
property damage, but most other instances of induced seismicity were not felt because they 
were too small (Thompson 2019b).  

• Oil and gas operations can result in land disturbance. Heavier thru traffic can cause erosion 
and slips, and increased precipitation (Butler et al. 2015) coupled with more oil and gas 
activity (DOI 2018b) magnifies threats to infrastructure such as well pads and roads 
(ODOT 2016). 

• Much of the existing oil and gas infrastructure is aging and needs replacement. In addition 
to new development, the Wayne is experiencing more frequent and larger-scale special use 
projects and requests associated with the replacement of old infrastructure.  

• Through the spring of 2019, approximately 41 acres of disturbance associated with utility 
infrastructure were permitted under the 2006 Wayne Forest Plan (USDA 2018b). In 2019, 
requests for larger-scale utility lines prompted an administrative correction to the 2006 
Wayne Forest Plan to increase the acres of utility corridor development acres that are 
within the scope of the plan to 500 acres. Nationwide infrastructure spending trends 
suggest that requests for larger utility corridors will likely continue in the foreseeable 
future, affecting other land management activities in the Wayne (DOE 2018). 

• Emissions of volatile organic compounds increased by 116% within the multi-state airshed 
during the period of 2011 to 2014. Increases were attributable to oil and gas production. 
See the Air Quality Supplemental Report for additional information.  

Economic impacts of energy development 
Energy development in the Appalachian Basin creates new opportunities for the communities of 
southeast Ohio. New technologies may increase options for mitigating environmental impacts of 
energy development. 

Findings and Supporting Data 
• Unconventional oil and gas activities are linked to increased State and local government 

revenue (Krupnick et al. 2017). Ohio, however, lags behind other petroleum producing 
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states in terms of the proportion of petroleum revenues that are received by State and local 
government (Raimi and Newell 2016). 

• Studies have found increases in local employment rates and local wages as a result of 
energy development activity (Komarek 2016; Krupnick et al. 2017). 

• Abundant natural gas produced from the Appalachian Basin has contributed to reduced 
heating and utility bills for consumers (Simeone 2017). 

• There is ongoing research43 and collaboration44 around the potential for beneficial 
industrial reuse of wastewater generated by unconventional oil and gas production. A web-
based decision support module for water reuse in unconventional oil and gas development 
was recently created as a direct result of the Research Partnership to Secure Energy for 
America (DOE 2016).  

• Not all economic effects are positive. Many communities dependent on oil and gas 
industries are subject to booms and busts, which make long-range fiscal planning difficult 
for public services in Appalachian communities (Jacquet 2009; Clough and Bell 2016; 
Sangramoorthy et al. 2016). 

Information Gaps 
Some studies suggest correlations between distances to unconventional wells and the occurrence 
of certain contaminants in freshwater sources, but have not established an actual connection. 
(Ingraffea et al. 2014; Yan et al. 2016). Establishing a clear link between unconventional oil and 
gas operations and water resource contamination, especially with respect to any differences with 
conventional oil and gas operations, has been handicapped by various factors. These include a 
lack of pre-existing baseline surface and groundwater quality data, incomplete spills data, 
adequate screening out of other potential sources of the contamination (including conventional 
oil and gas development), and the relatively recent age of most unconventional oil and gas 
operations, which may not allow sufficient time for subsurface migration of contaminants to a 
monitored receptor. More study is needed to conclusively evaluate whether or not high volume 
hydraulic fracturing poses an increased risk of water contamination when compared to 
conventional drilling (EPA 2016; Thompson 2019a). Other potential data gaps include potential 
vulnerability of local ecosystems and species to land fragmentation from new activities, and the 
long-term feasibility of treatment and mitigation processes for legacy mining impacts. 

  

                                                      
43 Research Partnership to Secure Energy for America (RPSEA), accessible at www.rpsea.org.  
44 AirWaterGas NSF Sustainability Research Network; accessible at www.airwatergas.org.  

https://rpsea.org/
https://www.airwatergas.org/
http://www.rpsea.org/
http://www.airwatergas.org/
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Renewable Energy Resources 

Overview 
The Forest Service has signaled its commitment to responding to climate change, set forth in its 
2010 to 2015 Strategic Plan. The Strategic Framework for Responding to Climate Change 
(USDA 2008) and National Roadmap (USDA 2011b) set in motion a scorecard to evaluate 
progress. While past spatial analyses suggests low potential for utility-scale solar and wind 
energy development in the Wayne National Forest (NREL 2005), there is commercial and private 
interest in pursuing solar, wind, and biomass sources across the study area.45 Technological 
innovation could make these energy resources more feasible in the future. 

Utility costs, manufacturing, capacity, intermittency of renewable energy sources, local zoning 
codes, and permitting requirements remain barriers to entry. There are additional concerns 
regarding visual impacts from wind farms, the potential for adverse wildlife impacts due to 
habitat disturbances and fragmentation, and the potential displacement of animal and plant 
communities (including bird and bat mortality from turbine blades [USDA 2017c]). 

Changed Conditions 
System drivers are largely political and economic. Recent trends reflect a changing energy 
portfolio across the country and Ohio that favor renewable energy sources (AEP Ohio 2018). 
Coal production has declined by 45% in the Appalachian region between 2005 and 2016 
(Appalachian Regional Commission 2018). Since 2006, there has been an estimated $72.9 
million in federal grants encouraging renewable energy development in the state (USDA 2018e), 
with recent legislation calling for $1 billion to support abandoned mine redevelopment with 
entrepreneurial, clean energy projects (H.R 4456 2016). As of 2017, Ohio is currently ranked 
second across all states for new distributed wind power capacity in the United States (DOE 2017. 
H.R. 3794 (The Public Land Renewable Energy Development Act) was reintroduced to 
legislation in 2019 by a bipartisan group of lawmakers to expedite the permitting process for 
renewable energy sites on federal land, while setting up a revenue-sharing system analogous to 
oil & gas development with a share of the proceeds contributing to the state (25%) and local 
government (25%). An additional 25% of proceeds would contribute towards a Renewable 
Energy Resource Conservation Fund (H.R. 3794 2019). 

Management Implications 

Changing energy demands 
Changes in energy demands may require the Wayne National Forest to consider requests for 
renewable energy projects during the life of the next forest plan.  

                                                      
45 The influx of natural gas production could lower the wholesale price of electricity over the long term, which 
would make it less attractive for biomass energy specifically, because the transaction costs for market entry are 
higher. 
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Findings and Supporting Data 
• Incorporating pollinator planting sites into large scale solar installations could serve to 

conserve pollinators and create favorable wildlife habitat (Walston et al. 2018). 

• Developing wind energy on disturbed lands rather than placing new developments within 
large and intact habitats would reduce cumulative impacts to wildlife (Northrup and 
Wittemyer 2012). 
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Outdoor Recreation 

Overview 
Recreation contributes to social and economic sustainability and provides opportunities to 
connect people with nature. The focus of the assessment for recreation is to identify and evaluate 
information about recreation settings and the uses, trends and sustainability of recreation 
opportunities in the plan area, recreational preferences of the public, recreation access and scenic 
character (FSH 1909.15 13.4). The Wayne National Forest provides a wide variety of 
recreational experiences including camping, picnicking, swimming, boating and canoeing, 
fishing, hunting, driving for pleasure, off-highway vehicle riding, horseback riding, mountain 
biking, hiking, wildlife viewing, nature study, gathering forest products, and natural, cultural, 
and historic education and interpretation. 

 
Figure 18. A fisherman traveling by boat on Lake Vesuvius in the Ironton Ranger District 

Recreation opportunities can be had at two large lakes, Lake Vesuvius (140 acres) and Timbre 
Ridge Lake (100 acres), about 130 fishable ponds and small lakes ranging in size from 1 to 10 
acres (USDA 2016c), ten developed campgrounds, five group picnic shelters, two boat launches, 
a swimming area, and over 340 miles of multiple use trails and 145 miles of motorized trails, as 
well as tens of thousands of acres for dispersed recreation (ODNR 2018b). For the purposes of 
the assessment, opportunities are characterized as developed, dispersed, or trails-based 
(motorized or non-motorized).  
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In a state where over four million people live within 50 miles of the only national forest, only 
14% of forested land is public, and only 6% of private land is leased for recreational purposes 
(Butler et al. 2016), the demand for recreation opportunities on public land is high. The Hocking 
Hills Region, where public land is managed by the Ohio Department of Natural Resources, is 
located less than 30 miles from the Wayne and receives several million visitors each year. Public 
land management agencies like the Forest Service can better meet demand by working in sync 
with state, county, municipal, and private counterparts. In southeast Ohio, tourism accounts for 
nearly 6% of total employment, with a greater proportion in Hocking County (14%) and Athens 
County (11%) (TourismOhio 2014). 

There is an annual estimated average of 204,000 visits to the Wayne National Forest, with 73% 
of visitors considered local (traveling less than 50 miles) (USDA 2014a). Currently, the most 
popular primary activities for visitation in the Wayne National Forest include: fishing (23.6% of 
all national forest-based visits), viewing natural features (11.5% of all visits), developed camping 
(10.4% of all visits), hiking (8.6% of all visits), and motorized trail use (7.9% of all visits) 
(USDA 2014a). Spending by those recreationists supported an estimated 65 annual jobs $2.1 
million in labor income, $351,000 in state and local taxes, $379,000 in federal taxes, $2.9 million 
in total value added and $5.1 million in total economic output across the study area. Nearly 74% 
of those jobs and 54% of the labor income attributable to Wayne National Forest recreation 
supported the Accommodation & Food Services, Retail Trade, and Arts & Entertainment sectors.  

Recent Wayne National Forest trends reflect a decrease in motorized trail use and hunting, and a 
strong increase in fishing visitation (Cordell 2012; USDAa 2014; White et al. 2016; ODNR 
2019). Visitors also benefit intrinsically from those experiences; in 2016, visitors to the Wayne 
National Forest were estimated to derive an estimated $13 million in non-market value from 
outdoor activities (Ng and Mccauley 2019). External factors affecting the economic activity 
resulting from recreation could be fluctuations in disposable income, user and entrance fee 
changes, transportation costs, changing climate, and crowding due to high demand for limited 
recreation opportunities. 

Changed Conditions 
Recreational changes could be ecological, socioeconomic, or institutional. Declining agency 
budgets for recreation and inter-agency competition for limited external funds remain the 
greatest constraints to maintaining or enhancing recreational opportunities. Wayne National 
Forest 2018 funding from appropriations was 16% reduced from funding in 2006 (22% reduction 
without accounting for user fees) (see Socioeconomic Conditions Supplemental Report).  

The Wayne National Forest is one of many recreational service providers across the study area, 
accounting for 5% of the land base, 4% of all recreation sites, and 28% of all public trails 
(ODNR 2017b; USDA 2018a). With the recognition that regional recreation demands are 
growing, federal ownership is limited, and given the proximity to major urban areas, the 2010 
Forest Service Framework for Sustainable Recreation46 established a vision which is especially 

                                                      
46 USDA. 2010. Connecting People with America’s Great Outdoors: A Framework for Sustainable Recreation. 
Forest Service: Recreation, Heritage and Volunteer Resources.  

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5346549.pdf
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5346549.pdf
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relevant in southeast Ohio: to prioritize investing in existing National Forest System 
infrastructure in a way that supports the Wayne National Forest’s recreational niche in the region. 

The Framework for Sustainable Recreation explicitly directs the adaptability of existing 
recreation settings, implementation of green operations, enhancement of communities, 
investments in special places, forging of strategic partnerships, citizen stewardship, cultural 
interpretation, sustainable financing, and workforce development, while committing the Agency 
to better understand the landscape of complementing services and opportunities across 
jurisdictions. The 2018 Ohio Statewide Outdoor Comprehensive Recreation Plan (ODNR 2018b) 
builds on this foundation, providing further direction for land management agencies to meet 
changing demands. It recognizes improved trail access and inter-connectivity, rehabilitation of 
existing facilities, and inclusiveness in expanding opportunities as the most pressing statewide 
needs. Recent legislation like the National Forest System Trails Stewardship Act of 2016 directs 
national forest units to seek innovative ways to work with partners, volunteers, outfitters & 
guides, and other land managers to finance and maintain trail systems, while the National 
Strategy for a Sustainable Trail System (released in the same year) commits the Agency to a core 
set of values to guide trail development in a way that meets public demand while investing in 
long-term relationships and partnerships. Finally, recreation planners on the State’s advisory 
team established a cross-boundary Ohio Trails Vision in 2019, memorializing strategic 
components to address partnerships, funding, maintenance, development, marketing, and 
inventorying across multi-use, natural surface, motorized, mountain biking, equestrian, and water 
trails. 

The Wayne National Forest has been working to contribute to a more amenities-based economy. 
The challenge for the Forest Service in the 21st century will be balancing economic growth with 
the operational and maintenance needs necessary to meet public demand in the new “natural 
resources economy” (Hibbard and Lurie 2013; see Socioeconomic Conditions Supplemental 
Report). These policies have manifested themselves locally in the form of shared stewardship 
and volunteerism by trail user groups—although the official trail patrol program was abolished in 
2015, hikers, bikers, and equestrian trail users have partnered with the Forest Service through 
official agreements to act as trail “hosts,” encouraging responsible practices and assisting with 
maintenance and interpretation. These policies have also encouraged innovative funding and 
financing. A stimulus of private and public investment in a new 88-mile mountain biking trail is 
anticipated to be a premier destination for enthusiasts across the eastern United States. The 
Baileys Trail System—crossing municipal and Federal public land between Chauncey, Buchtel, 
and Doanville—has nearly finalized early-stage investor financing and has received 
overwhelming support from local government and businesses. It is anticipated to increase 
economic activity across Athens, Perry, and Hocking Counties (see Socioeconomic Conditions 
Supplemental Report for more information). An Outdoor Recreation Council of Governments 
was established to oversee trail development and maintenance, which began in earnest in Fall 
2019. 

http://parks.ohiodnr.gov/Portals/parks/PDFs/stay_informed/SCORP/2018_SCORP_Appendices.pdf
https://www.congress.gov/114/plaws/publ245/PLAW-114publ245.pdf
https://www.fs.fed.us/sites/default/files/national-trail-strategy.pdf
https://www.fs.fed.us/sites/default/files/national-trail-strategy.pdf
https://trails.ohiodnr.gov/wp-content/uploads/2019/05/Ohio_Trails_Vision-2019-SM.pdf
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Figure 19. A section of the newly-created Baileys Trail System in the Athens Unit 

Changing public preferences signify shifts on both the Wayne National Forest and the 
northeastern region towards water-based recreational activities (Cordell 2012; USDA 2014a), 
camping at developed sites (including RV use), and non-motorized trail use, and preferences 
shifting away from dispersed recreation such as hunting47 and wildlife-viewing (Cordell 2012; 
USDA 2014a; ODNR 2019). The off-road vehicle industry has shifted as well, with UTVs that 
are wider in size having to share trails with off-highway dirtbike riders which prefer narrower 
tracks (ATV.com 2018). Though regionally motorized off-road trail use is expected to decrease 
by 8% between 2008 and 2060 (USDA 2012c), statewide surveys suggest increased localized 
ATV use despite a 3% decline in overall participation since 2013 (ODNR 2018b). Demographic 
trends across the study area reflect an aging population (Headwaters Economics 2018) which 
may be directly linked to the perceived growth in use of developed campsites and demand for 
electricity (RV Industry Association 2017). Wayne National Forest visitation trends between 
2009 and 2018 generally mirror statewide and regional trends, although a 10% decrease in hiking 
as a primary activity reflects anecdotal evidence that many traditionally popular hiking trails are 
not well maintained or marked (USDA 2014a) despite increases in statewide popularity. 

                                                      
47 Despite region-wide (and nationwide) declines in popularity of hunting, the Wayne and other public lands in the 
17-county area play a critical role in providing hunting opportunities to locals and non-residents alike. In recent 
years, Southeast Ohio has developed a reputation for excellent whitetail deer hunting opportunities, and out-of-state 
hunters travel to the Wayne to hunt each year (Barringer 2017). In 2018, eighteen percent of the overall non-resident 
deer harvest occurred on public land. That proportion of public to private harvests is nearly three times greater 
among non-residents than residents, which suggests that public land is especially sought after by non-residents. In 
2018, Lawrence, Hocking, Morgan, and Vinton counties contributing to at least 15% of the total deer harvest from 
public land.  
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Changing landownership and parcelization patterns will increase pressure on public lands, both 
to maintain upkeep of existing sites and trails but also support resources for law enforcement. 
These trends have been felt by state residents—the 2018 Ohio Statewide Comprehensive 
Outdoor Recreation Plan (ODNR 2018b) highlights the acquisition of land for preservation of 
habitat, wetlands, forests, rivers, and lakes as the number one funding priority for improving 
recreational satisfaction. Recent legislation has indicated political interest in opening more 
federal land to public access for recreation, including the acquisition of lands when necessary to 
resolve recreational access for the public using the Land & Water Conservation Fund (John 
Dingell Jr. Conservation, Management, and Recreation Act, PL 116-9).  

Climate change is anticipated to contribute to the frequency and severity of flooding at beloved 
riverside campsites, cause erosion along trails, and increase public health risks from storms and 
vector-borne disease (Ostfeld et al. 2016). Changing seasonality (longer summers, wetter springs, 
and drier falls) could affect optimal times for visitation and increase recreation site maintenance 
cost. 

Management Implications 

Sustainable recreation 
The increased focus on sustainable recreation necessitates a decision-making hierarchy to 
consider before building new sites (i.e., developing, enhancing, strengthening, or re-designating 
existing infrastructure first). This includes efforts to re-designate existing sites for potential year-
round recreational activities and allow flexibility in maintaining areas to accommodate for new 
outdoor activities. Most new recreational infrastructure development on forest will be associated 
with the Baileys Trail System project over the next five years. 

Findings and Supporting Data  
• The updated Wayne Recreation Facility Strategy (USDA 2017d) was used to identify the 

recreational niche of the forest in the broader study area, and analyzed social importance, 
fiscal sustainability, and adverse environmental or hazardous conditions associated with 
each existing recreational site. The Recreation Facility Strategy also identifies types of 
activities and potential maintenance costs necessary to ensure that recreation sites are 
maintained.  

• Senate Bill 47 (Natural Resources Management Act for USDA, now Public Law 116-9) 
of 2019 emphasizes exploration of public lands to increase recreational access, and 
allowances for the Forest Service to lease or permit use of federal land for non-traditional 
activities (such as shooting or archery). 

• Accomplishment reports indicate that an average of 65% of all recreation sites are 
maintained to standard in any given year (USDA 2018b). Recreation Facility Strategy 
normalized scoring to relatively evaluate the 130 existing recreational sites and facilities 
indicates that an estimated 14% of all sites in the Wayne National Forest could be 
characterized as “Low” scoring, while 17% attained a “Medium” score and 69% attained 
a “High” score (USDA 2017d). 
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• The Haught Run Campground and accompanying road was decommissioned in 2017 due 
to lack of use and flood-prone location; the re-designation of other sites will need to be 
considered. 

• Ohio is tied for fourth in the United States for recreational vehicle (RV) sales, at 4% of 
the industry total as of 2017. Since 2006, there has been a 22.6% increase in annual 
shipments nationwide (RV Industry Association 2017). 

• There has been a global rise of the electric biking (e-bike) industry—the global market is 
expected to grow at a compound annual growth rate of 7.1% between 2019 and 2026 
(MarketWatch 2019). Mounted with small and rechargeable batteries and operational 
without fuel engines, e-bikes have been touted as environmentally-friendly alternatives to 
traditional motorized use which expand user access to mountain biking trails.  

• Developed camping in the Wayne has increased by approximately 8.4% since 2009 
(USDA 2014a). There have been 22.76 acres of recreational facilities and parking lots 
constructed since enactment of the 2006 Wayne Forest Plan, about 38% of the predicted 
construction (USDA 2018b). 

• Parts of the Ironton unit are consistently recognized nationally as a horseback riding 
destination, replete with a privately-owned horse camp. Trail riders have access to over 
100 direct miles of trail, including 42 miles of Wayne National Forest trails. Other non-
federal opportunities for horseback riding within the study area include trail systems in 
Strouds Run State Park and Hocking, Tar Hollow, and Pike State Forests. 

• Water-based activities across the region and the state are increasing. There has been a 6% 
increase in paddle-boarding participation in Ohio since 2013 (ODNR 2018b), while 
regional projections suggest increases of 13.5%, 1.2%, and 2.3% in motorized boating, 
fishing, and swimming between 2008 and 2060, respectively (USDA 2012c). There are 
currently a total of 907 acres of lakes, ponds, and reservoirs across the Wayne National 
Forest, along with four boat sites, a swimming site, and five fishing access sites. National 
Forest System land accounts for approximately 3% of all water-based recreational sites in 
the study area, with state land contributing to approximately 44% of all water-based sites 
(ODNR 2017b). The Ohio Division of Parks & Watercraft has recognized the potential of 
water frontage along the Ohio, Cuyahoga, Tuscarawas, Sandusky, and Hocking rivers, 
setting a goal to nearly double a water trail network to 1,200 miles. Wayne National 
Forest opportunities to complement this network would likely be found along the Little 
Muskingum River, Symmes Creek, Raccoon Creek, and the Hocking River, although 
investments be targeted to areas where sites are sustainable (i.e., not compromised by 
frequent disturbances like flooding that require constant repair and cleanup). 

Off-highway vehicles 
Industry off-highway vehicle (utility type vehicle, UTV, or side-by-side) standards have 
increased well beyond 50-inch widths. State lands with motorized trails already allow wider 
trails (vehicles up to 62 inches wide). Though motorized trail use has declined since 2006, it has 
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gradually begun to rebound since 2013 (in terms of both trail permits as well as vehicle 
registrations for both off-highway motorcycles and all-terrain vehicles). 

Findings and Supporting Data  
• A 2010 study surveying off-road vehicle riders across southeast Ohio found that an 

estimated 4,402 riders spent approximately $1.3 million in the region, contributing 
$656,981 in labor income and sustaining an estimated 26 jobs that year. Focusing on 
improving trail connections to fuel centers, overnight lodging, camping and supplies in 
communities such as New Straitsville and Haydenville in the Athens Unit can ensure that 
economic activity is retained locally. A majority of these riders preferred southeast Ohio as 
a riding destination than the closest comparable sustained trail systems in neighboring 
states (Martin et al. 2010). 

• According to state surveys, motorized trail activity is estimated to account for 8% of all 
outdoor recreational activity (ODNR 2018b). Though the Wayne National Forest hosts the 
state’s largest designated motorized trail system (148 miles), other opportunities abound. 
Perry State Forest, Pike State Forest, and Richland Furnace State Forest host 45 additional 
designated motorized trail miles (ODNR 2017b), while private trails and campgrounds are 
available by appointment in Muskingum, Hocking, and Perry counties. 

• Motorized trail users make up the vast majority of trail permittees, contributing to 
approximately 90% of all permit sales ($1.3 million since 2012) (USFS 2018b).48 
Motorized trail users also support the federal Recreational Trails Program (RTP) through 
motor fuel taxes, of which the Wayne National Forest is a frequent grant recipient. Between 
2009 and 2018, a total of $17.2 million was awarded in RTP funding across Ohio, with an 
estimated 31 projects totaling $3.4 million (20% of total funding) contributing to Wayne 
National Forest projects (ODNR 2019). 

• Between 2015 and 2017, 463 miles of motorized trail were maintained, while 631 miles of 
non-motorized trail were maintained. However, more federal and state funding is spent on 
maintenance of motorized trails. Nearly 13% of all motorized National Forest System trails 
are maintained using volunteers, compared to 44% of all non-motorized National Forest 
System trails (USDA 2019).  

• A memorandum of understanding between the American Motorcycle Association and the 
Wayne National Forest signifies the role of motorized users in working with land managers 
to ensure rider safety while providing outreach for proper forest ethics while riding. 

• Increased motorized use of wider trails would lead to more frequent trail use, and thus 
could increase the potential risk of wildlife collision or rider safety.  

• Market trends indicate that utility terrain vehicles (UTVs) sales now capture the largest 
growing market share for the motorized user group (BusinessWire 2016), while both all-
terrain vehicle (ATV) and off-highway motorcycle sales have decreased (Ohio BMV 2018). 

                                                      
48 As of 2018, the Wayne National Forest made adjustments by eliminating trail use fees for horseback riding or 
mountain biking on designated forest trails. Seasonal permits for motorized uses were reduced from $45 to $35, and 
the three-day permit was reduced from $24 to $20 per user. Daily permits were eliminated. 
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Because there are only a few models of UTV that meet the 50 inch width limit required by 
the forest plan, UTV use on designated trails is less common than ATVs. 

• User-created trails are a persistent problem in the Wayne National Forest. Unauthorized, 
off-trail riding of motorized vehicles poses many problems, including erosion, damage to 
plants and wildlife, introduction of invasive species, and disruption of the peace and 
solitude sought by other national forest visitors. 

Scenery management 
The Scenery Management System characterizes the landscape character and attractiveness of 
forest parcels across the Wayne National Forest, using a spatial methodology to assign scenic 
integrity objectives based on the perceived level of integrity (low, medium, high) in more heavily 
traversed roads, trails, and developed sites. Scenic integrity objectives dictate the amount of 
project mitigations necessary to maintain those integrity levels. There are 96 Standards & 
Guidelines associated with the 2006 Scenery Management System, making it a complex system 
for implementation in project planning.  

Findings and Supporting Data 
• Currently, scenic integrity level/objective is divided into low, medium, and high acreage. 

Across all three administrative units, there is approximately 30% of National Forest System 
land in high integrity, 67% of land in medium integrity, and 3% of land in low integrity 
classes (USDA 2006). 

Trail closure dates 
With the exception of foot travel, all motorized and non-motorized trails adhere to an open date 
of April 15th in the spring and December 15th in the winter.  

Findings and Supporting Data 
• Most ODNR non-motorized trails are open year-round, while motorized use in state forests 

varies slightly from place to place (generally March 31st through early April until 
December 8th). 

• Central Appalachian projections of longer, drier later summers and flashier, wetter early 
springs (Buter et al. 2015) may shift public preferences to later periods of sustained trail 
use. 

• Standard Trail Plans and Specifications were significantly revised in 2014 to more 
effectively mitigate some of the seasonal impacts associated with traditional off-seasons. 

Public demand for trails 
State residents have expressed interest in expanding natural trail systems as the top priority for 
recreational investments (ODNR 2018b). Trail connectivity—filling gaps, connecting trails and 
neighborhoods, and offering opportunities for longer-distance communities—was viewed as one 
of the most pressing outdoor recreation needs (ODNR 2018b).  

https://www.fs.fed.us/managing-land/trails/trail-management-tools/trailplans
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Findings and Supporting Data  
• The 2006 Wayne Forest Plan assigned a motorized trail density objective of 3.5 miles per 

square mile, while non-motorized trail density was limited to 2.5 miles per square mile. 
Density for motorized trails is applied only within management areas where off-highway 
vehicle use is permitted, while density for non-motorized trails are applied on a site-
specific basis. “Site-specificity” is a moving target depending on whether new projects 
involve a loop trail, or whether a project is included as a piece of a larger landscape-scale 
project that would have a lessened density as compared to that same trail if it were a 
standalone project. It is also ambiguous whether existing trail mileage would be included in 
the density measurement, or just the anticipated trail construction. 

• Backcountry criteria may be an additional consideration in applying a trail density measure 
and should be aligned with the area’s assigned recreational characteristics (recreation 
opportunity spectrum). 

• Since 2006, 32 miles of motorized trail were added, alongside 5 miles of hiking trail and 11 
miles of horse trail (USDA 2018b). 

• Accomplishment reports indicate that an average of 60% of all trails are maintained to 
standard in any given year (USDA 2018b). Given projected volatility of extreme weather 
events and competition for maintenance funding, an increased emphasis may need to be 
placed on maintaining existing infrastructure as opposed to future construction in the next 
decade. 

• Increased frequency and severity of heavy precipitation coupled with prolonged dry periods 
could result in greater frequency of flash flooding events which would increase overall soil 
erosion. 

Illegal dumping and unauthorized trail use 
Illegal dumping and unauthorized motorized trail use continue to affect forest and watershed 
health. While the 2006 Wayne Forest Plan frames trash sites and unauthorized trail use as a law 
enforcement issue, more emphasis could be placed on collective action through engagement with 
the public in education and volunteerism to reverse cultural norms. This could increase resources 
for enhancing national forest conditions and empower local residents to take pride in natural 
resources and public lands.  

Findings and Supporting Data  
• The Wayne maintains a number of local partnerships dedicated to restoring dump sites and 

degraded areas of forest. 

• Illegal dumping diverts stream flow, presents an eyesore to visitors, poses health and safety 
hazards, and degrades wildlife habitat (Bartkowiak et al. 2016). While the Wayne has 
continued to be proactive in removing dumpsites as they are discovered, funding is not 
always available. 

• Studies suggest that illegal forest dumping is a function of social, geographic, and cultural 
factors in low-income rural areas. Distance to disposal facilities and fees associated with 



Draft Assessment 

77 | P a g e  
 

proper disposal, along with a lack of environmental awareness, have been shown to 
correlate with increased illegal dumping. (Jones 2008; Lucendo-Monedero et al. 2015). 

• Unauthorized trail use can disturb sensitive forest habitat, cause erosion, and further the 
spread of non-native invasive species. 

• In 2015, a total of 118 acres of non-native invasive plant treatments were achieved through 
a mainly volunteer workforce, while native seeds were dispersed in 1.5 acres across 
disturbed areas (USDA 2019). 

Recreation Opportunity Spectrum 
The recreation opportunity spectrum used in 2006 identified the Wayne National Forest to host a 
subset of the opportunities presented on the spectrum. They included semi-primitive non-
motorized, roaded natural, and rural recreation opportunity spectrum settings. The development 
of national Agency protocol in 2017 to standardize recreation opportunity spectrum classification 
will change the inventory, and may indirectly alter the spatial representation of desired 
conditions associated with recreation opportunities. 

Findings and Supporting Data 
• A 2004 recreation opportunity spectrum inventory assigned 0 acres of the land base to the 

semi-primitive non-motorized class, 144,470 acres (61%) of the land base to the roaded 
natural class, 91,881 acres (38%) of the land base to the rural class, and 1,702 acres (1%) of 
the land base to the urban class (USDA 2006). 

• The 2006 Wayne Forest Plan dictated 17,274 acres (7%) of semi-primitive non-motorized 
desired characteristics, 4,078 acres (2%) of rural desired characteristics (confined to 
developed recreation areas), and 219,674 acres (91%) of roaded natural desired 
characteristics. This indicates an emphasis on creating a more naturalized appearance 
across the Wayne National Forest by moving an estimated 36% of the land base out of the 
more modified rural setting and into either semi-primitive non-motorized or roaded natural 
settings. 

• Early reclassification of the recreation opportunity spectrum inventory based on the newer 
protocol do not suggest that any National Forest System land has transitioned into semi-
primitive settings despite 2006 Wayne Forest Plan direction. 

Information Gaps 
More relevant and detailed spatial information on illegal off-highway vehicle riding in the 
national forest would allow for more effective enforcement and compliance. Additionally, the 
stratified sampling applied by the National Visitor Use Monitoring database is limited in its 
ability to fully capture trends in recreational activities on the forest. More detailed monitoring 
may be warranted as water-based and developed, site-based recreational activities are anticipated 
to increase. 
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Cultural & Heritage Resources 

Overview 
Since the earliest hunter-gatherers arrived at least 13,000 years ago, humans have found the Ohio 
River Basin to be a very hospitable environment. Through the emergence and steady presence of 
successive resident American Indian cultures, subsequent European settlement, industrial 
development, and now modern American civilization, human populations have left their mark on 
this landscape. American Indians that lived throughout the area used and helped shape the 
landscape of the region, leaving behind countless sites such as quarries, hunting camps, 
settlements, and earthen mound sites. When Euro-Americans settlers moved into this region in 
the late 1700s and early 1800s, they ushered in a period of exploitation that dramatically altered 
the landscape in ways that continue to influence both the ecology and social dynamics of the 
Wayne National Forest today. The Wayne’s archaeological and historical records offer countless 
inspiring, place-based stories about past lifeways that can help connect visitors to the rich history 
of Southeast Ohio. 

The Wayne National Forest’s interest in transitioning towards a tourism-driven recreational and 
amenities-based economy provides an opportunity to integrate traditional forest visitation with 
more of a culturally-distinct sense of place building off some of the region’s unique historical 
features. Thoughtful management of prehistoric archaeological sites, historic buildings, 
structures, places, and landscapes created by the Indigenous people and cultures over a span of 
more than 13,000 years provides an opportunity for the public to learn more about Ohio’s storied 
history while simultaneously protecting these irreplaceable resources. Preservation and 
restoration of historic communities and landscapes—with a focus on the authentic and the 
interpretation of the resources—are accepted key tenets of sustainable tourism (McMahon 2015).  

Bound by a legacy of natural resource management for extraction and a rich history of 
manufacturing given the proximity to both underground minerals and major northeastern 
tributaries, the region today is distinctly Appalachian in culture. Though only about 6% of 
statewide employment is filled by natural resource-based jobs, about 15% of the statewide 
industrial contributions continue to come from southeast Ohio (Ohio Development Services 
2017). 

Ancestry is an important linkage to the land. While American Indian Tribes with ties to the 
Wayne National Forest were removed from their traditional homelands, hundreds if not 
thousands of pre- and post-contact sites are scattered throughout the forested landscape, 
documenting their long presence in southeast Ohio. Dozens of these American Indian Tribes 
maintain a strong interest in their ancestral homelands and consult regularly with the Wayne 
National Forest Heritage Program on projects that could affect not only archaeological resources, 
but ecological and environmental resources as well. 
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Figure 20. The Vesuvius Iron Furnace, built in 1833, was one of 46 charcoal iron furnaces located in the 
6-county Hanging Rock Iron Region of southern Ohio  

The ancestral ties to the Wayne National Forest in the historic period are evidenced through 
historical relics rooted in the Underground Railroad, early industrial development (coal mines, 
kilns, brick, clay, and iron ore furnaces), and associated heritage sites. Historic homesteads and 
family cemeteries provide a tangible link for some families that still live in the region. There are 
currently 3,286 discrete sites surveyed and identified across the national forest, two of which—
the Vesuvius Iron Furnace (figure 20) and the Walter Ring House and Mill—are currently listed 
on the National Register of Historic Places.49 An additional seventeen historic and prehistoric 
sites were deemed eligible for future listing, including lithic quarries, rock shelter campsites, 
mounds, cemeteries, residences, and iron furnaces. 

The Wayne National Forest Covered Bridge Scenic Byway is a 35-mile, self-guided tour along 
State Route 26 from Marietta to Woodsfield that provides a unique opportunity for experiential 
learning and cultural interpretation. It traverses nine stops along the Little Muskingum River: 
three historic covered bridges, a Mail Pouch tobacco barn, one of the area’s early wells, two 
family properties, a historic inn, and a general store. In more recent history, acquisition of 
forested parcels to federal management has been piecemeal, largely dependent on the solvency or 
tax delinquency of landowners. In many cases, residents have weathered economic recession and 
remain firmly embedded in their communities (Andrews and Fetsch 2005). 

                                                      
49 While not directly managed by the Forest Service, there are an additional three covered bridges along the Little 
Muskingum River that are also listed on the National Register. There used to be four covered bridges, but the 
Knowlton Covered Bridge unexpectedly collapsed into the river in July of 2019. 
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Tribal engagement is further acknowledged as a core tenet of shared stewardship. In January 
2014, a memorandum of understanding was signed between the Forest Service Eastern Region 
and the Shawnee & Eastern Shawnee Tribes to assure that both parties could work in good faith 
to consult on areas of mutual interest in natural, cultural, and human resource management 
(USDA 2014b). Subsequent memorandums of understanding were established with the Miami 
Tribe of Oklahoma (2016b), and the Delaware Tribe of Indians, Delaware Nation (2017e). The 
Wayne National Forest acknowledges the principles of Tribal sovereignty, as well as the Federal 
government’s fiduciary duty to protect Tribal rights and interests (USDA 2014). More intentional 
administrative delivery of Forest Service programs and services as they pertain to Indian trust 
responsibility and treaty obligations is further solidified by the Forest Service’s Eastern Region 
Tribal Relations Strategic Framework (USDA 2015c). Additionally, Federal law dictates the 
Secretary of Agriculture to provide forest products originating from National Forest System 
lands that are of cultural importance to recognized Tribes free of charge (36 CFR 223). A major 
goal of the heritage program is to increase public awareness of the American Indian story in 
southeast Ohio, and to partner with affiliated Tribes to ensure it is told from their perspective. To 
do this, Federal land managers acknowledge that tribal relations are integral to forest 
management success, and thus propose increased communication and dialogue beyond 
legislatively-required consultation. 

Changed Conditions 
Most major changes are institutional. The project-driven nature of forest management priorities 
and lack of staff capacity has to a large degree placed the emphasis on National Historic 
Preservation Act Section 106 surveys to identify, evaluate, and mitigate adverse effects to 
historic properties (DOI 2012). As a result, there is a backlog of unevaluated sites, proactive 
inventories and evaluations conducted under Section 11050, and interpretative design and 
outreach at existing sites. Limited budgets and lack of professional and qualified Heritage 
personnel have created additional constraints in accomplishing proactive and public-interfacing 
projects, rather than Section 106-reactive program needs. Additionally, the desire to increase 
collaboration and consultation with affiliated tribes and to consult on resource management 
issues beyond the topic of heritage creates increased competition for staff time. The benefits of 
working with tribes via government-to-government consultation are increasingly recognized, as 
tribes have both a direct claim in the management of their native lands as well as a wealth of 
traditional ecological knowledge. 

Since 2006, there have been a number of organizations established to promote cultural heritage 
through place-based tourism (see Socioeconomic Conditions Supplemental Report). While 
universities, the Ohio Historic Preservation Office, history groups and the general public have 
commented on a desire for more interpretative and experiential information, it was also revealed 
through community surveys that there was relatively little awareness about cultural and heritage 
resources, and what comprehensive historic preservation and resource protection entails. There 

                                                      
50 NHPA Section 110 requires Federal agencies to establish their own historic preservation programs for the 
identification, evaluation, and protection of historic properties. The idea is to ensure that heritage resources all fully 
integrated into ongoing programs. For the Forest Service, NHPA Section 110 involves extensive surveying 
regardless of project implementation to improve Forest knowledge of historic sites (DOI 2013). 
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have also been advances made in archaeological field techniques which can yield better 
information, including geophysical testing to safeguard historic structures or archaeological 
deposits while still collecting valuable data about the past. Given resource shortages, the Wayne 
has taken steps to become more inclusive in leveraging new partnerships, as evidenced by a 
participating agreement with the Ohio State Historic Preservation Office. More inclusive 
methods of outreach to groups with an interest in the Wayne National Forest are critical to 
furthering the stewardship of cultural and heritage resources.  

Management Implications 

Tribal consultation, outreach, and engagement 
The 2006 Wayne Forest Plan does not account for the increased tribal consultation, outreach, and 
engagement that is already taking place for all Section 106 undertakings. It also does not account 
for consultation regarding resources of concern to tribes or the non-extinguished reserved 
hunting rights cited in the Treaty of Greenville.  

Findings and Supporting Data 
• As of 2016, there were an estimated 1,152 residents of American Indian descent living in 

the study area (DOC 2017). 

• The Treaty of Greenville was established in 1795 to ensure a lasting peace between the 
United States and twelve American Indian Tribes in what is now Ohio. Included in the 
Treaty was the assurance of monetary payments from the Federal government in exchange 
for certain Tribal lands, so long as the Tribes could continue using the land as necessary. 
The Wayne National Forest is actively working to cultivate partnerships with 44 Tribal 
leaders, representing many of the Tribes who originally signed the Treaty (Kapler 1904). 

Unique cultural landscapes 
National Heritage Areas and other unique cultural landscapes can generate significant economic 
activity in local communities that support heritage conservation. In a three-year period, it was 
estimated that the 7,177 National Register features and four National Historic Landmarks 
associated with the Ohio & Erie Canalway Heritage Area in northeast Ohio generated $408.1 
million in economic output—supporting 4,200 jobs and $34.7 million in tax revenue (Tripp 
2015). While this study reflects tourism across a much more populous area, it has implications 
for smaller communities too, especially with regard to the effectiveness of partnerships that 
increase educational and recreational opportunities for both residents and tourists. The Wayne 
National Forest could help to connect people to the land and its history by further showcasing the 
heritage sites it currently manages, including increased interpretation for those sites which are 
not designated on the National Register, as well as expanding upon interpretation opportunities 
for prehistoric sites. The desire for more comprehensive interpretation should be balanced by 
protecting the heritage sites that are not intentionally promoted. 
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Findings and Supporting Data 
• Interpretive site visitation across the region is projected to increase by 6.66% between 2008 

and 2060 (Cordell 2012). Since 2013, there has been an estimated 8% increase in visitation 
of historic sites across the state of Ohio (ODNR 2018b). 

• In 2009 the agency established a new performance metric “Heritage Program Managed to 
Standard,” with a new geospatial dataset to encourage proactive work to be as important as 
project-level surveys driven by NHPA Section 106 compliance. 

• Increased tourism brings increased risk of impacts to cultural resources. Education and 
outreach is an essential component mitigating that risk. 

• There are many opportunities to link cultural history with natural history through site 
design. The Ironton Gateway Center was conceived as a downtown revitalization project 
with a focus on developing the city’s tourism appeal through riverfront and Wayne 
National Forest attractions. Historic buildings like the former National Guard armory are 
iconic structures viewed by investors as central to any future economic growth. 
Construction began on a $16 million 109-room hotel on 9th street in downtown Ironton in 
the fall of 2019. 

• The Ohio section of the Ohio River Scenic Byway is approximately 452 miles long and 
spans across 14 counties and the entire length of the Ohio River in southern and eastern 
Ohio. In 2009, the State of Ohio applied for a $50,000 grant from the U.S. Federal 
Highway Administration to design and construct two double-sided covered kiosks in the 
city of Ironton and at the Frontier boat launch site in Marietta. The Wayne National Forest 
collaborated with Federal, State, and local partners to develop the interpretive and 
educational panels. Each kiosk helps tell the story of the area’s rich and unique cultural and 
river history, while serving as an informational and educational station for byway travelers 
and a marketing tool for the communities. 

• The Appalachian Forest National Heritage Area was designated in March 2019, grassroots-
initiated and coordinated by the Appalachian Forest Heritage Area Inc. (AFHA). The 
extensive hardwood forests, undeveloped rural character of the region, scenic vistas, a rich 
and culturally distinct history, and overlap with two national forests, a national wildlife 
refuge, a national recreation area, fourteen national landmarks, five wilderness areas, 21 
state parks, and nine state forests across Maryland, Virginia, and West Virginia presented a 
prime opportunity to develop a network to strengthen small businesses, create forest-based 
destinations, and provide interpretive sites to build public awareness and appreciation. The 
integration of community development, cultural, and natural history could provide a case 
study for heritage programs, outreach, and cultural interpretation in southeast Ohio (AFHA 
2019).  

Information Gaps 
Section 110 general heritage survey work usually lags behind project-specific Section 106 
surveys to safeguard cultural and heritage resources. There is interest from the State Historic 
Preservation Office to collaborate on studying and monitoring the effects of land management on 
cultural and heritage resources.  
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Designated Areas 

Overview 
The 2012 planning rule requires the responsible official to identify existing designated areas and 
determine whether to recommend any additional areas in the forest plan. A designated area is 
defined as:  

“An area or feature identified and managed to maintain its unique special character or 
purpose. Some categories of designated areas may be designated only by statute and 
some categories may be established administratively in the land management planning 
process or by other administrative processes of the Federal executive branch. Examples 
of statutorily designated areas are national heritage areas, national recreational areas, 
national scenic trails, wild and scenic rivers, wilderness areas, and wilderness study areas. 
Examples of administratively designated areas are experimental forests, research natural 
areas, scenic byways, botanical areas, and significant caves” (36 CFR 219.19) 

Areas that are statutorily designated by a Congressional act include National Heritage Areas51, 
National Scenic and Historic Trails (FSM 2353.4), Wild and Scenic Rivers (FSM 1924 and FSM 
2354), and Wilderness (FSM 1923 & FSM 2353). Supplemental reports that accompany the 
assessment outline the process to date related to the identification of eligible wild and scenic 
rivers and recommended wilderness.  

Areas administratively designated by the responsible official (based on size of area designated 
either by the forest supervisor, the Regional Forester, or the Secretary of Agriculture) include 
botanical areas, geological areas, historical areas, paleontological areas, recreational areas, scenic 
areas, or zoological areas (36 CFR 294.1; FSM 232). Research natural areas are nationally 
significant areas with unique ecosystems deemed worthy of preservation for scientific purposes. 
Maintenance of these areas is dictated by the Forest Service Manual and contain restrictions on 
access, management prescriptions, and limitations on other suitable activities. In addition, the 
Chief of the Forest Service can designate National Forest Scenic Byways.   

The North Country National Scenic Trail, established in 1980, is the only congressionally-
designated area in the Wayne. The North Country National Scenic Trail passes through both the 
Marietta and the Athens Units of the Wayne as it stretches from New York to North Dakota. 

The Marietta Unit of the Wayne is home to the Covered Bridge National Forest Scenic Byway, 
which follows State Route 26 for 35 miles from Marietta to Woodsfield. Along the way, travelers 
can experience the countryside of Washington and Monroe Counties and take in historic sites 
such as the covered bridges that span the Little Muskingum River.  

                                                      
51 http://www.nps.gov/history/heritageareas/  

http://www.nps.gov/history/heritageareas/
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Figure 21. The Waterfall Cove Special Area in the Ironton Ranger District 

Special areas are designated due to their significance in hosting cultural remains or unique 
terrain, climate, soil, water, geology, flora, or fauna. The 2006 Wayne Forest Plan prohibits both 
timber production and surface occupancy for oil and gas development in these areas. The Wayne 
National Forest hosts 22 special areas, totaling 7,603 acres (table 3). Thirteen of these locations 
are in the Ironton Unit, three are in the Athens Unit, and seven are located in the Marietta Unit. 
Ten of these special areas were listed as a result of the 2006 Wayne Forest Plan. These areas 
represent a range of unique regional landscape features, from oak barren communities to white 
pine hardwood stands. 

Table 3. Special areas in the Wayne National Forest 
Special Area Name Acres Unit Unique Values 

Youngs Branch 453 Ironton Botanical 
Witten Run 178 Marietta Botanical 
Sardis Wetland 197 Ironton Botanical 
Little Storms Creek 268 Ironton Botanical 
Minnow Hollow 346 Ironton Scenic, Botanical 
Eels Run 113 Athens Botanical 
Waterfall Cove 184 Ironton Scenic, Geological, Botanical 
Thompson Cemetery Woods 192 Ironton Botanical 
Felter Ridge 83 Marietta Botanical 
Fly Gorge 132 Marietta Scenic, Botanical 
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Special Area Name Acres Unit Unique Values 
Handley Branch 1,095 Ironton Botanical 
Lick Branch 149 Ironton Botanical 
Cambria Creek Wetland 186 Ironton Botanical, Zoological, Archaeological 
Caulley Creek 149 Ironton Botanical 
Dismal Creek 316 Marietta Scenic 
Morgan Sisters Woods 344 Ironton Botanical 
Deadhorse Run 402 Marietta Geological 
Rockcamp Run 552 Marietta Botanical 
Rocky Fork Gorge 714 Marietta Botanical 
Fradd Hollow 84 Ironton Botanical 
Bluegrass Ridge 1,138 Ironton Botanical 
Paine Crossing 328 Athens Botanical 
Total 7,603 -- -- 

While special areas can be designated based on a wide variety of unique values, research natural 
areas are defined more narrowly. Their purpose is “to typify for research or educational purposes, 
the important forest and range types in each forest region, as well as other plant communities that 
have special or unique characteristics of scientific interest and importance” (36 CFR 251.23). 
The Wayne currently hosts three designated research natural areas, one of which has been 
officially added since listing as a candidate research natural area in 2006. Of interest to forest 
researchers was Reas Run, a mature Virginia pine stand, established in 1975 due to anticipation 
of natural succession to “climax hardwood forest.” Buffalo Beats was established in 1999, with 
the unique feature of a one-acre relict prairie within a mixed oak forest. Finally, in 2012, Kaiser 
Hollow was added as a significant undeveloped forest tract with mature upland forests 
containing littleflower alumroot (Heuchera parviflora), Bicknell’s panic-grass (Dichanthelium 
boreale), and Ohio’s largest population of Guyandotte beauty (Synandra hispidula). 

Table 4. Research natural areas in the Wayne National Forest 
Name Acres Unit 

Kaiser Hollow 981 Ironton 
Reas Run 99 Marietta 

Buffalo Beats 17 Athens 

Changed Conditions 
The cultural, ecological, or scientific significance of research natural areas and special areas 
worthy of resource protection may not necessarily match conditions on the ground. The 
ecological understanding and classification of oak-dominated forests in southeast Ohio has 
changed (see Terrestrial Ecosystems Supplemental Report), thus requiring a reconsideration of 
their most “representative” areas or desired future conditions. Furthermore, the proliferation of 
non-native invasive species (Butler et al. 2015) and trespass issues across the Wayne may require 
additional management to ensure that desired conditions can be achieved. Despite relatively 
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minimal recent human modification, plant and insect non-native invasive species and off-
highway vehicle trespass are common in some of these areas.  

New sites could potentially be recommended for designation as candidate research natural areas 
or special areas. For example, a uniquely diverse lichen and bryophyte site near Symmes Creek 
may be appropriate to consider for special designation (Andreas et al. 2007). 

Management Implications 
A forest plan may include recommendations to establish additional or modify existing designated 
areas. As outlined in the Forest Service Handbook (1909.12): Some designated areas may be 
formally designated or established concurrently with a plan decision, while others may not. The 
term “designated area” refers to categories of area or feature established by, or pursuant to, 
statute, regulation, or policy. Once established the designation continues until a subsequent 
decision by the appropriate authority removes the designation. Changes in actual designations do 
not occur as part the plan decision.  

Management of Designated Areas 
Some of the existing special areas have not been monitored since designation. In some instances, 
there may be a need to focus management on an area to ensure that the reason for designation is 
being met and, if not, then addressed (for example, prescribed fire in fire-adapted plant 
communities, removal of non-native invasive species, and addressing illegal off-highway vehicle 
trespass). 

Findings and Supporting Data 
• Reducing canopy cover can improve the vigor and abundance of oak barrens and prairie 

species such as Carolina thistle (Cirsium carolinianum), rattlesnake master (Eryngium 
yuccifolium), and plain gentian (Gentiana alba). Although fire is the most effective 
management tool for these communities, certain species (such as the state-endangered 
dwarf hawthorn [Crataegus uniflora]) do not react well to high-frequency burns. Burning 
the sites at longer intervals may better allow time for species to recover, while undesirable 
individual shrubs and trees could be girdled in between burns (Gardner 2010). 

• Land of other ownerships adjacent to many of the special areas adds complexity to the 
control of non-native invasive species requiring cooperation with neighboring landowners 
which can pose a challenge (Gardner 2010). 

North Country Trail  
The National Scenic & Historic Trails Act of 1968 requires delineation of a right-of-way for 
nationally-designated scenic and historic trail corridors “…of sufficient width and so located to 
provide maximum retention of natural conditions, scenic and historic features, and primitive 
character of trail area.” National forests may develop forest plan components focused on 
preservation of those values. 
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Figure 22. A section of the North Country Trail that travels through the Athens Unit 

Findings and Supporting Data  
• A memorandum of understanding (USDA 2016) was established between the Forest 

Service, the North Country Trail Association, and the National Park Service for all 
northeastern national forests to work cooperatively if there are segments of the North 
Country Trail transecting National Forest System land. The memorandum of understanding 
requires the Agency to consider the Trail as a “federally designated entity” (Section V). 

• The 2006 Wayne Forest Plan conveys an objective of relocating five miles of the North 
Country Trail to avoid roads and improve the hiking experience. To date, 3.2 miles of trail 
have been rerouted (USDA 2018b). Forest plan components relating to the trail must be 
flexible enough to accommodate these future changes. 

Information Gaps 
Monitoring has not focused on designated areas.   
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Regulatory Framework 
Forest Service planning regulations, written under the authority of the National Forest 
Management Act of 1976 (P.L. 94-588), provide direction to managers on required content of a 
forest plan, and the procedures for revising and amending plans. The most recent National Forest 
System Land Management 2012 planning rule, published in 2012 (36 C.F.R. § 219.1 et seq), is 
referred to as the 2012 planning rule, places an emphasis on ecological and social sustainability 
and adaptive management. It provides a planning process that is designed to monitor and respond 
to changing conditions, assumptions, and new information. The Forest Service Manual (USDA 
2012a), 1920, and Forest Service Handbook (USDA 2012b), 1909.12, provide further direction 
and guidance to managers for implementing the 2012 planning rule when developing, revising, 
and amending forest plans. 

The following documents provide background and context for the planning process: 

National Forest Management Act 1976 (16 U.S.C. § 1600). 1976. 
https://www.fs.fed.us/emc/nfma/includes/NFMA1976.pdf.  

U.S. Department of Agriculture. 2006. National Forest Land and Resource Management Plan. 
 Nelsonville (OH): USDA Forest Service, Eastern Region, Wayne National Forest. 

U.S. Department of Agriculture [FSH]. 2012. Forest Service Handbook. Washington D.C. 
 (United States): USDA Forest Service, National Headquarters. 
 http://www.fs.fed.us/im/directives/. 

U.S. Department of Agriculture [FSM]. 2012. Forest Service Manual. Washington D.C. (United 
 States: USDA Forest Service, National Headquarters. http://www.fs.fed.us/im/directives/.  

U.S. Department of Agriculture. 2012. 2012 Planning Rule (36 CFR § 219). United States: 
 USDA Forest Service. 
 https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5362536.pdf. 

U.S. Department of Agriculture. 2015. Strategic Plan FY2015-2020. United States: USDA Forest 
 Service. https://www.fs.fed.us/strategicplan. 

U.S. Department of Agriculture. 2018. Strategic Plan FY2018-2022. United States: USDA Forest 
 Service. https://www.usda.gov/sites/default/files/documents/usda-strategic-plan-2018-
 2022.pdf. 

U.S. Department of Agriculture. 2018 Toward Shared Stewardship Across Landscapes: An 
 Outcome-Based Investment Strategy. United States: USDA Forest Service. 
 https://www.fs.fed.us/sites/default/files/toward-shared-stewardship.pdf. 

  

https://www.fs.fed.us/emc/nfma/includes/NFMA1976.pdf
http://www.fs.fed.us/im/directives/
http://www.fs.fed.us/im/directives/
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5362536.pdf
https://www.fs.fed.us/strategicplan
https://www.usda.gov/sites/default/files/documents/usda-strategic-plan-2018-%092022.pdf
https://www.usda.gov/sites/default/files/documents/usda-strategic-plan-2018-%092022.pdf
https://www.fs.fed.us/sites/default/files/toward-shared-stewardship.pdf
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Appendix A. Collaboration and Public Input 

Introduction 
The 2012 planning rule emphasizes public participation during each phase of the forest plan 
revision process (36 C.F.R. § 219.4). In order to gain a better understanding of the needs of the 
public and the benefits that national forests provide, the 2012 planning rule emphasizes 
engagement with a diverse set of stakeholders, including: local, regional, and national audiences; 
private land owners in the plan area; Federal, State, and local governments; federally recognized 
tribes; and those who may not have participated in a forest plan revision process before, such as 
youth, low income, and minority populations within the study area.  

Assessment Feedback 
Public or working group feedback gathered early in the assessment process has provided new 
insights or messages about the Wayne and current management. Public input received during the 
assessment review period may be used to modify, or make factual corrections to the final 
assessment. New information will be incorporated as appropriate. How external information is 
incorporated is outlined in table 5. 

Table 5. Criteria for consideration of external information 
Application of Information Justification 

Management implications and 
supporting data incorporated into 
assessment 

Public or working group comments provide new insights and supporting 
data that were not previously considered in internal analysis 

Supporting data incorporated into 
Assessment 

Public or working group comments provide supporting data (best 
available scientific information) to strengthen insights or observations 
highlighted in internal analysis 

Public insights incorporated into 
assessment 

Public or working group comments provide new insights or messages, 
although a) there may not be supporting sources available; or b) data is 
either not relevant to Assessment sub-topics, cannot be linked to study 
area, or cannot be directly linked to management activities. 

Incorporated into plan development Public or working group comments provide new insights or information 
that may not be relevant to Assessment objectives but may otherwise 
be helpful for plan development and/or monitoring. 

Not included Public or working group comments are not relevant to geographic or 
management scope of Assessment 

Public Insights 
The following insights were expressed early in the assessment process. These public insights 
convey the diverse spectrum of attitudes and preferences of the public and will help inform the 
next phase of the plan revision process—developing the need to change the current forest plan, 
and the distinctive roles and contributions of the Wayne.  



Draft Assessment 

113 | P a g e  
 

Biodiversity 
Public sentiment varies when it comes to the restoration of oak-dominated forest, and the role 
that active management should play in meeting those desired conditions. Many remain uncertain 
that the benefits of timber harvesting, prescribed fire, and other treatments exceed the associated 
negative impacts, such as soil compaction, release of carbon, habitat disturbance, and the spread 
of non-native invasive species. There is also a sense that forest management activities contribute 
towards fragmentation, and that commercial harvests are not compatible with protection of core 
interior forest habitat and not justifiable given current developmental pressure on forested lands.  

Some local landowners have cooperated with the Wayne National Forest through the Wyden 
Amendment to “host” prescribed burns on lands adjacent to the national forest, and among those 
advocates there is general agreement that activities should be conducted with pre- and post-burn 
monitoring and evaluation to determine whether follow-up burns are needed. Other commenters 
advocate for increased timber harvests to provide benefits for local communities and create early 
successional habitat for species like ruffed grouse.  

Additionally, some members of the public have expressed concerns that decreased hunting 
pressures have caused overpopulation of white-tailed deer, which result in herbivory and 
overgrazing pressures that affect herbaceous cover, alter sapling composition, and decrease 
native aboveground insect richness. Deer overpopulation has also been linked to prevalence of 
black-legged ticks (Ixodes scapularis), thus increasing the potential exposure to Lyme disease. 

Monitoring and a lack of information regarding the effectiveness of projects was highlighted as a 
potential management constraint. Some maintained that baseline monitoring should focus on 
beneficial outcomes, including special forest products by species; number and size of interior 
forest blocks; development of low-impact recreational opportunities; and effective enforcement 
of illegal forest uses. 

There will be a continuing need to reconcile the values of undisturbed old forests in sequestering 
carbon and contributing to biological diversity and the importance of management to create and 
maintain a mosaic of forest age classes and sustain the suite of plant and animal species currently 
in the Wayne National Forest that are not well-suited to conditions in old, close-canopy forests. 
There is a widespread sense that the amount of available public land is declining across a state 
where public land is already at a premium.52  

Forest Products 
Public sentiment is generally skeptical of the Wayne’s ability to meet volume-based timber 
targets without impacting the values associated with old forest stands, contributing to 
sedimentation and non-native invasive species proliferation, and releasing carbon. Contractors 
have cited high transaction costs and a limited labor pool as primary impediments to working 
directly with federal land managers. Conversely, there is public support from groups that are 
interested in early successional habitat creation to support game species (i.e., Ruffed Grouse 

                                                      
52 Ohio ranks 44th for public land as a percentage of total area. 
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Society), which aligns with the type of active management necessary to support native hardwood 
pine forests. 

Mushroom hunting, notably for morels, is a popular cultural pastime across the study area, and 
there is some frustration as to its lack of attention in the current forest plan. By not stating 
whether a permit is needed for personal use, it is assumed that mushroom hunting in the Wayne 
National Forest is not allowed. 

Water Resources 
Many community residents and working groups have voiced concern that high-volume hydraulic 
fracturing activities on or adjacent to the Wayne National Forest will result in degradation of 
water resource quantity and quality, with potentially significant impacts on people and other 
resources dependent on those water resources. Local residents concerned with oil and gas 
development note that the Wayne has historically been afflicted by a legacy of past mining and 
other intensive land use, which has permanently altered water and habitat quality. Concern over 
legacy mining impacts to water resources is exemplified by the formation of watershed coalitions 
who have targeted restoration work to address impacts (i.e., Monday and Sunday Creek). 
Sentiments surrounding active forest management effects to water resources and aquatic health 
focused on aquatic ecosystems in the short-term, versus long-term ecological benefits to water 
resources and aquatic health.  

Hazard Risk Reduction 
Public sentiment reflects a perception that land-disturbing activities increase impervious surface 
area (temporary vegetation removal, prescribed fire, and intensive trail use), reduce water 
retention capacity of the land, and increase propensity for runoff into water bodies. Members of 
the public argue that the Wayne National Forest should emphasize plan components that mitigate 
or minimize the long-term erosion and runoff risk from vegetation removal. Activities like 
adding in-stream woody material to increase stream channel complexity and improving 
landscape hydrology through aquatic connectivity and road stabilization can buffer any short-
term increases in localized flooding and erosion caused by management activities. 

Air Resources 
Public sentiment reflects an increased understanding of the public health threats posed by 
unconventional oil and gas development, especially emissions from chemicals like breakers, 
gelling agents, biocides, carriers, and crosslinkers designated as hazardous air pollutants and 
released from the venting and flaring of pipelines and wells. 

Non-renewable Energy 
Public sentiment relating to non-renewable energy resources is divided, with some citing 
concerns related to social, ecological, and public health impacts, while others emphasize the 
benefits of domestic energy production and economic development. Members of the public point 
out that non-renewable energy development on the national forest leads to emissions of 
greenhouse gasses that contribute to climate change. 
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Proponents of energy development express concerns about the social and economic well-being of 
southeast Ohio residents and emphasize the benefits of development in the form of increased 
employment and tax revenues for public services. Mineral royalty owners have voiced 
frustrations about inefficiencies in federal authorization processes and the need for federal land 
and sub-surface managers to ensure access to private mineral rights. They note that because of 
the patchwork ownership of surface and mineral rights within the proclamation boundary, Forest 
Service decisions with respect to oil and gas can impact neighboring landowners with private 
mineral rights. Those who support energy development within the study area note that southeast 
Ohio has a long history oil production and that the industry is part of the local culture (Miller 
1943). 

Forest plan components related to mineral development must be crafted while keeping in mind 
the diverse perspectives of the community.  

Recreation 
Public sentiment over the appropriate use of the Wayne for outdoor recreation is divided. There 
is an outspoken contingent of motorized trail users that prefer either wider (greater than 50 inch) 
trails for UTVs, or single-track 18 inch trails for off-road motorcycles which would preclude 
wider vehicles. The latter requires different elements of trail features to challenge the rider and 
enhance the experience. Motorized trail users have expressed dissatisfaction with past Forest 
Service commitment to trail expansion, and have offered volunteer resources to maintain and 
ensure compliance on those trails. On the other end of the spectrum is active support for low-
impact trail use while still safeguarding the natural features that draw those visitors to the Wayne 
National Forest. Since the development of the Baileys Trail System, mountain biking interest in 
the study area is expected to increase, and there is generally broad community support for this 
activity. Traditionally, some of those non-motorized trail users (hiking, biking, and equestrian) 
have volunteered to help maintain trails and related amenities through official agreements. 
Visitors have expressed frustration for the last several years regarding the seasonal open and 
close dates for trail access, frequently citing the need to allow flexibility in better aligning those 
dates with weekends or changes in conditions on the ground.  

Aside from trail designations, there is a growing concern over the presence of Lyme disease in 
the region. Research has been provided clearly linking masting events (i.e., higher acorn and 
seed crops) and summer temperatures (bolstering mouse and chipmunk abundance) to higher 
rates of Lyme disease (Ostfeld et al. 2006). The only active means of environmental management 
has been active suppression of native vertebrate species or their habitat (i.e., white-tailed deer or 
small game hunting).  

Public land managers like the Forest Service will have to increasingly contend with greater 
demand for public use. As social media has changed the dynamics of information sharing and 
amplified public concerns, it has also further entrenched attitudes on the “best” use of forest 
resources. 
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Cultural & Heritage Resources 
Public sentiment was derived from community-initiated surveys distributed across the cities of 
Athens and Ironton. In both instances, there was an expressed lack of awareness regarding both 
the cultural and heritage resources available in the Wayne, as well as the extent to which public 
land managers were protecting those resources. Other commenters suggested that the forest plan 
could better account for the unique ecological, social, and economic circumstances of the three 
administrative units of the Wayne National Forest.  

Designated Areas 
Public sentiment was drawn from community-initiated surveys distributed across the cities of 
Athens and Ironton. In both instances, a slight majority of respondents expressed interest in 
designating part of their respective management unit as a wilderness or national recreation area, 
but wished to learn more about the management implications associated with such a decision. 
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Appendix B. Use of Best Available Scientific 
Information 
The Wayne National Forest plan revision team identified and considered an extensive set of 
relevant, existing information throughout the Assessment, including but not limited to: 

• governmental reports, monitoring, strategic plans, assessments, and analyses; 

• surveys; 

• academic and professional publications; 

• governmental databases (tabular and spatial); 

• market research; 

• budget estimates and projections; 

• memorandums of understanding and other contracts or agreements; 

• news articles; 

• ecological and economic models and projections; 

• local knowledge and insight 

The plan revision team first drew upon existing information referenced in the 2006 Wayne 
National Forest Land and Resource Management Plan and Final Environmental Impact 
Statement (FEIS) to develop a foundational base of knowledge. Subject-matter experts (both 
within and external to the Wayne National Forest, relevant to each topic area) first examined the 
initial information to determine whether there were new sources which more accurately 
explained the initial findings, or highlighted where initial findings may have been 
mischaracterized or inaccurate in an annotated bibliography. Within the body of the Assessment, 
a bibliography is used for literature, data, and surveys. Forest Service documents and strategies 
are referenced that are regularly posted and hosted from official websites. 

Climate change was not addressed in the 2006 Wayne Forest Plan FEIS, so specialists drew 
heavily from the 2015 Central Appalachian Vulnerability Assessment (Butler et al. 2015) and 
2010 Renewable Resources Planning Act (RPA) Assessment (USDA 2012c) to characterize 
large-scale alterations to existing drivers, and the resultant stressors across each topic of interest. 
Field observations from forest-level land managers were also used to direct further research and 
querying of data in quantifying climate-related changes to the extent possible. 

Specialists exercised professional judgement in seeking out additional data or literature reflecting 
new insights and innovations since 2006. The team received additional information from both the 
general public as well as working groups, and evaluated the relevancy and applicability of 
external information using a consistent set of criteria (see Appendix A). Resource specialists 
acted as a backstop or filter to ensure that all information conveyed in Assessment documents 
were unbiased and credible. Specialists considered science to be “relevant” based on date of 
publication or release, type of publication, and geographic scope. Spatial data was compiled from 
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governmental or academic sources, followed by subsequent documentation of access date and 
methodology if more complex spatial analyses were carried forward. Both traditional references 
and spatial data will be documented in the project record and made available upon request. 
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