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EXECUTIVE SUMMARY AND USER GUIDE FOR THE
PENNSYLVANIA LAKE ERIE WATERSHED RIVERS CONSERVATION PLAN

The Pennsylvania Lake Erie Watershed Conservation Plan was made possible with major funding
support from the Pennsylvania Department of Conservation and Natural Resources, Bureau of Recreation and
Conservation. The mission of the bureau is to lead the establishment of community conservation partnerships
that promote the greening of the Commonwealth, protect its natural and heritage resources, and provide
recreational opportunities for its people and visitors. The purpose of the bureau's Pennsylvania Rivers
Conservation Program is to conserve and enhance river resources via the development and implementation
of locally initiated plans. The watershed conservation plan for the Pennsylvania Lake Erie watershed is
hereby presented to its community of stakeholders for their consideration and implementation. 

The Lake Erie Region Conservancy (LERC) worked five years to develop this document, which
represents the effort of numerous authors and supporting contributions of dozens of other individuals and
organizations from throughout the Erie region and Commonwealth of Pennsylvania. The primary focus of
the planning process has been the protection of water resources vital to the economic future of
Pennsylvania—resources that are also vitally important to our neighboring states and Canada. The plan
document itself is comprehensive in scope and based upon review of hundreds of scientific reports, historical
records, and other relevant studies. Most of the dozens of map illustrations within the plan were generated
using Geographic Information Systems (GIS) technology, using the most up-to-date environmental data
available. In addition to charting a course for future efforts to protect the aquatic resources of our watershed
in chapter 10, the document provides benchmarks for future conservation-related research in the Pennsylvania
Lake Erie watershed as well as recommendations for sustainable land use planning (chapter 8) and the
management of water, natural, and recreational resources (chapter 9). Many of these recommendations may
be addressed by plan users independent of the advancement of action steps outlined in the plan's final chapter.

The priority actions defined by the action plan are listed in three different categories (i.e., outreach,
restoration, and protection) at the end of this summary. Readers seeking a deeper understanding of the
rationale behind the proposed conservation actions will find that information in chapter 10 (Priorities and
Strategies for Action) of the plan. Those who wish to explore deeply the current status of knowledge
regarding particular topics will want to read all or part of the chapters or sections addressing those subjects,
after consulting the plan's table of contents. The purpose of this summary document is to review key points
of each chapter of the plan, while highlighting unique or important features of the watershed. 

The next section of this summary identifies what the plan's authors (see Acknowledgments and Plan
Authorship) consider the watershed's most distinctive aquatic, natural and cultural features, including some
important resources that may be underappreciated by the general public. The third section describes the major
threats to our watershed's resources, focusing on streams. The final section of the summary identifies key
steps for plan implementation that will hopefully achieve protection and conservation of the watershed's
aquatic and natural resources.

Distinctive Features of the Watershed
The first notable characteristic of the Pennsylvania Lake Erie watershed is the concerns of its people,

expressed in a pair of citizen surveys conducted in 2002 and 2003, at the beginning of the planning process
(chapter 1). The majority of survey respondents considered protecting water resources equally or more
important than needs to improve schools, health care, or public safety. People indicated that water protection
was more important than housing developments or shopping and entertainment opportunities. Environmental
problems given the most ratings as "severe" were the loss of forest lands and the conversion of agricultural
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land to development. Strong community support for advancing this plan was indicated by respondents'
ranking "reserving woodlands," "protecting open spaces," and "long range planning" as more important
priorities than developing new highways or recreational facilities.

The most important physical attribute of the Pennsylvania Lake Erie watershed (chapter 2) is its situation
within the largest surface fresh water system in the world, the North American Great Lakes. The 508 mi2

Pennsylvania Lake Erie watershed includes more than a dozen major subwatersheds (see Figure 2.3). The
major subwatersheds are increasingly broader in the western half of the project area than in the eastern half,
where a steeper escarpment slope produces a well defined distinction between the physiographic zones known
as the Eastern Lake section of the Central Lowland physiographic province (known colloquially as the "lake
plain") and Glaciated Pittsburgh Plateau section of the Appalachian Plateaus  physiographic province (known
colloquially as the "upland lake ridge"). The stream drainage patterns within the watershed are determined
by topographic and geological features that were modified by Wisconsin stage glaciation occurring between
28,000 and 14,000 years ago. Repeated advances and retreats of ice sheets deposited fine-grained, poorly
drained "drift" material on the surface of southern portions of the watershed, resulting in irregular stream
patterns and many "misfit" streams. A series of ancient lakes occupying varying elevations in the northern
part of the watershed between 14,000 and 12,000 years ago left surface deposits of well-drained sandy beach
ridges, each at successively lower elevations. 

Although the registered archaeological sites known for the Pennsylvania Lake Erie watershed represent
primarily the prehistoric cultural episodes of northeastern North America known as the Archaic and
Woodland Periods (2,000–9,900 years ago), Paleoindian sites up to 13,500 years old are also known for our
greater region but have not been conclusively documented in the watershed proper. (chapter 3). No systematic
archaeological site survey has ever been conducted in the Pennsylvania Lake Erie watershed, but available
evidence indicates a "high probability zone" for archaeological site discovery extends across the project area,
within the well-drained soils of the Eastern Lake section of the Central Lowland physiographic province. The
Pennsylvania Historical and Museum Commission (PHMC) lists 127 historically significant properties within
the Erie County portion of the watershed, and historical accounts clearly depict a close relationship between
economic development and the watershed's streams, which provided an essential energy source for lumber
and food processing. Waterways were also central to development of the commerce/transportation systems
during the Historical period, exemplified by the portage routes between Lake Erie and French Creek first
developed in 1753, and the Beaver and Erie Canal (also known locally as Erie Extension Canal), which was
in operation from 1844 to 1871. 

It is unclear to what extent Native Americans altered the landscape in the project area prior to arrival
of European colonists, although there is some evidence that prehistoric disturbances, such as fire, left their
mark on the watershed's vegetation, and that fire may have been used by Indians to maintain openings in the
forest (chapter 4). Deterioration of the watershed's aquatic and natural resources commenced with changes
in regional hydrology accompanying historic deforestation, widespread draining and filling of wetlands, and
the alteration/degradation of streams associated with the development of local industry, roads, and urban
centers. Natural climate changes occurring on a global scale between 1700 and 1850, near the end of the
"Little Ice Age," may have also contributed to local changes in hydrology and stream-flow recorded by
nineteenth century Erie historians. Few people appreciate the key role of Erie—and its water resources—in
the history of our nation, due to the strategic importance of our port for opening a trade route between Lake
Erie and the Mississippi Valley (chapter 4, section 4.6).

The major surface water resources associated with the watershed, besides its streams, include the diverse
submerged features of the Pennsylvania portion of Lake Erie; the extensive systems of ponds, wetlands, and
lagoons of Presque Isle peninsula; and Presque Isle Bay (chapter 5). Other significant aquatic-related
landforms include the Lake Erie coastal bluffs and small ravine ecosystems, stream valleys and associated
escarpments, and the floodplains adjacent to stream channels. The stream valleys of the Pennsylvania Lake
Erie watershed present numerous scenic, historic, and natural features that are greatly underappreciated for
their recreational and tourism value, such as waterfalls, sites of former mills and canal, and park-like natural
areas with stands of large old trees (see Table 5.1). 

Long-term hydrological data summarized for several of the watershed's streams (chapter5, section 5.8)
reveal anomalies in stream-flow characteristics of Crooked and Mill Creeks, indicating that these streams
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likely occupy large buried valleys of ancient rivers that were covered over by glacial drift and outwash
materials. The flow of all the streams of the watershed during dry weather is largely dependent upon
groundwater, a resource that is also hugely important for supplying the water needs of residential,
commercial, industrial, and agricultural users (chapter 5, sections 5.9 and 5.11). A small number of high yield
wells in some parts of the Pennsylvania Lake Erie watershed, such as the Girard area, are sufficient to serve
the water needs of a municipality, although this resource is vulnerable to contamination and various factors
that affect groundwater recharge, including climate change. The watershed's surface waters are also heavily
used to supply water for non-domestic needs and as discharge points for wastewater (chapter 5, section 5.11).

The Pennsylvania Lake Erie watershed has provided a home for 38 "special concern" animal species
monitored by the Pennsylvania Natural Heritage Program (PNHP), most of which depend upon aquatic
habitats (chapter 6, section 6.1). The watershed's streams, especially those in the western part of the study
area, harbor a rich diversity of fishes, and are known to be important as spawning areas for Lake Erie fishes
(chapter 6, section 6.1.2). The watershed's streams are a multimillion-dollar recreational resource for the cold
water trout fisheries they provide (chapter 7, section 7.1.2), although this enterprise is sustained by
hatchery/nursery and stocking programs and is vulnerable to adverse effects of climate change (chapter 6,
section 6.1.8). Our watershed is rich in reptile and amphibian species, with 73 native species documented
(chapter 6, section 6.1.3). Unfortunately, there is evidence that urban sprawl is having a negative effect on
populations of these creatures.

All six of the watershed's PNHP-listed bird species and most of the 26 "breeding birds of conservation
concern" known for the study area have habitats with important aquatic elements (chapter 6, section 6.1.4).
Besides Presque Isle State Park, areas with aquatic resources that favor diverse bird communities are also
found in the western half of the watershed, including Conneaut Creek valley, the Roderick Preserve (Game
Land 314), and Erie Bluffs State Park. Several areas in the Conneaut Creek watershed appear to provide
primary habitat for bald eagles, which have been observed nesting in that area for several years. The study
area is also home to a rich diversity of native mammals, including many aquatic-dependent game and non-
game species (chapter 6, section 6.1.5). Conneaut Creek is the only stream in the project area that supports
populations of native freshwater mussels (unionids), and recent field studies indicate that the stream may
harbor several "special concern" species listed by the PNHP. 

About three-fourths of the 103 "special concern" plant species listed by the PNHP for the Pennsylvania
Lake Erie watershed occupy aquatic habitats (chapter 6, section 6.2), with emergent wetlands containing the
most rare species (chapter 6, section 6.2.4). Forested wetlands within the study area also contain special
concern plant species and community types identified by the PNHP and (like emergent wetlands) merit high
priority for protection measures (chapter 6, section 6.2.1). The Pennsylvania Lake Erie watershed contains
several forested areas presenting very old, large trees, with eight sites ranking favorably among several well-
known "old growth" sites in northwestern Pennsylvania, such as Heart's Content Natural Area (chapter 6,
section 6.2.2). These resource areas could be key components of a "watershed tour" designed to educate the
public about the role of forests in protecting the watershed's natural resources. The project area presents a rich
diversity of upland forest community types, including some large tracts containing significant stands of
conifers. The Pennsylvania Game Commission considers the protection of coniferous forests a top priority
in the Commonwealth; unfortunately, scientists predict that our common conifer species (hemlock and white
pine) are likely to decline in the face of ongoing climate warming.

Opportunities for fishing and boating are plentiful in the project area, and most citizens surveyed by
LERC in 2002 and 2003 indicated they were satisfied with the watershed's recreational resources (chapter
7). Hiking and bicycling received the highest number of "dissatisfied" responses in LERC's survey.
Recreational resources are not uniformly accessible in all areas of the watershed; for example, the Elk Creek
subwatershed presents a wide variety of recreational opportunities, while the Crooked Creek subwatershed
has relatively few. A disproportionately large number of recreational resources are accessible from two major
east-west transportation corridors near Lake Erie—the Seaway Trail (Pennsylvania Route 5) and US Route
20. Recreational resource access along north-south transportation routes should be considered a high priority
for future improvement. The Lake Erie Region Conservancy suggests development of a bicycle route and/or
scenic and historic trail in the general vicinity of the former Beaver and Erie Canal and Route 18, to improve
access to high-quality recreational resources in the Crooked and Conneaut Creek watersheds. 
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Human resources available to facilitate the implementation of the conservation plan include government
agencies that provide technical support and/or funding for conservation-related activities (Appendix C) and
various community organizations focused on environmental issues (chapter 7, section 7.5). Key leadership
for this endeavor will likely come from agencies such as the Pennsylvania Department of Conservation and
Natural Resources (PADCNR), the Pennsylvania Department of Environmental Protection (PADEP), the Erie
County Planning Department, the Erie County Conservation District (ECCD), Pennsylvania Sea Grant, and
the Pennsylvania Lake Erie Watershed Association (PLEWA [http://www.eriewatershed.org/]).

Threats to Aquatic and Natural Resources
The most serious threats to maintaining high-quality aquatic and associated natural resources in the

Pennsylvania Lake Erie watershed are non-point source pollution (NPSP), urban sprawl, and climate change.
Non-point source pollution began with historic changes in regional hydrology accompanying deforestation,
draining and filling wetlands, and the alteration/degradation of streams associated with the growth of local
industry, transportation systems, and urban centers (chapter 4). Non-point source pollution affects important
non-stream aquatic resources in the watershed, namely Lake Erie (chapter 5, section 5.1) and Presque Isle
Bay (chapter 5, section 5.3).

Chapter 5 (especially section 5.10.3) provides a detailed analysis of sources and effects of NPSP on the
watershed's streams. Major concerns include: (1) substrate degradation due to development activities; (2)
sediment, nutrients, metals, and hydrocarbons delivered to streams during storm events; (3) mercury and
nitrate deposition from atmospheric sources; (4) pesticides from agricultural and urban areas; (5) unregulated
organic contaminants known as PPCPs (pharmaceutical and personal care products) and EDCs (endocrine
disrupting compounds) that enter our water through sewage treatment plants; and (6) bacterial (Escherichia
coli) contamination of streams and the lake from both point and non-point sources in the watershed (section
5.10.5).

Non-point source pollution affects most of the 75 miles of "non-attainment" stream segments in the
Pennsylvania Lake Erie watershed (chapter 5, section 5.10.4), with small- and medium-sized streams in the
built-up portions of the lake plain being most affected. Our watershed's small headwaters streams serve an
important protective role as buffers against NPSP and adverse effects of climate change on groundwater
supplies and cold water fisheries (chapter 10, section 10.3); however, headwaters are not vigorously protected
by current regulations affecting development in our watershed.

Urban sprawl is the second major threat to maintaining the quality of our watershed's aquatic and natural
resources. The demand to continue the expansion of infrastructure to distribute surface withdrawn from Lake
Erie to locations beyond the City of Erie (chapter 5, section 5.11) is expected to increase in the future (chapter
8). Increasing impervious surfaces relative to undisturbed natural vegetation results in increased runoff and
siltation, which in turn degrades stream habitats for aquatic animals (chapter 5, section 5.10.4) and disrupts
important habitat connections needed by amphibians in our watershed (chapter 6, section 6.1.3). Urban sprawl
also harms people in our watershed, as it results in a redistribution of economic opportunities to the suburbs.
This leads to increased poverty in urban and rural areas as well as huge hidden costs to the community, as
shown by recent studies focusing on sprawl and poverty in Erie and other similar communities (chapter 8,
section 8.2). Fortunately, the top-level leadership in Pennsylvania, namely Governor Rendell's Economic
Development Cabinet, has set forth a policy and guidelines for sustainable development (chapter 8, section
8.3), which—if followed—will help to decrease the harmful effects of urban sprawl. 

The third major threat to the long-term integrity of our watershed's resources is ongoing climate change,
mentioned in earlier sections of this summary. It may be impossible to prove with certainty whether the
current climate change situation is due primarily to our modern society's excessive greenhouse gas emissions
or the culmination of a natural change event that commenced more than 150 years ago (chapter 4). In either
case, there are well-documented indications that the world is changing, and analyses by some of the country's
best scientists provide reasonable forecasts of how natural resources in our region are likely to be affected
by a warmer climate (chapter 6, sections 6.1.8 and 6.3.4). The most serious consequences include a challenge
to our economically important cold water fisheries and threats to water supplies due to increased evaporation
and reduced groundwater recharge. Prudent management of our water resources, careful planning of future
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development, and pre-emptive conservation measures can provide the means for our community to adapt to
the climate change problem. 

Plan Enactment Steps and Actions
The first important steps that must be taken are to educate stakeholders—that is, the general public,

environmental groups, and municipal leaders—about the needs and means for achieving the goals of this plan
(see Table 10.2, Objectives 1–3) and to promote the formation of community partnerships to implement the
plan. To facilitate broad-based partnerships through outreach, the Pennsylvania Lake Erie watershed has been
divided into three different zones and eighteen distinct management areas (MAs) evincing shared topographic
and resource features (chapter 10, section 10.4). Initial outreach sessions to introduce the plan to stakeholders
will be held at five different locations central to multiple groups of management areas that cut across the
boundaries of subwatersheds and municipalities. It is hoped that this will help to promote the formation of
collaborations of watershed groups, municipalities, and interested private landowners to work together to
implement the plan. A timetable and suggested names of groups to conduct outreach are identified in Table
10.3 of the plan. Specific outreach needs include: 

• Conduct outreach meetings with stakeholders to present major findings and recommendations of the
Rivers Conservation Plan, to identify partners and roles for implementation, coordinated with Act 167
Phase 2 planning and/or other water-related regional planning activities.

• Conduct outreach workshops with stakeholders regarding the importance of protecting headwaters,
forests, and wetlands; provide information about conservation easements, best management practices
(BMPs), and programs providing funding or other assistance.

• Conduct outreach workshops with stakeholders on sustainable lawn care and gardening practices,
highlighting the potential impact of chemicals on aquatic resources, wildlife, and human health; provide
practical guidance on sustainable lawn, garden, and farm management and applicable BMPs.

• Conduct outreach workshops to prospective business and home owners, municipal officers, and
developers about the importance of sustainable development for aquatic and natural resources; provide
training on smart growth principles and practical guidance for implementation of conservation design
as the new standard for development in suburban areas. 

• Conduct outreach workshops for school teachers and environmental educators regarding the utilization
of local scenic streams, forests, and wetlands to increase public awareness of nature and conservation
principles, and generate community support and ownership of the resources.

• Conduct outreach workshops for school teachers and historical education organizations regarding the
utilization of stream-associated historical resources (former mill and canal sites, etc.) to increase public
awareness of the significance of these resources, and generate community support to improve historical
education and preservation programs.

• Conduct outreach workshops for government agencies, municipal leaders, and key leaders of
organizations that manage resources likely affected by climate change (Port Authority, Water Authority,
marina operators, fish and game managers, etc.) regarding the anticipated impact of future climate
change on water-related community infrastructure and associated economic issues. Provide guidance
on all available means to mitigate for the adverse effects of climate change, in addition to models of how
other communities, organizations, and infrastructure management agencies are planning to adapt to
climate change.



viii

• Conduct outreach workshops for school teachers and environmental educators regarding the importance
of energy conservation, water conservation, and renewable energy, as fundamental means of mitigating
for future climate change and promoting conservation of our aquatic and natural resources.

• Conduct outreach initiatives for homeowners in non-sewered areas regarding septic contamination issues
and fecal coliform contamination of streams and storm water systems. This outreach effort should
include operators of small-flow sewage treatment systems.

The initial outreach task will be carried out by LERC in five separate sessions, each at a different
location within geographically related management areas; these sessions are planned to be completed by the
end of November 2008.

Action plan Objectives 4–8 (see Table 10.1) identify key activities that would advance the restoration
and protection of the valuable aquatic and natural resources of the Pennsylvania Lake Erie watershed. Priority
actions to implement restoration of impaired aquatic resources (see Table 10.4) include:

• Consolidate stakeholder partnerships within and between management areas having same problems and
restoration needs to facilitate joint planning of storm water controls and retrofits, and coordinate
preparation of funding proposals.

• Develop a GIS-based watershed and stream restoration and monitoring plan that includes considerations
for monitoring restored sites and streams.

• Implement specific restoration projects employing BMPs that: (1) conform to stakeholder GIS-based
restoration strategies and (2) provide monitoring information after project completion.

• Construct new (or retrofit existing) storm water controls in areas having large amounts of impervious
surfaces and/or where discharges are contributing to known stream impacts.

• Restore riparian buffers, preferably with native plants, including conifers and other forest species
wherever possible.

• Install passive treatment systems (landscape plantings, water gardens, wetlands, ponds, etc.) to remove
environmental contaminants (metals, organics, etc.) that enter streams via storm drains from streets,
parking lots, and other impervious surfaces.

• Once sources of E. coli contamination of beaches and streams are pin-pointed, develop GIS-based
restoration strategy and implementation plans with monitoring to eliminate bacterial pollution.

Leadership for implementing restoration actions will come from several different organizations that are
already active in performing similar actions, including the Erie County Planning Department, municipalities
throughout the watershed, the PADEP, the ECCD, Pennsylvania Sea Grant, PLEWA, and other watershed
groups. 

The third major category of priority actions are in the realm of resource protection activities (see Table
10.5), including:

• Establish stakeholder partnerships within each management area to facilitate community involvement
and land owner participation in protection initiatives, coordinated with outreach actions and planning
for stream and watershed restoration.

• Develop GIS-based protection strategy for each management area, by establishing a list of candidate
properties to be considered for acquisition or purchase of conservation easements, coordinated with
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existing easement programs (e.g., Pennsylvania Fish and Boat Commission Erie Access Improvement
and Pennsylvania Farmland Preservation programs). 

• Seek protection status for privately owned properties that would increase public access to aquatic,
natural, and historical/cultural resources for recreational and/or educational purposes.

• Seek protection status for privately owned core forests, especially in areas associated with headwaters,
wetlands, and riparian areas.

• Seek protection status for privately owned forested riparian buffers, especially in watersheds of cold-
water fish (CWF) streams.

• Encourage municipalities to consider ordinances or other measures to maintain undeveloped vegetated
buffer zones within at least 50–100 feet on either side of all streams, including small headwaters with
watersheds less than 100 acres.

• Support and encourage private landowners to allow unused pastures and open fields alongside streams
to revert to forested condition.

• Support and encourage private landowners that currently allow animals to graze areas immediately
adjacent to stream banks to install fences to protect buffer zones within at least 50–100 feet on either
side of streams, including small headwaters; facilitate land owner participation in CREP and other
similar conservation programs.

• Support and encourage private landowners and producers that currently raise crops to establish
uncultivated vegetated buffer zones around the perimeters of fields, especially in areas next to
drainageways and streams. 

• Encourage municipalities to consider ordinances or other measures to minimize development of areas
serving as ground water recharge zones, especially in areas where wells are the primary source of water
for agricultural, commercial, or residential users.

• Seek protection status for privately owned forests or areas reverting to a forested condition in ground
water recharge areas, coordinated with state Source Water Protection program.

• Develop GIS-based models of the Pennsylvania Lake Erie watershed to provide visual demonstrations
of how anticipated climate change scenarios will likely affect aquatic, natural, and coastal resources;
these models are needed to support outreach efforts to promote community-based planning and activity
for mitigation and adaptation.

• Establish stakeholder partnerships for eastern, central, and western thirds of the watershed to facilitate
community involvement and land owner participation in protection initiatives leading to improved
north-south recreational corridors that include as many as our watershed's distinctive aquatic, natural,
and historic resources as possible. Furthermore, efforts should be made to coordinate this planning with
outreach actions.

The initiative to carry out protection actions will come from some of the same groups that will likely
be involved in restoration activities, in addition to LERC and other organizations capable of negotiating the
purchase of conservation easements or securing protected lands. A GIS-based model identifying candidate
lands for protection is described in the final sections of chapter 10 and in Appendix D, as well as scoring
system that may be used (or modified) to prioritize properties for use of limited conservation/protection
funding. 
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The proposed action plan Objectives 9 and 10 (see Table 10.2) suggest long-term community
development activities related to recreational resources and ecotourism, extending beyond the immediate
needs to restore our valuable aquatic and natural resources. Other organizations active in our watershed,
including the DCNR, already have active programs that support long-range planning for these kinds of
facilities. Identifying these objectives as part of the Rivers Conservation Plan serve to emphasize the fact that
the aquatic and natural resources in the plan's focus are also significant economic resources for our
community, and that coordination of actions in advancing both fronts should be encouraged.
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1  INTRODUCTION

1.1  Watershed Plan Background and Process
The Pennsylvania Lake Erie watershed is unique among the Commonwealth<s watersheds, as it is part

of the Great Lakes watershed and its streams empty into the largest freshwater ecosystem in the world. The
receiving waters of Lake Erie are also a key part of the United States< international border with Canada, which
urges Pennsylvania to do its part in honoring the Great Lakes Water Quality Agreement, formulated under
the auspices of the International Joint Commission. The Great Lakes account for nearly 20% of the world's
freshwater and nearly 90% of the surface freshwater found in the United States. Because the Lake Erie
watershed is part of this much larger ecosystem, it is important for Pennsylvania to do everything possible
to protect it. 

The watershed is enigmatic in that its largest stream on the west side, Conneaut Creek, drains into the
lake through the State of Ohio, and its largest Lake Erie tributary stream on the east side, Twentymile Creek,
has most of its watershed in New York State. This means that Pennsylvania will need to cooperate with its
neighbors in order to effectively address management of these two streams. Erie County<s "triangle" on Lake
Erie has a colorful history tied to its water resources, and this story is largely underappreciated for its
significance in our nation<s history. This part of the Commonwealth is also rich in prehistoric cultural
resources, although the general public is unaware of this and needs to be better informed about the importance
of protecting archaeological resources. The forests, parks, game lands, and fisheries of the Pennsylvania Lake
Erie watershed include many unique and valuable elements that are significant at both state and national
levels. And last, but not least, the bluffs and beaches along Lake Erie's shoreline provide spectacular views
of the lake and sunsets considered to be among the finest in the world.

The overarching purpose of this plan is to identify, conserve, and enhance the natural resources of the
watershed through the development of recommendations for action that will be communicated to community
leaders at both the county and local municipality levels. The Rivers Conservation Program, established by
the Pennsylvania Department of Conservation and Natural Resources (PADCNR) , provides technical and
financial assistance to qualified organizations so they may carry out planning, implementation, acquisition,
and development activities. Upon completion of this plan, the Lake Erie Watershed Conservation Plan
(LEWCP) will be listed in the Pennsylvania Rivers Registry, which is designed to promote conservation and
to recognize Lake Erie's shores and its tributaries as key elements of the Commonwealth<s most important
natural, historical, and cultural resources.

The Lake Erie Region Conservancy (LERC) has taken responsibility for developing this rivers
conservation plan. LERC was formed in 2000 as a local, non-profit, membership-supported organization
dedicated to the identification, conservation, and protection of the Lake Erie region's unique natural, cultural,
and historical resources. The conservancy also supports sustainable development through research and
education. In October 2002, LERC applied for a Rivers Conservation Planning Grant, and work began on the
project in early 2003. The first step taken was to establish a steering committee of a diverse group of area
stakeholders. Then a public opinion survey was developed and conducted with the assistance of the Civic
Institute at Mercyhurst College.

During the first six months of 2003, LERC met with the elected officials of all 26 municipalities within
the watershed to explain the purpose of the plan, answer questions, and encourage support and involvement.
These meetings were subsequently followed by meetings with individual public officials to gather plans,
maps, and studies that were considered pertinent to the conservation plan. In addition, three public meetings
were held in May 2003 to introduce the plan, answer questions about it, and encourage participation from
concerned citizens. 

Over the following years, LERC leaders continued to hold periodic meetings with municipalities and
individual stakeholders that showed interest in the plan and that had specific concerns over land or water use.
The authors of this plan (see Acknowledgments and Plan Authorship) spent many hours gathering data and
reports from previous natural resource studies conducted in the watershed and its waters. In a community
outreach initiative to the watershed's youth stakeholders, during the 2003–2004 school year a Mercyhurst
College graduate student developed an environmental curriculum for fourth- and fifth-grade students by
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working with interested teacher and students in several school districts in the watershed. The curriculum was
designed to help students understand what a watershed is, which watershed they live in, and the importance
of protecting and monitoring activities in the watershed.

In the Fall of 2004, all information gathered to that point was reviewed and cataloged for inclusion into
the plan and a comprehensive list of mapping needs was developed that became major components of the
plan. The plan steering committee decided to develop the plan in a format that would allow continuous,
interactive updates through the use of the maps and geographic information systems (GIS) technology. A
large library of GIS data relevant for northwestern Pennsylvania has been developed by plan co-authors
Pedler and Campbell since 2004, and is updated continuously as new and improved datasets become
available.

Completion of the plan was delayed to allow inclusion of critical information made available in late
December 2004 by the Pennsylvania Department of Environmental Protection (PADEP)—an updated list of
the "303(d) list" of "non-attainment" Commonwealth water bodies, which included many streams within the
Pennsylvania Lake Erie watershed. It was also deemed appropriate to await results of an independent
multiple-stream assessment study carried out by the Pennsylvania Lake Erie Watershed Association
(PLEWA). That work completed in November 2005 was funded by a PADEP Growing Greener Grant to the
Erie County Conservation District. The reports generated by the PLEWA project were instrumental in
providing the most current information available about the water quality of Pennsylvania<s Lake Erie tributary
streams, in addition to planning recommendations that have influenced this document. Delayed completion
of the rivers conservation plan has also allowed inclusion of important results of studies conducted in 2006
by the Erie County Department of Health regarding bacteria pollution of the watershed<s streams, and a
comprehensive analysis of water pollution problems in the Walnut Creek watershed, completed in the spring
of 2007. 

This document has taken into account regional scientists< most recent predictions about the likely
impacts of climate change on our waters and natural resources. These predictions have been summarized
herein, and provide the underpinnings for several of the action plan objectives identified in Chapter 10. This
aspect of the LEWCP may make it unique from other conservation plans that have already been completed
in Pennsylvania, and represents a direct response to recent increased urgency (since 2005) expressed by
leaders in many levels of government regarding the importance of making preparations to deal with this
problem. 

The final step in our planning process will now be the orchestration of a series of workshops with
municipal leaders and watershed stakeholders, in which the final recommendations of the plan will be
disseminated. That process was already underway as the final during the final months of 2007 when this
document was finalized. Further details regarding the outreach process will be provided at the conclusion of
this document (see 10 Priorities and Strategies for Action).

1.2  Interests and Concerns of Citizens
The analysis process summarized in this document was informed by citizen input, based upon: (1) a

public opinion survey conducted for LERC by Morris et al. (2003) during the first year of the project
(Appendix) and (2) a citizen survey conducted by the Erie County Department of Planning (2002) as part of
the county-level comprehensive planning effort. The approximately 500 respondents to the LERC survey
appeared to be generally knowledgeable about the watershed<s natural resources, with over 70% indicating
awareness of the importance of wetlands for water quality protection and flood control. A high percentage
(>80%) recognized that chemicals widely used in the watershed (i.e., lawn fertilizer and road salt) are not
good for the health of our streams, and that protecting forests from development helps protect the quality of
groundwater. Respondents to the LERC survey were not very knowledgeable about archaeological resources
in the watershed, with 86% indicating they were unaware of any sites that contain fossils or prehistoric
artifacts, and 91% indicating they were unaware of any sites important to Native Americans.

About half or more of the respondents thought that needs for protecting water resources were more
important than needs tied to sprawl-related activities such as increasing suburban housing developments,
building new roads, and improving shopping and entertainment opportunities (Figure 1.1). The majority of
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respondents to the LERC survey thought that needs to protect water resources were at least equally important
to needs to improve schools, health care, and public safety (Figure 1.2). 

The Erie County Department of Planning<s (2002) inquiry about citizen<s perception of important
problems in our area indicated that a majority of people are concerned about sprawl-related loss of forests,
farms, and open space and associated water problems (Figure 1.3). Reserving woodlands and protecting open
spaces were the two highest ranked priorities for action in the 2002 Erie County Department of Planning
survey (Figure 1.4). The approximately 500 persons polled by Erie County ranked new highway construction
and additional recreational facilities among their lowest priorities (Figure 1.5). Consistent with that finding,
the LERC public opinion also revealed that people are satisfied with the wide range of recreational
opportunities available in the Erie area (Figure 1.6). 

Figure 1.1. Perceived importance of protecting water resources compared to other
infrastructure advancements (from LERC<s [2003] citizen survey).

Figure 1.2.  Perceived importance of protecting water resources compared to other
health and human services advancements (from LERC<s [2003] citizen survey).
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Figure 1.3. Perceived importance of environmental problems in Erie County (from
Erie County Department of Planning<s [2002] survey).

Figure 1.4. Perceived highest ranking priorities for selected infrastructure
advancements in Erie County (from Erie County Department of Planning<s [2002]
survey).
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Figure 1.5. Perceived lowest ranking priorities for selected infrastructure
advancements in Erie County (from Erie County Department of Planning<s [2002]
survey).

Figure 1.6. Level of satisfaction with opportunities for recreational activities in the
Pennsylvania Lake Erie watershed (from LERC<s [2003] citizen survey).
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1.3  Watershed Plan Focus
The primary focal points of this document will honor the concerns clearly expressed by citizens in both

surveys summarized in section 1.2. The history of the watershed and its townships/ municipalities will be
summarized herein, and a review of knowledge regarding cultural and archaeological resources of the
watershed is included, but these subjects will not be principle focal points for action planning. Likewise,
recreational resources will be considered within the context of the aquatic and natural resource entities which
support recreational activities, but will not be a main subject of focus.

The main emphasis of our analysis will be natural and water resource protection, especially in relation
to streams since this is a rivers conservation plan. In particular, action planning will address water issues
central to community safety and security, and will include consideration of anticipated effects of climate
change on our natural and water resources. Since there has been no concerted regional effort to address needs
for adapting to climate change, it is hoped that this plan will be a useful "first tool" to guide the communities
within our watershed toward pre-emptive actions that will help to maintain a productive, healthy, and
biologically diverse landscape.

2  THE PHYSICAL CONTEXT OF THE PENNSYLVANIA LAKE ERIE WATERSHED

2.1  The Great Lakes Watershed
The Great Lakes watershed has played an integral role in the history and development of North America.

Home to over 10% of the United States' population and over 25% of Canada's population, the region spans
more than 1,550 km (963 mi) east-west and 1,175 km (730 mi) north-south (Figure 2.1). The Great Lakes
basin lies within the boundaries of eight American states and two Canadian provinces, and encompasses a
total area of 765,990 km2 (295,710 mi2). Of this total area, over 244,000 km2 (94,000 mi2) is water surface
and 521,830 km2 (201,460 mi2) is land area. Combined, the water volume of the Great Lakes is about 23,000
km3 (5,500 mi3), which makes it the largest surficial fresh water system on the Earth, accounting for roughly
18% of the world supply (United States Environmental Protection Agency [EPA] 2005).

The modern configuration and flow of the Great Lakes basin is thought to have been established
following the retreat of the Wisconsinan glacier and the eastward overflow of Lake Agassiz, a glacial lake
that formed on the southern margin of the Red River-Des Moines ice lobe about 11,700 years ago (Teller
1983:1). The glacial ice drained by Lake Agassiz stretched some 1,800 km (1,120 mi) from the Rocky
Mountains to north-central Ontario; at its largest extent the lake itself covered nearly 1 million km2 (386,100
mi2) and, combined with its entire watershed, encompassed over 2 million km2 (772,200 mi2) or about 2.6
times the area of the modern Great Lakes basin. Throughout its lifetime, this vast glacial lake drained either
south via the Minnesota and Mississippi Rivers to the Gulf of Mexico or east through Lake Superior and the
Great Lakes basin, depending on advance and retreat of the glacial ice and the opening/closing of available
drainage routes. Flows from the lake could be nothing short of catastrophic, sometimes exceeding 3,000 km3

(720 mi3) or about seven times the volume of present-day Lake Erie (Teller 1983:8). For most of this period,
however, outflow from Lake Agassiz was directed northeastward from the Superior, Michigan, and Huron
basins through the Ottawa and St. Lawrence Valley, effectively bypassing flow through the Erie and Ontario
basins but for a brief period sometime after 11,000 years ago (see Development of the Study Area's Drainage
System and Lake Erie, below).

The Great Lakes basin's very large size makes for considerable variations in climate, physiography, soils,
and vegetational regimes, to name just a few environmental factors. The basin's northern reaches are
dominated by the Canadian Shield—a Precambrian granitic rock formation that underlies the world’s greatest
concentration of lakes and rivers—and is characterized by a Subarctic climate, relatively shallow acidic soils,
and middle taiga to southern taiga floral communities that take the form of moist subarctic forests dominated
by conifers (e.g., spruces, firs) bounded on the north by tundra. The basin's southern reaches are characterized
by a humid continental climate; relatively deep, glacially derived soils composed of clays, silts, and sands
mixed with gravels, and boulders; and an original deciduous forest that in many areas has been superseded
by agriculture and sprawling urban development.
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Lake Erie, whose watershed includes the study area for this planning document (see below), has the
smallest volume of any of the Great Lakes, measuring about 484 km3 (116 mi3) and covering an area of about
25,700 km2 (9,922 mi2) or about 10.5% of the Great Lakes water surface. The land area that drains into Lake
Erie, herein defined as its watershed, covers about 78,000 km2 (30,115 mi2) or about 15% of the entire Great
Lakes watershed's land drainage area. Lake Erie is also clearly the shallowest of the Great Lakes, with a
maximum depth of 64 m (210 ft) and a mean depth of 19 m (62 ft) or roughly a quarter of the mean depth of
79.2 m (239.1 ft) for all five Great Lakes.

Because of its relatively small size, Lake Erie is considered by the EPA to have suffered the greatest
exposure to the effects of urbanization and agriculture (United States Environmental Protection Agency
[EPA] 2005). Specifically, the watershed's generally fertile—and, hence, intensively farmed—soils contribute
very large amounts of agricultural runoff (i.e., nonpoint source water pollution, including herbicides,
fungicides, insecticides, as well as the nitrate and phosphate components of fertilizers and animal wastes) to
the lake itself. The impacts from agriculture—combined with the industrial, commercial, and municipal
impacts from the Lake Erie basin's 17 metropolitan areas with populations over 50,000—have led to alarming
levels of pollution, habitat loss, and infiltration by exotic plant and animal species, to name just a few of the
more prominent problems.

Although Lake Erie covers about 26,000 km2 (10,000 mi2), its average depth is only about 19 m (62 ft),
making it the shallowest of the five Great Lakes. Due to its small size, the lake warms rapidly in the spring
and summer, frequently freezes over in winter, and has the shortest retention time (2.6 years) of any of the
Great Lakes. Lake Erie's western basin, comprising about one-fifth of the lake's surface, is very shallow with
an mean depth of 7.4 m (24 ft) and a maximum depth of 19 m (62 ft) (USEPA 2005).

2.2  The Natural State of the Pennsylvania Lake Erie Watershed
2.2.1  Location and Description
Pennsylvania's Lake Erie watershed is located in northwestern Pennsylvania on the southern shore of

Lake Erie between Ohio on the west and New York State on the east (Figure 2.2). The watershed extends a
minimum of 9.8 km (6.1 mi) and a maximum of 40.2 km (25 mi) south of Lake Erie, encompassing portions
of two counties and either portions or the full extent of 33 municipalities and townships (Figure 2.3). The land
drainage area of Pennsylvania's Lake Erie watershed (hereafter referred to as the study area) covers ca. 1,315
km2 (508 mi2), or about 1.7% and 0.2% of the total land drainage areas of the Lake Erie watershed and Great
Lakes basin, respectively. The study area is composed 19 major subwatersheds (which are listed and
described in Table 2.1), 66 discrete subwatersheds, 39 named streams, and 1,338 discrete mapped stream
segments. The largest of the study area's major subwatershed are situated in its western reaches. The mean
elevation of Lake Erie is 174.3 m (572 ft) above mean sea level (msl). 

2.2.2  Physiography
The study area is roughly bisected by portions of two physiographic provinces, the Eastern Lake section

of the Central Lowland physiographic province in the north and the Glaciated Pittsburgh Plateau section of
the Appalachian Plateaus physiographic province in the south (Figure 2.4). The former is a relatively narrow,
southwest-northeast-trending zone that covers ca. 567.2 km2 (219 mi2) and roughly follows the southern shore
of Lake Erie, widening slightly as it trends west. The latter is a similarly southwest-northeast-trending zone
that covers ca. 747 km2 (288.7 mi2); it is composed of rolling land that is of notably higher elevation than the
coastal lowland. A transitional, narrow strip of sometimes steeply sloping land called the Escarpment Slope
marks the division between the two provinces.

The Eastern Lake section borders the lake and extends south for a distance of 3.2–16.4 km (2–5 mi). Its
elevation starts slightly above the lake level and extends upland to ca. 245 m (800 ft) above msl. This lake
plain terminates along the lake edge as a cliff that rises locally in excess of 24.5 m (80 ft) above lake level,
the highest portions being near the town of North East (in the eastern portion of the study area) and northwest
of Girard (in the western portion of the study area). The cliff face exposes glacial drift (mostly till) over most
of its length, and bedrock at its base in many areas (Tomikel and Shepps 1967).
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The topography of the Eastern Lake section has been modified by glaciation. The area's glacial
sediments—derived from glacial ice, lake, and fluvial environments—are underlain by sedimentary rocks
with gradual south-sloping beds. This zone has very low to flat relief, with an approximate elevation of
173–273 m (570–900 ft). Near the lake, however, the topography is characterized by parallel, low-relief
terraces of Pleistocene beach ridges with a general northwest slope of treads with steeper scarps leading to
the next lower tread. In the western portion of the study area, for example, these remnant lake levels and
shore-parallel moraine deposits have caused Elk Creek's drainage pattern to alter from its earlier dendritic
pattern to a parallel drainage pattern. The trunk stream of Elk Creek actually flows for a considerable distance
(ca. 16 km [10 mi]) along an east-west trend before turning toward the lake for its final segment. The same
pattern is observed near the lake in the eastern portion of the study area within this zone, although local relief
is somewhat higher. Here, ridges of gravel and/or sand often have relief of up to 6 m (20 ft) and at two
locations near Harborcreek, 3 m (10 ft) high wave-cut cliffs replace these ridges (Schooler 1974:19). 

The transitional zone called the Escarpment Slope, also known as the Appalachian Escarpment, rises
from an elevation of 242 m (799 ft) at its boundary with the Eastern Lake section to an elevation of ca. 303

Figure 2.2. Detail of the south-central portion of the Great Lakes basin, showing the location of
Pennsylvania's Lake Erie watershed.
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Table 2.1. The Pennsylvania Lake Erie Watershed<s Major Sub-Basins, by Area, and Municipalities
Traversed

Subwatershed

Area

Municipalities Traversedkm2 mi2 Rank

Ashtabula River 21.35 8.24 11 Conneaut, Beaver

Cascade Creek 18.31 7.07 14 Erie

Conneaut Creeka 396.54 153.10 1 Albion, Beaver, Conneaut, Conneautville, Cranesville, Elk
Creek, Spring, Springboro, Springfield, Summerhill,
Summit

Crooked Creek 52.54 20.28 4 Conneaut, Elk Creek, Girard, Platea, Springfield

Eightmile Creek 18.38 7.10 16 Greenfield, Harborcreek, North East

Elk Creek 254.74 98.36 2 Elk Creek, Fairview, Franklin, Girard, Lake City, McKean,
Platea, Summit, Washington, Waterford

Fourmile Creek 31.35 12.10 9 Erie, Greene, Harborcreek, Lawrence Park, Millcreek,
Wesleyville

Mill Creek 31.59 12.20 8 Erie, Greene, Harborcreek, Millcreek, Summit

Raccoon Creek 22.61 8.73 10 Springfield

Sevenmile Creek 20.05 8.69 13 Greenfield, Harborcreek

Sixmile Creek 48.99 18.92 5 Greene, Greenfield, Harborcreek, Venango

Sixteenmile Creek 46.57 17.98 6 Greenfield, North East

Trout Run 17.98 6.94 15 Fairview, Girard, McKean

Turkey Creek 20.63 7.97 12 Springfield

Twelvemile Creek 33.44 12.91 7 Greenfield, Harborcreek, North East

Twentymile Creek 3.35 1.29 17 North East

Walnut Creek 98.60 38.07 3 Erie, Fairview, Greene, McKean, Millcreek, Summit

Lake Erie
(Direct Runoff)

175.51 67.76 — Erie, Fairview, Girard, Harborcreek, Lake City, Lawrence
Park, Millcreek, North East, Springfield, Wesleyville

Watershed Total 1,314.98 507.72 — —

Note: a 101.70 km2 in of Conneaut Creek is in Ohio.

m (1,000 ft) at its boundary with the Glaciated Pittsburgh Plateau section. The Escarpment Slope is best
defined in eastern Erie County, where it lies ca. 3.2 km (2 mi) from the lake and rises some 122 m (403 ft)
over a horizontal distance of less than one mile (Tomikel and Shepps 1967:10). At that location, the
Escarpment Slope owes much of its relief to the resistant flaggy sandstones in the interbedded shale and
sandstone bedrock and to a mantling of glacial drift. The steepness of the Escarpment Slope decreases from
east to west, obscuring its boundary with the Eastern Lake section in western Erie County and the western
portion of the study area. Difficulty in defining this western boundary also derives from the progressive
splitting of the single Lake Escarpment moraine of the New York–Pennsylvania border region into (from east
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to west) the Ashtabula, Defiance, and Lavery moraines in western Erie County. These moraines effectively
mask the topographic expression of the escarpment in that area.

The upland surface that comprises the Glaciated Pittsburgh Plateau section, like the Eastern Lake
section, has been modified by glaciation. Its topography is relatively smooth and gently rolling, rising in
elevation from 305 m (1,000 ft) above msl along the escarpment slope to slightly above 580 m (1,900 ft)
above msl in southeastern Erie County (Tomikel and Shepps 1967). The smooth, rolling uplands are typically
interrupted by incised dendritic drainage networks; in the case of the Elk Creek drainage in the study area's
western reaches, these networked streams flowing in broad, 30.5–90 m (100–300 ft) deep valleys with steep
slopes and flat valley floors. The regional topography is that of an eroded plateau that has been altered and
modified by glacial erosion and deposition. The present relief is a much-reduced modification of what was
present prior to glaciation. Preferential infilling of pre-glacial valleys has reduced relief by as much as 91.4
m (300 ft). The zone's poor drainage conditions, irregular stream patterns, and large number of misfit streams
are attributable to the interruption of drainage by glaciation as well as the decreased competence and capacity
of the streams occupying the present drainage lines.

Figure 2.4. Physiographic provinces of Pennsylvania's Lake Erie watershed.
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2.2.3  Bedrock Geology
The hundreds of meters of layered rock underlying northern Erie County originated as sediments

deposited on a foundation of Precambrian metamorphic rocks. These "basement" rocks are schists and
gneisses formed as the roots of ancient mountain ranges and are observable in situ only in drill borings from
deep wells, or far to the north in Canada where the sedimentary rock cover has been stripped away by glacial
ice. These distinctive rocks are regularly encountered in the area, however, because that same glacial ice
spread its load of eroded rock in till layers of variable thickness over the entire county and parts south. Also
called glacial drift, the ubiquitous mantle of Pleistocene glacial deposits contains samples of the Precambrian
metamorphic rocks as well as the entire gamut of stripped sedimentary strata. The overlying strata are
Paleozoic in age and comprised of units ranging from the Cambrian through the Devonian periods.

The oldest bedrock units exposed at the surface in the northern portion of the study area are members
of the Upper Devonian Canadaway Formation (Figure 2.5). The Northeast Shale member is exposed at the
lake shore to the east of Elk Creek, and the Girard Shale member is exposed at the mouth of Elk Creek and

Figure 2.5. Bedrock geology of northwestern Pennsylvania in relation to Pennsylvania's Lake Erie
watershed, keyed to show only those bedrock units present in Pennsylvania<s Lake Erie watershed
(outlined in red).
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westward. Although the paucity of fossils within these strata has made their chronological interrelationships
enigmatic, the Northeast Shale member is shown as underlying (and older than) the Girard Shale member by
Berg et al. (1980) and Tomikel and Shepps (1967). More-recent work by Baird and Lash (1990) utilizing a
distinctive index fossil Foerstia, however, has refined our understanding of the chronological relationships
between these units. Foerstia (Protosalvinia) is the carbonaceous remnant of a fucoid algae which is thought
to mark a time line through these strata from known sections in New York State across Pennsylvania to the
equivalent Chagrin Shales of Ohio and on to other equivalent black shales in the Mississippi River valley.
It is now apparent that the Girard Shale member exposed in the walls of the Elk Creek valley in the western
portion of the study area is, at least in part, laterally equivalent to the Northeast Shale member in the eastern
portion of the study area.

Berg et al. (1980) indicate that a minimal thickness of the Northeast Shale member is exposed at the
shore and in the walls of the lowermost Elk Creek valley at the mouth of the stream. The Northeast Shale as
described at its type locality in eastern Erie County is comprised mainly of interbedded silty gray mudstone
and flaggy siltstone beds with a subsidiary component of dark gray and black shale beds. Shelly fossils are
rare to absent, but several types of trace fossils and sole markings are common. It is the highest unit of the
Canadaway Formation and is overlain by the overall coarser grained Chadakoin Formation sandstones and
shales in the eastern portion of Erie County.

The Girard Shale member, which, for example, is exposed for a thickness of up to 68.6 m (225 ft) in the
walls of the valley in the lower Elk Creek drainage, consists of alternating beds of gray shale and thin layers
of fine-grained sandstone. It is similarly devoid of shelly fossils and inclusive of trace fossils and sole
markings.

In Erie County, the Canadaway Formation is overlain by the coarser grained and more fossiliferous
Chadakoin Formation. In eastern Erie County and adjacent New York State, the fossiliferous Dexterville and
Ellicott Shale members comprise the Chadakoin Formation and overlie the Northeast Shale member of the
Canadaway Formation. In the western Elk Creek drainage, the Canadaway Formation—here largely
represented by the Girard Shale Member—is also overlain by the Chadakoin Formation but not by the
Dexterville and Ellicott members, which do not extend that far to the west. Above the Girard Shale member
in their stead are the Dexterville/Ellicott equivalents, which are comprised of an as yet unnamed succession
of three siltstones alternating with three shale units. Containing fossils including brachiopods, bryozoans, and
echinoderms as well as the Foerstia marker beds, these six units are equivalent to the Dexterville and Ellicott
members to the east. It is likely that one or more of the siltstone units corresponds to what had been called
the Chemung or Elk Creek Sandstones. These units and the underlying Girard Shale used to be included in
the former Conneaut Group.

Throughout Erie County, the southern headwaters of streams expose the next younger stratigraphic units,
the LeBoeuf Sandstone and Panama Conglomerate, both of which comprise the lowermost units of the
Venango Formation. The latter part of the Devonian exposed in the Lake Erie drainage basin can be seen as
a progressively coarsening sequence of sedimentary strata which typifies a prograding delta front. The Java,
West Falls, and Sonyea Groups consist of shale to alternating beds of siltstone and shale, passing upward into
the Canadaway Formation of siltstone and shale. The Canadaway Formation coarsens upward into the
Chadakoin Formation, which contains alternating shale and fine-grained sandstone, and finally into the even
coarser LeBoeuf Sandstone and Panama Conglomerate of the Venango Formation.

The latter part of the Devonian exposed in the Elk Creek drainage basin can be seen as a coarsening
upward sequence of sedimentary strata which typifies a prograding delta front. The Java, West Falls, and
Sonyea Groups consist of shale to alternating beds of siltstone and shale, passing upward into the Canadaway
Formation of siltstone and shale. The Canadaway Formation coarsens upward into the Chadakoin Formation
(which contains alternating shale and fine-grained sandstone) and finally into the even coarser LeBoeuf
Sandstone (and Panama conglomerate) of the Venango Formation. 

2.2.4  Quaternary Deposits
Direct evidence of the first three classic glacial advances/stages (Nebraskan, Kansan, and Illinoian) has

not been clearly documented in the study area proper, but deposits to the south and east suggest that Illinoian
ice and possibly Kansan ice must have crossed the region. Unfortunately, later ice advances during the
Wisconsinan stage have effectively moved, redeposited, and buried glacial drift from these earlier glaciations.
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Ice advances that moved over the Erie Basin and into the study area occurred at least five times during the
Wisconsinan stage. These advances, named from oldest to youngest, are the Titusville, Kent, Lavery, Hiram,
and Ashtabula advances (Schooler 1974; White et al. 1969).

The Titusville advance moved into the study area ca. 28,000 B.P., entirely covering it. The Titusville
advance is exposed at the surface along a 0–16.1 km (0–10 mi) wide belt extending from northwestern
Warren County to northwestern Beaver County. Peat deposits in the gravel beneath the Titusville Till are
radiocarbon-dated to 35,000–40,500 B.P., placing the unit within the middle Wisconsinan (Dreimanis and
Goldthwaite 1973; Thomas et al. 1987:5).

Upon retreat of the Titusville ice lobe, a well-developed soil formed under more humid continental
climatic conditions. By 22,000–20,000 B.P., however, a second ice advance—the Kent—moved into the
greater study area. Kent Till deposits form a northeast-southwest trending belt that extends through northern
Warren County, southeastern Erie County, much of Crawford and Mercer Counties, and almost all of
Lawrence County (White et al. 1969:32; Shepps et al. 1959). The Kent Till is relatively thin over most of its
extent, rarely exceeding ca. 3 m (9.9 ft) in thickness. By ca. 14,000 B.P., the Kent ice advance had ablated
and retreated northward into the Lake Erie basin. Presumably, at this time a large proglacial lake existed
adjacent to the ice sheet in the Lake Erie basin. 

Over the next 4,000 years, the study area witnessed three minor readvances of the ice front: the Lavery,
Hiram, and Ashtabula. During each of these three successive advances, the ice expanded out of the Lake Erie
basin to, or just slightly beyond, the Escarpment Slope. The Lavery Till forms a ca. 1.6–8.1 km (1–5 mi) wide
belt extending from New York State southwest across Erie County into northwestern Crawford County before
entering Ohio. A generally thin and discontinuous deposit of Lavery Till extends as much as 24 km (14.9 mi)
beyond this belt, reaching as far east as Corry, Pennsylvania, where it has been minimally dated to ca. 14,000
B.P. (Mickelson et al. 1983:23–24). The Hiram Till is a triangular-shaped surface till which encompasses
portions of northwestern Crawford and southwestern Erie Counties, extending from the Ohio border to just
south of the City of Erie, Pennsylvania, where it is overlapped by the Ashtabula Till (White et al. 1969:41).
The Ashtabula Till is exposed in a northeast-southwest trending, ca. 0.8–8.1 km (0.5–5 mi) wide belt across
northern Erie County from the western New York border to the eastern Ohio border (Thomas et al. 1987:7–8).
In the 3.2–6.4 km (2–4 mi) wide area between Lake Erie and the Ashtabula end moraines, the till has been
partially removed by erosion of the higher late glacial levels of Lake Erie and partially overlain by lacustrine
sands and gravels (White et al. 1969:42). 

In summary, it appears that there were at least eight advances and retreats of glacial ice into the study
area and northwestern Pennsylvania within the pre-Illinoian, Illinoian, and Wisconsinan stages of the
Pleistocene, each leaving behind a discrete till. Each succeeding advance did not encroach as far south as the
previous advance, although the Hiram ice did completely override part of the Lavery Till and the Ashtabula
ice moved across a portion of the Hiram Till. These successive advances and retreats of the Ontario–Erie lobe
of the Laurentide ice sheet had profound environmental, topographical, hydrological, and pedological
consequences for the region.

2.2.5  Development of the Study Area's Drainage System and Lake Erie
The Late Cenozoic (i.e., pre-Pleistocene) topography and drainage of the Appalachian Plateaus was

much different from that of today, with topographic relief being much lower and drainage flowing north and
northwest (Beynon and Donahue 1982; Ray 1965; Wagner et al. 1970) to basins that would later be occupied
by the Great Lakes. The bedrock geology exerted control over this early drainage system by virtue of
sedimentary strata that are variably resistant to weathering and erosion. It is thought that the location and
extent of the various sub-basins within the Great Lakes watershed were determined by the non-resistant nature
of the Upper Devonian strata, such as the Girard and Northeast Shales, and the gentle southerly dip of the
entire stratigraphic package (Thomas et al. 1987:2–4).

Pre-glacially, the present Ohio River did not exist but was instead a tributary of the
Monongahela-Beaver River system when two main river systems drained the western Appalachian Plateaus.
The Teays-Mahomet River flowed from the piedmont area of Virginia and West Virginia and then northwest
into Ohio, Indiana, and Illinois (Beynon and Donahue 1982). Final drainage was either through the pre-Great
Lakes basins via the Allegheny Rivers (middle and upper) or the Monongahela-Beaver River system. More
specifically, prior to glaciation, all the surface drainage in Erie County moved to the northern Atlantic Ocean
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via the Erigan River, a major river system that flowed east through the present-day Lake Erie and Lake
Ontario basins and the St. Lawrence Lowlands.

At this time, however, Lake Erie did not exist and the Allegheny-Ohio River system had not assumed
its present form. Instead, as Tomikel and Shepps (1967) note, northwestern Pennsylvania and northeastern
Ohio were drained by three discrete "Allegheny" systems (Figure 2.6) that flowed north through New York,
Pennsylvania, and northern Ohio, unlike the Allegheny system's present-day southward flow. The
northernmost of these systems is the only one of these systems that is thought to have traversed the study area,
specifically in the general vicinity of Elk and Conneaut Creeks. The catchment area of this ancient river was
much larger than that of those present-day creeks, and ca. 18,000 B.P. it probably extended well to
south—perhaps as far as northern Butler County, some 125 km (77.5 mi) south of present-day Lake Erie's
southern shore. The ancient stream corresponding to present-day French Creek drained southward into the
ancient "Middle" Allegheny River, which in turn flowed south (past present-day Oil City and Franklin) until
turning northwest in the vicinity of Meadville. From there it flowed to northwest into the Erie basin in the
vicinity of present-day northeastern Ohio. The deep valley that carried this stream has been partly or
completely obliterated by glacial filling [Tomikel and Shepps 1967:48–50].

As successive ice lobes crossed
northwestern Pennsylvania, the existing valleys
like those described above were either nearly or
completely filled with sediments, effectively
obliterating the pre-glacial drainage network. As
the ice lobes reached their maximum southern
extent and began to melt, large quantities of
water were produced, filling the valleys in front
of the ablating ice sheets and creating a major
south-draining river system. As the edge of the
ice receded, there formed in front of the ice a
lake whose water levels were controlled by the
elevation of outlets where available. The
recession of the glacial ice into the Erie Basin
formed a large lake, named ancestral Lake Erie,
that drained westward through an outlet down
the Wabash River. With the continuing eastward
and northward retreat of the ice, successive
lower outlets were created and the sudden
opening of new outlets caused ancestral Lake
Erie to rapidly fall to new levels. As a result, a
series of strand lines or beach ridges developed
around the margin of the lake, with the older
beach ridges occupying a higher topographic
position. The successively older lakes in the
Erie Basin that may have existed in Erie County
are listed in Table 2.2 from youngest to oldest,
with the approximate height of their surface
tread (Tomikel and Shepps 1967:50–51).

As noted by Calkin and Feenstra (1985)
and Thomas et al. (1987), the Lake Erie basin
has been occupied by a series of major
proglacial ice- or moraine-dammed lakes and
non-glacial lower-level lake phases since late
Wisconsinan times. These lakes and lake phases,
which formed as the Ontario-Erie ice lobe
retreated and subsequently moved in response to

Figure 2.6. Schematic configuration of the three discrete
"Allegheny" systems that flowed north through New York,
Pennsylvania, Northwestern West Virginia, and
northeastern Ohio: (1) upper, (2) middle, and (3) lower
(adapted from Tomikel and Shepps 1976:Figure 34). 
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Table 2.2. Ancient Lakes in the Lake Erie Basin and the Approximate Height of Their Surface Tread, from
Oldest to Youngest

Lake Phase Surface Elevationa Associated 14C Dates

Maumee Maumee I 243. 8 m (800 ft) 14,500 ±150 B.P. (minimum)

Maumee II 237.7 m (780 ft) –

Maumee III 231.6 m (760 ft) 13,700 ± 220 B.P.

Arkona Highest 216.4 m (710 ft) ,

*

/

*

-

13,600 ± 500 B.P.Middle 213.3 m (700 ft)

Lowest 211.8 m (695 ft)

Ypsilanti – 206.3–91.4 m (677–300 ft) 13,600 ± 440 – 12,600 ± 440 B.P.

Whittlesey – 225.5 m (740 ft) ca. 13,000 B.P. (mean, maximum)

Warren Warren I 208.8 m (685 ft) ,

*

/

*

-

13,050–12,000 B.P.Warren II 205.8 m (675 ft)

Warren III 204.2 m (670 ft)

Grassmere – 195.1 m (640 ft) –

Lundy – 189 m (620 ft) –

Early Lake Erie – 173.7 m (570 ft) 12,650 ± 170 – 12,080 ± 300 B.P.

Source: Thomas et al. (1987:9–15), abstracted from Calkin and Feenstra (1985).
Note: a, Elevations listed relative to present-day elevations above mean sea level (msl).

the glacier's re-advancements (Thomas et al. 1987:8–9), have been named (from oldest to youngest [see table
1.1]): Lakes Maumee I (earliest), II, and III; Lake Arkona; Lake Ypsilantli; Lake Whittlesey; Lakes Warren
I, II, and III; Early Lake Erie; and present-day Lake Erie (latest). Only the most recent of these lakes—Lake
Whittlesey and Lakes Warren I, II and III—are discussed below.

Lake Whittlesey was formed during a re-advance of the Ontario-Erie Lobe from the Ontario basin across
the Niagara Escarpment and into the northeasternmost part of the Lake Erie basin. This re-established the
basin's westward drainage through a spillway at Ubley, Michigan, to Lake Saginaw, which in turn drained
through the Grand River valley to Lake Chicago in the Lake Michigan basin. The farthest extent of the
readvance of the ice into the Erie basin is marked by the Hamburg Moraine near Buffalo, New York, where
proglacial Lake Whittlesey stabilized against at the elevation of 225 m (740 ft ) above msl. Lake Whittlesey's
deposits have been radiocarbon dated to as early as 13,000 B.P.

The earliest of the Lake Warren stages formed as high discharges into lake Saginaw and Lake Whittlesey
produced downcutting of the western drainage channel, resulting in the lowering of Lake Whittlesey (225 m
[740 ft] above msl) to the highest Lake Warren level (210 m [685 ft] [208.8 m] above msl). Due either to
continued downcutting or the eastward retreat of the ice margin, Warren I formed at 210 m (685 ft) above
msl, Warren II at 205 m (675 ft) above msl, and Warren III at 204 m (670 ft) above msl. These Lake Warren
phases were the last and most extensive of the major glacial lakes to occupy the Lake Erie basin, with
radiocarbon dates ranging from 13,050 B.P. (on wood underlying Warren I deposits) to 12,000 B.P. (on
organic material believed to be post-Warren [Thomas et al. 1987:12–14]). Evidence for the existence of Lakes
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Warren and Whittlesey can be found throughout the study area in the form of clearly defined beach ridges,
terraces, and scarps.

3  CULTURE-HISTORICAL CONTEXT AND RESOURCES

3.1  Prehistoric Overview
The prehistoric culture history of northeastern North America is conventionally divided into three broad,

sequent, and overlapping cultural/chronological episodes known as the Paleoindian, Archaic, and Woodland
periods. The following discussion briefly reviews the culture history of these three major prehistoric periods
in  northwestern Pennsylvania and Pennsylvania<s Lake Erie watershed as well as, by anthropological
necessity, contiguous regions in the greater Northeast. 

3.1.1  Paleoindian Period
For the purposes of this report, the term "Paleoindian" refers to the earliest human populations in the

New World prior to the final retreat of the late Wisconsinan glaciation. Despite hundreds of years of
intellectual inquiry (Sabloff 1993:6) and at least 70 years of intensive archaeological research, many aspects
of the initial peopling of the New World, generally, and Pennsylvania, specifically, remain unresolved and
controversial (Carr et al. 1996:1). The preponderant view throughout the greater duration of this inquiry has
held that no unequivocal evidence for the population of the New World exists before the Clovis horizon
(Haynes 1991:446), dated to ca. 11,200–10,900 B.P. (9250–8950 B.C.), and that initial peopling could not
possibly have occurred prior to ca. 12,000 B.P. (10,050 B.C.) (e.g., Haynes 1966; Martin 1973; Willey 1966).

In recent years, and especially since the publication of the two-volume Monte Verde, Chile site report
(Dillehay 1989, 1997) and the discovery of such deeply stratified North American open sites as Cactus Hill,
Virginia (McAvoy and McAvoy 1997), and Topper, South Carolina (Goodyear 2001; 1999), the existence
of a pre-Clovis occupation of the New World has been more widely recognized (Anderson and Faught 1998;
Meltzer 1997). Although no demonstrably pre-Clovis age sites are recorded in the vicinity of the study area
in northwestern Pennsylvania, Meadowcroft Rockshelter (36WH297), located 47 km (29.2 mi) southwest of
Pittsburgh, Pennsylvania, provides compelling evidence for such an early occupation of the Commonwealth.
This sandstone rockshelter, situated on the north bank of Cross Creek, a tributary of the Ohio River,
demonstrates well-defined stratigraphy, artifacts of indisputable human manufacture, and clear stratigraphic
associations between its 52 radiocarbon dates and numerous artifacts and ecofacts. The most recent reviews
by the site's principal investigator and collaborators (Adovasio et al. 1995:9; Carr and Adovasio 1996; Carr
et al. 1996) note that even when conservatively interpreted, the radiocarbon data indicate that the earliest
definitive human presence at Meadowcroft falls between ca. 13,955 B.P. and 14,555 B.P. (12,005 B.C. and
12,605 B.C.).

The flaked stone artifact inventory of the earliest inhabitants of Meadowcroft Rockshelter contains small,
prismatic blades that were detached from small prepared cores (Boldurian 1985; Boldurian and Adovasio
1986). The debitage sample reflects secondary and tertiary core reduction and biface thinning from late-stage
manufacture and the refurbishing of finished implements. A small, unfluted, lanceolate biface called the
Miller Lanceolate projectile point was recovered in situ and bracketed by radiocarbon assays of 12,800 ± 870
B.P. and 11,300 ± 700 B.P. (10,850 and 9350 B.C.) (Adovasio 1989:10). Together with the prismatic blades,
the Miller type specimen reflects an early and sophisticated knowledge of flaked stone tool manufacture. Raw
materials from a fairly far-flung series of quarries were utilized by the earliest inhabitants of Meadowcroft,
and include Flint Ridge in Ohio, several Kanawha chert sources in West Virginia, Pennsylvania jasper
quarries well to the east of the site, and the local Monongahela chert outcrops in the Cross Creek drainage
(Adovasio 1993:209). The lithic data from Meadowcroft Rockshelter suggest that the first known inhabitants
of Pennsylvania employed an essentially curated, technologically standardized and sophisticated, small,
polyhedral-core- and blade-based lithic industry (Adovasio 1993:209). Identifiable faunal and floral remains
from the earliest occupation levels at the rockshelter are few, but suggest the exploitation of white-tailed deer
(Odocoileus virginianus), hickory (Carya spp.), walnut (Juglans spp.), and hackberry (Celtis spp.) (Adovasio
1993:213).
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These first inhabitants of the Commonwealth entered a complex mosaic of environments in a state of
flux. At the late Pleistocene maximum, glaciers had extended in a V-shaped pattern from the Delaware Water
Gap northwest to 15 km (9.3 mi) north of Williamsport and southwest to 8 km (5 mi) south of New Castle.
Directly in front of the glaciers in Pennsylvania was a belt of tundra less than 100 km (62.2 mi) wide (Guilday
1984:255). Retreat of the ice sheet began around 16,500 B.P. (14,550 B.C.), but mainly involved marginal
thinning until 14,000 B.P. (12,050 B.C.) (Sirkin 1977:212). From 14,000 B.P. to 12,600 B.P. (12,050 to
10,650 B. C.), the ice front receded ca. 100 km (62.2 mi) into New York and Canada, with the tundra
following the melting ice northward. During this time, instability caused by frost-heaving and other climatic
factors contributed to both a mosaic pattern of flora and fauna and the slow migration or return of deciduous
species into formerly glaciated northern areas of the Commonwealth (Delcourt and Delcourt 1986:32). In
addition, colluviation continuously disrupted vegetational succession, thereby promoting pioneer species such
as grasses and conifers, and, subsequently, retarding the growth of mast-producing deciduous forests.
Although colluvial processes may not have been the only factor, they undoubtedly contributed to the
dominance of open environments and/or coniferous vegetation throughout much of Pennsylvania during
Paleoindian times. Although the longevity of this parkland in Pennsylvania is debatable (Custer 1986), it
probably existed discontinuously across New England and the Great Lakes region until ca. 10,500 B.P. (8,550
B.C.), when it was replaced by a boreal forest.

During the late Pleistocene, Pennsylvania's food resources were probably most plentiful in low-elevation
floodplain settings on the unglaciated portion of the Appalachian Plateaus physiographic province and within
the diverse ecotones of the Ridge and Valley physiographic province (Carr and Adovasio 1996:3). These
environments were inhabited by Pleistocene megafauna such as mammoth, mastodon, horse, camel, sloth,
and bison, at least until 12,000 B.P. (10,050 B.C.). By the end of this episode, however, these animals had
become extinct and were replaced by modern fauna of a decidedly northern cast such as elk, moose, and
caribou. 

Northwestern Pennsylvania, including the study area, and adjacent northeastern Ohio were probably
suitable for initial human colonization ca. 13,500–11,500 B.P., by which time the Wisconsin glacial front had
receded from the region (Seeman and Prufer 1982). With glacial retreat, vegetation in the region changed
successively from tundra to spruce parkland and forest, to deciduous woodland and forest, to a pine and
spruce forest mix, and finally to oak-dominated deciduous forest (Shane et al. 2001:28).

As noted above, until recently, the Paleoindian "Clovis horizon" has generally been recognized as the
earliest highly visible, widespread, and undisputed archaeological culture in North America. Originally
defined in the 1930s as a phenomenon of the western High Plains and the desert Southwest, by the 1950s
Clovis was accepted as a truly continental horizon, with Clovis-like fluted points recovered from the Pacific
Northwest to the Atlantic seaboard. Clovis was broadly characterized as comprised of highly mobile
populations of specialized big-game hunters (e.g., Haynes 1966; Martin 1973; Mason 1962; West 1983). This
interpretation emerged from the excavation and analysis of the first well-documented western Clovis sites,
which consisted almost entirely of communal kill sites of large extinct mammals (Frison 1978; Wormington
1957). The big-game hunting model was extended to other areas of North America mainly on the basis of
alleged typological affinities between fluted points. The argument was that because Clovis points (and their
associated tool kits) were so similar across the continent and apparently so close in age, they must have been
the product of closely related groups doing essentially the same things. Since western Clovis groups seemed
to rely on big game, and since similar big game was available in eastern North America, it was inconceivable
that eastern Clovis groups would not have also relied upon this prey. The apparent contemporaneity of
Clovis-like points was also assumed to imply highly mobile, rapidly spreading Paleoindian populations.

As Adovasio and Pedler (1997:573) note, the argument for Clovis representing an initial continent-wide
colonizing wave in the New World owes much to Martin's (1973) so-called "overkill" or "blitzkrieg" model,
which timed the arrival of human populations at 11,500 B.P. (9,550 B.C.) and their spread throughout the
entire hemisphere—the landscape presumably strewn with the human-predated carcasses of late Pleistocene
megafauna—within 1,000 years. This traditional monolithic interpretation of Clovis has been called into
question by recent research concerning Paleoindian migration and colonization processes, a more-refined
understanding of late Pleistocene environments, new views on hunter-gatherer adaptations in light of this



18

revised paleoenvironmental picture, and the development of more sophisticated theoretical frameworks to
interpret Paleoindian assemblages (e.g., Curran 1984, 1986; Meltzer 1984, 1988).

Whitley and Dorn (1993), for example, have convincingly demonstrated that the population increase and
occupational-spread rates employed by Haynes (1966) and Martin (1973) range from "entirely inappropriate"
to "pushing the limits of plausibility" when compared to those rates in ethnographically observed hunter-
gatherer populations (Whitley and Dorn 1993:638–629). Interestingly, when Haynes's (1966) occupational-
spread rate of 6.4 km/year (3.97 mi/yr) is considered in light of 17 accepted South American Paleoindian
localities, a first migration into the southwestern United States is necessitated some 2,058 years before the
accepted dates for Clovis (Whitley and Dorn 1993:633).

In respect to the sharpening focus on paleoenvironmental factors influencing Paleoindian populations,
syntheses by Meltzer (1988, 1993:301–302) and, more recently, Custer (1996:97–100), have noted that
eastern North America and the Commonwealth of Pennsylvania specifically were characterized by
successions of both periglacial tundra or open spruce parkland and extensive, complex boreal deciduous
forest, and that this mosaic of environmental conditions played a role in far more diverse Paleoindian
adaptations than had been previously thought. Meltzer, in fact, believes "it is most unlikely that [eastern North
American] Clovis groups were all specialized big game hunters or even that all Clovis groups utilized the
same adaptive strategy," and instead suspects that these groups were probably generalized foragers (Meltzer
1993:303).

Indeed, despite the fact that the vast majority of the fluted points documented to date come from east
of the Mississippi River (Anderson and Faught 1998:170), direct associations between eastern Paleoindian
points and extinct large herbivores are extremely rare. In a recent review of all known North American sites
claimed to provide evidence for the association of Clovis-age archaeological material with the remains of
now-extinct Pleistocene mammals, only 14 were found to have convincing evidence of such Clovis-age
predation with only three of these associations from eastern North America (Grayson and Meltzer 2002:2).

Recent research in eastern North America also indicates that the seemingly uniform Clovis stylistic
horizon is more apparent than real (Stothers 1996:177), with the term Clovis often applied widely and loosely
to encompass considerable morphological variability (Anderson and Faught 1998:171). Regionally distinct
fluted biface variations within the generalized Clovis horizon and regionally specific fluted biface type names
have replaced the generalized "Clovis" taxon in areas such as the lower Great Lakes and New England
(Stothers 1996:177). In the lower Great Lakes region, a series of distinctive and time-sequential fluted biface
types has been defined, and comprise one of the best-documented Paleoindian point sequences in eastern
North America (Anderson and Fraught 1998:172). From earliest to most recent this sequence consists of
Gainey, Barnes, and Crowfield types, respectively (Deller and Ellis 1984, 1988:255, 1992; Shott 1986, 1993;
Storck 1983, 1991:154). Recently, these type names have been extended to phase designations with the
Gainey phase (ca. 12,000–10,600 B.P. [10,050–8650 B.C.]) applied to assemblages characterized by Gainey
fluted bifaces; the Parkhill phase (ca. 10,600–10,400 B.P. [8650–8450 B.C.]) applied to assemblages
characterized by Barnes fluted bifaces; and the Crowfield phase (ca. 10,400–10,300 B.P. [8450–8350 B.C.])
applied to assemblages characterized by Crowfield fluted bifaces (Stothers 1996:178–179). These three early
Paleoindian fluted biface types/phases are succeeded in the lower Great Lakes by two late Paleoindian non-
fluted biface types/phases called Holcombe (ca. 10,300–10,000 B.P. [8350–8050 B.C.]) and Hi-Lo (ca.
10,000–9600 B.P. [8050–7650 B.C.]), respectively (Stothers 1996:179).

In a 1996 study, Carr and Adovasio found that the Pennsylvania Archaeological Site Survey (PASS)
files listed 226 sites that contain one or more fluted points or radiometrically dated Paleoindian materials
(Carr and Adovasio 1996:8). Of these sites, 132 are located on the Appalachian Plateaus physiographic
province, 66 are in the Ridge and Valley physiographic province, and 28 are located on the Piedmont
physiographic province. No sites have been recorded for the Eastern Lake section (Carr et al. 1996:8–9). Sites
on the Appalachian Plateaus are at slightly lower densities than the eastern part of the state and densities are
lower in its glaciated portions than they are in its unglaciated portions (Carr et al. 1996:8).

Despite the relatively high density of fluted points within the Commonwealth, synthetic treatments of
the Paleoindian period are few. Much of the Paleoindian research in Pennsylvania, when not site-specific,
has taken the form of site distribution studies such as those by Mayer-Oakes (1955) in the upper Ohio River
drainage, Kinsey (1956, 1958, 1959) in the Susquehanna drainage, and Mason (1956, 1957, 1959) in the
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Delaware drainage. Additional treatments include Lantz's (1984) summary of fluted point sites from the
Appalachian Plateaus and Burkett's (1981) identification of a number of Paleoindian sites and megafauna
remains from Crawford County in the Glaciated Pittsburgh Plateau section of the Appalachian Plateaus
physiographic province. More recently, Carr et al. (1996) summarize the current understanding of
Pennsylvania's terminal Pleistocene/early Holocene environment and contrast fluted point site locations and
patterns of Paleoindian lithic utilization for the Appalachian Plateaus, Ridge and Valley, and Piedmont
physiographic provinces.

Within the Glaciated Pittsburgh Plateau section of the Appalachian Plateaus physiographic province of
northwestern Pennsylvania, Paleoindian sites are most frequently associated with glacial features such as
Pleistocene lakes, strandlines, swamps, outwash plains, moraines, and kame terraces (Lantz 1984:215), a
pattern witnessed throughout the Great Lakes region, generally (Ellis and Deller 1990:50; Storck 1984).
Explanations offered for this distribution include the mutual attraction of both Paleoindians and their prey
to well-watered settings (Lantz 1984:216), proximity to mast-producing environments (Carr et al. 1996:17),
and proximity to ecotones (Ellis and Deller 1990:51).

The vast majority (99.5%) of recorded Paleoindian sites within the entire Appalachian Plateaus
physiographic province consists of single or isolated fluted point finds (Carr et al. 1996:9). Although the use
of high-quality lithic material has long been recognized as a hallmark of the Paleoindian period, artifacts from
this period in the Appalachian Plateaus are predominantly manufactured from either Ohio or New York chert
as well as chert of unknown, although presumably local, origin (Carr et al. 1996:16). The predominance of
these lithic sources suggests a serial settlement pattern for Paleoindian populations in northwestern
Pennsylvania that involves the Onondaga quarries of western New York and the Coshocton quarries of
eastern Ohio at either end of a seasonal round with the use of local materials in between (Carr et al. 1996:16;
Gramly 1988; Lantz 1984).

Across the state line in northern Ohio, the density and distribution of Paleoindian sites seem similar to
that identified in Pennsylvania, for although large numbers of fluted points have been documented, most
Paleoindian sites consist of isolated fluted point finds or relatively small lithic scatters with few substantial
subsurface deposits of Paleoindian materials (Brose 1994:61). Exceptions in northeastern Ohio include the
Paleo Crossing (33ME274) and Nobles Pond (33ST357) sites. The Paleo Crossing site is located in Medina
County and occupies ca. 1 ha (2.5 acres) on a southern break below a glacial kame immediately west of a
series of glacial kettles. In addition to Gainey projectile points, bifacial and unifacial tools and lithic debitage,
possible pit features and post molds were identified below the plow zone in a sealed context (Brose 1994:61).
Interpretation of a series of radiocarbon assays suggests to the excavators of Paleo Crossing a most likely date
of occupation of ca. 10,980 ± 75 B.P. (Brose 1994:65). The Nobles Pond site is located in west central Stark
County on a late Pleistocene kame moraine in an area of numerous swamps, lakes, and fens. The site covers
ca. 8 ha (19.8 acres) with at least 11 concentrations of Paleoindian materials, 6 of which are arranged in a
semi-circle and may have been contemporaneous (Seeman et al. 1994:79). Nobles Pond has yielded over
3,000 highly curated flaked stone tools including Gainey projectile points (Seeman et al. 1994:79).

3.1.2  Archaic Period
Ever since Ritchie (1932) first utilized it in reference to the Lamoka phase, the term "Archaic" has

proven a slippery and problematic concept for eastern North American archaeologists (Prufer and Pedde
2001:1; Raber et al. 1998:121). "Archaic" has variously, and often uncritically, been used to describe a
cultural adaptation characterized by hunting, fishing, and the collecting of wild plants; a trait list of artifacts
and features presumed to be associated with such an adaptation; and/or a chronological period with beginning
and end dates and internal subdivisions generally established by changes in artifact types and styles (Prufer
and Pedde 2001:2; Raber et al. 1998:121).

According to the most recent synthetic treatment of the Archaic period in Pennsylvania (Raber et al.
1998:121–122), most archaeologists would agree that: (1) the beginning of the Archaic period is roughly
coincident with the end of the Pleistocene and the gradual replacement of Pleistocene flora and fauna with
Holocene biota, (2) the end of the Archaic period is less clearly defined, but may be related to the
development of an essentially modern climate, (3) the Archaic period adaptation is based upon a temperate
forest hunting-fishing-gathering/collecting economy, and (4) Archaic period artifact assemblages include
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characteristic ground stone tools, stemmed and notched projectile points, and net sinkers, among other artifact
forms, which reflect these environmental and cultural changes.

The traditional chronology for the Archaic divides the period into sequent Early, Middle, Late, and
Terminal/Transitional subperiods. The internal divisions of the period have primarily been based upon
changes in diagnostic artifacts, particularly projectile points, despite fundamental ambiguities concerning the
nature, rate, and meaning of stylistic change (Raber et al.1998:122), and recent research has dramatically
reduced the number of clearly defined, unambiguous Archaic time markers. While cognizant of the problems
in the traditional Archaic chronology as voiced by Gardner (1974, 1989), Carr (1998), and Raber et al. (1998),
among others, this framework is nonetheless retained for lack of a better one.

With the final retreat of the late Wisconsinan glaciers, the climate of northwestern Pennsylvania and
northeastern Ohio began to ameliorate, and warmer, dryer conditions supported a more temperate mixed
deciduous-coniferous forest by Early Archaic times (Johnson et al. 1979:34; Shane et al. 2001:30). Such a
forest environment appears to have supported an essentially modern, temperate fauna by no later than ca.
7300 B.C. (9250 B.P.) (Guilday 1967). These environmental changes presumably would have provided a
broader subsistence base for human populations and may account for the apparent population increase in
northwestern Pennsylvania and northeastern Ohio at this time, as suggested by the greater numbers of Early
Archaic points and known sites over the preceding Paleoindian period (Johnson and Siemon 1991:10;
Johnson et al. 1979:59; Prufer 2001:185).

Early Archaic cultural patterns are generally viewed as elaborations of earlier Paleoindian ones, without
significant discontinuities in subsistence practices or settlement patterns (Gardner 1989; Stewart and Kratzer
1989:25), with a broad spectrum economy gradually adopted throughout the mosaic of biotic and ecological
zones of the lower Great Lakes region and the Northeast in general at this time (Stothers, Schneider, and Pape
2001:211). Exceptions to the considerable continuity between Paleoindian and Early Archaic adaptations
include the introduction of large corner-notched projectile points with ground bases and serrations, a greater
reliance on locally available lithic resources (Turnbaugh 1977:98), and, perhaps, an increasing investment
in feature construction, including structures, as for example at the Goddard site (36ME105) in northern
Mercer County, Pennsylvania (Koetje 1998). In northeastern Ohio, Stothers, Abel, and Schneider (2001:241)
note a discontinuity in lithic preferences between the Late Paleoindian and Early Archaic, and suggest an
Early Archaic population radiation from southern to northern Ohio is the most parsimonious explanation for
the dominance of nonlocal, southern-derived lithic resources at this time in northern Ohio sites. In this
scenario, Late Paleoindian populations were probably absorbed into these new Archaic populations through
assimilation and/or simply moved north, following the migrating ecological zones to which they were adapted
(Stothers, Abel, and Schneider 2001:241).

The earliest acceptable dates for notched points of the Early Archaic include 9900 B.P. (7950 B.C.) for
the Charleston Corner Notched occupation at the St. Albans site in the Appalachian Plateaus of West Virginia
(Broyles 1971) and 9800 B.P. (7850 B.C.) for the Kirk level at the Thunderbird site in Virginia (Gardner
1989). Other reported dates include 9270 B.P. (7320 B.C.) for the Kirk component at Rose Island along the
Little Tennessee River (Chapman 1975); 9250 B.P. (7300 B.C.) for a Kirk level at the Fifty site, Virginia
(Carr 1975); and 8900 B.P. (6950 B.C.) for the end of the notched point phase in West Virginia (Broyles
1971). In northwestern Pennsylvania, recorded Early Archaic points include Kirk, Palmer, Dalton/Hardaway,
and St. Charles varieties (Johnson et al. 1979:34; Lantz 1982:37).

The Middle Archaic (ca. 8900–5500 B.P. [6950–3550 B.C.]) of northwestern Pennsylvania, northeastern
Ohio and the Northeast generally, has been somewhat of an enigma (Carr 1998:77; Stothers and Abel, 1993,
1991), with widely varying interpretations among researchers regarding the definition, chronology, and
significance of the period. Gardner recognizes the Middle Archaic as the first adaptation to an essentially
modern Holocene biota, and is marked by the appearance of bifurcate points (Gardner 1989). Stewart and
Cavallo (1991) view the Middle Archaic as essentially a continuation of Early Archaic trends but with the
addition of bifurcate base and Stanly/Neville projectile points. In the upper Ohio Valley, Cowin (1991:45)
assigns bifurcate points to the Early Archaic, with Stanly Stemmed, Big Sandy II, Otter Creek, and Brewerton
Side-Notched points accepted as Middle Archaic time markers. Carr (1998) equates the beginning of the
Middle Archaic in Pennsylvania with the appearance of bifurcate projectile points, supporting Gardner's
(1989) model of the Middle Archaic as an adaptation to the emerging deciduous forest. Carr envisions the
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Middle Archaic as a time-transgressive phenomenon tied to the spread of this biome, with bifurcate-based
points representing the first Middle Archaic phase in Pennsylvania and the Middle Atlantic, generally, but
with the Neville phase coinciding with the somewhat later emergence of the deciduous forest in New England
(Carr 1998:87; Richardson and Peterson 1992:5).

In the western Lake Erie Basin of Ohio, Stothers, Abel, and Schneider (2001:235) assign bifurcate points
to the Early Archaic, equate the arrival of the Middle Archaic with the appearance of Weak-Stemmed and
Side-Notched Point Horizons, and view the Brewerton Horizon as a transitional Middle to Late Archaic
manifestation. The Middle Archaic of Ohio generally is also characterized by an elaboration and
diversification of pecked and ground stone artifacts, including grooved axes, adzes, celts, gouges, plummets,
netsinkers, mortars, pestles and bannerstones, and by the emergence of a bone tool industry, with socketed
barbed harpoon tips, awls, and fish hooks (Stothers, Abel, and Schneider 2001:238–239).

Bifurcate points are dated to as early as ca. 8900 B.P. (6950 B.C.) at the Fifty site (Carr 1992) and 8800
B.P. (6850 B.C.) at the St. Albans site (Broyles 1971). Two radiocarbon dates of ca. 9400 B.P. (7450 B.C.)
have recently been obtained from a bifurcate horizon at the Sandts Eddy site in eastern Pennsylvania, and if
valid, would push back the initial date for the appearance of such points in the Northeast (Bergman et al.
1998:72). Bifurcate forms persist until ca. 8000 B.P. (6050 B.C.) in eastern North America (Carr 1998:79)
and are succeeded by later Middle Archaic stemmed, notched, and even triangular forms such as Neville,
Stanly, Stark, Morrow Mountain, Otter Creek, and Hunterbrook (Carr 1998:88). These later Middle Archaic
phases are very poorly understood, in part because of difficulties in even distinguishing them in the
archaeological record.

Along with these changes in technology, the beginning of the Middle Archaic in both Pennsylvania and
Ohio is marked by significant increases in population, decreased residential mobility, and a shift in lithic use
patterns involving a greater variety of lithic types often of lesser quality and cobble origin, perhaps coupled
with a decline in tool curation (Carr 1998:88; Stothers, Schneider, and Pape, 2001:212). Although still poorly
understood, sites such as West Water Street in Clinton County, Pennsylvania (Custer et al. 1994) suggest that
early Middle Archaic settlement patterns included the repeated occupation of base camps by individual
families (Custer et al. 1994:211).

The Late Archaic (ca. 5950–3650 B.P. [4000–1700 B.C.]) is often viewed as a period characterized by
increased sedentism, the development of intensified subsistence systems with a frequent focus on riverine and
estuarine settings, increased reliance on food storage, and the attainment of hitherto unprecedented population
sizes over much of the Northeast (Custer 1984, 1988; Funk 1978:27). These adjustments in subsistence
strategies and socio-political organization are generally interpreted as responses to changing environmental
conditions (Raber et al. 1998:127). In northwestern Pennsylvania, this apparent cultural elaboration may
correlate with the spread of oak-hickory forest, with a concomitant increase in the availability of harvestable
nuts and white-tailed deer (Odocoileus virginianus) (Johnson et al. 1979:62). 

Late Archaic sites tend to be larger and richer in cultural remains, with evidence for seasonal hunting
and gathering strategies in areas of maximum resource potential. Sites from this period typically include
seasonal base camps as well as a variety of special-purpose loci used for hunting, fishing, gathering, food
processing, or raw material acquisition (Adovasio et al. 1996:24). As Raber et al. (1998:127) suggest,
mounting evidence for base camps and special-purpose camps in the Late Archaic may reflect a shift from
a foraging pattern involving movements between resource locales to a collecting or logistical pattern
involving more lengthy occupation of base camps with task group forays to obtain more distant, localized
resources. Stothers and Abel (1993) have suggested a coalescence/dispersion settlement model for Late
Archaic populations in the Lake Erie basin. In this model, Late Archaic settlement is characterized by the
aggregation of local populations into large settlements in the spring and summer in lowland, lakeside, and
riverine environments with abundant lacustrine or riparian resources, and dispersal into smaller groups or
family units in the fall and winter in order to exploit more limited upland resources.

In northwestern Pennsylvania and northeastern Ohio, diagnostic projectile point types dating to the Late
Archaic include those of the Laurentian tradition, such as points of the Brewerton and Narrow-Stemmed Point
Horizons (Stothers, Abel, and Schneider 2001:238; Johnson et al. 1979:63–64). In the Great Lakes generally,
the Narrow-Stemmed Point Horizon is represented by Lamoka and Lamoka-like projectile points such as
Bottleneck, Dustin, and Durst (Stothers, Abel, and Schneider 2001:238). Points ascribable to the Brewerton
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phase represent the most common Late Archaic point series in the eastern Great Lakes region, comprising,
for example, ca. 25% of the diagnostic projectile points recovered during the 1978 survey of Erie and
Crawford Counties, Pennsylvania, by the Carnegie Museum of Natural History (Johnson et al. 1979:63). In
the upper Allegheny River drainage, sites with Brewerton points are numerous in all topographic settings,
although they are especially common vis-à-vis other types in upland settings (Johnson et al. 1979:63)—as,
for example, in rockshelters within the Allegheny National Forest (Lantz 1982:40).

The Terminal Archaic (ca. 3650–2950 B.P. [1700–1000 B.C.]) in the Northeast is sometimes delineated
as a separate Transitional phase characterized principally by a series of stemmed projectile points (e.g.,
Koens-Crispin, Lehigh Broad, Perkiomen Broadspear, Susquehanna Broad, Forest Notched, Ashtabula, and
Dry Brook types) noted by Johnson (1990) to be included within an entity variously referred to as the
Susquehanna Soapstone culture (Witthoft 1953), Susquehanna culture/tradition (Ritchie 1965), or
Susquehanna phase of the Broadspear tradition (Kinsey 1972). Diagnostic lithic types such as the
Susquehanna Broad point (Witthoft 1953) often occur in association with steatite (i.e., soapstone) vessels.

Although Koens-Crispin and Perkiomen points occur at Terminal Archaic sites in northwestern
Pennsylvania, Susquehanna Broad and Forest Notched points are often the most common point types for this
period in the drainages of this area. Especially common on the Eastern Lake section of northeastern Ohio and
northwestern Pennsylvania are Ashtabula points (Johnson et al. 1979:69). As witnessed throughout the
Middle Atlantic region, generally (Custer 1984; Geasey and Ballweber 1991; Stewart 1984a, 1984b, 1987,
1989), these Terminal Archaic points are frequently manufactured from nonlocal materials, including
rhyollite (probably from Adams County, Pennsylvania), jasper, and argillite. The presence of such exotic
materials at Transitional Archaic sites is usually interpreted as evidence of interregional exchange linked to
higher population density, more circumscribed territories, and greater social complexity at this time (Raber
et al. 1998:130). George (1991:85; 1998:27), however, argues that the appearance of broad points
manufactured from nonlocal materials may indicate an actual population movement into western
Pennsylvania from the lower Susquehanna River drainage. 

3.1.3  Woodland Period
The Early Woodland period (ca. 1000 B.C.–A.D. 1) encompasses a time of significant cultural change

over much of the Northeast and Midwest, with the development of horticulture, semi-permanent and
permanent villages, often elaborate mortuary ceremonialism including the construction of mounds, ossuaries
and formal cemeteries, and more complex and far-reaching trade and exchange systems. By the Early
Woodland, the gradual, intensified procurement of local flora that had begun in the Archaic resulted in the
domestication of most of the members of the suite of plants often referred to as the Eastern Agricultural
Complex—that is, squash, marshelder, goosefoot, sunflower, erect knotweed, maygrass, and little barley
(Dancey 2005:112). This process seems to have begun in the Midwest and Midsouth, in areas drained by the
Mississippi, Missouri, Ohio, and Tennessee Rivers (Gremillion 2002). In the Ohio Valley specifically, a
pattern of intensified gathering of plant species leading to their management and eventual domestication in
the context of gardens has been documented (Wymer and Abrams 2003:175). Although relatively few open
habitation sites in the middle and upper Ohio Valley dating to the Early Woodland have provided
paleoethnobotanical data, it seems that in this region native cultigens played only a minor role in subsistence
strategies, augmenting a largely foraging system until Middle Woodland times (Wymer and Abrams
2003:189).

The major technological advance during the Early Woodland was the development of ceramic vessels
for cooking and storage. Although isolated finds of Marcey Creek Plain pottery dating to the Terminal
Archaic are reported for Pennsylvania, and the oldest pottery recovered from Meadowcroft Rockshelter, Half
Moon Cord-marked, dates to ca. 1115 B.C. (Johnson 1982:154), this technology appears to become
widespread in the Commonwealth only after ca. 1000 B.C. These early ceramic vessels are quite similar in
design to the generally earlier steatite vessels, with straight sides, flat bottoms, and lug handles, and both may
have functioned primarily in ritual contexts as containers for stone boiling and food serving (Kent 1980:28;
Klein 1997:143–144). The earliest ceramic wares in adjacent northeastern Ohio include Leimbach Thick,
Leimbach Cordmarked, and Ohio Plain (Mustain et al. 2000:12). 

The Early Woodland of the Middle and Upper Ohio Valley, including southern Ohio, northern
Kentucky, southeastern Indiana, western West Virginia, and southwestern Pennsylvania, is generally
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associated with Adena societies, well known for their mortuary ceremonialism, especially the construction
of conical, accretional burial mounds (Milner 2004:54; Greber 1990). Adena mounds are often associated
with wooden buildings and enclosures which probably functioned in mortuary ceremonies, and the mounds
themselves may contain log-lined tombs, primary and secondary interments, and cremation burials. Ornate
artifacts sometimes associated with burials include stone platform pipes, carved stone tablets, copper bracelets
and breastplates, cut mica, and marine shell beads (Milner 2004:61).

The influence of Adena on northwestern Pennsylvania and northeastern Ohio seems to have been
minimal, however, with Adena-related phenomenon generally marked by variations of the Ohio Valley Adena
stemmed projectile point. These parallel-sided, flat, and excurvate base points span the temporal evolution
from Cresap to late Robbins and are often manufactured from Flint Ridge chert (Johnson et al. 1979:72). 

In addition to these Adena-influenced societies, at least two other Early Woodland cultural complexes
are represented in the archaeological record of northwestern Pennsylvania. In the upper Allegheny Valley,
Forest Notched points persist into the Early Woodland, and are associated with tubular clay and stone pipes,
and perhaps the earliest pottery in the region (Johnson et al. 1979:69; Mayer-Oakes 1955). Overlapping the
Forest Notched complex in time and space are artifacts of the Meadowood phase, including diagnostic side-
notched projectile points, cache blades/preforms, and Vinette I ceramics. The presence of Meadowood points
throughout the northwestern corner of the Commonwealth suggests continued cultural ties with western and
central New York, the Genesee Valley, and southern Ontario (Johnson et al. 1979:71; McConaughy 1989:7).
Little is known about Meadowood settlement or subsistence patterns in northwestern Pennsylvania, although
it has been noted that such Early Woodland sites tend to be situated on sandy, well-drained terraces near
marshy zones (McConaughy 1989:19). Such locales would have been well-suited for the exploitation of
waterfowl during their spring and/or fall migrations. In southern Ontario and western New York, most
excavated non-mortuary Meadowood sites are small fall camps for the procurement and processing of deer
and nuts (Spence et al. 1990:136). The concentration of Meadowood sites along the northern shore of Lake
Erie and the presence of fish remains and net sinkers at some of these Ontario sites suggest that fishing was
an important spring activity, perhaps coincident with communal burial ceremonies 

The term "Middle Woodland" (ca. A.D. 1–1000) is often applied to manifestations of Hopewell
distinguished by its extravagant burial ceremonialism, diversified craft arts, and inter-regional exchange
(Dancey 2005:109). Hopewell and Hopewell-related sites are widely distributed throughout eastern North
America and have been identified in the Southeast, along the Tombigbee and Savannah Rivers; along the
Mississippi River valley from Louisiana through Mississippi and north into western Illinois and Wisconsin;
along the Ohio Valley from southern Illinois and Indiana, through southern Ohio and West Virginia; on the
middle Tennessee River valley and in southern Appalachia generally; and within the Missouri River valley
(Dancey 2005:113). Given the significant environmental diversity over this enormous area, it seems unlikely
that "Hopewell" represents a unitary culture, but may be more profitably viewed as a cultural horizon as
originally suggested by Willey and Phillips (1958).

Hopewell is characterized by a great variety of artifacts often manufactured from materials obtained
from sources far from where they were eventually used and deposited. Notable items include mundane and
mortuary ceramic vessels, hand-held and stationary smoking pipes, clay human figurines, conch shell dippers,
mica mirrors, panpipes, flint bladelets, non-utilitarian celts, awls and projectile points, modified human
remains, body ornaments including earspools, headplates, rings, bracelets, necklaces, pendants, gorgets, and
breastplates, attachments for clothing including buttons, beads, cutouts, and tinklers, and fabrics (Dancey
2005:114). Favored materials included copper, meteoric iron, galena, hematite, mica, quartz, obsidian,
chalcedony, hornstone, pipestone, steatite, gypsum, cannel coal, bear canines, alligator and shark teeth,
marine and freshwater pearls, marine and freshwater shell, feathers, hair, skin, and rarely, silver and gold
(Dancey 2005:114). The degree of craftsmanship exhibited in these media may imply craft specialization
among at least some Hopewell populations. Alternatively, it may be the case that all communities had their
own skilled artisans, who though specialized, were not divorced from direct participation in food procurement
and/or processing. This latter view may be supported by the identification of possible craft houses in several
Hopewell centers (Baby and Langlois 1979).

In addition to distinctive artifacts, Hopewell is renowned for the construction of burial and platform
mounds as well as geometric enclosures. The Hopewell mortuary program continued earlier practices,
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including flexed and extended inhumation, bundle burial, and cremation burial (Dancey 2005:118). Remains
were placed on the ground surface, within mound fill, in a crypt, or in an above ground, roofed charnel house,
all of which might eventually be covered by a mound (Dancey 2005:120). Flat-topped platform mounds were
also constructed, and are found in the Southeast as well as at Scioto tradition Hopewell sites in Ohio, such
as the Marietta Earthworks, the Newark Earthworks, and Ginther (Dancey 2005:120). The best known
examples of Hopewell geometric earthwork enclosures occur in southern Ohio, but were also widely
distributed in a band extending from western New York along the western escarpment of the Appalachian
Plateau and into southeastern Indiana, and examples are also found in the Southeast (Dancey 2005:120).
Many of the earthworks are associated with burial mounds while others appear to have been constructed
independent of any mortuary structures, and many were clearly the result of multiple construction episodes.

By A.D. 300, Middle Woodland groups in northwestern Pennsylvania and southwestern New
York—especially those groups along the Allegheny River and its major tributaries—were participants in the
Hopewell Interaction Sphere. From ca. A.D. 300 to A.D. 500, Hopewellian artifacts and materials occur in
the Allegheny Valley (Lantz 1989:46). Artifacts and materials most diagnostic of the Hopewell Interaction
Sphere are well-represented at sites in the Allegheny corridor and include Chesser Notched, Manker, and
Snyder points as well as flake knives manufactured from materials of Ohio origin, gorgets, platform pipes,
cache blades, ear spools, copper crescent gorgets, copper, galena, obsidian, mica, ochre, and steatite (Lantz
1989:47). At a number of Middle Woodland sites, these exotic materials and artifacts are associated with
burial mounds whose construction is reminiscent of the classic Hopewell mounds of central Ohio, with earth-
fill construction, stone slab retaining walls, stone-slab-lined cists, and covered burial pits (Johnson et al.
1979:75). These burial mound sites tend to be situated on the floodplains of higher order streams and rivers,
as were the larger settlements of this time (Stewart and Kratzer 1989:26). These locations would be well
suited to cultivation, although the Middle Woodland tool kit suggests the continued contribution of hunting,
gathering, and fishing to the aboriginal economy (Stewart and Kratzer 1989:26).

Two of the most significant complexes of Hopewell-influenced Middle Woodland sites in northwestern
Pennsylvania are those at Sugar Run Flats and Irvine Flats, both in Warren County. Sugar Run Flats is an
extensive river terrace located ca. 19 km (11.8 mi) northeast of Warren that is presently inundated by the
Allegheny Reservoir. Sites exhibiting Hopewell traits extend north along the flats for several kilometers and
include the Berkabile 1 site (36WA15) and Berkabile Mound (36WA235), Langler Mound (36WA24), and
the Sugar Run Mounds and Village (36WA2) (Lantz 1989:38). Seven of the 10 recorded Middle Woodland
sites on the Irvine Flats (i.e., 36WA29, 36WA30, 36WA31, 36WA95, 36WA96, 36WA97, and 36WA98),
including at least two of the Irvine Mound group, have concentrations of Hopewellian artifacts, including
Chesser, Manker, and Snyder points, often manufactured from Ohio materials such as Flint Ridge, Plum Run,
and Coshocton cherts; prismatic flake knives; Hopewell ceramics; sheet mica; and cache blades (Lantz
1989:39). One of these occupations (36WA29) has been radiocarbon-dated to A.D. 400 (Lantz 1982:51).
These Middle Woodland Hopewellian manifestations in northwestern Pennsylvania seem related to Ritchie's
Squawkie Hill phase of Hopewell, which he defined on the basis of Hopewell Interaction Sphere artifacts
from a mound group adjacent to the Genesee River in western New York (Ritchie 1965:215). By ca. A.D.
500, participation in the Hopewell Interaction Sphere apparently ceased in northwestern Pennsylvania, as
diagnostic Hopewell artifacts, materials, and traits disappear from the archaeological record of the Allegheny
Valley.

Although our knowledge of the subsistence practices and settlement patterns of the Middle Woodland
occupants of northwestern Pennsylvania is quite limited, somewhat more is known of the presumably similar
lifeways of the Middle Woodland residents of nearby southern Ontario and northwestern New York, who
were also peripheral participants in the Hopewell Interaction Sphere. In both southern Ontario and upstate
New York, the beginning of the Middle Woodland is marked by the appearance of Vinette 2 ceramics some
time in the third century B.C., in the case of Ontario, and ca. A.D. 100 in New York (Ferris and Spence
1995:97; Ritchie 1969; Spence et al. 1990:142). This ware apparently derived from Vinette 1, and is
distinguished by surface decorations produced by impressing or "stamping" an implement into the wet clay
of the vessel.

In New York State, this archaeological culture is termed Point Peninsula, while three cultural complexes
are recognized in southern Ontario during the Middle Woodland period: Couture, in the southwestern corner
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of the province; Saugeen, occupying the remainder of southwestern Ontario as far east as the Niagara
Escarpment; and Point Peninsula, in south-central and eastern Ontario (Ferris and Spence 1995:97; Spence
et al. 1990:143). Although these complexes are distinguishable by a variety of ceramic criteria, they all share
an emphasis on dentate and pseudo-scallop shell-stamped ceramics and the use of coil construction to produce
elongated, parabolic vessels. The settlement-subsistence data that are emerging from research on these related
Middle Woodland complexes suggest a pattern of spring-summer macroband aggregation at lakeshore,
riverine, and marshland environments to exploit spawning fish and shellfish, and fall-winter disaggregation
into microbands with dispersal inland for deer hunting and mast harvesting (Spence et al. 1990). At least some
tending of locally available native plant foods also seems likely (Snow 1995:64). 

Following the decline of Hopewell influence, a distinctive late Middle Woodland adaptation termed the
Allegheny River phase occurred in northwestern Pennsylvania (Lantz 1989:6). By its termination ca. A.D.
950, the Allegheny River phase attained a distribution in the upper Allegheny Valley from Warren,
Pennsylvania, upriver to Olean, New York, and northwest toward Lake Erie. The Allegheny River phase can
be distinguished from the roughly contemporaneous Kipp Island and Hunters Home phases of New York
largely on the basis of differences in their respective lithic assemblages. Specifically, the Allegheny River
phase is associated with the Raccoon Notched lithic assemblage, consisting of five Raccoon Notched
projectile point types, four drill types, strike-a-lights, and scrapers (Lantz 1989:9). The corner-notched
Raccoon points are similar in form to Ritchie's Jack's Reef Corner Notched type (Ritchie 1971:26–27, Plate
11), but are generally significantly smaller than the latter point type (Lantz 1989:6). Triangular Levanna
points are also frequent inclusions in the lithic inventory of Raccoon Notched assemblages. 

Three major Allegheny River phase regional centers have been defined in northwestern Pennsylvania,
each associated with numerous smaller ancillary sites utilized for hunting and gathering or the procurement
of raw materials. Each of the three centers (i.e., Sugar Run Flats and Irvine Flats on the Allegheny River,
Warren County, and French Creek Flats on French Creek, near Waterford, Erie County) occupies an extensive
terrace with a large catchment zone (Lantz 1989:35). A settlement system of village removal was probably
utilized, with each village abandoned for a new location several miles away when firewood was exhausted,
houses rotted or flooded, or soil was depleted at the original locale (Lantz 1989:35). This settlement pattern
resulted in the scattering of occupational debris over a large area at each of the regional centers. For example,
Allegheny River phase materials dating A.D. 500–800 occur over 9 ha (22.2 acres) at the Melknick sites
(36ER31 and 36ER181) on French Creek Flats (Lantz 1989:36).

While most researchers would agree that the transition from the Middle Woodland to the Late Woodland
occurred ca. A.D. 500–1100 in the lower Great Lakes region, disagreement prevails over a more precise date
for this boundary, in large part because of the different criteria employed to delineate it. For some scholars,
the start of the Late Woodland period is defined as much by the disappearance of Hopewellian traits as by
the emergence of new ones (Griffin 1983:272). Others define the transition on the basis of changes in
technical and stylistic ceramic attributes. For example, the replacement of coil construction by modeling, a
change in vessel body form from conical to globular, and a shift in surface treatment from stamping to the
use of cord-wrapped stick are criteria often used to mark the beginning of the Late Woodland in southern
Ontario (Fox 1990:172). Probably the most widely accepted criteria for the start of the Late Woodland period
is the appearance of maize horticulture and large village settlements (Ritchie and Funk 1973). Most
proponents of this latter definition have dated the start of the Late Woodland in the lower Great Lakes region
to after A.D. 800 because of a lack of corn from unambiguously earlier archaeological contexts. Recent
accelerator mass spectrometer assays on maize from the Grand Banks site and recalibration of previous
radiocarbon determinations from other sites in southern Ontario, however, confirm the presence of maize in
the lower Great Lakes by the sixth century A.D., during the Princess Point complex, and suggest that the
chronology of the Middle to Late Woodland transition is more complicated than previously thought
(Crawford et al. 1997; Smith 1997). In northwestern Pennsylvania, northeastern Ohio, and western New York,
specifically, the Late Woodland is often considered to begin around A.D. 1000 in uncalibrated radiocarbon
years or A.D. 1100 in calibrated calendar years (Johnson and Myers 2002:1).

The end of the Late Woodland period is placed at European contact, the exact timing of which obviously
varied from one Native American society to another. Hence, the Late Woodland is often considered to cease
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with the appearance of European trade goods, such as glass beads or metal items, at Native American sites,
or in the absence of such items, to the terminal sixteenth through early seventeenth centuries.

The approximately 500-600 years of the Late Woodland in the glaciated Allegheny Plateau of
Pennsylvania, including the study area, has been subdivided by Johnson (1999) into three successive phases
comprising what he terms the Glaciated Allegheny Plateau (GAP) tradition. The first GAP phase is termed
the Mahoning phase, and is characterized by pottery that is tempered with igneous rock with cord-marked
exterior surfaces and low collars (Johnson and Myers 2002:5). At approximately A.D. 1250-1275 in
calibrated calendar years, pulverized mussel shell replaces igneous rock as the principal tempering agent for
Mahoning ware, and marks the end of the Mahoning phase (Johnson and Myers 2002:7). 

The succeeding French Creek phase is recognizable from ca. A.D. 1275-1400 and is characterized by
Chautauqua Cord-Marked vessels, which are shell-tempered and otherwise undecorated except for cord-
wrapped paddle edge-stamped impressions or incisions on vessel lips. During this time, nucleated and
palisaded villages appear within the French Creek valley southeast of the study area at Wilson Shutes
(36CW5) and McFate (36CW1) while small hamlets and/or farmsteads have been identified in the
Pymatuning Marsh immediately to the southwest of the study area (Johnson and Myers 2002:7).

In the initial decades of the fifteenth century (i.e., ca. A.D. 1400 -1425), a distinctive form of ceramics
referred to as McFate Incised appears on the glaciated Allegheny Plateau and the Lake Erie Plain to the north
(Johnson and Myers 2002:7). The appearance of this ware marks the final McFate phase of the GAP tradition
which is dated to ca. A.D. 1400-1550. The McFate Incised ceramic type is characterized by rectilinear incised
decoration in the form of opposed triangles filled with parallel horizontal lines separated by plats of parallel
oblique lines (Johnson and Myers 2002:8). This decoration appears below the lip or on the collar of McFate
vessels. The base of the motif is frequently underlined with a horizontal band of parallel oblique or vertical
punctations or short incised lines (Johnson and Myers 2002:8). The McFate decorative motif is similar to the
late Middleport horizon Ontario Iroquoian tradition ceramic types Pound Blank and Huron Incised, and
Johnson argues that the genesis of McFate pottery was apparently on the Lake Erie Plain (Johnson 1999:8).

McFate Incised and related ceramic types have a rather broad distribution perhaps reflecting population
movement and/or economic cooperation between neighboring groups (Johnson and Myers 2002:7). McFate
phase components are documented at sites along the Lake Erie Plain from northeast Ohio to Chautauqua
County, New York. These include the East Wall site (33AB41), a multi-component, primarily Ontario
Iroquoian tradition and McFate phase fishing station dating to A.D. 1448 that overlooks the confluence of
Conneaut Creek and Lake Erie in Ashtabula County, Ohio, and the Westfield-Mac (30CH1) and Silverheels
sites in New York (Johnson 1999:7). The Wintergreen Gorge site (36ER6), located just south of the lake plain
along the Portage Escarpment near Erie, Pennsylvania, is a McFate phase village dated to as late as ca. A.D.
1468–1623. 

By the final decades of the fourteenth century A.D., McFate culture had spread south to sites on the
glaciated Allegheny Plateau. Nucleated, palisaded McFate villages occur on the glaciated Allegheny Plateau
in the French Creek valley and include the continued occupation of sites such as McFate (36CW1) and
Wilson Shutes (36CW5). The McFate type site is the earliest dated McFate site on the Plateau, with an
occupation range of A.D. 1410–1435 suggested by AMS dates derived from carbonized organic residue from
the interiors of two rim sherds (Johnson 1999:7). McFate phase stockaded hunting villages are reported along
Pymatuning Marsh as well as in the interior unglaciated Allegheny Plateau, and numerous small open air and
rockshelter McFate sites are found in the Geneva Marsh area and again, in the interior unglaciated Allegheny
Plateau (Johnson and Myers :9). 

There seems to have been a gradual dispersal of McFate phase people from the glaciated Allegheny
Plateau by the mid- to late fifteenth century (Johnson and Myers 2002:10). Indeed, the glaciated reaches of
the Allegheny Plateau in northwestern Pennsylvania, including the study area, seem to have been largely
abandoned by village horticulturalists by the beginning of the sixteenth century, perhaps in response to the
colder, drier conditions of the Neo-Boreal climatic episode. The deteriorating climatic conditions of the Neo-
Boreal may well have rendered a maize-based subsistence strategy unreliable, at best, in northwestern
Pennsylvania (Richardson et al. 2002; Johnson and Myers 2002:10). Around this time, McFate phase ceramic
vessels—and, presumably, their makers—spread across the unglaciated reaches of that province in north-
central Pennsylvania to the headwaters of the West Branch of the Susquehanna (Johnson 1999:7). In this latter
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zone, the McFate phase has been identified at the Elk County earthwork sites of Kane (36EL1), Russell City
(36EL2), and McKinley (36EL17), and in upland rockshelters in the Clarion River and Tionesta Creek
drainages (Johnson 1999:7). McFate phase vessels are also present at the Bell (36CD31) and Kalgren
(36CD7) sites in the upper reaches of the West Branch of the Susquehanna River (Johnson 1999:7). Finally,
McFate Incised ceramics appear in the Kiskiminetas Valley along the northeastern margin of Monongahela
territory by ca. A.D. 1475–1500 (Johnson 2001:71; Johnson 1999:9), where the immigrant McFate population
and indigenous Monongahela may have intermixed.

3.2  Historical Overview
3.2.1  Early Euro-American Exploration and Settlement of the Greater Study Area
When initially contacted by French Jesuit missionaries and explorers, the indigenous populations of

present-day northwestern Pennsylvania were dominated by the Five Nations Iroquois. Following the defeat
of the Neutral and Erie in the mid-seventeenth century, the Seneca expanded their territory to the west and
exercised control over most, if not all, of the area south of Lake Erie. Significant Seneca settlements (e.g.,
Te-Car'-Nohs, Goschgoschink, Cussewago, the Buckaloons, Ganagarah'hare [Venango], and Conewango
[Warren]) were reported by the French on the Allegheny River in western New York and northwestern
Pennsylvania by the end of the seventeenth century. 

Eager to establish control of the Great Lakes and the Ohio River watershed, the French sent missionaries,
explorers, and traders into the area after 1669 (Stevens and Kent 1941:1). Louis de Joncaire (1670–1739) was
in the upper Allegheny in 1732 as an emissary to promote French ties with the local tribes. Subsequently, in
reaction to perceived English designs on the Ohio Valley, in 1749 the French dispatched an expedition from
Montreal led by Captain Pierre Joseph Céloron de Blainville to assert French claims of suzerainty over the
region. The Céloron expedition traveled via Lake Ontario, the Niagara portage, Lake Erie, Lake Chautauqua,
and Conewango Creek to its confluence with the Allegheny River at present-day Warren, Pennsylvania, and
thence to the Ohio.

It appears that actual European contact with the area south of Lake Erie predates this time, however,
because when Céloron arrived in northwestern Pennsylvania in 1749 he found English fur-trading stations
at Buckaloons (at the confluence of Brokenstraw Creek and the Allegheny River) and Venango (present-day
Franklin) (Donehoo 1995:244 [1928]; Stevens and Kent 1941:2). Céloron reproached the Seneca for their
dealings with the English. His warnings apparently had little effect, however, for the English posts were still
at Buckaloons and Venango the following year, and it was reported that English traders "…had stores on ye
Lake Erie…and upon the Ohio from Bockaloons [sic], an Indian town near its head to below the Mouth of
the Miami River…" (Stevens and Kent 1941:29).

In the mid-eighteenth century, New France established a series of fortifications and posts at strategic
points in western Pennsylvania in an attempt to establish control over the upper Ohio Valley and to drive out
the English. These fortifications included Fort Presque Isle on Lake Erie, Fort Le Boeuf (present-day
Waterford) on French Creek, Fort Machault at Venango (present-day Franklin), and Fort Duquesne at the
confluence of the Allegheny and Monongahela Rivers at present-day Pittsburgh. By 1754, the French
controlled the upper Ohio River valley and northwestern Pennsylvania. From their strategically placed
fortifications, the French and their Native American allies harassed and attacked the English as far east as the
Susquehanna River valley and as far south as the settlements of Maryland, Virginia, and southern
Pennsylvania (Stevens and Kent 1941:88). French domination in the French and Indian War continued until
1758 and the fall of Fort Duquesne to English forces. Burning Fort Duquesne, the French retreated to Forts
Machault, Le Boeuf, and Presque Isle, which in turn were burned in 1759 during the final retreat to Detroit,
thereby leaving northwestern Pennsylvania open to English incursion. Within a year, English expeditions
were sent to rebuild and occupy Fort Presque Isle, Fort Le Boeuf, and Fort Venango (near the former French
Fort Machault). 

Although the French were removed, hostilities continued in western Pennsylvania with raiding parties
of Iroquois and their allies harassing the English frontier forts. In 1763, the hostilities culminated in a general
attack known as Pontiac's Uprising. Forts Presque Isle, Le Boeuf, and Venango were burned and Fort Pitt was
under attack until Colonel Bouquet raised the siege. Although the English had regained control of the upper
Ohio Valley by 1764, the outlying forts were never rebuilt by the English. 
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The Commonwealth of Pennsylvania was eager to settle the newly acquired lands, and a series of treaties
culminating in the treaty at Fort Harmar in 1789 appeared to secure, on paper at least, the lands west of the
Allegheny and Ohio Rivers. The Miami, Delaware, Shawnee, and Wyandot of the Ohio area, however,
vigorously resisted this encroachment and sought the help of the Iroquois (Wallace 1993a:166). In 1791,
Colonel Thomas Proctor was commissioned to join the Seneca chief Cornplanter in a peace mission to
persuade the Seneca not to assist the western tribes in further hostilities. 

Although the settlement act of 1792 authorized the sale of all lands west of the Allegheny River and
Conewango Creek, survey of these lands was postponed until General Anthony Wayne's success at Fallen
Timbers on 20 August 1794 and the cessation of hostilities was established by the subsequent Treaty of
Greenville in August 1795 (Nelson 1987 [1896]:105; Wallace 1993a:166). In 1795, General Irvine and
Andrew Ellicot were commissioned to survey and lay out the towns of Erie, Waterford, Franklin, and Warren.
Pennsylvania<s Indian wars were over and intensive Euro-American settlement of western Pennsylvania
commenced.

Prior to the 1795 agreement, however, explorers and eager pioneers had filtered into the contested lands,
especially south of the Lake Erie watershed study area. Having heard of the rich lands west of the Alleghenies
from reports of General George Washington, brothers John and David Mead of Sunbury, Pennsylvania,
headed west in 1787. The two men widened portions of an existing Indian path westward that passed through
Fort Venango (Franklin), continued northward up French Creek, and ended at the confluence of French Creek
and its tributary Cussewago Creek (Wallace 1993a:68, 99). Their settlement at present-day Meadville was
the first pioneer permanent settlement in northwestern Pennsylvania and their route west, which came to be
known as Mead<s Trail, was used by subsequent pioneers (McKnight 1905:459). In 1789, Darius Mead, father
of John and David, arrived with Robert Randolph and Frederick Baum. In 1790, David Mead built saw and
grist mills, and sent the first raft of lumber from Meadville down French Creek to the Allegheny River and
on to Pittsburgh that same year (McKnight 1905:467). During the Indian raids of 1791–1793, the Mead Trail
became unsafe and pioneers traveling west faced capture or death. While working in his fields, Darius Mead
was captured in 1791 by Captain Bull, a Delaware chief, and Conewyando, a Seneca chief. In attempting to
escape, Darius killed Captain Bull with a knife but was subsequently killed by Conewyando. Conewyando
died several days later from his wounds and when soldiers found the bodies, they buried Mead beside Captain
Bull (McKnight 1905:460). In response to the increased hostilities, David Mead took his family to stay at the
fort in Franklin for a few months. With the advent of the aforementioned 1795 treaty and cessation of
hostilities, the lands were opened and more settlers arrived. David Mead served as a major-general in the
militia, held office of justice (becoming one of the associate judges for the new Crawford County), and died
in 1816 at 65 years of age (McKnight 1905:462)

The arrival of settlers within the greater study area saw the dissolution of sporadic Native American
villages along Mill Creek. The last reported village in Erie County was on the beach at Massassauga Point
(later known as The Head), located at the base of present-day Presque Isle (Everts et al. 1876a:22). In 1796,
the village is reported to have been inhabited by 20–30 families who were putatively of the "Massassauga"
(a corruption of Mississauga) band (Nelson 1987:96,426). Two letters from Governor General Marquis de
Vaudreuil to the French Minister of Marine firmly places the Mississauga at Presque Isle in 1756 and 1760.
The 1756 letter reports that "...ten of the domiciliated Mississagués [sic] of Presqu'isle have been out warring
against the English..." (Stevens and Kent 1941:94). The 1760 letter relates that the "domiciliated Mississaques
[sic] of Presquile [sic] have followed the French to Detroit" (Stevens and Kent 1941:167). According to the
early settlers, the Native Americans who were at Massassauga Point in 1795 lived in a village on the beach
and cultivated their corn fields on the bluff on land owned in 1876 by J. C. Marshall and E. J. Kelso
(Millcreek Township, Tracts 2 and 3) (Nelson 1987:426).

During the first decades of the nineteenth century, Erie was occasionally visited by migrating parties of
Native Americans who camped near a reputed burial mound at the southeastern edge of the city on the
Scouller farm (Millcreek Township, Tract 34), which perhaps corresponds to the location of the now-
destroyed East 28th Street site (36ER13), a putative Erie/proto-Erie village site. The last such encampment
is reported to have occurred in June 1841, when a small band stayed several days on the site (Nelson
1987:96). The region's early settlers also encountered archaeological evidence of earlier inhabitants in the
form of a number of grave sites along the Lake Shore Path (Wallace 1993b:85–86), a major Native American
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trail that corresponds to present-day U.S. Route 20. Reportedly, a graveyard on the Ebersole farm
(Harborcreek Township, Tract 181) was uncovered, exposing numerous bodies that were in a "sitting [i.e.,
flexed] position" and various artifacts such as beads (Nelson 1987:96).

3.2.2  Brief History of Erie County
Erie County, Pennsylvania, was created by an act of the legislature dated 12 March 1800 (Warner et al.

1884:138). This same act also created Butler, Crawford, Mercer, Venango, and Warren Counties. As the
northwestern portion of the state was at that time poorly populated, a single governing body was established
at Meadville, Crawford County. Erie, Crawford, Mercer, Venango, and Warren Counties were all governed
from this seat until 1803, when the first county officers were elected in Erie County. Prior to the act of 1800,
the land contained within Erie County was defined in turn as part of Lancaster, Cumberland, Bedford,
Westmoreland, and Allegheny Counties. In 1798, while still a part of Allegheny County, Erie Township was
erected and its boundaries established in the same configuration as the present county borders.

Erie County is the northwesternmost county in Pennsylvania and provides the state with its only Great
Lakes port. Erie County is bounded on the north by Lake Erie; on the east by Chautauqua County, New York,
and Warren County, Pennsylvania; on the south by Crawford County; and on the west by Ashtabula County,
Ohio. The length of the county along the lake is ca. 72 km (45 mi); along Chautauqua and Warren counties
its length is ca. 57.6 km (36 mi); along Crawford County its length is ca. 72.4 km (45 mi); and along
Ashtabula County its length is ca. 14.4 km (9 mi). The land encompassed by these borders is 192,839 ha
(476,515 acres). The county was named after Lake Erie, which was in turn named for the Erie Indians who
are presumed to have previously inhabited the region. The county seat is located at Erie, Pennsylvania.

The northwestern third of the state, including the land within Erie County south of 42ºN latitude (the
Pennsylvania-New York border), was purchased from the Six Nations (Iroquois) in 1784 in an agreement
known as the second Treaty of Fort Stanwix. The land north of this latitude and extending to the lake,
identified as "The Triangle," was not easily incorporated as part of Pennsylvania. No fewer than five states
laid claim to this region: Pennsylvania, New York, Connecticut, Massachusetts, and Virginia (Warner et al.
1884:194–199). King James I granted to the Plymouth Company "all the land lying in the same latitude with
Connecticut and Massachusetts, as far west as the Pacific Ocean" (Warner et al. 1884:194–195), thereby
granting Connecticut's claim to the northern third of Pennsylvania. A congressional investigation of 1782
determined, however, that Connecticut had no right to The Triangle. Virginia claimed the entire territory west
of a line drawn east of the Allegheny and Monongahela Rivers. In 1786, it was agreed that the western
boundary of Pennsylvania would extend northward from a point on the Mason-Dixon line 5º west of the
Delaware River. New York's charter defined its western boundary as a longitudinal line drawn from the
western end of Lake Ontario, but it was unclear whether the western end of the lake was to include Burlington
Bay. Surveyors determined that the lake's western end was to be defined as the peninsula separating the bay
from the lake proper. Thus, the western boundary of New York was set at ca. 32.2 km (20 mi) east of Presque
Isle. Additionally, and by mutual agreement, the east-west boundary between New York and Pennsylvania
was formally set at 42ºN latitude in 1785. Thus at that time, this border, which excluded The Triangle, was
accepted as the northern boundary of Pennsylvania. This configuration corresponds to the borders set by the
Royal Charter of 1681 in which King Charles II granted William Penn claim to the lands between 39ºN
latitude and 42ºN latitude and from the Delaware River westward for 5º.

General William Irvine was sent by Pennsylvanian authorities to examine the lands to the northwest and
reported that it would be desirable to secure the harbor at Presque Isle since the commonwealth had no harbor
on Lake Erie (Warner et al. 1884:196). After much negotiation, New York (1781), Massachusetts (1785), and
Connecticut (date unknown) relinquished their claims on The Triangle to the United States Federal
Government, which in turn conveyed it to Pennsylvania in 1788. In 1792, Pennsylvania purchased The
Triangle from the United States for $151,640.25 in certificates of debt plus interest. The Iroquois, however,
still claimed title to the land.

While still negotiating with the federal government, Pennsylvania proceeded to obtain a release of The
Triangle from the Iroquois (Warner et al. 1884:196–199). This was accomplished in 1789 in exchange for
$2,000 from Pennsylvania and an additional $1,200 from the U.S. government. However, the Seneca nation
was dissatisfied with the cession of The Triangle, which they used as a hunting ground, claiming that they
were not fairly represented. Thus, in 1792, the Pennsylvania legislature passed an act authorizing the dispersal
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of $800 for the purchase of The Triangle. However, the area of Erie County was still not secured against
attack by the Six Nations until August 1794, when General Anthony Wayne defeated the western
confederation of Wyandots, Ottawas, Chippewas, and Potawatomis at the Battle of Fallen Timbers (Lechner
1984:27–28). This defeat, in turn, caused the Iroquois to settle their differences with the United States and
sign the Treaty of Canandaigua in November 1794.

In 1792, the General Assembly of Pennsylvania passed an act for the laying out of the town of Presque
Isle, otherwise known as Erie (Nelson 1987:387–389). In June 1795, Generals William Irvine and Andrew
Ellicott arrived to lay out the town, accompanied by surveyors and a company of state militia. Originally part
of Millcreek Township, Erie was incorporated as a borough and the county seat in 1805 (Nelson 1987:389).
The growth of Erie was integrally tied to its position on Lake Erie and its connection to other important
manufacturing and shipping towns (e.g., Pittsburgh, Buffalo, and Cleveland). 

Supplying local needs, economic development in Erie County began with the establishment of saw and
grist mills. In 1795, Captain Russell Bissell erected the first sawmill in Erie county at the mouth of Mill
Creek, from which it derived its name, and in 1798 Thomas Forster built a grist mill at the mouth of Walnut
Creek ( Reed 1925:320; Spencer 1962:229). The settlers' need for lumber spurred the sawmill industry, and
by 1820 sawmills were established on almost all of the streams in Erie county (Spencer 1962:229). Walnut
Creek alone supplied the water power for four gristmills and 13 sawmills in 1835. Tanneries, brick kilns,
woolen mills, dairy and cheese factories, and breweries soon followed. Farm animals (i.e., cattle, hogs, sheep,
and turkeys) were driven to markets in Buffalo and Cleveland before slaughter houses were established in
Erie. As mentioned above, the transport of salt was a major industry in early Erie.

3.2.3  Brief History of Crawford County
Crawford County was formed from Allegheny County in 1800 and named in honor of famed

frontiersman Colonel William Crawford, who had been captured, tortured, and executed by Indians in 1782
at present-day Sandusky, Ohio, during the retreat of the ill-fated Crawford Expedition, one of the final battles
on the western front of the Revolutionary War. Located in western Pennsylvania, Crawford County is
bordered by Erie County to the north, Warren County to the east, Mercer and Venango Counties to the south,
and the State of Ohio to the west. French Creek, the county<s major navigable waterway, enters Crawford
County from Erie County, traverses through the central portion of Crawford County, and exits into Mercer
County where it joins the Allegheny River at Franklin. Other notable waterways include Cussewago Creek,
Big and Little Sugar Creeks, Oil Creek, Woodcock Creek, and Muddy Creek, all of which are outside of
Pennsylvania<s Lake Erie watershed and, hence, the study area for the LEWCP. The only Crawford County
stream within the study area is Conneaut Creek, which also happens to be the largest subwatershed in the
study area. In Crawford County, the Conneaut Creek subwatershed traverses portions Beaver, Conneaut,
Spring, Summerhill, and Summit Townships.

Beaver and Conneaut Townships were among the original eight Crawford County townships created on
9 July1800. Both townships once contained portions of present-day Spring, Summerhill, and Summit
Townships were reduced to their present configuration in 1829 as a result of a county division that produced
Spring, Summerhill and Summit Townships.

The first recorded settlers to the area appear to have arrived in the 1790s, the earliest being Alexander
and William Power, who settled in present-day Spring Township in 1794 and 1795, respectively. These early
settlers imported commodities such flour, meal, and salt from Pittsburgh until 1799, when the region<s first
grist mill was built on Conneaut Creek by Alexander Power, and the advent of the local extraction of salt in
the early 1800s. Power<s first grist mill was replaced by a second mill built a ¼ mile away in 1805, and
augmented by a third grist mill (also built by Power) in 1829–1830. In 1801, Samuel Fisher erected another
grist mill and the first saw mill in the county on Conneaut Creek about 1 mile north of Conneautville. This
grist mill ended up doing most of the grinding of northwestern Crawford and southwestern Erie. In 1820, Ark
Jenks erected another saw and grist mill on Conneaut Creek near the Erie County line and Robert Foster built
a grist mill a mile south of Spring Corners. Another saw mill was built by Mr. Holmes at Spring Corners. The
first saw mill in the eastern part of Spring Township was constructed under the direction of Platt Rogers in
1820. The region<s first distillery was built by Christopher Ford before the 1800s. John Foster erected a
second and Luther Rundel built another at Rundeltown in 1820. Gurdon and R. B. Wood in 1817 and 1818
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built the first wool-carding and cloth-dressing establishment on Conneaut Creek, 2 miles north of
Conneautville.

The settlement of Beaver Township began as early as 1797 and accelerated in 1816 with a wave of
emigration from New York and the New England States. These later settlers constructed roads, schoolhouses,
saw and grist mills, and salt works. The first saw mill was built by William Plymate and the second was built
by Elihu Griswold. In 1831, Robert Foster built the first grist mill. The practice of deep boring to produce
higher yields of the township<s locally abundant salt led to the discovery of oil, and the salt works were
consequently abandoned in favor of the higher commercial value of oil. In addition to oil and salt works,
Beaver Township was also well adapted for dairying and stock-growing. The hamlet of Beaver Center, the
township<s historical commercial center, contained a schoolhouse as early as 1829 as well as a post office,
churches, cheese factories, a blacksmith, and several stores and merchants.

The first settler in Conneaut Township was Samuel Brooks, who arrived in 1800 from Fayette County,
settling in the southeast part of the township. Most of the early settlers who followed came from within
Pennsylvania—though some came from the New England states, Ireland, and Germany—and purchased land
from Jabez Colt, an agent for the Pennsylvania Population Company. Conneaut Township<s first grist and saw
mill was built on Paden's Run prior to 1810, and was followed by a second grist mill, a carding mill, and in
1818, the township<s first schoolhouse.

James McDowell was Summerhill Township<s first settler, arriving from the Susquehanna in 1796 or
1797 and remaining a life-long resident on his farm on Conneaut Creek below Dicksonburg, where the family
cemetery still exists (Figure 3.1). McDowell was followed by friends and acquaintances from his old home,
including John Sterling and his sons, James, Washington, and Andrew, who became well-known landowners.
The township<s first saw mill was built along Conneaut Creek in 1820, followed by a second built by George
Dickson, who also owned a grist mill at Dicksonburg, and then by additional saw, steam, and carding mills
soon thereafter. James Fetterman built the first distillery in what is now Summerhill and a second was built
by John McDowell, who died in 1858 at the age of 80 years (Figure 3.2). The first schoolhouse was built ½
mile north of Dicksonburg ca. 1812.

Figure 3.1. The McDowell family cemetery on Conneaut Creek below Dicksonburg.
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In addition to these townships, the Crawford
County portion of the study area also contains two
boroughs: Conneautvillle and Springboro. Conneautville
was incorporated as a borough by act of the State
Legislature of 1843–44. The borough received its land
from Spring and Summerhill Townships. It is located in
the valley of Conneaut Creek, on the old Beaver and Erie
Canal, and one and a half miles east of the Erie &
Pittsburgh Railroad. A rich and populous agricultural
district surrounds the borough and Conneautville serves
as northwestern Crawford County<s principal
commercial center.

Conneautville was founded by Alexander Power,
who prior to his marriage worked on the initial survey of
northwestern Pennsylvania in 1794–1795. He was
married in 1798 at his home in what is now Perry
County, but immediately left for a Western home,
settling at the head of Conneaut Lake. Around 1804 he
and his family moved to Conneautville, where he
remained until his death in May 1850, at the age of 87
years.

Springboro is located three miles north of
Conneautville on Conneaut Creek, in the western part of
Spring Township. The first settlers within the limits of
the borough were James Orr and Thomas Ford. Shortly
before the opening of the canal, the borough became a
commercial center, seeing the opening of its first store
ca. 1835 followed shortly thereafter by woolen, fulling,
and saw mills. The opening of the canal brought further
development in the form of steam-powered saw mills, a
hoop factory, a cheese factory, two blacksmith shops, a
shoe shop, one wagon shop, and a harness shop. 

3.3.4  Early Transportation and Commerce in the Study Area
Road construction in the study area began in 1753 with the road built by the French, connecting forts

at Presque Isle and Le Boeuf. It was 34 years, however, before another road was surveyed in the county.
Pennsylvania Population Company agent Judah Colt opened a road (present-day State Route 89) in 1797 from
a port on Lake Erie (present-day Freeport) at the mouth of Sixteenmile Creek, where Colt received supplies
from Buffalo, to his agency station (present-day Colt Station) near Greenfield. It was extended the next year
to the forks of French Creek (present-day Wattsburg). In 1800, a road from North East to Wattsburg was
opened paralleling, but running east of, the one from Freeport ( Nelson 1987; Reed 1925:328; Spencer
1962:133). The pace of construction quickened during the early 1800s, with roads being built connecting Erie
to Buffalo (Buffalo Road [U.S. Route 20]) in 1805; Erie to Cleveland (Ridge Road [U.S. Route 20]) in 1805;
Northeast to Waterford in 1804; Erie to Ohio and New York borders (Lake Road [State Route 5]) in 1806;
and Wesleyville to Colt Station (Colt Station Road [State Route 430]) in 1813.

Several toll roads were constructed by private companies, who also extracted fees for their use. One of
the earliest, the Erie and Waterford Turnpike Company with Judah Colt as treasurer, built the Erie and
Waterford Turnpike (present-day U.S. Route 19) in 1805. Surveyed by Captain Martin Strong (who also
manned one of the toll houses), the road facilitated the transport of goods over the portage from Lake Erie
to Lake Le Boeuf and hence, to Pittsburgh via a river route (Spencer 1962:134). Until 1819 and the discovery
of salt wells near Pittsburgh, the principal business of the City of Erie and the Erie and Waterford Turnpike
was the transport of salt, which was being shipped over Lake Erie from Buffalo. More than 6,000 barrels were

Figure 3.2. Grave marker of John McDowell, who
died in 1858 at the age of 80 years, in the
McDowell family cemetery on Conneaut Creek
below Dicksonburg.
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hauled across the turnpike in 1806 (Spencer 1925:230) with teamsters receiving $1.50 per barrel (Reed
1925:333; Spencer 1962:13).

Stage routes were established between Erie and Pittsburgh in 1826, Erie and Buffalo in 1820, and Erie
and Cleveland in the 1820s (Reed 1925:332). Objections to turnpike fees prompted one stage company to
build the "Shunpike" road, connecting Erie and Waterford, in 1828 (Spencer 1925:331). Several planking
companies were formed during the mid-1800s to ameliorate muddy road conditions which made routes
impassible during inclement weather. Plank roads, however, were costly as well as difficult to maintain and
with the advent of macadam later in the century, plank roads were discontinued (Reed 1962:135).

During the early 1800s, canals were viewed as remedies to difficulties associated with transportation
and commerce. Spurred by New York's Erie Canal, which by 1824 connected the Hudson River with Lake
Erie, Pennsylvania began construction of a canal that would join Philadelphia and Pittsburgh. Construction
of the Beaver-Lake Erie Canal, which would connect Pittsburgh with Lake Erie, began in 1831. The Beaver-
Lake Erie Canal was composed of three major divisions: The Beaver Division (connecting the Ohio River
at Beaver and Pulaski in Lawrence County), the Shenango Division (connecting Pulaski and Conneaut Lake),
and the Conneaut Division or Erie Extension Canal (connecting Conneaut Lake and the City of Erie).
Construction of the southernmost Beaver Division Canal began in 1831, and administrative approvals for the
Shenango Division and Erie Extension Canals were obtained in 1836 and 1838, respectively. Although there
was initial disagreement over the precise route that the northern reaches of the Beaver-Lake Erie Canal should
take, it was virtually certain that the it would pass through Crawford County, and the role to be played by
Conneaut Lake as a reservoir appears to have been a critical determining factor in its final course. When the
Beaver-Lake Erie Canal was opened upon completion of its northernmost Erie Extension Canal section in
1844, it extended a total of 136 mi (219 km) and employed 137 locks to overcome a total rise of 977 ft ([298
m] Shank 1981:56).

Western Pennsylvania<s economy was significantly influenced by canal traffic. Not only were goods
(particularly coal and iron ore) transported, but thousands of migrants passed through the area on their way
west, using the Erie Extension Canal to access the Ohio River (Wellejus 1980:34).The opening of the canal
within the study area sparked the lumber trade, and water and steam saw mills were erected wherever the
timber would warrant. White-wood, ash, lumber and staves found a ready sale in the Eastern markets; oak
timber for building canal-boats, railroad cars and vessels at Erie was also in high demand. Hemlock timber
was sold for building and fencing in the Southern market. Lumbering was so successful that farmers entered
the lumbering business and neglected their farms. This caused a rapid depletion of the townships natural
resources.

In its Crawford County extent, the Erie Extension Canal portion of the Beaver-Lake Erie Canal more
or less followed the course of Conneaut Creek as far as a point just south of Penside, Erie County. The canal
entered Erie County in Conneaut Township, passing through Albion to Lockport (present-day Platea) in
Girard Township, and then to Girard on Elk Creek. From Girard the canal turned east into Millcreek
Township and entered Erie on West 18th Street. The canal, at that point, ran through the city from southwest
to northeast, terminating at the foot of Sassafras Street (Reed 1925:348). Many locks were required to
navigate the elevation difference between the lake plain and upper hills. Lockport had 28 locks within a 2 mi
(3.2 km) stretch of the canal, and the City of Erie had 15 locks alone (Spencer 1962:138).

However, as with all of the canals built in this region (i.e., Pennsylvania, Ohio, and New York), its
success was short-lived. Competition from the burgeoning railroads quickly displaced canal use, and canal
systems either fell into disrepair or often were replaced by railway lines. The Erie Canal Company, with
Charles M. Reed as president, was sold in 1856 to the Erie and Pittsburgh Railroad Company (also headed
by Charles M. Reed). Operated by the railroad company for a number of years, the canal was finally
abandoned in 1871 when a portion of the aqueduct over Elk Creek was destroyed during a storm (Spencer
1962:140). 

In order to improve commercial connections, Erie County leaders turned to railroads. In 1852, the Erie
and North East Railroad Company (Charles Reed, president) constructed a line to the New York border at
State Line in North East Township, where it was to meet the Dunkirk and State Line Railroad. Later the same
year, the Franklin Canal Company completed a rail line (later to become the Lake Shore Railroad) from Erie
to the Ohio border. The Civil War delayed completion of a southern route, but by 1864, the Erie and
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Pittsburgh Railroad had reached New Castle (Spencer 1962:144). With the completion of the Erie and
Pittsburgh Railroad, business on the Erie Extension Canal rapidly declined and the canal was finally
abandoned in 1871, when the Elk Creek aqueduct collapsed during a storm (Nelson 1987:180). 

The nascent railroads were built by private companies and the choice of track gauges was a company
decision. Although there was some attempt at coordination of track gauge, the results were often a confusion
of mismatched rail lines that produced costly delays. Such was the case in Erie County, which led to Erie's
"Railroad War" in 1853. The financial benefits of an enforced stop due to track differences between
Cleveland, Erie, and Buffalo were not lost on the citizens of Erie. Erie residents reacted violently when the
tracks were changed to match those east and west of the town (Nelson 1987:181; Spencer 1962:147). The
publicity generated for Erie by the Railroad War was extremely negative and some historians have purported
that it was one of Erie's greatest disgraces (Reed 1925:355). The debate went on for years and was a part of
political campaigns until the Civil War reunited citizens to a common cause (Wellejus 1980:36).

Even with the decline of salt as a commercial item, Erie remained primarily a port city, receiving other
transportable goods such as grains, coal, and iron ore, and immigrants. Before the advent of railroads, the
volume of transportation on the Great Lakes burgeoned. From one steamboat and 25 sailing vessels in 1820,
Lake Erie's fleet grew to 138 steamships, 197 propeller ships, 58 barques, 90 brigs, and 974 schooners by
1860 (Spencer 1962:231). Lake trade continued to be Erie's main industry until the mid-1800s, when the
larger ports of Buffalo and Cleveland overshadowed Erie (Wellejus 1980:45).

Although the Erie County economy continued to be based primarily on agriculture, the City of Erie
became a manufacturing town between 1840 and 1880 (Spencer 1962:232). The city's first iron works was
established in 1840 as the Presque' Isle Foundry, located near an iron bog near the head of the bay west of
the city. Manufacturing railroad cars, The Erie City Iron Works flourished and supplied the growing railroad
industry in 1859 with 200 freight cars for the Buffalo and Erie Railroad and 148 cars for the Philadelphia and
Erie Railroad (Spencer 1962:231). Established in 1853, the Jarecki Manufacturing Company produced brass
and iron fittings and became a major supplier to the developing oil industry in western Pennsylvania. By
1890, metalworking was the leading industry in Erie (Wellejus 1980:46).

As an index of Erie's industrial growth, in 1880 there were 31 manufacturers with a population of
28,000. By 1905 the population was 60,000 and there were 61 manufacturers (Wellejus 1980:50). Although
the population continued to grow slowly during the first half of the twentieth century, the number of
manufacturers remained fairly constant. The population of Erie continued to grow faster than that of the
county as a whole until the 1960s. At that time, population growth shifted to the suburbs, and the City of Erie
experienced an economic decline that many industrial-based cities have to combat (Wellejus 1980:91).

3.3 Distribution of Archaeological Resources
Myriad, complex interrelated factors appear to contribute to the selection of archaeological sites by

prehistoric peoples, and include such elements as topography (e.g., landform, elevation, slope, and aspect),
local climate, and proximity to permanent or reliable fresh water, well-drained soils, plant and animal
resources for food and the production of dwellings and domestic implements, suitable stone sources for the
production of tools, suitable sources of clay and temper/aplastic materials for the production of pottery, and
existing social and transportation networks for cultural and material exchange, among many other factors too
numerous to list here. In comparative terms, the discovery of archaeological sites is a much simpler matter,
and typically results from either accidental discovery or comprehensive and systematic archaeological site
survey. To date, no systematic archaeological site survey has been conducted in the study area and, hence,
the discovery of archaeological sites has largely been left to chance and urban expansion.

It is not known whether and to what extent the above-listed factors influenced prehistoric archaeological
site selection within the study area, but it is apparent that the study area<s prehistoric occupation is somewhat
more diffuse than surrounding regions—most notably, those to the east and south (i.e., the French Creek,
Allegheny River, and Ohio River watersheds). A total of 209 archaeological sites have been registered by the
Pennsylvania Historical and Museum Commission (PHMC) within the study area (Table 3.1). Of this total,
the vast majority of sites (n=189 [90.4%]) are located within the more heavily populated and extensively
developed Eastern Lake section of the Central Lowland physiographic province (see Figure 2.4) and almost
half of that majority (n=92 [48.7% of Eastern Lake section sites, 44% of total]) are located in areas mapped
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Table 3.1. Registered Archaeological Sites within the Pennsylvania Lake Erie Watershed, by
Subwatershed and number of Diagnostic Components Represented
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n % n/km2 n %

Ashtabula River — — — — — — — — — — — — — — —

Cascade Creek 1 0.5 0.06 — — — 1 — — — — — — 1 0.3

Conneaut Creek 9 4.3 0.03 1 — 2 5 — — — — — 1 9 3.1

Crooked Creek 8 3.9 0.15 1 — 3 9 — — 1 — — — 14 4.8

Eightmile Creek 1 0.5 0.09 — 1 1 1 1 — — — — — 4 1.4

Elk Creek 35 16.8 0.14 12 4 9 26 — — 5 1 — 7 64 21.8

Fourmile Creek 7 3.4 0.22 — — 2 3 — — — — — — 5 1.7

Mill Creek 3 1.4 0.09 — — — — — — — 1 1 1 3 1.0

Raccoon Creek 6 2.9 0.27 4 — 1 6 — — — — — — 11 3.8

Sevenmile Creek — — — — — — — — — — — — — — —

Sixmile Creek — — — — — — — — — — — — — — —

Sixteenmile Creek 3 1.4 0.06 2 — 3 1 — — — — — — 6 2.1

Trout Run 14 6.7 0.79 9 1 4 13 — — — — — 1 28 9.6

Turkey Creek 3 1.4 0.15 1 — 1 3 — — — — — — 5 1.7

Twelvemile Creek 5 2.4 0.15 1 1 3 3 — — 1 2 — 2 13 4.4

Twentymile Creek 1 0.5 0.30 — — — — — — — — — — — —

Walnut Creek 11 5.3 0.11 1 — 2 6 — — 1 1 — 3 14 4.8

Lake Erie 102 48.8 0.58 25 8 23 43 — 1 1 4 — 11 116 35.6

Total
N 209 — — 57 15 54 120 1 1 9 9 1 26 293 —

% — 100.0 — 19.5 5.1 18.4 41.0 0.3 0.3 3.1 3.1 0.3 8.9 — 100

and classified as "urban" (Figure 3.3) by the Pennsylvania Department of Transportation (PennDot 2005).
The PHMC archaeological site database also indicates the presence of a total of 293 diagnostic (i.e., indicative
of a particular time and/or cultural group) archaeological components within the site sample. The discrepancy
between the number of sites versus the number of temporal components is explained by the fact that many
of the sites in the sample are apparently multicomponent; that is, they evince attributes of several discrete
cultural-temporal periods at one locality.

Of the subwatersheds in the study area, the Trout Run subwatershed evinces the highest density of
registered archaeological sites per square kilometer. While this subwatershed<s comparatively small areal
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extent (see Table 2.1) clearly seems at least partially responsible for its high site density ranking, it
nonetheless contains the third-highest number of registered sites of any subwatershed in the study area.
Taking the factor of relative size into consideration, the Lake Erie (direct runoff) subwatershed—while ranked
second in site density (0.58 sites/km2) in Table 2.2—is clearly the most densely populated zone for
archaeological sites in the study area, containing 102 (48.8%) of the entire study area<s 209 sites. This
exceptionally high site density may be attributable a prevalence of some of the favorable site locations
parameters noted above, but it is also almost certainly attributable to the high incidence of urban development
(and hence, accidental or fortuitous site discovery) in this same zone. In fact, ca. 38.39% (92.80 km2) of the
Lake Erie (direct runoff) subwatershed is subsumed by urban development, and this developed portion of the
subwatershed contains 60 (58.8%) of its total of 102 sites. It is quite possible that prehistoric populations were

Figure 3.3. Density of registered archaeological sites by subwatershed and the portions of the study
area designated as "urban" (represented by hatched pattern) by the Pennsylvania Department of
Transportation (PennDot 2005). The PHMC does not permit the depiction of precise archaeological
site locations, hence site densities are represented at the gross level of subwatershed only.
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drawn to this portion of the study area by the same sorts of environmental variables that drew Euro-American
settlement.

Several of the major prehistoric archaeological sites in the urban portions of the study area<s
subwatersheds have been destroyed, the most notable among these being the former East 28th Street site
(36ER13), a putative Erie/proto-Erie village in the Fourmile Creek watershed that continued to be visited by
historic Native American groups through the early nineteenth century. Numerous other sites, ranging from
prehistoric cemeteries through more ephemeral episodically occupied archaeological loci to historic domestic
and military sites, have also been destroyed in this zone. Notable exceptions to this pattern of site destruction
via urban development are the Griswold site (36ER62), a significant prehistoric village situated in the Lake
Erie (direct runoff) subwatershed in western Millcreek Township, and the complex of sites that compose the
Sommerheim Park archaeological district, situated ca. 5.4 km east-northeast of the Griswold site (36ER62)
within the boundaries of Millcreek Township<s Scott Park (see below). The Griswold site (36ER62), although
seriously encroached upon by suburban housing development, appears to have remained for the most part
unaffected and is currently protected on private property by its owner.

The Sommerheim Park archaeological district, which has been listed in the National Register of Historic
Places (NRHP) since 1986, is composed of six archaeological sites (36ER153–158) on a bluff above the
western end of Presque Isle Bay. The form filed for the district<s NRHP nomination notes that it "preserves
what are perhaps among the last pristine aboriginal cultural resources in the general metropolitan Erie/Presque
Isle Bay area" and that it is "one of the few areas along the Lake Plain [i.e., the Eastern Lake section],
particularly around Presque Isle Bay, with high prehistoric site potential which have not been altered
significantly." (Johnson 1981:8.1). The district<s prehistoric sites span the entire Archaic period (8500–1000
BC) and both the Early (1000 BC–AD 1) and Middle (AD 1–1000) Woodland periods as they are known in
northwestern Pennsylvania. Perhaps most significantly, one of the sites (Sommerheim Park Locus 1
[36ER154]) yielded evidence of one of the few recorded Archaic period domestic structures in the entire
Great Lakes and Northeast regions. Sites of this kind are extremely rare in the greater region (much less the
watershed), as many of the ancient beach ridges they occupy have been either destroyed or disturbed by
urbanization, industrial development, and sand and gravel quarrying. In addition to being rare, the
Sommerheim sites are also quite fragile because they are only shallowly buried and thus prone to disturbance
and destruction.

About 21 km southwest of the Sommerheim Park archaeological district lies the Elk creek subwatershed,
which evinces the third-highest quantity (though, due to its very large size [see Table 2.2], a relatively low
density) of archaeological sites and the second-highest number of discrete archaeological site components
in the study area. Occupation of this subwatershed appears to span the entire prehistoric cultural sequence
of northwestern Pennsylvania to a greater degree than any other subwatershed in the study area. Moreover,
the prehistoric occupation of this subwatershed<s northern reaches (i.e., within the Eastern Lake section)—at
least based on the frequency of registered sites and site components—if considered as a discrete zone would
place it third in archaeological site density, just after the Lake Erie (direct runoff) subwatershed. While the
interrelationships between its constituents is presently unknown, the cluster of sites in the Elk Creek
subwatershed and surrounding areas of that stream<s confluence with Lake Erie clearly represents the most
intensive, localized prehistoric use of the entire study area. This area minimally contains 31 discrete
archaeological sites and a total of 58 diagnostic site components, or almost 20% of all diagnostic site
components from the entire study area. Furthermore, if the zone<s boundary is buffered to a distance of 2 km
to include adjacent portions of the Lake Erie (direct runoff) subwatershed, the archaeological site total
increases to 61 (roughly one-third of the entire study area site sample) and the site density increase to 0.34
sites/km2. This zone has undergone considerable archaeological scrutiny which, thanks to the protection of
a large part of it by the establishment of Erie Bluffs State Park in 2004, will doubtlessly continue and provide
a vital contribution to the archaeological understanding of this very important natural and historic area.

A crucial determinant in prehistoric archaeological site location in the study area appears to be local
physical geographic conditions, particularly elevation and soils. As noted above, most (n=189 [90.4%]) of
the study area<s archaeological sites are located within Eastern Lake section of the Central Lowland
physiographic province (see Table 3.1 and Figure 2.4). The vast majority of those sites, in turn, are located
on the well-drained, gravelly and sandy soils of former Pleistocene beach ridges—predominantly including
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the Whittlesey and Warren III strands, elevated at ca. 225.5 m (740 ft) and 204.2 m (670 ft) above msl,
respectively. The soil units that are predominant within these features specifically include the those of the
Conotton, Fredon, and Ottawa series (Taylor et al. 1960:65–68, 73, 82–84), which collectively contain all
or portions of 139 (66.5%) of the study area<s registered archaeological sites. When the mapped boundaries
of these soils are buffered at (or extended to) distances of 0.5 km and 1 km, the registered site total increases
to 188 (90%) and 200 (95.7%), respectively. Of the three soils in this group, the most robust predictor for
archaeological site location is the Ottawa series, whose mapped boundaries contain all or portions of 129
(61.7%) registered sites, and when buffered at distances of 0.5 km and 1 km contain all or portions of 182
(87.1%) and 190 (90.9%) sites, respectively. Similarly robust predictors for site location are the two
aforementioned Pleistocene beach ridges, which when considered together are intersected by 120 (57.4%)
registered sites at a buffered distance of 1 km on either side of their approximate elevations, with a slight
preponderance noted for the Warren III strand (n=84 [40.2%]).

The relationships, if any, that exist between sites located in each of the study area<s two physiographic
zones remain unclear, at least as can be determined from the registered archaeological site data. It is
minimally apparent, however, that the Glaciated Pittsburgh Plateau was only lightly utilized by the study
area<s prehistoric and early historic peoples, even within the few subwatersheds that traverse both
physiographic zones. Of the eight subwatersheds that traverse both zones and contain archaeological sites,
only four evince registered archaeological sites from both zones (Table 3.2), with a relative 2:1 site
distribution for the Eastern Lake section compared to the Glaciated Pittsburgh Plateau section. On a
subwatershed by subwatershed basis, the distribution of registered archaeological sites between the two
physiographic zones ranges from relatively even (Conneaut Creek and Fourmile Creek), through a 2:1
preponderance in favor of the Glaciated Pittsburgh Plateau (Walnut Creek), through an overwhelming (8:1)
preponderance in favor of the Eastern Lake Section (Elk Creek). It should be noted, however, that these ratios
are based on very limited data, and in the case of the Conneaut Creek subwatershed, a near certain under-
representation of registered sites in its southern reaches. Nonetheless, the apparent and exceptional bucking
of study-area-wide trend on the part of the Walnut Creek subwatershed may warrant further archaeological
and paleoenvironmental investigation.

Presently, there exist very few syntheses of archaeological site distribution in Pennsylvania<s Lake Erie
watershed, and those that do exist have not been widely published or distributed. The synthetic discussion
of archaeological data presented in this chapter (see 3.1  Prehistoric Overview), which was developed over
the course of the past 15 years of limited-distribution technical reporting by personnel of Mercyhurst
Archaeological Institute (MAI), has rarely reached audiences outside of scholarly conferences and symposia.
Moreover, as its explicit purpose has been to provide cultural background or context to specific site
investigations in the course of so-called cultural resource management (CRM) studies and, as such it does
not explicitly provide a settlement pattern model for the greater study area. Hence, the only truly synthetic
attempt to model archaeological site prediction and site distribution in the study area is Archaeological Site
Survey in Northwest Pennsylvania, Region IV (Richardson et al. 1979), which was prepared by the Carnegie
Museum of Natural History for the Pennsylvania Historical and Museum Commission (PHMC) under the
auspices of that organization<s Regional Archaeology Program. Although it is almost 30 years old, Richardson
et al. (1979) remains as the only synthetic treatment of archaeological site distribution in the study area
proper. An even earlier study—William Mayer-Oakes<s (1955) Prehistory of the Upper Ohio Valley: An
Introductory Archaeological Study—while making reference to the greater northwestern Pennsylvania, had
as its focus the Ohio and Allegheny River watersheds, situated to the south and east of the present study area,
respectively.

Based on admittedly limited data from informant interviews and pedestrian survey of select localities,
Richardson et al. (1979:105–106) note the following factors for the probable presence of archaeological sites:
(1) locations with well-drained soils in proximity to water and subsistence resources; (2) areas with less than
10º slope; (3) broad but relatively diffuse of all terrestrial environments by Archaic and other non-
horticultural populations; and (4) a predominance of Late Woodland and horticultural sites in valley settings
with 130–135 day frost-free periods accompanied by a predominance of hunting-focused cultures in upland
areas. To this model, the present research adds the following factors: (5) location within the Eastern Lake
section of the Central Lowland physiographic province; (6) location within subwatersheds with high
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occurrence of registered archaeological sites (namely, Trout Run, Lake Erie (direct runoff), and Elk Creek);
(7) proximity to Connotton, Fredon, and Ottawa series soils; and (8) proximity to the Whittlesey and Warren
III Pleistocene beach strands, elevated at ca. 225.5 m (740 ft) and 204.2 m (670 ft) above msl, respectively.

Figure 3.4 shows a polygon (keyed as "high potential for [archaeological] site discovery") that
schematically represents the zones described in items 7 and 8, above, which have been combined and
simplified for the purposes of display and planning. (The actual boundaries for one of the components [i.e.,
the above-described soil units] are quite complex and thus unsuited to display at the scales represented
herein.) This zone measures ca. 208 km2, and represents ca 36.5 % of the Eastern Lake section physiographic
zone or ca. 15.8% of the entire study area. It will be considered in evaluating areas for conservation initiatives
later in this document.

Finally, the PHMC lists 127 historically significant properties as either eligible for inclusion (n=92) or
listed (n=35) in the NRHP. Those properties are summarized in Table 3.3.

Figure 3.4. The high probability zone for archaeological site discovery (hatched, outlined in black)
in the study area, based the mapped locations of the Connotton, Fredon, and Ottawa series soils as
well as the Whittlesey and Warren III Pleistocene beach strands.
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Table 3.3. Properties in the Study Area that are Eligible for Inclusion or Listed in the National Register of
Historic Places (as of 11May 2006).

Name Address Status Date

Conneaut Township 

Harrington Covered Bridge L.R. 25088, Northeast of Cherry Hill Listed 09/17/1980

Adams, William & Lulu, Property 9969 Cherry Hill Rd. Eligible 03/21/2003

City of Erie

Cashier's House 413 State St. Listed 01/13/1972

Main Library 3 S Perry St. Listed 04/26/1979

Erie Land Lighthouse Dunn Blvd., Lighthouse Park Listed 03/30/1978

Hill, John, House 230 W 6th St. Listed 12/17/1979

Koehler, Jackson Eagle Brewery 2131 State St. Listed 04/13/1982

Old Customhouse 409 State St. Listed 01/13/1972

Reed, Charles Manning, Mansion 524 Peach St. Listed 04/19/1982

West Park Place Bounded by N. Park Row, Peach, 5th &
State Sts

Listed 09/04/1980

— 401 Peach St. Eligible 10/18/1991

Warner Theater 811 State St. Listed 04/13/1982

Watson-Curtze Mansion 356 W 6th St. Listed 07/16/1983

Nicholson House & Inn 4838 W Ridge Rd. Listed 02/26/1985

Hamot, Pierre S.V., House 302 French St. Listed 11/14/1991

Erie U.S. Post Office Griswold Plaza Eligible 07/03/1984

Modern Tool Company State & East 4th Sts. Listed 03/06/1987

Saint Benedict's Academy 327-345 E 9th St. Eligible 05/31/1981

Saint Peter's Roman Catholic
Cathedral

Northwest Corner 10th & Sassafras Eligible 01/09/1986

Union Station Griswold Plaza (14th & Peach) Eligible 08/02/1984

Washington School W 21st & Sassafras Eligible 10/11/2000

Lower State Street Historic
District

E & W 3rd; French; Peach Sts.; N. Park
Row

Eligible 01/24/2006

West 6th Street Historic District W 6th St. from Poplar to Peach St. Listed 11/01/1984

Federal Row 146-162 East 5th St., 424-430 Holland
St.

Listed 05/17/1984
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Cashier's House & Coach House
(Boundary Increase) 

413 State St. & 11 E 4th St. Listed 03/09/1983

Thayer-Thompson House 605 W 8th St. Listed 10/31/1985

Tibbals, Charles M., House 146 E 5th St. N.R. Property Eligible 02/03/1981

Brewster, Alexander, House 156 E 5th St. Eligible 02/03/1981

De Luca Buildings 425-431 State St. Eligible 03/06/1980

Soldiers & Sailors Home 560 E 3rd St. Eligible 05/09/1988

Sterrett, James, House 501-503 Holland St. Eligible 03/06/1980

Mission Block 425-431 Peach St. Eligible 03/06/1980

Jarecki, Alex, Residence 305 W 6th St. N.R. H.D. Eligible 02/17/1983

Bunnell Block 419-423 State St. Eligible 03/06/1980

Arbuckle-Carey-Murphy House 140 E 5th St. Eligible 08/18/1980

Richards, Captain John, House 121 E 2nd St. Eligible 03/07/1980

Jones School Building Southwest Corner Holland & 7th Sts. Eligible 05/13/1981

Dickson Tavern 201 French St. Listed 01/18/1990

Business Block No. 1 State St. & North Park Row (N.R. H.D.) Eligible 03/06/1980

First Ward Firehouse 414 French St. Eligible 03/06/1980

Franks Hotel 24-26 E 5th St. Eligible 03/06/1980

Wood-Morrison House 338 W 6th St. N.R. H.D. Eligible 10/28/1982

Gage Hotel 501-505 State St. Eligible 06/00/1979

Kennedy Row House 160 E 5th St. Eligible 03/06/1980

Kennedy, David, House 162 E 5th St. Eligible 03/06/1980

Kennedy Row House 158 E 5th St. Eligible 03/06/1980

Kennedy Double House 424-426 Holland St. Eligible 03/06/1980

Kennedy, David, House 430 Holland Ave. Eligible 02/03/1981

Colt Mansion 628 1/2 E 6th St. Eligible 07/19/1985

Boston Store 718 State St. Listed 10/24/1996

Villa Maria Academy 819 W 8th St. Listed 11/08/1996

Erie Trust Company Building 1001 State St. Listed 08/10/2000

Dobbins Lane W Front St. Between State & Peach Sts. Eligible 06/04/1986
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Chandlery Corner State & 4th St. Listed 02/05/1987

Reavley House 522 E 6th St. Eligible 10/09/1986

Brown House 3101 McClelland St. Eligible 08/15/1995

Mercyhurst College 501 E 38th St. Eligible 06/19/2002

Academy High School 2825 State St. Eligible 07/11/2001

Harding School 820 Lincoln Eligible 03/21/2000

West 21st Street Historic District 125-262 W 21st St. 2014-2125 Sassafras
St. 

Listed 03/09/1990

Saint Stanislaus Roman Catholic
Church & School 

1203 Wallace St. Eligible 07/05/1989

Old Romanian Club 1133 Penna Ave. Eligible 08/02/1989

Erie Armory 6th & Parade Sts. Listed 12/22/1989

Erie Federal Courthouse & Post
Office 

6th St. (South Park Row) & State St. Listed 01/22/1993

Firefighter's Museum 428 Chestnut St. Eligible 09/20/1990

Penn School 554 E 10th St. Eligible 10/05/1992

East Side Boys Club 521 E 12th St. Eligible 08/25/1993

Black & Germer Stove Company 1534 Parade St. Eligible 03/11/1996

Erie City Iron Works 1422 East Ave. Eligible 12/09/1996

Lovell Manufacturing Company 1301 French St. Listed 01/16/1997 

Beck Apartments 404-408 W 9th St. Eligible 10/14/1993

— 924 Peach St. Eligible 05/20/1994

Baker, Isaac & Sons, Building 629-631 State St. Eligible 09/22/1994

Erie White Metal Company 838 E 10th St. Eligible 03/14/1995

Wayne School 650 East Ave. Eligible 03/14/1995

General Electric Warehouses E 12th St. Eligible 03/14/1995

Travis, Sam Trie & Service Center 2529 Parade St. Eligible 03/14/1995

Pennsylvania Gas Company 225 Wayne Ave. Eligible 03/14/1995

Erie Burial Case Company 823 E 9th St. Eligible 03/14/1995

Wayne Park Baptist Temple 923 E 6th St. Eligible 03/14/1995

East 6th Street Historic District E 6th St. Eligible 03/14/1995
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East 12th Street Historic District 12th St. at Erie Ave. Eligible 03/14/1995

Lakeside Cemetery E Lake Rd. Eligible 08/15/1995

Navy Farm Subdivision Historic
District 

Hess, Lighthouse, Dunn, Penn'a, Queen,
2nd-5th 

Eligible 08/15/1995

Adamstown Subdivision Historic
District 

East Lake Rd., Bacon St., Euclid Ave. Eligible 08/15/1995

Lakeside Subdivision Historic
District 

Sanford, Euclid, Park, Lake East side,
Eagle Point, Cha 

Eligible 08/15/1995

Mill Creek Tube Repairs Mouth of Mill Creek Eligible 04/07/1995

New York, Chicago, & Saint
Louis Railroad 

19th St. Eligible 05/04/1998

— 902-904 Parade St. Eligible 04/02/1998

— 914-918 Parade St. Eligible 04/28/1998

— 810-816 Parade St. Eligible 04/02/1998

Chestnut Street Waterworks Pump
House 

340 W Bayfront Pkwy. Eligible 08/28/1998

Palace Hardware Building 913-915 State St. Eligible 02/01/1989

Glenwood Hill Historic District Roughly Bounded by 38th, State, 39th
Sts. & Parkside Ave. 

Eligible 05/30/2000 

Masonic Temple 32 W 8th St. Eligible 06/11/1999 

Wilson Middle School 718 E 28th St. Eligible 03/21/2000

Emerson/Gridley Elementary
School

814 Park Ave. North Eligible 03/21/2000

Balkan Baking Company Building 258-260 E 2nd St. Eligible 12/13/2000

Saint Joseph's Catholic Church
Complex

146-147 W 24th St. Eligible 11/05/2001

Columbus Elementary School 17th & Poplar St. Eligible 1/27/2002

Erie Technology Incubate 130 W Eighth St. Eligible 04/05/2004

Fairview Township

Sturgeon House 102 S Garwood St. Listed 12/10/1980

Dobler Estate Rte. 20 Eligible 09/04/1987
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Girard Borough

— Fairplain Rd. Eligible 01/31/1991

Girard Historic District Main St. From Academy to Bessemer
RR 

Eligible 06/12/1987

Girard Township

Gudgeonville Covered Bridge T-460, Southeast of Girard Listed 09/17/1980

Harborcreek Township

Bunnell, Thomas, House Station Rd. Eligible 08/15/1995

Mack, Elisha, House 4215 Station Rd. Eligible 03/14/1995

Evans House/Farm 5019 Hannon Rd. Gravel Road 1.25 mile
South of Waynesburg 

Eligible 02/07/2001

Denio Windmill 2350 Main St. Eligible 08/04/2004

Lawrence Park Township

General Electric Company 2901-3001 E Lake Rd. Eligible 03/14/1995

Lawrence Park Historic District — Eligible 05/06/1988

Lawrence Park Dinor 4019 Main St. Listed 03/18/2004

McKean Borough 

Middleboro Public School N Main St. Eligible 06/29/1994

Millcreek Township

Presque Isle Light Northwest Shore Presque Isle Listed 08/04/1983

Sommerheim Park Archaeological
District

Southwest shore Presque Isle Bay Listed 03/06/1986

Garries Creek Bridge T-492 Eligible 09/15/1992

Bell Valley Feed Mill 5255 Schrimper Rd. Eligible 03/14/1995

Belle Valley Elementary School 1762 Norcross Rd. Eligible 08/04/1999

N.Y., Chicago & St. Louis
Railroad

Norfolk Southern Right of Way Eligible 03/01/2002

Lakewood — Eligible 05/23/2002

McCreary House 3930 W Ridge Rd. Eligible 03/01/2002

Lake Shore & Michigan/N.Y. Norfolk Southern ROW Eligible 03/01/2002
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Central Railroad

North East Borough

Short's Hotel 90 S Pearl St. Listed 08/25/1983

North East Railroad Station Wall St. Eligible 11/28/1984

North East Historic District Lake, Main, Gibson, Division, Clay Sts. Listed 03/09/1990

Springfield Township

Harrington Covered Bridge L.R. 25088, Northeast of Cherry Hill Listed 09/17/1980

4  PRESETTLEMENT AND HISTORIC HUMAN-WATERSHED INTERACTION

4.1  Perspective for Planning
The premise underlying the analysis in the following section of the plan is that defining the

presettlement condition of the Pennsylvania Lake Erie watershed may provide "guide posts" for
conservation and restoration planning. It is recommended that the primary conservation goals that should
be worked toward are: (1) the protection of water habitats and related "natural heritage" resources
(including cultural resources, species, and habitats of special concern) and (2) the restoration of
conditions in degraded areas to ensure future sustainability of the watershed<s aquatic and natural
resources. 

It must be acknowledged that many parts of our watershed landscape cannot be maintained in pre-
settlement natural conditions, and that some of the land must be utilized for enterprises that sustain the
economic well-being of people. It also must be recognized that certain important elements of the original
presettlement landscape can never be reconstituted. There is a modest degree of uncertainty about
presettlement conditions, with respect to the precise nature of the "original" vegetation, condition of
streams, and how human activities (by both Native Americans and European settlers) influenced the
environment. It is hoped that this document spurs additional local/regional research to fill data gaps in this
regard. However, considering the magnitude of the well-documented environmental degradation that our
watershed has endured during the past 200 years, we think that it is important to continue efforts to
conserve landscape elements that may contain the remnants of less-damaged natural ecosystems. 

It also should be considered necessary that the watershed plan set realistic objectives for future land
protection and restoration initiatives. Objective goal-setting for restoration may profit from knowledge of
what the watershed was like before the arrival of the settlers, since the presettlement condition may
provide the best approximation of the natural self-sustaining "capacity" of the land. By protecting and
restoring our natural heritage, we hope to provide future generations with connected, viable parks and
green spaces that demonstrate some of the key qualities of the landscape<s natural beauty as it was found
by the pioneers, rather than just "stories" in a history lesson regarding the original condition of the
watershed and its streams. 

Since no natural ecosystem on our planet exists in a vacuum lacking perturbations that generate
adaptation and evolutionary change, the following analysis of presettlement condition includes
information regarding the natural disturbances which likely affected the study area. The slate of natural
disturbances considered includes information on climate change during the last 1,000 years. The initial
settlement period (mid-1700s to ca. 1850) coincided with a transition period in global climate (end of the
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"Little Ice Age"), and the validity of some explanations for environmental changes in our local streams
noted by nineteenth century historians in Erie County may need to be reconsidered in light of recent
research on climate change during the last millennium. Lacking specific data on how the Little Ice Age
affected our climate locally, it may not be safe to assume that local climatic variations were similar to
what occurred in other areas (cf. Soon and Baliunas 2003). 

Decades of modern ecological research have demonstrated that ecosystems evolve within a dynamic
interplay of natural disturbances of widely varying frequency and intensity. Ecologists have discovered
that so-called "steady state" conditions of ecosystems (such as a "climax" old-growth forest) are
somewhat illusory, and that disturbances mediate continuous re-adjustment of "equilibrium" states.
Disturbances are now known to be vital processes that are essential to the maintenance of biodiversity in
ecosystems. Furthermore, some land management practices long practiced by conservationists, such as
fire suppression, are now known to not be the best courses of action to protect natural resources. And
most importantly, we consider land management practices that incorporate sustainable use of natural
resources (to satisfy human economic needs) to be compatible with our goals for conservation, and will
be an important element considered as specific planning objectives are developed.

For conservation planning purposes in this document, it will be assumed that disturbances attributed
to native American people who inhabited this area prior to the European incursion, are part of the
landscape<s "natural" disturbance regime. Furthermore, in the interest of protecting natural resource
biodiversity and restoring natural ecosystems, artificial disturbance (following carefully prescribed
management guidelines) should be considered as a potentially important management tool that may be
recommended for effective stewardship of certain elements of our watershed.

4.2  Deforestation and Hydrology
Bates (1884) described the presettlement condition of the vegetation in the Pennsylvania portion of

the Lake Erie watershed as "covered with a dense forest consisting mainly of pine, hemlock, chestnut,
walnut, cucumber, beech and maple." Taylor (1957), citing Hicks (1934), similarly reported that the
original vegetation was "nearly all forest," and suggested that most of the trees were hardwoods,
including "some pines and hemlocks." Taylor indicated that "beech-sugar maple and beech-red maple
forest types" were dominant, and that "white elm-oak, northeast conifer, and oak-hickory" forests were
"less important." Taylor further suggested that chestnut grew mainly on gravelly soils of the lake plain,
and that beech, maple, and white pine dominated on the slopes south of the divide between the Lake Erie
and French Creek watersheds. Whitney<s (1982) review regarding presettlement forests of northeastern
Ohio indicated a "predominance of beech-maple forests" with "outliers" of white pine and hemlock.
Trautman<s (1957) review for northeastern Ohio reinforces the foregoing views of a beech-maple
association dominating on the "hills and intervales" of the glaciated areas, with a "chestnut association on
the more overdrained portions." The most recent available scientific review by Abrams (2001) for the
presettlement forest condition of northwestern Pennsylvania indicates beech, hemlock, sugar maple, and
white pine as the primary species, based on Lutz (1930). 

Most of the original forest was cleared in the early 1800s primarily to support the timber industry
and agricultural development. Lechner (1994) suggested that early loggers had no interest in conserving
this renewable resource, as "mills were constructed throughout the area in the nineteenth century,
providing services until timber was exhausted." Bates reported that by 1884 "little good timber [was]left."
Apparently, pine and hemlock of the valley of French Creek was rafted to Pittsburgh, and "that of the lake
shore was shipped to Cleveland, Buffalo, and New York markets." Bates (1884) lamented that "the
county does not furnish building material enough now for home use, and at the rate the forests are
disappearing it will not be long until there will be barely sufficient for ordinary farm purposes."

The destruction of the forest was thought to have had negative effects on local hydrology. Sanford<s
(1894) description of Mill Creek indicated "that in 1810 it contained four times the quantity of water that
it does at present and was quite a large turbulent stream." Sanford attributed the reduction of (base) flow
to "increased evaporation occasioned by the removal of trees, and also by the plowed ground, which
absorbs large quantities of water." An observation of the reduction in stream flow of a tributary of Walnut
Creek was recorded as early as 1845 (Sanford 1894) in a "memoranda" of Mr. Richard Barnett, who
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noted "the Beaverdam Run (is) dry in many places, which was never known before by the oldest
inhabitants." Bates (1884) had noted that "all of the streams in the county were formerly much larger and
more reliable,"and he attributed the "drying up of the streams" to "the cutting off of the timber." Bates
further indicates that "the seasons of high water which were once of two or three weeks< duration now last
only a few days." He further notes "there being no forests to retain the rain, the water runs off very
rapidly, causing floods that sometimes do considerable damage."

Hydrological changes had economic consequences in the study area, since the streams had been the
primary source of power for manufacturing (Sanford 1894), and most of the important towns and
settlements developed on streams "in consequence of the early establishment of mills" (Bates, 1884).
Beates (2000) reported that reduction in stream flow led to conversion to other energy sources (notably
steam) for industry, since "streams which could supply water power before deforestation sometimes could
not do so after the land was cleared." Beates (2000) indicated that some mills tried to compensate for
reduced stream flow by "creating or enlarging their mill ponds." Mill operators that needed additional or
more consistent power found it necessary to change to steam power. 

The changes in stream hydrology observed in the 1800s cannot definitely be attributed to
deforestation, since coincidental changes in climate may have also contributed to decreases in stream
flow. Climatologists have documented "widespread climatic anomalies" independent of human influence
within the last 1,000 years—including a "Medieval Warm Period" (MWP) ranging A.D. 1000–1300 AD
and the "Little Ice Age" (LIA) rangind A.D. 1400–1850 (Legates, 2003; Pederson et al. 2005). These
climate changes have been shown to have accompanied prehistoric changes in vegetation of the Hudson
River watershed in New York (Pederson et al. 2005).

Various lines of evidence indicate that more frequent drought and fire in the Hudson Valley during
the MWP led to dominance by pines and oaks and expansion of more southern temperate trees (e.g.,
hickory). The cooling period (LIA) resulted in increasing importance of tree species favored by moister
conditions, including beech and hemlock, although pine and oaks persisted (Pederson et al. 2005). The
use of fire by Native Americans to maintain fields and grasslands for berries and wild game also likely
influenced vegetation development in the Hudson River Valley during both the MWP and LIA (Williams
1989 [cited in Pederson et al. 2005]). If we assume that the end of the LIA affected the southern shore of
Lake Erie in ways similar to what was documented for the Hudson River watershed, then it is possible
that the transition from cooler, moister conditions in the early 1800s to warmer, dryer conditions by 1900
contributed to the drying of springs and reduction of stream flow in Erie noted by Bates (1884) and
Sanford (1894). 

Data specific to the Pennsylvania portion of the Lake Erie watershed regarding prehistoric climate
change is not available, and local research is needed to critically evaluate the importance of anthropogenic
influence on stream flow during the historical period. The only detailed, published regional studies that
examined post-glacial plant community development (based on analysis of core samples from a bog in
northern Ohio) did not allow fine resolution of climate changes within the last 3500 years (Sears 1930,
1932 [reviewed in Kormondy 1996]). Recent work conducted in northeast Ohio confirms that
hydrological variations indicated in stream alluvial deposits (Zavar et al. 2005) and lake bog sediments
(Michaels et al. 2004) are correlated with climatic anomalies occurring within the last 3,000 years. 

4.3  Non-forest Habitats and Prehistoric Disturbances
Although forests were the most prominent vegetation feature in the study area, prehistoric

disturbances and hydrological phenomena likely resulted in some areas characterized by more open (early
successional) vegetation. The presence of grass-dominated meadows was suggested by an early account
regarding the French forts in Erie County. A 1755 letter by Governor DuQuesne from Quebec indicated
that "at Presqu< isle the hay is abundant and good." Duquesne further reported that at Fort LeBoeuf "the
prairies which are extensive, furnish only bad hay, but it is easy to get rid of it"  (Reed 1927).

Unverifiable accounts of certain wildlife species in the Erie area indicate a possible early presence of
relict prairie habitats. Nelson (1896) reported "there were some wild cattle or buffalo," and it has been
claimed that LeBoeuf Creek was named by the French (the "River Aux Boeufs") for the large number
buffalo apparently found grazing on the flats below Waterford. Nelson also reported there were
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"massasaugies" (Eastern Massasauga rattlesnakes) on the peninsula (Presque Isle). This poisonous snake<s
preferred habitat includes open upland sites, such as the relict prairie at Jennings State Park in Butler
County, well south of the study area (Michaels 2005). 

Open habitat would have been expected in some wetland habitats. Whitney<s (1982) review
concerning the presettlement vegetation of northeast Ohio notes that "prairies were inevitably associated
with low-lying areas and very poorly to poorly drained soils," apparently associated with floodplains (of
streams) and former locations of post-glacial lakes. Whitney (1982) explained that fine-textured lacustrine
deposits and the low runoff potential of the lake plains (features present also in the study area) resulted in
"seasonally ponded habitat, largely devoid of trees." Whitney (1982) indicated that monocot-dominated
communities including sedges, rushes, and grasses were prevalent in the presettlement "prairie or swampy
prairie" sites. Trautman<s (1957) review concerning the presettlement vegetation of Ohio suggests that an
"oak-hickory association" was prevalent in the "prairie areas" of the glaciated section, with the oaks
forming "oak islands" in areas "surrounded by wet prairie openings." Taylor<s (1957) notation regarding
"oak-hickory" as one of several "less important forest types" in Erie County indicates the possibility that
the study area<s original plant communities contained some representation of the Ohio "prairie"
vegetation. 

Extensive, non-forested habitats were known to occur at Presque Isle in association with wetlands.
The first English-speaking people to set foot on Presque Isle in 1795 reported the peninsula was "covered
with cranberries" (Lechner 1994). Cranberries grow in open bog-type habitats. The proximity of the water
table to the surface at Presque Isle, coupled with long-term variations in Lake Erie water levels, results in
periodic hydrological disturbances that prevent peninsula sand plains and wetlands from developing into
forests. The maintenance of open-type vegetation alternating between wetland and upland condition is a
disturbance-mediated process known as cyclic succession (Campbell 1998).

Natural disturbances known to contribute to patchy occurrence non-forest vegetation along the
southern shore of Lake Erie include fire and catastrophic windthrows. Catastrophic windthrows are
patches of open areas in forests, varying in size from 40 m (131.2 ft0 to over 500 m (1,640.4 ft) in
diameter, that contain trees toppled by storm events. Seichab and Orwig<s (1991) analysis of late 1700s
survey records for Western New York indicate that catastrophic windthrows were relatively rare along the
southern shore of Lake Erie, and occurred mainly on the Allegheny Plateau. The return-time estimated for
these disturbances ranged from 980 to 3,190 years, which is sufficiently infrequent that the affected forest
patches would have had more than sufficient time to return to "steady-state condition" (mature forest). No
evidence of catastrophic windthrows was found for the Lake Erie till plain in New York, and they were
very rare in the westernmost part of New York (the closest one to Pennsylvania was found directly south
of Chautauqua Lake). Whitney<s (1982) analysis of early surveyor records for northeastern Ohio similarly
notes scarce records of "windfalls." Lacking specific data on presettlement occurrence of windthrows for
the study area, we nonetheless cannot rule out the possibility that these disturbances affected the
condition of our presettlement vegetation.

Direct evidence of fire disturbance (actual observation of burns) was extremely rare in the records of
late 1700s surveyors in Western New York, although records of pitch-pine-dominated forest areas offered
indirect evidence of recurrent fires (Seichab and Orwig 1991). None of the pitch pine sites noted by
Seichab and Orwig occurred near Pennsylvania or the southern shore of Lake Erie in New York.
Grasslands (also referred to as "prairies" and "plains") in late 1700s Western New York were noted in the
till plains of the Buffalo, New York, region (on the perimeter of the Cattaraugus Indian Reservation ) and
were attributed to "anthropogenic disturbances," such as burning, by native Americans (Seichab and
Orwig, 1991). 

Whitney<s (1982) review concerning the presettlement forests of northeastern Ohio suggests that fire
did not appear to have played "a major role" in the development of that region<s vegetation, and that
"major disturbances were relatively infrequent." A general indication of infrequent fire on the southern
shore of Lake Erie is the apparent dominance of sugar maple, red maple, and American beech, which are
apparently "fire-intolerant species" (Whitney, 1982). Greater prominence of white and black oaks in these
forests would have been more indicative of repeated fires (Whitney 1982). Taylor<s (1957) suggestion
that white, red, black, scarlet, and chestnut oaks grew throughout Erie County on the "better drained
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soils" may be an indicator of fire having some effect on the presettlement development of forests in the
Pennsylvania Lake Erie watershed.

Open areas called "barrens" dominated by "scrubby" white or black oak were noted to occur in many
localized sections of presettlement northeast Ohio. Also referred to as "barren burnt hills" or "barren burnt
plains," these sites were attributed to "the result of burning by Indians in pursuit of game" (Whitney
1982). All of the direct references to "fires or barrens" found in the presettlement survey records analyzed
by Whitney (1982) were known centers of "Indian activity" as indicated by corresponding citations
regarding major native American trails or villages. Considering the abundant records of former native
American villages in the study area (see 3. Culture-Historical Context and Resources), it seems likely that
fire was also used in our area and was a potentially important disturbance affecting the development of
the presettlement vegetation. It should be noted that (fire-tolerant) white and black oak were prominent
among the species of trees harvested by Daniel Dobbin<s work crew from the forest that "surrounded the
town" (Erie) for the construction of Perry<s fleet in 1812 (Rosenberg 1997).

It has recently been suggested that disturbances associated with large flocks of passenger pigeons
may have affected the presettlement vegetation of eastern North America. The study area lies near the
center of the former principle nesting area of this now-extinct bird (Ellsworth and McComb 2003), and
observations of large flocks of the pigeon in our area were documented (Reed 1925). Ellsworth and
McComb<s (2003) review indicates that ground-accumulation of broken tree branches (from roosting
activities) and dead understory plants (killed by pigeon guano) in areas used by flocks of nesting and
roosting passenger pigeons would have increased the risk and intensity of fire in presettlement forests.
More frequent fire would have favored black and white oak over red oak in affected areas. Mast
consumption by the pigeons is also thought to have selectively favored presettlement recruitment of white
oak over northern red oak (Ellsworth and McComb 2003). Reduction of these disturbances following the
decline of the passenger pigeon is cited as one factor contributing to the expanded importance of northern
red oak in the early twentieth century, as white oak declined (Ellsworth and McComb, 2003).

4.4  Changes in Wildlife and Fisheries
The original forest of Erie County apparently supported populations of large predatory mammals

which were eliminated by the early settlers, including bears, wolves, martens, and cougar (Bates 1884).
Wolves caused serious concern to the settlers, as "packs of these animals often surrounded the cabins and
kept their inmates awake with their howling" (Bates 1884). There were reports of "sheep being killed by
wolves as late as 1813," and occasionally a panther or wild cat terrified whole neighborhoods by its
screaming" (Bates 1884). It apparently was not long before these threats were eliminated, as a bounty of
"$10 to $12 per head" was offered for the scalps of wolves, and "the last panther was shot" in 1857 (Bates
1884).

Bates indicates that wild fowl (including pigeons, ducks, geese, partridges, and turkeys) were
abundant "in their season," and were readily harvested by the settlers, since the game birds "were more
tame than now, and fell easy victims to the guns or traps of the pioneers." According to Reed (1925),
"great flights" of wild (passenger) pigeons occurred "all through this region" until the 1870s. Reed also
indicated that elk and bison were originally present in Erie County, "although the bison had retired from
this county very soon after the French came upon its soil." Apparently Elk Creek was named for the
former conspicuous presence of elk, which is confirmed by a specimen (a single elk antler) currently
housed in the Biology Department of Mercyhurst College (obtained with a collection formerly held by the
Erie Historical Museum). The tag on the antler (dated February 1903) indicates the antler came from an
elk shot in 1802 by Conrad Coffman on the West Branch of Elk Creek (Little Elk Creek).

The various versions of the History of Erie County indicate that at the time of original settlement, all
of the streams had abundant fish (Bates 1884; Reed 1925; Sanford 1894). Bates (1884) reported that
"most of the small streams abounded in trout." Sanford (1894) claimed that "all of them contained many
brook trout." An early report of the Pennsylvania State Commissioners of Fisheries (Busch 1896)
confirms that brook trout were common in all of the streams of Erie County (prior to 1850), and that
"taking them was a source of great pleasure" to fishermen in small streams within the City of Erie
(including tributaries of Mill and Cascade Creeks below 26th Street [U.S. Route 20]). The author of the
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report (Col. John Fleeharty) lamented that "it is a source of unlimited regret to those ardent sportsmen that
those days have gone forever" (Busch 1896). 

Fish were apparently an important component of the diets of people who lived near the lake (Sanford
1894) as "log canoes for fishing purposes were as much a necessity to the early settlers along the lake as
log cabins to shelter their families, and each went fishing as his wants required." The mouth of Mill Creek
was apparently high on the list of popular fishing spots, considered "a fine place for rock bass fishing, as
well as sun fish and perch" (Busch 1896).

The study area<s fisheries apparently declined concurrently with deforestation in the first half of the
1800s. Trautman<s (1957) review regarding changes on the southern shore of Lake Erie between 1797 and
1850 indicated that dam construction on streams to operate mills prevented upstream migration of many
important "food species." Reduced stream flow associated with "overdraining of marshes….timber
removal on stream banks, burning of vegetation and other agricultural practices" also destroyed the
habitats of stream fishes (Trautman 1957). Furthermore, sawdust dumped into streams from lumber mills
harmed fish directly by clogging their gills and degrading spawning substrate (Trautman 1957).

Despite declines in stream fisheries associated with dams, industry and agriculture, the fishing
business in the waters of Lake Erie flourished in the second half of the nineteenth century. The
introduction of poundnets and increased use of the gillnet after 1850 "revolutionized commercial fishing"
in the lake (Trautman 1957). Apparently the success of Pennsylvania commercial fishermen "made the
City of Erie, by the end of the century, the largest commercial fishing port on the Great Lakes" (Lechner
1994). Small harbors at the mouths of Elk Creek, Trout Run (Avonia), and Sixteenmile Creek (Freeport)
also flourished in the late 1800s (Lechner 1994). The number of commercial fishing boats working out of
Erie increased from 9 in 1867 to 42 by 1892—with blue pike, herring, white fish, and perch making up
the bulk of the catch (Busch 1896). The total commercial catch landed at Erie in 1892 totaled nearly 13
million pounds, and employed a total of 500 men (Busch 1896).

4.5  Wetlands and Development
Wetlands affected several aspects of the historical development of the study area. Bates (1884)

indicated that an extensive half-mile wide swamp "originally extended along the Lake Shore Plain in an
east and west direction, from Twelvemile Creek to the Ohio boundary." By 1884, most of the wetland had
been drained for conversion to "fertile land (agricultural use)," although the parts east of Mill Creek were
apparently not as effectively modified because "the rock comes nearer to the surface" (Bates 1884). The
westernmost portion of the swamp in Springfield Township (near Raccoon Creek) was also problematic,
as "numerous stretches of sand are met with that hardly pay for cultivation, and other parts are cold,
swampy and difficult of drainage" (Bates 1884).

The position of wetlands affected some property boundary decisions. Apparently the boundary of the
2,797-acre Moravian Grant in Springfield and Conneaut Townships was constricted at Ridge Road (U.S.
Route 20) because the original surveyors encountered a "formidable beaver swamp at that point, which
has since been mostly reclaimed by drainage" (Bates 1884).

Wetlands also affected the course of roads and their mode of construction. When the first road in
Erie was "cut" by the French between Fort Presque Isle and Lake LeBoeuf in 1753, the path was
"corduroyed" in wet places by laying the trunks of small trees "crosswise, close together—making a dry
and solid, but very uneven surface" (Bates 1884). When the Buffalo Road (U.S. Route 20) was completed
in 1812, it followed a "nearly straight line" except for "an abrupt jog" on the east side of the City (Figure
4.1), where "an ugly swamp" was encountered (Bates 1884). Similarly, when the Ridge Road
(continuation of the Buffalo Road to the west) was opened in 1805, it made a "jog at Peach Street" (from
18th to 26th streets) to "avoid the swamps" on the west side (Bates 1884). Bates indicated that these
swamps were also "effectually drained" by 1884.

Inspection of the location indicated for the former swamps west of Peach Street on Millcreek
Township and City maps in the Atlas of Erie County (Beers et al. 1865) indicates that the path of the
Beaver and Erie Canal (and, later, railroad tracks) approached the port of Erie through the swamps(see
Figure 4.1). Canal and railroad construction projects apparently contributed to the drainage of wetlands
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and changed the course of streams (e.g., Scott Run and Cascade Creek), and/or severed streams from their
headwaters. 

Inspection of the current agricultural landscape in many parts of our watershed shows common
evidence of alteration of original drainage patterns in headwaters by installation of tile drains and ditches
to make wet areas arable, and the relocation and straightening of small stream channels. Such alterations
have improved the utility of the land for agriculture, but most likely have also decreased the amount of
precipitation reaching groundwater (which provides the base flow of streams). Although much less
damaging than the large-scale addition of impervious surfaces in developed urban and suburban areas of
the watershed, agricultural drainage alterations have a similar effect on speeding-up the entry of surface
water into receiving channels during snowmelt periods and rainstorms. 

4.6  Historical Importance of Streams for Transportation
The earliest documented exploitation of Lake Erie waters in the northwestern Pennsylvania region

were French attempts to develop and protect trade routes between eastern Ontario and the Mississippi
Valley (Taylor 1891; Reed 1925). After LaSalle passed through Lake Erie in 1678, the French recognized
the strategic importance of establishing a line of military posts along western side of the Alleghenies.
Securing these outposts required links between water transportation routes on the Great Lakes and the
Ohio River (Taylor 1891; Reed 1925). Portage distances between the southern shore of Lake Erie and
navigable tributaries of the Allegheny and Ohio Rivers increased from east to west, and few places on the
margin of the lake offered protection from storms. The mouths of streams offered natural points of access
to move canoes, people, and supplies inland, and portage "roads" initially followed the valleys of north-

Figure 4.1. Detail, plan of Millcreek Township and the City of Erie in 1865, showing: (a) bends in
roads to accommodate swamps and wetlands east of the City of Erie and (b) the route of the Beaver
and Erie Canal, which cut through various stream drainage systems and severed Cascade Creek from
its headwaters (from the Atlas of Erie County [Beers et al. 1865]) .
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flowing streams. The starting points of portage routes on streams were thus primary sites of development
of European settlements on Lake Erie<s southern shore. 

The first portage route apparently used by the French began at the mouth of Chautauqua Creek (near
Westfield in New York State) and ended at Chautauqua Lake (not connected to Chautauqua Creek). This
route was taken by an expedition in 1749 led by Celeron, with the purpose of asserting the French claim
of control over the lands and waters west of the Alleghenies (Taylor 1891; Reed 1925 [see 3. Culture-
Historical Context and Resources]). When French forces under Marin were sent to the southern shore of
Lake Erie to establish forts between Lake Erie and the Ohio in 1753, the group first considered setting-up
a fortified portage to the Allegheny River via Chautauqua Lake. After it was discovered that there was a
large peninsula (Presque Isle) along the shore of Lake Erie further to the west, the French detachment
under Marin instead established a new portage route and fort at the mouth of Mill Creek (at the present
location of the City of Erie). The length of the overland portage from Presque Isle was longer than the
Chautauqua Lake portage, and French Creek provided less favorable passage to the Allegheny; however,
the benefits of a protected harbor for cargo ships were perceived by Marin to outweigh the drawbacks of
the longer portage (Taylor 1891; Reed 1925). 

Besides the first Pennsylvania harbor near the mouth of Mill Creek in Presque Isle Bay, small
"ports" were also established at the mouths of Elk and Sixteenmile Creeks. The Sixteenmile Creek site (at
Freeport Harbor near North East) was also the starting point of a portage route leading to French Creek at
Colt<s Station in the early 1800s. The mouth of Elk Creek in western Erie County (near Lake City and
Girard) was an important center for fishing activity, as were the small harbors at Avonia (on Trout Run)
and Freeport (Lechner 1994). The mouth of Elk Creek was also was a rival site (to the harbor at Erie)
proposed for the terminal Lake Erie port of the Beaver and Erie Canal in the late 1820s and 1830s. The
first shipbuilding operation in the Erie area (1796–1799) was situated at Freeport Harbor (Stone and Frew
1993). During the War of 1812, shipbuilding commenced at the mouths of Mill and Cascade Creeks
within Presque Isle Bay. The mouths of some of the study area<s other streams between Erie and North
East (Sixmile, Eightmile, and Twelvemile Creeks) were apparently used for illegal trade (such as rum-
running) during the Prohibition era (Stone and Frew 1993).

4.7  Streams as Energy Sources
When the American settlers first arrived, the study area<s streams were the main source of energy for

a wide variety of industrial enterprises, including saw mills, grist mills, woolen factories, tanneries, and
breweries. Historical accounts do not unambiguously establish when and where the first mill in the study
area was established. Sanford (1894) indicated that in 1795 there were four families living in Erie County,
and that the "first mill in the Triangle was at the mouth of Walnut Creek." Sanford (1894) later refers to
the first mill at Walnut Creek as "Forster<s," which was apparently also the destination of a road
constructed in the county in 1797 by the Pennsylvania Population Company (Sanford 1894). Lechner
(1994) indicates that a gristmill was constructed at the mouth of Walnut Creek in 1798 by Colonel
Thomas Forster and Captain Richard Swan, "the first residents of Fairview Township." Lechner indicates
that a saw mill was built near the mouth of Mill Creek in 1796, which would appear to predate the grist
mill on Walnut Creek. It seems reasonable that a sawmill would precede a gristmill, as—according to
Lechner (1994)—"the timber industry was one of the most important early economic activities in the
county." Claridge (1991) confirmed that the study area<s first mill was a saw mill built in 1797 at the
mouth of Mill Creek, and that it "produced the lumber used in fortifications for the protection of the
fledgling settlement."

It is possible that the French constructed a mill on Mill Creek in the early 1750s to support the
development of their fort, although it is not clearly documented in historical accounts. Taylor (1891)
indicates that several years before the British took possession of "Fort la Briske Isle [sic]," a French
village had been established "on the opposite side of the stream from the fort." The 1758 record
apparently indicated that the village contained "one hundred families…a mill for grinding grain…..a
Roman Catholic priest," but by late 1759, "there was not a vestige of it left."

Because of critical importance of hydropower for producing shelter, food, clothing, and tools,
streams and mills became centers for the growth of early communities in the study area (Claridge 1991),
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and some of the mills continued to work into the early twentieth century. Claridge described the various
types of water wheels used in Erie County mills (tub-mill wheel, paddle-wheel, and under-shot wheel),
and the great skill and craftsmanship required in the construction of the mill apparatus, weight-bearing
walls, and associated machinery. According to Sanford (1894), the principal streams identified in the
study area for hydropower were Conneaut, Crooked, Raccoon, Elk, Walnut, Mill, Fourmile, Sixmile,
Twelvemile, Sixteenmile, and Twentymile Creeks and Trout Run. Sanford conveys a sense of the
prevailing attitude of humans toward the resource in the accompanying remark, that "these streams afford
abundant water power for manufacturing; and while the valleys and rivers are sometimes wild and
picture-like, as at Elk, Walnut and Twenty Mile Creeks, the broken and unproductive areas of Erie
County are few indeed."

Lechner (1994) provides further historical insight regarding the settlers< attitude about the land,
indicating that from 1792 to 1802, that the Pennsylvania Population Company "presided overt the
establishment of an agricultural frontier in Erie County." In 1797, from an agency at Greenfield (later
named Colt Station), Judah Colt worked to promote the development of the Erie Triangle by "bringing in
merchandise for sale, and hiring workers to build roads, cut timber, build houses, girdle trees in order to
kill them so sunlight could reach potential crops, and make other improvements before the land was sold"
(Lechner 1994). In particular, "Colt encouraged settlers to build saw- and gristmills or contract to have
them built." Lechner (1994) further notes that "the only industries were the operations of saw- and
gristmills, which served the immediate needs for construction work and grain grinding."

Mills were not only found on the study area<s larger streams, but also on many of the smaller ones,
including headwater tributaries of Elk, Walnut, Mill, Fourmile, and Sixmile Creeks, and several of the
small "runs" directly entering the lake (i.e., Kelley<s, Godfrey<s, Trout, and Scott Runs [cf. Beers et al.
1865]). The mills on smaller streams were among the first to fail when local hydrology was altered by
development (and/or climate change), as indicated by comparing mapped mills in 1865 to those found on
the 1876 township atlas maps (Everts et al. 1876a, 1876b). In characterizing the eventual disappearance
of all of the former mills in Erie County, Claridge (1991) suggests they "were almost as much the victim
of the depletion of natural resources as advancing technology. In the beginning, the area was largely
covered with trees, and all of the streams contained an abundance of water. The removal of the timber
resulted in many of them drying up. Today, few would have sufficient flow to operate an old-fashion
mill."

4.8  Water Works and Sewerage
According to Nelson (1896), water used for "household purposes" by the pioneers of Erie (ca. 1805)

was "drawn from deep wells by the creaking sweeps." Sanford (1894) indicated that, until 1840, the
inhabitants of Erie were supplied with water by "ordinary cisterns and wells." Sanford reported that there
was concern about public water supply as early as 1835, when "Erie was authorized to borrow $50,000 to
supply the borough with water" (a project that was not carried out). Beginning in 1841, the town was
supplied with water via wooden pipes from a spring "a mile or two distant" with the expenses "paid by the
consumers" (Sanford 1894). A "large spring located on the Reed farm south of Eighteenth Street" was
mainly used to provide water to the "thickly settled parts" of town (Sanford 1894). Reed (1925) describes
the same (first public) water supply as a "system of log pipes laid under ground about 1840 or 1841,
which brought excellent spring water down town from springs on the Reed Farm south of Eighteenth and
West of Parade Street."  

Reed (1925) suggests that a primary motivation for providing a water supply for the borough was to
control fires. Reed reported that in 1815, fire protection in the borough of Erie had been addressed by
"installation of the town pumps" at various locations between 3rd and 6th streets. Reed indicated that the
"pumps were worked by hand, to raise the water from the wells, to be caught in buckets (leathern at first),
and carried to the [fire] engine." The engine was then used to pump water through fire hose (300 feet of
it) "which seemed adequate for all emergencies." Apparently each town pump was equipped with a
"trough of generous proportions," used to quench the thirst of "horses, oxen, dogs and other domestic
animals" (Reed 1925). In 1841, a "Pump-log Water Works" project was undertaken at a cost of $442 that
brought water for fire control from "Ichabod<s Run near Seventeenth and Peach streets to the village
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below the park." Apparently the pump-log water works delivered water to reservoirs "of ample size" at the
intersections of 5th and French and 7th and State streets (Reed 1925). From these reservoirs, water was
"drawn into the [fire] engines by a suction hose." 

The 1841 improvements to Erie<s water supply system apparently did not long quench the borough<s
demand for water, since the system was overhauled again in 1869 following establishment of a Board of
Water Commissioners, which appointed an engineer to oversee construction of new water works (Sanford
1894, Reed 1925). The new system consisted of a 217 ft stand-pipe (later increased to 237 ft) adjacent to an
engine house at the edge of Presque Isle Bay (the new system<s water source), and a 34 million gallon
reservoir (for storage and gravity feed) built on 26th Street, between Chestnut and Cherry (Reed 1925;
Sanford 1894). It was boasted that by 1888, "the private street connections number from 5,000 to 6,000, with
60 miles of pipe" (Sanford 1894).

Unfortunately, this system soon developed water quality problems related to the city<s sewage disposal
operations. Throughout the 1800s, the streets of the borough carried surface runoff via "slightly indicated
gutters" (Reed 1925) to the north-flowing stream channels that drained into Presque Isle Bay. Apparently,
the creeks were also used as conduits for human waste. Regarding Mill Creek, (Crane 1910) noted that ca.
65% of all Erie<s sewage was "discharged from the various street pipes, without intercepting sewer, into this
creek." Crane (1910) further elaborated that "the creek is very offensive even in seasons of high water; when
the water is low, and deposits of filth are left upon the banks of the ravine, it is disgusting, and constitutes
a serious menace to public health."

In the early 1890s, the Board of Water Commissioners proposed to install an intercepting sewer from
"the vicinity of Villa Maria Academy" east "to the Soldier<s Home property" (to Garrison Run), to divert
sewerage from the western part of town into the lake at a point east of the public water intake (Sanford 1894).
Unfortunately, the proposal was voted down—"1,833 in favor, and 2,194 against." Subsequently, "the health
officer and physicians" recommended "to boil the city water used for drinking purposes" (Sanford 1894). 

Inaction by the citizenry of Erie on these recommendations subsequently resulted in a typhoid fever
epidemic, which reached a peak in 1907 with 316 reported cases and 49 deaths (Crane 1910). During a six-
year period from 1905 to 1909, over 1,000 cases of typhoid fever and 147 deaths were officially reported by
the Erie Board of Health (Crane 1910). In response, the City of Erie in 1908 extended the intake pipe for its
water supply across the peninsula into Lake Erie "reaching 5,100 feet into the lake" (Crane 1910). In
subsequent years, chemical treatment and filtration of the water was added "at the new plant on the
peninsula," and no further cases of typhoid fever were documented (Reed 1925).

Sewerage improvements in the City of Erie generally lagged behind water supply advancements. At the
time Crane (1910) reported on the typhoid fever problem and the extension of the public water intake, there
was still only talk of constructing an intercepting sewer along Mill Creek to allow human waste to be
"properly treated before its discharge." And the Erie Board of Health was only "endeavoring" to require
residents to connect their homes to sewers "in order to rid the city of the out-door closet nuisance" (Crane
1910).

5  WATER RESOURCES
5.1  Lake Erie

The study area<s most prominent water resource is the watershed<s receiving body, Lake Erie. Lake Erie
is the shallowest of the five main Great Lakes of North America, and contains three major sub-basins: a
western basin with a maximum depth of 19 m (62.3 ft), a central basin having a maximum depth of 25 m (82
ft) , and an eastern basin that is 64 m (210 ft) at the deepest point (U.S. Environmental Protection Agency
[USEPA] 2006a). A detailed description of Lake Erie and analysis of its water quality problems and
management is provided in the Lake Erie LaMP (Lakewide Management Plan), available through the USEPA
Lake Erie Binational Site (USEPA 2006a), and will not be exhaustively reviewed here. 

Lake Erie is considered an exemplary case study in human degradation of water quality and subsequent
restoration (Prepas and Charette 2003). Due to highly erodible soils and development of major urban centers
in its watershed, Lake Erie was severely affected by cultural nutrient enrichment following European
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settlement (Prepas and Charette 2003). The primary excess nutrient which contributed to the eutrophication
of Lake Erie was phosphorus (Prepas and Charette 2003; USEPA 2006b). It was the first of the Great Lakes
to exhibit major algal blooms and depletion of oxygen (USEPA 2006b), which became most pronounced in
the late 1960s and early 1970s (Prepas and Charette 2003). At this time, the phosphorus load of Lake Erie
was estimated to be four times higher than the precolonization values (Prepas and Charette 2003).

In the early 1970s, the central basin of Lake Erie was profoundly affected by eutrophication because it
was deep enough to become thermally stratified during the summer months, but contained a relatively small
volume of water in its bottom layer (hypolimnion), which became rapidly depleted of oxygen (Prepas and
Charette 2003). The eastern basin also stratified in summer, but did not experience severe oxygen depletion
due to the larger relative volume of its hypolimnion. The three basins of Lake Erie, from east to west,
exhibited progressively greater levels of eutrophication; the shallow western basin was highly eutrophic, the
central basin was considered meso- to eutrophic, and the eastern basin was judged to be mesotrophic (Prepas
and Charette 2003).

The eutrophication problem in Lake Erie was reversed in the late 1970s and 1980s, due to international
efforts to reduce phosphorus loading from detergents and municipal sewage effluents (Prepas and Charette
2003). Summer algal blooms and oxygen-depletion problems were abated, and several fish species intolerant
of water quality degradation recovered (Prepas and Charette 2003). Although Lake Erie recovered from
eutrophication because of reduction of point-source pollution, the lake is still considered enriched with
phosphorus (Prepas and Charette 2003). Most of the phosphorus entering Lake Erie currently originates from
streams and rivers that drain agricultural land (Prepas and Charette 2003). Modern efforts to manage
eutrophication in Lake Erie are focusing on phosphorus reduction from non-point sources (USEPA 2006a,b).

There remain water quality concerns in Lake Erie regarding chemical contaminants such as PCBs,
mercury, and pesticides. The United States and Canada began to work together in the 1970s to address
contaminant issues in the Great Lakes under the terms of the Great Lakes Water Quality Agreement
(GLWQA), initially signed in 1972 and subsequently renewed and amended several times (USEPA 2006c).
The GLWQA established the criteria by which the signing parties ultimately identified 43 Areas of Concern
(AOCs) throughout the Great Lakes basin where sediment contamination and water quality problems were
especially acute (USEPA 2006d), including 10 sites within the Lake Erie basin. USEPA (2006a) details the
problems being addressed and progress being made in each of the Lake Erie AOCs.

Invasive species are another major environmental concern in Lake Erie, due to its important role in
international shipping (Prepas and Charette 2003). Extensive information about invasive species problems
and management in the Great Lakes, including Lake Erie, is readily available on-line (GLIN 2006) and the
subject will not be further addressed here. The best documented case study involves the zebra mussel invasion
(Haltuch et al. 2000), which has been found to also affect contaminant cycling and bioavailability in Lake
Erie (DePinto and Narayanan 1997). The impact of invasive species on natural resources within our streams
and watershed will be evaluated in 6. Natural Resources.

5.2  The Pennsylvania Portion of Lake Erie and Presque Isle
The Pennsylvania waters of Lake Erie straddle the boundary between the lake<s eastern and western

basins, in an area of highly variable geomorphology (NOAA/NESDIS 2006). A prominent bottom feature
defining the Pennsylvania portion of Lake Erie is the Conneaut Bank (resembling a delta feature) at the
westernmost end of the state outside the mouth of Conneaut Creek. East of this is the Pennsylvania Channel,
a 22 m (72.2 ft) deep "trench" running parallel to most of the Pennsylvania coast, approximately 10 km (6.2
mi) offshore. The trench runs perpendicular to the southern terminus of the Long Point-Erie Ridge, an end
moraine likely formed during last advance of glacial ice into the eastern Basin. 

Near the southeastern end of the Pennsylvania Channel is the Presque Isle Spit, an arching
upland/wetland complex formed by the accumulation of sand on the southernmost remnant of the end moraine
that extends across Lake Erie between the central and eastern basins. The sand spit is naturally formed by
wind-driven, longshore drift of sediment (NOAA/NESDIS 2006). The materials which constitute Lake Erie
coastal beaches and the sand spit are thought to originate primarily from erosion of the elevated bluff along
Lake Erie<s southern shore (Knuth 2001). The lakeside sandy beaches of Presque Isle State Park and protected
waters of Presque Isle bay are central features of Erie<s recreation and tourism industry. 
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A submerged arching sand feature is found along the Pennsylvania shore 10–20 km (6.2–12.4 mi) west
of Presque Isle in water 8–9 m (26.2–29.5 ft) deep (NOAA/NESDIS 2006). The presence of this feature
suggests the possibility that the Presque Isle Spit may have originated at a point much further to the west of
its current position. The neck of the Presque Isle Spit and many of the lakeside beaches have been maintained
artificially through the addition of retaining walls, groins, break walls, and sand hauled from other locations.
A wealth of additional information about the ecology and management of Presque Isle State Park is available
from the Pennsylvania Department of Conservation and Natural Resources (PADCNR) at the Tom Ridge
Environmental Center, and the park<s extensive management plan document. This conservation plan will not
include detailed considerations of Presque Isle resources, since they are exhaustively addressed elsewhere.

The eastern end of the Pennsylvania waters of Lake Erie are characterized by a narrow shelf that drops
off steeply to depths exceeding 25 m (82 ft) at the Dunkirk Escarpment, on the southwestern end of the lake<s
eastern basin (NOAA/NESDIS 2006). The escarpment slope follows a line approximately parallel to shore
and the deeper Long Point Escarpment midway across the eastern basin. These features are likely the direct
result of erosion by glacial ice of bedrock exposed on the bottom of the eastern basin (NOAA/NESDIS 2006).

5.3  Presque Isle Bay
Presque Isle Bay is a 3,718 acre (1.2 ha) water body separated from Lake Erie by the Presque Isle

peninsula (Doss 2006). The City of Erie fronts most of the southern shoreline of the bay, and land use in most
of its watershed is urban and industrial. Due to citizen concerns about contaminated sediments and bay fish
(especially brown bullheads) with tumors and deformities, Presque Isle Bay was designated as the 43d Great
Lakes Area of Concern (AOC) by the U.S. Department of State in 1991 (Doss 2006). The Pennsylvania
Department of Environmental Protection (PADEP) is responsible for ongoing investigation and remediation
of the bay<s pollution problems. PADEP has worked closely with partners including Pennsylvania Sea Grant,
local colleges and universities, the Erie County Department of Health, and other organizations and private
citizens through an informal Public Advisory Committee (Doss 2006). Because of the intense scrutiny by
PADEP of water and sediment quality issues in Presque Isle Bay (see Presque Isle Bay link in USEPA 2006
for further details), this particular water resource will not be included in the analyses undertaken in this
document, besides the summary provided in this section of the plan. 

In the years since Presque Isle Bay was designated as an AOC, progress has been made toward restoring
the system, as part of the Remedial Action Plan (RAP) process mandated by the Great Lakes Water Quality
Agreement (USEPA 2006c,d). The City of Erie has made infrastructure improvements to eliminate combined
sewer overflows and reduce contamination of the bay associated with major storm events (PADEP 2006a).
Studies of the major streams in Presque Isle Bay watershed have been conducted recently, and priorities have
been identified for remediation of non-point source pollution (Campbell et al. 2002).

Natural recovery with source control measures has been suggested to be the most viable strategy for
managing contaminated sediments, and recent studies have provided the scientific basis to support delisting
one of the beneficial use impairments (restrictions on dredging) which led to the bay being listed as an Area
of Concern (PADEP 2006a). Intensive effort has been directed to monitoring tumor rates in brown bullheads,
and trying to pinpoint exact causes. Progress has been made in the development of delisting targets for the
Presque Isle Bay, improved methods of tumor identification, and data analysis methodologies for comparing
tumor rates in Lake Erie AOCs to background tumor rates (PADEP 2006a).

5.4  Coastal Bluffs and Small Ravine Ecosystems
Two coastal features of Lake Erie closely associated with its water resources are the lakeside bluffs and

ravines found all along the Pennsylvania shoreline. These steep-sloped, erosion-prone, upland systems are
a major source of sediment-loading to Lake Erie, and the phenomenon of bluff recession complicates
development and land use decision-making in the Lake Erie coastal zone. Current focus on the bluff recession
problem originated in the early 1970s, when high lake levels increased concerns of landowners regarding
losses of property and structures in erosion and flood-prone areas of the Lake Erie coast (PADEP 2006b).
Scrutiny of shoreline problems intensified following the establishment of the Pennsylvania Coastal Zone
Management (CZM) Program in 1980 and passage of the Bluff Recession and Setback Act (BRSA),
implemented through Title 25, Chapter 85 regulations.
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Pennsylvania Coastal Zone Management agency analyses of the coastal environment led to the
realization that shoreline development activity, including installation of permanent stabilizing structures,
contributes to erosion of beaches and bluffs by interrupting the natural wave-induced movement of sand along
the shore. For example, Shamus Malone of Pennsylvania<s CZM Program noted in a federal agency newsletter
that bluff recession problems in the western portion of Pennsylvania<s Lake Erie coast worsened in the late
1960s, following construction of a wall on the east side of the harbor at Conneaut, Ohio. The wall apparently
trapped sediment in the harbor at the mouth of Conneaut Creek and prevented its normal passage into the
west-to-east stream of material along the Lake Erie shoreline (NOAA 2000). 

Malone, quoted in a 2000 NOAA newsletter article, indicated that "25 to 30 cottages have gone into the
lake or been abandoned since the mid to late [19]60s" and that "the erosion has been so bad that a railroad
spur originally several hundred feet from the bluff crest is now a hundred feet in the lake." Apparently, the
studies carried out by the Pennsylvania CZM program indicated that the area affected by Conneaut Harbor
"had the most severe erosion rates of anywhere along Pennsylvania's coastline" (NOAA 2000).

The wall of bluffs along Pennsylvania<s Lake Erie shoreline is interrupted by many dozens of stream
valleys and ravines of varying sizes. The steep slopes of valley and ravine walls present lakefront property
owners with the same erosion and recession problems as the bluffs, except that these features dissect lakefront
property along lines that are generally perpendicular to the shore. Ravines discharge groundwater to the lake
via springs and small streams; they are especially frequent in bluff areas where highly permeable sandy soils
are prominent in the upper portion of the bluff (AMA 2001). 

Ravine systems typically form as a result of groundwater seeps eroding headward (away from the beach)
into the upland. Rates of headward and sideward erosion of groundwater seep ravines depend upon the
volume of water flowing in the springs that initiate their formation. Ravines dissecting the bluffs contribute
to the total load of sediment entering Lake Erie from bluff recession, which accounts for nearly 100% of the
sediment arriving at Pennsylvania<s Lake Erie beaches (Knuth 2001). Although the relative contribution of
ravines to sediment-loading in Lake Erie is unknown, it has been estimated that erosion of a typical small (<
1 acre) ravine may contribute 10–50 yd3 of sediment to the littoral (nearshore) environment of Lake Erie each
year (AMA 2001).

Some shoreline sections have very few ravine systems. If surface soils along the bluff are composed of
less permeable glacial till (silt and clay) soils, drainage is mainly via surface runoff (interior drainage), and
surface water is more likely to reach the lake through the channels of larger streams. In shoreline sections
where ravines occur frequently, the impermeable glacial till soils lie beneath sandy surface soils. When
erosion by spring seeps in ravines reaches the glacial till soils, water accumulating on the ravine floor
supports the development of wetlands—with distinctive growth of hydrophytic (water-adapted) plants. AMA
(2001) found that the entire floor of a typical, small ravine may present wetland characteristics. 

Lake Erie bluff ravine systems present a unique microclimate (i.e., cooler in summer, sheltered from
wind, and warmer in winter) and support plant and animal communities that differ from adjoining beach,
bluff, and upland habitats (AMA 2001). Ravine seeps are also closely linked with bluff habitats containing
rare wetland plant species (AMA 2001). The natural resources of coastal bluffs will be discussed in more
detail below (see 6. Natural Resources). Ravine slopes may require careful management, as there is a
tendency for people to deposit debris on the sides and heads of ravines, or attempt to fill-in these low-lying
areas. Adding extra weight to the top face of a ravine slope will likely decrease its stability and increase the
possibility of slope failure (i.e., mass wasting). Filling a ravine that contains a wetland is illegal without a
permit, and compromises important ecosystem services provided by these special habitats (see discussion in
subsequent section on wetlands). 

5.5  Stream Valleys and Associated Escarpments
The study area<s tributary streams present a unique collection of natural scenic valley features, including

waterfalls and deep gorges associated with high-relief escarpments (e.g., the so-called Devil<s Backbone and
other features associated with Elk Creek and its tributaries); forested slopes and ancient floodplain terraces
with significant stands of old and/or very large trees (e.g., Wintergreen Gorge and Walnut Creek near the
Asbury Woods Greenway); channels with dramatic meander patterns (e.g., Walnut, Elk, and Conneaut
Creeks); and complex wetland systems associated with abandoned former channels or poorly drained soils
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of the lake plain and upland areas between stream valleys. Many of the stream valleys also contain visible
remnants of human alterations to streams from the mill and canal era of the 1800s, such as "earthworks"
associated with mill races and unfilled sections of the former Erie Extension Canal. 

Selected examples of these features are summarized in Table 5.1. This table should not be viewed as a
comprehensive inventory, but rather a starting point for demonstrating the potential for developing stream-
associated educational/scenic tours within our watershed. One exemplary feature that would seem to hold
great promise for a central tourism theme is the Erie Extension Canal. Traces of the former canal are visible
at numerous locations from the southernmost portion of the watershed north of Conneaut Lake in Crawford
County to the West Slip adjacent to Dobbins Landing in the City of Erie. A small museum focusing on the
canal<s history is already established in Conneautville, a historical marker regarding the canal is found along
Route 18 near Cranesville (Lockport), and isolated sections of the feature are still present near Albion, Girard,
and other locations. Natural features that could be the subject of natural resource tours include waterfalls,
forest stands of large/old trees, and wetlands (see 6.2 Aquatic Plant Life).  

Table 5.1.  Selected Special Features of Study Area Streams That May Offer Scenic, Natural, and
Recreational Tourism Opportunities

Stream
Waterfalls and/or Scenic

Gorges

Wetland Systems
and Wildlife

Habitat
Forests w/ Stands of

Old/Large Trees

Historical Features

Mills and/or Canal Other Notable

Twentymile
Creek

near Rt. 20 crossing north of Rt. 20 — — —

Sixteenmile
Creek

near Rt. 5, near Mill
Street between Rts. 5 &
20, above I-90

lake plain forested
wetlands

above I-90 near Mill Street
between Rts. 5 &
20

Village of Freeport,
town of North East

Twelvemile
Creek

south of Rt. 5 lake plain forested
wetlands

— south of Rt. 5 Village of
Mooreheadville

Eightmile Creek north of Rt. 5 to lake — — — —

Sevenmile Creek north of Rt. 5 to lake — — — Village of
Harborcreek

Sixmile Creek north of Rt. 5 to lake,
south of I-90

— old terraces west
side near mouth,
south of I-90

former "Factory
Gulch" south of
I-90

—

Fourmile Creek near mouth,
Wintergreen Gorge,
south of I-90

Wintergreen Gorge Wintergreen Gorge — —

Mill Creek Glenwood Park to Lake
Pleasant Rd., Henderson
Rd. to Headwaters Park

Headwaters Park
area, mouth of
creek on Presque
Isle Bay

Glenwood Park,
Headwaters Park

Happy Valley: W.
Gore and Rt. 505,
Henderson Rd.

29th and Myrtle:
Cochran homestead,
Happy Valley and
Belle Valley,
Henderson Rd.
pump factories

Walnut Creek north of Rt. 5, Asbury
Woods Greenway area,
Sterretania Rd. to I-79
area, Bear Run (south of
Rt. 5), Thomas Run

Asbury Woods
Greenway area

Asbury Woods
Greenway area

— Weiss Library

Trout Run Steelhead jumping area
near mouth

— — — village of Avonia,
former "harbor" at
mouth
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Waterfalls and/or Scenic

Gorges

Wetland Systems
and Wildlife

Habitat
Forests w/ Stands of

Old/Large Trees

Historical Features

Mills and/or Canal Other Notable
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Godfrey Run Below Rt. 5 headwaters on ridge
S. of Rt. 20

— Canal remnants S.
of Middle Road

Trout nurseries and
springs along
Middle Rd.

Elk Creek Rt. 20 to mouth, I-90
bridge
Rt. 98 crossing area,
Fairview Township park
area, Sterretania area,
Little Elk Creek–Devil's
Backbone, Howard Falls
area

Rt. 20 to mouth,
Brandy Run
headwaters near Rt.
98, Fairview
Township park area

Rt. 20 to mouth,
Devil's backbone
area

old Girard factory
center S. of Rt. 20,
Battles Farm area
(canal aqueduct
site), canal
remnants south of
Rt. 20, Hall's Run
canal segment

Miles Grove,
Girard; Canal
"station house"
along Hall's Run;
Gudgeonville
Bridge; Village of
Sterretania; Dunn
Valley homesteads

Duck Run north of Rt. 5 in Erie
Bluffs State Park

headwaters S. of Rt.
5

Erie Bluffs State
Park

— —

Crooked Creek north of Rt. 5 headwaters S. of
I-90

canal lock remnants
Lexington Rd. area

Holliday family
properties (original
settlers)

Raccoon Creek Old Lake Road area — — — —

Conneaut Creek section east of Ohio line
East Branch tributary
valleys

throughout path of
main channel
Marsh
Run/Ashtabula
Creek headwaters

section east of Ohio
line

canal features in
Platea (Lockport)
area, Albion area,
along Rt. 18 south
of Albion,
Springboro area,
Conneautville area

Villages of Platea,
Cranesville,
Springboro, and
Conneautville;
town of Albion

The historical importance and general physical characteristics of streams within the study area have been
summarized in earlier sections of this document, and a comparative review regarding their water quality is
provided below (see 5.10 Stream water Quality). Fisheries resources of the tributaries will also be addressed
later (see 6.1.2 Fish and Fisheries), as well as detailed descriptions of the forest and wetland vegetation (see
6.2 Aquatic Plant Life and 6.3 Upland plant Communities). It should be noted that the State of Ohio recently
designated Conneaut Creek as a State Wild and Scenic River, in recognition of its important biological and
scenic attributes. There is little or no public access to Conneaut Creek in Pennsylvania at sites with potentially
significant recreational or scenic viewing opportunities. The deep, meandering character and forested riparian
zone of many sections of the main channel of Conneaut Creek between the Crawford County line and
Pennsylvania -Ohio border indicate potential opportunities for recreational canoeing on this stream. 

5.6  Floodplains
Floodplains are nearly level floors of valleys next to stream channels which become inundated during

flood events (Baker 2000). The term "riparian zone" is sometimes used synonymously with floodplain, in
specific reference to forested "buffer areas," and this physical feature often contains wetlands (see 5.7
Wetlands and 6.2 Aquatic Plant Life). When flood waters exceed the confines of a stream channel,
floodplains provide a place for the water to spread out, which reduces the speed and erosive force of the
moving water, and allows smaller-sized sediment particles (silt) carried by the water to settle out. Since the
smaller particles of sediment often are associated with nutrients (i.e., nitrogen and phosphorus compounds)
and detritus, floodplains typically contain rich soils that support abundant plant life. 

Formation of debris jams and periodic shifting of floodplain and channel deposits by high energy flows
can result in stream channels changing their position within active floodplains, isolating and partially filling
former channels with sediment and debris. Abandoned channels may develop wetland or pond-like
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characteristics, and are important habitats for aquatic animals and wildlife (see 6.1 Animal Life). Topographic
variability and elevation gradients relative to the local water table within the floodplain interact with periodic
flood disturbance to promote the development of highly diverse plant communities (Campbell 1998). Thus,
floodplains are highly dynamic features that contribute much to maintaining a high level of biological
diversity in our watershed.

In addition to supporting biological resources, floodplains are also important hydrologically, due to their
location near the interface between streams and the local water table. They have an important role in
groundwater recharge, and act as filters for runoff entering streams via overland flow. The vegetation on the
floodplain helps absorb the energy of flowing water, traps sediment and floating debris, and helps reduce
erosion of stream banks and the valley floor. In these respects, floodplains serve an important role in the
protection of water quality (SRBC 2001). The study area<s floodplains are illustrated in Figure 5.1.

Spatial statistics for the study area<s subwatersheds are presented in Table 5.2. In general and perhaps
obvious terms, the subwatersheds containing the largest areas covered in floodplain are the study area<s large,
western subwatersheds (i.e., Conneaut, Elk, and Walnut Creeks) that drain the generally lower relief and

Figure 5.1. The study area<s mapped floodplains in relation to subwatersheds and elevation.
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Table 5.2. Floodplain Data for the Pennsylvania Lake Erie Watershed<s Subwatersheds, by
Area, Area Covered in Floodplain, and Percentage of Area in Floodplain

Subwatershed

Total Area Area in Floodplain
Percentage in

Floodplain

km2 mi2 km2 mi2 Rank % Area Rank

Ashtabula Rivera 21.35 8.24 — — — — —

Cascade Creek 18.31 7.07 0.22 0.09 15 1.22 15

Conneaut Creekb 396.54 153.10 22.80 8.80 1 5.75 4

Crooked Creek 52.54 20.28 1.88 0.73 4 3.58 6

Eightmile Creek 18.38 7.10 1.31 0.51 6 7.10 2

Elk Creek 254.74 98.36 6.24 2.41 2 2.45 11

Fourmile Creek 31.35 12.10 0.99 0.38 8 3.17 10

Mill Creek 31.59 12.20 0.72 0.28 12 2.28 14

Raccoon Creek 22.61 8.73 0.85 0.33 10 3.74 7

Sevenmile Creek 20.05 8.69 1.24 0.48 7 6.20 3

Sixmile Creek 48.99 18.92 1.63 0.63 5 3.33 9

Sixteenmile Creek 46.57 17.98 0.89 0.34 9 1.92 12

Trout Run 17.98 6.94 0.69 0.27 13 3.82 5

Turkey Creek 20.63 7.97 0.85 0.33 10 4.11 4

Twelvemile Creek 33.44 12.91 0.51 0.20 14 1.51 13

Twentymile Creek 3.35 1.29 0.69 0.27 13 20.52 1c

Walnut Creek 98.60 38.07 3.46 1.34 3 3.51 8

Lake Erie
(Direct Runoff)

175.51 67.76 0.77 0.30 11 0.42 16

Watershed Total 1,314.98 507.72 45.74 17.69 — 3.48 —

Notes: (a) geospatial data are not available for this subwatershed; (b) 101.70 km2 in of Conneaut Creek is in
Ohio; (c) considered anomalous, as the vast majority of the subwatershed lies outside of the study area. 

lower slope portions of the Glaciated Pittsburgh plateau (see Figure 2.4). In similarly general terms, the
subwatersheds containing the smallest areas covered in floodplain are more or less concentrated in the study
area<s north-central sub watersheds (i.e., Cascade and Walnut Creeks, Lake Erie [direct runoff]) as well as
those in the study area<s higher relief, more steeply sloping, far eastern reaches (i.e., Twelvemile, Sixteenmile,
and Twentymile Creeks). In terms of the proportion of a given subwatershed that is covered in floodplain,
the same east-west pattern generally holds true, except that the western subwatersheds with relatively high
proportions in floodplain are restricted to that zone<s lower relief, lower slope northern reaches in the Eastern
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Lake section (see Figure 2.4). Notable exceptions to this pattern are the Sevenmile Creek subwatershed
(ranked third in the far right column of Table 5.2) and the Twentymile Creek subwatershed (whose rank is
considered anomalous, as the vast majority of that subwatershed lies outside of the study area).

5.7  Wetlands
An extensive body of information regarding wetlands, including technical definitions and classification,

the history of their abuse in the United States, and their importance for water supply, water quality, and
wildlife habitat is readily available through an on-line publication of the U.S. Geological Survey (USGS
1999), and will not be reiterated here. Their close association with floodplains is described above (see 5.6
floodplains), and their roles in supporting aquatic plants and animals are described in detail in 6.1 Animal Life
and 6.2 Aquatic Plant Life.

Wetlands are critically important and widespread features within the study area, and are vigorously
protected by state and federal regulations. Complete details regarding regulations affecting activities in
wetlands and the joint state/federal wetland permitting process are available on-line (PADEP 2007a).
Unfortunately, these regulations allow natural wetlands to sometimes be destroyed during development, under
joint permits issued by the state and U.S. Army Corps of Engineers, with the condition that wetlands of equal
or greater size are constructed elsewhere through "mitigation." This process may result in a net loss of
wetland functions in a particular area. For example, a large area of wetlands was destroyed (by in the
Walnut Creek watershed during construction of the Millcreek Mall, and this likely contributed to some of the
water quality problems now experienced in that system (PADEP 2007b). 

5.8  Hydrology
Stream discharge is a measurement of the volume of water moving past a specific cross section in a

stream channel per unit time. The discharge will vary seasonally, and may fluctuate dramatically during and
following precipitation events. The persistence of a stream<s flow during dry weather is a major factor limiting
its habitability for fish and other aquatic life, and also determines the effect of pollutants discharged to a
stream (via variation in the dilution factor). Measurements of stream discharge at specific locations on several
streams of the Pennsylvania Lake Erie watershed were taken between 1944 and 1951, and these
measurements were used to determine hydrological properties reported by Mangan et al. (1952).

Beginning in the early 1970s, gauging stations were established on several of streams, which provided
a more comprehensive characterization of flow regimes, summarized (in part) in Buckwalter et al. (1996).
Table 5.3 identifies the streams for which hydrological data was reported in Mangan et al. (1952) and
Buckwalter et al. (1996) and summarized in the following paragraphs. Additional data collected from 1973
through 1999 from sites with stream gauges was obtained directly from the EPA Legacy STORET System,
and is also summarized below. 

Figures 5.2–5.4 illustrate flow time series (extracted from the Legacy STORET System) for streams of
varying size and type within the Pennsylvania Lake Erie watershed. The top portion of Figure 5.2 summarizes
flow data collected for Twelvemile Creek over an 11-year period (1988–1997); the bottom portion of that
figure provides a similar summary for Brandy Run, a tributary of Elk Creek, for the years 1986–2002. Figure
5.3 show discharge data for Raccoon Creek for the years 1968–1981 and 1982–1995. Figure 5.4 illustrates
flow data for Conneaut Creek collected 1988–1997. Two consistent trends are apparent in seasonal patterns
variation in stream flow: (1) a more or less prolonged period of high discharge occurring in the late fall and
winter and (2) a period of sometimes prolonged low flow occurring in mid-late summer. In many years, the
streams showed brief episodes of decline in discharge within the winter high-flow period, which appeared
to correspond to periods of extremely cold weather, when runoff entering streams from snow melt and other
forms of precipitation ceased. 

Figure 5.5 shows water temperature variations superimposed with the flow time series for Twelvemile
Creek. The 11-year record portrays a highly consistent pattern of maximum temperatures in July-August
corresponding to the low flow period, and minimum temperatures usually in January-February corresponding
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Table 5.3. Streams for which Hydrological Data were Reported in Mangan et al. (1952)
and Buckwalter et al. (1996)

Stream Mangan et al. (1952) Buckwalter et al. (1996)

Sixteenmile Creek Wellington St. in North East —

Twelvemile Creek at US Route 20 —

Sevenmile Creek southeast of US Route 20 —

Sixmile Creek near Harborcreek —

Fourmile Creek at Wesleyville —

Mill Creek at Glenwood Park at Erie

Walnut Creek at Weiss Library at Weiss Library

Elk Creek — at North Girard

Little Elk Creek northeast of Platea —

Brandy Run — near Girard

Crooked Creek State Route 5 at North Springfield —

Raccoon Creek — near West Springfield

Conneaut Creek US Route 6N near Cherry Hill at Cherry Hill

to peak high flow periods, presumably accompanying snow melt entering the stream. Periods of rapid
temperature increase consistently occurred sometime between March and May, following the cessation of the
winter high-flow period. The most consistent phenomenon occurring every year in Twelvemile Creek (see
Figure 5.5) was an episode of sharp temperature decline that accompanied flow increases due to October
rainstorms. This phenomenon is likely an important cue to migratory fish, such as steelhead trout, which
commence moving upstream from the mouths of many streams along Lake Erie when the first surge of cold
water enters the lake from its tributaries.

Figures 5.6 and 5.7 illustrate low-flow discharge estimates for selected streams of the Pennsylvania Lake
Erie watershed, in relation to the size of each stream<s drainage (watershed) area. These are important
measurements because low-flow discharge is what sustains aquatic life during the worst-case drought
conditions, and it is important information needed to determine specific amounts of point-source pollutants
a stream is capable of safely receiving without exceeding harmful concentrations (allowing accurate
calculation of allowable discharges from NPDES permit sites). Figure 5.6 represents data for a dozen different
streams based upon measurements taken prior to 1952 (Mangan et al. 1952). Figure 5.7 shows similar data
for five different streams collected using flow data obtained more recently (Buckwalter et al. 1996). Both data
sets show similar trends, with streams having the largest drainage basins (i.e., Conneaut and Elk Creeks)
producing the highest low-flow discharges, and streams with small watersheds (e.g., Twelvemile, Sevenmile,
and Raccoon Creeks) producing lower low flow discharges. 

A few significant anomalies are apparent in this data—that is, remarkably high low-flow discharge
relative to watershed size for Crooked Creek (see Figure 5.6), and to a lesser extent Mill Creek (see Figures
5.6 and 5.7). The same two streams "stand out" in another related attribute calculated by Mangan et al.
(1952)—the amount of flow per square mile of drainage area that persists for more than 80% of the time
(Figure 5.8). Mangan et al. (1952) calculated the feature illustrated in Figure 5.8 in order to determine which
streams in Pennsylvania<s Lake Erie watershed have a capacity to serve as water supply sources without
storage. The high values produced by Crooked and Mill Creeks also indicate that groundwater is relatively
more important in sustaining the flow of these streams than in the other major streams (see 5.9 Groundwater).
A similar type of measurement based upon more recent data presented in Buckwalter et al. (1996) reinforces
evidence of the unique "persistence" of Mill Creek (Figure 5.9). The geological explanation provided by
Mangan et al. (1952) for the relatively greater persistence of flow in Crooked Creek was the fact that Crooked
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Figure 5.2. Flow time series for Twelvemile Creek and Brandy Run (a tributary of Elk Creek).
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Figure 5.3. Flow time series for Raccoon Creek.
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Figure 5.4. Flow time series for Conneaut Creek.

Figure 5.5. Water temperature variations superimposed with the flow time series for Twelvemile
Creek.
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Figure 5.6. Low flow discharge and drainage area of major streams in the study area (after Mangan
et al. 1952).

Figure 5.7. Stream drainage area versus low-flow for selected streams in the study area (after
Buckwalter et al. 1996).
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Creek flows over a buried valley thought to be the original outlet of Conneaut Creek that was filled with
glacial drift and outwash materials. 

A similar situation may account for apparently well-sustained flow in Mill Creek (see Figures 5.7–5.9).
Inspection of a county-scale topographic map of Erie County and mapping showing the geographical
distribution of glacial deposits indicates the likelihood that a prehistoric river valley extended from the area
of Waterford toward Lake Erie, along the line of present day Rt. 97. The line of that valley is interrupted by
glacial deposits that form a ridge of drift material extending parallel to the lake at a position just north of I-90.
It is suggested that a buried valley lies beneath this ridge, which also serves as the "divide" between the Mill

Figure 5.8. Flow per square mile persisting 80% or more of the time for selected streams in the study
area (after Managan et al. 1952).

Figure 5.9. Seven-day, 10-year, low-flow per square mile for selected streams in the study area (after
Buckwalter et al. 1996).
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Creek and Walnut Creek watersheds. It is probable that a reservoir of groundwater is present in this buried
valley that conveys water from the watershed of Walnut Creek into the Mill Creek watershed, and that this
is a primary source of the water that maintains relatively persistent flow in Mill Creek (clearly more than
Walnut Creek, with its much larger watershed).

An analysis of high flow data was conducted by J. M. Campbell using the same Legacy STORET
information summarized in Figures 5.2–5.4. The five highest discharge values recorded during the periods
of record for each stream were used to calculate average high flow (AHF), and the entire data set was
reviewed to determine how frequently individual discharge measurements exceeded a level of 20% of AHF
for that stream. The frequency of time (expressed as a percentage of all measurements) the flow exceeded
20% AHF was used as a measure of a stream<s ability to sustain relatively moderate discharge distinctly above
base or low flow values typically measured during mid-late summer. As indicated in Figure 5.10, the two
smaller streams—Brandy Run and Raccoon Creek—were able to sustain moderate flow levels more than 50%
of the time, while the larger streams—Twelvemile and Conneaut Creeks—were only able to sustain moderate
flows 29% and 20% of the time, respectively. This analysis suggests that flow and habitat stability for
sustaining aquatic life is low in the study area's larger streams, and that flow in its smaller streams is likely
sustained most of the time by groundwater and, therefore, is vulnerable to threats to that resource.

5.9 Groundwater
Groundwater contributes more than half of the total stream flow in the Great Lakes basin (Coon and

Sheets 2006), and an estimated 1,340 mi3 (5,585km3) of water is stored in six regional aquifer systems on the
United States side of the watershed. More than half of that groundwater (and nearly all of the groundwater
storage in the Pennsylvania portion of the Lake Erie basin) is found in the surficial aquifer system, which
consists of a discontinuous network of sand-and-gravel aquifers formed by glacial and alluvial deposits (Coon
and Sheets 2006). Sand-and-gravel aquifers found in ancient valleys buried by glacial deposits are major
groundwater sources; buried valleys range 1,000–10,000 ft (305–3,048 m) in width and 10–150 ft (3.1–45.7
m) in saturated thickness, or depth (Coon and Sheets 2006). A buried valley under Crooked Creek, believed
to be the original outlet of Conneaut Creek (Mangan et al. 1952), is exemplary of these features.

The distribution of groundwater in the study area is best indicated by information provided in well
records, which usually include descriptions of materials encountered during drilling. Areas within the study

Figure 5.10. Average high flow (AHF) and frequency of time that flow exceeds 20% of AHF for
selected streams in the study area.



71

area that have thicker glacial deposits are generally good places for drilling wells that will provide adequate
amounts of water for domestic purposes (Mangan et al. 1952). Many of the most productive wells in the
watershed are found in beach sand deposits at the foot of an ancient Lake Erie beach ridge on the lake plain
southwest of Presque Isle (Mangan et al. 1952; Buckwalter et al. 1996). The area immediately east of the City
of Erie contains little glacial drift, and low well yields are common (Mangan et al. 1952); apparently more
glacial drift is found in the North East area, and wells in that area yield moderate supplies of groundwater.

Comprehensive descriptions of the groundwater resources of Erie County, including maps and records
of physical characteristics and water quality of thousands of different wells, are provided by Richards et al.
(1987) and Buckwalter et al. (1996). Data reported by Buckwalter et al. (1996) on well yields—summarized
in Figure 5.11 for wells drilled in study area<s beach deposits—indicate that wells drilled for nondomestic
uses (i.e., municipal, industrial, and commercial) produce greater yields those drilled for domestic (i.e.,
household) use. The higher yields of nondomestic wells are attributed to a number of factors, including the
amount of resources (e.g., capital, materials, and professional expertise) invested in groundwater exploration
and drilling. 

Nearly all of the high-yield wells (producing
100 gallons per minute or greater) in the
Pennsylvania Lake Erie watershed described in
Buckwalter et al. (1996) are located on the lake
plain between the City of Erie and lower reaches of
Elk Creek. The most productive wells in the
watershed are in the Girard area (Figure 5.12). It is
important to note that the availability of
groundwater from the study area<s surficial aquifer
system is dependent upon the relative amounts of
discharge (i.e., outflow to springs, streams, and
wells) and recharge (i.e., inflow from infiltrated
precipitation). Richards et al. (1987) indicate that
water levels in wells are generally highest in March
and April, and lowest in September and October.
Reduced groundwater availability in the summer is
attributable to reduced infiltration from precipitation
due to higher rates of plant water use via
evapotranspiration (Richards et al. 1987). 

Buckwalter et al. (1996) provide a comprehensive review of potential sources of groundwater
contamination in Erie County, and reported results of contaminant analysis of water sampled from eight
different domestic or agricultural supply wells in the study area<s farming areas, conducted in 1987–1988.
Observed concentrations of arsenic, chromium, lead, mercury, and chloride in the eight wells did not exceed
the U.S. EPA<s established maximum contaminant levels (MCLs) for public drinking water. Four different
pesticides analyzed in the Buckwalter et al. (1996) study were below detection limits in all of the well water
samples. One well had detectable (but below health advisory levels) of the herbicide Metolachlor. Three of
the wells had iron levels above MCLs for drinking water, and two wells had higher-than-acceptable levels
of manganese. Nitrate concentrations exceeding the MCL for public drinking water were found in three
different wells, all in the Girard area (Buckwalter et al. 1996). This contaminant is known to adversely affect
humans, and can cause a condition known as methemoglobinemia (also known as blue-baby disease) in
infants (PADEP 2005). Arsenic contamination of well water has been reported in a few wells in the North
East area by the Erie County Health Department (Buckwalter et al. 1996). 

All of the contaminants mentioned here can be easily treated with special filters and/or reverse osmosis
devices that are available for purchase by homeowners (PADEP 2005). However, unless a well owner
suspects that something is wrong with their water, and pays for specific tests of the various contaminants, it
is possible that contamination will be undetected. In view of the fact that five out of the eight wells tested by

Figure 5.11. Reported water yields of domestic versus
nondomestic wells drilled in the study area<s beach
deposits (after Buckwalter et al. 1996).
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Buckwalter et al. (1996) in the study area had one or more contaminants exceeding MCLs for drinking water,
and—considering the thousands of households, farms, and businesses in the watershed that apparently utilize
groundwater supplies—the preparers of this plan suggest that the Commonwealth of Pennsylvania or the Erie
County Health Department should take steps to encourage well owners in our area to periodically test their
well water for contaminants known to occur. Additional discussion of issues concerning groundwater and
wells is provided below (see 5.11. Water Supply).

5.10  Stream Water Quality
5.10.1  Water Quality Standards
For each stream in the Commonwealth, Pennsylvania state law (Pennsylvania Code [ Chapter 93])

establishes "protected water uses" which are the basis for specific water quality criteria that identify allowable
ranges of physical and chemical characteristics (e.g., temperature, dissolved oxygen, etc.) which must be
maintained for each water body. These criteria then limit the specific amounts of pollutants that may be
released to the stream under permits issued to individuals or organizations that discharge wastewater to the
water body. The criteria are most stringent for water bodies designated for use as potable water supply (PWS).
Less stringent discharge limits are set for waters used as industrial or livestock water supply (IWS, LWS).
Most streams in Pennsylvania have designated water uses related to the kind of aquatic life the water bodies
support, including warm water fish (WWF) and cold water fish (CWF). The full range of protected uses and
their associated modifiers (from Pennsylvania Code [Chapter 93]) are summarized in Table 5.4. 

The protected uses designated for all of the streams in the study area are listed in Table 5.5. Most of the
streams in the watershed are classified as supporting cold water (CWF) and migratory fish (MF). Some of
the study area<s water bodies are identified in Table 5.5 as supporting warm water and migratory fish (WWF,
MF), a classification which allows higher temperatures and slightly lower levels of dissolved oxygen. WWF
waters include Presque Isle Bay and its Outer Harbor, the main stems of Ashtabula, Conneaut and Elk Creeks,
the section of Sixteenmile Creek below (north of) Interstate 90, and most of the streams entering Presque Isle
Bay and Lake Erie in and near the City of Erie (e.g., Mill Creek, Cascade Creek, and several unnamed
tributaries). 

Figure 5.12. Wells in selected study area beach deposits with reported yields of 100 gallons per
minute or more (after Buckwalter et al. 1996).
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Table 5.4. Protected Water Uses for Water Bodies in Pennsylvania, Excerpted from the Pennsylvania
Code (Chapter 93)

Symbol Protected Use

Aquatic Life 

CWF Cold Water Fish—Maintenance or propagation, or both, of fish species including the family Salmonidae and
additional flora and fauna which are indigenous to a cold water habitat. 

WWF Warm Water Fish—Maintenance and propagation of fish species and additional flora and fauna which are
indigenous to a warm water habitat. 

MF Migratory Fish—Passage, maintenance and propagation of anadromous and catadromous fish and other fish
which ascend to flowing waters to complete their life cycle. 

TSF Trout Stocking—Maintenance of stocked trout from February 15 to July 31 and maintenance and propagation of
fish species and additional flora and fauna which are indigenous to a warm water habitat. 

Water Supply 

PWS

Potable Water Supply—Used by the public as defined by the Federal Safe Drinking Water Act, 42 U.S.C.A.
§  300F, or by other water users that require a permit from the Department under the Pennsylvania Safe Drinking
Water Act (35 P. S. § §  721.1—721.18), or the act of June 24, 1939 (P. L. 842, No. 365) (32 P. S.
§ §  631—641), after conventional treatment, for drinking, culinary and other domestic purposes, such as
inclusion into foods, either directly or indirectly. 

IWS Industrial Water Supply—Use by industry for inclusion into nonfood products, processing and cooling. 

LWS Livestock Water Supply—Use by livestock and poultry for drinking and cleansing. 

AWS Wildlife Water Supply—Use for waterfowl habitat and for drinking and cleansing by wildlife. 

IRS Irrigation—Used to supplement precipitation for growing crops. 

Recreation and Fish Consumption 

B Boating—Use of the water for power boating, sail boating, canoeing and rowing for recreational purposes when
surface water flow or impoundment conditions allow. 

F Fishing—Use of the water for the legal taking of fish. For recreation or consumption. 

WC Water Contact Sports—Use of the water for swimming and related activities.

E Esthetics—Use of the water as an esthetic setting to recreational pursuits. 

Special Protection 

HQ High Quality Waters 

EV Exceptional Value Waters 

Other

N Navigation—Use of the water for the commercial transfer and transport of persons, animals and goods. 
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Table 5.5. Streams of the Pennsylvania Lake Erie Watershed (Drainage List X) and Their Designated
Protected Water Uses (Excerpted from the Pennsylvania Code [Chapter 93])

Stream Zone County
Water Uses
Protecteda

Exceptions to
SpecificCriteria 

1—Lake Erie All sections of lake in
Pennsylvania except Outer Erie
Harbor and Presque Isle Bay 

Erie CWF Delete Fe, pH1,
DO1 and Bac1
See GLWQA

1—Lake Erie (Outer
Erie Harbor and Presque
Isle Bay) 

Portion of lake bordered by
Presque Isle on west, longitude
80/10'18" on north, except harbor
area and central channel dredged
and maintained by United States
Army Corps of Engineers. 

Erie WWF Delete pH
Add pH between
7 and 9 

1—Lake Erie (Outer
Erie Harbor and Presque
Isle Bay) 

Harbor area and central channel
dredged and maintained by
United States Army Corps of
Engineers 

Erie WWF,
Delete WC 

Delete pH and
Bac1 Add pH
between 7 and 9,
Bac2 

2—Unnamed Tributaries
to Lake Erie

Basins (all sections in
Pennsylvania), Pennsylvania-
Ohio  Border to Presque Isle

Erie CWF, MF None

2—Ashtabula River
(Ohio) 

— — — —

3—East Branch
Ashtabula River

Basin (all Sections in
Pennsylvania)

Erie CWF, MF None

3—Ashtabula Creek Main Stem, Source to
Pennsylvania-Ohio  Border

Erie WWF None 

4—Unnamed Tributaries
to Ashtabula Creek

Basins, (all sections in
Pennsylvania) Source to
Pennsylvania-Ohio  Border

Erie CWF, MF None 

3—Ashtabula Creek
(Ohio) 

— — — —

4—Unnamed Tributaries
to Ashtabula Creek

Basins (all sections in
Pennsylvania), Pennsylvania-
Ohio  Border to Mouth

Erie CWF, MF None 

2—Conneaut Creek Main Stem, Source to
Pennsylvania-Ohio  Border

Erie WWF, MF Delete DO3 and
Temp2 Add DO1
and Temp1

3—Unnamed Tributaries Basins, (all sections in
Pennsylvania) Source to
Pennsylvania-Ohio  Border

Erie-
Crawford

CWF, MF None

3—Fish Creek Basin Crawford CWF, MF None

3—Foster Run Basin Crawford CWF, MF None

3—Crazy Run Basin Crawford CWF, MF None

3—Stone Run Basin Erie CWF, MF None

3—West Branch
Conneaut Creek

Basin (all Sections in
Pennsylvania)

Erie CWF, MF None

3—Marsh Run Basin Erie CWF, MF None
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3—East Branch
Conneaut Creek

Basin Erie CWF, MF None 

2—Conneaut Creek
(Ohio) 

— — — —

3—Unnamed Tributaries
to Conneaut Creek

Basins (all sections in
Pennsylvania), Pennsylvania-
Ohio  Border to Mouth

Erie CWF, MF None 

2—Turkey Creek Main Stem, Source to
Pennsylvania-Ohio  Border

Erie CWF None

3—Unnamed Tributaries
to Turkey Creek

Basins, (all sections in
Pennsylvania), Source to
Pennsylvania-Ohio  Border

Erie CWF, MF None 

2—Turkey Creek (Ohio) — — — —

3—Unnamed Tributaries
to Turkey Creek

Basins, (all sections in
Pennsylvania), Pennsylvania-
Ohio  Border to Mouth

Erie CWF, MF None 

2—Raccoon Creek Basin Erie CWF, MF None 

2—Crooked Creek Basin Erie HQ-CWF,
MF

None 

2—Elk Creek Main Stem Erie WWF, MF Delete DO2 and
Temp2 Add DO1
and Temp1 

3—Unnamed Tributaries
to Elk Creek

Basins Erie CWF, MF None 

3—Lamson Run Basin Erie CWF, MF None

3—Goodban Run Basin Erie CWF, MF None

3—Falk Run Basin Erie CWF, MF None

3—Little Elk Creek Basin Erie CWF, MF None

3—Brandy Run Basin Erie CWF, MF None

3—Halls Run Basin Erie CWF, MF None

2—Godfrey Run Basin Erie HQ-CWF,
MF

None

2—Trout Run Basin Erie CWF, MF None

2—Walnut Creek Main Stem Erie CWF, MF None

3—Unnamed Tributaries
to Walnut Creek

Basins Erie CWF, MF None 

3—Bear Run Basin Erie CWF, MF None 

3—Thomas Run Basin Erie HQ-CWF,
MF

None 

2—Unnamed Tributaries
to Lake Erie

Basins, Presque Isle to Unnamed
Tributary at RM 23.22

Erie WWF, MF None 
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2—Unnamed Tributary
to Lake Erie at RM
23.22

Basin Erie CWF, MF None

2—Unnamed Tributaries
to Lake Erie

Basins, Unnamed Tributary at
RM 23.22 to Longitude 80/01'50"

Erie WWF, MF None 

2—Cascade Creek Basin Erie WWF, MF None 

2—Mill Creek Basin Erie WWF, MF None

2—Fourmile Creek Basin Erie WWF, MF Delete DO2 and
Temp2 Add DO1
and Temp1

2—Unnamed Tributaries
to Lake Erie

Basins, Longitude 80/01'50"to
Pennsylvania-New York  Border

Erie CWF, MF None

2—Sixmile Creek Basin Erie CWF, MF None

2—Sevenmile Creek Basin Erie CWF, MF None

2—Eightmile Creek Basin Erie CWF, MF None

2—Twelvemile Creek Basin Erie HQ-CWF,
MF

None

2—Sixteenmile Creek Basin, (all sections in
Pennsylvania) Source to I-90

Erie CWF, MF None 

2—Sixteenmile Creek Basin, I-90 to Mouth Erie WWF, MF Delete DO2 and
Temp2 Add DO1
and Temp1

2—Twentymile Creek
(New York) 

— — — —

3—Unnamed Tributaries
to Twentymile Creek

Basins (all sections in
Pennsylvania), Source to
Pennsylvania-New York  Border

Erie CWF, MF None 

2—Twentymile Creek Main Stem, Pennsylvania-New
York  Border to Mouth

Erie CWF None

3—Unnamed Tributaries
to Twentymile Creek

Basins (all sections in
Pennsylvania), Pennsylvania-
New York  Border to Mouth

Erie CWF, MF None

Basins Erie CWF, MF None 
Note: (a) see Table 5.4 for description of codes employed.

A small number of our water bodies have a designation of HQ, CWF (high quality, cold water fish) in
Table 5.5, which means that these streams must maintain higher dissolved oxygen levels than regular CWF
streams. Streams designated HQ, CWF include Crooked Creek, Godfrey Run, Thomas Run (a Walnut Creek
tributary), and Twelvemile Creek. Not listed in Table 5.5 are a few stream segments that are designated for
use as potable water supply (PWS). This designation apparently applies to a 1.3 mi (2.1 km) section of
Conneaut Creek and a 0.9 mi (1.4 km) section of Twelvemile Creek (PADEP 2004). (For a 
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5.10.2  Permitted Discharges
The two basic types of water pollution sources are "point" and "non point." Sites considered "point-

source" discharges are regulated by state and federal laws through the National Pollutant Discharge
Elimination System or NPDES (USEPA 2006e). Point sources are defined as "discrete conveyances such as
pipes or man-made ditches" (USEPA 2006e).  NPDES permits are not needed for all discharges to water, such
as individual home-owners and businesses that have septic tanks, or residential properties that are connected
to municipal sewage systems. In Pennsylvania, the NPDES permit program is administered by the PADEP,
which also publishes geospatial data  (PADEP 2008) that shows the locations of all NPDES-permitted
discharges to water (Figure 5.13), and includes extensive tabular data that provides detailed information about
each permitted discharge shown on the map.

Figure 5.13. National Pollutant Discharge Elimination System (NPDES) permitted discharges in the
study area (from PADEP 2008). The area represented in yellowis classified  as "urban" by the
Pennsylvania Department of Transportation (PennDot 2005). 
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The highest concentrations of NPDES permitted dischargers are in the study area<s urban portions (see
Figure 5.13). The permitted discharges are produced by commercial, "mineral" (i.e., sand and gravel
operations), industrial, and municipal sewage treatment facilities that discharge waste water containing a wide
variety of contaminants besides domestic sewage. Most of the permitted discharges in the immediate vicinity
of the City of Erie discharge pre-treated wastewater into the city<s sewer system. Many of the NPDES
permitted discharges in the rural portions of the study area (not shown in Figure 5.13) are for individual
homeowners who operate private sewage treatment plants that discharge directly to streams. A comprehensive
analysis of water quality in Erie County conducted by the U.S. Geological Survey, in cooperation with the
Erie County Department of Health (Buckwalter et al. 1996), indicated that over 100 sewage treatment plants
discharged treated effluent to streams in Erie County. Buckwalter et al. (1996) stated that in many cases, the
discharges from sewage treatment plants are "extremely small with respect to the base flow of the receiving
stream and the water quality of the receiving is not substantially altered." Current data (PADEP 2008)
indicate that there are 191 permitted discharges tracked by the DEP in the study area, including 153 industrial,
13 mineral, 12 commercial, and 13 municipal sewage treatment facilities discharging treated water into the
watershed. The DEP data base apparently does not include individual sewage treatment plants operated by
homeowners in the study area.

The preparers of this document hope that all persons who operate NPDES-permitted facilities, and the
state and/or local agencies that manage permitted point sources, diligently monitor these potential sources
of water pollution. One concern with the large number and broad distribution of permitted discharges is
whether regulatory agencies have sufficient manpower to regularly inspect all treatment facilities to verify
that they are in compliance with the conditions of their permits. A second concern is the impact on water
quality of those permitted discharges that are not "extremely small with respect to the base flow of the
receiving stream" (Buckwalter et al. 1996) and whether these treatment facilities are prepared to deal with
equipment failure in the event of power outages or other unusual situations. 

The establishment of the NPDES program in the early 1970s resulted in significant improvements in
stream water quality throughout the United States (USEPA 2006e). Pennsylvania began conducting chemical
and biological testing of selected streams concurrently with enforcement of NPDES permits, and all of the
water quality data obtained is now available through the EPA STORET System (USEPA 2006g). Legacy
STORET data collected from 1973 through 1999 on five different streams in the Pennsylvania Lake Erie
watershed was downloaded and summarized to show how average summer concentrations of two parameters
important to aquatic animal life (ammonia) and eutrophication (total phosphorus) have changed since the
early 1970s. 

Ammonia and phosphorus levels would have been expected to decrease from 1973 to 1993, as
regulations limiting discharges of pollutants from point sources (e.g. sewage treatment plants) took effect.
Observed declines in phosphorus and ammonia (Figure 5.14) in Elk Creek can be attributed to post-1973
upgrades to the sewage treatment plants discharging to Elk Creek at Girard and Lake City. Sixteenmile Creek
receives wastewater discharges from borough/township sewage treatment plants and the Welch<s Grape Juice
plant. Phosphorus levels detected in Sixteenmile Creek declined from 1973 to 1982, but appeared to be high
again in the late 1980s and early 1990s, when regular monitoring of Sixteenmile Creek by Pennsylvania was
terminated. It is unclear why phosphorus and ammonia levels in Walnut Creek decreased from the 1970s to
the 1980s, since there were no major permitted dischargers (like municipal sewage treatment plants) on that
stream.

Buckwalter et al.<s (1996) report summarized results of a large-scale water quality study of Erie County
streams at base flow conditions during the summers of 1987 and 1988, which included samples from 45
different sites on the study area<s streams. Base flow samples from streams in Erie County "generally reflect
ground-water quality derived from multiple aquifers," and would indicate pollution entering streams from
sources besides runoff and surface discharges. The base flow study found that stream concentrations of
arsenic, barium, cadmium, chromium, fluoride, lead, mercury, selenium, chloride, copper, sulfate, and zinc
did not exceed any of USEPA<s established maximum contaminant levels for public drinking water. The
observed concentrations of dissolved manganese and iron in base flow stream samples exceeded maximum
contaminant levels at several sites, but were attributed to natural sources.
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Figure 5.14. Average summer phosphorus and ammonia concentrations for selected streams in the
study area.
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5.10.3  Nonpoint Source Pollution
A major source of contaminants to streams in the study area is nonpoint-source pollution (NPSP), which

is not as readily controlled as point-source pollution. NPSP differs from point source pollution in not being
"easily traced back to a particular location" and originating from "everyday land use activities such as
agriculture, residential development, construction and forestry" (PADEP 2000). In rural areas of the
Pennsylvania Lake Erie watershed, increased NPSP is associated with physical disturbance in the riparian
zone of small streams and close proximity to highways, which increase streams< exposure to contaminants
from automobiles and road de-icing materials (Welte and Campbell 2003). In urban areas near the City of
Erie, Campbell et al. (2002) identified four principal NPSP problems: (1) runoff from streets and other
impervious surfaces (e.g., parking lots), (2) stream-side trash dumps and fills, (3) degraded wetlands and
riparian areas, and (4) stream bank erosion exacerbated by excessive flows during major storms. 

Weber and Campbell (2005) note that degradation of the bottom substrate of streams due to deposition
of silt or scouring flows, which exposes bare bedrock, is common in both urban and rural streams in the study
area. Absence of cobble/boulder material and predominance of scoured bedrock were considered primary
factors contributing to degraded conditions near the mouths of Sixteenmile, Sevenmile, Fourmile, and Elk
Creeks in a recent assessment study by Campbell (2005). Reduction of forest cover, draining or filling
wetlands, and development activities that increase impervious cover contribute to substrate degradation in
streams by increasing runoff/sediment loading to streams and thereby decreasing the stability of stream
channels and banks (PADEP 2000).

Sediment particles entering streams from eroding stream banks and exposed agricultural soils are often
associated with nutrients (including phosphorus and nitrogen compounds) that may contribute to excessive
plant growth in receiving waters (Prepas and Charette 2003; see discussion regarding eutrophication in 5.1
Lake Erie). As stated above, considerable effort is being focused in the Great Lakes Basin on reducing
phosphorus-loading from NPSP (USEPA 2006 a, 2006b). Particulate materials entering streams from streets
and parking lots in our urban areas are often associated with heavy metals and polycyclic aromatic
hydrocarbons (PAHs), which subsequently accumulate in stream and lake sediments (Diz and Johnson 2002;
PADEP 2006a). 

Elevated concentrations of at least one dissolved metal (iron) in streams are correlated with major runoff
events. Loeffelman et al. (1985) note that elevated iron concentrations in West Virginia tributaries of the Ohio
River were correlated with stream flow and suspended solids concentration. Graphical analyses of STORET
Legacy data for Twelvemile and Conneaut Creeks (Figure 5.15) indicate "excursions" of iron in these streams
appear to correspond closely with periods of increased flow. It should be noted that the high flow rates
measured in Conneaut Creek are at least two orders of magnitude higher than the maximum flow rates
observed in Twelvemile Creek (se  Figure 5.15), and that this corresponds to more than doubling the
maximum iron concentrations. Based upon Loeffelman et al<s (1985) observation that this phenomenon is
correlated with elevated suspended solids in the water, it seems likely that the iron may be dissolving in the
water from sediment particles being transported during high flow. The different magnitude of the iron/flow
variations in Twelvemile versus Conneaut Creeks is logical considering the vast difference in size of the two
streams< watersheds. 

Air pollution is another contributor to NPSP. Coal-fired power plants and other industries located west
of the study area discharge chemical and particulate materials into the atmosphere that are carried east by
prevailing winds and later deposited in the watershed. Many of these pollutants are subsequently transported
by rain or melting snow and runoff into our streams. Three specific contaminants that arrive in western
Pennsylvania from Ohio sources include sulfate, nitrate, and mercury. Although sulfate and nitrate deposition
rates have decreased across Pennsylvania since 1994 (Figure 5.16) due to implementation of Title IV of 1990
amendments of the Clean Air Act (Lynch et al. 2005a), the study area and the rest of western Pennsylvania
have remained hot-spots for deposition of nitrate. 

Trend analysis of sulfate data for Twelvemile and Conneaut Creeks carried out by PADEP (2006c)
indicated that sulfate concentrations decreased significantly in both streams from 1995 to 2005. This trend
is consistent with the apparent reduction in sulfate deposition in our part of the state (before and after 1994)
indicated in Figure 5.16. PADEP<s (2006c) water quality trend analysis for nitrate indicated no significant
change over the time period from 1995–2005. Summer nitrate concentrations averaged for three multi-year
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Figure 5.15. Graphical analyses of STORET legacy data for Twelvemile and Conneaut Creeks.
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intervals from 1973–1993 in Elk, Walnut, and Sixteenmile Creeks (Figure 5.17) indicate little change in Elk
and Walnut Creeks, but increasing concentrations over time in Sixteenmile Creek. It is unknown whether the
increasing levels observed in this stream were due to atmospheric loads or increases from other sources of
nitrate within the watershed (e.g., nitrogen fertilizer use or discharges from the Welch<s plant and/or North
East<s sewage treatment facilities). No decrease in average summer nitrate concentration was evident in
Twelvemile or Conneaut Creeks (see Figure 5.17) over the time interval when 1990 Clean Air Act
amendments were implemented (i.e., post 1994). This is consistent with the findings of PADEP<s (2006c)
trend analysis indicating no improvement in nitrate concentration for those streams for the period 1995–2005,
and the atmospheric deposition patterns in northwestern Pennsylvania shown in Figure 5.16. 

Temporal variations in nitrate concentrations in our streams may be related to factors besides the rate
of atmospheric deposition. Graphical analysis of STORET Legacy data (1988-1997) for Twelvemile and
Conneaut Creeks (Figure 5.18) indicates that nitrate levels vary inversely with stream flow. In Twelvemile
Creek, nitrate concentrations were almost always elevated during periods of low flow (see Figure 5.18), and
usually decreased sharply when flow increased. This inverse relationship suggests that groundwater may

Figure 5.16. Sulfate and nitrate deposition south of the lower Great Lakes since 1994 (from Lynch
et al. 2005a).
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have been the principle source of nitrate in the stream during low flow conditions. A similar, but less tightly
linked, inverse correlation between nitrate and flow was evident in Conneaut Creek (see Figure 5.18). There
were several events in the last third of the time series in which nitrate and flow rose and fell together, which
could indicate that nitrate may have been originating from sources in the watershed, and was entering the
stream via runoff. 

Mercury entering aquatic ecosystems from atmospheric sources contributes to one of the most serious
environmental problems in Pennsylvania: the contamination of fish and wildlife with methylmercury, which
bioaccumulates in the food chain and can cause nervous system and reproductive problems in animals at the
top of aquatic food chains. Children born to women whose bodies contained elevated levels of methylmercury
have been found in several studies to have demonstrable neuro-developmental defects (Trasande et al. 2005).
Due to the known health threat of mercury to people who eat fish, Pennsylvania has issued fish consumption
advisories due to mercury for 53,962 mi (86,845 km) of streams and 161,445 acres (65,335 ha) of lakes (Penn
Environment 2004). In the Pennsylvania Lake Erie watershed, mercury advisories are in effect for 3,324 acres
(1,345 ha) of Presque Isle Bay and 8.6 mi (13.8 km) of Conneaut Creek (PADEP 2004). 

Unfortunately, our the study area is positioned immediately downwind from a company that was the
single largest source of mercury air pollution in Ohio, Ashta Chemicals, Inc., of Ashtabula (Winalski et al.
2005). Furthermore, the State of Ohio is second in the nation in mercury emissions from power plants (Penn
Environment 2004). Mercury concentrations measured in precipitation at various parts of Pennsylvania vary
widely among seasons (Figure 5.19). In 2004, winter was the season when the highest concentrations of
mercury were found in precipitation in the greater study area. In 2003 (data not shown), northwestern
Pennsylvania was a hot-spot for mercury in rainfall during the summer and fall (Lynch et al. 2005b).

A wide variety of other contaminants in the realm of NPSP, besides the items already mentioned in this
section, are currently receiving considerable attention from environmental scientists and federal policy
makers. Pesticides are a potential issue of concern in streams that drain major urban and agricultural areas.
A recent comprehensive assessment of pesticide levels in streams and rivers of the Lake Erie watershed in
the United States conducted by the U.S. Geological Survey (Myers et al. 2000) detected over 30 different
pesticides in the lake<s waterways. The agricultural pesticides atrazine, metolachlor, and deethylatrazine (a
metabolite of atrazine) were found in almost every sample taken, and prometon, diazinon, and chlorpyrifos

Figure 5.17. Average summer nitrate concentrations in selected study area streams (based on
STORET legacy data).
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Figure 5.18. Graphical analysis of STORET legacy data (1988-1997) for Twelvemile and Conneaut
Creeks.
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were frequently detected "urban" pesticides. Many of the chemicals were found at concentrations sufficiently
high to be considered threats to aquatic life and human health (Myers et al. 2000). None of the sites sampled
by Myers et al. (2000) were within the Pennsylvania Lake Erie watershed study area.

Buckwalter et al. (1996) of the U.S. Geological Survey tested for the occurrence of herbicides in three
different agricultural tile drain systems within the Pennsylvania Lake Erie watershed in late summer of 1989,
during the time when these drainage systems provide the primary source of local streamflow. The water from
all three systems (two in the Girard-Fairview area and one near North East) contained detectable levels of
either simazine or atrazine, indicating that "some tile drains are moving low concentrations of herbicides from
the ground-water system to surface water" (Buckwalter et al. 1996). Considering the large portions of the
study area used for intensive agriculture, and the too frequent use of lawn-care chemicals in developed areas,
it would seem prudent to conduct more extensive analyses of pesticides in streams draining agricultural and
urban areas of our watershed to evaluate their potential adverse effects on aquatic life and public health. 

Scientists and environmental agencies have recently begun to evaluate a variety of "unregulated
contaminants" categorized as PPCPs (pharmaceuticals and personal care products) and EDCs (endocrine
disrupting compounds), which are widely disseminated in the environment and have been poorly evaluated
regarding potential harmful effects (Skadsen et al. 2004; USEPA 2006h). Skadsen et al<s (2004) analyses of
water samples from the Huron River (Lake Erie tributary) in Michigan detected 10 different PPCPs and
EDCs, including antibiotics, analgesics, antiepileptics, stimulants, and steroids. Saad et al. (2006) recently
tested Detroit River water for a wide variety of PCPPs and found surprisingly high concentrations of
carbamazepine (treatment for neuralgia and epilepsy, and bipolar disorder), trimethoprim (antibiotic for
urinary tract and other types of infections), and caffeine. Naproxen (a nonsteroidal anti-inflammatory
medication) was found in one water sample. Many PPCP and EDC contaminants apparently reach surface

Figure 5.19. Mercury concentrations measured in precipitation at various parts of Pennsylvania (from
Lynch et al. 2005b).
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waters through point sources, such as sewage treatment plants. PPCPs and EDCs probably pose greater
exposure risks for aquatic life than humans, although the occurrence of trace levels in drinking water supplies
poses problems with human risk perception (review under Frequently Asked Questions in USEPA 2006h).

Currently, the most effective strategy for abatement of NPSP involves the implementation of best
management practices (BMPs), which include a wide variety of structural, non-structural, and institutional
methods that control and prevent erosion, sedimentation, and contaminant transport in storm water runoff
(PADEP 2000). For example, conservation tillage is a reduced cultivation method that has been proven
effective at decreasing soil erosion and suspended sediment in streams draining crop fields in northwestern
Ohio (Myers et al. 2000). Campbell et al. (2002), Diz and Johnson (2002), and Campbell (2005) have
provided specific recommendations regarding BMPs and priorities for addressing NPSP problems in the
Pennsylvania Lake Erie watershed. The preparers of this plan strongly endorse the implementation of
appropriate BMPs in both agricultural and urban areas of our watershed, and hope that this plan helps
facilitate the process of securing funding for BMP installation in high priority areas. 

5.10.4  Attainment of Protected Uses
The "protected uses" designated by Pennsylvania for individual streams of the Pennsylvania Lake Erie

watershed (see Table 5.5) were evaluated by the state several years ago, using standard field assessment
methods (PADEP 2004). Numerous stream segments that failed to meet their designated use due to pollution
(a condition known as "non-attainment") were identified on a list known as the "303(d)" list, itemized in
PADEP (2004:List 5 ). The study area<s non-attainment stream sections are shown in red in Figure 5.20. All
of these stream sections and are now scheduled for development of Total Maximum Daily Loads or TMDLs,
which will establish individual waste load allocations aimed at bringing the stream into compliance with
water quality standards (see PADEP 2002 for details). The itemized 303(d) list included information about
the number of stream miles affected by pollution, as well as the likely source and type of pollution. The
distribution of "non-attainment" stream segments within the study area, number of stream miles affected, and
sources/types of pollution are summarized in the following paragraphs and Figure 5.21, which illustrates the
status of: (1) small-moderate-sized streams and stream segments (arranged from east to west across the
Pennsylvania Lake Erie watershed) and (2) the study area<s three largest western streams.

A total stream length of 1,516 mi (2,439 km) in the Pennsylvania Lake Erie watershed were assessed
for their attainment of protected uses (see Table 5.5), and only 74.8 mi (120.4 km), or 4.9% of the total stream
miles, are currently designated as not attaining those uses (PADEP 2004: List 5 [see Figure 5.21]). Most of
the streams with pollution problems occur in the section of the watershed between the Fourmile Creek and
Elk Creek subwatersheds (see Figure 5.20). The most commonly cited cause of non-attainment (Figure 5.22)
was urban runoff. A total of 4.9 mi (7.9 km) of Walnut Creek (headwaters sections south and east of the
Millcreek Mall) are classified as non-attainment due to urban/suburban stormwater runoff and siltation. The
westernmost streams (including Trout Run and Godfrey Run) within this zone were reportedly affected by
NPSP-related to agricultural activities. The portion of Conneaut Creek with uses unattained was an 8.6 mi
(13.8 km) section of the main channel of Conneaut Creek east of the Ohio line impaired by mercury
contamination of fish.

Other recent stream condition assessments in the study area (Campbell 2002, 2005; Weber and Campbell
2005), independent of the state<s research efforts (PADEP 2004), have largely corroborated most of the use
attainment "status conclusions" represented Figure 5.20. The results of Campbell<s (2002, 2005) independent
assessments (Figures 5.23 and 5.24) were based upon analysis of stream benthic macroinvertebrate
communities using standard USEPA sampling and analysis protocols (Plafkin et al. 1999) that were more
intensive than the methods used in the state<s assessment (PADEP 2004), but at a smaller number of sampling
sites. Campbell<s (2005) analysis confirmed the state<s finding of degradation at most of the streams sampled
in and near the City of Erie, the section of Walnut Creek at the Millcreek Mall, and the lower reaches of
Sixteenmile Creek and its main tributary (Baker Creek) in the Borough of North East (see Figures 5.23 and
5.24). 

Some important differences between Campbell<s (2005) findings the PADEP<s (2004) assessment
include (1) indications of slightly degraded to poor conditions in the lower reaches of Sevenmile, Fourmile,
and Elk Creeks and (2) poor to very poor conditions at all sites sampled on Sixmile Creek (see Figures 5.23
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and 5.24). Campbell<s assessment methodology utilized more painstaking laboratory identification of aquatic
insects than the field characterization methods employed by PADEP (2004), and thus probably more
effectively detected the influences of degraded substrate on macroinvertebrate communities. It should be
noted that sampling analyses of the fish communities of Sixmile Creek, assessed by Phillips and Andraso
(2005) concurrently with Campbell<s (2005) study, found no evidence of impaired conditions at sites sampled
for fish on Sixmile Creek. Additional sampling of Sixmile Creek is recommended to clarify that stream<s
status with respect to its capacity for supporting aquatic life.

Campbell<s (2005) stream study included an in-depth discussion of the functional importance of
headwaters tributaries (i.e., small streams) for maintaining water quality and the overall health of stream

Figure 5.20. Map showing locations of the study area<s non-attainment stream sections.
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Figure 5.21. Non-attainment stream section data for small, medium-sized, and large western
streams in the study area.
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ecosystems. Campbell<s (2005) evidence gathered from studies of streams in the study area indicate that: (1)
small tributaries may collectively hold greater ecosystem diversity than the larger channel systems that they
"feed," (2) small tributaries produce biologically diverse invertebrate communities that rival large streams,
and (3) small streams contain some unique species of invertebrates not found in larger channels. Aquatic
ecologists have known for more than two decades that headwaters streams are critical "primary functional
units" of the larger systems they connect to, having major roles in organic matter (food) processing (Merritt
and Cummins 1996; Vannote et al. 1980) and nutrient cycling. A recent nationwide study published in
Science magazine reported that small streams are more effective than larger ones in removing excess nitrogen
(originating in fertilizer runoff and auto emissions) from receiving waters (Peterson et al. 2001). Small
streams have recently been found to serve important groundwater recharge functions (Conrad et al. 2004;
Goodrich et al. 2003; Izbicki 2007; Meyer et al. 2007). Scientists and various agencies are now advocating
that more vigorous protection of these habitats is critical for securing water supplies (Cohen 1997a, 1997b;
Lowe and Likens 2005; Meyer et al. 2007; Sierra Club 2006).

Considering the proven importance of small streams for managing nitrogen pollution from NPSP (cf.
Lowe and Likens 2005; Peterson et al. 2001) within the context of the study area<s problem of nitrate
contamination of groundwater (see 5.9 Groundwater) and apparently unabated nitrate pollution of the study
area<s streams (see 5.10.3 Nonpoint Source Pollution and Figures 5.16–5.19), it follows that aggressive
measures should be taken to better protect the headwater streams of our watershed. Protection of headwaters
is also important for safeguarding water supplies. In Pennsylvania, as in many states, environmental
regulations let small streams "fall through the cracks" of the land development permitting process.
Pennsylvania regulations allow a developer to obtain permission to enclose a small stream in a culvert and
build over it, if the stream has a watershed smaller than 100 acres (40.5 ha) and there are no wetlands
associated with it. Wetlands are vigorously protected under state and federal laws regardless of their size and
drainage area. In the Pennsylvania Lake Erie watershed, developers designing storm water management
systems will carefully avoid impacts on wetlands, but are allowed to alter or eliminate small streams. Since
wetlands and small streams are not afforded equal protection, the study area<s headwaters are harmed in the
process of protecting wetlands during land development activities. Strategies for protecting headwaters are
described below (see 10 Priorities and Strategies for Action).

Figure 5.22. Number of stream miles affected and sources/types of pollution for streams in the study
area.
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Figure 5.23. Results of Campbell<s (2002, 2005) independent stream condition assessments in the western
portion of the study area.
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5.10.5  Bacterial Contamination
Frequent beach closings due to higher-than-acceptable levels of Escherichia coli (E. coli) at Presque Isle

State Park prompted the PADEP and Erie County Department of Health in 2006 to begin an intensive
program of bacteria testing of streams in the Pennsylvania Lake Erie watershed. The purpose of the testing
was to identify possible sources of E. coli contamination of the lake, and determine the relationship between
the rainfall events and bacteria levels in streams. Table 5.6, which is based upon data from ECDH 2006,
summarizes the ranges of bacterial levels observed in all of the sampled streams. The generally higher ranges
observed following major precipitation events indicates bacteria may be entering the streams via runoff from
nonpoint sources. A correlation between bacteria levels and amount of rainfall during the prior 48-hour period
is apparent in Walnut and Elk Creeks (Figure 5.25). Quirk (2007) verified that these correlations were
statistically significant. 

Poor correlation between bacteria levels and amount of rainfall during the prior 48-hour period is evident
in Trout Run (see Figure 5.25), and some small streams in the urbanized area of Erie and Millcreek Township
show very high bacteria levels during dry weather (Figure 5.26), indicating likely local/point sources of
bacterial contamination in some streams. Extremely high E. coli levels observed at stream mouths during wet
weather (see Figure 5.26) is strong evidence that bacteria originating from the watershed is a major source
of bacterial contamination of Lake Erie. It is recommended that local and state officials continue their efforts
to identify sources of E. coli contamination and develop strategies for abatement.

5.11  Water Supply
The most recent statistics summarizing water use in Erie County by community and commercial water

supplies were estimates for withdrawals for 1995, found in Buckwalter et al. (1996), and are summarized in
Figure 5.27. At that time, surface water supplies were the primary water sources for municipalities in the
eastern half of the study area, and public/commercial water supplies in the western half of the study area were
utilizing primarily groundwater sources. The total amount of groundwater actually withdrawn by people
throughout the watershed (relative to surface water used) is probably greater than the impression conveyed
by Figure 5.27, if withdrawals from private wells are taken into account.

Lake Erie is the primary source for the City of Erie and its additional water customers in the Harborcreek
area. The Erie City Water Authority now also sells water to the townships of Millcreek, Fairview, McKean,
and Summit to supplement groundwater supplies used by the public. North East Borough obtains its water
from three reservoirs and four springs (Buckwalter et al. 1996). The 1996 report indicates that
public/commercial water supplies in the county withdrew (in 1990–1993) an estimated 42 million gallons per
day of surface water (39.7 million gallons from Lake Erie) and another 6 million gallons per day of ground
water. Many more customers in the developed areas around the City of Erie are now (compared to
1990–1993) utilizing surface water from Lake Erie, due to extension of water lines into the townships
bordering the City. It is assumed that most of water usage reported above was for domestic purposes.

Figure 5.28 shows ground and surface water withdrawal locations and Figure 5.29 indicates locations
within of facilities that withdraw surface water or groundwater for purposes classified as industrial or
agricultural as tracked by the PADEP<s Water Use Planning Program. The information recorded through this
program also includes the type of water discharges utilized by each facility. This data set provides a
comprehensive overview of the extent and importance of the watershed<s water supplies for purposes beyond
household use, and is summarized in the following paragraphs.

Water withdrawals for industrial and agricultural uses were the two most common types of facilities.
Most of the non-residential users utilize surface water, while a large portion of the agricultural users utilize
groundwater. Sources of known nondomestic surface water withdrawals included ponds, streams, and Lake
Erie (Figure 5.30). Although the importance of Lake Erie appears relatively minor when viewed in a chart,
it should be noted that the withdrawals from the lake represented therein include the Erie City Water
Authority, which in 1990–1993 used about 40 million gallons of water per day (Buckwalter et al. 1996) and
distributed water to tens of thousands of households and hundreds of non-domestic users. Most of the
groundwater withdrawals recorded in the DEP database were from wells (see Figure 5.31; for a more detailed
discussion regarding known characteristics of wells, see 5.9 Groundwater). The Pennsylvania Ground Water
Information System (PAGWIS) database (PADEP 2007c) provides mapping data on the
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Table 5.6. Range in Number of E. coli Colonies per 100 ml (3.4 oz) Detected at Selected
Locations in the Study Area

Location

E. coli Colonies/ 100 ml (3.4 oz)
(Dates Sampled [n])

48–hr rainfall
< 0.5 in (1.3 cm)

48–hr rainfall
> 0.5 in (1.3 cm)

Twentymile Creek (mouth) 10–170 (4) —

Sixteenmile Creek (mouth) 30–720 (4) —

Sixteenmile Creek (N. Mill St.) 640 (1) —

Twelvemile Creek (mouth) 70–600 (4) —

Eightmile Creek (mouth) 30–130 (4) 11,000 (1)

Sixmile Creek (mouth) 60–150 (2) 6,800 (1)

Fourmile Creek (mouth) 40–170 (3) 5,400 (1)

McDannel Run (mouth) 1,700–1,900 (2) 1,400 (1)

Garrison Run 7,900 (1)

Mill Creek (40th/Cherry) 1,700–5,200 (2) —

Mill Creek (41st St.) 460 (1) —

Mill Creek (Glenwood) — 90–10,000 (2)

Cascade Creek (mouth) — TNTCa (1)

Sara's (mouth) 10–2,800 (13) 120–4,200 (6)

Sara's (above) 30–2,200 (13) 260–4,100 (6)

Marshall Run (mouth) 60–4,100 (12) 960–3,400 (8)

Shorehaven Run (mouth) 50–3,400 (14) 160–6,200 (6)

Shorehaven Run (above lift) 260–1,000 (5) 550 (1)

Powell Avenue Run (mouth) 540–2,000 (4) 250–640 (3)

Wilkins Run (mouth) 360–1,800 (2) —

Walnut Creek (mouth) 10–1,700 (15) 90–7,800 (6)

Walnut Creek watershed 20–3,700 (38) 3,600 (1)

Trout Run (mouth) 160–1,700 (12) 100–3,300 (6)

Godfrey Run (mouth) 150–210 (2) —

Elk Creek (mouth) 70–1,300 (16) 240–5,200 (7)

Elk Creek watershed 10–6,700 (24) 270–720 (2)

Duck Run (Townline Rd.) 140 (1) —

Crooked Creek (mouth) 120–720 (3) —

Raccoon Creek (mouth) 90–670 (3) —

Turkey Creek (mouth) 640–680 (2) —

Conneaut Creek (E. of Ohio line) — 660–680 (2)
Note: a=too numerous to count.
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Figure 5.25. E. Coli counts in relation to prior 48-hour rainfall events, June–November 2006, at the
mouths of Walnut Creek, Elk Creek, and Trout Run (based on data from ECDH 2006).
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locations of many of the wells that are operated by private residents in the watershed, which will continue
to be an important water resource use in the future. 

Most of the discharges to water tracked by the PADEP Water Use Planning Program and included (see
Figure 5.13) were from industrial water users discharging to septic systems (Figure 5.31). Slightly more than
half of the 58 nondomestic facilities which discharge to surface water are disposing their used water directly
into streams. Moreover, it is assumed that most—if not all—of the nondomestic facilities discharging to
surface water (see Figure 5.32) do so under the terms of a permit issued through the NPDES program (see
5.9 Groundwater).

Figure 5.26. Maximum E. coli counts observed at mouths of selected study area creeks during dry
(above) and wet (below) weather, June–November 2006 (based on data from ECDH 2006).
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It is impossible to predict with certainty how climate change may affect water supply and us patterns
in the future. Buckwalter et al. (1996) report that population declines in the City of Erie from 1980 to 1990
were accompanied by increasing population in outlying townships, resulting in increased demand for
groundwater for private residential and public-supply use. This situation prompted the expansion of water
supply infrastructure since 1993 (described above), which resulted in increased use of surface water from
Lake Erie (purchased from the Erie City Water Authority). It is likely that ongoing climate change will
exacerbate this situation. Forecasts regarding hydrological phenomena expected to accompany climate change
in the next 50–100 years predict that groundwater supplies will decrease due to reduced summer precipitation,
increased evaporation, and reduced groundwater recharge rates (Kling and Wuebbles 2003). This, in turn,
will result in "pressure to increase water extraction from the Great Lakes" and result in increased problems
with water pollution (Kling and Wuebbles 2003). The high costs of connecting to public water systems would
likely lead many rural property owners to prefer to continue using their own private wells.

Considering the current importance of groundwater for domestic and agricultural users, a forecast of
reduced groundwater availability in the future suggests a need for regional planning to educate the public
about likely future changes in water availability, and to develop strategies for implementing a water
conservation and use plan that will address the future needs of rural domestic and agricultural water
consumers. The agricultural community, in particular, may need to develop marketing plans for new, less
water dependent commodities, or phase into production modified methods that use less (or recycle more)
water. It is especially important that steps be taken to safeguard the groundwater supplies that are critical to
the prosperity of communities in the Girard area and further west. In particular, the area along both sides of
Route 20 west of Fairview is apparently a major groundwater recharge area for large capacity wells that
supply Girard and Lake City Boroughs, in addition to many private wells on farm and residential properties
within the lake plain (see 5.9 Groundwater and Figure 5.12). This area is vulnerable to commercial and
residential development that could compromise the quality and quantity of groundwater resources and
compound the threat to groundwater supplies posed by impending climate change. 

Figure 5.27. Estimated water use from water suppliers using >10,000 gallons per day in the Erie
County portion of the study area, 1995 (data from Buckwalter et al. 1996).
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The recent investigation completed by PADEP (2007b) into water-quality problems in the Walnut Creek
watershed illustrate in exemplary fashion how urban development can contribute to deterioration of stream
water quality and compromise groundwater supplies. The investigation of Walnut Creek suggests that
protecting groundwater supplies should be given a high priority, but notes that "no documented source water
protection strategies are in place" PADEP (2007b). It is recommended that source-water protection initiatives
be immediately developed in the study area for locations where groundwater use (and associated recharge)
occurs. Guidance and tools to assist communities in advancing source water protection planning are available
from PADEP (2007d) and USEPA (2007). 

Figure 5.28. Locations within the study area of facilities that withdraw withdraw ground or surface water for
agricultural, commercial, industrial, or mineral use (from PADEP 2008).



98

Fi
gu

re
 5

.2
9.

 L
oc

at
io

ns
 w

ith
in

 th
e 

st
ud

y 
ar

ea
 o

f f
ac

ili
tie

s t
ha

t w
ith

dr
aw

 g
ro

un
d 

or
 su

rf
ac

e 
w

at
er

 fo
r a

gr
ic

ul
tu

ra
l, 

co
m

m
er

ci
al

, i
nd

us
tri

al
, o

r m
in

er
al

 u
se

(f
ro

m
 P

A
D

EP
 2

00
8)

.



99

Figure 5.30. Sources of known nondomestic surface (top) and ground (bottom) water withdrawals
in the study area.
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Figure 5.31. Number of known nondomestic discharges to water (top) and types of surface
waters with known discharges from nondomestic sources (bottom) in the study area.
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6  NATURAL RESOURCES
6.1 Animal Life

6.1.1 The Pennsylvania Natural Heritage Program
The Pennsylvania Natural Heritage Program, or PNHP (PADCNR et al. 2006), serves as a primary

source of information regarding the status of important ecological resources (i.e., plants, vertebrates,
invertebrates, and natural communities) known to occur within the study area. Much of the PNHP database
was developed using the site-specific findings of the Erie County Natural Heritage Inventory (Western
Pennsylvania Conservancy [WPC] 1993), which identifies locations in Erie County where plant and animal
species of special concern (not specifically named) were known to occur in the early 1990s. Unfortunately,
the WPC (1993) inventory did not include the significant portions of the study area found in Crawford
County. A search of PNHP records for the watershed was conducted in November 2006, resulting in the list
of animals shown in Table 6.1. The habitats of each of the 38 species of animals identified in PNHP records
were investigated by J. M. Campbell and classified in the last column of Table 6.1, which allowed a graphical
analysis of the primary habitats of the watershed's animal species of special concern (Figure 6.1). 

All but one (i.e., eastern hognose snake) of the 38 listed "special concern" animal species are associated
with aquatic habitats, defined to include wetlands and beach/coastal habitats. Campbell reviewed natural
resource information besides the PHNP database, including collection records in unpublished "authoritative"
reports conducted by regional scientists and environmental agencies. This review produced evidence that
there are several animal species found in the larger state PNHP database not listed in Table 6.1 that may occur
in the study area. These potential omissions of the PNHP will be described in the following, and indicate the
need for comprehensive aquatic animal species inventories to update the PHNP data set for the Pennsylvania
Lake Erie watershed. 

Table 6.1  Vertebrate and Invertebrate Animal Species Listed in the Pennsylvania Natural Heritage
Inventory Database for the Pennsylvania Lake Erie Watershed, Updated November 2006

Taxon Common Name

Rank Status
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Vertebrate Species

Acipenser fulvescens lake sturgeon G3G4 S1 PE PE — aquatic

Amia calva bowfin G5 S2S3 PC CR — aquatic
littoral

Ammocrypta pellucida eastern sand darter G3 S1 PE PE — aquatic
littoral

Botaurus lentiginosus american bittern G4 S1B PE PE — em wet

Charadrius melodus piping plover G3 SX — PX LE, LT em wet sand

Chlidonias niger black tern G4 S1B PE PE — em wet

Cistothorus platensis sedge wren G5 S1B PE PE — em wet

Coregonus artedi cisco G5 SNR PE PE — aquatic
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Coregonus clupeaformis lake whitefish G5 SX — PX — aquatic

Emys blandingii blanding's turtle G4 S1 PC PX — em wet

Etheostoma exile iowa darter G5 S1 PE PE — aquatic
littoral

Haliaeetus
leucocephalus

bald eagle G5 S2B PT PT PS:LT,
PDL

upland/
aquatic

Heterodon platirhinos eastern hognose snake G5 S3S4 — — — upland open

Hiodon tergisus mooneye G5 S2S3 PT PT — aquatic

Ichthyomyzon unicuspis silver lamprey G5 SNR — PX — aquatic

Ictiobus bubalus smallmouth buffalo G5 S2S3 PT PT — aquatic
littoral

Lepisosteus oculatus spotted gar G5 S1 PE PE — aquatic
littoral

Lepisosteus osseus longnose gar G5 S3 PC CR — aquatic
littoral

Lota lota burbot G5 S1S2 PE PE — aquatic

Macrhybopsis storeriana silver chub G5 S1 PE PE — aquatic

Sander vitreus glaucus blue pike G5TX SX — PX — aquatic

Sterna hirundo common tern G5 SXB PE PE — beach

Invertebrate Species

Amblema plicata three-ridge G5 S2S3 — PT — aquatic
littoral

Anodontoides
ferussacianus

cylindrical papershell G5 S2S3 — CR — aquat lit
con cr

Arctosa littoralis a sand spider GNR SNR N — — beach

Epioblasma triquetra snuffbox G3 S1 — PE — aquatic
littoral

Fusconaia flava wabash pigtoe G5 S2 — PE — aquatic
littoral
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Idaea violacearia a wave moth G4 S1 — — — beach

Leptodea fragilis fragile papershell G5 S2 — CR — aquat lit
con cr

Ligumia nasuta eastern pondmussel G4G5 S1S3 — N — aquatic
littoral

Potamilus alatus pink heelsplitter G5 S2 — CR — aquat lit
con cr

Quadrula pustulosa pimpleback G5 SNR — PX — aquatic
littoral

Quadrula quadrula mapleleaf G5 S1S2 — PT — aquatic
littoral

Rhionaeschna mutata spatterdock darner G4 S1 — — — ponds &
bogs

Singa eugeni an orb-weaver spider GNR SNR N — — em wet

Truncilla donaciformis fawnsfoot G5 S1 — CU — aquatic
littoral

Truncilla truncata deertoe G5 SNR — PX — aquatic
littoral

Villosa iris rainbow mussel G5 S1 — PE — aquat lit
con cr

Note: source and key for rank and status designations follow PADCNR et al. (2006).

6.1.2 Fish and Fisheries
Half (n=14) of the listed vertebrate species in the PHNP database for the study area (see Table 6.1) are

fish species that are (or were) known to inhabit waters of Lake Erie and associated waters of Presque Isle, but
not necessarily the lake's tributaries. Six of the 14 fishes were assigned an "aquatic/littoral" habitat and
therefore might be found in shallow lake habitats or amid submerged aquatic vegetation sometimes associated
with protected shore areas near the mouths of creeks. The eastern sand darter's habitat included "creeks," and
four other listed fish (i.e., bowfin, silver lamprey, spotted gar, and longnose gar) included "large streams" in
their known habitats. Review of spawning records of fish in Pennsylvania waters of Lake Erie (Goodyear et
al. 1982) indicated six of the fish species in Table 6.1 (i.e., lake sturgeon, bowfin, cisco, lake whitefish,
spotted gar, longnose gar, and burbot) were known primarily from near-shore areas of Lake Erie and/or
Presque Isle lagoons. The Pennsylvania status of three of the listed fish species (i.e., lake whitefish, silver
lamprey, and blue pike) is "extirpated" (PX), meaning they are no longer in Pennsylvania but still occur
elsewhere. 
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The 101 different species of fish known to occur in Lake Erie is the highest total among all of the Great
Lakes (Campbell and Kenyon 1994), and the figure increases to 131 species if fish known for the lake's
tributaries are included. An exact figure of the total number of fish species known for the Pennsylvania Lake
Erie watershed (excluding the lake and Presque Isle Bay) is not available, although the 77 species of fish
recently reported for Conneaut Creek in Ohio (Matson et al. 2004) may provide a rough approximation of
the total number possible. A review of published and unpublished collection records for fish found in the
study area' streams (summarized in Table 6.2) indicates that the PHNP database may not be complete for the
region. The larger state PHNP database (updated November 2006 [PADCNR 2006]), includes eight
additional (Pennsylvania special concern) fish species known to occur in Conneaut Creek in Ohio (Matson
et al. 2004) that are not identified in the PHNP database for the study area (i.e., black bullhead, brook
stickleback, northern brook lamprey, American brook lamprey, redfin shiner, brindled madtom, southern
redbelly dace, and central mudminnow). Four of those species had been documented in Pennsylvania
segments of Conneaut Creek in one or more earlier "authoritative" collections (Cooper et al. 1968; Dzurko
1972; Obert et al. 1983; PADER 1991; Ohio State University [OSU] 2005); those species are brook
stickleback, silver lamprey, American brook lamprey, and brindled madtom. A 1955 Masters thesis from the
University of Pittsburgh (Dovensky 1955) indicated that a population of (Pennsylvania-endangered) eastern
sand darter was established in Conneaut Creek near Albion, Pennsylvania. Masteller et al. (1976) and Army
Corps of Engineers (1979) indicated records of black bullhead, brook stickleback, American brook lamprey,
horneyhead chub and central mudminnow in one or more of the study area's other western streams, including
Turkey, Crooked, Elk and Walnut Creeks Creek (Table 6.2). The modern status of these species in Conneaut
and other western study area streams should be evaluated. 

Comparative analysis of pre-1985 fish community survey records of the study area's streams (Figure 6.2)
indicates that fish species richness was generally greater in streams in the western part of the watershed than
in the east. Limited stream survey data gathered in 2003–2004 by Phillips and Andraso (2005) suggests that
modern fish communities in western streams are still more biologically diverse than in the eastern

Figure 6.1. Primary habitats of animal species of special concern in the study area (total number of
species=38).
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Table 6.2. Pennsylvania Vertebrate Animal Species of Special Concern with Documented Occurrences in
the Ohio Portion of Conneaut Creek, West of the Study Area

Scientific Name Common Name

Rank State Status Pennsylvania Dataa
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Ameiurus melas black bullhead G5 S1 PE PE yes no Elk

Amia calva bowfin G5 S2S3 PC CR no yes —

Clemmys guttata spotted turtle G5 S3 — — — no —

Culaea inconstans brook stickleback G5 S3 PC C yes no Elk

Ichthyomyzon fossor northern brook lamprey G4 S1 PE PE — no —

Ichthyomyzon unicuspis silver lamprey G5 SNR — PX yes yes —

Ictiobus bubalus smallmouth buffalo G5 S2S3 PT PT no yes —

Lampetra appendix American brook lamprey G4 S3 PC CR yes no Walnut

Lepisosteus osseus longnose gar G5 S3 PC CR no yes —

Lythrurus umbratilis redfin shiner G5 S1 PE PE — no —

Noturus miurus brindled madtom G5 S2 PT PT yes no —

Phoxinus erythrogaster southern redbelly dace G5 S1 PT PT no no —

Thamnophis sauritus eastern ribbon snake G5 S3S4 — — — no —

Umbra limi central mudminnow G5 S3 PC C — no —
Note: (1) data for the Pennsylvania portion of the Conneaut Creek subwatershed.

streams (see Figure 6.2b). Most of the fish community surveys of study area streams have not employed
sufficient sampling frequency and intensity to adequately represent all fish species likely to be present.
The ACOE (1979) fish sampling data for Raccoon, Turkey, and Conneaut Creeks (see Figure 6.2c)
indicates that much greater fish species richness is detected with sampling over several seasons (1977)
than with single-season sampling (1978). Comparing the data values reported in Figure 6.2c to those in
Figures 6.2a and 6.2b for Raccoon and Conneaut Creeks suggests that most of the study area's past
inventories of fish communities have probably overlooked some rare species that may have been present.
The foregoing analysis indicates that a comprehensive modern survey is warranted for the fish
communities in the study area's biologically diverse western streams, to clarify the status of PNHP-listed
species. 

The study area's streams have recognized importance as spawning areas for Lake Erie fishes (Table
6.3, Figure 6.3). Streams east of the City of Erie were known to support relatively few species of
spawning fishes, and the larger streams on the west side appear to support the greatest variety of
spawning fishes (see Figure 6.3). The utilization of smaller streams—Raccoon and Turkey Creeks—near
the Pennsylvania–Ohio line by a great variety of spawning fish species (see Figure 6.3) has been
attributed to the fact that these streams meet the lake in a low gradient "lacustuary" protected from wave
action by a sand/gravel bar feature at their mouths (Roger Kenyon, Lake Erie Research Unit,
Pennsylvania Fish & Boat Commission, Fairview, Pennsylvania, personal communication December 2,
2006). Spawning activity by fishes is likely different now than at the time Goodyear et al.'s (1982)
spawning atlas was published; for example, Table 6.3 includes species that are currently considered
extirpated in Pennsylvania waters (see Table 6.1). Furthermore, the near-shore ecology of Lake Erie has
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Figure 6.2. Number of different fish species in study area streams noted in: (a)
pre-1985 studies, (b) 2003–2004 study, and (c) ACOE 1979 study.
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Table 6.3.  Noted Occurrence of Spawning Activities by Fish Species in Study Area Streams or near
Their Mouths on Lake Erie

Scientific Name Common Name

Conneaut Creek
Turkey
Creek
(OH)

Raccoon
Creek Elk Creek

Walnut
CreekOH PA

Acipenser fulvescens lake sturgeon — — — — — —

Ammocrypta pellucida eastern sand darter — Dovensky
1955

— — — —

Ameiurus melas black bullhead Matson et
al. 2004

— ACOE
1979

— Masteller
et al. 1976

—

Amia calva bowfin Matson et
al. 2004

— — — — —

Coregonus artedi cisco — — — — — —

Coregonus clupeaformis lake whitefish — — — — — —

Culaea inconstans brook stickleback Matson et
al. 2004

OSU 1976 — — Masteller
et al. 1976

—

Etheostoma exile iowa darter — — — — — —

Hiodon tergisus mooneye — — — — — —

Ichthyomyzon fossor northern brook lamprey Matson et
al. 2004

— — — — —

Ichthyomyzon unicuspis silver lamprey Matson et
al. 2004

Cooper et
al. 1968

— — — —

Ictiobus bubalus smallmouth buffalo Matson et
al. 2004

— — — — —

Lampetra appendix American brook
lamprey

Matson et
al. 2004

Cooper et
al. 1968

— ACOE
1979

Masteller
et al. 1976

—

Lepisosteus osseus longnose gar Matson et
al. 2004

— — — — —

Lota lota burbot — — — — — —

Lythrurus umbratilis redfin shiner Matson et
al. 2004

— — — — —

Macrhybopsis storeriana silver chub — — — — — —

Nocomis biguttatus hornyhead chub — — — — — Masteller
et al. 1976

Noturus miurus brindled madtom Matson et
al. 2004

Obert et al.
1983

— — — —

Phoxinus erythrogaster southern redbelly dace Matson et
al. 2004

— — — — —

Sander vitreus glaucus blue pike — — — — — —

Umbra limi central mudminnow Matson et
al. 2004

— ACOE
1979

— — —

Source: Goodyear et al. (1982).
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been changed by invasive zebra mussels and round gobies since 1982 (Roger Kenyon, personal
communication December 2, 2006), and a reassessment of lake fishes' spawning grounds is needed.
Considering the high likelihood of future changes in cold water fisheries and nearshore conditions
associated with in-progress climate change in the Lake Erie basin (see discussion in other sections of this
chapter), the suggested reassessment of spawning grounds should perhaps be coupled with the
comprehensive anticipatory planning efforts to adapt resource management to climate change. 

Fisheries managers classify fish into three different categories based upon species' temperature
preferences. Cold water fishes (CWF) such as trout require the highest quality waters for their favored
habitats, while warm water fishes (WWF) such as largemouth bass and bluegill can tolerate lower water
quality conditions. Figure 6.4 indicates the water quality designations of the study area's streams (see
Chapter 5). Currently, most of the smaller streams are designated as capable of supporting cold water
fishes, except for the main stem reaches of the largest streams and some degraded smaller streams, which
are designated as habitat for warm water fishes. 

Recently published reports on the status of the fisheries of the Pennsylvania portion of Lake Erie
(Lake Erie Research Unit 2006) and its tributaries (Murray and Shields 2004) provide an in-depth view of
the economic importance of the study area's streams for fishing-related industry and tourism. Commercial
harvests of walleye, yellow perch, drum, burbot, white perch, white bass, and lake whitefish have been
much lower over the past 5–6 years (below annual allowable quotas) than the time period between
1990–1995. The decline in commercial catch is attributed to 1996 changes in regulations for commercial
fishing (allowable fishing gear restricted to trap nets) and the fact that there is only one licensed
commercial fisherman currently operating in Pennsylvania's Lake Erie waters (Lake Erie Research Unit
2006).

Lake Erie supports a healthy sport fishery, and the most recent data collected by the Pennsylvania
Fish & Boat Commission indicates that the top four fish species taken from the lake by anglers are yellow
perch, walleye, steelhead trout, and smallmouth bass. Fifteen other species are also routinely caught by
sport fishermen (Lake Erie Research Unit 2006). Most of the steelhead fishing takes place in the lake's
tributaries (Murray and Shields 2004), and this cold water fishery is supported "exclusively" by a
tributary stocking program, summarized in a report by the Lake Erie Research Unit (2006). 

Figure 6.3. Spawning atlas records of fish spawning activity in the study area, showing streams
reporting spawning activity.
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Figure 6.5 indicates stream reaches in northwestern Pennsylvania most recently documented by the
Pennsylvania Fish & Boat Commission for trout stocking (2008) and natural trout reproduction (2007).
Several types of trout have been stocked in our streams in recent years, but steelhead (Oncorhynchus
mykiss) is the dominant species introduced. In 2005, over 1 million steelhead originating from local and
regional state fish hatcheries were released into 11 different streams of the Lake Erie watershed (Lake
Erie Research Unit 2006). An additional 126,300 steelhead raised in local nurseries operated by a private
organization (3-C-U Cooperative) were also stocked into streams in the western half of the watershed.
Approximately 28,000 brown trout and nearly 17,000 brook trout were also stocked into our Lake Erie
streams by state and cooperative nurseries (Lake Erie Research Unit 2006). The four streams receiving
the most smolts (yearling trout) in 2005 were Elk Creek, Walnut Creek, Twentymile Creek, and Trout
Run. 

The amount of time (and, hence, local tourism dollars) spent in fishing the "trout streams" of the
Pennsylvania Lake Erie watershed has increased over the past two decades (Figure 6.6), with the

Figure 6.4. Water quality designations of the study area's streams.
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exception of Trout Run and Sixteenmile Creek. The popularity of these two streams with steelhead
fishermen appears to have waned since the early 1980s, perhaps due to water-quality problems (see
Chapter 5). A connection between stream water-quality degradation and the success of the watershed's
sport fisheries underscores the importance of the river conservation plan's goal of promoting land
protection/conservation efforts to prevent further degradation of the watershed's streams. The
demonstrated importance to the local economy provided by the steelhead fishery (detailed in Murray and
Shields 2004) suggests that local economy might benefit from investments that expand recreational
fishing opportunities in streams (and stream segments) not currently utilized by fishermen. 

Figure 6.5. Stream reaches in northwestern Pennsylvania most recently documented by the
Pennsylvania Fish & Boat Commission for trout stocking (2008) and natural trout reproduction
(2007).
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6.1.3 Amphibians and Reptiles
A total of 73 native species of reptiles and amphibians (collectively known as "herptiles") are known

to inhabit Pennsylvania (Pennsylvania Herp Atlas 2006). Herptiles are useful indicators of overall
watershed health, since most species require intact elements of both aquatic and terrestrial habitats.
Permanent waters (i.e., lake waters and tributary streams) directly associated with the Great Lakes provide
the primary habitat of some species such as the mudpuppy, map turtle, and northern water snake (Harding
1997), and many others live in shallow nearshore areas, weed-filled embayments, and peripheral marshes
of the lakes. Several reptiles and amphibians have specialized habitats in forested or open palustrine
(isolated) wetlands, and temporary (vernal) ponds (Harding 1997). Many species of salamanders utilize
small, well-shaded, flowing-water habitats such as spring seeps or woodland brooks (Harding 1997). 

Only two species of reptiles and amphibians were identified in the PNHP database for the study area:
eastern hognose snake and Blanding's turtle (see Table 6.1). An in-depth review of published and
unpublished "authoritative" herptile surveys (AEA 1974; ACOE 1979; Gray 2004, 2005, 2006; Gray and
Lethaby 2004, 2006; Hulse and Hulse 1992; Lethaby 1990; Lethaby and Tucci 1990; Matson 2004;
McKinstry and Cunningham 1980; McKinstry et al. 1991; Silver et al. 1999) produced records of four
more species of "special concern" reptiles and amphibians in the watershed that are identified in the
larger state PHNP database, updated November 2006 (DCNR 2006). Additions include spotted turtle in
the Turkey Creek watershed of Pennsylvania (ACOE 1979; Gray 2004), short-headed garter snake
(McKinstry et al. 1991; Gray 2005), smooth green snake (Gray and Lethaby 2004; Gray 2005), and
ribbon snake (McKinstry et al. 1991; Gray 2006). 

Other state-level conservation organizations have published lists of "special concern wildlife"
independent of the PNHP list, which name additional reptiles and amphibians occurring in the study area.
The Pennsylvania Game Commission (PGC) has published its own list of Comprehensive Wildlife
Conservation Strategy (CWCS) "Priority Species" that rely upon streams for "essential parts of their life
history" (PGC 2005). The Pennsylvania Online Herpetological Atlas Project (Pennsylvania Herp Atlas
2006) has also developed lists of amphibian and reptile "Species of Conservation Concern." Herptile
species (not already mentioned above) listed by these organizations that are known for our area include
three amphibian species (Jefferson's salamander, four-toed salamander, and northern leopard frog) and
one reptile (queen snake) not listed by the PNHP. It is noteworthy that more than half of the special

Figure 6.6. Fishing hours spent on the study area's trout streams for the years 1981, 1993, and
2003–2004.
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concern species mentioned here were documented for the Ohio portion of Conneaut Creek (Matson et al.
2004), which suggests the possibility that many of these species may also occur in the Pennsylvania
portion of that stream's subwatershed. Recently published reports of discoveries of previously unknown
populations of herptile species, including five-lined skink in the Conneaut Creek subwatershed (Lethaby
and Tucci 1990; Hulse and Hulse 1992); red-bellied, smooth green, and short-headed garter snakes in the
Turkey Creek subwatershed (Gray and Lethaby 2004; Gray 2005); and Jefferson's salamander in the
Fourmile Creek subwatershed (Lethaby 1990) underscore the need for more comprehensive herptile
inventory effort in the study area.

Compilation of all available herptile records for our area indicates a total of 44 different species have
been documented, including 22 amphibian species and 22 different types of reptiles. Comparative
analysis of species richness of major types of amphibians and reptiles in the study area (Figure 6.7)
indicates that Presque Isle is an apparent "hot-spot" for turtles, but a poor site for salamanders, which
show an affinity for stream-associated habitats (Gray 2006; Gray and Lethaby 2006; McKinstry and
Cunningham 1980). Frogs appear to be broadly distributed in all areas, although the distribution of some
species is limited by their tolerance of human disturbance (Campbell and Weber 2004; Knutson et al.
1999). Knutson et al. (1999) found that urban lands were negatively associated with anurans (assessed by
their calls), and that the amount of "edge" between forest and wetland had a positive effect. Frog-call
surveys comparing anuran abundance in urban, suburban, and rural areas of the study area (Campbell and
Weber 2004) indicated fewer chorus-producing populations of spring peepers in urban wetlands than in
rural habitats. Occurrence and abundance of American toad detected in call surveys was also lower on
urban and suburban routes than in less fragmented rural areas (Campbell and Weber 2004). Northern
leopard frog was detected only on rural survey routes of the study area, where the density of roads
bisecting anuran habitats (especially wetlands) was very low (Campbell and Weber 2004). 

Silver et al. (1999) documented a decline in a wetland-breeding population of spotted salamander
near Fourmile Creek, associated with a 50% reduction in the size of an adjoining upland forest cleared for
construction of an athletic field. Reduction of the salamander population was attributed to loss of upland
foraging areas utilized during the non-breeding months, and disruption of migration pathways. Herptile
species with highly specialized "dual" habitat requirements (Harding 1997) are particularly vulnerable to
development activities that separate aquatic habitats (streams and wetlands) from undeveloped upland
habitats. Numerous field studies have demonstrated the importance of forests associated with wetland
habitats for maintaining amphibian species richness and abundance (e.g., Houlahan and Findlay 2003
Kolozsvary and Swihart 1999; Silva et al. 2003). 

As argued previously regarding the resource database for fishes, available herptile records reviewed
here should not be construed as representing a complete inventory of all of the sites that are important for
amphibians and reptiles of concern in the study area. Most of the rare herptile species apparently have
very patchy distribution and are extremely cryptic (unlike birds). Analysis of recent survey records of
Lethaby and Gray (reports cited above) compared to data reported by McKinstry et al. (1991) for Presque
Isle (Figure 6.8) indicates that considerable time in the field must be spent in order to detect rare taxa.
Considering the modest species richness detected at Elk Creek sites with Gray and Lethaby's (2006)
minimal search effort (see Figure 6.8), and the records posted for Conneaut Creek in Ohio (Matson et al.
2004), it is likely that the actual number of reptiles and amphibians present in these subwatersheds (or
others such as Crooked or Sixteenmile Creeks) could well exceed levels of herptile species richness
documented for the Asbury Woods and West Springfield areas (see Figure 6.8), if equivalent search effort
were expended.
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Figure 6.7. Comparative analysis of species richness of major types of amphibians
and reptiles in the study area.

Figure 6.8. Number of species detected versus hours of search effort for selected
localities in the study area.



114

6.1.4 Birds
All six "special concern" bird species" listed by the PNHP (2006) for the Pennsylvania Lake Erie

watershed (see Table 6.1) have habitats that include important aquatic elements. Considering additional
species of conservation concern identified by other state and federal agencies (USFWS 2002; PGC 2005),
J. M. Campbell developed an expanded list of 26 "breeding birds of conservation concern" documented to
have occurred in the study area (Table 6.4). Nearly three-fourths of these species are "aquatic-dependent"
(Figure 6.9), with the majority having wetland-associated habitats. Gross (2002) identified emergent
wetland loss as one of the main factors contributing to the state's decline of imperiled bird species. 

Table 6.4. Occurrence of Breeding Birds of Concern Within the Study Area

Taxon Common Name

Study Area Portion
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Cistothorus platensis sedge wren — X — — — — emergent wetlands
Botaurus lentiginosus American bittern — — — X — — emergent

wetlands/lakes
Haliaeetus leucocephalus bald eagle — — — X — — emergent

wetlands/lakes
Circus cyaneus northern harrier — X X X — — emergent/shrub

wetlands
Nycticorax nycticorax black-crowned night heron — X — — — — emergent

wetlands/lakes
Empidonax alnorum alder flycatcher X X X X X — emergent/shrub

wetlands
Anas rubripes American black duck — X X — — X emergent

wetlands/lakes
Scolopax minor American woodcock X X X X X X emergent/shrub

wetlands
Gallinago delicata Wilson's snipe — — — X — — emergent wetlands
Ardea herodias great blue heron X X X X X X emergent forested/open
Buteo lineatus red-shouldered hawk — — X X — — emergent forested/open
Empidonax traillii willow flycatcher X X X X X — emergent/shrub

wetlands
Wilsonia canadensis Canada warbler X X X X — X shrub forested/wetlands
Icteria virens yellow-breasted chat — — — X — — shrub/scrub wetlands
Vermivora chrysoptera golden-winged warbler — — X — — — forested wetlands
Melanerpes
erythrocephalus

red-headed woodpecker X X X X — X forested wetlands

Vireo flavifrons yellow-throated vireo X X X X X forested wetlands
Troglodytes troglodytes winter wren — — X — — X forested wetlands
Riparia riparia Bank swallow X X X X X X coast escarpments
Bartramia longicauda upland sandpiper X X — X — — upland forested/open
Coccyzus erythropthalmus black-billed cuckoo X X X X X upland forested
Caprimulgus vociferus whip-poor-will — — X X — X upland forested/open
Dendroica cerulea cerulean warbler X X X X — — upland forest
Ammodramus henslowii Henslow's sparrow — X — X — — upland forested/open
Dolichonyx oryzivorus bobolink X X X X — — upland forested/open
Accipiter gentilis northern goshawk — X — — — — upland forested

Total Number of Occurrences 12 18 17 20 6 10

Sources: PADCNR et al. (2006); PGC (2005); USFWS (2002).  Note: Underlined entries indicate species observed breeding by AEA (1974). 
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Available authoritative records were analyzed to determine which major parts of the watershed have
likely supported breeding populations of these 26 species (see Table 6.4). The eastern portion of the study
area had the lowest number of species of "breeding birds of conservation concern," while the
southwestern part of the watershed (i.e., the Conneaut Creek watershed south of Albion) had the highest
number of species. This result may have been biased by more intense inventory effort in the southwestern
part of the watershed—that is, the 10-year (1989–1998) record of bird species counts collected by the
USGS Patuxent Wildlife Research Center (2006) as part of the North American Breeding Bird Survey.
Otherwise, most of the records identified in Table 6.4 came from the first edition of the Pennsylvania
Breeding Bird Atlas (Brauning 1992), which is currently being updated for the second edition
(2004–2009). 

A total of 394 species of wild birds are known for Pennsylvania (Gross 2002), including 186 species
that regularly nest in the state. More than 325 species of birds have been identified at Presque Isle State
Park (Tautin 2004), which is recognized by the National Audubon Society as one of several Important
Bird Areas (IBAs) (Audubon Pennsylvania 2005). Impressive records of bird species richness have been
demonstrated for a few areas in the western part of the Pennsylvania Lake Erie watershed. The USGS
(2006) Harmonsburg breeding bird survey route (mostly within the Pennsylvania portion of the Conneaut
Creek watershed) has produced a total of 118 different species, including 16 species on the "breeding
birds of concern" list (see Table 6.4). A five-month survey of the former Coho site (now Erie Bluffs State
Park) in 1974 produced a list of 103 different species (AEA 1974). 

The Roderick Preserve (Game Land 314) in the extreme northwestern corner of the study area, like
Presque Isle, is also designated as an IBA (Audubon Pennsylvania 2005). A total of 76 different species
of breeding birds have been identified at this IBA (records available through Audubon Pennsylvania
2005), including six species identified on the "breeding birds of concern" list compiled by Campbell
(Table 6.4). Game Land 314 has been managed by the Pennsylvania Game Commission for several years
using techniques that maintain "early successional" shrub/scrub openings. Early successional
management benefits American woodcock and several other species of "breeding birds of concern" at
Game Land 314. This habitat stewardship tool might be judiciously applied to enhance recovery of
populations of several breeding birds of concern (see Table 6.4) in other selected portions of the study
area, where abandoned agricultural lands on private property could present opportunities for the
restoration of previously drained/cultivated emergent and shrub/scrub wetlands.

J. M. Campbell has observed bald eagles at Game Land 314 on numerous occasions since 2004, and
the Conneaut Creek watershed near Albion, beginning in 2002, is one of two known sites in Erie County
where bald eagles have nested (Brauning 2003). Bald eagles require large-scale riparian (stream/river
associated habitats) or wetland areas with tree cover for nesting (Gross 2002). Myers and Bishop (2000)

Figure 6.9. Percentage breakdown of habitats for breeding birds of conservation
concern documented in the study area.
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had developed a GIS mapping tool to identify potential locations in Pennsylvania that might support
breeding activity by bald eagles. The mapping "prediction" for the western portion of the Pennsylvania
Lake Erie watershed (Figure 6.10) identified several portions of the Conneaut Creek watershed (and a
small area of the Elk Creek watershed) as satisfying the habitat needs of this bird. Observations since
2002 of bald eagle nesting activity near the areas predicted by Myers and Bishop (2000) confirms the
validity of their GIS model.

Figure 6.10. The mapping "prediction" of bald eagle habitat for the western portion of the study area (source:
Myers and Bishop (2000). The area shaded in light blue is the portion of northwestern Pennsylvania examined
as part of that study.
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A small number of the birds listed on the study area's list of "breeding birds of conservation
concern" (see Table 6.4) are "interior forest" specialists (e.g., black-billed cuckoo and cerulean warbler)
that require large tracts of uninterrupted forest in order to breed successfully (Brauning 1992). The
cerulean warbler is a specialist for mature forests bordering streams or rivers. Roads or other clearings cut
into a forest create microclimate differences (e.g., lower moisture, elevated winds, higher temperature,
more light) that cause changes in vegetation composition and increased invasion of species typical of
open habitat (Cottrell 1997). The depth of this "edge effect" in mixed hardwood forests ranges 40–60 m.
The shape of a forest patch affects how much of it will be affected by edge effect (Cottrell 1997).
Fragmentation of forests by roads or development activities that reduce large forested tracts smaller
patches contribute to decline of forest interior birds partly because edge communities offer excellent
feeding and nesting sites for opportunistic animals, including nest predators (e.g., blue jays, crows,
squirrels, chipmunks and shrews) and brood parasites such as brown headed cowbirds (Cottrell 1997;
Gross 2002). 

Gross (2002) noted that forest management practices designed to benefit "early successional" species
(e.g., Game Land 314) may be detrimental to forest interior species. The authors of this plan wish to
advance a land management strategy that will sustain maximum biodiversity in the study area, which will
aim to maintain a wide variety of habitats. Therefore we will primarily advocate protecting and increasing
uninterrupted forested areas, while also encouraging the development of early successional habitat,
especially in areas such as Game Land 314 where open agricultural lands have been abandoned. 

6.1.5 Mammals
No mammals were listed in the PNHP (2006) database of special concern vertebrates in the

Pennsylvania Lake Erie watershed. Review of recent reports by the Pennsylvania Game Commission
(PGC 2006) concerning non-game mammals of concern (e.g., Indiana bat, Allegheny woodrat, least
shrew, etc.) confirmed that the northwestern corner of the state is not known to be home to any mammal
species of special conservation concern. 

Despite the apparent lack of endangered mammal species, the study area supports a healthy diversity
of both game and non-game mammals, including many species that would be considered "aquatic-
dependent." Campbell et al.'s (1994) review of recent mammal records for Presque Isle indicated a total of
26 species on the peninsula. Cunningham (1995) reported a total of 34 mammal species known to occur
(at present or in the recent past) on Presque Isle and in Erie County. Comparable species richness is
possible at "inland" sites within the study area, exemplified by the 23 mammal species documented in a
five-month survey of the Coho site (now Erie Bluffs State Park) on the west side of Elk Creek in 1974
(AEA 1974). Cunningham (1989) found 22 mammal species at that location in a study conducted
1974–1977, and 26 species of mammals in a seven-month study at the Roderick Preserve (Game Land
314) conducted during 1977 (Cunningham 1990). Non-game, aquatic-dependent mammals in the area
include rodents and insectivores that inhabit wetlands (e.g., meadow vole, meadow jumping mouse, star-
nosed mole, masked shrew), and bat species (e.g., little brown bat) that reside near aquatic habitats and
feed on adult aquatic insects. 

Harvest data available from the Pennsylvania Game Commission (PGC 2006) concerning mammals
likely occurring in the region reports data for each of 22 Wildlife Management Units (WMUs) across the
state. Erie County and portions of Crawford and Warren Counties are found within WMU 1B, which
includes most of the French Creek watershed in addition to the study area. Among the eight species of
mammals important to trappers in northwest Pennsylvania are four species that are directly dependent
upon aquatic habitats—raccoon, muskrat, mink, and beaver. Cunningham (1990) reported that mink was
"probably common" at the Roderick Preserve site (Game Land 314). The PGC harvest records for
furbearers in northwestern Pennsylvania during a 12-year period (1991–2002) indicate relatively stable
populations of all species (Lovallo 2005a, 2005b). During the 2003–2004 hunting and trapping season, an
estimated 332 coyotes were harvested in WMU 1B. The 1991–2002 harvest statistics for coyote in the
northwestern Pennsylvania region indicated a trend of increasing coyote abundance in our area (Lovallo
2005b). 
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Another aquatic-dependent predator that occurs in the northwestern portion of the state is the black
bear. Data in Ternent (2005) indicates that the black bear population in Pennsylvania has been steadily
increasing since 1980 (three to four times more bears in 2000–2004 than in 1980–1982). A total of 21
bears were harvested in the 1B WMU in 2004, although it is unlikely that any were taken in the study area
(Ternent 2005). Forested wildlands including wetlands are important for black bears, which utilize
"brushy swamps" that provide plant forage and wallows (Fergus 2004). 

Although white-tailed deer are primarily an upland mammal, they readily utilize densely vegetated
wetland areas for food and cover. White-tailed deer are abundant in the region, as indicated by harvest
statistics of the PGC (Rosenberry and Wallingford 2005). Approximately 17,000 deer were taken by
hunters in the 1B WMU during the 2004–2005 season, despite an apparent decline in population during
2003–2004 (as indicated by "catch-per-unit-effort" deer population index). There were fewer road-killed
deer in Erie and Crawford Counties in 2004 than in 1978 (Rosenberry and Wallingford 2005). Continued
harvesting of white-tailed deer is important for maintaining plant community diversity, since this mammal
has shown a well-documented negative impact on forest regeneration (Bowles and Campbell 1993) and
survivorship of rare and endangered plant species in the study area (Campbell 1993; Campbell et al.
1994).

6.1.6 Invertebrates—Mussels
Twelve of the 17 invertebrates listed in the PNHP database for the Pennsylvania Lake Erie

watershed (see Table 6.1) are freshwater mussels (unionids). Most of these species were presumably
known to occur in Lake Erie waters of Presque Isle. The only study area stream known to support
unionids is Conneaut Creek. Weber and Campbell (2005) recently investigated records of freshwater
mussels from Conneaut Creek found in the Carnegie Museum (historical collections of Ortmann: 1909-
1919), Ohio State University (1969 records), and the Cleveland Museum of Natural History (collections
made between 1989 and 2003). Weber and Campbell also conducted a field survey of Conneaut Creek
unionids at over a dozen different locations in the Conneaut Creek watershed during autumn 2004. 

The Weber and Campbell (2005) study found evidence that Conneaut Creek has supported
populations of at least 17 different species of freshwater mussels since the early 1900s, with at least 13
species likely represented in the modern community. The collective list (including species known both
from museum collections and the recent survey) includes nine "special concern" unionid species listed in
the larger state PNHP database. Five of the special concern mussels for Conneaut Creek, including four
species found in recent surveys, are taxa that were not identified in the PNHP database for the
Pennsylvania Lake Erie watershed (see Table 6.1). It should be noted that the autumn 2004 survey
conducted by Weber and Campbell consisted primarily of collecting empty shells deposited on exposed
gravel bars following major storm events. It is expected that more-intensive sampling of live mussel
populations would likely produce specimens of more than 13 species, perhaps including individuals of the
other four species known to inhabit the stream historically based on museum collections. A
comprehensive assessment of the freshwater mussel community of Conneaut Creek should be carried out
to determine the status and distribution of likely "special concern" species present. 

6.1.7 Invasive Aquatic Animals
Summary reviews of the sources and problems caused by aquatic invasive species in the Lake Erie

basin may be found in the Lake Erie LaMP (USEPA 2006) and the New York Sea Grant Fact Sheet
(O'Neill 2004). This report will not address invasive species issues relative to Pennsylvania's open waters
of Lake Erie or Presque Isle but, rather, will briefly review what is known about the major invasive
aquatic animals of the nearshore/coastal zone and streams of the study area.

One of the biggest problem invasive species in the nearshore/coastal area of the watershed is the
zebra mussel (Dreissena polymorpha), which has dramatically altered the littoral ecosystem of Lake Erie
since its introduction in the 1980s. Zebra mussels have caused a profound shift in how energy is
transferred through the Lake Erie food web—essentially redirecting energy captured by phytoplankton to
the bottom—at the expense of the "traditional" pelagic (open water) system mediated by zooplankton
(reviews in Campbell and Kenyon 1994; Perry et al. 2000; Stewart et al. 1998). Removal of
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phytoplankton by Dreissena allows light to penetrate more deeply in the lake, which in nearshore areas
results in increases in submerged aquatic plants and benthic (bottom-dwelling) algae, as well as major
changes in benthic macroinvertebrate communities (Stewart et al. 1998). Zebra mussels have also caused
a well-documented decline in native freshwater mussels (unionids) in nearshore Lake Erie habitats, due to
starvation (see Baker and Hornbach 1997, which includes review of field studies). Invasive dreissenids
have been identified as the primary reason for documented losses of native unionid clam populations in
Presque Isle Bay (Schlosser and Masteller 1999) and a likely factor contributing to recent avian botulism
outbreaks in Lake Erie (Campbell et al. 2005). 

Zebra mussels have not colonized the study area's streams except in limited instances where creek
mouths meet the lake in low gradient lacustuaries and wind-driven wave action has propelled live mussels
onto substrates in the lower reaches of the streams. Zebra mussels normally colonize new habitats via
microscopic planktonic veliger larvae, which are not able to swim against the currents of the study area's
streams. An invasive bivalve that is capable of colonizing streams via upstream dispersal is the Asiatic
clam Corbicula fluminea, which was first reported on the shore of western Lake Erie in 1980 (Clarke
1981) and later found in the St. Clair River (French and Schloesser 1991). 

The Asiatic clam was originally introduced in the southern United States and not believed to be a
threat to the northern United States due to its intolerance of low temperatures. The population found by
French and Schloesser (1991) in the St. Clair River was thriving in the warm-water discharge plume of a
steam-electric power plant. Overwinter mortality was found to be greater for the first-year cohort than the
second-year cohort of the clam (French and Schloesser 1991). Corbicula fluminea may be adapting to the
lower temperature waters of the region. An established population of Corbicula fluminea has been
documented in Conneaut Creek more than 10 km (6.2 mi) upstream from its mouth on Lake Erie in
Pennsylvania (J. M. Campbell personal observation, 2008; USGS/PADEP 2005). 

It is unknown how the Asiatic clam population in Conneaut Creek became established so far
upstream from its mouth on Lake Erie, and whether this population is capable of producing sufficiently
dense populations to have negative effects on the creek's native mussel populations. Both Dreissena
polymorpha and Corbicula fluminea are intolerant of prolonged anoxic (low oxygen) conditions
(Matthews and McMahon 1995). High densities of Corbicula in streams can pose a risk to unionid mussel
populations in streams, especially if a die-off of the invasive clam occurs under conditions of low water
flow and warm summer temperatures (Cherry et al. 2005, Cooper et al. 2005). The presence of Corbicula
in Pennsylvania's only Lake Erie stream containing native mussel populations increases the imperative to
carry out a comprehensive assessment of the Conneaut Creek ecosystem in Pennsylvania.

Recent studies by Higgins et al. (2006) have shown that the zebra mussel infestation has been a
major factor (in addition to local phosphorus inputs) contributing to increased overgrowth of Cladophora
(native filamentous algae) along the Lake Erie shore, and that much of the Pennsylvania shoreline of Lake
Erie presents the ideal situation (e.g., exposed bedrock substrates) to produce Cladophora "problem
conditions." The zebra mussel-induced overgrowth of Cladophora contributes to shoreline fouling
(aesthetic, taste, and odor complaints) and elevated bacterial (E. coli) counts in nearshore waters (Higgins
et al. 2006). Cladophora also forms thick mats on the rock substrates of stream bottoms in the study area,
especially in places where the stream channels lack shading riparian tree cover and bare bedrock is the
main substrate. 

Overgrowth of Cladophora may present favorable conditions for another invasive species in Lake
Erie, the rusty crayfish (Oronectes rusticus), which apparently feeds preferentially on this algae (Thoma
2006). Interestingly, the invasive crayfish has been found in field experiments to have a potentially
important effect in restricting zebra mussel colonization in outlet streams of zebra mussel-infested lakes
(Perry et al. 2000). J. M. Campbell has not identified rusty crayfish in any study area streams, but it has
apparently "taken over" shallow shoreline areas of Lake Erie in Ohio and moved up many of the "nutrient
polluted" tributaries and eliminated native Oronectes populations (Thoma 2006). It appears to have
colonized freshwater habitats throughout Ohio (USGS 1999) and has been found in Pennsylvania, but has
expanded its range primarily in the Susquehanna River basin (PFBC 2006b). 

One of the most conspicuous non-native fishes that may be found in streams of the Pennsylvania
Lake Erie watershed is the common carp (Cyprinus carpio), which was intentionally introduced to the
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Great Lakes in 1879 as a food fish (USEPA 2006). Carp migrate into the area's larger streams (e.g., Elk
and Conneaut Creeks) during the spawning season, and may degrade habitat for native species (USEPA
2006), although it is unknown whether this poses a significant problem to the study area's streams. 

The sea lamprey (Petromyzon marinus) is one of the more problematic invasive fishes in Lake Erie,
and colonized the lake via the Welland Canal sometime between 1829 and 1921 (Fetterolf 2006). This
eel-shaped, parasitic fish feeds by attaching to the sides of other fish using its "suctorial" mouth, through
which blood and body fluids are extracted. The sea lamprey was partly blamed for the historic decline of
the native lake trout in the Great Lakes, and considerable time and effort has been expended since 1958
by the Great Lakes Fishery Commission to control this invader (Fetterolf 2006). Adult lamprey in Lake
Erie utilize tributary streams for spawning purposes, and three of Pennsylvania's streams–Conneaut,
Raccoon, and Crooked Creeks—have been key locations where lampricides have been applied to kill
lamprey larvae (Leighton 2006; PFBC 2003). There is interest in developing alternative control methods
for the sea lamprey, such as migration control barriers, apparently being considered for Conneaut Creek
(Leighton 2006; PFBC 2003). 

The most recent invasive fish species that has had a significant effect on nearshore waters and
tributaries of Lake Erie is the round goby (Neogobius melanostomus), which entered Lake Erie in 1993
and spread to all three basins of the lake by 1999 (USEPA 2006). This fish is a benthic feeder and
profited from the already extensive population of invasive dreissenids (zebra and quagga mussels), its
principle prey in the lake. Pennuto (2006) found that round goby have penetrated up to 2 km inland in
Lake Erie tributary streams in New York, and that the gobies have caused a decline in fish taxa richness
and macroinvertebrate abundance in the streams. Phillips et al. (2003) found round gobies in four
Pennsylvania Lake Erie streams (Elk, Walnut, Sixteenmile, and Twentymile Creeks) during a survey
conducted in 2000–2001. The invasive fish had moved 2.3 km (1.2 mi) upstream in Elk Creek, and
constituted 17% of the total number of fish collected. In Twentymile Creek, goby numbers made up 30%
of the total fish count, but had penetrated only 0.7 km (0.4 mi) upstream, where a waterfall impeded
further passage. Phillips et al. (2003) found that the goby was feeding exclusively on aquatic insects, and
considered the fish a threat to native fish species in Pennsylvania tributary streams. 

6.1.8 Projected Impact of Climate Change on Fish and Wildlife
Fish and wildlife depending on nearshore habitats and coastal wetlands may be the populations most

dramatically affected by climate change, since Lake Erie levels are expected to possibly decline half a
meter by the 2050s (McAuley 2006), and close to a 1 m (3.3 ft) or more by the end of the twenty-first
century (Sousounis and Glick 2000, Ciborowski and Tyson 2006). It is unclear exactly how this would
affect the many species of birds, reptiles, and amphibians that utilize coastal habitats (e.g., many current
Presque Isle wetlands would be left high and dry), or what the impact would be on nearshore fish
spawning habitat and access to Lake Erie tributaries by migrating fishes. It would be advisable for natural
resource managers to assess what the likely effects will be to begin planning to minimize resource losses. 

Predicted continuing air and water temperature increases are expected to contribute to declines in
fisheries of cold and cool water fish species (e.g., trout and walleye) in the Great Lakes basin (Kling and
Wuebbles 2003; Shuter et al. 2003; Sousounis and Glick 2000), and the possible expansion of warm
water fisheries (e.g., bass and sunfish). Increases in stream water temperatures will be less in areas where
groundwater is a major contributor to stream flow (Johnson et al. 2003, Shuter et al. 2003). Efforts to
maintain high amounts of forest cover in the watershed and shading of streams by riparian vegetation may
help reduce the effects of climate warming on stream fisheries on a local scale (Johnson et al. 2003). Of
particular concern is the likelihood that lower water levels and higher temperatures will accelerate the
accumulation of mercury and other contaminants in aquatic food chains (Kling and Wuebbles 2003).
These predictions suggest an imperative for the Pennsylvania Fish & Boat Commission to assess the long-
term fate and direction of trout stocking programs in the Pennsylvania Lake Erie watershed.

Warmer water temperatures will likely result in new invasive species threats, as warm water fishes
expand their distribution in the Great Lakes (Shuter et al. 2003). Some already present invasive species
that are pre-adapted top warmer climates (i.e., the Asiatic clam) may cause more serious problems as their
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populations increase. Corbicula fluminea may be more likely to have harmful future effects on native
unionids in Lake Erie streams and rivers like Conneaut Creek.

Small streams (particularly headwaters) and wetlands will likely be profoundly changed by changing
patterns of precipitation and increased evaporation rates during the summer, especially in areas where
groundwater contributes little to stream flow (Johnson et al. 2003a, 2003b). Many streams may become
intermittent in areas where runoff/surface water is the main source of flow (Johnson et al. 2003a), and
water quality (including nutrient cycling capacity) will decline due to stagnant conditions. Ponds and
ephemeral (seasonal) wetlands will likely dry up earlier in the season, and large wetlands will contract
during longer and more severe droughts, resulting in loss of refugia and breeding habitats of many
amphibians and reptiles (Johnson et al. 2003b). These predictions underscore the importance of protecting
existing groundwater supplies and wetlands, and suggest a need to better protect headwater streams and
their associated forests  in order to provide shade and cover. 

6.2. Aquatic Plant Life, Stream Riparian Habitats, and Wetlands
The PNHP search results for plant species of "special concern" (PADCNR et al. 2006) produced a

list of 103 plant species (Table 6.2.1 change to Table 6.5). The habitats of each of the listed species of
plants identified in PNHP records were investigated by J. M. Campbell and classified in the last column
of Table 6.5, which allowed a graphical analysis of the primary habitats of the watershed's plant species
of special concern (Figure 6.11). About 75% of the 103 listed "special concern" plant species are
associated with aquatic habitats, 90% of the rare plants have open-type habitats, and only 2% are species
that occur in upland forests. 

No attempt will be made in this document to relate records of PNHP-listed plant species to specific
locations in the study area, since it is highly likely that many of the listed plants occur in locations not
recorded in the PNHP database. Instead, our approach will be to define the geography of the general
habitats and plant community types known to support plant species of special concern, leading to the
identification of general locations of ecosystems that merit protection/conservation effort. Specific
descriptions of major botanical features of sites identified in the Erie County Natural Heritage Inventory
(Figure 6.12) are detailed in the narrative portion of this document (WPC 1993). For purposes of brevity,
this report will provide more general characterizations of the plant communities in the watershed. 

Table 6.5. Plant Species Listed in the Pennsylvania Natural Heritage Inventory Database for the Study
Area, Updated November 2006
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Acorus americanus Sweet flag G5 S1 PE PE — Em wet wet meadows, stream edges,
ditches

Agalinis paupercula Small-flowered
false-foxglove

G5 S1 PE PE — Em wet moist, open sandy ground and
pond shores

Alisma triviale Broad-leaved
water-plantain

G5 S1 PE PE — Em wet shallow water of ditches, lake
margins, and stream edges

Alopecurus aequalis Short-awn foxtail G5 S3 N TU PS Em wet swamps, ditches and moist
meadows

Ammophila breviligulata American
beachgrass

G5 S2 PT PT — Dune/beach sand dunes and beaches

Anemone cylindrica Long-fruited
anemone

G5 S1 PE PE — Upland open dry open slopes and
calcareous fields

Arctostaphylos uva-ursi Bearberry G5 SX PX PX — Upland open dry openings and rocky ledges
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manzanita

Arethusa bulbosa Swamp-pink G4 S1 PE PE — Bog sphagnum bogs and seeps

Artemisia campestris ssp.
caudata

Beach wormwood G5T5 S1 PE PE — Dune/beach dry sandy shores or sand flats

Astragalus canadensis Canadian milkvetch G5 S2 N TU — Upland open rocky roadside banks,
limestone edges, and shale
barrens

Bidens discoidea Small beggar-ticks G5 S3 N PR — For wet swamps, vernal pools and
swampy ground

Boltonia asteroides Aster-like boltonia G5 S1 PE PE — Em wet rocky shores and exposed
rocky river beds

Cakile edentula American sea-
rocket

G5 S3 PR PR — Dune/beach dunes and sand plains along
Lake Erie

Carex aquatilis Water sedge G5 S2 PT PT — Em wet marshy swales

Carex aurea Golden-fruited
sedge

G5 S1 PE PE — Seep escarp moist calcareous slumps and
seeps

Carex bebbii Bebb's sedge G5 S1 PE PE — Em wet calcareous or neutral wet
meadows, moist sand flats and
shores

Carex brevior A sedge G5? S2? N TU — Upland open dry open thickets, banks,
fields, and roadsides

Carex diandra Lesser panicled
sedge

G5 S2 PT PT — Bog bog hummocks and pond
margins

Carex lasiocarpa Slender sedge G5 S3 PR PR — Bog sphagnum bogs

Carex pseudocyperus Cyperus-like sedge G5 S1 PE PE For wet calcareous swamps and
swales

Carex sartwellii Sartwell's sedge G4G5 SX PX PX — For wet swamps

Carex viridula Green sedge G5 S1 PE PE — Em wet sand wet calcareous sand flats

Castilleja coccinea Scarlet indian-
paintbrush

G5 S2 TU PT — Em wet moist meadows on limestone
and diabase

Chamaesyce polygonifolia Small sea-side
spurge

G5? S2 PT PT — Dune/beach dunes and sand plains

Chenopodium capitatum Strawberry
goosefoot

G5 SH TU TU — Upland open woodland clearings and
burned areas

Cladium mariscoides Twig rush G5 S2 PE PE — Em wet marshes, floating bog mats,
and shallow lake margins

Cuscuta cephalanthi Button-bush dodder G5 SU TU TU — For wet swamps and moist thickets

Cyperus diandrus Umbrella flatsedge G5 S2 PE PE — Em wet moist stream banks, bogs, and
marshes

Cyperus schweinitzii Schweinitz's
flatsedge

G5 S2 PR PR — Dune/beach dry or moist sand flats or
dunes

Eleocharis caribaea Capitate spike-rush G4G5 S1 PE PE — Em wet sand damp sandy depressions at
Presque Isle

Eleocharis olivacea Capitate spike-rush G5 S4 PR WAT
CH

— Bog bogs and sandy-peaty
depressions

Eleocharis parvula Little-spike spike-
rush

G5 S1 PE PE — Em wet sand tidal shores and mudflats

Eleocharis pauciflora var.
fernaldii

Few-flowered
spike-rush

G5TN
RQ

S1 PE PE — Em wet sand wet, calcareous sand at
Presque Isle

Eleocharis quadrangulata Four-angled spike-
rush

G4 S1 PE PE — Em wet lake margins, swamps and
ponds

Epilobium strictum Downy willow-herb G5? S3 PE PR — Em wet calcareous marshes, meadows,
and thickets

Equisetum variegatum Variegated horsetail G5 S1 PE PE — Em wet damp soil of stream banks and
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sandy flats; circumneutral to
alkaline soil

Equisetum x ferrissii Scouring-rush GNA S1 N PE — Em wet sand moist gravelly or sandy
circumneutral soils of shores
and fields

Eriophorum gracile Slender cotton-
grass

G5 S1 PE PE — Bog bogs and peaty depressions

Euphorbia obtusata Blunt-leaved spurge G5 S1 PE PE — For wet rich woods and stream banks

Geranium bicknellii Cranesbill G5 S1 PE PE — Upland open dry, open woods, clearings,
and rocky ledges

Hypericum drummondii Nits-and-lice G5 SX TU PX — Upland open dry slopes and stony fields

Hypericum majus Larger canadian st.
John's-wort

G5 S2 PT PT — Em wet sand swampy ground and sand
plains along Lake Erie

Iris virginica Virginia blue flag G5 S2 N PE — Em wet shallow water of pond
margins

Juncus alpinoarticulatus
ssp. nodulosus

Richardson's rush G5T5
?

S2 PT PT — Em wet sand moist, sandy, calcareous
shores and seeps

Juncus arcticus var.
littoralis

Baltic rush G5T5 S2 PT PT — Em wet sand calcareous swamps and shores

Juncus biflorus Grass-leaved rush G5 S2 TU PT — Em wet moist, open woods, boggy
fields, gravel pits and ditches

Juncus brachycephalus Small-headed rush G5 S2 PT PT — Em wet muddy or sandy, calcareous
shores, clayey seeps, and
springy or boggy fields

Juncus torreyi Torrey's rush G5 S2 PT PE — Em wet muddy or sandy shores, strip
mine areas, swales, or ditches

Lathyrus japonicus Beach peavine G5 S2 PT PT — Dune/beach sandy or gravelly shores,
sandplains, and dunes

Lathyrus palustris Vetchling G5 S1 TU PE — Em wet sand shores, moist meadows,
sandplains, swamps, and
thickets

Lemna turionifera A duckweed G5 SU TU TU Aquatic lakes, ponds, swamps, and
marshes

Lipocarpha micrantha Common hemicarpa G5 S1 PE PE — Em wet sand moist sand

Lithospermum caroliniense Hispid gromwell G4G5 S1 PE PE — Upland open open sandy barrens and
roadsides

Lobelia kalmii Brook lobelia G5 S1 PE PE — For wet calcareous swamps, moist
pastures, and fens

Lupinus perennis Lupine G5 S3 PR PR — Upland open stream banks, open fields,
woods edges, and roadsides in
sandy, acidic soils

Megalodonta beckii Beck's water-
marigold

G4G5 S1 PE PE — Aquatic calcareous lakes and swamps

Myriophyllum
heterophyllum

Broad-leaved
water-milfoil

G5 S1 PE PE — Aquatic still water of ponds and lakes

Myriophyllum sibiricum Northern water-
milfoil

G5 S1 PE PE — Aquatic rivers, lakes, ponds, and
marshes, mostly in water <1m
deep

Myriophyllum verticillatum Whorled water-
milfoil

G5 S1 PE PE — Aquatic shallow (<1m deep) water of
ponds or marshes

Nuphar microphylla Yellow cowlily G5T4
T5

S1 TU PE — Aquatic lake margins, ponds, slow-
moving streams, swamps and
tidal marshes

Oenothera oakesiana Evening-primrose G4G5
Q

S2 N TU — Upland open railroad ballast and alluvium
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Panicum commonsianum
var. euchlamydeum

Cloaked panic-
grass

G5T5 S2 PR PE — Dune/beach sandy soils of Lake Erie shore

Panicum tuckermanii Tuckerman's panic-
grass

G3G5 S2 PT PT — Dune/beach sandy flats

Parnassia glauca Carolina grass-of-
parnassus

G5 S2 PE PE — Bog boggy meadows or seeps on
calcareous soils

Platanthera hookeri Hooker's orchid G4 S1 TU PE — Upland for rich, well-drained deciduous
woods

Polygonum careyi Carey's smartweed G4 S1 PE PE — Upland open sandy open woodlands and
disturbed places, particularly
after fire

Polygonum setaceum var.
interjectum

A swamp
smartweed

G5T4 S2 PE PE — For wet swamp forest margins, shores,
and shallow water

Populus balsamifera Balsam poplar G5 S1 PE PE — Em wet cool, seasonally wet soils and
bog margins

Potamogeton filiformis Slender pondweed G5 SH TU PX — Aquatic shallow calcareous water of
streams and ponds

Potamogeton gramineus Grassy pondweed G5 S1 PE PE — Aquatic lakes and streams

Potamogeton praelongus White-stemmed
pondweed

G5 S1 PX PE — Aquatic lakes in deep water

Potamogeton richardsonii Red-head
pondweed

G5 S3 PT PR — Aquatic Lake Erie and connecting
waterways in water up to 5m
deep

Potamogeton strictifolius Narrow-leaved
pondweed

G5 SH PE PE — Aquatic calcareous ponds or streams

Potamogeton zosteriformis Flat-stem
pondweed

G5 S2S3 PR PR — Aquatic slow-moving streams

Potentilla anserina Silverweed G5 S3 PT PR — Em wet sand moist, sandy or gravelly
shores or ballast

Potentilla paradoxa Bushy cinquefoil G5 S1 PE PE — Em wet sand moist, sandy shores

Ptelea trifoliata Common hop-tree G5 S2 PT PT — Dune/beach old fields, stream banks, and
alluvial thickets

Ranunculus aquatilis var.
diffusus

White water-
crowfoot

G5T5 S3 PR — Aquatic lakes, ponds, rivers and
streams

Ranunculus flabellaris Yellow water-
crowfoot

G5 S2 N PT — Em wet shallow water and on muddy
shores

Salix candida Hoary willow G5 S1 PT PE — Em wet fens and wet meadows on
calcareous shores

Salix caroliniana Carolina willow G5 S1 N PE — Em wet stream banks, shores, and low
woods

Salix myricoides Broad-leaved
willow

G4 S2 N TU — Em wet stream banks and swamps

Salix serissima Autumn willow G4 S2 PT PT — Em wet fens and wet meadows on
calcareous soils

Schizachyrium scoparium
var. littorale

Seaside bluestem G5T5 S3 PR PR — Dune/beach sand dunes along Lake Erie

Schoenoplectus acutus Hard-stemmed
bulrush

G5 S2 PE PE — Em wet shallow water of lake and
pond margins

Schoenoplectus fluviatilis River bulrush G5 S3 PR PR — Em wet sand moist sandy shores and
marshes, tidal or non-tidal

Schoenoplectus
subterminalis

Water bulrush G4G5 S3 N PR — Aquatic quiet water of lakes, ponds,
and slow-moving boggy
streams

Schoenoplectus torreyi Torrey's bulrush G5? S1 PE PE — Aquatic shallow water of lake and
pond margins
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Scleria verticillata Whorled nutrush G5 S1 PE PE — Em wet moist, calcareous meadows,
bogs, and fens

Shepherdia canadensis Canada buffalo-
berry

G5 S1 PE PE — Seep escarp wet, shaly banks and slumps
along Lake Erie

Solidago uliginosa G4G5 S3 N TU — Bog bogs, swamps, sedge
meadows, and fens

Sparganium minimum Small bur-reed G5 SX PX PX — Aquatic shallow water

Spiranthes lucida Shining ladies'-
tresses

G5 S3 N TU Em wet moist shores and wet
meadows, mostly on
calcareous soils

Stachys hyssopifolia Hyssop hedge-
nettle

G5 SH TU PX — Upland open fields and stream banks

Symphyotrichum dumosum Bushy aster G5 S2 TU TU — Upland open serpentine barrens, open
woods, moist fields, bogs and
swales

Symphyotrichum ericoides White heath aster G5 S3 TU TU — Upland open calcareous soils and outcrops

Toxicodendron rydbergii Giant poison-ivy G5 S1 N PE — Upland for dry, rocky woods

Triglochin palustris Marsh arrowgrass G5 SX PX PX — Em wet sand moist, sandy shores

Triplasis purpurea Purple sandgrass G4G5 S1 PE PE — Dune/beach dry, open, sandy soil: Coastal
plain and Lake Erie shore

Utricularia cornuta Horned bladderwort G5 S2 N PT — Em wet shallow water of marshes,
ponds, and ditches

Utricularia intermedia Flat-leaved
bladderwort

G5 S2 PT PT — Aquatic lakes and wet edges of
exposed floating bog mats

Utricularia resupinata Northeastern
bladderwort

G4 SX PX PX — For wet swamps

Zizania aquatica Indian wild rice G5 S3 PR PR — Aquatic shallow water; Lake Erie
shore

Note: source and key for rank and status designations follow PADCNR et al. (2006).

Figure 6.11. Graphical analysis of the primary habitats of the study area's plant
species of special concern.
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6.2.1 Forested Wetlands
The PNHP database (PADCNR et al. 2006) identifies several plant community types as "special

concern" habitats in the larger Chautauqua-Conneaut region of Lake Erie. The Great Lakes Region
Lakeplain Palustrine Forest has a State Rank of S1 (critically imperiled) in the PNHP database, which
suggests that areas with this plant community type should be given the highest protection/conservation
priority. The Erie County Natural Heritage Inventory (see Figure 6.12) identified large areas containing
this community type on the west side of Sixteenmile Creek in North East Township and west of the
mouth of Elk Creek in Girard and Springfield Townships. The National Wetland Inventory maps (Figures
6.13 and Figure 14) indicate large areas of "palustrine forest deciduous" in other locations within the lake
plain besides the sites mentioned in the Natural Heritage Inventory. Some of the large wetland areas
mapped in Harborcreek area between Fourmile and Twelvemile Creeks (see Figure 6.13), between
Presque Isle and Lake City (see Figure 6.13), and west of Crooked Creek (see Figure 6.14) may also
contain major components of this critically imperiled community type, and should also be considered for
special protection. 

Figure 6.12. Erie County Natural Heritage Inventory sites.
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Two other forest wetland plant community types listed as vulnerable (S3) in the study area by the
PHNP (PA DCNR et al. 2006) are the hemlock palustrine forest and red maple–black gum palustrine
forest. At least eight other specific types of forest wetland plant communities are identified by Fike
(1999) as likely represented in the study area. Several of these—such as red maple–black ash palustrine
forest and red maple–mixed shrub palustrine woodland—may occupy forested wetlands of the lake plain.
It is unknown to what extent rare plants and communities may be represented in the extensive forested
wetlands found throughout the watersheds of Ashtabula River and the West Branch of Conneaut Creek
(see Figure 6.14). Although portions of these wetlands are identified in the Erie County Natural Heritage
Inventory (see Figure 6.12), the limited descriptive information provided by the inventory narrative
(WPC 1993) suggests that these areas have not been very thoroughly surveyed. 

Several floodplain forest/swamp (or riparian) community types indicated by Fike (1999) are likely
represented within the study area in the upper perennial wetlands associated with stream channels in the
study area (see Figures 6.13 and 6.14). Upper perennial wetlands are extensively developed in the lower
reaches of Twentymile and Elk Creeks, and scattered along the stream valleys of Sixteenmile,
Twelvemile, Sixmile, and Walnut Creeks. Floodplains often develop complex associations of plant
communities that vary along elevational, hydrological, and disturbance gradients (Fike 1999 and
Campbell 1998), and may also contain elements of shrub-scrub and emergent wetland plant communities.
Floodplain communities of the Pennsylvania Lake Erie watershed are also likely to contain populations of
many of the special concern plant species listed in Table 6.5. Considering the critical role of forests and
riparian vegetation for protecting the region's cold water fisheries in the face of climate change (see
discussion above), the authors consider forested wetlands of all types to of critical importance in future
land protection efforts in the Pennsylvania Lake Erie watershed.

6.2.2 Old-Growth Forest
The Pennsylvania Lake Erie watershed has recently gained special recognition for forested areas

containing very old, large trees. Most of these areas are located in stream valleys where escarpments
and/or steep slopes historically made logging activity difficult or where other circumstances (e.g., rich
soils, protection from wind) have favored the growth of very tall trees after logging occurred. Many of the
sites are situated within or adjacent to riparian habitats. Representatives of a national organization known
as the Eastern Native Tree Society (ENTS) have taken measurements of the largest trees in eight of these
locations within the study area, and determined a summary score known as a Rucker Index for the sites,
allowing the study area's large tree sites to be compared to other similar sites in Pennsylvania (ENTS
2006). 

Detailed information about Rucker Index calculation and measurements of individual trees at these
sites are available on the ENTS web site (ENTS 2006). None of the large tree sites for the study area
listed by ENTS are identified as old growth forests in the Pennsylvania Department of Conservation and
Natural Resources "Auto Tour of Old Growth Forests" (PADCNR 2007), although the measurements
made by ENTS (2006) for study area sites produce Rucker Index scores in the same range as the ratings
for all four of the "old growth" sites identified for northwestern Pennsylvania by PADCNR (Figure 6.15).
PADCNR (2007) provides an excellent description of what "old growth" means, and concedes that there
are virtually no sites in all of the eastern United States (including Pennsylvania) that meet the strictest
definition of old growth (i.e., a forest that is "near climax" condition and that has "suffered few, if any,
intrusions by humans"). What PADCNR has selected for its web site are sites with "old growth
characteristics" that represent a variety of forest ecosystem types. A similar analysis of the large tree sites
in the Pennsylvania Lake Erie watershed could provide the basis for a "watershed tour" of our oldest
forests, which could help engage the public in some memorable lessons on importance of forests for water
quality and local history.

It should be noted that all of the large tree sites identified in Figure 6.15 are in publicly accessible
locations such as the Walnut Creek gorge, which is accessible via the Asbury Woods Greenway Trail.
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It is likely that there are other locations in the study area with comparable stands of very old and large
trees, but that are inaccessible to the public because they are located on private property. The Erie County
Natural Heritage Inventory (see Figure 6.12) identified a forest "with mature and old growth stands" in
the upper gorge of Sixteenmile Creek, and other old growth remnants may be present in escarpment areas
of Twentymile Creek, Eightmile Creek, and other locations that have not been surveyed by ENTS
representatives.

6.2.3 Shrub-Scrub Wetlands
Only one "special concern" shrub species (Canada buffalo-berry) is identified in the PNHP database

for the Pennsylvania Lake Erie watershed (Table 6.5), and it is a component of one of the PNHP
database's (PADCNR et al. 2006) special concern habitats for our region—the Great Lakes Region Scarp
Seep, which has a State Rank of S1 (critically imperiled). According to Fike (1999), this community
occurs on extremely steep, actively eroding slopes on the "lakeshore bluff and creek wall slopes" in
places where groundwater seepage promotes active "slumping," which results in frequent dynamic change
in plant community development. Most of the rare plants that occur in this habitat besides Canada
buffalo-berry are low-growing species (herbs, sedges, and horsetails) more typical of open, emergent
wetlands. The Erie County Natural Heritage Inventory (see Figure 6.12) identified areas containing this
community type within the Twentymile Creek, Wintergreen Gorge, and Walnut Creek Valley BDAs. The
Great Lakes Region scarp seep is a major element of the Great Lakes Region Scarp Complex (Fike 1999).
Therefore, this community may also be expected to occur in areas of the Erie County Natural Heritage
Inventory cited as containing that complex—including the North East lake bluff, Eightmile Creek Gorge,
Sixmile Creek Gorge, Devil's Backbone (including Elk and Little Elk Creek gorges), and Lakeplain
Shoreline BDAs (WPC 1993). 

The Erie County Natural Heritage Inventory (see Figure 6.12) identified a buttonbush wetland as the
major plant community feature in the Ashtabula Creek BDA. The National Wetland Inventory maps
(Figures 6.13a and b) indicate several large areas of palustrine shrub-scrub wetlands in association with
other wetland types in the headwaters of Sixteenmile, Sevenmile, Eightmile, Elk and Conneaut Creeks.
Within the Conneaut Creek subwatershed, there are also prominent shrub-scrub wetlands associated with
primary and secondary reaches of the creek's major tributaries (see Figure 6.14). Large areas of shrub-
scrub wetland are also indicated within the Crooked Creek and Turkey Creek subwatersheds. 

Figure 6.15. Comparison of Rucker Index values for selected large tree sites in the
study area and PADCNR (2007) old growth sites in northwestern Pennsylvania.
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6.2.4 Emergent Wetlands
Over half of the 103 "special concern" plant species identified in the PNHP database for the

Pennsylvania Lake Erie watershed (Table 6.5) occur in emergent wetland or related open aquatic habitats
(see Figure 6.11). Oddly, the only special concern habitats listed in PNHP's database for the study area
that would specify emergent wetlands are the "Great Lakes region scarp seep" (described above) and
"Golden saxifrage–sedge rich seep." The latter habitat has a state rank of S2 (imperiled), described in Fike
(1999) as "typically small (less than 0.1 hectare) wetlands that occur where base-rich groundwater
(alkaline to circumneutral) saturates the surface for most of the growing season in most years." This
habitat has highly variable plant species composition dependent on the openness of adjacent plant
communities, and would likely occur in association with other wetland plant communities (including
forested wetlands). 

A total of 17 different distinctive types of emergent wetlands are identified in Fike (1999) as
occurring in the study area, and it is possible that one or more of the numerous PHNP-listed special
concern plant species (Table 6.5) could be found within any of them, even though the communities per se
are not listed in the PNHP database of "special concern" habitats of the study area (PADCNR et al. 2006).
It is also quite likely that many of these rare plant species occur in wetland habitats besides those areas
designated by the Erie County Natural Heritage Inventory (see Figure 6.12). For these reasons, sites
containing emergent wetlands should be assigned a high protection/conservation priority (i.e., critical
importance) equal to sites having forested wetlands.

The National Wetland Inventory maps (Figures 6.13 and 6.14) indicate some large concentrations of
palustrine emergent wetlands located (besides Presque Isle) in the western headwaters of Crooked Creek,
the headwaters of Ashtabula Creek, and scattered within the lake plain west of Elk Creek. Scattered
pockets of emergent palustrine wetland occur along the northern edge of the Elk Creek subwatershed,
from Brandy Run east to the southwest corner of the Walnut Creek subwatershed. They are also widely
scattered throughout the eastern part of the study area from Mill Creek east toward New York.
Throughout the watershed, emergent wetlands also occur also in mixed complexes with palustrine
woodland, palustrine shrub-scrub, and riverine wetlands.

Emergent wetland-type plant species and communities are important elements of riparian areas in
stream valleys and floodplains throughout the study area, especially in association with lower perennial
wetlands where frequent disturbance prevents long-lived woody plant species from becoming
permanently established (community complexes identified in Fike 1999). Some of the wetland
communities that occur alongside stream channels are transient meadows dominated by annuals that
develop on exposed substrates during dry periods. More persistent communities, known as channel marsh
habitats, may persist for several years, and support young trees, shrubs, and emergent perennial ground
covers, including special concern plant species (James K. Bissell, Cleveland Museum of Natural History,
personal communication, May 2005). 

Channel marsh habitats occur in lower floodplain areas kept open by seasonal flooding, and are
periodically modified by redistribution of bed material during major floods. The National Wetland
Inventory (Figures 6.13 and 6.14) indicates lower perennial wetlands associated with active floodplains of
Elk Creek in the vicinity of Girard, and along Conneaut Creek within a 10 km (6.2 mi) reach east of the
Ohio line. Although lower perennial wetlands are not indicated on the wetland inventory maps for
streams other than Elk and Conneaut Creeks, plan co-author J. M. Campbell has observed these habitats
in the valleys of Walnut and Twentymile Creeks. They probably occur in other stream valleys besides the
creeks mentioned. No attempt has ever been made to map the occurrence of these habitats throughout the
study area. 

It is unknown to what extent channel marsh habitats of the study area may provide critical habitat for
populations of rare or endangered species of plants and animals. The recent surveys conducted by the
Cleveland Museum of Natural History in the Ohio segments of Conneaut Creek (Matson et al. 2004)
indicate that these riparian habitats harbor a tremendous diversity of aquatic life (including fish, reptiles,
and amphibians). The channel marshes of Conneaut Creek in Ohio are also known to support populations
of (Ohio-listed) rare and endangered plants (James K. Bissell, Cleveland Museum of Natural History,
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personal communication, May 2005), and the Cleveland Museum has also begun a field program to
manage invasive plant species that threaten these habitats in the Ohio portion of Conneaut Creek. 

6.2.5 Invasive Plants and Climate Change
Plan co-author J. M. Campbell has observed that floodplain habitats of several streams in the study

area have been colonized by invasive plants, including the noxious weeds (PADA 2004), purple
loosestrife (Lythrum salicaria), and multiflora rose (Rosa multiflora) as well as the persistent pest (USDA
1999, 2006) Japanese knotweed (Polygonum cuspidatum). Locations in the study area's stream valleys
where invasive plants threaten wetland habitats containing plant species of concern (Table 6.5) should be
mapped concurrent with faunal surveys (see above), and the resulting survey data should then be used to
develop a comprehensive landscape-scale plan to protect and restore these critical habitats. The Botany
Department of the Cleveland Museum of Natural History has expressed interest in working with
Mercyhurst College on this project (James K. Bissell, Cleveland Museum of Natural History, personal
communication, May 2005).

Other invasive plant species besides those mentioned above, such as common reed (Phragmites
australis), canary reed grass (Phalaris arundinacea), and tree-of-heaven (Ailanthus altissima), are also
problematic in wetlands and riparian habitats of the study area and should also be considered for potential
inclusion in the landscape-scale survey recommended in the previous paragraph. PADA (2004) and
USDA (2006) would suggest other candidate species to possibly include in surveys. It would be
especially important to manage early-colonization-stage populations of invasive plants in headwater
streamside habitats, since these populations would present the greatest threat to disperse to other areas
lower in the watershed, via downstream transport of propagules. 

Additional invasive plants not yet documented in the study area may be expected to advance from
the south (and east) as our climate continues to warm. Prominent examples include kudzu and mile-a-
minute weed (Pueraria montana var. lobata and Polygonum perfoliatum). It has been predicted that only
a 3o C (5.4º F) increase in average and minimum winter temperature could allow kudzu vine to spread
north by several hundred kilometers (Sasek and Strain 1990). Both of these plants are already listed as
noxious weeds in Pennsylvania (PADA 2004), and USDA (2006) provides links for more detailed
information about both species aggressive spread within the United States.

6.3. Upland Plant Communities 
6.3.1 Forest Types and Composition
The most widely accepted system for classifying upland vegetation within the United States,

developed by Robert G. Bailey of the U.S. Forest Service (USDA 1995), identifies the Pennsylvania Lake
Erie watershed as presenting two somewhat different forest provinces or "ecoregions." The ecoregion
including the lake plain (to ca. 1,000 ft [305 m] above sea level) and Lake Erie coast is part of the Eastern
Broadleaf Forest Continental Province, and the ecoregion at higher elevations south of this area is part of
the Eastern Broadleaf Forest Oceanic Province (USDA 1995). Bailey's description of the vegetation in the
"Continental" (lake plain) portion of the broadleaf forest identifies American beech (Fagus grandifolia)
and sugar maple (Acer saccharum) as the dominant trees, with oak and hickory (Quercus and Carya) "on
poor sites." The higher elevation "Oceanic" ecoregion presents "mixed mesophytic vegetation" according
to Bailey's description (USDA 1995), with widespread dominants including American beech, tuliptree
(Liriodendron tulipifera), basswood (Tilia americana), sugar maple, red oak (Quercus rubra), white oak
(Quercus alba), and eastern hemlock (Tsuga canadensis). 

The plant community classification system developed by Pennsylvania's Bureau of Forestry (Fike
1999) identifies 11 different types of terrestrial forests and woodlands that potentially occur in the study
area. Fike (1999) classifies the region's upland forests into several broad categories, including
"coniferous" (also referred to as "evergreen" forests), "coniferous-broadleaf" (herein referred to as
"mixed" forests), and "broadleaf" (also referred to as "deciduous" forests). Under the coniferous category,
Fike (1999) lists "hemlock (white pine) forest" as the only type. In the study area, eastern hemlock is the
dominant conifer and white pine (Pinus strobus) is secondary. In coniferous forests, cover by these
species exceeds 75%, and the less abundant deciduous trees usually include yellow birch (Betula
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alleghaniensis), sugar maple, red maple (Acer rubrum), red oak, American beech, and tuliptree (Fike
1999).

Fike (1999) lists two forest types under the "mixed" category—the "hemlock (white pine)–northern
hardwood forest," and the "hemlock (white pine)–red oak–mixed hardwood forest." In mixed forests,
conifers and deciduous hardwood trees each constitute between 25% and 75% of the canopy. The
hemlock (white pine)–northern hardwood forest, which usually occurs on "mesic" or cool/moist sites
(such as north-facing slopes) usually includes beech, sugar and red maple, and yellow birch as the main
hardwood species, and eastern hemlock as the main conifer. The hemlock (white pine)–red oak–mixed
hardwood forest in the study area typically presents at least 25% cover of hemlock, with red oak as the
dominant deciduous tree, and secondary species including red maple, white oak, white ash (Fraxinus
americana), beech, and/or tuliptree (Fike 1999). Mature coniferous and mixed forest types have special
importance in the study area because evergreens provide year-round cover and shade beneficial to wildlife
and fisheries, and interception of precipitation that could otherwise contribute to soil erosion and runoff in
areas with steep slopes.

Six different types of "broadleaf" (deciduous) terrestrial forests are listed by Fike (1999) for the
study area. Conifers do not exceed 25% cover in this category of forest types. The dry oak–mixed and red
oak–mixed hardwood forest types occur in dry (e.g., south-facing) and mesic sites respectively. The dry
oak–mixed hardwood forest is usually dominated by white oak, but may include black oak (Quercus
velutina). Associated species in both types of oak forests may include hickory (Carya) species and
varying combinations of maples, white ash, and many of the other previously mentioned hardwoods (Fike
1999). Dominant species in the northern hardwood forest usually include beech, red and sugar maple, and
black cherry (Prunus serotina), with yellow birch, red oak, white ash, and hemlock as secondary species. 

Other broadleaf communities in the study area include the red maple (terrestrial) and aspen/gray
(paper) birch forests—both of which are early-successional forest types that occur on former agricultural
lands (Fike 1999). The red maple forest may include also red oak, tuliptree, hickories, white ash, and
black cherry. The aspen/birch forest type in the study area is usually dominated by bigtooth or quaking
aspen (Populus grandidentata and tremuloides), and may also include gray birch (Betula populifolia),
sassafras (Sassafras albidum), maples, and cherry. Although not identified by Fike (1999) as being
represented in the study area, another type of early-successional forest that commonly occurs in the region
is the black locust forest. This forest community type occurs in former agricultural areas and disturbed
urban/suburban sites. The dominant tree, black locust (Robinia pseudoacacia), may be associated with
red maple, Norway maple (Acer platanoides), sassafras, oaks, or black cherry. In moist soils within the
lake plain, open floodplains, or along Lake Erie bluffs, cottonwood (Populus deltoides) is often co-
dominant with black locust. Co-author J. M. Campbell has observed that the black locust forests of the
study area are prone to invasion by invasive species such as multiflora rose, tree-of-heaven, and Japanese
bush-honeysuckle (Lonicera morrowi).

6.3.2 Distribution of Upland Forest Types
The "dry oak–mixed hardwood forest" was the only terrestrial plant community listed for the study

area by the PNHP (2006) as having special concern status (PADEP et al. 2006). The principle location
where this community has been documented is an unusual "fossil dune ridge" formation (WPC 2004) on
the former Coho site (Erie Bluffs State Park). The dune feature formed several thousand years ago when
the shore of Lake Erie was a few hundred feet higher than its present elevation. This unique plant
community is also known as an "oak savannah sand barren" (WPC 2004). Jim Bissell of the Cleveland
Museum of Natural History indicated that Presque Isle and the Coho site's fossil dune ridge present "the
only quality oak savannah ….seen in Erie County so far" (WPC 2004), leaving open the possibility that it
may occur at other sites which have not yet been discovered. The fossil dune ridge community at Erie
Bluffs State Park contains Quercus velutina (black oak), which is very rare in Erie County, and is
associated with a black locust forest heavily infiltrated by invasive species. It is recommended that steps
be taken to restore the portions of this habitat threatened by black locust and invasive species. An attempt
should also be made to inventory locations on the lake plain where other remnant oak savannah sand
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barrens may occur. Unfortunately, other sites where this rare habitat might occur in the study area are
likely inaccessible, or may have already been irreparably altered by agricultural activities or development.

Although not identified by the PNHP (2006) as special concern habitats in the study area, intact
upland forests of the Pennsylvania Lake Erie watershed are an important "buffer" against the impending
effects of climate change on our cold water fisheries (Johnson et al. 2003 [see above]). Large,
uninterrupted tracts of forest also provide critical habitat for several species of "forest interior" birds, and
are essential habitat components for many herptile species, especially when associated with
aquatic/wetland habitats. It has also been recently documented that the study area contains numerous
stands of unusually large trees, comparing favorably to other (few) places in our state where historically
significant old growth-type forests remain (see Figure 6.14 6.15). The authors of this document consider
the conservation of upland forests in the study area to be just as important as the need to protect wetlands
and riparian habitats. 

We suggest that large, uninterrupted forested tracts which contain significant stands of evergreen
(coniferous) and mixed (evergreen and deciduous) forest adjacent to wetlands and streams should be
given the highest protection priority. These forests are most critical for wildlife and water quality because
they prevent erosion and soil loss in steeply sloping areas and minimize the adverse effects of climate
change on groundwater supplies and streams. The Pennsylvania Game Commission has identified
protection and conservation of coniferous forests as a top priority. In Section 13 of that agency's
Comprehensive Wildlife Conservation Strategy (PGC 2005), coniferous forests are described as "a habitat
of immediate concern because of their extremely limited occurrence and importance to CWCS-priority
(wildlife) species." The PGC (2005) further noted that conifers and mixed forests have been selectively
reduced to less than 10% of the state's land cover. 

Evergreen forest (presenting >75% cover of conifers), indicated by violet shading in Figures 6.16
and 6.17, is relatively scarce in the Pennsylvania Lake Erie watershed, and is usually closely associated
with larger surrounding tracts of mixed forest (Table 6.6). In the eastern portion of the watershed, an
unusually large stand occurs in association with a major wetland on the lake plain between Sixteenmile
and Twelvemile Creeks (see Figure 6.16). The Erie County Natural Heritage Inventory identified this site
as the Lake Plain Forested Wetland Bd (see Figure 6.12). Smaller patches (barely visible on Figure 6.16)
are also indicated in a section of the headwaters of Sixteenmile Creek near its southeastern corner and in
the deep gorge of the creek south of Interstate 90. Other small patches (all presumably consisting of
hemlock) occur on the east side in the gorges of Eightmile Creek near the lake, Sixmile Creek south of
Interstate 90, and in Wintergreen Gorge (Fourmile Creek)—all of which are sites identified by the Natural
Heritage Inventory (see Figure 6.12). 

In the study area's western reaches, patches of evergreen forest occur in the southeastern corners of
the headwaters of Walnut and Elk Creeks, in scattered sections of the gorge of Walnut Creek and the
middle reaches of Elk Creek, and in the Devil's Backbone area of Little Elk Creek. A large tract is also
indicated on higher ground between two of the eastern tributaries of Little Elk Creek (see Figures 6.16
and 6.17). A large tract of evergreen forest on higher ground is indicated near the French Creek divide at
the extreme eastern side of the east fork of the East Branch of Conneaut Creek, adjacent to the
southernmost portion of the Little Elk Creek subwatershed. The Conneaut Creek subwatershed also
presents scattered pockets of evergreen forest on higher ground associated with mixed forest in about half
a dozen locations (see Figure 6.17). It should be noted that in many parts of the Conneaut Creek
subwatershed, stands of conifer and mixed forest include a lot of white pine (Pinus strobus), which is
scarce in other parts of the Pennsylvania Lake Erie watershed.

Across the entire watershed, mixed forest—indicated by light green shading on Figures 6.16 and
6.17—is most frequently found in association with the channels/valleys of major streams, likely
indicating locations of moist (mesic) steep slope areas. The conifer represented in these areas is primarily
eastern hemlock. There are also some moderate-sized tracts of mixed forest found on higher ground,
usually surrounded by larger areas of deciduous forest. Some particularly large tracts of mixed forest are
indicated in the watersheds of southern tributaries of Elk Creek, from the vicinity of Interstate 79 west to
Little Elk Creek. Numerous smaller patches of mixed forest surrounded by deciduous forest are found in
the Crooked Creek subwatershed, the eastern tributaries of Conneaut Creek south and east of the Albion-
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Table 6.6.Percentage Composition of Land Cover in the Study Area, by Subwatershed and Land Cover
Type
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Ashtabula River 1.26 0.08 4.38 46.13 14.97 14.61 17.64 0.93

Cascade Creek 0.17 — 0.96 3.73 43.07 11.96 4.40 35.71

Conneaut Creek 0.29 0.07 3.64 43.54 10.22 22.46 18.29 1.49

Crooked Creek 0.72 0.11 6.35 39.14 12.42 17.56 20.84 2.88

Eightmile Creek 0.11 0.05 2.92 35.01 16.93 32.62 9.44 2.93

Elk Creek 0.28 0.17 6.94 36.52 11.24 21.62 20.73 2.51

Fourmile Creek 0.34 0.22 4.98 38.34 19.96 17.23 10.27 8.36

Mill Creek 0.17 0.11 4.51 27.19 30.68 15.23 5.01 17.09

Raccoon Creek 0.40 0.02 3.36 44.34 16.47 19.52 12.32 3.56

Sevenmile Creek 0.08 0.06 2.60 34.29 16.11 31.57 10.92 4.36

Sixmile Creek 0.22 0.17 6.18 44.75 13.25 18.70 13.88 2.84

Sixteenmile Creek 0.46 0.24 5.15 36.56 13.14 27.10 11.65 5.69

Trout Run 0.85 0.17 3.89 25.55 21.42 24.69 16.18 7.24

Turkey Creek 0.87 0.01 4.34 48.11 22.41 9.14 11.34 3.77

Twelvemile Creek 0.21 0.07 4.12 35.39 12.90 25.11 18.49 3.71

Twentymile Creek 0.35 0.03 5.76 29.53 15.48 33.18 4.19 11.47

Walnut Creek 0.19 0.21 5.06 32.87 19.20 22.26 13.51 6.70

Lake Erie (Direct Runoff) 1.27 0.10 3.75 19.42 27.49 22.07 10.66 15.23

Source: Pennsylvania State University (2007), analyzed by the authors of this document.
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Cranesville area, and the lower reaches of the main tributaries of the West Branch of Conneaut Creek
within an area known as "Jumbo Woods," which is situated in and near Pennsylvania Game Land 101. 

It is significant that several of the largest uninterrupted tracts of forest (with mixed forest "core") in
the western part of the study area are directly associated with large palustrine forested wetlands in the
West Branch of Conneaut Creek and in the lake plain portion of Crooked Creek immediately west of Erie
Bluffs State Park. These "combination" habitats would be expected to provide optimum resources for
many species of herptiles and other wildlife. The wetland-rich  Raccoon and Turkey Creeks
subwatersheds also present tandem elements of aquatic and forested habitats including mixed (coniferous)
elements. The importance of such areas for aquatic-dependent wildlife is well demonstrated in the Turkey
Creek subwatershed near West Springfield, where Gray and Lethaby (2006) have documented a
remarkably diverse herptile community (see Figure 6.8). 

The largest continuous tract (ca. 15–20 mi2 [39–52 km2]) of mainly deciduous forest (indicated by
dark green shading) in the study area is the above-mentioned Jumbo Woods area of the Conneaut Creek
subwatershed (Figure 6.18; see Figure 6.17). This forest apparently includes significant tracts of
palustrine forested wetlands (see Figure 6.14) and areas of mixed forest within a core forest that is one of
most distinctive natural features of the northwestern corner of the state, shared between Erie and
Crawford Counties and extending into eastern Ohio. The fact that Pennsylvania Game Land 101 is
already a prominent part of this forest (see Chapter 7) suggests that bringing additional adjoining
properties into the realm of "public protection" is a worthwhile goal that should be advanced by this plan. 

Other large areas of deciduous forest in the western part of the watershed are found in the Elk Creek
subwatershed between Interstate 79 and Little Elk Creek, surrounding significant tracts of mixed forest
(described above). There are also large areas of mainly deciduous forest in the Elk Creek subwatershed
east of Interstate 79 and McKean Borough between the tributaries flowing into Dunn Valley from the
easternmost part of the watershed, and the large branch of Elk Creek that flows along Pennsylvania Route
99 from the vicinity of Edinboro. A noteworthy large tract of deciduous forest was found in the Thomas
Run area of the Walnut Creek subwatershed (see Figure 6.16), but large portions of this forest have been
recently been converted to housing developments.

The general outer perimeter of the main urban area of Erie, which extends south to the edge of the
study area, presents many large tracts of mostly deciduous forest interspersed with farmland (keyed dark
brown in Figures 6.16 and 6.17) and transitional vegetation (keyed red), likely including residential
developments. Many of these forested areas have probably been converted to transitional vegetation in the
newer subdivisions of Harborcreek, Green, Millcreek, Summit, and McKean Townships since 2005, when
this data layer was created. In the eastern part of the watershed, the upper slopes of the ridge south of the
lake plain, from the Sixmile Creek subwatershed east to the New York line, present numerous large tracts
of deciduous forest interspersed with farmland.

6.3.3 Distribution of Disturbed Vegetation Areas
Transitional vegetation includes areas with scattered trees mixed with predominantly lower-growing

plants, and may indicate abandoned farmland in early stages of succession, agricultural operations in
which young trees are being grown in open fields, low-density residential areas near towns, or other
disturbed areas such as railroad rights-of-way. In Figures 6.16 and 6.17, this vegetation type (keyed red)
is most noticeable in association with human population centers surrounding black-shaded barren/hard
surface areas (keyed black). Transitional vegetation occupies a zone of varying width around the City of
Erie and all of the boroughs of the study area, where it indicates residential/suburban landscapes. In the
many locations throughout the study area where small or irregular patches of transitional vegetation are
found interspersed with larger areas of deciduous forest, transitional vegetation most likely indicates of
sites where forests have been recently logged or where former farmland is reverting to a forested
condition. 

Perennial herbaceous vegetation (keyed yellow in Figure s 6.16 and 6.17) includes vineyards and
other open agricultural sites that are not cultivated, such as pastures and hay fields. The greatest
concentration of perennial herbaceous vegetation is found in the lake plain between the City of Erie and
the New York State line, indicative of grape vineyards. There are also many large areas of this vegetation
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type in the valley of Elk Creek (main stem) south of Interstate 90 and south of Jumbo Woods in the
Conneaut Creek subwatershed, presumably indicating locations of pastures and hayfields. 

Annual herbaceous vegetation (keyed brown shading in Figures 6.16 and 6.17) includes cultivated
field crops such as corn, soybean, and various vegetables. Patches of this vegetation are found throughout
the study area outside of the urban/suburban perimeter, broadly interspersed with forest and perennial
herbaceous vegetation. Large-scale crop-growing operations appear to be concentrated in the lake plain
between Trout Run and Crooked Creek, in the southern part of the Elk Creek subwatershed west of
Interstate 90, and in the broad valley containing Marsh Run (Conneaut Creek) and Ashtabula Creek north
of Jumbo Woods. 

Figure 6.18. Detail of the largest continuous tract of mainly deciduous forest (indicated by dark green
shading) in the study area, known as the Jumbo Woods area of the Conneaut Creek subwatershed.
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6.3.4 Predicted Effects of Climate Change on Forests
Predictions of the effect of modified temperature and rainfall in the Mid-Atlantic region of the

United States include possible major changes in the mix of forest tree species (Subak 2000); in particular,
maple–beech–birch forests may decline and be replaced by oak–hickory forests. Subak (2000) suggests
that combined changes in climate and vegetation will negatively affect migratory bird habitats and
contribute to a general decline in bird community diversity in our region. The forecast for the Great Lakes
region (Sousounis and Glick 2000) similarly predicts that warmer summers may cause reduction or loss
of some conifer and broadleaf tree species in Great Lakes forests. Sousounis and Glick (2000) also
indicate that animal species dependent upon specific habitats (migratory wood warblers) may suffer
declines, especially in the upper Great Lakes states of Michigan, Wisconsin, Minnesota. Michigan and
Minnesota are expected to possibly lose more than 50% of their wood warbler species. Warmer and
wetter climate expected across the Great Lakes region, coupled with CO2 enrichment, may lead to
increased yields of some crops through 2050, followed by declines from 2051 to 2100 in the southern
Great Lakes (Sousounis and Glick 2000). This report suggests (and the authors of this plan concur) that
research is needed on the ability of vegetation communities to respond to global warming, and how the
dynamic of land use and management will interact with climate change. Sousounis and Glick (2000)
specifically recommend that adaptive management strategies should be used with forestry and land
management, and that tree planting and crop operations should select plant varieties more adaptable to
our changing climate.

At least one authoritative research investigation has already been carried out to gauge which local
tree species will likely decline with continuing climate change, and which species are likely to increase.
Iverson and Prasad (1998) used geographic information systems (GIS) to combine predictions for future
temperature and precipitation (from several different global climate models) with county-specific Forest
Inventory Analysis (FIA) data and local soils, land use, and elevation data to evaluate potential population
shifts for 80 different tree species in the eastern United States. Their model provides specific predictions
of future changes in the distribution of tree species for over 2000 counties east of the 100th meridian,
including Erie and Crawford Counties.

Iverson and Prasad's (1998) models predicts that many of the most important native tree species in
the study area will have their "ecological optima" shift at least 100 km (62 mi) to the north. Declines in
the study area are predicted for sugar maple, American beech, eastern hemlock, white pine, yellow birch,
red maple, and others. The models predict that several tree species that currently have a more southern
distribution, such as sweetgum (Liquidambar styraciflua) and chinkapin oak (Quercus muehlenbergii),
will shift northward into the greater study area (Iverson and Prasad 1998). One of the more disturbing
implications of these predictions is the likely impact of diminished numbers of hemlock and white pine
on the study area's coniferous and mixed forests, which have already been reduced by selective harvesting
and are critically important for wildlife habitat (PGC 2005) and water-quality protection. 

7  RECREATIONAL RESOURCES AND PUBLIC INTERACTION WITH THE PENNSYLVANIA
LAKE ERIE WATERSHED

7.1. Recognized Recreational Resources
As noted above in this document (see chapter 1), surveys of the study area's residents conducted by

LERC in 2002 and 2003 as part of the present project indicate a general satisfaction with the region's
many and varied recreational opportunities. This speaks well of the accessibility and quality of the study
area's waters and related land-based resources, but also underscores the importance that these natural
resources be protected from unsustainable development and the pollution that accompanies it. Responses
made by study area residents surveyed in 2003 regarding outdoor recreational interests are graphically
represented in Figure 7.1. Picnicking (92%), motor boating (88%), swimming (87%), and fishing (86%)
are the activities showing the highest satisfaction ratings among those surveyed, closely followed by
non-motor boating, hunting, bicycling, and hiking in equal percentages (85%).
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Activities showing somewhat lower—but still relatively favorable—satisfaction ratings include
wildlife viewing (81%) and birdwatching (76%). The survey's favorable satisfaction ratings show a clear
preference for water-based activities while, interestingly, activities garnering the survey's highest
dissatisfaction ratings (i.e., hiking [13%], bicycling [12%], swimming [10%], hunting [8%], and wildlife
viewing [7%]) are for the most part land-based activities dependent upon adequately developed facilities
for their pursuit. This suggests that facilities for land-based recreation activities within the study area are
considered at least somewhat inadequate by the survey respondents. The spatial distribution of the study
area's recreational resources and access points for both aquatic and land-based recreation is shown in
Figures 7.2 and 7.3.

7.1.2 Aquatic Recreation
It is quite likely that the scores assigned to the highest rated activities indicated by LERC's survey

are directly related to the study area's ready access to Lake Erie's waters and beaches via popular points
such as Presque Isle State Park in the central portion of the study area; Shades Beach Park and Halli Reed
Park (Freeport Beach) in the eastern reaches of the study area; and Raccoon Creek Park and the new (as
yet, undeveloped) Erie Bluffs State Park in the west. Additionally, boating and fishing access to the lake
proper, via both private craft and commercial tours, is well-provided for by 12 of the study area's 13
public or semi-public areas noted by the Pennsylvania Fish & Boat Commission (see Figures 7.1 and 7.2)
as well as numerous private marinas and boating/yacht clubs. The vast majority of boating in the study
area, incidentally—whether motorized or non-motorized—is also lake-based, as only one of the study
area's tributary streams (Conneaut Creek) is sufficiently deep for non-motorized boating, solely, and at
that only on a seasonal basis.

The high satisfaction score recorded for fishing in the watershed is not exclusively lake-based,
however, and certainly bears some relation to the study area's many excellent opportunities for stream
fishing and its very successful Lake Erie tributary steelhead trout fishery. The study areas includes 11
tributary streams that are listed by FishErie (2008) as trout stream fisheries (Table 7.1). The majority of
the study area's stream fishing is done in its western portion (Murray and Shields 2004:Table 11), which
exhibits larger volume streams and provides vastly superior public access. Surveys conducted by Murray
and Shields (2004) suggest that angler trips to the study area's streams have increased from 72,413 trips in
1993 to 200, 816 trips in 2003, and that these trips accounted for almost $9.5 million in angler-related

Figure 7.1. Responses made by study area residents surveyed by LERC in 2003
regarding outdoor recreational interests.
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Figure 7.2. Spatial distribution of the western study area's recreational resources and access points
for both aquatic and land-based recreation.
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expenditures in the region for the year 2003 alone. Moreover, the authors of that survey claim that "this
activity generates $5.71 million in new value-added activity in Erie County, supporting 219 jobs in the
economy through direct and indirect effects" (Murray and Shields 2004:1). This increased activity (and hence,
presumably greater angler expenditure) has been greatly facilitated by the construction, improvement, and
maintenance of access areas by the Pennsylvania Fish & Boat Commission. Conservation activities related
to this recreational activity are considered a high priority.

Figure 7.3. Spatial distribution of the eastern study area's recreational resources and publicly owned
access points for both aquatic and land-based recreation.
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Table 7.1. Trout Stream in the Study Area, Showing Fish Species Present and Stocked, Alg;er Pressure
(Where Observed), and Number of Parking and/or Public Access Points

Stream Fish Species Present Fish Species Stocked
Angler
Pressure

Access
Points (n)

Western Study Area

Conneaut Creek steelhead, Muskellunge,
largemouth bass

steelhead light 8

Raccoon Creek steelhead — light 3

Crooked Creek steelhead — moderate 8

Elk Creek steelhead, brown trout, bass,
"panfish," catfish

brown trout heavy 16

Walnut Creek steelhead, bass, "panfish,"
catfish, carp

steelhead heavy 11

Central Study Area

Cascade Creek brown trout brown trout, rainbow
trout, brook trout

— 2

Eastern Study Area

Fourmile Creek steelhead steelhead — 1

Sevenmile Creek steelhead steelhead — 1

Twelvemile Creek steelhead steelhead — 1

Sixteenmile Creek steelhead — — 4

Twentymile Creek steelhead, brown trout steelhead, brown trout moderate/
heavy

5

Note: This list does not include Godfrey Run (which in this study is considered as direct run-off to Lake Erie rather than a discrete
subwatershed) and Trout Run, as they are both nursery waters in which fishing is prohibited. There are active fisheries, however,
at the mouths of both streams on Lake Erie.  Sources: FishErie (2008), Murray and Shields (2004).

7.1.2 Land-Based Recreation
The study area contains a broad and plentiful array of land-based recreations resources that take the form

of parks and campgrounds (both public and private), state game lands, state parks, public and private
schoolyards, golf courses, inactive/abandoned rail lines, the former Beaver and Erie Canal (see Figures 7.2
and 7.3), formally designated state bikeways, and numerous other areas and opportunities for pedestrian
recreation and access (e.g., municipal streets and unpaved rural roads).

The most significant land-based recreational resource in the study area is undoubtedly Presque Isle State
Park and its associated greenway and educational/welcome center. The park covers 3,200 acres (1,295 ha)
and exhibits a diverse array of habitats which in turn offer the park's annual total of almost four million
visitors an correspondingly diverse suite of land-based recreational activities ranging from rugged hikes to
casual trail hiking and cycling on a year-round basis. One of the park's key features is the Multi-Purpose Trail,
an ADA-accessible National Recreation Trail that encompasses 13.5 mi (22 km) and traverses the entire
perimeter of the park. The Multi-Purpose Trail is supplemented by an extensive network of interior trails that
provide access to habitats that would be otherwise inaccessible.
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Presque Isle State Park is connected via the Seaway Trail (Pennsylvania State Route 5 [see Figure 7.1])
to the study area's other state park, Erie Bluffs. Though only recently acquired by the Commonwealth and
hence currently undeveloped, this western study area park encompasses 540 acres (220 ha)—with over 1 mi
(1.6 km) of lakefront—and includes old-growth forest, unique plant communities, wetlands, and significant
archaeological sites spanning the entire occupational sequence for this portion of Pennsylvania (see chapter
4). The park's currently existing footpaths, which have yet to be developed into formally designated trails,
provide several miles of pedestrian access which include a ca. 3.5–4 mi (5.6–6.5 km) circuit hike that
traverses all habitats identified within park boundaries and includes over 1 mi (1.6 km) of beachfront.

These very large land parcels, along with the study area's state game lands, combine for almost 20 mi2

(52 km2) for land-based recreational activities such as hiking, hunting, and wildlife viewing. For the most
part, however, only a relatively small portion of this total area is set aside for bicycling, which perhaps
accounts to some degree for the second-highest dissatisfaction rating for this activity identified by the above-
noted LERC survey of study area residents. Yet this is not to say that there is necessarily a dearth of bicycling
opportunities in the study area. Indeed, the study area contains five additional formally designated bicycle
routes (i.e., Pennsylvania Bicycle Routes A, U, and Z; the Bayfront Parkway Bikeway/Walkway; and the
extension of Ohio Bicycle Route N connecting with Pennsylvania Bicycle Route A [Figure 7.4]) which
combine for a total road length of ca. 85 mi (137 km). 

At least two potential reasons for relative dissatisfaction with bicycling opportunities have been
identified by the present analysis: (1) only ca. 3.6 mi (5.8 km) or ca. 4% of the study area's total bicycle route
length is specifically designated for non-motorized vehicle use, which is an obvious impediment to use by
cyclists (and even pedestrians) of all ages and fitness levels, and (2) the vast majority of the road lengths (ca.
80%) for these routes traverse the study area in an east–west (as opposed to north–south) direction. For
improved north–south and/or dedicated non-motorized bicycle coverage of the study area, we propose the
formal designation and/or establishment of the additional bicycle routes illustrated in Figure 7.4. These
specifically include bicycle routes that would follow: (1) either the inactive rail line and/or former western
course of the Beaver and Erie Canal (see Figure 7.2), which would effectively connect Erie Bluffs State Park
with other recreational resources at Conneaut Lake and, ultimately, Pymatuning State Park and points south;
(2) the Bayfront Connector (Pennsylvania Route 290) to the southern reaches of Station Road (Pennsylvania
Route 430), which would effectively connect Presque Isle State Park to the City of Erie's Frontier Park, the
Penn State Behrend campus, Erie County's Sixmile Creek Park, and ultimately, Findlay Lake, New York; and
(3) Pennsylvania Routes 89 and 426, which would provide presently non-existent eastern Erie County
north–south bicycle access to the southern boundary of the watershed to points south and, ultimately, Findlay
Lake, New York. Should either of the courses suggested above for option 1 not prove feasible (due, for
example, to anticipated landowner opposition), a fourth potential designated bicycle route would be State
Route 18 (see Figure 7.4) from Lake City to Summit Township at the southern boundary of the study area.
This latter route, however, would be considerably less desirable than the other options listed above, as cyclists
and pedestrians would not enjoy a non-motorized recreational environment.

Plan users interested in more details about the status of recreational resources related to fishing, hunting,
and birdwatching should refer to section 6.1, where fisheries, wildlife, and birds are discussed. Persons
interested in nature photography, hiking, and related activities may find sections 5.5 (including Table 5.5.1),
as well as sections 6.2 and 6.3, useful for their detailed descriptions and analyses of threats to the study area's
diverse natural habitats and historical resources. Several recent, well-funded, comprehensive analyses of
recreational resource opportunities within the Pennsylvania Lake Erie watershed have already been completed
(e.g., Rails-to-Trails and Pennsylvania Seaway plan) been undertaken, and more information about these
initiatives may be found in the references indicated below.

7.2 Recreational Access in the Study Area
It is assumed by the authors of this plan that the provision and availability of recreational, leisure, and

greenspace opportunities contributes to and has potential to improve the physical and mental well-being of
all individuals who reside in any given community. With that principle in mind, the entire study area was
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analyzed spatially on a subwatershed-by-subwatershed basis for proximity to eight recreational opportunity
parameters (Table 7.2). While these parameters may appear to be somewhat generalized and not of equivalent
value between subwatersheds—as well as between urban, suburban, and rural settings—it is hoped that they
at least provide some indication of the availability of recreational resources to the study area's residents and
help to identify specific subwatersheds and communities where conservation efforts might be focused and/or
at least improved. 

Recreational resources appear to be most numerous and available in the Lake Erie direct runoff portion
of the watershed, which is understandable given this zone's predominantly urban and suburban character and,
hence, the concomitant presence of facilities such as school grounds, public and private parks, and golf
courses (see Table 7.2). Nonetheless, the zone also has the best access to lakefront recreational opportunities,
especially public boat access.

Figure 7.4. Spatial distribution of bicycling opportunities in the study area.
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Table 7.2. Number of Recreational Opportunities in the Pennsylvania Lake Erie Watershed<s Major
Subwatersheds.
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Ashtabula River 11 Conneaut, Beaver 1 — — — — — — 10

Cascade Creek 14 Erie 1 — — 1 1 17 1 —

Conneaut Creeka 1 Albion, Beaver, Conneaut,
Conneautville, Cranesville,
Elk Creek, Spring,
Springboro, Springfield,
Summerhill, Summit

1 — — — 13 4 1 137
(120.8 mi)

Crooked Creek 4 Conneaut, Elk Creek,
Girard, Platea, Springfield

— — — 1 — 1 — 5
(3.2 mi)

Eightmile Creek 16 Greenfield, Harborcreek,
North East

— — — — 1 1 — 4
(4.6 mi)

Elk Creek 2 Elk Creek, Fairview,
Franklin, Girard, Lake
City, McKean, Platea,
Summit, Washington,
Waterford

— 2 4 4 8 4 1 55
(54.3 mi)

Fourmile Creek 9 Erie, Greene, Harborcreek,
Lawrence Park, Millcreek,
Wesleyville

— — 3 — 3 6 — —

Mill Creek 8 Erie, Greene, Harborcreek,
Millcreek, Summit

— — — 3 12 14 — —

Raccoon Creek 10 Springfield 1 1 — 1 2 — — 13
(13.7 mi)

Sevenmile Creek 13 Greenfield, Harborcreek — — 1 1 — — — 4
(4.9 mi)

Sixmile Creek 5 Greene, Greenfield,
Harborcreek, Venango

— — 2 1 3 — — 11
(9.4 mi)

Sixteenmile
Creek

6 Greenfield, North East — 1 1 1 5 — — 13
(16.4 mi)

Trout Run 15 Fairview, Girard, McKean — 1 — — 1 — — —
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Turkey Creek 12 Springfield 1 — — 1 — — — 18
(11.4 mi)

Twelvemile
Creek

7 Greenfield, Harborcreek,
North East

1 — 1 — 1 — — 8
(9.6 mi)

Twentymile
Creek

17 North East — — — — 1 — — 4
(0.9 mi)

Walnut Creek 3 Erie, Fairview, Greene,
McKean, Millcreek,
Summit

— 1 6 2 3 2 — 2
(0.8 mi)

Lake Erie
(Direct Runoff)

— Erie, Fairview, Girard,
Harborcreek, Lake City,
Lawrence Park, Millcreek,
North East, Springfield,
Wesleyville

1 9 5 15 49 37 1 17
(13.3 mi)

Notes: (a) 101.70 km2 (39.27 mi2)in of Conneaut Creek is in Ohio; (b) Indicates all features (i.e., unpaved roads/road segments)
contained by and intersecting with a given subwatershed.

The study area's first- and second-largest subwatersheds (see Table 2.1), Conneaut Creek and Elk Creek,
respectively, also display an exceptional availability and diversity of recreational resources (see Table 7.2).
While this may be an artifact of their exceptional size, their biotic diversity (see chapters 5 and 6), and
value—as well as the number and diversity of access points—nonetheless rank these subwatersheds among
the study area's most valuable recreational resources. Of particular note is the very large number and total
length of unpaved road surface in both subwatersheds, as well as the extraordinary presence of two potential
pedestrian and/or bicycle access routes that extend throughout the entire north–south extent of the Conneaut
Creek subwatershed. These unpaved roads and potential non-motorized thoroughfares offer excellent
potential for low risk recreational access to some of the study area's most scenic and naturally rich areas.

Other notable study area subwatersheds exhibiting ready access to recreational opportunities include
Sixmile and Sixteenmile Creeks in the eastern portion of the study area, and Raccoon and Turkey Creeks in
the west (see Table 7.2). Of roughly equal area and among the larger subwatersheds in the study area (see
Table 2.1), the Sixmile and Sixteenmile Creek subwatersheds contain significant recreational resources and,
as noted above, contain potential north–south-trending bikeways or pedestrian walkways that otherwise do
not presently exist in the eastern portion of the study area. Moreover, the prominence of the scenic
Appalachian Escarpment (see chapter 2) and the relatively large parcel sizes of recreational assets and private
properties in these subwatersheds, particularly in their non-urban southern reaches where the mean parcel size
is 29 acres (11.7 ha), provide for plenty of scenic open space that will benefit from conservation efforts. The
Raccoon and Turkey Creek subwatersheds, although not appearing to contain a large number of recreational
resources, nonetheless contain plenty of open green space and unpaved roads, have ready access to large
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lakefront recreational properties, and exhibit a mean parcel size of 31 acres (12.5 ha) and 22 acres (8.9 ha
[excluding Game Land 314]), respectively.

Among the apparent lowest yields of recreational resources from the study area's subwatersheds are
those displayed by Crooked Creek, Sevenmile Creek, Eightmile Creek, Twelvemile Creek, and Trout Run.
Of these, the Crooked Creek subwatershed is considered to be anomalous, as it has ready access to adjacent
Game Land 314 and Erie Bluffs State Park on the west and east, respectively, and has a mean parcel size of
32 acres (13 ha). Of the remaining subwatersheds in this group, the Trout Run subwatershed appears to be
the most compromised in recreational terms, most likely due to the effects of suburban and commercial
development in Fairview Township within the subwatershed's northern reaches and intensive agricultural
land-use in its southern areas. The others, while lacking relative numbers of recreational opportunities,
nonetheless have access to relatively large, high-quality recreational opportunities such as Shades Beach Park,
Camp Glinodo, Twelvemile Creek Park, and Game Land 163.

A final consideration concerning recreational access in the study area is one of cardinal direction; due
to the vagaries of its natural setting (see chapter 2), historical settlement (see chapters 3 and 4), and simple
geography, access to recreational resources is provided almost exclusively via major east–west transportation
routes. As Table 7.3 demonstrates, the vast majority of the study area's recreational resources and/or
opportunities are currently accessed via the Seaway Trail (State Route 5) and US Route 20, particularly when
buffered at a distance of 2 mi (3.2 km) from those thoroughfares. In order to provide better access to the study
area's higher quality recreational resources (e.g., the southern Conneaut Creek subwatershed in the west,
upland portions of the Sevenmile, Eightmile, and Twelvemile Creeks in the east), it is considered a priority
to improve north–south recreational access routes within the study area.

7.3. Scenic and Historic Ecotourism Opportunities
The authors of this plan suggest that is an excellent opportunity for the Erie community to develop new

recreation/ecotourism with stream-associated educational/scenic tours within the study area. One exemplary
feature that would seem to hold great promise for a central tourism theme is the Beaver and Erie Canal (see
Figure 7.2). Traces of the former canal are visible at numerous locations form the southernmost portion of
the watershed north of Conneaut Lake in Crawford County to the West Slip adjacent to Dobbins Landing in
the City of Erie. A small museum focusing on the canal's history is already established in Conneautville, a
historical marker regarding the canal is found along State Route 18 near Cranesville (Lockport), and isolated
sections of the feature are still present near Albion, Girard, and other locations. Natural features that could
be the subject of natural resource tours include waterfalls, forest stands of large/old trees, and wetlands (see
chapter 2, section 6.2). Other ecotourism opportunities would also be possible focusing on scenic, historical,
and natural features of the Lake Erie shoreline. An excellent planning model for this kind of development is
available from Ohio (Fermata, Inc. 2002).

7.4 Recreation Resources and Human–Watershed Interaction
In addition to surveying study area residents about their perceptions of recreational opportunities in the

watershed, LERC also solicited observations from residents who chose to attend a series of meetings in the
western (held on 22 May 2003), central (held on 21 May 2003), and eastern (held on 20 May 2003) portions
of the study area. Over 60 attendees were present, and offered their observations concerning specific places
shown on a large-format map of the entire watershed. Those comments and their associated locations on the
map are provided in Table 7.4 and Figure 7.5
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Table 7.3. Access to Recreational Resources Provided via the Study Area's Major Roads

Major Road

Recreational Resources/Opportunities

Boat
Access

Game
Lands

Golf
Courses

Private
Camps/
Parks

Public
Parks

Schools/
Playgrounds

State
Parks

One Mile Buffer

I-90 — 1 4 3 4 5 —

Seaway Trail 8 1 6 8 17 8 2

US Rt 20 1 1 6 1 16 25 —

I-79 — — 2 1 2 2 —

Two Mile Buffer

I-90 1 2 8 7 13 20 —

Seaway Trail 11 1 8 10 28 29 2

US Rt 20 6 1 10 4 27 34 2

I-79 — — 5 3 3 5 1

Table 7.4 Study Area Resident's Perceptions of Specific Places Keyed on Large-Format Map of the Pennsylvania Lake
Erie Watershed

Map Id Subwatershed Comment

1 Garrison Polluted stream at site of major historical significance
2 Elk Flood plain of Elk by great steelhead fishing spot: Mercyhurst

Northwest!
3 Walnut James Wildlife Preserve: wetlands on former sheep farm
4 between Thornton/Elk Nicest place in Erie County
5 Direct runoff/Cascade Home
6 Turkey Creek Could use help with groundwater
7 Sixmile Keep highways from destroying beautiful recreation areas like this in

the future
8 Mill The only place with woods in the city – too bad they built a bigger road

through it
9 Presque Isle Most beautiful hiking and snowshoeing trails around 

10 Sixmile Secret spot
11 Twentymile Best new fishing spot
15 Sixmile Develop the park
27 Twentymile no comment provided
28 Presque Isle no comment provided
33 Twelvemile no comment provided
36 Presque Isle Terrific birdwatching/canoeing
37 Sixteenmile Important community park resource
39 41.5/Twentymile Save Twentymile mouth from Fish and Boat Commission/ treatment

plant at raceway
40 Twelvemile May be site of stream discharge from sewage treatment plant at Lake

Erie Speedway
44 Twelvemile Great fishing – seriously threatened
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51 41.5/Twentymile Save Twentymile mouth from Fish and Boat Commission/ treatment
plant at raceway

52 Twelvemile May be site of stream discharge from sewage treatment plant at Lake
Erie Speedway

60 Twelvemile Preserve farmland
61 Sixmile Better access to Sixmile Creek park
62 Thornton Preserve Coho site
63 Twelvemile May be site of stream discharge from sewage treatment plant at Lake

Erie Speedway
64 41.5/Twentymile Save Twentymile mouth from Fish and Boat Commission/ treatment

plant at raceway
65 Walnut no comment provided
66 Twelvemile May be site of stream discharge from sewage treatment plant at Lake

Erie Speedway
67 Twentymile Great natural stream clean water threatened by Commission Sam

Cancilla’s ideas of “stream enhancement”
68 Presque Isle Terrific birdwatching/canoeing
72 Fourmile Lotsa leeks!
73 Sixmile Let it be!
74 Mill Mercyhurst College
75 Twelvemile May be site of stream discharge from sewage treatment plant at Lake

Erie Speedway
76 Twelvemile May be site of stream discharge from sewage treatment plant at Lake

Erie Speedway
78 Sevenmile Great little creek – darters, steelheads; pretty good access
79 Sixmile Wonderful hillsides of trillium!
80 Sixmile/Sevenmile Areas along 531 need to be cleaned up
84 Presque Isle Presque Isle
85 Mill Mercyhurst College
86 Presque Isle Presque Isle
89 Elk Little Elk Creek gorge
90 Elk Lamson Run development pressure
91 Fourmile Behrend to lake – reduce bank erosion; streambank buffers; trail 
92 Fourmile Same as above – multi-governmental group (Lawrence

Park/Wesleyville/Harborcreek
93 Cemetery/McDaniel GE superfund site at Eastminster Creek parking lot
94 Elk no comment provided
95 Cemetery/McDaniel Building condominiums?

100 Conneaut Private property – leave it be
114 Trout Home – keep runoff to creeks pure!
116 Trout Fairview Twp. – develop access at foot of Avonia; CZM grant to

purchase Flowers property
117 Walnut Continue Fish Commission operation of Walnut Creek Access and

Fairview fish hatchery; improve condition of Walnut Creek Access
Area!

122 Mouth of Elk Improve boat launch
123 Walnut Improve boat launch
124 Elk Development, Lamson Run
125 Elk Distribution of stream – Sterrettania
128 Elk Fishing access/water quality
129 Trout Fishing access/water quality
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7.5 Environmentally Based Community Organizations Working in the Study Area
A large number of environmentally based community organizations are currently working on a broad

range of issues in the study area. They are briefly described below.
Asbury Woods (http://www.asburywoods.org/index.html)
Located in Millcreek Township in Erie County, Asbury Woods is a 200 acre tract of wetlands, trails,

forests, streams, fields and historic properties. With five distinct natural and recreational areas (i.e., Asbury
Woods Nature Center, Asbury Community Park, Brown's Farm, Greenway Trail and James Wildlife
Preserve), Asbury Woods is one of the premier environmental centers in northwestern Pennsylvania,
providing educational and recreational opportunities to more than 130,000 visitors annually.

Asbury Wood's activities and programs are as diverse as its natural habitats, from hiking and mountain
biking in the summer to cross-country skiing and snowshoeing in the winter. Each year, Asbury Woods hosts
more than 90 different public programs, such as nature camps, themed hikes, gardening classes, and barn
dances. In addition, annual events such as the Maple Syrup Festival, AutumnFest, and Winter Wonderland
attract individuals and families of all ages. 

Figure 7.5. Locations of study area resident's perceptions shown in Table 7.4.
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Bayfront Center for Maritime Studies (http://www.bayfrontcenter.org)
The Bayfront Center for Maritime Studies is a not for profit, 501 (c)3 community-based corporation

whose mission is to design and deliver unique, hands-on, maritime-related educational, vocational, and
recreational opportunities for all members of the community. BCMS began operation in May 1998 and has
worked with thousands of area youth creating positive learning experiences through building boats, sailing
aboard one of the Center's boats, learning about our environment,  and having fun on beautiful Presque Isle
Bay and Lake Erie.

Benedictine Sisters of Erie (http://www.eriebenedictines.org/index.html)
The Benedictine Sisters of Erie have lived and worked in Erie for 149 years. They are dedicated to

remaining an integral part of this community, with a special outreach to the poor and marginalized. The
corporate commitment of the Benedictine Sisters of Erie is: to model the Benedictine charism of peace, PAX,
by working for disarmament, ecological stewardship, and social justice in solidarity with the poor and
oppressed, especially women.

Erie County Conservation District (http://www.erieconservation.com/Home_Page.php)
The The Erie County Conservation District (ECCD) was established over 50 years ago and has become

a leader in addressing environmental concerns. Its mission is to set an example and provide assistance to
citizens in Erie County for wise use, management, and development of our natural resources by addressing
conservation issues through education and outreach.

ECCD is a natural link between local, state, and federal entities. Outstanding partnerships have been
formed between resource people, educators, local government, and concerned citizens. It is the District's
philosophy to use a voluntary approach to solve natural resource problems. Our continued emphasis has been
placed on problem-solving through cooperation.

Erie County Environmental Coalition (http://eriecountyenvirocoalition.blogspot.com)
The Erie County Environmental Coalition is a conglomeration of organizations committed to dealing

with environmental issues in Erie County. Its members include both local organizations and local
representative of larger national organizations. Its members have been defending the environment in the Erie
area for over 20 years.

Gaia Defense League (http://awareearth.net)
The Gaia Defense League is not for profit, 501 (c)3 community-based organization dedicated to

protecting natural resources, including water, air, habitat, and native species. The GDL recognizes the legal
rights that citizens hold to defend natural and cultural resources, and to ensure the preservation of a healthy
environment for future generations of all forms of life. The group recognizes that the Earth is a living
organism, a complex adaptive system, whose survival is threatened by a global market system that exploits
and in many cases destroys the cultural and biological diversity necessary to sustain life on earth.

Great Lakes United (http://www.glu.org)
Great Lakes United is an international coalition dedicated to preserving and restoring the Great Lakes

and St. Lawrence River ecosystem. The organization's 180 member organizations include environmentalists,
conservationists, hunters and anglers, labor unions, community groups, and citizens of the United States,
Canada, and First Nations and Tribes. Great Lakes United develops and promotes effective policy initiatives,
carries out education programs, and promotes citizen action and grassroots leadership to assure clean water
and clean air for all, better safeguards to protect the health of people and wildlife, and a conservation ethic
that will leave a healthy Great Lakes.

Healing Our Waters Coalition (http://www.healingourwaters.org/)
Healing Our Waters Coalition is a project of the Wege Foundation of Grand Rapids, Michigan, which

was founded on the principles of education, environment, ethics, empathy, ecology, and economy. Since its
inception in 1968, the Wege Foundation has supported a number of causes, including the environment,
education, health care, and community development. In May 2004, the Foundation helped to convene a
meeting of more than 70 leading environmentalists, ecologists, scientists, and academicians. During the
two-day "summit," these leading conservationists worked together to form the Healing Our Waters Coalition
and thereby outlined a plan for restoring and protecting America's greatest freshwater resource, the Great
Lakes. 
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Keep Erie's Environment Protected (http://www.stopburningtires.com/index.html)
Keep Erie's Environment Protected (KEEP) was formed to educate the public about, and lead opposition

to, a proposed tires-to-energy that is to be built within the City of Erie, Pennsylvania.
Lake Erie Region Conservancy (http://lerc.mercyhurst.edu)
The Lake Erie Region Conservancy (LERC) is a local, non-profit, membership-supported organization

dedicated to the identification, conservation, and protection of the Lake Erie region's unique natural, cultural,
and historical resources. LERC also promotes research, education, and sustainable development.

Lake Erie Allegheny Earth Force (http://www.earthforce.org/section/offices/lea)
Earth Force engages young people as active citizens who improve the environment and their

communities now and in the future. Through Earth Force, young people get hands-on, real-world
opportunities to practice civic skills, acquire and understand environmental knowledge, and develop the skills
and motivation to become life-long leaders in addressing environmental issues. Earth Force achieves these
results by training and supporting educators as they implement its unique six-step model for engaging young
people. To meet its goals, Earth Force partners with businesses, schools, community-based organizations, and
civic leaders in the study area and nationwide.

League of Women Voters (http://www.palwv.org)
The League of Women Voters, a nonpartisan political organization, encourages informed and active

participation in government, works to increase understanding of major public policy issues, and influences
public policy through education and advocacy.

Mercyhurst Green Team (http://sustainability.mercyhurst.edu)
Mercyhurst Green is an environmental organization that represents the efforts the Mercyhurst College

community to assess the environmental performance of the campus and to improve its environmental
sustainability. Mercyhurst Green acknowledges the possibility of a harmonious relationship between humans
and the environment if humans learn to live, work, and behave in ways that sustains the integrity, beauty, and
biodiversity of earth.

The Nature Conservancy (http://www.nature.org)
The Nature Conservancy is a charitable environmental organization working to preserve the plants,

animals, and natural communities that represent the diversity of life on Earth by protecting the lands and
waters they need to survive. Founded in 1951, The Nature Conservancy works in more than 30 countries,
including all 50 United States, with an increasingly global reach. The Conservancy has over one million
members, has protected more than 69,000 km2 (17 million acres) in the United States and more than 473,000
km2 (117 million acres) internationally.

Northwest Pennsylvania Trail Association (http://www.nwpatrail.org)
The Northwest Pennsylvania Trail Association is a not for profit 501 (c) 3 organization incorporated in

2001 by a group of dedicated bicyclists from the Presque Isle Cycling Club and the Corry Community
Development Corporation. Its mission is to engage in non-commercial acquisition, development, and
maintenance of multi-use trails on or near railway corridors in the northwestern Pennsylvania area.

The Pennsylvania Environmental Council (http://www.pecpa.org)
The Pennsylvania Environmental Council (PEC) protects and restores the natural and built environments

through innovation, collaboration, education, and advocacy. PEC believes in the value of partnerships with
the private sector, government, communities ,and individuals to improve the quality of life for all
Pennsylvanians.

Pennsylvania Lake Erie Watershed Association (http://www.eriewatershed.org)
The Pennsylvania Lake Erie Watershed Association is a not for profit organization dedicated to the

protection, restoration, enhancement, and sustainable development of the Lake Erie Watershed in
Pennsylvania. Its goals are to help develop, educate, and collaborate with subwatershed associations so that
they may engage in effective watershed protection, restoration, and enhancement projects; promote the
adoption and implementation of legislation that protects, restores, or enhances the health of the
sub-watersheds in the Lake Erie Basin; and oppose legislation and implementation plans that have an adverse
affect on the health of the basin.
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Other watershed associations or watershed representatives associated with PLEWA:
Baker Creek Watershed Association (Diana Hatfield); Crooked Creek (Victor Wheeler); Elk Creek (Tom
Fuhrman); Walnut Creek (Julie Blackman); Presque Isle Bay (J. Michael Campbell); Cascade Creek (SONS
[Ed Kissell and Tom Maggio]); Mill Creek (Cathy Pedler); McDannel Run (Marty Visnosky); Fourmile
Creek (Dave Skellie); Sixmile Creek (Ed Masteller); Sevenmile Creek (Pat Lupo and Sarah Galloway);
Twelvemile Creek (Wesleyville Conservation Club); Peck Run (Ron Dombrowiak); Twentymile Creek (Chris
Orton); Great Lakes Basin (Annette Marshall)

Pennsylvania Sea Grant (http://seagrant.psu.edu)
Pennsylvania Sea Grant promotes the ecological and economic sustainability of Pennsylvania's coastal

resources through research and outreach. Its activities include science-based extension, education, applied
research, and communication focusing on the Lake Erie and Delaware River drainages of Pennsylvania. Its
goals are to enhance coastal tourism and sustainable land-use practices; improve the knowledge and
understanding of Pennsylvania's coastlines among teachers and students of all ages; support applied research
on issues critical to coastal resources and management; and disseminate information about services available
through NOAA and other partner organizations.

Presque Isle Audubon Society (http://www.presqueisle.org/audubon)
The Presque Isle Audubon Society is a chapter of the National Audubon Society and a member of

Audubon Pennsylvania serving northwestern Pennsylvania including Erie and Crawford counties. It is named
after Presque Isle, a peninsula on the shores of Lake Erie near the city of Erie. Its mission is to promote the
conservation and protection of wildlife, plants, soil, and water in relation to human activity; to initiate and
carry out plans and activities which would contribute to the conservation and protection of these natural
resources; and to provide opportunities to become more aware and appreciative of the physical and biological
environment.

S.O.N.S. (Save Our Native Species [http://www.great-lakes.org/pa/s.o.n.s.lakeerie.html])
The SONS organization is dedicated to the improvement of fishing on Lake Erie and its Pennsylvania

tributaries. The organization has acted as a lobbyist for regulations supporting the growth of the Lake Erie
fishery and is a member of the Cooperative Nursery Branch of the Pennsylvania Fish and Boat Commission.
SONS has established a fish hatchery that annually produces and stocks approximately 1 million walleye and
2 million yellow perch, as well as steelhead and brown trout, into Presque Isle Bay. SONS is active in the
clean up and stocking of Cascade creek, a previously polluted stream which was a receptor of industrial
outfall.

Sierra Club, Lake Erie Group (http://pennsylvania.sierraclub.org)
The purpose of the Sierra Club is to explore, enjoy and protect the wild places of the Earth; to practice

and promote the responsible use of the Earth's ecosystems and resources; to educate and enlist humanity to
protect and restore the quality of the natural and human environment; and to use all lawful means to carry out
these objectives.

Western Pennsylvania Conservancy (http://www.paconserve.org/)
Since 1932, the Western Pennsylvania Conservancy (WPC) has protected 910 km² (225,000 acres). Most

of that land is now publicly owned and makes up some of Pennsylvania's premier parks, forests, game lands,
and natural areas—visited by millions of residents and tourists. WPC's work enables protection of important
natural resources and creates economic benefits, from tourism in the Laurel Highlands, recreation in the
Clarion River and Loyalhanna Gorge, to forestry in the Allegheny National Forest and Forbes State Forest
in Westmoreland County. WPC plants more than 150 community gardens each spring in 19 western
Pennsylvania counties. WPC acquired the land for the creation of Erie Bluffs State Park in 2004.

8  LAND USE AND LOCAL/REGIONAL PLANNING

8.1 Population Shifts and Urban Sprawl
The 508 mi2 area that encompasses the Pennsylvania Lake Erie watershed study area is home to over

200,000 people. This area includes the northern portion of Erie County and the northwestern corner of
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Crawford County. Urban, suburban, and rural areas are found throughout the study area, although the
principle concentration of urban land use is in and around the City of Erie and adjoining municipalities of
Wesleyville and Lawrence Park. Secondary centers of urban land use are also concentrated around the major
boroughs in the study area, such as North East, Fairview, Girard/Lake City, McKean, Albion, and
Conneautville. 

Like many American communities, the Pennsylvania Lake Erie watershed is in the midst of expanding
urban sprawl, in which suburban land use around the perimeter of urban centers increases in a manner
disproportionate to the community's population growth. As described in chapters 5 and 6, the expanding
development of rural areas threatens the integrity of aquatic and natural resources that support biodiversity
and are critical for maintaining water quality and quantity.

The proportion of urbanized (developed) area in the Erie area grew by 49.9% between 1982 and 1999
according to the U.S. Census Bureau, and this rate of development has continued into the first decade of the
new century. Unlike other areas of the country that have witnessed development with population growth,
however, the Erie area has experienced no significant growth in population during the time period of
expanded land development. The population of Erie County in 1980 was 279,780, and by 2000 had grown
to 280,843, an increase of <1%. The 2004 U.S. Census Bureau population estimate is 282,355, indicating less
than a 1% growth rate from 2000 to 2004.

The 1978 and 2002 Erie County Land Use Plans (Erie County Planning Department 1978, 2002) each
provided a breakdown of the amount of developed land within the county by residential, commercial, and
industrial use. A comparison of the total amount of developed land between these plans indicates that the
number of square miles of urbanized land countywide increased from 56.8 mi2 to 83.7 mi2, a change of 47.4
%. Nearly all of this increase in developed area occurred in the Lake Erie drainage basin portion of Erie
County, and most of the growth occurred in the suburban ring surrounding the older established urban areas
of the City of Erie, Lawrence Park Township, and Wesleyville Borough. Development has been substantial
in Millcreek Township, but other neighboring communities like Fairview, Harborcreek, and Summit
Townships have also seen rapid development, concurrent with corresponding population declines in older
core communities. 

8.2 Sprawl and Poverty
A 2007 report (Lewis and Cuzzola-Kern 2007) indicated that the poverty rate in Erie County increased

11% between 2000 and 2003, while the overall population growth rate increased by less than 1%. The child
poverty rates in 2000 were highest in urban areas, and lowest in townships on the fringe of the urban centers
(Figure 8.1). Lewis and Cuzzola-Kern noted that poverty is especially concentrated within the central core
of the City of Erie. The poverty rates exceed 35% in a group of adjoining census tracts between Sixth and
Twenty-sixth Streets and Sassafras and Ash Streets, as well as on the east side of town between Buffalo Road
and Twelfth Street. The poverty rate approaches 45% in a few census tracts in the central core of the City.
Statistics reported for 1999 indicated disproportionately high rates of child poverty among African American
and Hispanic people in the City of Erie (Lewis and Cuzzola-Kern 2007). The 2007 report by Lewis and
Cuzzola-Kern identified some reasons for the poverty in the community: people formerly on welfare are now
supported by low-paying jobs, industries have closured, people are dependent on Social Security as their only
income source, and households with children cannot afford child care or reliable transportation.

The Lewis and Cuzzola-Kern study cited an analysis conducted in 2005 by the Annie E. Casey
Foundation, which reported that families living in poverty-stricken neighborhoods suffer "isolation from both
economic opportunity and social networks." There is growing recognition that shifting economies associated
with urban sprawl are directly linked to exacerbation of poverty (Finley 2001; Powell 2000) and that
migration of wealth to the suburbs results in increasing disadvantages for the poor people left behind (see
urban sprawl case study of Rochester, New York [Keily 2007]). The Erie County Department of Health has
estimated that the price tag on child poverty in the county is about $463 million per year, considering the
value of foregone future earnings and the costs of crime and poor health later in life (Lewis and Cuzzola-Kern
2007). 

A study recently published by the Erie County Department of Health (Bukowski and Quirk 2007), citing
increasing poverty levels from 2000 to 2004, provides evidence of racial disparities in infant survivorship,
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the number of low birth weight babies, access to prenatal health care, births to single females, and
incidence/deaths attributed to a wide range of diseases such as cancer, diabetes mellitus, and kidney disorders.
It is unknown to what extent the health problems of the urban poor are related to degraded environmental
quality in the urban setting, but there are correlations between high poverty rates, a higher concentration of
pollution sources, and the locations of the most degraded streams in the watershed. Declining environmental
quality and increasing poverty appear to be tandem byproducts of urban sprawl.

Urban sprawl and poverty problems may be indirect consequences of "hidden" land use and zoning
policy decisions made by local governments (Finley 2001; Powell 2000), although no mention is made of that
being a potential reason for the region's poverty problems in Lewis and Cuzzoloa-Kern (2007). In view of
citizens' expressed views that addressing crime, public health, and safety issues are equally important to
water-quality protection, it might be mistakenly assumed that water-quality protection and poverty abatement
are competing interests for the same resources in the urban centers of the watershed. A thorough evaluation
of the underlying causes of urban sprawl in the community and appropriate steps that can be taken to reverse
the trend may produce tandem improvements in poverty and water quality. 

A decline in the economic health of rural communities is also symptomatic of urban sprawl, and
evidence of this in the watershed may be indicated in the high poverty levels reported for Conneaut Township
(see Figure 8.1), which is apparently too remote from the expanding suburbs of Erie to "benefit" from the
housing and development boom. Despite the advancement of urban sprawl, the majority of the Pennsylvania
Lake Erie watershed still remains in open, wooded, and agricultural land uses. The Penn State University
Pennsylvania Land Cover Map (2000) indicates that 79.7% of the watershed remains undeveloped as
wetlands (12.5 mi2), woodlands (176.2 mi2), and agriculture/vacant/open (216.2 mi2). The Erie County
Demographic Study (Erie County Department of Planning 2003) indicates, however, that rural areas have
seen the highest percentage of population growth. Rural townships throughout the county (those having no
substantially developed public water and sewer systems) have seen their collective population increase by
6,538 (14.37%) between 1980 and 2000. An examination of the population growth of those Erie County
townships that are substantially located within the Lake Erie watershed, but are primarily outside of the Erie
urbanized area (Springfield, Conneaut, Girard, Elk Creek, McKean, Greene, Greenfield, and North East),
demonstrates that their collective population increased by 4,047 (14.41%) between 1980 and 2000. 

Most of this rural area development has occurred along country roads due to the rather dramatic decline
of the agricultural industry in many areas. A comparison of the data pertaining to the amount of land
dedicated to agricultural use, citing from the 1978 and 2002 County Land Use Plans, shows that the amount
of agricultural land in the county as a whole has dropped from 352 mi2 to 214 mi2, a loss of 39%. Although

Figure 8.1. Child poverty rates in the study area for the year 2000.
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much of this loss of agricultural land over this time frame has resulted—for the time being—in an increase
of open and wooded areas, much of what was formerly prime agricultural land is being subdivided into
residential lots, creating conflicts for—and putting pressure on—the remaining more-productive agricultural
lands. What was formerly considered as strictly rural area is now a mixture of land uses.

8.3 Sustainable Development and Government Policy
The commonly accepted definition for sustainable development is development that meets the needs of

the present without compromising the ability of future generations to meet their own needs. Based on the
foregoing description of recent development trends in Pennsylvania's Lake Erie watershed, the area's
"growth" is not meeting this definition, since the loss of rural food production capability and the decay of
urban centers indicates that our community is generally headed along a path toward continued loss of natural
habitats, degradation of water resources, and increasing impoverishment in the urban core. The factors which
have lead to the watershed's present trend of unsustainable development are complex, and reversing this trend
will require some careful analysis that is beyond the immediate scope of this project. It would seem necessary
that local and regional leaders must first acknowledge that our urban sprawl situation is a problem, and then
approach resolving it through cooperative multi-municipality analysis and planning. Sustainable development
not only makes sense for economic reasons; it also makes sense from the standpoint of aquatic and natural
resource protection.

The present top-level leadership in the Commonwealth of Pennsylvania recognizes the importance of
sustainable development, and has taken important steps forward to advance this agenda. Governor Rendell's
Economic Development Cabinet (2005) recently announced the following set of ten principles and criteria
that will be used by state agencies to guide investment and support local growth and economic development
in a sustainable manner across the commonwealth:
• Redevelop first—Support revitalization of Pennsylvania's many cities and towns and give funding
preference to reuse and redevelopment of "brownfield" and previously developed sites in urban, suburban,
and rural communities. 
• Provide efficient infrastructure—Fix it first: use and improve existing infrastructure. Make highway
and public transportation investments that use context-sensitive design to improve existing developed areas
and attract residents and visitors to these places. Require private and public expansions of service to be
consistent with approved comprehensive plans and consistent implementing ordinances. 
• Concentrate development—Support infill and "greenfield" development that is compact, conserves land,
and is integrated with existing or planned transportation, water and sewer services, and schools. Foster
creation of well-designed developments and neighborhoods that offer healthy life style opportunities for
Pennsylvania residents. 
• Increase job opportunities—Retain and attract a diverse, educated workforce through the quality of
economic opportunity and quality of life offered in Pennsylvania's varied communities. Integrate educational
and job training opportunities for workers of all ages with the workforce needs of businesses. Invest in
businesses that offer good-paying, high-quality jobs and that are located near existing or planned water and
sewer infrastructure, housing, existing workforce, and transportation access (highway or transit). 
• Foster sustainable businesses—Strengthen natural resource based businesses that use sustainable
practices in energy production and use, agriculture, forestry, fisheries, recreation, and tourism. Increase our
supply of renewable energy. Reduce consumption of water, energy, and materials to reduce foreign energy
dependence and address climate change. 
• Restore and enhance the environment—Maintain and expand land, air, and water protection and
conservation programs. Conserve and restore environmentally sensitive lands and natural areas for ecological
health, biodiversity, and wildlife habitat. 
• Enhance recreational and heritage resources—Maintain and improve recreational and heritage assets
and infrastructure throughout the commonwealth, including parks and forests, greenways and trails, heritage
parks, historic sites and resources, fishing and boating areas, and game lands offering recreational and cultural
opportunities to Pennsylvanians and visitors. 
• Expand housing opportunities—Support the construction and rehabilitation of housing of all types to
meet the needs of people of all incomes and abilities. Support local projects that are based on a
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comprehensive vision or plan, have significant potential impact (e.g., increased tax base, private investment),
and demonstrate local capacity, technical ability, and leadership to implement the project. 
• Plan regionally, implement locally—Support multi-municipal, county, and local government planning
and implementation that has broad public input and support and is consistent with these principles. Provide
education, training, technical assistance, and funding for such planning and for transportation, infrastructure,
economic development, housing, mixed use, and conservation projects that implement such plans. 
• Be fair—Support equitable sharing of the benefits and burdens of development. Provide technical and
strategic support for inclusive community planning to ensure that social, economic, and environmental goals
are met. 

This state-level leadership is critical to direct communities toward reaching sustainability goals, and the
provision of proper planning tools from the state level is a vital part of attaining these goals. However, it will
be even more important now for local and regional leaders to prepare both short- and long-term plans that
address sustainability, and those plans will need to be implemented on a day-to-day basis. Locally elected
officials who advocate "smart growth" have a very difficult job, because implementing local plans and
regulations that advance sustainability may be viewed as an affront to the "status quo" of how things have
been done in the past. In the interest of sustainability, however, the ten principles of Rendell's Economic
Development Cabinet (2005) be given priority consideration by decision-makers in all of the watershed's
municipalities, whenever any land use planning, policy changes, or rulings are made. 

Traditionally, municipal planning and land use controls have been weakly applied when it comes to
sustainable growth. Whenever new municipal comprehensive plans have been developed, they rarely have
been multi-municipal in scope, and invariably have called for the development of additional land without any
major concern about the loss of agricultural or other rural enterprises, or the loss of natural areas and wildlife
habitat. 

Even if a municipal comprehensive plan does call for some restraint in the amount of future
urbanization, infrastructure like water and sewer is not tethered to these plans. In fact, the Pennsylvania
Municipal Planning Code specifically states in Section 608.1(c) that the plans of municipally created water
and sewer authorities do not have to comply with municipally adopted comprehensive plans. Water and sewer
authorities may extend lines to areas that have not been targeted for growth.

Local land use controls, such as zoning and subdivision/land development ordinances, also do not have
to be in accordance with adopted plans for a community, although it is encouraged that they be "generally
consistent" with each other. Also, municipal plans and land use regulations are not required by state law, so
some areas have no land use plans or controls at all. Communities in the western portion of the Pennsylvania
Lake Erie watershed fall into this category.

Although the previously stated definition of sustainable development relates to future generations,
urbanization's continuing advancement into local hinterlands also affects the current generation. Since there
is little population growth, what is largely a duplication of infrastructure into newly developed areas is costly,
and affects the fees and taxation rates for extending water and sewer utilities, energy and communication
services, and roadways. These costs therefore have a substantial impact on quality of life issues, especially
when they are subsidized by local and state bonds—which, of course, must be financed by all taxpayers and
not just those individuals who are directly benefiting from the newly developing area. 

8.4 Achievement of Sustainable Development
Achieving sustainable growth will be difficult in Pennsylvania. The state has the second-highest ratio

of land consumption to population growth in the United States. The study area community faces two choices.
We can continue our current development practices and witness the continued development of outlying areas
in a sprawling, non-sustainable manner, or we can reform our land use policies and practices to support
smarter development. The survey conducted by the Erie County Department of Planning (2002), previously
described in chapter 1 of this document, indicates that the three "highest priority" needs for action are
reserving woodlands for recreational use, protecting open spaces from development, and preparing long-range
community plans to guide future growth. Both surveys summarized in Chapter 1 indicate that the people of
Erie County want development to occur carefully in ways that will not compromise natural resources. It
remains to be determined how this outcome can be brought about.
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It would seem impractical to expect the Commonwealth of Pennsylvania to obtain a statewide consensus
for legislative changes that would mandate regulations for Smart Growth, although the Rendell
Administration's economic development principles provide at least nominal leadership for that to occur.
Ideally, regulations would be needed to: (1) obtain consistency between comprehensive plans and land use
regulations, (2) obtain consistency between those plans and how well they are implemented by local
infrastructure authorities, and (3) require multi-municipal planning and land use regulations. Within the time
frame for implementation of the Pennsylvania Lake Erie Watershed Rivers Conservation Plan, the best
strategy appears to be that we move forward under currently existing legal and programmatic framework and
work with local governments to advance the principles identified in section 8.3. One exemplary model for
advancing this strategy is the "Conservation Design" program developed by the Natural Lands Trust for the
Chesapeake Bay Watershed. Recommendations addressing land use planning needs are summarized in
chapter 9, and specific actions to address them are identified in chapter 10.

9  RECOMMENDATIONS SUMMARY

Recommendations for specific actions are included here to address the land use issues described in
chapter 8, followed by restatement of recommendations that arose from analyses in chapters 5 and 6. Many
of these items will be considered within the broader context of the proposed action plan described in chapter
10.

9.1 Land Use Planning Recommendations

1. GIS tools should be used to define areas containing intact aquatic and natural resources
critical for protecting biodiversity and maintaining water quality and quantity, to allow
prioritization of target areas for acquisition or other means of protection. Property owners
should then be educated regarding the benefits of selling or donating conservation easements
to local land trusts and/or government agencies.

2. Conservation interests should work with federal, state, and local governments as well as
local/area-wide foundations to obtain funding necessary to acquire conservation easements
on targeted properties. Dedicated funding sources should be secured for building and
maintaining staff capacity of local and regional land trusts.

3. Multi-municipal planning should be carried out, especially involving the City of Erie and
neighboring suburbs, possibly modeled after the current Act 167 county-wide storm water
management planning. New intergovernmental cooperation and coordination among
municipalities and infrastructure authorities is needed to develop and adopt land use
regulations that are consistent with the rivers conservation plan.

4. Multi-municipal partnerships should seek funding resources that will be dedicated to the
revitalization of urban areas to make them safe, clean, and attractive places to reside and
work. These groups should also promote brownfield and grayfield redevelopment wherever
possible, and develop the means to promote the incorporation of green infrastructure in the
design of new developments.

5. The "conservation design" program developed for the Chesapeake Bay watershed should be
implemented as the new "standard" for development in suburban areas of our watershed,
especially in locations where agricultural or forest lands are targeted for development in
county and local municipal comprehensive plans. Municipal officials, developers, and
prospective property owners need to be educated about the benefits of conservation design,
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and municipalities should be encouraged to develop regulations or incentives for the use of
conservation design in development projects. 

9.1 Water Resource Recommendations

1. Public support for stream-related habitat improvement might be facilitated by increasing
public accessibility to scenic stream valleys and gorges, especially streams/sites having
special historical or recreational significance (e.g., "Factory Gulch" on Sixmile Creek,
"Devil's Backbone" on Little Elk Creek, the site of aqueduct for the Beaver and Erie Canal
on Elk Creek, remnants of the Beaver and Erie Canal and canoeing opportunities in valley of
Conneaut Creek, remnant old growth forests in the valleys of Twentymile, Sixteenmile,
Eightmile, Fourmile, Walnut, and Elk Creeks). Projects that bring these kinds of resources
into the public domain should be given a high priority.

2. The Commonwealth of Pennsylvania or the Erie County Health Department should take steps
to encourage well owners in the study area to periodically test their well water for
contaminants known to occur (e.g., iron, manganese, nitrate, the herbicide Metolachlor, and
bacterial contaminants such as E. coli and fecal coliforms).

3. With well over 100 small sewage treatment plants discharging treated effluents to streams in
our watershed, there need to be assurances that sufficient manpower is available to regularly
inspect all treatment facilities to verify that they are in compliance with the conditions of their
permits. There is a need to assess the cumulative impact on water quality of permitted
discharges, especially in situations in which discharges may be large with respect to the base
flow of the receiving stream (see discussion in Buckwalter et al. 1996). It would also be
prudent to determine whether all of these treatment facilities are prepared to deal with
equipment failure in the event of power outages.

4. Considering the large portions of the Pennsylvania Lake Erie watershed used for intensive
agriculture, and the too frequent use of lawn care chemicals in developed areas, it is
recommended that state and/or local agencies conduct analyses of pesticides in streams
draining agricultural and urban areas of our watershed, to evaluate their potential adverse
effects on aquatic life and public health. 

5. Appropriate best management practices (BMPs) should be implemented, in both agricultural
and urban areas of the watershed, to manage non-point source pollution (in particular to
reduce loading of nitrate, mercury, pesticides, and sediment). Moreover, coordinated
education, outreach, and efforts to secure funding for BMP implementation in high priority
areas should be cooperatively initiated by government agencies, watershed organizations, and
other non-government organizations. Initial priority for BMP "retrofits" should be given to
problem areas in watersheds of "non-attainment" streams.

6. Considering the proven importance of small streams for managing nitrogen pollution from
NPSP (i.e., Peterson et al. 2001) within the context of the watershed's problem of nitrate
contamination of groundwater and the apparently unabated nitrate pollution of the lake
(USEPA2008:Table 3)—and, presumably, the watershed's streams—aggressive measures
should be taken to better protect the study area's headwater streams. The leaders of local
municipalities should be educated about this issue and encouraged to enact local ordinances
that provide protective restrictions for small streams equal to the protection currently afforded
wetlands.
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7. Extremely high E. coli levels observed at stream mouths during wet weather is strong
evidence that bacteria originating from the watershed is a major source of bacterial
contamination of Lake Erie. It is recommended that local and state officials continue their
efforts to identify sources of E. coli contamination and develop strategies for abatement.

8. Considering the current importance of groundwater for domestic and agricultural users, the
trend for expansion of water supply infrastructure in our region (Buckwalter et al. 1996), and
forecasts of reduced groundwater availability associated with climate change in the future
(Kling and Wuebbles 2003), there are needs for regional planning to educate the public about
likely future changes in water availability and to develop and reinforce strategies for
implementing a water conservation and use plan (such as Pennsylvania Act 220) that will
address the future needs of rural domestic and agricultural water consumers. The agricultural
community in particular may need to develop marketing plans for new, less water-dependent
commodities, or phase-in production modified methods that use less (or recycle more) water.
It is especially important that steps be taken to safeguard the groundwater supplies that are
currently critical to the prosperity of particular communities. For example, the area along both
sides of U.S. Route 20 west of Fairview is apparently a major groundwater recharge area for
large capacity wells that supply Girard and Lake City Boroughs, in addition to many private
wells on farm and residential properties within the lake plain. This area is vulnerable to
commercial and residential development that could compromise the quality and quantity of
groundwater resources and compound the threat to groundwater supplies posed by impending
climate change. It is recommended that source water protection initiatives be immediately
developed in the Pennsylvania Lake Erie watershed for areas where groundwater use (and
associated recharge) occurs.

9.2 Natural Resource Recommendations

1. Some of our past inventories of biological communities may have overlooked some rare
species that might have been present. A comprehensive modern survey is warranted for the
fish communities in the Pennsylvania Lake Erie watershed's biologically diverse western
streams, to clarify the status of PNHP-listed species. 

2. There is a clearly documented connection between stream water quality degradation and the
success of the watershed's sport fisheries, indicating the importance of promoting land
protection/conservation efforts to prevent the kind of degradation that has affected Trout Run
and Sixteenmile Creek. The demonstrated importance to the local economy provided by the
steelhead fishery (detailed in Murray and Shields 2004) suggests that a strategy is needed to
promote activities that expand recreational fishing opportunities in streams (and stream
segments) not currently utilized by fishermen. 

3. Considering the high likelihood of future changes in cold water fisheries and nearshore
conditions associated with in-progress climate change in the Lake Erie basin, there should be
a reassessment of spawning grounds in and near the mouths of streams to update Goodyear
et al.'s (1982) spawning atlas. This effort should be coupled with the comprehensive
anticipatory planning efforts to adapt resource management to climate change. 

4. There is a need for more comprehensive herptile inventory effort in the Pennsylvania Lake
Erie watershed. A comprehensive assessment of the freshwater mussel community of
Conneaut Creek should also be carried out to determine the status and distribution of likely
"special concern" species present.
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5. In order to sustain maximum biodiversity in the watershed, it is important to protect and
increase uninterrupted forested habitat while also encouraging the development of early
successional habitat, especially in areas such as Game Land 314 where open agricultural lands
have been abandoned.

6. Natural resource managers should assess the effects of ongoing climate change on aquatic
habitats of the watershed, as a first step toward planning to minimize resource losses. Efforts
to maintain high amounts of forest cover in the watershed and shading of streams by riparian
vegetation may help reduce the effects of climate warming on stream fisheries on a local scale
(Johnson et al. 2003a). The Pennsylvania Fish and Boat Commission should assess the long-
term fate and direction of trout stocking programs in the Pennsylvania Lake Erie watershed.
Since lower water levels (in the lake, streams, etc.) and higher temperatures will likely
accelerate the accumulation of mercury and other contaminants in aquatic food chains (Kling
and Wuebbles 2003), a high priority should be placed on reducing mercury-loading in the
watershed. 

7. Climate models indicate that small streams (especially headwaters) and wetlands will likely
be profoundly changed by changing patterns of precipitation and increased evaporation rates
during the summer, especially in areas where groundwater contributes little to stream flow
(Johnson et al. 2003a,b). Many streams may become intermittent in areas where
runoff/surface water is the main source of flow (Johnson et al. 2003a), and water quality
(including nutrient cycling capacity) will decline due to stagnant conditions. Ponds and
ephemeral (seasonal) wetlands will likely dry up earlier in the season, and large wetlands will
contract during longer and more severe droughts, resulting in loss of refugia and breeding
habitats of many amphibians and reptiles (Johnson et al. 2003b). These predictions suggest
that high priority should be given to protecting existing groundwater supplies and wetlands,
in addition to headwater streams and their associated forests (to provide shade and cover). 

8. Considering the critical role of forests and riparian vegetation for protecting our cold water
fisheries in the face of climate change, protecting forested wetlands of all types should be
given the highest priority in future land protection efforts in the Pennsylvania Lake Erie
watershed.

9. Because emergent wetlands in the watershed contain a rich diversity of PHNP-listed special
concern plant species, sites containing emergent wetlands should be assigned a high
protection/conservation priority (i.e., critical importance) equal to sites having forested
wetlands.

10. The channel marsh habitats of the Pennsylvania Lake Erie watershed need to be inventoried,
to evaluate their importance as habitats for aquatic animal life and assess the need to manage
invasive plant species that threaten these habitats. Locations in stream valleys where invasive
plants threaten wetland habitats containing plant species of concern should be mapped
concurrently with faunal surveys, and the resulting survey data should then be used to develop
a comprehensive landscape-scale plan to protect and restore these critical habitats.

11. The conservation of upland forests in the watershed is important. Large, uninterrupted
forested tracts which contain significant stands of evergreen (coniferous) and mixed
(evergreen and deciduous) forest adjacent to wetlands and streams should be given the highest
protection priority (among upland habitats), since these forests provide habitat for wildlife,
protect water quality by preventing erosion and soil loss in steeply sloping areas, and help
minimize the adverse effects of climate change on groundwater supplies and streams. The
largest continuous tract (ca. 15–20 mi2) of mainly deciduous forest in the Pennsylvania Lake
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Erie watershed is the "Jumbo Woods" area of the Conneaut Creek subwatershed (see chapter
6, Figure 6.18). This forest apparently includes significant tracts of palustrine forested
wetlands and areas of mixed forest within a core forest that is one of most distinctive natural
features of the northwestern corner of the state, shared between Erie and Crawford Counties
and extending into eastern Ohio. The fact that Pennsylvania Game Land 101 is already a
prominent part of this forest suggests that bringing additional adjoining properties into the
realm of "public protection" is a highly worthwhile goal.

12. Research is needed on the ability of vegetation communities to respond to global warming,
and how the dynamic of land use and management will interact with climate change.
Sousounis and Glick (2000) specifically recommend that adaptive management strategies
should be used with forestry and land management, and that tree planting and crop operations
should select plant varieties more adaptable to our changing climate.

9.3 Cultural and Recreational Resource Recommendations

1. Existing cultural resources in the study area, especially high value properties such as the
Sommerheim National Register District and the archaeological site complex documented at
Erie Bluffs State Park, should be further documented via scientific investigation and
preserved wherever possible. Where specific instances warrant, archaeological and historic
properties could also be featured and integrated into trail, tourism, and recreational plans.

2. Whenever and wherever possible, efforts should be made to document archaeological and
historical properties—and mitigate adverse effects from infrastructure development—when
commercial and domestic development pressure and construction activities occur in the zone
of "high potential for archaeological site discovery" identified in chapter 4.

3. Archaeological site survey investigations should be conducted, wherever possible, in the
Conneaut Creek subwatershed in order to better understand the history and heritage of this
relatively poorly documented portion of the study area. Such activities would be consistent
with the Pennsylvania Historical and Museum Commission's stated goals to identify and
protect the Commonwealth's architectural and archaeological resources by working with
individuals, communities, local governments, and state and federal agencies to educate
Pennsylvanians about their heritage and its value, and to thereby insure its preservation.

4. There are excellent opportunities for the community to develop new recreation/ecotourism
initiatives with stream-associated educational/scenic tours within the study area. Efforts to
realize these opportunities—such as tourism initiatives for the Beaver and Erie Canal (see
chapter 7)—should be exploited.

5. Recreational opportunities should be improved throughout the study area, particularly in those
portions which presently contain limited access. It is specifically recommended that north-
south recreational corridors for land-based (e.g., hiking, bicycling, nature observation, etc.)
and water-based (e.g., stream fishing and access) activities be developed within the study area
(see chapter 7).
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10  PRIORITIES AND STRATEGIES FOR ACTION

10.1 Goals
The primary goals that this plan seeks to advance include (1) the protection of existing high-quality

natural, aquatic, and cultural/historical resources of the Pennsylvania Lake Erie watershed and (2) restoration
of aquatic habitats that have been degraded by urbanization and other non-sustainable land use practices.
Other important goals are to conduct outreach that will educate stakeholders about the importance and means
of achieving the primary goals via the enactment of best management practices (BMPs) and other pre-emptive
measures to mitigate for adverse effects of urban sprawl and anticipated water and habitat problems
associated with ongoing climate change. It is hoped that these goals may be achieved within a framework of
community-supported initiatives that also advance economic development of new resource-related tourism
opportunities as well as conservation funding activities that systematically capitalize on local stakeholder
investment with monies from outside the community. 

The foregoing narrative in this document provided substantial historical and scientific accounts of the
past and current condition of the watershed, as well as projections for future conditions based upon the best
available science. A comprehensive summary of specific recommendations for future resource inventory and
planning considerations has also been provided in chapter 9. These recommendations may be taken at face
value and acted upon by a wide variety of plan users. A synthesis of those recommendations was the
underlying motivation for the action plan described in sections 10.2–10.4.

10.2 Action Plan Objectives, Stakeholder Involvement, and Role of LERC
Table 10.1 contains a proposed list of action plan objectives that could lead to accomplishment of the

previously stated goals. Completing the first three objectives in the short-term will be necessary precursors
for subsequent objectives to be achieved. Furthermore, the public interactions involved in achieving those
objectives will also be structured to solicit stakeholder input on the plan, and should be carried out as soon
as possible. The principle stakeholders include private citizens of the watershed who own properties
containing important resources and municipal officials who represent taxpayer and citizen interests in
establishing and enforcing land use policy and developing regulations. Other stakeholders include the general
citizenry of the watershed who share the communal benefits of clean water, an aesthetically appealing and
biologically diverse landscape, and the tourism economy that depends on a healthy environment. An effort
will be made to include all of these stakeholder groups in the implementation of the priority actions of the
plan. This community-based action-planning and implementation process is consistent with watershed
management "philosophy" advanced by the U.S. Environmental Protection Agency (USEPA 2007) and U.S.
Forest Service (USDA-FS 2006). 

Implementation of the plan over the long term will require the formation of partnerships among
stakeholders and established organizations with professional staff who are knowledgeable about land and
water protection and restoration methods/programs. It is assumed that the leadership for implementing the
plan will be provided by the state, county, and non-government organizations that have already established
community networks to plan and carry out conservation and water quality protection activities, including the
DCNR, DEP, the Erie County Conservation District (ECCD), the Pennsylvania Lake Erie Watershed
Association (PLEWA), and Pennsylvania Sea Grant. The Lake Erie Region Conservancy (LERC) is
committed to conducting initial plan outreach, coordinating stakeholder/organization interaction, and
facilitating as necessary the acquisition of funding to support protection and restoration initiatives. LERC is
also in a position to serve as a land trust organization for the Pennsylvania Lake Erie watershed region, and
will be able to serve as an agent for guiding the development of conservation easements on private holdings.
Other entities may also receive easements and properties to be placed under protection, including
municipalities, non-profit organizations, etc.
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Table 10.1.  Proposed Action Plan Objectives for the Pennsylvania Lake Erie Rivers Conservation Plan

Objective 1 Share the findings and recommendations of this plan with leaders of watershed organizations and
other environmental organizations within the Pennsylvania Lake Erie watershed, and enlist their
assistance carrying out plan objectives.

Objective 2 Provide a series of educational workshops for municipal officials and landowners regarding water
issues associated with ongoing climate change and the importance of protecting forests and
headwater streams.

Objective 3 Promote the formation of local stakeholder groups of groundwater users seeking to develop source
water protection plans.

Objective 4 Encourage the promulgation of local ordinances to establish buffer protection (from development)
of riparian areas, especially alongside small streams.

Objective 5 Initiate a land trust easement/property receivership program to protect privately-owned core forests,
especially those containing riparian areas or significant stands of native conifers.

Objective 6 Initiate a land trust easement/property receivership program to protect privately-owned properties
containing significant examples of the watershed's diverse types of forests, wetlands, and
stream-associated features.

Objective 7 Initiate a program to restore non-forested riparian areas to a forested condition.

Objective 8 Initiate a program to restore impaired hydrological features necessary to improve water quality in
sub-watersheds containing "non-attainment" streams segments.

Objective 9 Develop a plan for establishing a natural heritage site network that will provide educational and
tourism opportunities focusing on the many significant forest, stream, and wetland resources found
throughout the watershed.

Objective 10 Develop a plan for establishing a historical water resource heritage site network that will provide
educational and tourism opportunities focusing on the historical importance of water for
transportation, industry/energy production, and fisheries.

10.3 Justification for Proposed Focus of Protection Efforts
After considering the natural resources available and water-related problems identified in previous

chapters of this plan, it is clear that the highest priority should be given to pre-emptive protective and/or
restorative measures (see Objectives 4–7, Table 10.1) throughout the Pennsylvania Lake Erie watershed, to
avoid future water quality and supply problems like those recently documented for Walnut Creek (PADEP
2007a). A second equally important priority is to safeguard the watershed's cold water fisheries from
predicted adverse effects of ongoing climate warming. Fortunately, both of these issues can be efficiently
addressed by focusing protection and restoration efforts on the same two resources—our watershed's forests
and headwaters streams. 

Numerous publications by scientists and forest/water management organizations have touted the
fundamental importance of forests for maintaining healthy water supplies (Cohen 1997a; Ernst et al. 2004;
Palone and Todd 1997; Sweeney et al. 2004; Sweeney 1992; USEPA 1995; USDA-FS 2004) and advocate
the use of best management practices to safeguard water quality. Maintaining generous undisturbed forested
buffers around headwater streams and restoring disturbed riparian areas to a forested state have shown to be
the most effective methods of keeping streams healthy and protecting water quality (Andrews 2006; Cohen
1997b; Meyer et al. 2007; PADEP 2007b; Palone and Todd 1997; Sweeney et al. 2004; USEPA 1995;
Wilkersen et al. 2006). PADEP's recent (2007a) report on water quality degradation in the Walnut Creek
subwatershed noted stream channel modifications and stream encroachments (cumulatively totaling 25,000
feet) as well as loss of riparian buffer zones as contributing to "water pollution ….and loss of habitat for fish,
plants, and terrestrial species."  PADEP (2007a) included protection of riparian buffer zones, conservation
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easements for riparian areas, and promoting urban/suburban reforestation in its long list of recommendations
for managing the water quality problems in the Walnut Creek subwatershed.

Preserving forested riparian buffers and maintaining forested land use are also thought to be the best
"insurance" against the adverse effects of climate warming on cold water fisheries, since the summer shading
by trees in riparian areas (especially in headwaters) has been proven to keep stream water temperatures in the
range needed to support trout (Pollock and Kennard 1998; Sweeney 1992; Wilkerson et al. 2006). This
strategy is well suited to the situation of the steelhead fishery in the Pennsylvania Lake Erie watershed (see
chapter 6, section 6.1). 

Forest lands in private ownership near urban centers are recognized as being particularly vulnerable to
development pressure, and should be given the highest priority in conservation and land use planning (USDA-
FS 2004, 2005). Most of the watershed appears to be vulnerable to sprawl, since expansion of infrastructure
(e.g., public water and sewers) is projected by the Erie County Comprehensive Plan to occur from nearly all
the watershed's scattered boroughs and Erie's metropolitan center (Graney, Grossman, Colosimo and
Associates, Inc. 2003). A USDAFS (2005) study included the Pennsylvania Lake Erie watershed in areas
nationwide where 5–20% of privately owned forests are expected to be converted to housing over the next
25 years. These concerns would seem to provide ample justification for the protection strategy proposed in
the next section of the plan.

10.4  Forest, Riparian Area, and Headwaters Protection and Restoration Plan
10.4.1  Watershed Zones and Management Areas
In order to facilitate assignment of proposed actions to protect the resources most critical to safeguarding

our streams and groundwater supplies, the Pennsylvania Lake Erie watershed was divided into the 18 distinct
management areas (MAs) shown in Figure 10.1. The management areas are intended to serve as geographic
templates for specific project planning by diverse stakeholders, with the assumption that the projects
developed by multiple organizations and political units will better serve the interests of the public at large,
and should be more attractive to funding organizations.

Each management area falls into one of three habitat/resource zones. Zone 1 areas contain lands
directly drained by mostly headwater streams, and would include many important groundwater recharge
areas. Areas classified in Zone 1 collectively include the largest part of the watershed (Table 10.2). The
primary protection objective for Zone 1 is to use all available methods to keep forested areas forested, for the
reasons explained above (see section 10.3). Although this zone already contains the highest percentage of land
area covered by forests, many of those forested tracts are fragmented by roads and intervening segments of
open agricultural land. The highest priorities for Zone 1 areas will be to protect all of the current forests and
restore non-forested riparian areas to a forested condition, which will enhance groundwater recharge, maintain
cool summer water temperatures, reduce forest fragmentation, and protect wildlife habitat. 

Zone 2 areas contain upper main stem portions of the larger streams of the watershed and distinctive
valley features associated with escarpments and gorges. Many of these areas are situated in the vicinity of the
lake-ridge and intermediate in position between higher elevation headwater areas (Zone 1) and the lower
elevation lake plain (Zone 3). Zone 2 areas contain many of the watershed's important cold water fishery
resources (see chapter 6) and sites having scenic and historical importance (see chapters 4 and 5). Land
acquisition and protection actions (e.g., conservation easements) that increase public access to these areas
could enhance recreational tourism opportunities in the watershed. Other high-priority actions for Zone 2
would include protection of existing forests (especially those associated with headwater tributaries connected
directly to main stem reaches) and restoring non-forested riparian areas to a forested condition. 

Zone 3 areas encompass the lake plain, which contains most of the intensively developed (agricultural
and urban) portions of the watershed. Since much of the eastern two-thirds of the lake plain has been
deforested, any and all remaining forests in the central and eastern lake plain areas (MAs 3A and 3B) should
be given very high priority for protection, since they represent unique forest types distinct from those already
protected in Management Area 3C. As in Zones 1 and 2, high priority should also be given to protecting and
restoring riparian forests of small streams, including those associated with coastal bluffs and ravines within
Zone 3 (see chapter 5, section 5.4). Like Zone 2, large stream reaches within Zone 3 also contain fishery
resources and sites having scenic and cultural/historical importance; therefore, land acquisition and protection
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actions (e.g., conservation easements) that increase public access to these areas would be important for
advancing recreational tourism. 

All of Zone 3 (MAs 3A, 3B, and 3C), and portions of Zones 1 (MA 1B and 1 HQ) and 2 (2B) in and
near the urban/suburban centers of Erie, will be given the highest priority for stream and watershed restoration
actions, since these areas contain the "non-attainment" stream sections of the Pennsylvania Lake Erie
watershed (section 5.10.4) for which BMPs are available for remediation. Since there is already multi-
municipality planning underway to manage storm water problems in these areas under the Act 167 program
(led by the Erie County Planning Department), outreach and implementation planning for restoration will be
coordinated with that program.

10.4.2  Forest Cover Percentage and Conservation Priorities
The lowest percentage of forest cover and stream density occur in Management Area 3B (the Central

Lake Plain [see Table 10.2]), which is the portion of the study area that has been most impacted by
urbanization. Not surprisingly, this management area also contains the study area's most biologically degraded

Figure 10.1. Management Areas proposed for the study area, showing their relationship to study area
subwatersheds.
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Table 10.2 Management Areas Defined for the Pennsylvania Lake Erie Watershed Study Area

Management Area

Principal Subwatersheds
Traversed

Area
Forested

Area
(%)

Total Stream
Length

Stream Density
(stream

length/area)

Name Description mi2 km2 mi km
mi/
mi2

km/
km2

Zone 1 (Headwaters)

1A Eastern Stream
Headwaters

Sixmile, Sevenmile,
Eightmile, Twelvemile,
and Sixteenmile Creeks;
Lake Erie (Direct
Runoff)

25.62 66.35 54.92 113.30 182.35 4.42 2.75

1AM Ashtabula
River/Marsh Run
Headwaters

Ashtabula River,
Conneaut Creek

15.81 40.94 47.49 45.31 72.92 2.87 1.78

1B Central Stream
Headwaters

Trout Run; Walnut, Mill,
and Fourmile Creeks;
Lake Erie (Direct
Runoff)

54.17 140.31 38.98 196.66 316.49 3.63 2.26

1C Elk Creek
Southern
Headwaters

Elk Creek 63.03 163.26 48.63 247.91 398.97 3.93 2.44

1DE Conneaut Creek
Eastern
Headwaters

Conneaut Creek 26.57 68.81 42.65 —a — — —

1DWE Conneaut Creek
Western
Headwaters East
Side

Conneaut Creek 16.83 43.60 45.27 — — — —

1DS Conneaut Creek
Southern
Headwaters

Conneaut Creek 33.54 86.87 48.46 — — — —

1DWW Conneaut Creek
Western
Headwaters West
Side

Conneaut Creek 39.68 102.78 46.22 — — — —

1HQb High Quality
Stream
Headwaters

Elk Creek, Trout Run, 
Lake Erie (Direct
Runoff)

8.18 21.19 34.64 20.96 33.73 2.56 1.59

1W Western Stream
Headwaters

Turkey, Raccoon
Crooked, and Elk Creeks

18.71 48.47 45.78 66.50 107.03 3.55 2.21

Zone 2 (Main Stems, Ridges, and Escarpments)

2A Eastern Ridge and
Escarpments

Sixmile, Sevenmile,
Eightmile, Twelvemile,
Sixteenmile, and
Twentymile Creeks;
Lake Erie (Direct
Runoff)

19.69 51.01 44.78 100.67 162.35 5.11 3.18

2B Central Ridge and
Main Stems

Walnut, Cascade, Mill,
Fourmile, and Sixmile
Creeks,   Lake Erie
(Direct Runoff)

16.53 42.82 33.84 47.24 76.02 2.86 1.76

2C Elk Creek Main
Stem

Elk Creek 18.53 47.99 36.66 89.86 144.61 4.85 3.01



Management Area

Principal Subwatersheds
Traversed

Area
Forested

Area
(%)

Total Stream
Length

Stream Density
(stream

length/area)

Name Description mi2 km2 mi km
mi/
mi2

km/
km2

166

2D Conneaut Creek
Main Stem

Conneaut Creek 21.73 56.27 47.74 — — — —

2DWB West Branch
Conneaut Creek
Main Stem

Conneaut Creek 7.57 19.60 66.23 28.22 45.41 3.73 2.31

Zone 3 (Lake Plain)

3A Eastern Lake
Plain

Sixmile, Sevenmile,
Eightmile, Twelvemile,
Sixteenmile, and
Twentymile Creeks;
Lake Erie (Direct
Runoff)

38.49 99.68 25.62 148.59 239.12 3.86 2.40

3B Central Lake
Plain

Trout Run; Walnut,
Cascade, Mill, and
Fourmile Creeks; Lake
Erie (Direct Runoff)

42.75 110.72 14.22 60.19 96.87 1.41 0.87

3C Western Lake
Plain

Conneaut, Turkey,
Raccoon, and Crooked
Creeks; Lake Erie (Direct
Runoff)

40.27 104.31 41.22 145.07 233.46 3.60 2.24

Notes: (a) Accurate stream length data are not available for the Crawford County portion of the study area; (b) This portion of the Lake Erie (Direct Runoff) subwatershed
includes Godfrey Run, which is both an HQ-CWF and non-attainment stream.

"non-attainment" stream segments (see Figure 5.20). Restoring streams in this management area will require
a major public investment for infrastructure improvements and implementation of BMPs. Fortunately, several
initiatives aimed at addressing water quality problems in this management area have already been initiated
by the DEP, Erie County Conservation District, Presque Isle Bay Area of Concern Public Advisory
Committee (PAC), Pennsylvania Sea Grant, PLEWA, and there is now an opportunity for restoration planning
to be advanced in conjunction with multi-municipality Act 167 storm water management planning. 

Other management areas besides 3B with low proportions (< 40%) of forest cover also contain stream
segments with documented water quality problems. All of the management areas listed in Table 10.2 that
display <40% forest cover (i.e., MAs 1B, 2B, 3B, 3A, 3B, and 1HQ) should be given the highest priority for
immediate planning to advance action plan objectives identified in Table 10.1, and GIS-based planning tools
should be utilized to support multi-municipality coordination of that effort. For example, GIS was used to
generate a map of the urbanized portions of the aforementioned management areas, highlighting parcels larger
than 5 acres that are adjacent to non-attainment stream sections (Figure 10.2). This map may be used to locate
properties where there might be large parking lots that could be retrofitted with new storm water retention
structures or passive treatment systems (i.e., vegetated buffers, rain gardens, etc.) that will serve to remove
contaminants from runoff before they enter the receiving streams.

Planning to implement this plan should be undertaken quickly for MAs 3A, 3B, and 1HQ because these
areas contain streams designated as HQ-CWF (i.e., Twelvemile Creek, Thomas Run, and Godfrey Run [see
Figure 6.4]) which merit pre-emptive actions to protect high-quality natural resources. Management Area
1HQ also includes an important groundwater recharge area for the water supplies of Girard Township and
Girard Borough, as well as headwaters critical to several trout nurseries. Girard government officials might
wish to consider collaborative funding and planning initiatives focusing on wellhead protection.

The two management areas with the highest percentages of forest cover are near the study area's eastern
(MA 1A) and western (MA 2DWB) margins (see Table 10.2). It is fortunate that nearly all of the management
areas in the southwestern third of the study area retain well over 40% forested land cover, with significant
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portions of the Elk and Conneaut Creek subwatersheds being composed of nearly 50% forests (see Figures
6.16 and 6.17). Numerous wetlands (Figure 10.3) are also present in many of these well-forested management
areas (see Figures 6.13 and 6.14), which suggests a high likelihood that they also harbor plant and animals
species of special conservation concern (see chapter 6). The exceptional merits of the still-"intact" forest
resources in MAs 1A and 2DWB indicate that stakeholders in those areas should consider possible
designations of these zones (or portions of them) as Forest Heritage Protection Areas. As MA 2DWB is
already largely protected via Game Land 101 (see Figure 6.18), it might be wise to consider including
portions of the surrounding management areas (1AM, 2D, and 1DWW) under the umbrella of a Forest
Heritage Protection Area. The Lake Erie Region Conservancy is presently working on a conservation plan
for the Conneaut Creek watershed, funded by the National Fish and Wildlife Foundation, and will be
evaluating the merits of such a designation as part of this project.

In order to provide an example of how land preservation efforts might be carried out, GIS was used to
generate a map of MA 1A, highlighting parcels larger than 50 acres that contain forests, wetlands, and streams
(Figure 10.4). This illustration demonstrates a model of how stakeholder groups implementing protection
plans for a particular management area could conduct preliminary screening of candidate properties
possessing natural resource features that would be valuable to place under the protection of conservation
easements. The map also facilitates locating clusters of forested properties, which could be collectively
considered for efforts to establish Forest Heritage Protection Areas containing core forest.

10.5  Rivers Conservation Plan Priority Actions
Tables 10.3–10.5 contain a summary of "priority" actions for implementation of this Rivers

Conservation Plan. A detailed listing of government agencies and regional organizations that provide
technical support and/or funding for conservation-related activities is found in Appendix C. Actions have
been divided into three categories: outreach, restoration, and protection. Implementation of the restoration

Figure 10.2. Example of how GIS can be employed to locate and highlight (in blue) parcels larger
than 5 acres that are adjacent to non-attainment stream sections, shown here in MA 3B. 
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and protection components of the plan will be enhanced if outreach actions (informing and educating
stakeholders) commence as soon as possible. For this reason, a suggested timetable for outreach actions is
included in Table 10.3. The Lake Erie Region Conservancy will present the plan to stakeholders in five
separate sessions, each at a different location within geographically related management areas. These sessions
are planned to be completed by the end of November 2008. Responsibility for conducting outreach on more
specific subjects has been suggested for other agencies and organizations, with a longer time frame for
completion.

Specific restoration actions (see Table 10.4) were determined from detailed subwatershed assessments
conducted for several of the "non-attainment" streams, and recommended remediation methods suggested in
reports on the Presque Isle Bay watershed (Campbell et al. 2002), various streams east and west of the
Presque Isle Bay watershed (Campbell 2005), and the Walnut Creek watershed (PADEP 2007b). As already
stated in section 10.4.2, implementation of restoration activities should be coordinated with Act 167 storm
water management planning, and utilize GIS-based analyses to identify strategic locations for installation of
BMPs. Since the Erie County Planning Department has a lead role in multi-municipal planning under Act

Figure 10.3. Management Areas proposed for the study area, showing their relationship to NWI
wetlands (in dark blue).
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167, that agency is identified as having a major leadership role in implementing watershed restoration effort
identified as very high priority in this rivers conservation plan.

Priority protection actions (see Table 10.5) were based on the extensive analyses of chapters 5 and 6 of
this plan, summarized in sections 10.3 and 10.4. A GIS-based, pre-emptive planning initiative to protect
forests, riparian buffers, and headwaters streams is a high priority in all management areas, as is
implementation of BMPs in agricultural areas. More specific kinds of protection activities (e.g., stream-bank
fencing and source water protection actions) are suggested for particular sets of management areas where
those issues are relevant.

Specific priority actions for additional studies in the watershed have not been itemized in a summary
table, but are clearly identified in recommendations summarized in Chapter 9. Examples of needed research
investigations include biological inventories to update the PNHP database (especially for fish and herptiles),
analysis of pesticides and other contaminants in water supplies, continued assessment of E. coli sources in
study area streams and the lake, effects of ongoing climate change on cold water fisheries, vegetation and
agriculture, and archaeological site surveys.

Figure 10.4. Example of how GIS can be employed to locate and highlight (in blue) parcels $50 acres
that contain an intersection of wetlands, floodplains, and forest.
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10.6 Methodology for Identifying Properties for Protection
On order to locate properties within the watershed for strategic planning, GIS may be used to define

areas where desirable natural resources or protected lands already exist, or are lacking. Figure 10.4 provides
an example of how selected criteria may be used (for this example in MA 1A) to highlight the locations of
specific parcels which might be viable candidates for acquisition or purchasing of conservation easements.
It is envisioned that GIS-based preliminary screening would be followed by interviews of owners of each
candidate property to determine owner interest in securing protection for their aquatic and natural resources.

If several high value properties become available simultaneously at a time when protection funding is
limited, a quantitative scoring tool would provide an objective means of prioritizing parcels according to the
merits of measureable characteristics. Different kinds of scoring criteria are already utilized by the Erie
County Agricultural Land Preservation Board (ECALPB) and the Pennsylvania Fish and Boat Commission
(PFBC) for the Agricultural Conservation Easement Program and Erie Access Improvement Program,
respectively. A model parcel scoring tool has been developed (Appendix D) that utilizes key components of
the ECALPB and PFBC scoring tools, plus additional criteria identified in the rivers conservation plan as
valuable attributes for protection. This scoring tool has been approved by the LERC Board for that
organization to use when evaluating properties that it considers for protection or acquisition. Any
organization that seeks to advance protection projects is welcome to use this tool, or modify it to suit other
purposes. The scoring system presented in Appendix D was designed to permit reasonably rapid evaluation,
using information accessible in publicly available GIS databases, aerial photography, and topographic maps,
in addition to a modestly detailed interview with an agreeable property owner. It should be noted that DCNR
and other agencies would require public access as a primary characteristic of any lands for which public funds
would be used to secure protection.

Table 10.3  Outreach Actions Proposed for the Pennsylvania Lake Erie Watershed

Watershed
Portion MAs Main Subwatersheds

Potential
Lead Groups Municipalities Involved Possible Partners

Priority &
Completion

Date

O1: Conduct outreach meetings with stakeholders to present major findings and recommendations of the Rivers Conservation Plan, to identify
partners and roles for implementation, coordinated with Act 167 Phase 2 planning and/or other water-related regional planning activities.

Central
Group

1B, 2B,
3B

Fourmile, Mill,
Cascade, Walnut,

Trout Run, Elk (NE
edge)

LERC Green, Summitt,
Mckean, Millcreek,

Fairview Townships,
City of Erie, Lawrence

Park, Wesleyville

DCNR, ECCD,
PLEWA, PA Sea
Grant, and others

Very High
Oct 2008

Conneaut
Creek

1DE,
1DWE,
1DS,

1DWW,
1AM, 2D,

2DWB

Conneaut LERC Conneaut, Elk Creek,
Beaver, Spring,

Conneaut (Crawford Cy),
Summerhill, Summit
Townships, Albion,

Cranesville, Springboro,
Conneautville 

DCNR, ECCD,
CCCD, PLEWA

Very High
Sept 2008

Elk Creek 1C, 2C,
1HQ

Elk Creek, Godfrey
Run, Trout Run

LERC McKean, Franklin, Elk
Creek, Washington,

Fairview, Girard
Townships, Fairview and

Girard

DCNR, ECCD,
PLEWA

Very High
Oct 2008

Eastern
Group

1A, 2A,
3A

Twentymile,
Sixteenmile,
Twelvemile,

Eightmile, Sevenmile,
Sixmile

LERC Greenfield, Harborcreek,
North East Townships,

North East

DCNR, ECCD,
PLEWA

Very High
Nov 2008
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Portion MAs Main Subwatersheds

Potential
Lead Groups Municipalities Involved Possible Partners

Priority &
Completion

Date
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Western
Shore

3C, 1W Lake Erie Direct,
Godfrey Run, Kelly's

Run, Elk (near
mouth), Duck Run,
Crooked, Raccoon,

Turkey

LERC Girard, Springfield
Townships, Lake City

DCNR, ECCD,
PLEWA

Very High
Nov 2008

O2: Conduct outreach workshops with stakeholders regarding the importance of protecting headwaters, forests, and wetlands; provide information
about conservation easements, BMPs, and programs providing funding or other assistance

All All: 2
workshops
(east and

west)

All PA Sea
Grant,
ECCD,
CCCD

All LERC, PLEWA,
NRCS, DEP, and

others

Very High
by 2010

O3: Conduct outreach workshops with stakeholders on sustainable lawn care and gardening practices, highlighting the potential impact of
chemicals on aquatic resources, wildlife, and human health; provide practical guidance on sustainable lawn, garden, and farm management and
applicable BMPs

All All: 2
workshops
(east and

west)

All Cooperative
Extension

Erie &
Crawford
Counties,
ECCD,
CCCD

All PA Sea Grant,
Presque Isle

Audubon Society,
Master Gardeners,

Master Well Owner
Network, and others

High
by 2012

O4: Conduct outreach workshops to prospective business and home owners, municipal officers, and developers about the importance of sustainable
development for aquatic and natural resources; provide training on Smart Growth principles and practical guidance for implementation of
conservation design as the new standard for development in suburban areas. 

All All,
especially
3A, 3B,
3C, 2B,

1B, 1HQ,
2C, 1C

All PA Sea
Grant,
LERC,
ECCD

All PLEWA High
by 2012

O5: Conduct outreach workshops for school teachers and environmental educators regarding the utilization of local scenic streams, forests, and
wetlands to increase public awareness of nature and conservation principles, and generate community support and ownership of the resources.

All All All LEA Earth
Force, local
colleges &

universities,
PLEWA,

ECCD

All PA Sea Grant,
DCNR, School

Districts, Nature
Centers

Very High
by 2010

O6: Conduct outreach workshops for school teachers and historical education organizations regarding the utilization of stream-associated historical
resources (former mill and canal sites, etc.) to increase public awareness of the significance of these resources, and generate community support
to improve historical education and preservation programs.

All All All ECHS, local
colleges &
universities

All PLEWA, LEA Earth
Force, Historical

Museums and
Centers

High
by 2012
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Priority &
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Date
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O7: Conduct outreach workshops to government agency, and municipal leaders, as well as key leaders of organizations that manage resources
likely affected by climate change (Port Authority, Water Authority, marina operators, fish and game managers, etc.) regarding the anticipated
impact of future climate change on water-related community infrastructure and associated economic issues.  Provide guidance on all available
means to mitigate for the adverse effects of climate change, in addition to models of how other communities, organizations, and infrastructure
management agencies are planning to adapt to climate change. 

All All All NOAA, PA
Sea Grant

All EPA, DEP,
Cooperative

Extension, ECDH,
Port Authority,

Water Authority,
PFBC, PGC

Very High
by 2010

O8: Conduct outreach workshops for school teachers and environmental educators regarding the importance of energy conservation, water
conservation, and renewable energy, as fundamental means of mitigating for future climate change and promoting conservation of our aquatic
and natural resources.

All All All LEA Earth
Force, local
colleges &

universities,
PLEWA,

ECCD

All PA Sea Grant,
DCNR, School

Districts, Nature
Centers

Very High
by 2010

O9: Conduct outreach initiatives for homeowners in non-sewered areas regarding septic contamination issues and fecal coliform contamination
of streams and storm water systems; outreach should include operators of small flow sewage treatment systems.

All All All Local
colleges &

universities,
ECDH

All except City of Erie
and other municipalities

that have all areas
connected to the sanitary

sewer system

Municipalities, PA
Sea Grant

Very High
by 2010

Table 10.4 Restoration Actions Proposed for the Pennsylvania Lake Erie Watershed

Restoration actions
Management

Areas
Potential Lead

Groups Possible Partners Priority

R1 Consolidate stakeholder partnerships within and
between management areas having same problems
and restoration needs to facilitate joint planning of
storm water controls and retrofits, and coordinate
preparation of funding proposals.

All DEP, ECCD,
PLEWA

Municipalities,
subwatershed

groups

Very
high

R2 Develop GIS-based watershed and stream
restoration and monitoring plan that includes
considerations for monitoring restored sites and
streams.

All DEP, ECCD,
LERC, PA Sea

Grant

Municipalities,
subwatershed

groups

Very
high

R3 Implement specific restoration projects employing
BMPs that: (1) conform to stakeholder GIS-based
restoration strategies and (2) provide monitoring
information after project completion.

All Municipalities,
Subwatershed

groups

PLEWA, PA Sea
Grant, local
colleges &
universities

Very
high
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R4 Construct new, or retrofit existing storm water
controls in areas having large amounts of
impervious surfaces and/or where discharges are
contributing to known stream impacts.

All Municipalities,
Subwatershed

groups

Land owners,
ECCD

Very
high

R5 Restore riparian buffers, preferably with native
plants, including conifers and other forest species
wherever possible.

All Municipalities,
Subwatershed

groups

Land owners,
ECCD, NRCS

Very
high

R6 Install passive treatment systems (landscape
plantings, water gardens, wetlands, ponds, etc.) to
remove environmental contaminants (metals,
organics, etc.) that enter streams via storm drains
from streets, parking lots, and other impervious
surfaces.

All Municipalities,
Subwatershed

groups

Land owners,
ECCD, NRCS,

Master Gardeners

High

R7 Once sources of E. coli contamination of beaches
and streams are pin-pointed, develop GIS-based
restoration strategy and implementation plans with
monitoring to eliminate bacterial pollution

All DEP, ECDH,
Municipalities

LERC, Land
owners, local

colleges &
universities

Very
high

Table 10.5 Protection Actions Proposed for the Pennsylvania Lake Erie Watershed

Protection Actions
Manageme

nt Areas
Potential Lead

Groups Possible Partners Priority

P1 Establish stakeholder partnerships within each
management area to facilitate community
involvement and land owner participation in
protection initiatives, coordinated with outreach
actions and planning for stream and watershed
restoration.

All PLEWA, DEP,
ECCD, LERC

Municipalities,
subwatershed

groups

Very high

P2 Develop GIS-based protection strategy for each
management area, by establishing a list of
candidate properties to be considered for
acquisition or purchase of conservation easements,
coordinated with existing easement programs
(e.g., PFBC Erie Access Improvement and PA
Farmland Preservation programs). 

All PA Sea Grant,
LERC, County
Planning, DEP

PLEWA, ECCD,
PFBC,

Municipalities,
subwatershed

groups

High

P3 Seek protection status for privately owned
properties that would increase public access to
aquatic, natural, and historical/cultural resources
for recreational and/or educational purposes.

All LERC, PA Sea
Grant, PLEWA,

or others

Municipalities,
subwatershed

groups

High

P4 Seek protection status for privately owned core
forests, especially in areas associated with
headwaters, wetlands, and riparian areas.

All Zone 1
manageme

nt areas

LERC, PLEWA DCNR, PGC,
Presque Isle

Audubon Society

High
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P5 Seek protection status for privately owned
forested riparian buffers, especially in watersheds
of CWF streams.

All PLEWA,
LERC, ECCD

DEP, PFBC,
PGC

Very high

P6 Encourage municipalities to consider ordinances
or other measures to maintain undeveloped
vegetated buffer zones within at least 50-100 feet
on either side of all streams, including small
headwaters with watersheds less than 100 acres.

All PA Sea Grant,
PLEWA,

ECCD, DEP,
LERC

PFBC, PGC,
subwatershed

groups

High

P7 Support and encourage private landowners to
allow unused pastures and open fields alongside
streams to revert to forested condition.

All PA Sea Grant,
LERC, PLEWA

ECCD, DEP,
PFBC, PGC

High

P8 Support and encourage private landowners that
currently allow animals to graze areas
immediately adjacent to stream banks to install
fences to protect buffer zones within at least
50-100 feet on either side of streams, including
small headwaters; facilitate land owner
participation in CREP and other similar
conservation programs.

1A, 1C,
2C, entire
Conneaut

Creek
watershed

ECCD, LERC,
PLEWA

DEP, PFBC,
PGC, NRCS,

municipalities,
subwatershed

groups

Very high

P9 Support and encourage private landowners and
producers that currently raise crops to establish
uncultivated vegetated buffer zones around the
perimeters of fields, especially in areas next ro
drainageways and streams. 

All ECCD, LERC,
PLEWA

DEP, NRCS,
municipalities,
subwatershed

groups

Very high

P10 Encourage municipalities to consider ordinances
or other measures to minimize development of
areas serving as ground water recharge zones,
especially in areas where wells are the primary
source of water for agricultural, commercial, or
residential users.

All
manageme

nt areas
outside
service
area of

Erie Water
Water
Works

PA Sea Grant,
ECDH,

PLEWA, LERC

DEP, Master
Well Owner

Network,
subwatershed

groups

Very high

P11 Seek protection status for privately owned forests
or areas reverting to a forested condition in ground
water recharge areas, coordinated with state
Source Water Protection program.

Areas
outside
service
area of

Erie Water
Works

LERC,
PLEWA,

subwatershed
groups

DEP,
municipalities

High

P12 Develop GIS-based models of the Pennsylvania
Lake Erie watershed to provide visual
demonstrations of how anticipated climate change
scenarios will likely affect aquatic, natural, and
coastal resources; these models are needed to
support outreach efforts to promote
community-based planning and activity for
mitigation and adaptation.  

All PA Sea Grant,
LERC, County
Planning, DEP,
NOAA, EPA

PLEWA, ECCD,
PFBC,

Municipalities,
subwatershed

groups

High



Protection Actions
Manageme

nt Areas
Potential Lead

Groups Possible Partners Priority

175

P13 Establish stakeholder partnerships for eastern,
central, and western thirds of the watershed to
facilitate community involvement and land owner
participation in protection initiatives leading to
improved north-south recreational corridors that
include as many as our watershed's distinctive
aquatic, natural, and historic resources as possible.
Coordinate this planning with outreach actions O5
and O6.

All PLEWA,
ECHS, ECCD,

LERC

Erie County
Planning, DEP,

PFBC, PGC,
Municipalities,
subwatershed

groups

High
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Introduction

Watershed: “that area of land, a bounded hydrologic system, within which all
living things are inextricably linked by their common water course and where, as
humans settled, simple logic demanded that they become part of a community.” 
John Wesley Powell, Scientist and Explorer

Watersheds have become the geographic unit of choice for groups engaged in environmental
protection efforts The reason for this is simple: Water resources whether ground or surface areprotection efforts.  The reason for this is simple:  Water resources, whether ground or surface, are
excellent indicators of an area’s overall environmental health.  Historically, efforts to address
environmental problems have started and stopped at political boarders.  Watersheds, in contrast,
offer citizens and governments the opportunity to transcend traditional political divisions and engage
in comprehensive environmental management.  A watershed approach not only provides a
foundation for collaboration between different social, economic and political entities, but reflects an
ecological perspective that is more compatible with environmental protection.

With this in mind, the Pennsylvania Department of Conservation and Natural Resources (DCNR)
established the Rivers Conservation Program, and has since administered 27 grants to community
groups and local governments.  Thirteen of these grants were given to community groups for
planning river conservation efforts, and “identifying significant natural, recreational, and cultural
resources” where “issues, concerns and threats to river resources and values are determined locallyresources  where issues, concerns and threats to river resources and values are determined locally
as part of planning.”  The ultimate goal of community groups involved in this program is to
recommend “methods to conserve, enhance and restore Pennsylvania’s many streams and rivers.”

Rivers Conservation Planning Grant--Public Opinion Page 1
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Introduction (cont’d)

In March of 2002, the Lake Erie Region Conservancy (LERC) acquired a grant under this
innovative program.  Under this grant, LERC was charged with beginning the planning process for
watersheds in Erie County, Pennsylvania.  Watersheds in Erie County are part of the Chautauqua-
Conneaut Watershed–a large watershed that extends from New York to Ohio.  Approximately 511
of Erie County’s 802 square miles (67%) are located within the boundaries of the watershed, which
contains over 1117 miles of streams.  These streams and the land that surrounds them create
several sub basins In Pennsylvania nine sub basins and nine sub sub basins have beenseveral sub-basins.   In Pennsylvania, nine sub-basins and nine sub-sub-basins have been
identified by the Department of Environmental Protection as comprising the Pennsylvania portion
of this large watershed (Pennsylvania Code, Title 25).  The most recognized of these sub-basins
include the Lake Erie, Elk Creek, and Conneaut Creek Watersheds, which cover most of Erie
County and a small portion of Crawford County.

The Erie County portion of the Chautauqua-Conneaut Watershed (henceforth, Pennsylvania
Lake Erie Watershed) is characterized by great diversity.  Communities in the watershed range
from the small towns of North East, McKean, Platea, Albion, Girard, and North Springfield, to the
City of Erie and its sprawling suburban communities.  Between these urban areas agricultural
lands separated by significant tracks of undeveloped woodlands are common.  This diversity in
landscapes is rivaled only by the economic and social heterogeneity of the watershed.  Within its
boundaries can be found heavy and light industry a plethora of service industries and agriculturalboundaries can be found heavy and light industry, a plethora of service industries and agricultural
lands and facilities.  Its urban and rural segments are characterized by poverty and wealth as well
as ethnic, racial, and political diversity.

Rivers Conservation Planning Grant--Public Opinion Page 2

Introduction (cont’d)

Cognizant of this diversity, LERC commissioned a public opinion study of the Pennsylvania Lake
Erie Watershed in September 2002.  The goal of this study was to collect baseline data to facilitate
the planning process, which included public hearings, discussions and a variety of other
proceedings.  In addition, the study was to collect data that identified patterns of knowledge,
support, opposition, interest, concern, and use of water-related resources among the watershed’s
diverse population.   Specifically, the study sought to answer the following questions:

1.  Do residents of the watershed possess knowledge of behaviors that contribute to the
  health of water resources?

2.  How do residents of the watershed use creeks, lakes and the land that surrounds them
  for recreation?

3.  How would residents like to use creeks, lakes and the land that surround them for
  recreation?

4.  Are residents concerned about water quality?

5 Are residents of the watershed interested in water-related issues?5.  Are residents of the watershed interested in water-related issues?

6.  How important are environmental issues–water related or otherwise–relative to other
  public issues?

7.  Are residents aware of significant historic and pre-historic sites in the watershed?

8.  Are there demographic, social, economic, and/or political correlates of each of the
  above?

Rivers Conservation Planning Grant--Public Opinion Survey Page 3
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Methodology
! Studying the attitudes of residents of a watershed is a complicated endeavor.  Unlike states,

counties or cities, a watershed follows the natural geographic features of the region.  Neither
the US Census Bureau, Environmental Protection Agency, nor any state or local organization,
collect population data for particular watersheds.  As a result, population data is not easily
acquired and must be approximated.

! Cognizant of this challenge, our study utilized population data supplied by the US Census
Bureau for Zip Code Tabulation Areas (ZCTAs) as a means of approximating the populationBureau for Zip Code Tabulation Areas (ZCTAs) as a means of approximating the population
of the Pennsylvania-Lake Erie Watershed.  The Erie County portion of the watershed contains
all or part of 20 ZCTAs, which include approximately 174,204 residents over seventeen years
of age.

! Once the population was identified, we needed to identify a sample of residents from which to
collect data.  To ensure that the results of the study would reflect the views of the residents of
the watershed the sample had to be representative of its population.  This meant we needed
to obtain data from a sufficient number of individuals and these individuals had to look like the
population.  The desire to be 95% confident that the results of our study were accurate within
+/-5%, required us to obtain a sample of approximately 400 individuals.  In addition, the
sample had to be demographically, socially and economically similar to the population as a
whole.

! In order to ensure that these requirements were met, we used a method called “systematic
random sampling.”  Beginning with a list of all residential addresses within the ZCTA’s that
comprise the Watershed (compiled by the US Postal Service), 3000 addresses were selected
at predetermined intervals.  The number of addresses selected was based on the number of
responses necessary for an accurate assessment of the population’s attitudes and the
expected number of individuals that would participate in the study (estimated response rate of
26%).
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Methodology (cont’d)

! On March 24, 2003, a four-page questionnaire was mailed to each of the 3000 addresses
comprising the sample.  Between March 27 and April 11, approximately 270 individuals
responded to the questionnaire.  The response rate for the first mailing was a meager 9%,
which was substantially lower than expected.  On April 12, a second questionnaire was sent to
all individuals who failed to respond to the first mailing.  Between April 14 and April 26,
approximately 208 additional individuals returned a completed questionnaire.  The combined
response rate for the first and second mailing was 16%, or 478 of the 3000 individuals selected.
Again, this response rate was far lower than expected. 

! The low response rate warns against over confidence in the study’s findings.  Response bias,
which poses a substantial threat to the validity of survey research, is likely to be present
anytime the response rate is below 50%.  

! However, individuals who responded to our inquiry looked fairly similar to the population. 
Overall, the age of respondents was similar to the watershed’s population, although young
adults (20-24 years) were under-represented when compared to the area’s residents (2% v.
10%); and older adults (65-74 years) were over-represented (15% v. 10%).  Likewise,
respondents were substantially more educated than the population, with 46% reporting that they
had an associates degree or higher compared to 27% of the population.  However, the race and
income of respondents closely approximated the population, with less than a 3% discrepancy in
any income category and a nearly perfect comparison of raceany income category and a nearly perfect comparison of race.
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Executive Summary
Overall, respondents were somewhat knowledgeable about threats to the health of the
watershed.  Nearly half of all those who returned the questionnaire (44%) fell into the High
Knowledge group--although about one in ten may be classified as having Low Knowledge
(11%).

! Most residents are able to correctly define the term “watershed” (73%), although a
significant number believe that a watershed is “the building that contains the well and well
pump for a municipal water supply or are unsure what the term identifies (17%).

! Residents are aware of the impact of wetlands, lawn fertilizers, erosion, deforestation, and
runoff; but disagree as to whether farm animals and gravel parking lots have a positive or
negative impact on the health of streams and ground water.

! Respondents report a moderate to high interest in water quality issues, with 48% saying
they “always” or “frequently” read or watch news reports related to the issue.

Respondents believe that protecting Erie County’s water resources (lakes, streams, creeks,
ground water, etc) is at least as important as other economic and social issues. 

! Most respondents believe that protecting water resources is as important as creating more! Most respondents believe that protecting water resources is as important as creating more
jobs in Erie County, economic growth and development, improving healthcare, and
improving the quality of schools.

! More than half of all respondents believe that protecting water resources is more important
than increasing suburban developments (58%), improving the availability of shopping
opportunities (58%) and improving the opportunity for entertainment (55%).

Rivers Conservation Planning Grant--Public Opinion Survey Page 6

Executive Summary (cont’d)

When it comes to protecting water resources from the impact of development, government
receives mixed reviews.

! On balance, residents tend to be critical of government’s performance in the area of water
resource protection in Erie County.

! Only about one in ten residents say government is doing an excellent or good job while! Only about one in ten residents say government is doing an excellent or good job, while
nearly three in ten believe government is doing a poor or very poor job.  A plurality of
residents (40%) say government is doing a fair job.

! One in five residents say they don’t know how government has performed in the area of
water resources protection.

Respondents believe that the cost of protecting water resources in our area should depend on
the source of the threat. 

! When it comes to preserving wetlands, stormwater management and flood reduction
measures, respondents believe that government should bear the financial burden.

! However business and industry also have a responsibility to protect water resources when! However, business and industry also have a responsibility to protect water resources when
it comes to industrial sources of pollution, according to respondents.

! More than seven in ten residents believe that property owners should be responsible for
controlling household sources of water pollution.

! Respondents are divided on who should pay to repair stream bank erosion with 43.8%
claiming government and 27.6% claiming property owners.  Also, on the issue of
controlling agricultural sources of water pollution, residents disagree on who should be
responsible with a plurality citing property owners (44.1%), and a significant number saying
government (30.6%), and business and industry (20.0%).   

Rivers Conservation Planning Grant--Public Opinion Survey Page 7
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Executive Summary (cont’d)

Overall respondents are satisfied with the recreational opportunities available in Erie
County.

!More than three in four residents are satisfied with the opportunities for fishing, swimming,
motor boating, boating (no motor), jet skiing, biking, hiking/walking, birdwatching, wildlife
viewing, hunting, nature photography, and picnicking in Erie County.  

!A majority of respondents (72 4%) are satisfied with camping opportunities!A majority of respondents (72.4%) are satisfied with camping opportunities.
!Many residents are satisfied with opportunities for off-roading (45.9%) and horseback

riding (57.0%), but a strong percentage are unsure of their level of satisfaction with these
activities (34.5% and 29.7% respectively).

When it comes to specifying how recreational opportunities can be improved residents gave a
variety of responses.

! The three most popular recommendations dealt with camping, bicycling, and off-roading.
! The suggestion that was given the most (20 of 264 responses) was “camping at state and

local parks.”local parks.

! 5.3% of respondents (14) wanted “more areas for bicycling,” while 14 other respondents
wanted “more ATV tracks.”

!Overall, the responses were extremely diverse and at times conflicting.  

Rivers Conservation Planning Grant--Public Opinion Survey Page 8

Executive Summary (cont’d)

Residents participate in recreational activities in a variety of locations in and around Erie
County, but Presque Isle is by far the most popular location for all activities.

! Almost 30% of respondents indicated that at least one location they use for fishing is Lake
Erie or Presque Isle.  The next two most popular fishing spots are Elk Creek and Walnut
Creek.

! Seven out of ten respondents utilize part of Presque Isle for swimming including Lakep p q g g
Erie, the Peninsula, and/or the “beaches. “ Other notable areas for swimming include
Freeport and Elk Creek.

! Most residents participate in motor boating in Lake Erie or Presque Isle, but other
locations include Edinboro Lake and the North East Marina.

! Presque Isle, Lake Erie, the (Presque Isle) Bay, Presque Isle Lagoons, and the Peninsula
are where 50% of respondents engage in boating (no motor).  Other locations for non-
motor boating include French Creek, Lake Edinboro, and Lake Pleasant.

! Over half of all respondents that jet ski or use personal water craft do so at Presque Isle
including the Peninsula, Lake Erie, and (Presque Isle) Bay.  Two other popular jet skiing
locations include Edinboro Lake and North East Marina.

! 46% of respondents utilize Presque Isle the Peninsula or Lake Erie for hiking and! 46% of respondents utilize Presque Isle, the Peninsula, or Lake Erie for hiking and
walking.  The next two most popular areas for hiking and walking are Asbury Woods and
around people’s own neighborhoods.  

Rivers Conservation Planning Grant--Public Opinion Survey Page 9
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Executive Summary (cont’d)

Cont’d

! A plurality of residents utilize Presque Isle, the Peninsula, Lake Erie, or the beaches for
wildlife viewing activities.  The next two most popular locations are in peoples’ own
backyards and at Asbury Woods.

! More than 5 out of 10 respondents bicycle at Presque Isle or the Peninsula, including Lake
Erie.  Other notable areas for bicycling are “around my own neighborhood” and
“throughout Erie County ”throughout Erie County.

! A variety of locations were identified for off-roading.  The two most popular locations were
the respondents’ own property and Franklin Township.   

! Diverse responses were given for camping locations.  The most frequent location given
was “not in Erie County.”  The next two most popular camping locations are the Allegheny
National Forest and Erie County. 

! 14% of respondents indicated that they hunted at Gamelands including the West County
Gamelands.  Two other popular locations for hunting are Erie County and on private land
or property.  

! The three most popular locations for horseback riding according to respondents are
McKean Township, Erie County, and on private property.  

! One-third of all residents participate in nature photography at Presque Isle, the Peninsula,
Lake Erie, or at the beaches.  Other locations for this activity are “throughout Erie County”
and  Gamelands.  

! Five out of ten respondents utilize part of Presque Isle for picnicking including the
Peninsula, Lake Erie, and the “beaches.”  Respondents’ own backyard or property and
Raccoon Creek are the next two most popular picnicking locations.

Rivers Conservation Planning Grant--Public Opinion Survey Page 10

Executive Summary (cont’d)

Residents are largely unaware of any significant Native American historic sites and sites
containing fossils or prehistoric artifacts in Erie County.

! Nine out of ten respondents do not know of any important Native American historic sites in
Erie County.

! 85.9% of residents are unaware of any sites in Erie County that contain fossils or
prehistoric artifactsprehistoric artifacts.  

! A majority of respondents are supportive of planting trees and shrubs along stream banks,
constructing greenways, repairing riparian buffer zones, stream bank stoning, sustainable
logging practices, creating land trusts, conservation easements, detention ponds,
conserving and restoring wetlands, and halting suburban development.

! Residents were most critical of fencing streambanks, with 44.5% being unsupportive.

Overall, respondents are supportive of measures that would protect the health of streams in
Erie County.

! The measures that contained more technical language had a substantial unsure response. 
For example the items that contained the phrases riparian buffer zone and rip rapping had
unsure replies of 43.1% and 51.3% respectively.
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Summary Of Key Groups
Age
Younger adults (18-37 years) are unable to define the term “watershed” correctly about half the
time (48%), while middle age and older adults (38 and older) provide correct definitions at least
73% of the time.

Young adults are more likely than middle age and older adults to know that road salt used on
streets in the winter is harmful to nearby streams and that wetlands have an impact on the watery p
quality of streams.  However, there is no significant difference between age groups when it
comes to overall knowledge of actions that are helpful or harmful to the quality of surface
and ground water.

Overall, young adults (18-27 years) report low interest in news related to water quality, with 67%
percent saying that they “never,” “rarely” or only “sometimes” read or watch such reports. In
contrast, a majority of 38-47 year olds (52%) and those over the age of 67 years (51%) report that
they “frequently” or “always” read or watch such stories.

Middle age and older adults are significantly more likely than younger adults to believe that
protecting the area’s water resources is more important than creating more jobs in Erie County. 
Younger adults are significantly more likely than middle age and older adults to belive that
protecting these resources is more important than increasing the number of housing
developments, building new roads and improving shopping and entertainment opportunities.  
Overall, younger respondents give higher priority to protecting the area’s water resources
(lakes, streams, creeks, groundwater) than they give to most other social and economic
issues facing the watershed.

Older respondents are significantly more likely to believe that government is doing a
“good” or “excellent” job protecting the area’s water resources than younger people.  A
majority of individuals between the ages of 58 and 67 years (72%), for example, believe
government is doing a “good” or “excellent” job, while only 46% of those between 28 and 37 years
feel the same. Rivers Conservation Planning Grant--Public Opinion Survey Page 12

Summary Of Key Groups (cont’d)

Gender
Four of five men (83%) are able to correctly define the term “watershed,” while only 3 in five
women (60%) could do the same.  Overall, men possess significantly more knowledge of
behaviors and conditions that help or harm water resources.   However, women are just as
knowlegeable of the threat posed to water resources by road salt, loss of wetlands and erosion.  Ag p y
majority of men (55%) report watching or reading news stories related to water quality “always” or
“frequently,” while a majority of women (60%) report doing so only “sometimes,” “rarely” or “never.”

Men and women are generally supportive of stream protection strategies.  However, women (76%)
are significantly more likely to favor “halting suburban development” than men (59%).

Income
Individual’s reporting higher household incomes are significantly more likely to correctly define the
term “watershed.”  A majority of individuals reporting a total household income for 2002 of less
than or equal to $14,999 are unable to correctly define the term. When it comes to those
behaviors and conditions that help or harm water resources higher income respondentsbehaviors and conditions that help or harm water resources, higher income respondents
are significantly more knowledgeable of the importance of wetlands.

The higher a respondents income, the less likely they are to believe that protecting water
resources is more important than creating jobs in Erie County, economic growth and development,
improving healthcare (generally and for the elderly), improving the quality of schools, reducing
crime, improving fire and police protection, and reducing taxes.  The higher one’s income, the
less pressing the protection of water resources appears to be when compared to other
issues.
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Summary Of Key Groups (cont’d)

Urban, Suburban, Small Town, Rural
Respondents who report residing in a rural area (like Summit or Venango Townships) are most
likely (86%) to correctly define the term, “watershed.”  When it comes to identifying the
behaviors and conditions that help or harm water resources, suburban residents are most
knowledgeable.  Concerning specific questions related to knowledge of watershed protection,g g p q g p ,
suburban and rural residents consistently score higher than urban or small town residents. 
However, rural residents (56%) are more likely than others to report reading or watching news
stories related to water quality issues “frequently” or “always.”

Respondents residing in urban, suburban, small town, and rural areas are generally supportive of
stream protection measures.  However, rural residents were significantly less likely to support
“fencing streambanks” to protect the health of streams. 

Education
The difference between individuals reporting low level (less than 9th grade to some college) and
high level (bachelor’s degree or higher) of education was substantial.  Individuals with a low
level of education were significantly less likely to be knowledgeable of watershed

t ti th i di id l ith hi h l l f d ti (37 4% d 50 5% ti l )protection than individuals with a high level of education (37.4% and 50.5% respectively). 
However, the higher the education level of respondents, the less likely they were to believe that
protecting Erie County’s water resources was “more important” than creating more jobs in Erie
County, economic growth and development, making improvements in the county’s health care,
investing in healthcare for the elderly, improving the quality of schools in Erie County, reducing
crime, improving police and fire protection, and reducing local taxes.  Individuals with a four-year
college degree or higher were less likely to believe that protecting water resources was
more important than other social and economic problems facing Erie County.

Rivers Conservation Planning Grant--Public Opinion Survey Page 14

Watershed Awareness
And Interest In Water Issues



10

Which Of the Following Statements Is The Most Accurate
Definition Of A Watershed?

11
The network of streams that
flow into a larger stream
(n=42)

! Seven out of ten residents can
accurately define the term, “watershed.”

N=430

72

2
The building that contains
the well and well pump for
a municipal water supply
(n=8)

A land area that drains to a
stream, river or lake
(n=288)

! Two out of every two hundred fifteen
residents believe that a “watershed” is a
building that contains a municipality’s
well and pump.Percent

15I’m not sure which definition
is accurate (n=59)

Rivers Conservation Planning Grant--Public Opinion Survey Page 15

Please Indicate Whether You Agree, Disagree Or Are
Unsure About The Accuracy Of The Following Statements.

88 7 5
When homeowners use too much lawn fertilizer the health of nearby
streams is endangered (n=466)

Road salt used on streets and highways in the winter is harmful to

82

65

72

80

11

13

13

12

7

22

15

8Road salt used on streets and highways in the winter is harmful to
nearby streams (n=466)

Wetlands help to control flooding (n=457)

A gravel parking lot is much better than an asphalt one for
protecting water quality (n=464)

Protecting forests from development helps to protect the quality of
ground water (n=468)

58 30 12

Percent Agreeing
Percent Disagreeing
Percent Don't Know

Allowing farm animals free access to streams is harmful to the
health of streams (n=462)
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Please Indicate Whether You Agree, Disagree Or Are
Unsure About The Accuracy Of The Following Statements.

Wetlands have little

7

17

80

74

13

9

Wetlands have little
impact on the water quality
of streams
(n=463)

The erosion of streambanks
improves water quality
(n=447)

Percent Agreeing
Percent Disagreeing
Percent Don't Know

(n=447)

Rivers Conservation Planning Grant--Public Opinion Survey Page 17

How Knowledgeable Of Watersheds And Sources Of
Pollution Are We?

44
45

! 44% of individuals answered at least 8 of 9
questions about the watershed and pollution
correctly.  More than two in five people have a
“high knowledge” of threats to the health of the
watershed.

N=430

11

! 45% of respondents answered between 5 and 7
questions correctly.  Approximately 89% of them
have a “high” or “moderate” knowledge of
pollution threats.

! Individuals are most unsure whether gravel or
asphalt parking lots are helpful or harmful to
water quality, with 22% indicating that they did
not know.

! Three out of ten people believe that allowing
farm animals free access to streams is not
harmful to the streams.

Percent With High Knowledge (n=190)
Percent With Moderate Knowledge (n=194)
Percent With Low Knowedge (n=46)

harmful to the streams.

! Nearly 90% of respondents know that using too
much lawn fertilizer is harmful to the health of
streams.

Overall knowldge of watersheds and sources of pollution was determined by the total number of correct responses for the preceding
questions related to the defintion of the term “watershed” and various sources of water pollution.  Residents were classified as possessing
“high knowledge” f they answered 8-9 questions correctly; “moderate knowledge” if they answered 5-7 questions correctly; and “low
knowledge” if they answered 0-4 questions correctly.
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When You See Stories In The Newspaper Or On TV
About Water Quality Issues, How Frequently Do You
Read Or Watch Them?

F tl 37 1% 172

! Two out of every five residents
say they read or watch stories
“sometimes;” and 37% report

N=463

Frequently 37.1% 172

Always 10.8% 50

Sometimes 42.1% 195

Rarely 8.9% 41

Never 1.1% 5

sometimes; and 37% report
reading or watching “frequently.”

! About the same number of
residents report a high and low
interest in stories related to water
quality.

! Most residents (79.2%) have a
moderate level of interest in water
quality stories in the news.

Rivers Conservation Planning Grant--Public Opinion Survey Page 19

Relative Importance Of
Protecting Water Resources
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25

25

51

49

22

23

2

3

In Your Opinion, Is The Need For Improved Protection Of
Erie County’s Water Resources (Lakes, Streams, Creeks,
Groundwater) Of More, Less Or The Same Importance
As...

Creating more jobs in Erie County (n=472)

Economic growth and development (n=468)

55

58

22

33

20

49

58

24

24

15

14

43

37

51

21

14

48

53

24

23

29

23

24

25

23

22

18

6

5

6

7

5

5

5

6

5Improving healthcare (n=470)

Improving healthcare for the elderly (n=458)
Increasing suburban housing developments  (n=463)

Building new roads (n=468)

Improving the quality of schools (n=469)
Improving nursery/preschool opportunities (n=462)

Reducing crime (n=459)

Improving shopping opportunities (n=460)

Improving entertainment opportunities (n=456)

32

24

55

40

48

15

22

24

24

6

4

6

Percent Saying More Important
Percent Saying Same Importance
Percent Saying Less Importance
Percent Unsure

Improving entertainment opportunities (n=456)
Improving police and fire protection (n=447)

Reducing local taxes (n=458)
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Overall, How Important Is Protecting Our Water
Resources Compared To Other Issues?

! 57.7% of residents believe that protecting Erie
County’s water resources is more important than
increasing suburban housing developments

N=328

S h t I t t 46 3% 152 increasing suburban housing developments.

! Almost half of all respondents believe that
protecting water resources is as important as
creating more jobs in Erie County, and economic
growth and development.

! Nearly six in ten residents think that water
protection is more important than improving
shopping opportunities.  

! Overall, younger respondents give higher priority
to protecting water resources than they give to
most other social and economic issues facing

Very Important 8.8% 29

Somewhat Important 46.3% 152

Not Very Important 34.1% 112

Not Important At All 10.7% 35

most other social and economic issues facing
Erie County compared to older respondents.  

Overall importance was determined by constructing an index, where “more important” was assigned a value of 2; “about the same
importance was assigned a 1; and “less important” was assigned a 0.  Responses to the 14 issues to which “improved protection of...water
resources” was compared were then totaled.  Respondents were understood as believing the protection of water resources was “very
important” if their score fell between 22 and 26 (maximum); “somewhat important” if it fell between 15 and 21; “not very important “ if it
ranged from 8 to 14; and “not important at all” if it fell between 0 (minmum) and 7.

Rivers Conservation Planning Grant--Public Opinion Survey Page 21



14

Government Performance And
Responsibility For Water Resources

How Would You Rate The Job Government Is Doing
Protecting Water Resources From The Impact Of
Development? N=451

! Only about one in ten residents
say that government is doing an

ll t d j b

Excellent 0.9% 4

Good 11.1% 50

Fair 40.8% 184

Poor 20.6% 93
Very Poor 6.0% 27

Don't Know 20.6% 93

excellent or good job.

! 20.6% of respondents are unsure
how government is doing.

! Older respondents are more likely
to say that government is doing an
excellent or good job protecting
water resources compared to
younger respondents.
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If You Had To Choose Between Property Owners,
Government, Or Business And Industry, Who Do You
Think Should Bear Primary Responsibility For Paying The
Cost Of Each Of The Following?

19 4410 27Reparing streambank erosion (n=438)

2

3

5

5

7

16

20

31

79

85

4

80

3

20

12

5

9

2

74

44

4

3

Storm water management (n=440)

Controlling industrial sources of water pollution (n=444)

Controlling agricultural sources of water pollution (n=431)

Controlling household sources of water pollution (n=443)

Implementing measures to reduce flooding (n=448)

Preserving wetlands (n=430)
10 774 9

0 20 40 60 80 100

Percent Saying Property Owners
Percent Saying Business
Percent Saying Government
Percent Saying Unsure

Preserving wetlands (n=430)
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Satisfaction With Opportunities For
Recreation
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76

57

83

92

8

13

3

4

16

30

4

4

How Satisfied Are You With The Opportunities Available In
Erie County For Recreational Activities Listed Below?

Outdoor photography

Horseback riding
Hunting

Picnicking

N=474

! Picnicking had the
highest satisfaction
rate at 91.6%.

85

76

85

85

85

81

46

72

76

4

7

12

13

3

7

20

15

8

11

17

3

2

12

11

35

13

16

Camping

Hunting

Jetskiing

Off-roading
Wildlife viewing
Birdwatching

Hiking
Biking

Boating (no motor)

! Off-roading had the
lowest satisfaction
rate at 45.9%, but it
also had the highest
unsure response at
34.5%.

! Overall residents are
satisfied with the
available recreational
opportunities in Erie
County.

86

87

88

3

10

2

11

3

10

Percent Statisfied/Very Satisfied
Percent Dissatisfied/Very Dissatisfied
Percent Unsure

Boating (motor)

Swimming

Fishing
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! More opportunities for “camping at state or local parks” was the most popular
response wth 20 respondents or 7.6% of total responses.

! 5.3% of respondents (14) wanted “more areas for bicyclng.”
! 14 respondents wanted “more ATV tracks.”
! “More areas for hiking” are desired by 10 respondents.
! 3.0% of respondents (8) would like “more trails.”

Responses with 3 or more respondents: Other Responses Given:

! Two Responses: More areas for non-motor boating, more areas for wildlife
viewing, no bicycling on highways, boats cause pollution, jeeps destroy land,
less cost to indviduals, reopen Lake Pleasant for swimming, more
advertisements for hiking trails, need a “rails-to-trails” path through Erie County,
more opportunities south of I-90, education on sharing the road wth bikers, more
ATV access, get government involved, attach small fees if necessary, Presque
Isle is inhabited by fleas and biting insects, and more parks (like Asbury
Woods)

If You Indicated That You Were Dissatisfied Or Very Dissatisfied With Opportunities
Available For One Or More Of The Recreational Activities Listed, What Could Be
Done To Make It More Satisfying? Total Responses = 264

! 8 respondents want “more opportunities for horseback riding.”
! “More publicity for nature opportunities” was suggested by 3.0% of the

respondents.
! 7 respondents feel that people should “respect property owners’ privacy
! “More regulations of off-roading” was suggested by 2.7% of respondents (7).
! 7 respondents desired “pollution control in swimming areas.”
! “More areas” constituted 2.7% of responses (7) given.
! 2.3% of respondents (6) want “better bicycling conditions.”
! 5 respondents think that “too much motor boating” is a problem.
! “Unenforced regulations” comprised 1.9% of responses given (5). 
! By “keeping the noise down” 1.5% of respondents (4) feel that recreation could

be improved.
! 4 respondents feel the need to “eliminate jet skis.”
! “More areas for walking” are desired by 4 respondents.

Woods).

! One Response: Non-native species invasion, do not allow glass containers at
beaches, more days for hunting, less opportunities on the Eastside, more areas for
rollerblading, stop the fishing license requirement, provide alternatves to the zoo
for nature observation, more areas to preserve nature, better care facilites, make
bike and walk trails separate on Presque Isle, limit motor boat speeding, more
pools, more shoulders built on rural roads, connecting horse trails, more nude
beaches, more backpacking areas, less commercial campgrounds, preservation
and development of Presque Isle, these people need to get a life (swimming, jet
ski, birdwatching), no use for ATVs, free swimming areas at Presque Isle, more
riding areas, more wildlife stocking programs, more kayak rentals, nude store
“pornopoly,” crime, increase luxury taxes, regulate MPG on recreational vehicles,
autos, and watercraft, limit speed of luxury vehicles, center activities in one area,
more photography access, less commercial development, less residential
development, fix existing homes and businesses, more woods, fields, and piers,
better places, more beach access, more lake access, utilize abandoned areas, in
favor of private (vs.  Public) funding, no coyote hunting, open more private land,
get rid of idiot boats, clean up trash, better accountability by operators, walking
t il i N th E t d bik / lk th W 38th St d A b R d t! 4 respondents replied “open more land for hunting.”

! 1.5% of respondents (4) want “better trails.”
! “More activities” constituted 1.5% of responses given (4).
! 3 respondents think that chemical contamination of fish is a problem.
! “Dead fish in water” was a problem cited by 1.1% of respondents (3).
! 3 respondents want “more opportunities for environmental eduaction.”
! Recreation can be improved by “less regulation” according to 3 respondents.
! 1.1% of respondents want to “limit jet ski use.”

trails in North East, need bike/walk path on W. 38th St. and Asbury Road to
Asbury Woods, flexible PM hours for locations, warmer water temperatures, more
boat ramps on Lake Erie, more public indoor pools, regulatons on hunting/gun use,
fish and game commission should not be given any police powers whatsoever,
bring boating events to the area, more pet areas, more pet monitoring, less
government involvement, allow dogs in state camping areas, mufflers for ATVs,
more picnicking areas, less hunting areas, more fish supplied, more non-
lifeguarded swimming allowed, government incentives to private landowners to
allow hunting, keep them clean, more safety measures, and improve law
enforcement.  
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Favorite Locations For Recreation In
Erie County

Favorite Bicycling Locations 

Location # of Responses

Presque Isle 74

Peninsula 28

Neighborhoods 11

Erie County 10

Location # of Responses

Locally 3

McKean Streets 3

County Roads 2

Oil Creek State Park 2

Total Responses = 209

Erie County 10

Northeast 7

City Streets 5

Route 5 4

Lake Erie 4

Trails 3

Oil Creek State Park 2

I have my own bike 2

Bayfront 2

Back roads 2

Girard 2

Sidewalks 2

Other bicycling locations that were only listed once include: Route 89, Bulls Dam, Millcreek Summit, West Springfield, Bayside Walk, With
grandkids, Not enough biking paths, Don’t have one, Turkey Creek, Raccoon Creek, From home, Gravel Pit Park, Lake Pleasant, Waterford,
Home, Own yard, Rails to Trails, East Erie County, Edinboro, West County, Too dangerous - too many cars, Sarah’s, Backwoods, Avid MTB,
Back and forth to work, Anywhere, Ocassionally - weather permitting, All over, Secondary roads with large berm, Suburban streets, Frontier,
Not usually around, State parks, Harborcreek, Dutton Rd., Heimyer Rd., On our road that s not even safe to drive a car on, Our road, Roadways,
Lake City, Union City Dam, Fairview, and Franklin.           
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Favorite Boating (no motor) Locations 
Location # of Responses

Presque Isle 21

Lake Erie 17

French Creek 10

Bay 6

Location # of Responses

Everywhere 1

Kayak 1

Northeast Reservoir 1

Conneaut 1

Edi b L k b k t 1

Total Responses = 113

Lake Edinboro 6

Lake Pleasant 6

Presque Isle Lagoons 6

Eaton Reservoir 5

Lake Leboeff 4

Peninsula 4

Presque Isle Bay 3

Canoeing 2

Edinboro Lake - backwaters 1

Cowell's Beach 1

Clarion River 1

East of 16 Mile Creek 1

Bayfront 1

Gravel Pit 1

Fairview Gravel Pits 1

Fairview Pond 1Canoeing 2

Allegheny 2

Ponds 2

Sailboat 2

Freeport 2

Trout Run 1

Local Streams 1

I watched the funniest home video 1
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Favorite Birdwatching Locations 

Location # of Responses

Presque Isle 34

My backyard 24

Peninsula 14

Home 7

Asbury Woods 7

Location # of Responses

I do this as I walk 1

Lake Erie 1

Lowville 1

Various places in Erie County 1

I l t t h th bi d 1

Total Responses =137

Asbury Woods 7

Erie County 5

Siegal Marsh 3

Elk Creek 3

North East 3

None 2

All the time 2

West County 2

Woods 2

I love to watch the birds 1

Open fields 1

Raccoon Park 1

Spring weather for all seasons 1

Pleasant Ridge 1

Often 1

Jumbo Woods 1

Eaton Reservoir 1
Anywhere 2

Everywhere 2

Local Areas 2

Girard 2

On rides 1

Outside my residence 1

Beach 1

Branchville 1

12 Mile Creek 1

Private Property 1

Private Trails 1

McKean Township 1

State Gamelands 1
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Favorite Motor Boating Locations 

Location # of Responses

Lake Erie 59

Presque Isle 17

Bay 5

Edinboro Lake 5

North East Marina 4

Total Respones = 111

Peninsula 4

Walnut Creek 2

North East 2

Lampe Marina 1

Avonia 1

Findley Lake 1

Don't Anymore 1

Cost too high 1

Poor facilities 1Poor facilities 1

I watch the boat 1

Often 1

New York 1

Ednboro 1

Erie 1

Lake Leboeuf 1

None 1
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Favorite Camping Locations 

Location # of Responses

Not in Erie County 11

Alleghany Natonal Forest 6

Erie County 5

Cooks Forest 5

Location # of Responses

Kinzua Dam 3

Presque Isle 3

Family Affair 2

Campers Hill 2

Total Responses = 91

Woodcock Dam 4

Private Property 4

Warren 4

North East 3

Chapman's Dam 2

Sarah's 2

KOA Campground 2

Other camping locations that were only listed once include: Florida, Westfield, Albion, Not anymore, Local campgrounds, All around, No
particular places, Beamus Point, Lake Erie State Park, Moon Meadows, Other places, Walnut Creek, No where to go, Woods - East County,
Raccoon Park, Tidioute, We would go f we could camp on the water, Very few options in Erie County, Pymatuning State Park, Crawford,
Everywhere, Canadota, Across N. PA Counties, Girard, Campgrounds, Folley’s End, State or Natonal Parks, Outside of area, Mostly camp
elsewhere, Branchville, Backyard, Hunting Camp at Cole Hill, PA, and Clarion.   
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Favorite Locations for Personal Water Craft Usage 

Location # of Responses

Lake Erie 7

Peninsula 4

Presque Isle 4

Limited Area 1

Bay 1

Total Responses = 32

y

Would not do 1

Presque Isle Bay 1

Edinboro Lake 1

Yuck - noisy & yuppish 1

Northeast Marina 1

None 1

Windsurfing 1

Two cycle motors should be banned 1

Northeast 1

Poor facilities 1

No way 1

These people are an abomination 1

Elk Creek 1

Walnut Creek 1

Sarah's Campgrounds 1
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Favorite Fishing Locations 
Location # of Responses

Lake Erie 63

Presque Isle 48

Elk Creek 44

Walnut Creek 25

Peninsula 19

Presque Isle Bay 8

Location # of Responses

Edinboro Lake 8

20 Mile Creek 7

Bay Area 7

Raccoon Park 7

French Creek 7

Presque Isle State Park 6

Total Responses = 379

Eaton Reservoir 8

Fishing Streams 7

Northeast 7

Beach 5

Lake Erie Tributary Streams 4

Used to Go 4

None 3

Marina 3

Family Affair 3

Lake Pleasant 5

Crooked Creek 4

4 Mile Creek 2

Hunting Open Land 2

West Erie County 2

Lake Labouef 2

McKean Creeks 2

Conneaut Beach (OH) 2

East County 2

U i Cit D 2
y

Bull's Dam 3

All 3

East Side streams 2

Don't fish 2

Union City Dam 2

Community Parks 2

Private Property 2

Dock 2

Farm Ponds 2

Other fishing locations that were only listed once include: Shorewood, Freeport, 16 Mile Creek, West County Lake Shore, Just got license, Lake
Erie Community Park, Raccoon Creek, Clarion River, Lake Pymatuning, Erie Peninsula Park, Warren, Pond in Fairview, Bayfront, Northeast
Reservoirs, Newspapers, Reid Park, Arbuckle, Legion Park - Girard, Albion Parks, State Game Lands, Findlay Lake, Erie County, Do not - due
to health, River, North Pier, NorthEast Reservation, Ponds, Rt.  5, Wherever there is water, Pymatuning Dam, Woodcock Dam, Secret Fishing
Holes, EYC basin, Fairview Gravel Pit, Gravel Pits, NY - Ripley, Mayville, 12 Mile Creek, Trails, Camping, NY State, Scott Park, and Cascade
Creek. Rivers Conservation Planning Grant--Public Opinion Survey Page 32
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Favorite Hiking Locations 
Location # of Responses

Presque Isle 117

Peninsula 56

Asbury Woods 20

Neighborhoods 11

State Game Lands 8

North East 7

Location # of Responses

Various 4

Not Anymore 3

Anywhere 3

Private Property 3

Streets 3

W l t C k 3

Total Responses = 386

Elk Creek 7

Own Property 6

Lake Erie 6

Erie County 6

Wintergreen Gorge 6

All Around West County 5

Bayfront 4

Asbury Park 4

Walnut Creek 3

Eaton Reservoir 3

Woods 3

McKean Township 3

At Home 2

Rural Areas 2

Back roads 2

Parks 2

Roadways 2
Asbury 4

Local Area 4

Fairview Pleasant Ridge Park 3

Pleasant Ridge 3

Roadways 2

North Coast Striders 2

Beach 2

Everywhere 2

Other hiking locations that were only listed once include: Christian and I went to the Allegheny, Woods, French Creek, Farm Lots, Country, Presque Isle bike path, Behrend,
Ednboro, Personal, Woodcock Dam, Cooks Forest, Various parks, Girard Boro Park, Trails, Penn State, 6 Mile Creek, George, City, Harborcreek, Private trails, Girard
Community Park, Sidewalk, Dutton Road, Crooked Creek, Local Roads, Millcreek, Harborcreek Woods, New York State, Venango County, McKean/Franklin, Glenwood,
City Parks, Clarion, Bulls Dam, Sometimes on my road -not much traffic, Allegheny National Forest, Whenever, Town, Boyer Road, Turkey Creek, Raccoon Creek, Land
acres owned, State parks, Raccoon Park, Meade Park (Corry), Crawford County, Warren County, Lowville to State line, Gamelands off of 97, Dobbns Landing, Fairview,
Downtown, Mall, Zuck Park, Erie zoo, Too dangerous - too many cars, Sarah’s Campgrounds, McKean, Various Couny roads, Around Erie, Open fields, and 4 Mile Creek.   
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Favorite Hunting Locations 

Location # of Responses

Gamelands 18

Erie County 15

Private Land/Property 15

Warren 8

Location # of Responses

Eaton Reservoir 2

Too much is posted 2

Lowville 2

Woods 2

Total Responses = 140

McKean 6

Corry 4

Crawford County 4

Not in Erie Co. 3

North East 3

Wattsburg 3

Edinboro 3

Franklin 2

West County Gamelands 2

Cooks Forest 2

Waterford 2

Farms 2

Elk Creek Township 2

Oth h ti l ti th t l li t d i l d Y ill Albi C t L f t h t A I t t H tOther hunting locations that were only listed once include: Youngsville, Albion, Cost, Law enforcement harassment, As I can get out, Haxt
(near Warren), Forest Co., Various locations, Shefield, Seagull Marsh, Don’t hunt, Peninsula, A little, Home, Carter Hll, My own backyard,
Anywhere, As often as I can, I read the newspapers, In Ohio, Greenfield Township, Everywhere, Washington County, NW PA, New York,
Secret, Too many gun happy morons, Campgrounds, Zuck Park, Glenwood Hills, Union City, Union City Fish Hatchery Property, Won’t permit,
Elk County, Elgrin, Many locations in Erie County, Clarion County, and Presque Isle.
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Favorite Horseback Riding Locations 
Location # of Responses

McKean Township 3

Erie County 2

Not available 2

No trails 2

Private Property 2

Location # of Responses

Fairview 1

Peninsula 1

4 Seasons Ranch 1

Little Hope 1

Gamelands 1

Total Responses = 41

Private Property 2

Cooks Forest 1

Relative's home 1

Ripley, NY 1

Cambridge Springs 1

Not enough access 1

Not anymore 1

Would like to 1

Gamelands 1

Not crazy about horses 1

None in Erie County 1

     except private lands

At 69, not anymore 1

I watched the St. Patrick parade 1

I don't know 1

North East 1

Elk Creek 1

Near Corry, PA 1

Forest Co. 1

South Co. 1

Home 1

County Woods 1

Don't have horses 1

Flying 2 Ranch 1

WLD Ranch 1

Private Farms 1

Miracle Mountain 1

Franklin 1
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Favorite Nature Photography Locations 

Location # of Responses

Presque Isle 22

Peninsula 7

Erie County 6

Gamelands 4

Location # of Responses

Erie 3

Variety of locations 2

Wherever 2

Asbury Woods 2

Total Responses = 102

Own yard 3

Lake Erie 3

McKean Township 3

Home 2

I looked at the pictures 2

North East 2

Other nature photography locations that were only listed once include: Private Land, Beach, Around my home and mountains, the Lake, County,
Freeport Beach, Gbson Park, Near NY state border on 474, Various, Would like to, West County, Girard, Lake City Area, Vacations, Rt.  97,
Woods, Next to Ohio, Erie Zoo, Everywhere, Elk Creek, Sarah’s, Farms, Creeks, Wherever the opportunity presents itself, Whenever I get a
chance, Anywhere, Local area, West County, South end of Presque Isle Bay, Hailey Reid Park, Branchville, Waterford, State parks, Union Cty
Dam, Edinboro Lake, Wintergreen Gorge, City Parks, Bayfront, and Raccoon Park.  
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Favorite Swimming Locations 
Location # of Responses

Presque Isle 107

Lake Erie 49

Peninsula 29

Freeport 13

Beach 8

Location # of Responses

Private Property 3

Peninsula Presque Isle 2

H. Reid Beach 2

Erie Beaches 2

Don't Swim 2

Erie 2

Total Responses = 281

Elk Creek 7

North East 5

My Pool 5

YMCA 5

Raccoon Park 3

Pools 3

Erie 2

Lake Pleasant 2

Edinboro Lake 2

H. Reid Park 2

Indoor Pool 2

Other swimming locations that were only listed once include: North East pools, Nautilus, Used to, East of 16 Mile Creek,
My grandparents’, Springfield, West County, Raccoon Creek, No decent facilities, Whitford Park, Waterford Lake, Stream
by 79 and McKean Exit, Walnut Creek, Cathy’s house, Water too dirty, Local beaches and streams, Sarah’s Campgrounds,
Avonia, Ohio, Woodcock Dam, Girard Boro Park, Findley Lake, Health Club, Freeport Beach, Won’t go in the lake,  and
Sister’s pond.

Rivers Conservation Planning Grant--Public Opinion Survey Page 37

Favorite Wildlife Viewing Locations 

Location # of Responses

Presque Isle 35

Peninsula 17

In My Backyard 17

Asbury Woods 12

All around my Home 9

Location # of Responses

Elk Creek 3

Girard 3

Everywhere 3

McKean Township 3

Cooks Forest 2

Total Responses = 204

All around my Home 9

Throughout Erie County 7

State Gamelands 6

Lake Erie 5

Zoo 4

West County 4

County Roads 4

Private Property 4

Do this as I walk 3

Cooks Forest 2

South of I-90 2

All the Time 2

Woods 2

Franklin Township 2

Kinzua Dam 2

Farms 2

Anywhere 2

Parks 2Do this as I walk 3

Other wildlife viewing locations that were only listed once include: None, Siegal Marsh, Beach, Dam, N.E., At times, On rides in Erie County,
Freeport Beach, Moon Meadows, Camp Lambec, North Springfield, Country, Turkey Creek, Racoon Creek, Harborcreek, Deer spottng,
Gamelands (Rt.  97), NE Marina, State Gamelands next to Ohio state line, out the back door, Local beaches and streams, Outskirts of Erie,
Washington County, Pymatuning Lake, Pleasure drives, Open fields, Walnut Creek, State park, Hunting, I read the magazine, Pleasant Ridge,
Rural areas of southeast Erie County, Many locations, Local areas, Eaton Reservoir, Waterford, Corry, Every animal is safe here (my own
property), Rural areas, Branchville, While biking, Ostrich farm, Buffalo farm, 12 Mile Creek, Private Trails, Union City Dam, Raccoon Park,
and Clarion County.  
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Favorite Picnicking Locations 
Location # of Responses

Presque Isle 104

Peninsula 46

My backyard/property 14

Raccoon Park 14

Lake Erie 8

Location # of Responses

Edinboro Lake 3

Bayfront 3

Gravel Pit Park 3

All over County 2

West County 2

Total Responses = 324

Zoo 7

Elk Creek 7

Zuck Park 7

Beach 7

Glenwood Park 6

North East 6

Erie County 5

Asbury Woods 5

Raccoon Creek 2

Private property 2

Community park 2

Gamelands 2

Girard Boro Park 2

Glenwood Zoo 2

Hailey Reid Park 2

State parks 2

Freeport 3

Freeport Beach 3

Various 3

Walnut Creek 3

Other nature photography locations that were only listed once include: Private land, Neighbors, Any place, Gibson Park, Dobbins Landing,
Local area, Would like to, West County, Crooked Creek, Whitford Park, Mead Park, Erie, Woods, Lake Shore, Shades Beach, Family Picnic,
Christian Picnic, 16 Mile Creek, Mom and Dad’s, Sarah’s, Playground, Many, Ohio, Albion Park, Pymatuning State Park, Parks, Christian and I
ate them, Warren County, Legion Park, Girard, Township parks, Holidays, Pinicana campgrounds, Harborcreek, Local pavilion, Eaton
Reservoir, Small lakes, East County, Branchville, Friends, 12 Mile Creek, and North East Beach.

Edinboro 2

Scott 2

Glenwood 2
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Favorite Swimming Locations 
Location # of Responses

Presque Isle 107

Lake Erie 49

Peninsula 29

Freeport 13

Beach 8

Location # of Responses

Private Property 3

Peninsula Presque Isle 2

H. Reid Beach 2

Erie Beaches 2

Don't Swim 2

Erie 2

Total Responses = 281

Elk Creek 7

North East 5

My Pool 5

YMCA 5

Raccoon Park 3

Pools 3

Erie 2

Lake Pleasant 2

Edinboro Lake 2

H. Reid Park 2

Indoor Pool 2

Other swimming locations that were only listed once include: North East pools, Nautilus, Used to, East of 16 Mile Creek, My grandparents’,
Springfield, West County, Raccoon Creek, No decent facilities, Whitford Park, Waterford Lake, Stream by 79 and McKean Exit, Walnut Creek,
Cathy’s house, Water too dirty, Local beaches and streams, Sarah’s Campgrounds, Avonia, Ohio, Woodcock Dam, Girard Boro Park, Findley
Lake, Health Club, Freeport Beach, Won’t go in the lake,  and Sister’s pond.
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Knowledge Of Historic And
Prehistoric Sites

Are You Aware Of Any Sites in Erie County That... 

91

! The vast majority (86%) of respondents said
they were unaware of any sites that contain
fossils or prehistoric artifacts.

N=474
Are Important To Native Americans?

! The vast

Contain fossils or prehistoric artifacts?
N=474

Percent Saying "Aware" 14.0% 14

Percent Saying "Unaware" 86.0% 86

The vast
majority (91%)
of respondents
said they were
unaware of any
sites important
to Native
Americans.

9

Percent Saying They Are "Unaware"
Percent Saying They Are "Aware"
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Locations In Erie County That Contain Prehistoric 
Artifacts Or Fossils 

Location # of Responses

Wintergreen Gorge 8

Elk Creek 5

North East gravel pit 4

Location # of Responses

Walnut Creek 2

Lake Pleasant (mammoth 2

Pleasant Ridge Manor 2

N=78

North East - gravel pit 4

Historical Museum 3

Would like to learn more 2

Presque Isle 2

Bay 2

Erie museum 2

Pleasant Ridge Manor 2

Edinboro Lake 2

Ft. LeBoeuf 2

Maritime Museum 2

20 Mile area (creek) 2

h if f il l i h l li d i l d b d h k k i d iOther artifact or fossil locations that were only listed once include: Streambeds, Anywhere, Brokenstraw Creek, Not interested, Erie
Ciity Council - Mario Bagnoni, Harborcreek Township, Can’t remember - sorry, Old Erie Canal, Hershey Rd./Rt.  19, Erie Historical
Society, Waterford Museum, 5 Mile Creek, 10 Mile Creek, My parent’s books, National Geographic books, Peninsula, Rt.  20, Erie
County, Falk Run, Irrelevant question, Wattsburg, French Creek, Own property n Ripley, NY, Secret, Cole Rd.  And Rt.  89 road bank,
Everywhere, Near water sources, Jammery Road (Girard), Sommerheim Woods, Art museum, Zoo, Mercyhurst Archaeological site
(North East), Elk Valley, Gudgenville, 16 Mile Creek, and Scott Park.  
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Locations in Erie County Significant to Native Americans 

Location # of Responses

Lake Erie 3

Peninsula 2

Eriez Indian site 2

Would like info. about this 2

Museums 2

Location # of Responses

Waterford 1

Old state line on Rt. 5 1

Mouth of Elk Creek 1

Allegheny State Forest 1

Kinzua Dam 1

N=49

Museums 2

North East - gravel pit 2

Ft. LeBoeuf 2

French Creek 2

Lighthouse 2

Don't know 2

Sites excavated by Mercyhurst 1

Presque Isle portage 1

Springfield 1

Kinzua Dam 1

Watson-Curtze Mansion 1

Waterford Museum 1

Rt. 89 1

Rt. 215 1

Is a real shame/disgrace 1

Rt. 20 1

Southeast Erie County 1

Irrelevant question 1Springfield 1

Not interested 1

Lowville burial mound 1

Presque Isle 1

Harborcreek (gravel pit) 1

Property on lake in Ripley, NY 1

Can't remember - sorry 1

Irrelevant question 1

Dee's Cigar Store 1

Read in paper 1

Edinboro Lake 1

All of Erie County 1

Bleur Rd. (Fairvew) 1

North Creek Road 1
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Support For Stream Protection
Measures

How Supportive Are You Of Each Of The Following Stream
Protection Measures?

53

76

90

5

8

3

43

16

7Planting trees and shrubs along streambanks

Constructing Greenways

Reparing riparian bufferzones

N=474

! With the exception of
rip rapping and
fencing streambanks,
most people support
or strongly support
common stream

29

58

58

52

66

38

69

45

11

10

10

13

11

10

26

31

32

38

21

51

21

Reparing riparian bufferzones

Streambank stoning

Rip rapping streambanks

Instituting sustainable logging practices

Creating land trusts

Acquiring conservation easements

Constructing detention ponds

Fencing streambanks

common stream
protection measures.

! Two out of five people
were unsure about
“reparing riparian
buffer zones” and one
out of two were
unsure about “rip
rapping.”

! Statistical analysis
suggests that
individuals that were

56

80

27

10

16

10

Percent Supportive
Percent Not Supportive
Percent Unsure

Fencing streambanks

Wetland restoration and conservation

Halting suburban development

individuals that were
supportive of one
stream protection
measure are
supportive of the
others (alpha=.870).
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APPENDIX B

PUBLIC MEETING COMMENTS FOR LERC'S 2003 PRESENTATION OF THE
PENNSYLVANIA LAKE ERIE WATERSHED RIVERS CONSERVATION PLAN
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LERC Rivers Conservation Plan Public Meeting Comments

May, 2003

West – 22 May

Comment Sheets:

• Jim Cardman: Fairview Twp. has concerns that the Fairview Fish Hatchery stay operational by the state because
this resource is a big part of Fairview Twp. Comprehensive Plan. The township has the same concerns about
Walnut Creek Access Area. Concerns about providing public access to Lake Erie recreational area.

Idea Auction:

• Jim Cardman: Fairview Township should own Flowers property at the foot of Trout Run. Public access. Also,
Fairview Township should obtain a CZM grant for the purchase.

• Marilyn Strait: Prevent dirt from going into Temple Creek at the Oredock Road bridge that goes into the trout
raceway on Gage Road in Conneaut Township.

• Gary Williams: Enlarge Walnut Creek boat launch. Also, improve, dredge and enlarge Elk boat launch.

General Meeting Comments:

• They need to educate us (referring to farming question/fence. Thought that we are for rip-rapping).

• Permitted discharges are better than toxic releases because they are checked/controlled.

• How do you do an inventory of artifacts? (Not doing anything new; just compiling what’s been done).

• How does this effect us, as farmers?

• Several of us are farmers. How will it affect our usage of water?

• A few of us came because we heard it’s the DEP doing regulations for monitoring water usage. Did anyone else
hear that?

• Mason: What it’s getting confused with is, in the eastern part of the state, there’s an issue – on the Susquehanna
River, you have to register if you pump water out of registering and usage.

• EPA & DEP – legislating for quantity and quality control of stormwater runoff; focusing. Municipalities are
looking at that, not usage. Monitoring contaminants.

• Is there any word on metering wells that go into storm sewers; released from commercial?

• Anything about pond water? (basically, everything is stormwater runoff quality) Irrigating? Well water?

• Permits for stormwater. Quality. Sediment control. Not looking to put meters on private wells. 
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• Mason: Water Resources Act – being passed right now – concern

• Well drillers’ licenses? (We’ll look into this)

• Well drillers have licenses and register with the DEP.

• They’re legislating public wells  heavily.

• Blasco Farms: Cleaning waterways/ditches around farms?

• Wetland regulations. Were farms before. People let water back up.  – things now classified because tiles
blocked used to be farmed every day.

• Blasco Farms: Well going down; used to use bath once a week, now every day (use is up).

• What is the role of township supervisors in the plan?

• Wouldn’t it make sense to survey folks who are directly affected?

• Are you going to come in and take control ? You’ll recommend that others will do it.

• But we had the same thing with the bike path study. Spent $1,000s in grants. End of study is that we have to
educate the west county people about how great it will be to have a bike path in our back yards.

• Conneaut Creek is in our back yard. I don’t want anyone out there telling me what I can and can’t do. Don’t
want ATV trails. We want it left alone.

• They’re off-roading in our backyards!

• They’re supportive of measures – only if it’s not their land!

• Will not get any support from private property owners and farmers. The reason is important to farmers
(watershed) is because it is most productive land.

• The watershed is important to everybody is why it’s important to farmers.

• Mason: Big concern of rural areas is the surveys – when you do surveys, many small landowners are making
rules and regulations for large landowners. That’s not good representation from them. Examples – four-wheelers
to the Coho area.

• Doe season issue – hunters shooting everything; trespassing. They don’t ask permission.

• Farmers too busy or tired to take wildflower walk.

• Bill:  Migration of people coming into Girard; breaking-up farms; farmers disappearing. They want services.
New regs come to the township because of development. We don’t have real data on the impact of population
on the township. Everyone is looking to the township for responsibility. We have low-flow treatment plants that
townships are responsible for, though our townships don’t have resources. In the last five years, there’s been
pressure.

• Blasco: School districts are out of control.

• Sounds like people from the city are moving into the country and want the convenience of the city. Before you
know it, they’ll be watering lawns every day.
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• Mason: As far as education, getting the public to monitor stuff – hope it doesn’t get out of control. Education is
necessary. Farmers get blamed for polluting everything. Had to get registered to use chemicals; most were
against it, but in the long run, it helped to educate farmers. Farmers are aware more themselves of
safety/pesticides; doing new things. Being more careful.

• How many farmers are on the conservation board?

• Mason: Good reason for the law because farmers own the most land.

• Private property rights – don’t think the public should have a say.

• ***** Must be careful with entire program because today’s education is tomorrow’s regulation.

• Well drilling/metering -- Fairview’s brochure has bad information.

• Farmers don’t have votes.

• Conneaut Council candidate Mary Jo White – letter against water control – health department – small flow
treatment.

• State is definitely interested in groundwater.

• You say only 2% for recreation. Where is the other land going to come from?

Center – 21 May

Idea Auction:

• Tom Lawrie: Annual conference – conservation topic – keynote, workshops, vendors, music, food fundraiser.

• Bruce Arkwright: Rain water collection in the city.

• Craig Kern: LERC presentations to governmental bodies.

East – 20 May

Comment Sheets:

• Glen & Wilhelmina Seymour: Concerned about Lake Erie Speedway – sewage into either French Creek or
Twelvemile Creek. DEP? Burrows. Citizens’ group spent $100 K. Easement on north property. Cosmo Amenta.

• Pat Lupo: Norma Kline – worked on Natural Heritage Inventory for county. Consider doing presentations and
seeking input from: AAUW; LWV; rotary groups; PIB-PAC. We need to figure out how to do environmental
education for adults.

• Wesleyville Conservation Club: Ronald Dombrowiak, President. 725-1304. 149 Chase Rd., North East, PA
16428.
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Idea Auction:

• Jim McGivern: Get people to local government meetings; re: zoning and development. Also, close Lake Erie
Speedway; stop fish commissioner Sam Concilla from turning Twentymile Creek into a “Class A” fishery like
Walnut Creek.

• Diana Hatfield: Continue a public anti-litter campaign – “Take it with you.” Also, Limit ATV/snowmobile use
to designated roads; ban on woodland areas.

• Mike Campbell: Eliminate automobiles (personal); advance improvements in availability of public
transportation. Also, develop micro-hydropower facilities on our waterways: alternative to fossil fuel burning;
small-scale fish culture coupled with plant growing operations on idle farms.

• Dave Pedler: Environmental benefit rock concert. Also, prehistory living museum; city tree committee (shade
tree).

• Pat Lupo: Offer Act 48 workshops for teachers to provide background information that they can use in the
classroom. Also, integrate watershed celebration into a variety of events; i.e., July 4 at Mercyhurst, Coastal
Connections, ICC, Arbor Day, Earth Day, etc.; encourage participation in township /borough meetings; also,
PLEWA public meetings.

• Melissa Borgia: Keep highways from destroying beautiful recreation areas in the future.

• Susan Murawski: Inform DEP that you don’t want them to permit Lake Erie Speedway to discharge treated
sewage into nearby creeks.

• Dave: More conservation easement money to preserve natural areas.

General Comments:

• Concern for point source still?

• Success in getting DEP to work with you – you to think that takes public groups to get DEP to act; even have to
take them to court.

• Get people to township meetings. Shouldn’t “tinkle” on neighbors. It’s all of ours – watershed. Don’t know how
municipality will act.

• Do you have a list of known point sources?

• DEP is more talk than walk; more interested in monetary gain.

• Some investigation into water recreation.

• To whom did surveys go?

• What is the typical response to surveys? 16% may not be so bad.

• Jill: 30% on recent surveys in Erie County.

• Should ask a question about negative impact – assessing.

• Has anyone sent surveys to landowners along streams to ask them what they want to do with their land?
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• Kloss: Educate people about Act 319 – does not exceed what you’re contributing to watershed.

• Trying to build Presque Isle into national asset – detrimental to PI because it increases the number of people
there degrades the place.

• What is recreational? Human use or sit there? For example; taxes keep farmers from leaving land alone (Tom:
saving land saves money).

• We have a municipality here that thinks building (Wal-Mart) is always better. Appalled by ignorance of gravel
vs. asphalt lots. It’s the township supervisors who aren’t helping.

• Dave Skellie’s idea is that large pieces of land have no roads. We want peace and quiet. (Dave: land use plan
coming soon). Areas proposed for development are what supervisors proposed – Greenfield Township building
in particular.

• Dave: Private groups can get much further than government agencies when it comes to municipal officials.
They’re not perceived to be Big Brother like county planning.

• Municipal officials may receive you well, but  may have the idea that they are the local kings. We have to
regionalize – let them know that they are not isolated cells. At some point, we have to get developers to stop.

• They come in with promises of jobs, but that’s b.s. – they are service jobs.

• Does archaeology focus on west county or will it go on to east county and beyond?

• Kloss: We could see where identifying sites could help with protecting the land.

• Scieford site: family present.

• Data looks pretty precise; anyone would know where it is.

• Are geological features considered in this plan?

• Watershed mapping – could be from green to yellow because of classification issues.

• What is the EPA website?

• In one township – need to sign on as guarantor for point-source streams, operators asking people to bear liability
for failure if operator...three supervisors say in our case (Tom: We’re addressing it. WHen people vote – issues:
awareness vs. name familiarity. Earth Force group).

• Potential for more attorneys on board? 
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APPENDIX C

COUNTY, REGIONAL, STATE AND FEDERAL AGENCIES PROVIDING TECHNICAL
SUPPORT AND/OR FUNDING FOR CONSERVATION ACTIVITIES

IN THE PENNSYLVANIA LAKE ERIE WATERSHED
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Great Lakes Commission
http://www.glc.org/
Great Lakes Information Network
http://www.glc.org/
Great Lakes Protection Fund
http://www.glpf.org/
Great Lakes National Program Office – US EPA
http://www.epa.gov/glnpo/

Erie County Department of Health (ECDH) – Environmental Services
http://www.ecdh.org/
Erie County Planning Department 
http://www.eriecountyplanning.org/

Farmland Preservation
http://www.eriecountyplanning.org/index.php?page=farmland-preservation
http://www.agriculture.state.pa.us/agriculture/cwp/view.asp?q=128859
Comprehensive Planning
http://www.eriecountyplanning.org/index.php?page=comprehensive-plan-2

Erie County Conservation District (ECCD)
http://www.erieconservation.com/

Soil and Water Conservation
http://www.erieconservation.com/Soil_and_Water_Conservation.php

Erie County Historical Society (ECHS)
http://www.eriecountyhistory.org/
Erie County Historical Center
http://www.goerie.com/erieyesterday/erie_county_historical_society.html
Penn State Cooperative Extension – Erie County (PSCE-EC)
http://erie.extension.psu.edu/
Penn State Cooperative Extension – Crawford County (PSCE-CC)
http://crawford.extension.psu.edu/
Crawford County Planning Department
http://www.crawfordcountypa.net/portal/page?_pageid=393,848324&_dad=portal&_schema=PORTAL

Crawford County Conservation District (CCCD)
http://www.crawfordconservation.com/

Forestry Management
http://www.crawfordconservation.com/for-mgmt.html
Big Trees
http://www.crawfordconservation.com/for-bigtrees.html
Agricultural BMPs
http://www.crawfordconservation.com/practices.html
Watersheds
http://www.crawfordconservation.com/watersheds.html
Education
http://www.crawfordconservation.com/education.html

PA Department of Conservation & Natural Resources (DCNR)
http://www.dcnr.state.pa.us/brc/grants/
http://www.dcnr.state.pa.us/brc/grants/general02.aspx

Rivers Conservation Program
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http://www.dcnr.state.pa.us/brc/rivers/riversconservation/
Coldwater Heritage
http://www.dcnr.state.pa.us/brc/rivers/coldwaterheritage.aspx
Community Conservation Partnerships Program
http://www.dcnr.state.pa.us/brc/grants/keygrants02-03.aspx
Growing Greener
http://www.dcnr.state.pa.us/brc/grants/gg-grants.aspx
PA Recreational Trails Program
http://www.dcnr.state.pa.us/brc/grants/rectrails.aspx
Heritage Areas
http://www.dcnr.state.pa.us/brc/heritageparks/index.aspx

PA Department of Environmental Protection (DEP)
http://www.depweb.state.pa.us/dep/site/default.asp
Coastal Zone Management

Coastal Nonpoint Pollution Program
Coastal and Estuarine Land Conservation Program
CZM Enhancement Grants Program

http://www.dep.state.pa.us/river/czmp.htm
Growing Greener
http://www.depweb.state.pa.us/growinggreener/site/default.asp
Stormwater Management Program (Act 167)
http://www.depweb.state.pa.us/watershedmgmt/cwp/view.asp?a=1437&q=518682
Ground Water and Source Water Protection
http://www.depweb.state.pa.us/watershedmgmt/site/default.asp

PA Fish & Boat Commission (PFBC)
Erie Access Improvement Grant Program
http://www.fish.state.pa.us/promo/grants/erie_access/00erie_access.htm
Landowner Incentive Program
http://www.fish.state.pa.us/promo/grants/lip/00lip.htm
Sportfishing & Aquatic Resource Education 
http://www.fish.state.pa.us/promo/grants/sportfishing/00sportfishing.htm
State Wildlife Grant Program
http://www.fish.state.pa.us/promo/grants/swg/00swg.htm
Boating Facilities Grant Program
http://www.fish.state.pa.us/promo/grants/boat_fac/00boatfac.htm

PA Urban and Community Forestry
Small grants to improve tree plantings in municipalities

http://www.dcnr.state.pa.us/forestry/pucfc/
NW PA Community Forestry
http://www.personal.psu.edu/users/s/a/sas305/#Community%20Forestry

Master Well Owner Network
Assistance with proper construction of private water systems

http://mwon.cas.psu.edu/
Penn State Cooperative Extension – Erie County 

Master Gardener Information
http://erie.extension.psu.edu/second.asp?county=Erie&table=Hort
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Center for Economic and Environmental Development
Environmental Stewardship and Education: Crawford County

http://ceed.allegheny.edu/

USDA Farm Service Agency – Conservation Programs
http://www.fsa.usda.gov/FSA/webapp?area=home&subject=copr&topic=landing
Natural Resources Conservation Service (NRCS)
http://www.nrcs.usda.gov/programs/
http://www.pa.nrcs.usda.gov/
Farmable Wetlands Program
http://www.fsa.usda.gov/FSA/webapp?area=home&subject=copr&topic=fwp
Conservation Reserve Enhancement Program (CREP)
http://www.fsa.usda.gov/FSA/webapp?area=home&subject=copr&topic=cep
Source Water Protection Program
http://www.fsa.usda.gov/FSA/webapp?area=home&subject=copr&topic=swp
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APPENDIX D

MODEL LAND PARCEL PRE-SELECTION AND SCORING PROCESS DEVELOPED FOR
THE PENNSYLVANIA LAKE ERIE WATERSHED RIVERS CONSERVATION PLAN
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The Erie County portion of the Pennsylvania Lake Erie watershed study area, as of July 2008,
contains a total number of 94,047 parcels and portions of parcels whose boundaries extend immediately
south of the watershed boundary. Unfortunately, as digitized GIS-readable parcel data are not available
for the Crawford County portion of the study area, it is not possible at this time to arrive at a reliable
number and geographic configuration of tax parcels within the study area. Hence, the following analysis
pertains only to the Erie County portion of the study area.

In order to better identify specific parcels as potential candidates for land preservation and
restoration projects, a procedure was developed to employ GIS-based analyses in the decision-making
process. Because of the study area's diverse mix of urban, suburban, and rural environments—and the
inherent difficulties in employing a consistent standard in the selection of candidates from tens of
thousand of land parcels of broadly varying sizes and settings—it was decided to distinguish first between
the study area's urban and non-urban parcels. This distinction was based on spatial data published by
PennDot (2005) and based on United States Census Bureau maps.

Urban parcels are by far the more numerous (though not as extensive in area) of the two gross parcel
categories, accounting for 74,996 or about 80% of the total sample of 94,047 parcels. The preselection
criteria for urban parcels were based on: (1) parcel size (i.e., $ 5 acres), (2) the presence of impermeable
surfaces, and (3) proximity (buffered at 100 ft [32.8 m]) to non-attaining streams (i.e., streams where the
applicable water quality standard has not yet been attained according to the section 303[d] of the Clean
Water Act). Using ESRI ArcMap's analysis tools, georeferenced spatial data layers for the three above-
referenced criteria were intersected to define those areas within the study area's urban portion where those
three attributes co-occur. The spatial data layer generated by that intersection or co-occurrence was then
employed as a selection tool to identify specific parcels in this portion of the study area. When applied,
this process identifies 122 urban parcels as potential candidates for restoration projects. An example of
the results from this process is shown in Figure 10.2 of this document (see chapter 10).

Non-urban parcels account for 19,051 or about 20% of the total sample of 94,047 parcels. The
preselection criteria for non-urban parcels were based on: (1) parcel size (i.e., $ 50 acres), (2) the
presence of NWI wetlands, (3) the presence of forest cover (i.e., deciduous, evergreen, and mixed), (4)
the presence of floodplains, and (5) proximity to streams (buffered at 50 ft [15.3 m]) to streams. As with
urban parcels, the non-urban parcels were also evaluated using ESRI ArcMap's analysis tools.
Georeferenced spatial data layers for the five above-referenced criteria were intersected to define those
areas within the study area's non-urban portion where those five attributes co-occur. The spatial data layer
generated by that intersection or co-occurrence was then employed as a selection tool to identify specific
parcels in this portion of the study area. When applied, this process identifies 231 non-urban parcels as
potential candidates for land conservation projects. An example of the results from this process is shown
in Figure 10.4 of this document (see chapter 10).

Once parcels are preselected following the preceding criteria, there will made available a database of
properties to be potentially nominated for conservation and protection. This database will assign priority
to parcels possessing higher intrinsic value for the long-term protection of water quality and natural
resources within the Pennsylvania Lake Erie watershed. It should be noted, however, that parcels will
only be listed if the owners of a given property express interest in having their land considered for a
conservation easement or other land protection measures. Individual persons or organizations, such as
watershed groups, may provide nominations to LERC.

Following parcel nomination, LERC will assess each parcel to evaluate its merits for furthering the
purposes of the conservation plan, and determine its priority status relative to other nominated sites.
Prioritization is necessary due to the limited resources of personnel and funding to support land
conservation/protection efforts. Nominations will be accepted and considered continuously by LERC, but
parcel assessment and final scoring may be delayed or carried out in phases. The 170-point system for
parcel prioritization, which has been approved by the LERC board, is presented in Table D.1.
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Table D.1  Parcel Scoring Sheet Developed for the Pennsylvania Lake Erie Watershed Rivers
Conservation Plan

Feature Parameters Parameter Variables Score
Max.
score

Habitat Features (Total Points=70): Forests and Headwaters
Parcel Forest Acreage ! ! 5

1–10 acres 1 —
11–50 acres 3 —
>50 acres 5 —

Parcel Forest Type Diversity ! ! 5
deciduous only 1 —
mixed deciduous and conifer 3 —
pure conifer stands >5 acres 5 —

Forest with Headwaters Stream ! ! 5
<200 ft of primary tributary forested 1 —
200–1,000 feet of primary tributary
forested

3 —

>1,000 ft of primary tributary forested 5 —
Forest Part of Larger "Core" Forest ! ! 5

part of 50–100 acre uninterrupted forest 1 —
part of 100–300 acre uninterrupted forest 3 —
part of >300 acre uninterrupted forest 5 —

Habitat Features: Wetlands
Wetland Acreage ! ! 5

<1 acre 1 —
1–5 acres 3 —
>5 acres 5 —

Wetland Type Diversity ! ! 5
1 type present (based upon NWI or
observed)

1 —

2 types (e.g., emergent and forested) 3 —
3 types (e.g., multiple types of emergent) 5 —
Habitat Features: Riparian areas

Buffer Size and Quality ! ! 5
50–200 ft of forest or old field both sides 1 —
200–1000 ft forest or old field both sides 3 —
>1,000 ft forest or old field both sides 5 —
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Max.
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Streamside Pastures Willing to
Fence

! ! 5

will fence 50–200 ft of pasture 1 —
will fence 200–1000 ft of pasture 3 —
will fence >1,000 ft of pasture 5 —

Special Floodplain Features ! ! 5
with one feature (e.g., floodplain) 1 —
with 2 features (e.g., floodplain and
terraces)

3 —

3+ features (e.g., also oxbows, old
channels)

5 —

Habitat Features: Fish Habitat and Fishing Access
Stream Designation (HQ, CWF,
etc.)

! ! 5

WWF 1 —
CWF 3 —
HQ-CWF 5 —

Instream Fish Cover ! ! 5
with one feature (e.g. logs/woody debris) 1 —
2 features (e.g. logs, deep pools, undercut
banks)

3 —

3+ features (e.g. also thick root mats, riffle
substrate)

5 —

Site Usage for Fishing ! ! 5
used for fishing <20% of time 1 —
used for fishing 20–70% of time 3 —
used for fishing >70% of time 5 —

Owner Willing to Allow Public
Access

! ! 5

access allowed but parking restricted 1 —
access allowed and parking available
on-site

3 —

willingness to improve access on-site 5 —
Improved Access to Other Fishing
Sites

! ! 5

300–600 ft new off-site fishable waters
made accessible

1 —
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600–1,000 ft new off-site fishable waters
made accessible

3 —

>1,000 ft new off-site fishable waters made
accessible

5 —

Cultural, Historic and Scenic Features (Total Points=30)
Historical Resource Value ! ! 10

2 pt for each criteria item for NRHP
nomination eligibility
(criteria at
http://www.achp.gov/nrcriteria.html)

Cultural/Archaeological Resources 2 pt for each attribute identified in
Appendix of RCP (floodplains,
well-drained soils, springs, etc.)

10

Aesthetic/Scenic Value 2 pt for each feature identified in Appendix
of RCP (waterfalls, escarpment views,
large old trees, etc.)

10

Strategic Features (Total Points =70): Parcel Development Potential
Road Frontage ! ! 5

<500 ft road frontage 1 —
500–1000 ft road frontage 3 —
>1000 ft road frontage 5 —

Central Water Distribution ! ! 5
water lines 0.5–1 mi of site boundaries 1 —
water lines within 0.5 mi of site boundaries 3 —
water lines already present or available to
site

5 —

Central Sanitary Sewage
Distribution

! ! 5

sewer lines 0.5–1 mi of site boundaries 1 —
sewer lines within 0.5 mi of site boundaries 3 —
sewer lines already present or available to
site

5 —

% of Adjacent Parcels Developeda ! ! 5
<25% of adjacent parcels developed 1 —
25–50% of adjacent parcels developed 3 —
>50% of adjacent parcels developed 5 —
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Relation to Targeted Development
Areas (TDA)b

! ! 5

TDA 0.5–1 mi of site boundaries 1 —
TDA within 0.5 mi of site boundaries 3 —
parcel within TDA 5 —

Strategic Features: Parcel Development Potential
Proximity to Other Protected Areasc ! ! 5

1 parcel with easement within 1 mile of site
boundaries

1 —

2 parcels with easements within 1 mile of
site boundaries

3 —

immediately adjacent parcel(s) with
easement(s)

5 —

% of Surrounding Areas Protected ! ! 5
<25% of surrounding parcels protected 1 —
25–50% of surrounding parcels protected 3 —
>50% of surrounding parcels protected 5 —

Proximity to Other High Quality
Resource Areas (HQR)d

! ! 5

1 parcel with HQR within 1 mi of site
boundaries

1 —

2 parcels with HQR within 1 mi of site
boundaries

3 —

immediately adjacent parcel(s) with HQR 5
Proximity to Other Sites with
Streamse

! ! 5

1 parcel with streams within 1 mi of site
boundaries

1 —

2 parcels with streams within 1 mi of site
boundaries

3 —

immediately adjacent parcel(s) with
streams

5 —

% of Township Not Targeted for
Developmentf

! ! 5

<25% of municipality targeted for
development

1 —

25–50% of municipality targeted for
development

3 —



Feature Parameters Parameter Variables Score
Max.
score

254

>50% of municipality targeted for
development

5 —

Strategic Features: Parcel Readiness for Action
Matching funds secured — 10
All necessary appraisals & surveys done — 10

GRAND TOTAL POSSIBLE POINTS 170

Notes: (a) developed = maintained residential, commercial or similar built-up land use; (b) TDA = area defined by Erie County
Comprehensive Plan or a municipal comprehensive plan; (c) protected = conservation easements or parks, game lands, public
access areas, etc.); (d) HQR = core forest, NWI wetlands, or resource areas identified in Erie County Heritage Inventory; (e)
streams = >1000 ft shown on USGS topo maps; (f) targeted for development = area identified in Erie County Comprehensive
Plan or municipal plan.
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APPENDIX E

COMMENTS ON THE PENNSYLVANIA LAKE ERIE WATERSHED
RIVERS CONSERVATION PLAN
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Appendix E. Comments on the Pennsylvania Lake Erie Watershed Rivers Conservation Plan

Date Person and Position Comment and Response

8/26/08 Jim Gwinn, citizen
and LERC Board

member

Inquired about other groups that have done plans like this in the Great Lakes region.
Response: Many communities in other states have completed plans like this one; ours
is important because it confirms PA's commitment to maintaining a healthy
environment in the Area of Recovery.

8/26/08 Ed Kissell, citizen
and representative of

S.O.N.S. of Lake
Erie

Inquired about the requirement for municipalities to approve the plan. Response:
Eligibility for inclusion in DCNR's PA Rivers Registry will require a resolution from
one municipality within the study area requesting that the watershed be listed.

8/26/08 Dave Carner,
Fairview Township

Supervisor

Expressed concern about plan's promotion of use of conservation easements for
protection, and its effect on keeping a tax base in the community. How much land
will be taken? Response: Most of the land to be protected is along streams, not large
tracts of open land. There will be a scoring system used to "grade" candidate
properties for protection. Most of the land considered for easements would not be
developable anyways. Funds for conservation easements are limited, so there
wouldn't necessarily be a lot of these happening within any one municipality.
Municipalities will be given an opportunity to "weigh-in" on conservation projects
using public funds. 

8/26/08 Dave Carner,
Fairview Township

Supervisor

Questioned the effect of the plan on municipalities in terms of costs, and whether it
imposes regulatory-type requirements. Response: the recommendations and proposed
actions of the conservation plan are not rules to be enforced, but suggestions. The
municipalities will be in the "driver’s seat." Voluntary activities undertaken by
municipalities consistent with plan recommendations would be viewed favorably by
funding agencies.

8/26/08 Dave Skellie,
Pennsylvania Sea

Grant

The plan should be looked over by municipalities, so they can make
recommendations; DCNR wants a working document that can facilitate conservation
activities.

8/26/08 Doug Ebert, Erie
County Department

of Health

Doug mentioned that to his knowledge, there is nothing in the plan that is in conflict
with existing regulations in Erie.

8/26/08 Dave Carner,
Fairview Township

Supervisor

Questioned whether there has been sufficient time for municipalities to examine plan
and prepare responses. Response: CD's with the document were mailed to all
municipalities and time for comments was extended until September 26 (one month
from date of public meeting).

8/26/08 Tim Bruno, PA
Department of
Environmental

Protection

Bruno noted that there is some urgency to accelerate the protection of some areas
before watershed and water quality issues worsen. 

8/27/08 Paul Burroughs,
Quinn Law Firm

Suggested that municipality participation in plan implementation might be increased
if they had their own advisors such as Environmental Advisory Councils, which
could include municipality appointees and possibly residents that could be grant
writers, engineers, etc. Burroughs thought that Audubon would be pleased to assist in
this regard. Response: this possibility will be investigated, and the possibility
communicated municipalities during outreach workshops when the plan is presented. 
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9/8/08 Tim Bruno, PA
Department of
Environmental

Protection

Was questioned regarding the availability of Growing Greener funds for
municipalities to install storm water retrofits. Bruno's response: "Yes, Growing
Greener monies can be used for storm water management (SWM)retrofits. How high
a project scores and ranks is determined by the location of a project, how much the
applicant and partners are vested, and the extent of the water quality benefits
provided. Once the Act 167 Plan is created in a couple of years, we will have a
prioritized list of SWM projects that will receive greater consideration from grant
programs; which is why the municipalities need to participate in the Act 167 process
to get their SWM concerns in the plan. Otherwise, each project is unique and has
different considerations. Let me know if you have project-specific questions."

9/18/08 Lori Boughton, PA
DEP Office of the

Great Lakes

Suggested that Restoration Actions R2, R3, R4, and R6 identify "All" management
areas instead of the more limited subset of the management areas originally identified
in the draft plan document. Response: the designation for applicable management
areas was changed to "All" for these restoration actions.

9/24/08 Rick Morris,
Millcreek Township

Engineering
Department

Recommended that an additional outreach action should be added to address public
education regarding septic contamination of streams and storm water systems, since
ongoing MS4 permitting studies have indicated that faulty septic tank systems and
other related problems appear to contribute to fecal coliform contamination detected
in streams and municipal storm water systems. Response: an outreach action focusing
on this issue will be added to the plan.

9/24/08 Ed Kissell, Erie
County Coastal Zone
Steering Committee

Suggested that outreach regarding the conservation plan should also be extended to
builders and contractors. Response: these groups will be invited to outreach
workshops in the same manner as the general public.

9/26/08 Erik Weber, Erie
County Department

of Health

Suggested that outreach to the public regarding septic contamination of streams
include information (and possibly training) for persons operating small flow treatment
plants. Response: public outreach on septic contamination issues will include
operators of small flow sewage treatment systems.

10/2/08 Dave Carner,
Fairview Township

Supervisor

(1) Survey – the survey results tabulated from 17% of those mailed will be
misleading and not balanced to the population it is supposed to represent. Response:
Absent any other data on public opinion, the results of the two surveys were the only
objective information sources available. The possibility of response bias in the LERC
survey is noted in the "Methodology" section of Appendix A. Older adults (65-74
years) and persons with college degrees were over-represented among the survey
respondents.

(2) History – all claims of historical development beyond recorded documentation
should be strongly worded as theory. Response: All information included in the
historical summaries was clearly referenced. 

(3) Urban Sprawl – development in municipalities surrounding the city are less a
cause of watershed threat than the city itself. Actually the current developments have
been constructed under much tighter environmental controls and need to continue to
improve methodology that blends development with the environment. Response: The
area referred to by "urban sprawl" would generally include the city at the center of
developed suburban communities.
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(4) Economics – does this need to be part of this plan, and if it does, whose opinion
will be the right one to submit? Response: Assuming that this comment relates to the
content of Chapter 8, the basis for much of the content of this section is the broad
policy of the current Pennsylvania Governor.

(5) Funding – easement versus acquisition for the benefit of the people, we need to be
careful in what long term effects government ownership can cause. Also the
balancing of priority against other areas like infrastructure needs. Response: See
response to the first comment of Dave Carner noted on August 26. 

(6) Bacteria – claims of extreme levels of contamination are not backed up by your
numbers. There is contamination and it should be addressed. Response: Table 5.6 and
Figures 5.25 and 5.26 each indicate multiple events and locations with very high E.
coli counts in streams, under widely varying conditions. An outreach action was
added, and restoration actions were modified in the plan (Chapter 10) to address this
issue. See also comments of Rick Morris (September 24) and Erik Weber (September
26) and associated responses.

(7) Chapter 7 – your survey numbers are too few to reasonably back your statements.
Response: See response to comment #1.

(8) Chapter 8 – this is written more as a political editorial than a statement of regional
planning, way to argumentative. Response: See response to comment #4.

(9) Action Plans – conservation efforts are somewhat extreme, suggesting too much
control over the public’s individual property rights. Response: Conservation actions
are offered as suggestions, not rules or regulations. Implementation of the plan is to
be enacted by voluntary participation of citizens, municipal leaders, and non-profit
organizations, with cooperation, support, and assistance of environmental agencies, to
the extent that their missions and funding allow. Public input on the implementation
is invited and expected. See also response to Carner’s second comment noted on
August 26.
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