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EXECUTIVE SUMMARY
MAINE WILDLANDS NETWORK VISION
A Bold Vision

What would it take for wolves, salmon, cougars, and
northern goshawks to thrive in the Maine woods? What
conservation lands are needed to sustain all species in the
land community? What natural processes that create and
shape diverse habitats must be restored and allowed to
operate freely? If, in the coming decades, conservation
action in Maine focused on creating a network of
conservation areas that could protect the state’s rich natural
heritage for generations to come, what would that system
look like?

The Wildlands Project, an international member-
supported conservation organization, posed these questions
when drafting a vision for land protection in Maine. As
large as the other five New England states combined,
Maine’s 20 million acres encompass the dramatic Atlantic
coastline, thousands of lakes, rivers, streams, and wetlands,
and the most heavily forested landscape in the nation. The
northern part of the state represents the largest block of
undeveloped, primarily unpopulated land east of the
Mississippi. Maine presents an extraordinary opportunity
for wilderness recovery.

Maine’s natural legacy has been severely compromised,
however, by industrial forestry, development, and
disruption of natural processes. While scientists and some
policymakers recognize these threats, strategies to restore
and protect Maine’s biological diversity have not yet been
implemented at a scale that comprehensively addresses the
ecological wounds the land has suffered.

In the mid-1990s, a landmark scientific report (Gawler
et al. 1996) noted the inability of Maine’s existing
conservation areas to fully protect biodiversity. This
realization among scientists, and increasing skepticism
about the dominant “working landscape” model of land
conservation that emphasizes continued industrial forestry,
prompted the Wildlands Project to begin drafting a
blueprint for a system of natural areas in Maine.

This document sets out that blueprint—a proposed
Maine Wildlands Network comprised of core wild areas
and wildlife linkages designed to protect Maine’s
ecosystems in perpetuity. This wildlands network addresses
the human impacts—or ecological wounds—to the land,
and applies the principles of regional and continental
restoration to begin healing them. The primary goals of the

network are to protect the state’s diverse natural
communities, sustain healthy populations of native wildlife
that depend upon those habitats, and restore key natural
processes across the landscape.

To determine the size and location of the cores and
linkages, we employed a three-track planning approach
that attempted to represent in the network certain
important features, including:

•  physical and landscape diversity (e.g., biophysical
regions, major watersheds, and vegetation types);

•  special elements (e.g., large wetland complexes and
roadless areas);

•  adequate habitat for populations of “focal species”
(organisms used in planning and managing nature
reserves because their requirements for survival
represent factors necessary to maintaining ecologically
healthy conditions).

For regional conservation planning, it is useful to
choose focal species that need large areas, are sensitive to
human disturbance, or are critical ecological actors. If well
chosen, focal species can help measure whether a wildlands
network is truly functional. Without focal species analysis,
there is no practical way of knowing how big reserves
should be, where they should be placed on the landscape,
and where linkages between protected areas are necessary
for wildlife movement.

The Wildlands Project emphasizes planning for the
needs of large carnivores and other “keystone” species. (Just
as an arch crumbles if its keystone is removed, ecosystems
can unravel when key members of the land community are
absent.) There is persuasive scientific evidence that large
carnivores such as wolves and cougars are vitally important
to healthy ecosystems.

To ensure the long-term viability and functional role of
such species, it is necessary to protect and restore big,
interconnected wildlands. Because large predators require
extensive space and connectivity, the modeling of their
habitat requirements is a key tool in network design. We
incorporate the habitat needs of wolves, lynx, and Atlantic
salmon in the proposed Maine Wildlands Network.

I n sh o r t , ou r  app r o a c h  is  to  he l p Na t ur e  he a l , to  put  th e 
p i e c e s  of  he a l t hy  ec o s y s t e m s  ba c k to g e t he r —i nc l u d i n g
m i s s i ng  sp e c i e s  and  na t u r a l  pr o c e s s e s . We  ca l l  th i s  r e w i l d i n g .
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Results
The resulting wildlands network design includes

approximately 28,725 square kilometers of core wild areas,
1,175 km2 of aquatic linkages, and 4,671 km2 of aquatic
buffers. We propose that the vast majority of lands within
the network be granted a high level of ecological protection
(that is, managed for biodiversity, not resource production).
This proposed Maine Wildlands Network meets a broad set
of conservation objectives, ranging from protecting at least
50% of potential lynx and wolf habitat, to more than 30%
of each of the major forest vegetation types in Maine.

We recognize that criteria used in this design, such as
species distributions and restoration of large-scale
ecological processes, are more meaningful within a larger,
regional context, and are not constrained by political
boundaries. The Wildlands Project has initiated a regional
wildlands network design process that will stretch from the
Tug Hill plateau and Adirondacks in north central New
York, north into Ontario and east to Vermont, New
Hampshire, Maine, New Brunswick, and Nova Scotia.
Nevertheless, Maine’s size (relative to other northeastern
states), central location within the northern
Appalachian/Acadian ecoregion, and large expanses of
unpopulated territory justify the attention that this
proposal represents. This conceptual network also
represents a test of the analytical techniques that will be
applied at a much larger scale.

Conservation Action
Can such a bold vision for protecting wilderness and

wildlife in Maine ever become reality? We believe the
answer is yes. The backdrop for all contemporary
conservation planning is a global extinction crisis
unparalleled in the past 65 million years. This
extraordinary moment in time requires us to think larger in
space and time about the needs of wild Nature.

A wildlands network on the scale we envision could be
created incrementally over the coming decades, or even
centuries, if local, regional, and national conservationists
believe it is a vision worth working toward. It will require
networks of people working to protect networks of land.
The Wildlands Project supports democratic, participatory
actions at every scale—from local to national—that help
conserve big, wild, interconnected places throughout
Maine and the greater Northern Appalachians.

High priorities for advancing such efforts include
developing a statewide network of individuals and
organizations that share a common vision for large-scale
wilderness recovery; establishing an outreach and education
program focused on decision-makers, government agencies,
land trusts, and local citizens that communicates landscape
ecology principles; and advocacy work that champions the

protection of specific places identified in the proposed
network.

There is justifiable concern that the transformation of
northern Maine from a landscape dominated by commercial
timberland to one where large wilderness areas
predominate would harm the rural economy. Clearly, the
region’s economy is changing as global economic forces
affect commercial forest management and the pulp and
paper industries; the forest products sector cannot be
counted upon to support a vibrant rural economy in the
future. Economic diversification, including job creation
based on the amenities offered by a network of conserved
areas, may offer the best development option for rural
Maine.

For any wildlands network to become reality, the very
real concerns of local citizens, government, and other
sectors must be addressed. Indeed, a successful wildlands
network in Maine will demand the full involvement of
citizens government agencies at the federal, state, and local
levels, and it is these agencies, along with the donor
community, private conservation organizations, and
academic institutions that are the prime audience for this
document.

Now is the right time to begin making the Maine
Conservation Vision a reality. Massive land sales of
industrial forest offer great opportunity for conservation;
many of the new owners have different objectives than the
old paper and lumber companies and have longer-term
planning horizons, both of which may aid conservation.
New emphasis on green certification and value-added forest
products also signal a potentially positive shift in resource
management towards more ecologically sound forestry.
Nevertheless, even timberlands subject to state-of-the-art
forestry are no substitute for core wild areas without
resource extraction, where natural processes are
untrammeled. The chance has never been better to set aside
large tracts of land to protect and restore ecological
integrity, whether through public acquisition, purchase of
“forever wild” conservation easements, or other
mechanisms.

The vision of the Wildlands Project is one of thriving
human communities imbedded in a landscape of diversity,
ecological richness, and good health. The challenge is to
chart the way ahead on a broad, landscape scale, and the
Maine Wildlands Conservation Vision seeks to do just that.
This is an ambitious proposal based on science and
opportunity; it assumes that political reality is ever-
changing, but that ecological reality—Nature’s bottom
line—is immutable. Through careful analysis and visionary
planning, it seeks to answer the fundamental question of
what long-term changes are necessary for the land to
recover. It offers a chance for natives like the wolf, lynx,
and salmon to return and thrive in Maine—to come home.
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I. INTRODUCTION AND BACKGROUND
Over the past three decades, scientists have come to the

conclusion that our planet now faces the sixth major
extinction event in the history of life. Earlier mass
extinctions were the result of a major natural disaster or
significant climatic changes (Eldridge 1991; Ward 1997).
The current extinction wave can be directly linked to our
own behavior. We have altered the air, soil, water, and
biota through millions of individual human acts. As a
result, the earth is a less hospitable place for hundreds of
thousands of species. E.O. Wilson (2001) estimates that:

Before humans existed, the species extinction rate
was (very roughly) one species per million species
per year (0.0001 percent). Estimates for current
extinction rates range from 100 to 10,000 times
that, but most hover close to 1,000 times
prehuman levels (0.1 percent per year), with the
rate projected to rise, and very likely sharply.

In Maine, and elsewhere in the mixed deciduous forests
of northeastern North America, many native species have
declined, and the wild places in which they once flourished
have been degraded and fragmented by human activity.
These practices include unsustainable forest management,
construction of dams, pollution of waterways, introduction
of exotic species, poaching and predator control, and
suburban development.

Faced with these kinds of damaging activities on the
landscape, the conservation community often finds itself on
the defensive, reacting to the sales of large tracts of
forestland, subdivisions, and new logging roads on an
individual basis. Under these circumstances, it is difficult
to craft a positive vision that can garner significant public
support. A more strategic, less reactive approach is needed.
It is the goal of this document to lay out such an approach
for Maine.

Wildlands Network Design: From Science to
On-The-Ground Protection

A strategic approach depends on clearly articulated
goals. The overarching goal of the Wildlands Project in
Maine is to restore and protect the ecological integrity of
the state. Noss (1992) and Noss et al. (1997) describe the
four key conservation goals necessary for the establishment
and maintenance of lasting ecological integrity:

•  Represent, within the system, all native ecosystem
types and seral stages across their natural range of
variation;

•  Maintain, within the system, viable populations of all
native species in natural patterns of abundance and
distribution;

•  Maintain, within the system, ecological and
evolutionary processes, such as disturbance regimes,
hydrological processes, nutrient cycles, and biotic
interactions, including predation; and

•  Design and manage the system to be responsive to
short-term and long-term environmental change and
maintain the evolutionary potential of lineages.

A protected areas system is essential to achieve these
goals. The purpose of this document is to propose such a
system for Maine—a “Maine Wildlands Network”—that
will satisfy the biodiversity conservation goals noted above,
as adapted to Maine. The specific goals for the Maine
Wildlands Network are discussed in detail in Section III.
This document also outlines the means by which the
network could be established and maintained (Section IX).

The Maine Wildlands Network design is an extension
of the biosphere reserve concept (UNESCO 1974) as
refined by Noss (1983, 1987b, 1992, 1995), Noss and
Harris (1986), Noss and Cooperrider (1994) and Noss et al.
(1997). These refined reserve concepts employ three basic
categories of protected area or network components:

• Core wild areas (with a high degree of protection);
• Wildlife linkages; and
• Compatible-use lands.

Under this scheme, core wild areas remain
undeveloped sanctuaries for wildlife and natural processes.
Wildlife linkages, necessary to overcome habitat
fragmentation, help connect core areas, enabling wildlife
and ecological processes to move across the landscape. The
compatible-use lands that surround and buffer the cores
accommodate increasing levels of human activity.
Compatible-use activities such as ecological forestry and
agriculture should complement the functions of core areas
and landscape linkages1.

To determine the location and size of the network
components we employ a three-track approach (Noss et al.
1997; Noss et al. 1999). This approach incorporates:

                                                       
1 In this network design for Maine, we do not propose compatible-use
areas, though it is hoped that commercial timberlands across much of
the state can—through gentler, more ecologically informed
management—serve to buffer the cores and linkages from the impacts of
industrial activities and development.
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• Protection of “special elements,” such as rare species
occurrences, roadless areas, endangered or critical
ecosystems, and critical watersheds;

• Representation of key physical and landscape features,
such as natural communities, physiography, and
vegetation, in protected areas; and

• Conservation of focal species, especially wide-ranging
species and others of high ecological importance or
sensitivity to disturbance by humans.

The most important feature of this three-track
approach, and one that distinguishes the Wildlands
Project’s plans from most of the ecoregional plans
developed by other organizations, is the modeling of
habitat requirements and population viability of wildlands-
associated focal species, such as large carnivores (e.g., lynx)
and forest mesocarnivores (e.g., American marten (Martes
americana) (Miller et al. 1998; Carroll et al. 2001; Noss et
al. 2002). Focal species analysis complements the special
elements and representation tracks by addressing questions
concerning the size and configuration of reserves and other
habitats necessary to maintain populations over time.

The emphasis that this plan, and the Wildlands
Project in general, places on focal species stems from
persuasive evidence that large predators and other
“keystone” species2 play an extraordinarily important role
in ecosystem functioning. As Soulé et al. (submitted)
observe, “where the density of a keystone species falls below
some threshold, the diversity of species in an ecosystem
virtually always decreases, triggering ecological chain
reactions ending with degraded or simplified ecosystems
(Estes and Palmisano 1974; Terborgh et al. 1999; Crooks
and Soulé 1999; Jackson et al. 2001; Terborgh et al.
2001).” Among such “keystones” are large predators
(Carpenter and Kitchell 1993; Estes and Palmisano 1974;
McLaren and Peterson 1994; Terborgh et al. 1999; Ripple
and Larsen 2000).

In order to ensure the long-term existence and
functioning of populations of focal species, especially large
predators, it is necessary to protect and restore big,
interconnected wilderness areas. This argument for
restoring and protecting big wilderness based on the
regulatory roles of large predators is called “rewilding.”
And because large predators require extensive space and
connectivity, the modeling of their habitat requirements on
the landscape is a key tool in conservation area design
(Soulé and Noss 1998).

At its root, a wildlands network is an approach to
protecting all native flora and fauna that applies the science

                                                       
2 Keystone species are defined as relatively rare (low density), and having
particularly strong, ramifying interactions (Paine, 1969; Mills et al.
1992; Power 1992; Power et al. 1996), with impacts that are
disproportionate to their population densities (Mills, et al. 1992, Power
et al. 1996) and not wholly duplicated by other species (Kotliar 2000).

of conservation biology to land management. The
wildlands network design that results from the application
of conservation biology principles can guide
conservationists as they seek to address a seemingly endless
list of short-term threats. Such a network design provides a
strategic framework against which proposed actions can be
judged. Land sales, forestry practices, and other land and
water uses can be weighed against ecosystem needs.

A successful wildlands network in Maine will demand
the full involvement of government agencies at the federal,
state, and local levels; and it is these agencies, along with
the donor community, private conservation organizations,
and academic institutions, who are the prime audience for
this proposal. Local communities and the general public
must also be involved in the design and establishment of a
wildlands network. Outreach to local groups and the
general public is an important element of the conservation
action plan presented in Section IX.

The Natural Heritage of Maine
Before discussing the application of conservation

biology principles to Maine, it is essential to take a measure
of where Maine stands today regarding its natural resources
and biodiversity. The discussion below provides an
overview of the biological heritage of Maine and the status
of conservation in the state. Section II then explores the
human impacts on the natural environment in more detail,
while Section III lays out the goals of the Maine Wildlands
Network.

Maine is renowned for its rich natural diversity. As
large as the other five New England states combined,
Maine’s more than 20 million acres comprise a broad range
of physical features, including the dramatic Atlantic
coastline, the legendary Maine Woods, extensive peatlands,
an estimated 32,000 miles of flowing waters, and nearly
6,000 lakes (Table I.1). 
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Table I.1 Maine physical statistics.

Attribute Value
Latitudinal range1 42°58’40’’ - 47°27’33’’

~ 450 km (280 miles)
Longitudinal range1 66°56’48’’ - 71°06’41’’

~ 320 km (200 miles)
Altitudinal range1 0-1,596 meters

(0–5,267 feet)
Size2 8,463,000 hectares; 84,630 km2

(20,912,640 acres; 32,676 mi2)
Land area2 (Total area of state minus
open water)

7,998,510 hectares; 79,985 km2

(19,764,658 acres; 30,822 mi2) Includes wetlands,
which cover ~ 820,000 hectares (2,025,400 acres)

Water area2 (Shallow and open
water)

464,490 hectares; 4,644 km2

(1,147,290 acres; 1,793 mi2)
Lakes1 5,785
Rivers and streams1 50,700 km. (31,700 mi.)
Public conservation lands3 443,977 hectares; 4,440 km2

(1,096,624 acres; 1,714 mi2;) ~ 5.6 % of Maine
land area

Forests2 7,067,830 hectares; 70,678 km2

(17,457,540 acres; 27,277 mi2) ~ 88% of land area
Counties1 16
Organized towns1 494
Unorganized towns1 450
2000 population4 1,274,923
1 Gawler et al. 1996
2 Krohn et al. 1998
3 McGrory Klyza 2001
4 U.S. Department of Commerce 2001

The forest ecosystems of northern Maine are
characterized by a cold temperate climate, abundant
moisture, poorly drained soils, and a short growing season.
Conifers are well suited to this harsh environment and
dominate the northern two-thirds of the state.
Predominant species include balsam fir (Abies balsamea) and
red (Picea rubens), black (Picea mariana), and white spruce
(Picea glauca), which together comprise an estimated 70%
of the evergreens. Northern hardwoods, especially sugar
maple (Acer saccharum), American beech (Fagus grandifolia),
and yellow birch (Betula alleghaniensis), are scattered
throughout. In the milder conditions of southern Maine,
dominant oaks are accompanied by other hardwoods such
as shagbark hickory (Carya ovata), red maple (Acer rubrum),
and gray birch (Betula populifolia)(Bennett 1988).

The Maine Natural Areas Program has cataloged at
least 104 natural community types in the state (including
seven provisional types), which in turn are grouped into 29
types of wooded uplands, 14 of wooded wetlands, 20 types

of open uplands, and 34 types of open wetlands3. The 104
natural communities are also grouped into 24 ecosystem
types (Gawler 2001). Two or three regional-scale
ecoregions4 depending on the system used—also fall
partially within Maine (Keys et al. 1995; Olson et al.
2001).

Maine’s significant biodiversity is linked to the steep
environmental gradients in the state, which in turn are a
function of its location in the temperate-to-boreal
transition zone. As a result, many species reach their
northern and southern range limits in the state. For

                                                       
3 These are vegetated communities only and do not include aquatic
communities that are not characterized by vascular plants – including
the non-vegetated Lacustrine, Riverine, Estuarine, and Marine types in
the 1991 (Gawler 1991) natural community classification (Gawler
2001).
4 Ecoregional classifications are based on broad geographic patterns
incorporating major vegetation types, climate, and to some extent,
geomorphology (Gawler 2001).
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example, of the 198 species of birds that breed in inland
Maine, 59 reach their southern or northern limit in the
state. These peripheral populations may serve as important
reservoirs of genetic diversity (Gawler et al. 1996).

This diverse region provides habitat for an estimated
50,000 species of wildlife (Maine Forest Service 1999),
including 54 extant land mammals, 218 breeding birds,
and 17 each of native amphibians and reptiles (Gawler et
al. 1996). Indeed, Maine has a relatively large proportion of
North America’s birds, lichens, and mosses—30% of the
bryophytes (mosses and liverworts) north of Mexico can be
found in Maine (Gawler et al. 1996; see Table I.2).

The diversity of Maine’s natural communities and
landscapes is also a function of the fact that Maine is the
least densely populated state east of the Mississippi River,
with a population of less than 1.3 million people (U.S.
Department of Commerce 2001). Roughly half of the
population lives in eight coastal counties, mostly in the
southwest portion of the state (Maine Environmental
Priorities Council 1999; see Figure I.1). In these coastal
counties, population density ranges from about 39 to over
116 persons per square kilometer (100 to over 300 persons
per square mile). In contrast, the northern part of the state
represents the largest blocks of undeveloped, largely
unpopulated land in the eastern United States. This area
hosts fewer than 12,000 year-round residents—less than
one-tenth the population of New York’s 6 million-acre
Adirondack Park. Many townships in the heart of the
Maine Woods have no permanent residents (Land Use
Regulation Commission 1997). Population densities
throughout northern Maine are generally lower than 13
persons per square kilometer (33 persons per square mile).

Finally, much of Maine, especially the north and west,
has not been well suited to agriculture:

Maine farms were often remote from good
markets, and, aside from the sea lanes,
transportation was abysmal. In addition, soils were
not as productive as they were in the states further
south. Wheat, a primary export crop in colonial
Maine, grew thick and yielded heavily on newly
cleared lands, but after a few years yields declined.
By 1800, troubles with a blight almost drove
wheat from cultivation. Wheat growing
rebounded briefly in the Penobscot Valley between
1807 and 1814, when Maine farmers
circumvented federal trade embargoes against
France and Great Britain by smuggling farm crops
to the Canadian provinces. But these advantages
disappeared after the War of 1812. Wheat from
New York and Pennsylvania, grown under more
propitious conditions, replaced native flour even in
Maine’s own farmhouses.

In addition to poor markets and sparse soils,
Maine’s climate was fickle. In 1816, the year
known as “Eighteen-hundred-and-froze-to-death,”
there was a frost each of the twelve months. Crops
were not harvested until October, and settlers were
forced to rely on fish and game for survival. These
hardships discouraged thousands and prompted a
mass migration to the Ohio Valley, the beginnings
of a long New England exodus that reached
epidemic proportions after mid-century (Vickery
et al. 1995).

As a result of its low population density, cold climate,
and generally poor agricultural soils, nearly 90% of Maine’s
landscape remains covered by forest, making it the most
heavily forested state in the nation. Further, many of
Maine’s diverse ecosystems, though affected to varying
degrees by human activities, remain at least partially intact
(McMahon 1998). Maine thus presents an extraordinary
opportunity for ecosystem restoration on a large scale.

Figure I.1 Population density in Maine in 2000.

Source: U.S. Department of Commerce 2001
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Forest Management History
Native peoples lived throughout much of the land we

know as Maine prior to European settlement, though
human-caused disturbance was relatively localized and
infrequent (Krohn et al. 1998). European explorers such as
British physician and botanist John Josselyn encountered
what they perceived as endless wilderness when they first
entered the North Woods: “[The land beyond the White
Mountains is] full of rocky Hills, as thick as Mole-hills in a
Meadow, and cloathed with infinite thick Woods,”
(Josselyn 1672, cited in Bennett 1996). The forests of these
early days were largely mature; in north central Maine, an
estimated 59% of the forest featured trees at least 150 years
old, and 27% consisted of an all-aged old-growth mosaic,
with some trees older than 300 years (Lorimer 1977). But
by the late 1700s, extensive harvesting of Maine’s forests
had begun in earnest (Bennett 1996). Upon reaching the
Mattaseunk stream and mill in 1846, during his excursion
to Mount Katahdin, Thoreau (1865) was moved to write:
“here were thousands of cords...which only cumbered the

ground and were in the settler’s way. And the whole of that
solid and interminable forest is doomed to be gradually
devoured thus by fire, like shavings, and no man be
warmed by it.”

Maine produced an enormous quantity of lumber in
the last decades of the 19th and the first decades of the 20th

century. The private timber barons who accumulated
extensive holdings during the 1800s were largely
succeeded by corporate industrial landowners during the
1900s. Many forest products firms achieved vertical
integration, owning the forests and mills, as well as
employing the workers who cut the wood, moved it to the
mills, and turned the trees into pulp and paper or lumber.
This scenario provided (and continues to provide) industrial
landowners great leverage over costs and prices (Falk 1973;
Osborn 1974; St. Pierre 1976; Lansky 1992), and
enormous political and economic influence in fending off
recurring calls for more land to be protected in public
reserves (Hakola 1981; St. Pierre in press).

From 1952 until 1992, industrial pulp, paper, and
lumber companies added 1.4 million acres to their
holdings in Maine (Irland 1999). Today, industrial and

Table I.2 Comparison of known numbers of species in Maine with numbers in North America north of Mexico.

Taxonomic Group # in Maine # in N. America
North of Mexico

% in
Maine

Mammals 60 380 16%

Birds 226 650 35%

Reptiles 17 280 6%

Amphibians 18 228 8%

Fish 69 ~800
N. America including Mexico

9%

Insects 15,000+ Described: 90,968 est.
undescribed: 72,500

~16%

Earthworms ~15 156
N. America including Mexico

5%

Crayfish 7 253 3%

Mollusks 110+ ~765
N. America including Mexico

14%

Vascular Plants 2107 21,757 10%

Bryophytes 550+ 1850 30%

Lichens 550-700 3499 16-20%

Fungi 3500+ 29,000 microfungi
5,000-10,000 macrofungi in U.S.

~10%

Adapted from Gawler et al. (1996)
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other large private landowners with timber interests hold
roughly 60%, or nearly 10 million acres, of Maine’s
commercial forest (Maine Forest Service 2001). This is the
greatest such concentration of land ownership of any state
in the U.S. With the sale of approximately 5 million acres
of Maine’s forestland in the last two years, the ownership
mix is shifting, but the total large timberland holdings
have not declined dramatically (St. Pierre 1999a, 1999b).
The historical pattern of large land ownership in Maine has
been a double-edged sword for conservation: it has
minimized development in vast areas of the landscape, but
intensive forest management practices, including clear
cutting and road building, have resulted in extensive
habitat fragmentation (Maine Forest Service 1999).

The “Mega-easement” Phenomenon
The latest chapter in the environmental and land use

history of Maine involves the acquisition by conservation
groups of the development rights on enormous tracts of
forestlands. Between October 1998 and early 2001, 22
percent of Maine’s lands changed hands. Many Maine-based
paper and lumber companies have left, replaced by
international corporations, pension funds, family trusts,
and wealthy individuals. In the course of these transactions,
millions of public and private conservation dollars have
been spent to acquire the development rights on hundreds
of thousands of acres of commercial timberland, primarily
in northern Maine. Indeed, the largest conservation
easement deal in the United States to date involved the
purchase of development rights on nearly 760,000 acres of
forestland in Maine. Other major deals are in the works,
which could easily bring the total amount of land subject
to conservation easements to well over one million acres in
the near term (Curtis 2001).

Although these deals curtail or prevent residential
development on large tracts of land, there is concern that
they may be an inefficient use of conservation funds.
Central to this concern is the threat being addressed by the
easements. Lewis (2001) notes that “a conservation
easement is a partial interest in land as opposed to full fee
ownership, and can be an effective tool for regions
attempting to preserve small parcels of undeveloped land in
the face of high growth.” Yet many of the existing or

proposed “mega-easement” areas, with the exception of
some lake and river frontage, face little development
pressure. Moreover, most of the largest easements appear to
do little to promote best management practices on these
lands. Timber can still be harvested unsustainably,
herbicides can continue to be used, and land can even be
subdivided as long as it stays in forestry (See Lewis 2001,
New England Forestry Foundation 2000, Curtis 2001,
Pidot 2001, and Walsh 2001 for greater discussion.).

Despite these concerns, conservation easements are a
very attractive option for many government officials. “For
me these easements are a terrific value for the public
because we only buy what we need” said Governor Angus
King. “The right to use the land and keep it free from
development can be purchased for one-quarter, one-third to
one-half the price of buying the same land outright (Walsh
2001).” U.S. Representative Tom Allen, in discussing $4
million in federal money for the West Branch of the
Penobscot project, noted that the “money included in the
Interior appropriations bill will go a long way toward
preserving and protecting Maine’s natural resources for
years to come (Allen 2001).”

Given the tremendous amount of land involved in
completed and planned transactions, the diminutive
portions of these lands that have been set aside as core
areas, the large amounts of private and public conservation
funds devoted to these deals, and the likelihood that the
easements will not significantly improve forestry practices,
it is worth considering how much conservation benefit is
really being generated by these mega-easements. Although
beyond the scope of this document, such an analysis would
be useful for regional conservationists and policy-makers.

The Status of Conservation in Maine
Although Maine has outstanding conservation

potential, it has the smallest proportion of public land of
any forested state (Irland 1996), with roughly 94% in
private and corporate ownership (Krohn et al. 1998,
McGrory Klyza 2001). Taken together, public and
private conservation lands about 11.2% of Maine
(Table I.3, Figure I.2).
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Table I.3 The Conservation Status of Maine by GAP Status Levels.

GAP Status Level Description
Amount in

Maine
(Hectares)

Percent of
Total

Land Area

Status 1
(“Wild Lands”)

A parcel totally protected from conversion of
natural land cover and with a conservation plan
in operation to maintain land in a natural state.
Natural processes are allowed to proceed
without interference or are mimicked through
management practices. Examples include parts
of Baxter State Park, Big Reed Preserve, etc.

Status 2
(“Low Use”)

A parcel totally protected from conversion of
natural land cover and with a management
plan in operation to maintain a primarily
natural state, but where uses or suppression of
natural processes may degrade the quality of
existing natural communities. Examples include
the newly established ecological reserves on
Public Reserve Lands.

188,025 2.2%

Status 3
(“Medium Use”)

A parcel protected from conversion of natural
cover for more than 50% of area, but subject to
extractive uses such as timber harvest or
mining. Examples include Pingree easement
lands.

768,180 9.0%

Status 4
(“High Use”)

A parcel with more than 50% of area planned
or in use for agriculture or as "open space" for
active recreation purposes (e.g., ballfields, golf
courses). Natural processes are altered or
replaced by human use and management of
land.

--- ---

1These categories are similar to those used in the GAP Mapping and Categorizing Land Stewardship
Handbook, by Crist et al., available on the World Wide Web at
http://gap.uidaho.edu/gap/AboutGAP/Handbook/SMC.htm     .

A recent study by the Maine Natural Areas Program
(Gawler et al. 2001) reports that 34 of the 97 natural
community types in Maine are rare (S1 or S2; G1, G2 or
G35). A related earlier study found that of those that are
not rare, “high quality natural examples are rare (Gawler et
al. 1996).” Although a number of the rare types are
thought to have been rare prior to European settlement, all
have since been further depleted by agricultural conversion
and development in southern Maine and by timber
harvesting in northern Maine. Gawler et al. (1996) state
further that “land use trends point to increasing
fragmentation from development in the southern part of

                                                       
5 NatureServe, The Nature Conservancy and the Natural Heritage
Network have developed a conservation status ranking system to
describe the relative imperilment, or conservation status, of plants,
animals, and ecological communities (elements) on a global (G), national
(N), and subnational (state/provincial - S) level. Rankings are assigned,
reviewed, and revised according to standard criteria, on a scale from 1 to
5, with 1 being “critically imperiled” and 5 being “demonstrably
widespread, abundant, and secure” (NatureServe Explorer 2002).

the state and increasing fragmentation and forest
simplification from harvest activities…in the northern part
of the state.” At least 20% of Maine’s native plants are
Rare, Threatened, or Endangered (RTE). Maine’s native
plant diversity has declined over the past century, with at
least 29 species having been extirpated. Exotic species
comprise 25% and 31% of fish and plant species
respectively (Gawler et al. 1996).

Mostly as a result of large-scale commercial logging, as
opposed to clearing for agriculture and livestock
grazing—as occurred in Vermont, New Hampshire and
other parts of the northeast with better agricultural soils
and access to markets—less than 0.5% of the state’s old
growth forests remain (Gawler et al. 1996; Davis 1996). In
discussing the pre-European landscape of New England,
Foster (2001) concludes that:

Overall, we had a largely forested landscape that
contained a relative abundance of big old trees, and
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forests that were driven by relatively infrequent
disturbances interjected into a landscape controlled
by broad physical and biological processes. That
view doesn’t argue for extensive grasslands,
shrublands, heathlands, and other kinds of open
landscapes other than those that are generated on a
very local scale by small numbers of mobile people
and by animals.

Lorimer (1977) reaches very similar conclusions
regarding the composition and natural disturbance cycles of
presettlement forests in northeastern Maine. Through an
analysis of early survey records, he found that in an area of
about 1.6 million hectares, the forests were largely in a
“climax state as indicated by the dominance of shade-
tolerant species and the small percentage (8%) of intolerant
or early successional species.” Lorimer found further that
the average recurrence interval of major fire was 800 years,
and of catastrophic windstorm 1,150 years. Irland (1999)
concurs, suggesting that “uneven-aged stand structures
would have been common in the presettlement forest. This
result is supported by analyses of the few remaining
[presettlement/old growth] stands that have been
measured, and by the modest presence of short-lived or
early successional species in such stands.”

The forests described by Foster, Lorimer, and Irland
have been replaced by a much younger forest in various
stages of regeneration (Maine Forest Service 2001), the
result of 150 years of systematic resource extraction.
Because of the nearly complete conversion of the old-
growth forests that dominated Maine, we have also lost the
features (dominance of shade-tolerant species, large tracts of
unfragmented interior forest, large standing snags and
coarse woody debris) and natural processes (insect
outbreaks, fires, windthrow) that characterized them.

Maine’s forests reflect the realities in other parts of the
Northern Forest of New York, and New England. The
Northern Forest Alliance (2002) observes that:

Today the Northern Forest is biologically young,
with a median tree age of 55 years among native
tree species that can live 250-400 years on average.
More than half the growing stock is in the smallest
of four size classes, under 13 inches [33 cm] in
diameter [USDA 1997], and less than 10% of the
standing timber in the region would be considered
of good commercial quality [National Wildlife
Federation 1995].

In 1998, the Maine Forest Biodiversity Project (MFBP)
published a report identifying potential benchmark reserve
sites on the state’s public land and on private conservation
areas, encompassing 498,700 acres (2,019 km2) or about
2% of the state’s total land area (McMahon 1998). The
MFBP report cautions that even if all of their qualifying
ecoreserves were protected, they alone would not
maintain—much less restore—biodiversity. In January
2001, Maine acted on the recommendations of the MFBP
and mandated the establishment of a series of ecological
reserves on existing Public Reserved Lands. Despite the
cautionary words of the final MFBP report, only 70,000
acres (roughly 0.3%) of the state’s land was protected.
Further, the State Legislature stipulated that no more than
15% of Maine’s Public Reserved Lands, and no more than
6% of such land that is capable of sustaining forestry
operations, be designated as ecological reserves.

Even with the establishment of these reserves, only
slightly more than two percent of the state is strictly
protected (the equivalent of GAP Status 1 and 2 in Krohn
et al. 1998; McGrory Klyza 2001; see Table I.3). Most of
these conservation lands are in parcels that are less than
200 hectares in size and are not interconnected (Krohn et
al. 1998). Further, most remaining state lands are
developed for intensive recreation, used for logging, or
open to other consumptive uses (Maine Forest Service
2001).
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Figure I.2 Maine’s major cities, roads, rivers, and lakes, GAP class 1 and 2 protected lands, large (>5000 ha) class 3 lands
containing easements, and other managed conservation lands. 
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Most of the major conservation initiatives carried out
in the late 1990s are merely maintaining managed
timberlands, or “working forests.” Although these
transactions aim to meet the demands for public tourism,
maintain the appearance of natural beauty, and manage for
sustained production, most have not sufficiently
incorporated preservation of biodiversity and ecological
integrity into the equation, as Gawler et al. (1996) observe:

Evidence indicates that the working forest can be
managed to maintain many aspects of biological
diversity in an economically viable framework, but
that certain aspects—in particular, representative,
unmanaged ecosystems and some habitat
specialists—will be incompatible with forestry as
it is generally practiced.
In sum, as of mid 2002, over 97% of Maine’s landscape

continues to be managed for forestry or agriculture, or is
used for residential, commercial, or industrial
development. By nearly any measure, existing efforts to
protect and restore Maine’s biodiversity and ecological
integrity are inadequate. The problems, and opportunities,
confronting conservation in Maine are summarized here:

• Little of Maine remains in its presettlement state. As in
most of the rest of the Northeast, Maine’s present
forests have been heavily influenced by human action,
intentional or accidental. This has led to forest
fragmentation, changes in forest stand dynamics (e.g.,
tree species composition, decreasing forest age-class
distribution), and disruption of natural ecological
processes.

•  Pockets of truly wild habitat are too small, too
isolated, and represent too few types of ecosystems to
maintain native biodiversity in all its forms.

•  A number of native species, notably large carnivores,
have been nearly eliminated from the landscape by the
indirect and direct effects of human actions and habitat
alteration. The eastern timber wolf (Canis lycaon),
mountain lion (Felis concolor), and wolverine (Gulo gulo)
have been extirpated from Maine, while others, such as
the Canada lynx (Lynx canadensis), bobcat (Felis rufus),
and American marten (Martes americana) occupy only a
fraction of their historical range. Some of these wide-
ranging predators have shown signs of recolonization,
but much work needs to be done to restore viable and
ecologically effective populations of carnivores (Soulé et
al. submitted).

•  Extensive residential and commercial development in
southern Maine has fragmented and destroyed wildlife.

•  The construction and operation of dams, water
withdrawals, certain agricultural and forestry practices,
and chemical pollution have diminished freshwater
ecosystem integrity and connectivity.

•  The introduction and spread of exotic species has
disrupted ecological processes and displaced native
species.

•  Few state, federal, or private organizations are willing
to propose large-scale conservation measures that
include high-level wildlands protection, despite the
rarity of many of Maine’s natural communities and
species, and the projected increase in forest
fragmentation and destruction.

•  Large tracts of industrial forestland are being bought
and sold at an astonishing pace in northern, western
and eastern Maine. The instability of this situation
makes it difficult to establish long-term management
practices oriented toward restoration and biodiversity.
But the availability of such parcels also offers
opportunities to acquire, protect, and restore large
amounts of habitat.

• The science of conservation biology has matured to the
point where it can accurately guide the design of
protected areas networks. These principles advocate for
the protection of large blocks of habitat. Further,
functional connectivity between habitat patches appears
to be essential to preventing or mitigating the
deleterious effects on animal populations associated
with fragmentation. Connectivity should also serve to
restore viable and ecologically effective populations of
carnivores (Soulé et al. submitted).

As this list makes clear, there is a need for systematic,
landscape-scale planning that will yield a conservation area
design for Maine that can satisfy the four key goals
articulated by Noss (1992) and Noss et al. (1997), as
adapted to Maine. This document proposes such a
design—the Maine Wildlands Network. To provide
further background on the bases for the design, the
following section (Section II) explores the human impacts
on the natural environment in more detail. Section III lays
out the objectives of the Maine Wildlands Network.
Section IV describes the rewilding concept; the core,
linkage, compatible use model; and the three-track
network design methodology in detail. Section V and
Appendix 3 provide more information on the focal species
used in the analysis. Sections VI, VII, and VIII describe the
proposed Maine Wildlands Network. Section IX then
offers recommendations for the next steps needed to
establish the network.

This network design was developed with input from
more than 30 regional scientists, naturalists, and
conservationists, and balances scientific rigor with the
timeliness necessary to address current trends in
biodiversity loss. Practical while visionary, this design is
intended to stimulate discussion and provide an ecological
framework for regional and local conservationists and
planners. This said, the network design is the result of a
step-wise, empirical, and iterative process undertaken with
the understanding that it will require revision and
adaptation as new information becomes available, and as
conservation measures are carried out on the ground.
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II. ECOLOGICAL WOUNDS
The introduction and background provided an

overview of the key issues related to landscape-scale
conservation in Maine. We now turn to a closer
examination of several of these issues, namely the major
human impacts that have altered or degraded Maine’s
ecosystems.

Aldo Leopold recognized that we have done great
damage to the natural world. He wrote:

One of the penalties of an ecological education is
that one lives alone in a world of wounds…An
ecologist must either harden his shell and make
believe that the consequences of science are none of
his business, or he must be the doctor who sees the
marks of death in a community that believes itself
well and does not want to be told otherwise
(Leopold 1972).

In the process of developing the Maine Wildlands
Network design, we identified five primary human impacts
or “ecological wounds” to the natural ecosystems of Maine.
We focus on these impacts, below, because the reversal of
their effects on the ecosystems of Maine will be essential to
achieving the ultimate goals of the Maine Wildlands
Network. We discuss the subject of “healing the
wounds”—and wildlands restoration more generally—in
Sections III and IV.

1.  Elimination of old growth, fragmentation of
forest habitat, changes in forest stand dynamics
(e.g., tree species composition, truncated forest
age-class distribution), and disruption of natural
ecological processes as a result of forest
management practices.

When Thoreau made his epic journey to the Maine
Woods over a century and a half ago, he encountered a
diverse forest where the average age of trees was 125 years
and the average diameter was close to two feet. Although
many of the largest trees, especially pines and other
softwoods close to rivers, had already been cut, the forest as
a whole was intact, and a closed canopy spread across
thousands of square miles of unfragmented forest
(Thoreau 1865).

The forest that Thoreau saw is gone, with the
exception of a few small patches, replaced by forests in
various stages of regeneration that have been subjected to
intensive forest management for decades. Although wood
has been harvested commercially since at least the 1850s,
the introduction in the 1960s of skidders and other

mechanized means of harvesting wood, combined with
changes in mill technologies, brought about significant
changes and increases in timber harvesting in the Maine
woods (Irland 1999). Between 1982 and 1994, more than
2.2 million acres of forest were “clearcut” (more than 80%
of the volume of trees was removed) (Griffith and Alerich
1996). The rights-of-way from the tens of thousands of
miles of new logging roads (ignoring yards and trails) in
the unorganized territories converted more than nine times
as much forest land as did all the houselots in that region
between 1972 and 1993, and created far more
fragmentation (Land and Water Associates et al. 1994).
Even though many logging roads are temporary and are
generally smaller and less heavily traveled than permanent
paved roads, their effects can still be considerable in
providing access and otherwise compromising forest
interior habitat (Noss 1996). Direct effects of roads on
wildlife include roadkill, road aversion and other behavior
modifications, fragmentation and isolation of populations
of various species, pollution (e.g., noise, heavy metals, salt),
direct habitat loss, facilitated invasion of exotic species, and
alterations to the hydrology of watersheds. The most
profound effect, however, is indirect, that of facilitated
access by humans (Noss 1996).

Lansky (1999) observes that generally on industrial
forestlands in Maine, “large absentee landowners…during
the period 1982-1995, cut twice as much as net growth,
decreased the acreage of spruce-fir, vastly increased the
acreage of seedlings and saplings, increased the ratio of
low-value species, and lowered hardwood sawlog quality.”
Changes in technology made these unsustainable practices
possible and, as Irland (1999) notes, “these technologies
have transformed the opportunities for forestry.” But Irland
also acknowledges that “it is a great tragedy…that these
opportunities to improve forest management have so rarely
been taken.” Indeed, while development is definitely the
prime cause of habitat fragmentation in the southern part
of the state, timber management is the prime cause in the
northern part (Gawler et al. 1996). Although clearcutting
has dropped dramatically as a harvesting method since
1989—from 44% of harvest in 1989 to 3.5% in
1999—the total number of acres harvested annually has
increased by 64%, from 325,000 in 1989 to 532,000 in
1999 (Maine Forest Service 2001).

High rates of cutting have also reduced standing
timber volumes significantly. Industrial lands in Maine
average about 16.3 cords/acre (Maine Forest Service 2001).
Recent harvesting has also produced compositional changes
in species type and age-class, skewing forest structure
toward younger age classes. In the last two decades, for
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example, seedling and sapling acreage has increased to 4.2
million acres—an area equal to nearly 25% of Maine's
forests (Griffith and Alerich 1995

The conversion of older, late-seral stage forests to
significantly younger stands has likely had many ecological
effects yet to be documented. A naturally functioning forest
ecosystem is the interaction of periodic large-scale
disturbances like fires, ice storms, and insect epidemics,
with effects played out over longer periods of time due to
climatic and other environmental changes. Natural
disturbances typically leave coarse woody debris behind in
the form of down logs, fallen leaves, branches, and snags.
These woody materials provide a long-term source of
nutrients, as trees rot and are returned to the soil. The
debris also provides an important structural component
that is essential to a number of species, including focal
species such as lynx and marten (Ray 2000; Payer and
Harrison 1999, 2000).

While nutrients removed by timber harvest can
potentially be replaced over time, such nutrient recharging
generally requires hundreds of years—far longer than the
standard rotation period between cuttings on industrial
timberlands. As eloquently stated by Leopold (1949) half a
century ago:

Many forest plantations are producing one-log or
two-log trees on soil which originally grew three-
log and four-log trees. Why? Thinking foresters
know that the cause probably lies not in the tree,
but in the micro-flora of the soil, and that it may
take more years to restore the soil flora than it took
to destroy it.

A number of foresters in Maine acknowledge that there
are problems with current management practices (Irland
1999). In response, alternative strategies are emerging that
would dramatically improve forest management practices
while also improving forest health and providing a
sustainable economic base for the rural economy. The
Maine  Low-Impact  Fores t ry  Pro ject  ( see
http://hcpcme.org/home.html  ), for example, advocates for
an ecologically viable forestry system that would:

Ensure that, over time, all the habitats capable of
supporting viable populations of all the native
species are present, despite natural and human-
induced changes. It is easy enough to create early
successional habitats – that can be done with a
timber harvester in a day. The real challenge is to
ensure the presence of late-successional interior
forest, which takes more than a century to grow.
There needs to be adequate time for recovery from
disturbance and adequate sources nearby for
recolonization of disturbed areas. Managed forests

should, in this regard, complement the processes
taking place in reserves or wilderness, rather than
isolate or fragment them.

There also has to be a way to make sure that
the land is going to stay permanently forested.
One cut, however sensitive, does not mean that the
forestry is sustainable, because the landowner
could, in a few years, sell to a liquidator or
developer. There are ways to make such long-term
commitments now with easements, and land
trusts, or changes in deeds (Lansky 1999).

The Maine Forest Biodiversity Project (MFBP) has also
developed a set of comprehensive “voluntary forestry
practices that can help maintain forest biodiversity in
Maine…the suggested practices are intended to maintain
current biodiversity, but they can also be used to enhance
components of biodiversity that have become locally or
regionally uncommon (Flatebo et al. 1999).” The
guidelines are quite specific, focusing on five stand
characteristics, including vertical structure and crown
closure, native species composition, and down wood
material, snags and cavity trees, as well as 10 special
habitats and ecosystems, such as riparian and stream
ecosystems, old growth and primary forests, and rare
natural communities.

Given that the vast majority of the Maine woods is still
under private commercial management, the guidelines
offered by the Maine Low-Impact Forestry Project and the
Maine Forest Biodiversity Project are welcome and
productive. The new recommendations are emerging at a
t i m e  whe n  the  fo r e s t  pr o duc t s  ind us t r y  in Ma i ne  is 
und e r go i n g ra pi d ec o n o m i c  cha nge . Po we r  (2001 )  fo un d tha t :

In 1998 only about 4 percent of all Maine personal
income and jobs were directly derived from the
lumber and wood products and pulp and paper
industries combined. Employment in forest
products across Maine has fallen significantly and
is projected to continue to fall. Adjusted for
inflation, wages in wood products, including
logging, have also been in decline. The
combination of dwindling jobs and declining
wages has hit timber-dependent communities
doubly hard.

These declines during past decades have taken
place during a period of rising timber harvest. But
harvest of many commercial tree species in recent
years has exceeded net forest growth by a
considerable margin. To stay within sustained
yield, Maine forest harvests will have to be
reduced. This could further accelerate the decline
in forest products employment in Maine.
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The changing nature of the forest products industry in
Maine actually provides an opportunity to diversify the
rural economy, increase employment, raise wages,   and  
conserve vast tracts of northern Maine. Indeed,
“communities concerned about economic stability have
little choice but to play to their strengths and uniqueness.
Around the country, including in other parts of Maine, as
natural resource industries have declined as sources of
employment and income, high quality natural landscapes
have successfully supported the development of alternative
economic bases (Power 2001).”

2.  Loss of native species as a result of habitat
alteration, hunting, and introduced species.

Maine’s native biological diversity has suffered
extensive losses since European settlement. In the past 100
years, for example, human-induced changes have resulted
in the regional extirpations of at least four mammals
(eastern cougar, eastern timber wolf, sea mink [Mustela
macrodon], and woodland caribou [Rangifer tarandus
caribou]), three birds (Labrador duck [Camptorhynchus
labradorius], passenger pigeon [Ectopistes migratorius],
loggerhead shrike [Lanius ludovicianus]), one reptile (timber
rattlesnake [Crotalus horridus]), and 29 plants (see Tables
II.1 and II.2). At least 100 additional plant species have
not been documented in over 20 years; roughly half of these
may be extirpated as well. Little is known about Maine’s
invertebrates, but it has been speculated that major losses
or reductions in abundance have probably occurred in both
the terrestrial and aquatic environments (Gawler et al.
1996).

Native fish have also been severely affected by human
activities (e.g., dam construction, pollution, and over
fishing), with exotic species—comprising 25% of Maine’s
current fish species—likely to be displacing some native
populations. Of the 52 native freshwater fish species
recognized in Maine, 17% are considered rare at some level
(Gawler et al. 1996). For example, the shortnose sturgeon
(Acipenser oxyrhynchus), historically found in tidal river
basins throughout the year (Bennett 1988), is currently
listed as Endangered under the Endangered Species Act
(ESA). Likewise, Atlantic salmon (Salmo salar) were
historically numerous in Maine, yet nowadays fewer than
300 wild salmon return statewide each year (Stevens 1999).
In recognition of their imperiled status, wild Atlantic
salmon in Maine were listed under the Endangered Species
Act (ESA) in November 2000 (USFWS 2000). In early
2002, the National Academy of Sciences bolstered the
decision to list the species as Endangered, confirming that
Maine’s wild Atlantic salmon form a distinct population
segment, one genetically distinct from Canadian salmon
(Young 2002).

Numerous anthropogenic factors have been identified
as primary causes of species loss in Maine. Some of these
include: hunting and trapping, habitat fragmentation,
intensive timber management, permanent land
conversion/development, introduced species, collection (of
plants and invertebrates), recreational land use, dam
construction, pollution, nutrification and pesticide use.
Long-term climate change may also have significant
implications for Maine’s biological diversity in the future.
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Table II.1 Estimated or known numbers of species in various taxonomic groups and their status in Maine.

Taxonomic Level
& Group

Native
&

extant

Introduced Extirpated Federally
Listed1

State
Listed2

State
Rare3

Endemic State of
Knowledge

KINGDOM ANIMALIA

Mammals 54 2 4 2 1(3) 7 0
Thorough for

species
distribution

Birds
(breeding only)

198 5 3 6 9(22) ? 0
Thorough for

species
distribution

Reptiles 17 0 1 0 4(0) 7 0 Fairly well
known

Amphibians 17 1 0 0 0(3) ? 0 Fairly well
known

Freshwater Fish 52 17 ? 1(1) 0(2) 10 0 Fairly well
known

Insects 15,000
+ 10+ 7+ 1 0(15) 38+ ?

Few groups
fairly well
known,
majority
unknown

Crustacea
(crayfish only)

4 3 0 0 0 1 0
Certain groups

fairly well
known

Arachnids 500+ 6+ ? 0 0 ? 1 Not well
known

Molluscs
110 ? ? 0 0(4) 3 ?

Most species
not well
known

Other
Invertebrates ?? ? ? 0 0 ? ?

Very poorly
known

KINGDOM PLANTAE

Vascular Plants 1432 643 32+ 3 175 254 2
Well known,
esp. for rare

species

Bryophytes 550+ 0? ? 0 0 1+ ? Not well
known

KINGDOM
FUNGI 3500+ ? ? 0 0 ? ? Very poorly

known
Lecanorales

(lichens)
550-
770 0? ? 0 0 ? ? Not well

known4

KINGDOM PROTISTA

Algae, protozoa ? ? ? 0 0 ? ? Very poorly
known

1: Federally listed Endangered or Threatened species only.
2 Animals state Endangered or Threatened species, 1986 list; 1995 proposed additions in ().
 Plants: state Endangered or Threatened species: 1989 list plus S1 plants not yet listed.
3 Tracked by the Natural Areas Program as rare in the state: rarity ranks of S1-S3.
4 Studies by Steve Selva and University of Maine colleagues suggest, however, that many native lichen species
 need old trees and hence may be diminishing in Maine’s unnaturally young forest.
Source: Adapted from Gawler et al. 1996. Table excludes marine and estuarine species.



WILDLANDS PROJECT   MAINE WILDLANDS NETWORK VISION 17

 Table II.2 Plants believed to have been extirpated from the state, and those that have not been documented in Maine in
20 years.

Extirpated Plants Possibly Extirpated Plants
(Not known to currently exist in Maine; not field-verified
[or documented] in Maine over the past 20 years.)

Anticosti aster American winter-cress Marsh bulrush
Blunt-leaved bedstraw Awned sedge Marsh milkwort
Bush’s sedge Beaked spikerush Mountain hairgrass
Butterfly weed Bicknell’s sedge Netted chain-fern
Carpenter’s square Bitter fleabane Nuttall’s bush-clover
Disjunct eyebright Blunt mountain-mint Palmate-leaved violet
Eastern Sycamore Boreal bedstraw Prairie wedge-grass
Elegant milk-vetch Boundary meadow-rue Red-stemmed gentian
Elm-leaved goldenrod Canadian wormwood Richardson’s tansy-mustard
Great blue lobelia Cat-tail sedge Robinson’s hawkweed
Hairy hawkweed Cliff muhly Samphire
Scarlet painted-cup Climbing hempweed Sand-dwelling dewberry
Large whorled pogonia Coast violet Secund rush
Late purple aster Comb-leaved mermaid-weed Shore quillwort
Moss campion Common mare’s-tail Slender false pimpernel
Northern meadow sedge Dwarf dandelion Slender knotweed
Pennsylvania pellitory Engelmann’s spikerush Slippery elm
Purple cudweed Estuary boneset Small dropseed
Robbin’s milk-vetch Falkland Island sedge Small rabbit tobacco
Rock goldenrod Foxtail sedge Smooth-sheathed sedge
Round-leaf boneset Gaspe arrow-grass Southern bog clubmoss
Rue-anemone Great St. John’s-wort Southern naiad
Scarlet painted-cup Hair-like sedge Southern slender ladies tresses
Schreber’s aster Hairy boneset Stiff gentian
Sharp-lobed hepatica Hairy bush-clover Straight-leaved pondweed
Slender pinweed Hairy ground-cherry Teal love grass
Unicorn root Hairy wood brome-grass Thread-like naiad
Walking fern Houghton’s umbrella sedge Three-seeded mercury
Wild lupine Lake-cress Torrey’s rush
Yellow star grass Large toothwort Water-plantain spearwort

Leonard’s skullcap White bluegrass
Lesser wintergreen White vervain
Limestone swamp bedstraw Wild chervil
Loose-flowered sedge Wild chess
Lopseed

Source: Adapted from Gawler et al. 1996 and Maine Department of Conservation 2001
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Approximately 41% of Maine’s mammals are limited
in distribution because they occupy geographically limited
habitat types. These species and other habitat specialists
may be especially vulnerable to extirpation if associated
natural habitat types are eliminated. Indeed, most of
Maine’s known extirpated species were habitat specialists
(Gawler et al. 1996).

Two of Maine’s top predators, the eastern timber wolf
and the eastern cougar, were heavily hunted and trapped by
early settlers and eliminated from the landscape by the late
1800s. The Canada lynx, whose state bounty was removed
in 1967 (Bennett 1988), is currently a species of special
concern in Maine due to its low numbers and a lack of
reliable information on its population size and trend (see
Section V and Appendix 3 for more background on wolf,
cougar, and lynx). Some wildlife species that were hunted
into extirpation by Maine’s early settlers later went extinct
globally. For example, the last passenger pigeon in Maine
was reportedly shot in 1896 and the species went extinct in
1914; and the sea mink, whose fur was sought by pelt
hunters, was exterminated from Maine by about 1860, and
went extinct soon after. The Labrador duck, which
probably wintered off the coast of Maine, was exploited to
extinction for its plumage. Other species, like the beaver
(Castor canadensis) and the wild turkey (Meleagris gallopavo),
have made strong comebacks in Maine after having been
virtually eliminated in the 1800s (Bennett 1988).

The woodland caribou, today extirpated from northern
New England, was once a permanent resident of northern
Maine. Until the late 1800s, there was little regulation of
caribou hunting. At this time, Maine officials noted the
rapid disappearance of the species, and banned hunting of
caribou in 1899. The caribou population was unable to
recover, however, and the last sightings were made in the
Mt. Katahdin area in the early 1900s. Overhunting and
possibly infestation by brain worm carried by white-tailed
deer (Odocoileous virginianus), which extended its range into
northern Maine in the mid-1800s, are cited as causes of the
loss of caribou in Maine. Two reintroduction efforts, in
1963 and 1989, were unsuccessful (Bennett 1996). The
1989 reintroduction probably failed because of mortality
caused by the brain worm parasite and black bear
predation. Although 39% of the mortalities investigated
were likely attributable to neurological disease, the
evidence suggests that infections were contracted in
captivity (McCollough 1991). Reintroductions into areas
with white-tailed deer are quite risky; all seven caribou
reintroduction attempts in white-tailed deer range have
failed, but 24 out of 29 reintroductions succeeded in
northern regions with no deer present (McCollough 1987).
Despite these successes, McCollough (1991) concludes that
attempting to restore woodland caribou to habitats in
eastern North American that contain moderate populations
of white-tailed deer infected with brain worm, and black

bears, is a high-risk and extremely costly venture with a
low probability of success. Even with ecological restoration
of the forests of Maine, including road removal, restoration
of wolves (with subsequent decrease in deer populations)
and landscape connectivity, and an increase in the total
amount of secure habitat, successful reintroduction is
probably not possible (J. Ray pers. comm.). The reasons for
this are several and interrelated. Among them are the
expectation that climate change would favor deer
populations in northern Maine, which in turn would
increase the likelihood of brain worm infection (G. Forbes
pers. comm.). Climate change would also likely reduce
preferred caribou habitat in Maine—lichen-rich mature
forests, open muskegs and bogs, and alpine or high latitude
tundra which the caribou prefer (J. Ray pers. comm.).

Although the historic distribution of the wolverine is a
topic of debate in Maine, its presence is well documented
in the historical literature. For example, Seton (1929, as
cited in Bennett 1996) suggested that the wolverine
inhabited the northern two-thirds of the state. The
wolverine was pushed north by hunting and trapping,
however, and by the mid-1850s, was rarely sighted in New
England (Bennett 1996).

3.  Habitat fragmentation and destruction
in southern Maine as a result of extensive
residential and commercial development.

Approximately 87% of Maine’s human population
resides in southern and coastal Maine, resulting in
relatively high population densities in these regions (mean
46 people/km2, range 0-1,107 people/km2; Figure II.1).
Throughout southern Maine, road densities are also
relatively high (mean 1.2 km/km2, range 0.1–6.7 km/km2;
Figure II.2). Related development trends have led to forest
habitat loss and significant fragmentation of remaining
forested habitat. Notably, southern and coastal Maine
support the state’s highest richness of terrestrial
vertebrates, Threatened and Endangered vertebrates, and
woody plants, despite the dearth of protected areas (Krohn
et al. 1998). These areas have relatively productive soils and
thus high biological productivity; so it is little surprise
that both humans and wildlife are attracted to them
(Publicover 2002).

This situation, already of concern, seems destined to
become worse. Over the last 30 years, the fastest growing
towns in Maine have been the outer suburbs, located
within 10-25 miles (16-40 km.) of metropolitan areas. This
trend continues today, with virtually all of the states
population growth occurring in these areas (Maine State
Planning Office 1997). Projections suggest that much of
southern Maine could be urban or suburban by 2050
(Figure II.3, also refer to Figure II.1).
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 Figure II.3 Past, current, and projected development in southern Maine.

       Source: Maine State Planing Office-Expansion of Development application

Beyond the indirect costs of sprawl, such as the effect
of automobile air pollution on natural ecosystems and
species, the direct costs of sprawl are substantial. Habitat
fragmentation and loss have likely contributed to
population declines of species such as bobcat, owls, hawks,
and certain songbirds (Maine State Planning Office 1997).
These species require large blocks of undeveloped land to
maintain their populations. In southern Maine, nesting
sites for endangered birds such as the piping plover
(Charadrius melodus) and least tern (Sterna antillarum) have
been lost to development (Maine State Planning Office
1997). In 1985, a study of 8 towns in southern Maine
found that 76% of all wetlands were visible from a road or
within 2,000 feet of a road, and thus of limited habitat
value (Maine State Planning Office 1997).

4.  Loss of freshwater ecosystem integrity and
connectivity as a result of the construction and
operation of dams, water withdrawals, certain
agricultural and forestry practices,
and chemical pollution.

Freshwater ecosystems throughout Maine are
threatened by the continued presence of dams, invasions of
exotic species, escaped fish from the aquaculture industry,
the withdrawal of water for ski areas and agriculture, and
certain management practices in forestry and agriculture.

Between 1800 and 1992, nearly 80 dams were
constructed in Maine. Of these, 82% were created to
generate electric power, 12% for flood control, 3% to
create lakes for recreational use, and 3% to fulfill water
supply needs (Free World Data Foundation 1999). Dams
can have many different effects on the immediate
landscape, but can also affect ecosystems and species far
from their location.

The following list, compiled by American Rivers
(2001), identifies some of the ways that dams can damage
river ecosystems.

1. Dams reduce river levels. By diverting water for
power, dams remove water needed for healthy
in-stream ecosystems. Stretches below dams are
often completely de-watered.

2 .  Dams block rivers. Dams prevent the flow of
plants and nutrients, impede the migration of
fish and other wildlife, and block recreational
use. Fish passage structures can enable a
percentage of fish to pass around a dam, but
multiple dams along a river make safe travel
unlikely.

3.  Dams slow rivers. Some ecologically important
fish species (e.g., salmon) depend on steady
flows to flush them downriver early in their life
and guide them upstream years later to spawn.
Stagnant reservoir pools disorient migrating
fish and significantly increase the duration of
their migration and expose them to predation
for longer intervals.

4. Dams alter water temperatures. By slowing water
flow, most dams increase water temperatures.
Alternately, some dams decrease temperatures
by releasing cooled water from the reservoir
bottom. Fish and other species are sensitive to
such temperature irregularities, which often
destroy native populations and favor exotic
species.

5. Dams alter timing of flows. By withholding and
then releasing water to generate power for peak
demand periods, dams cause downstream
stretches to alternate between no water and
powerful surges that erode soil and vegetation,
thus flooding or stranding wildlife. These
irregular releases destroy natural seasonal flow
variations that trigger natural growth and
reproduction cycles in many species.

6 .  Dams—not natural processes—control reservoir
levels. Peaking power operations can cause
dramatic changes in reservoir water
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levels—often up to 40 ft—which degrade
shorelines and disturb fisheries, waterfowl, and
bottom-dwelling organisms.

7 .  Dams decrease oxygen levels in reservoir waters.
When oxygen-deprived water is released from
behind the dam, it kills fish downstream.

8 .  Dams hold back silt, debris, and nutrients. By
slowing flows, dams allow silt to collect on
river bottoms and bury fish spawning habitat.
Silt trapped above dams accumulates heavy
metals and other pollutants. Gravel, logs and
other debris are also trapped by dams,
eliminating their use downstream as food and
habitat.

9 .  Dam turbines harm or kill fish. Following
currents downstream, fish are drawn into and
wounded or killed by power turbines. When
fish are trucked or barged around the dams,
they experience increased stress and disease and
decreased homing ability.

10. Dams increase predator risk. Warm, murky
reservoirs often favor predators of naturally
occurring species. In addition, passage through
fish ladders or turbines injure or stun fish,
making them easy prey for flying predators like
gulls and herons.

While not all of these effects occur on all dammed
rivers in Maine, as few as two or three acting in concert
may result in conditions that jeopardize native species,
natural communities, and natural processes along the
length of the river. Dams are cited as one of the primary
causes of Atlantic salmon decline in Maine, excluding
salmon from about one-half of existing habitat (USFWS
1999a). Acidic precipitation and toxic chemicals also pose a
risk to freshwater ecosystems. The EPA (2001) notes that:

The most obvious environmental effects of acid
rain are the loss of fish in acid sensitive lakes and
streams. Many species of fish are not able to
survive in acidic water. Acid rain affects lakes and
streams in two ways: chronic and episodic. Chronic
acidification results from years of acidic rainfall. It
reduces the alkalinity (buffering capacity) and
increases the acidity of the water. Chronic
acidification may reduce the levels of nutrients
such as calcium, which, over time, may weaken the
fish and other plants and animals in an aquatic
ecosystem. Episodic acidification is a sudden jump
in the acidity of the water. This can result from a
heavy rainstorm. It also happens in the spring,
because the sulfates and nitrates will concentrate in
the lowest layers of a snowpack. Episodic
acidification can cause sudden shifts in water

chemistry. This may lead to high concentrations of
substances such as aluminum, which may be toxic
to fish.

Acid rain also deposits nitrates that can lead to
increases in nitrogen in forests. Nitrogen is an important
plant nutrient, but some forest systems may not be able to
use all they receive, leading to nitrogen saturation. In the
eastern United States, there is evidence of nitrogen
saturation in some forests. Excess nitrogen may cause
eutrophication in areas where rivers enter the ocean. This is
a concern in places such as Casco Bay, where as much as
40% of the total nitrogen entering the bay may come from
atmospheric deposition (EPA 2001).

Toxic elements are also entering aquatic ecosystems via
precipitation. Scientists from state and federal agencies and
major universities have sampled rain (and snow), and have
discovered that New England’s precipitation contains
mercury in concentrations that exceed EPA’s safe level for
this element in lakes and streams. Mercury contamination
of rain has been documented in Maine’s parks and rural
communities, including Acadia National Park, where
mercury levels in rain are up to four times as high as the
EPA’s aquatic life standard for mercury in surface water.
That standard is also used to protect wildlife (National
Wildlife Federation 2000).

Aquatic ecosystem integrity and water quality are also
affected by forest management practices. Thousands of
miles of small streams course through the forests of Maine.
Indeed, the Boundary Mountains of western Maine may
contain one of the highest densities of headwater streams
on earth. Because there are so many more small streams
than big ones, and because heavy wood harvesting
machinery frequently encounters such streams, it is
important to determine the effects of harvesting on those
streams and how those impacts can be mitigated or
eliminated (Hagan 2001). Kahl (1996) summarizes some of
the effects of forest management on freshwater systems:

Water quality integrates upstream watershed
processes and disturbances....The most important
factor for protection of water quality is
maintaining a forested landscape. Water quality is
degraded when eroded soils cause sedimentation,
excessive amounts of nutrients are leached from a
site, or temperature of water is raised above levels
suitable for existing aquatic biota. Chief causes of
water quality degradation from forested watersheds
are excessive soil disturbance (modest soil disturbance
improves the seedbed for later germination) and
subsequent erosion, stream crossings by roads or
skidder trails, increased water temperature caused
by removal of near-stream shade, and inadequate
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forest regeneration for nutrient uptake after
harvesting.

Fundamental changes have occurred in the
management of industrial forests in Maine, with
potential consequences for water quality. Within
the past 40 years, year-round mechanized
harvesting has replaced winter harvesting using
horses. Within the past 30 years, the network of
forest roads has grown exponentially due to the
demise of the river drives. These changes have
created new issues for water quality. While the
quality of surface waters draining forested
watersheds in Maine is generally excellent, timber
harvesting near water usually affects downstream
water quality and aquatic habitat in some manner.

Studies in Maine have documented that
industrial-scale harvesting on unfrozen soils may
excessively disturb the soil surface, increasing the
potential for erosion and runoff of sediments.
Nitrate concentrations in streams have been
documented as high as 90 mg/l after harvesting,
compared to near zero values before harvesting.
Nitrification can also lead to soil and stream
acidification, which in turn results in high
aluminum concentrations in soil solutions and
surface waters; concentrations which may be toxic
to seedlings, roots, and aquatic organisms.
Depending on compliance with Best Management
Practices and the amount of biomass removed,
harvesting may increase water yield by up to 80%,
and increase summer surface water temperatures
by 5 to 27oF. Studies in Maine suggest that
excessive disturbances can inhibit forest
regeneration under some circumstances, which
may prolong impacts on water quality.

Finally, the competition for water from Maine’s many
watercourses will inevitably increase over time. Maine’s
waterways already support recreational and commercial
fishing, boating, swimming, subsistence fishing, wildlife,
industry, agriculture, development, municipal water
suppliers, the ski industry, golf courses, and commercial
water bottling. Day (2001:2) observes that:

For fisheries, enough flow at the right times is
required to support nursery and spawning areas,
migration, adequate temperatures and
oxygenation. Wildlife such as birds rely on healthy
streamside wetlands for food and nesting habitat.
Adequate flows also provide increased assimilative
capacity, maintenance of natural streamflow
patterns, recharge groundwater aquifers, support
wetlands, maintain riparian and floodplain
stability and habitat, and prevent the decline of

rare aquatic and riparian-habitat dependent
species.

However, as Day (2001) cautions, water diversions and
withdrawals can dramatically alter the natural timing and
quantity of streamflow, affecting:

•  Instream and streamside habitat for fish and other
aquatic life, which in turn changes water quality and
reduces spawning and rearing habitat and protective
cover from predation;

• Recreational uses; and
•  The state’s fisheries management goals and efforts to

manage and restore important fisheries such as brook
trout, bass, and Atlantic salmon.

The issue of water withdrawals and diversions clearly
warrants much greater attention as part of a comprehensive
plan for the conservation of Maine’s watercourses.

5.  Disruption of ecological processes and
displacement of native species as a
result of the introduction and spread
of exotic species.
Note: The primary source for this information is Gawler et al.
[1996] unless otherwise noted.

Exotic species have been ranked second only to habitat
destruction as a leading cause of extinction (Wilcove et al.
1998). Exotics can pollute the integrity of regional faunas
and floras, and alter fundamental ecological processes such
as nutrient cycles, predator/prey dynamics, and fire
frequency and intensity (Noss and Cooperrider 1994). In
Maine, almost one-third of the flora consists of introduced
species. Some introduced plants (e.g., purple loosestrife
[Lythrum salicaria]) have displaced native plants, thus
lowering native biodiversity and disrupting native
ecosystems. In addition, some exotics may be
compromising the genetic integrity of certain native plant
species via hybridization. Indeed, at least five hybrids
between introduced and native plant species have been
identified in Maine.

Invasive aquatic species are of particular concern in
Maine. A recent federal report indicated that 45 invasive
aquatic species have been reported in Maine (National
Invasive Species Council 2000). Moreover, the opportunity
for the spread of these 45 current invasive species is
significant (Maine Invasive Aquatic Species Work Group
2001).

Intensified use of Maine’s public waters (marine and
freshwater) for interstate and international commerce,
recreational boating, fishing, aquaculture, tourism, and
waterfront development exposes Maine’s waters to invasive
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species. The principal human activities contributing to the
transport and dispersal of these species in state waters
include (Maine Invasive Aquatic Species Work Group
2001):

• Transport and release from the bottom of boats, and
boat trailers;

•  Improper disposal or containment of aquarium plants
and animals;

• Movement or intentional release of aquaculture and
fishery species along with their associated pathogens,
attached free-living organisms and parasites;

• Recreational boating within and between waters;
• Bait handling and movement throughout the state’s

inland waters;
• Ornamental gardening and waterfront landscape

practices; and
• Release of organisms from the ballast water of ships

and from hull surfaces.

Fish provide an especially striking example of the
effects of exotics on native biodiversity. Displacement by
introduced species has been implicated in the decline of
68% of freshwater fish species that have become extinct or
vulnerable to extinction in North America during the last
100 years; hybridization with exotics is linked to the
decline of 38% of these extinct or vulnerable species
(Wilcove et al. 1992).

In Maine, 25% of fish species are exotics, and
introduced species have been reported in almost all of the
lakes in Maine. The native arctic charr (Salvelinus alpinus),
for example, was eliminated from the Rangeley Lakes
following introductions of rainbow smelt (Osmerus mordax)

and landlocked salmon (Salmo salar sebago). Further,
hybridization between wild Atlantic salmon and farmed
salmon as a result of aquaculture is of major ecological
concern in Maine today. In addition to changing the
genetic characteristics of wild Atlantic salmon, aquaculture
elevates the risk of disease and parasite transfers. Infectious
salmon anemia and sea lice—widespread problems in
European salmon aquaculture—have recently appeared in
North American salmon farms and could spread to wild
salmon (Naylor et al. 2001). Naylor et al. (2001) also warn
that:

In the New Brunswick-Maine region, farmed
escapees vastly outnumber wild salmon in some
spawning rivers (Goldburg et al. 2001). The
establishment of farmed salmon in the wild
increases pressure on endangered native salmon
populations. Even more pressure could arise if
transgenic salmon containing added growth-
hormone genes are approved for commercial net-
pen culture.

See the focal species profile for Atlantic salmon in
Section V for more discussion of this species.

Minnows provide another salient example of impacts
from exotic species: a recent study showed that, of 18
native minnow species expected to occur in Maine lakes,
the maximum number of species found in any one of the 47
lakes assessed was 8. This finding was likely due to either
interactions between native and non-native minnows
(which are dumped into the water as excess by anglers), or
to predation by introduced game species.
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III. MISSION, GOALS, AND OBJECTIVES

Section II profiled the major human impacts or
ecological wounds evident on the Maine landscape. These
may be summarized as follows:

1. Forest fragmentation, changes in forest stand dynamics
(e.g., tree species composition, truncated forest age-
class distribution), and disruption of natural ecological
processes as a result of industrial forest management
practices;

2. Loss of native species as a result of habitat alteration,
hunting, and introduced species;

3 .  Habitat fragmentation and destruction in southern
Maine as a result of extensive residential and
commercial development;

4. Loss of freshwater ecosystem integrity and connectivity
as a result of the construction and operation of
dams, water withdrawals, certain agricultural and
forestry practices, and chemical pollution; and

5. Disruption of ecological processes and displacement of
native species as a result of the introduction and
spread of exotic species.

How do we address these impacts and link their
solutions to the ultimate goal of the Maine Wildlands
Network, which is to restore and protect the ecological
integrity of the state? It is useful to revisit the four key
conservation goals required to achieve the broader objective
of ecological integrity (Noss 1992; Noss et al. 1997):

• Represent, within the system, all native ecosystem
types and seral stages across their natural range of
variation;

• Maintain, within the system, viable populations of all
native species in natural patterns of abundance and
distribution;

•  Maintain, within the system, ecological and
evolutionary processes, such as disturbance regimes,
hydrological processes, nutrient cycles, and biotic
interactions, including predation; and

• Design and manage the system to be responsive to
short-term and long-term environmental change and
maintain the evolutionary potential of lineages.

Conservation biologists have debated for years the
most effective means of achieving these ends. In a place like
Maine, which is missing several of its essential native
species and whose ecosystems have been highly altered, it
will be necessary to engage in an ambitious program of
restoration. Unfortunately, much of what is now called

ecological restoration falls far short of the mark. The
contributors to Continental Conservation write, “an aim of
[the] Wildlands Project is to maintain the full range of
native species and ecosystems. This is a much more
ambitious goal than that of most restoration projects, and
it is a pity that the field of restoration ecology cannot yet
provide a set of models and tools to ensure its attainment
(Simberloff et al. 1999).”

Despite this lack of models and tools, the authors
nevertheless provide important guidance:

Whatever the restoration project, one must first
choose a specific goal: the full range of native
species and ecosystems when? This “reference time”
is the first decision. Second, given a reference time,
one must determine what is acceptably close to the
full range of native species and ecosystems present
at that time…Restoration should be aimed at
returning to the point on this trajectory of change
that would have obtained in the absence of human
disturbance, rather than trying to replicate the
precise system that once was present (Atkinson
1990; Simberloff 1990). Of course, specifying
what that trajectory would have been is an
enormous scientific challenge. But in principle this
should be our goal, and we must be able to state
how closely our goal must be approximated in
order for a restoration project to be called a
success.

The work of Foster (2001), Lorimer (1977), and others
provides a basic guide to the native species and ecosystems
of the presettlement forests of New England. While more
research is no doubt necessary, there is certainly enough
information to begin planning and putting into practice
landscape-scale restoration. Simberloff et al. (1999)
recommend focusing wildlands restoration into three broad
categories: 

• Control of invasive nonindigenous species;
• Reestablishment of natural abiotic forces; and
• Reintroduction or augmentation of extirpated or

imperiled native species.

Carried out at a broad, regional scale, these three
complementary steps support the goal of restoring
ecological integrity in Maine. They also respond to several
of the major human impacts detailed in Section II. For this
reason, these restoration steps are incorporated into the
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goals and objectives of the Maine Wildlands Network.
Perhaps the most important of these steps is that of
reintroduction or augmentation of missing or depleted
native species. There is increasing evidence that certain
“keystone” species, such as large predators, play a critical
role in ecosystem function. These predators, in turn, need
large, connected protected areas in order to thrive. The
“scientific argument for restoring big wilderness based on
the regulatory role of large predators (Soulé and Noss
1998),” rewilding, is described in detail in Section IV.
Because large predators and certain other native species are
so important, they deserve special emphasis in the mission,
goals, and objectives of the Maine Wildlands Network.

Mission of the Maine Wildlands Network
The mission of Maine Wildlands Network is to restore

and maintain the ecological integrity of Maine in
perpetuity through the design and promotion of a system
of protected wildlands within Maine. This system will
protect the ecological integrity of existing wildlands and
ensure the restoration and protection of other areas,
providing the habitats necessary for the long-term viability
(i.e., hundreds to thousands of years) of native ecosystems
and species.

Goals of the Maine Wildlands Network
The following goals are essential to achieving the

mission of the Maine Wildlands Network. These goals
respond to the human impacts described in Section II,
incorporate the elements of regional and continental
restoration as described in Simberloff et al. (1999), and
reflect the four conservation goals set out by Noss (1992)
and Noss et al. (1997):

• Restore and protect all native terrestrial and freshwater
ecosystem types and seral stages across their natural
range of variation;

• Recover and protect ecologically effective populations6

of all focal species throughout as much of the planning
areas as possible and ecologically desirable;

• Restore and maintain ecological and evolutionary
processes, including wildfire, insect outbreaks,

                                                       
6 Some species of animals—keystone species—are especially interactive
with their environment; “their disappearance or rarity leaves not just a
physical void in nature, but a functional one that can trigger chain
reactions ending with degraded or simplified ecosystems…Recovery
goals for keystone predators and other highly interactive species must
consider ecologically effective population density and distribution”
(Soulé et al. submitted: 1). Ecologically effective is defined as “the
attainment of densities sufficient to maintain ecological interactions or functions
such that other species, ecosystems, and processes do not decline or disappear
(M. Soulé pers. comm. 2002).” See Sections IV-V for a description of the
focal species methodology.

predator/prey dynamics, natural succession, and flood
regimes; and

• Eliminate or control exotic species in terrestrial and
freshwater ecosystems.

Objectives of the Maine Wildlands Network
The goals above chart out a set of broad, strategic

changes needed at the landscape level. Many individuals
and organizations working within their specific regions and
within their areas of expertise (e.g., clean water, wilderness,
endangered species, stewardship, land acquisition, organic
and diversified farming) will be needed to bring about
these changes. Further, timelines for different projects will
vary. Ultimately, the efforts needed to bring about a
functioning Maine Wildlands Network can be thought of
as an assemblage of many smaller initiatives, working
synergistically to achieve the big picture.

The goals of the Maine Wildlands Network are long-
term. Under each goal below is a set of medium-term
objectives. These objectives are oriented toward those with
the greatest control and influence over natural resources
and their use in Maine, including state and federal
government agencies, private landowners, and land trusts.
In order to achieve the long-term goals, these actors
will—in most cases—need to change how they now
manage the natural resources under their control. With
additional analysis, many of these objectives can be
quantified and otherwise modified to make them more
specific. This process should help those carrying out the
action plan to focus their efforts. Incremental steps or
milestones should also be identified for each objective,
aiding in monitoring and evaluation efforts. See Section IX
and Appendix 3 for details on recommended conservation
action steps.

Goal 1: Restore and protect all native terrestrial
and freshwater ecosystem types and seral stages
across their natural range of variation.
Objectives
1. Significantly increase the amount of public and private

conservation land with a high degree of protection
(core wild areas). Give protection priority to large
blocks of land with little or no human or road presence
and to ecosystem types that are not currently well
represented in the protected areas system of Maine.

2. Establish smaller core areas where necessary to improve
ecosystem representation and aid the recovery and
maintenance of focal species.

3 .  Maintain or reinstate prohibitions on building and
logging in roadless areas of National Forests.

4 .  Remove roads in areas of high ecological value on
public lands and other conservation areas.

5.  Increase the number of miles of officially designated
Wild and Scenic rivers in the state.
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6 .  Protect significant portions of major rivers and
watersheds in the Wildlands Network, especially
headwaters and adjacent riparian zones.

7. Design and implement a removal strategy for the most
environmentally destructive dams.

Goal 2: Recover and protect ecologically
effective populations of all focal species
throughout as much of the planning areas as
possible and ecologically desirable.
Objectives
8 .  Implement reintroduction programs and facilitate

natural recovery or recolonization for all identified
focal species.

9. Adopt hunting, fishing, and trapping regulations that
support the recovery of identified focal species; include
eliminating the incidental take of non-target species.

10. Increase general public awareness and acceptance of
wilderness and focal species—especially large
carnivores such as the wolf, Canada lynx, and mountain
lion.

11. Significantly increase the amount of public and private
conservation land whose primary purpose is landscape
connectivity (terrestrial linkages, aquatic linkages,
aquatic buffers) and wildlife movement (feeding areas,
stop-over points, and movement zones— especially
areas  with minimal human population
and road density).

12. Within these connection zones, establish management
practices conducive to connectivity, including
maintenance of appropriate habitat and minimization
of harassment of focal species.

Goal 3: Restore and maintain ecological and
evolutionary processes, including wildfire, insect
outbreaks, predator/prey dynamics, natural
succession, and flood regimes.
Objectives
13. Carry out management actions as necessary to restore

the full functioning of abiotic and biotic processes in
core wild areas.

14. On compatible-use lands (such as private commercial
forestlands surrounding cores), establish high standards
for forest integrity, and implement ecologically sound
forest management practices, including restoration of
previously logged areas.

15. On state and federal lands, increase the use of
management practices that promote natural ecological
and evolutionary processes, as opposed to ones that
favor timber and game production.

Goal 4: Eliminate or control exotic species in
terrestrial and aquatic ecosystems.
Objectives
16. Implement a comprehensive statewide management

program to control and prevent the spread of exotic
plant and animal species.

As discussed more fully in sections VI, VII, and VIII,
the goals and objectives of the Maine Wildlands Network
are aimed for now at the northern, western, and
northeastern portions of the state. Core areas proposed for
southern Maine are insufficient in number and size to
satisfy the requirements of the focal species used in the
design. This is, in turn, partially a result of limitations in
our methodology’s ability to deal with this region’s
relatively large human population, large-scale
development, and high road density. Other conservation
projects currently underway in Maine are focusing on this
southern region. Nevertheless, as the Wildlands Project
and others move forward with the Maine Wildlands
Network, efforts will continue to address biodiversity
conservation in southern Maine.
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IV. WILDLANDS NETWORK
DESIGN APPROACH

To satisfy the goals and objectives of the Maine
Wildlands Network, it is necessary to design and
implement a comprehensive protected areas system. A
rewilding approach to conservation planning—with its
emphasis on large core areas, connectivity among those
cores, and maintenance and restoration of ecological
processes—provides a guide for defining the system and its
various components. To determine the location and size of
these components, we use a three-track approach that
incorporates 1) special elements, such as large wetland
complexes; 2) focal species planning; and 3) representation
of key landscape features, in an attempt to capture the
greatest amount of biodiversity and provide for the long-
term viability of populations at all scales (Noss et al. 1997;
Noss et al. 1999).

Rewilding
Rewilding is characterized by 1) large, strictly

protected, core reserves (“the wild”), 2) connectivity, and 3)
keystone species and processes (Soulé and Noss 1998).
Soulé and Noss (1998:22) propose that:

Three major scientific arguments constitute the
rewilding argument and justify the emphasis on
large predators. First, the structure, resilience, and
diversity of ecosystems are often maintained by
“top-down” ecological (trophic) interactions that
are initiated by top predators (Terborgh 1988;
Terborgh et al. 1999; 2001). Second, wide-ranging
predators usually require large cores of protected
landscape for secure foraging, seasonal movement,
and other needs; they justify bigness. Third,
connectivity is also required because core reserves
are typically not large enough in most regions;
they must be linked to insure long-term viability
of wide-ranging species. In addition to large
predators, migratory species such as caribou and
anadromous fishes also justify connectivity in a
system of nature reserves. In short, the rewilding
argument posits that large predators are often
instrumental in maintaining the integrity of
ecosystems; in turn, the large predators require
extensive space and connectivity.

In addition to its role in restoring terrestrial
ecosystems, Soulé and Noss (1998:24) propose rewilding as
a “human responsibility,” and suggest that:

By insuring the viability of large predators, we
restore the subjective, emotional essence of ‘the
wild’ or wilderness. Wilderness is hardly ‘wild’
where top carnivores, such as cougars, jaguars,
wolves, wolverines, grizzlies, or black bears, have
been extirpated. Without these components,
nature seems somehow incomplete, truncated,
overly tame. Human opportunities to attain
humility are reduced.

Much of the support for the rewilding approach is
based on recent studies suggesting that ecosystem integrity
is often dependent on the presence of large carnivores
(Terborgh et al. 1999; 2001; Estes et al. 1978; Estes et al.
1998; Crooks and Soulé 1999; Henke and Bryant 1999;
Ripple and Larsen 2000). Soulé and Noss (1998:22)
explain:

Studies are demonstrating that the disappearance
of large carnivores often causes these ecosystems to
undergo dramatic changes, many of which lead to
biotic simplification and species loss (Mills et al.
1993). On land, these changes are often triggered
by exploding ungulate populations. For example,
deer, in the absence of wolves and cougars, have
become extraordinarily abundant and emboldened
in many rural and suburban areas throughout the
United States, causing both ecological and
economic havoc (McShea et al. 1997; Nelson 1997;
McLaren and Peterson 1994).

From studies conducted in South America, Terborgh et
al. (1999; 2001) have shown that the absence of carnivore
control on herbivores (e.g., tapir, monkeys, rodents, insects)
can precipitate a rapid loss of plant species diversity. For
example, construction of a reservoir in Venezuela caused
flooding of a vast area, now known as Lago Guri. Many of
the newly created islands lack larger predators such as
jaguar, puma and harpy eagle, and subsequently, the
reproduction and replacement of many species of canopy
trees have come to a halt. Further, on middle-sized islands,
even though 60-70 species of trees coexist in the canopy,
only a handful of species are represented in young recruits.
Terborgh et al. (1999; 2001) speculate that the primary
factor in the failure of canopy trees to reproduce is the
superabundance of herbivores (e.g., leaf-eating monkeys
and ants, rodent seed predators). The herbivores have
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apparently been “released” from the population control
imposed, directly or indirectly, by large predators. As a
result, the entire island ecosystem is crashing.

Ripple and Larsen (2000) suggest that elk browsing
has had a negative effect on the recruitment of aspen into
the overstory in Yellowstone National Park, most probably
because elk populations and associated browsing intensity
increased significantly after gray wolves were eliminated
from the park in the early 1900s.

In the Midwest and in the deciduous and boreal forests
of the eastern U.S. and Canada, overbrowsing by white-
tailed deer and, increasingly, moose, is causing changes in
plant species compositions in many ecosystems (Waller and
Alverson 1997; DeCalesta 1994; McShea and Rappole
1997; Connor et al. 2000). The absence of effective
predation by native carnivores, particularly wolves, is
probably a major—if not   the   principal—cause of this
change (Soulé et al. submitted). The impacts of white-tailed
deer in the Midwest and the forests of the eastern U.S. are
well known. Among the effects frequently observed are:

•  Local extirpation of many herbs and tree seedlings,
including important commercial species like oak,
white pine, and northern white cedar (Waller and
Alverson 1997; McShea et al. 1997).

•  The transformation of understories from mixed
herbaceous species to park-like understories dominated
by grasses and ferns (Waller and Alverson 1997).

• D e c l i ne s  in the  abu n da nc e  and  di v e r s i t y  of  fo r e s t 
s o n gb i r d s  (D e Ca l e s t a  199 4 ; Mc S h e a  an d  Ra p po l e  19 9 7) .

In short, recent evidence from studies in a diverse
range of natural communities indicates that large predators
are probably instrumental in maintaining the integrity of
ecosystems. Given these landscape effects, it seems prudent
to restore natural predation wherever possible (Soulé et al.
submitted).

Two top carnivores, the eastern cougar and eastern
timber wolf, have been extirpated from Maine. Although
these two carnivores prey extensively on ungulates, both are
prey generalists. Their absence in Maine’s forests could be
expected to have far-reaching effects on everything from
deer/moose/vegetation dynamics (e.g., Ripple and Larsen
2000) to coyote and fox abundance. Thus, large, wide-
ranging predators play a major role in the proposed Maine
Wildlands Network.7

                                                       
7 Although the wolverine (Gulo gulo) is perhaps the widest-ranging of
the large predators, and although a functioning Maine Wildlands
Network should help restore this ultimate wilderness indicator, it is not
specifically addressed in this document for three reasons: 1) Little
information is available on the original range or habitat needs of the
wolverine; 2) being a scavenger and a predator of smaller animals
generally, the wolverine may not play the top-down regulatory role that
wolf and cougar play; 3) global climate change may make a future Maine
landscape inhospitable to wolverine and other boreal species.

Core, Linkage, Compatible-Use Area Model
The Maine Wildlands Network Design uses an

extension of the biosphere reserve concept (UNESCO 1974)
as refined by Noss (1983, 1987b, 1992, 1995), Noss and
Harris (1986), Noss and Cooperrider (1994), and Noss et
al. (1997) to define its protected area system. As adapted
from the biosphere reserve concept, a wildlands network
uses three basic categories of protected lands: core wild
areas, wildlife linkages (or corridors), and compatible-use
lands (or buffer zones) (Figure IV.1). In this network
design, we employ two of these categories: cores and
linkages. We also identify “study areas” that could later be
designated core or compatible-use lands. At this time we
do not propose compatible-use designations, although we
hope that gentler forestry practices on commercial
timberlands will enable these extensive holdings to serve
that purpose. These categories and their use in our design
are discussed below.

Figure IV.1 Components of a Wildlands Network.

Core Wild Areas
Core areas are expansive wildlands in which ecological

processes are allowed to function as naturally as possible.
They are wilderness areas—self-willed lands where Nature,
not human agency, directs the ebb and flow of life. Some
management of cores may be necessary in the short term, to
compensate for historical alteration of natural processes
(e.g., disruption of natural fire and flood regimes,
introduction of exotic species) until a time when such
processes resume their natural function. Core areas are the
backbone of a wildlands network, and are designed to
protect those landscape features that are nearly
irreplaceable, or to serve an irreplaceable function in the
larger ecosystem (e.g., to protect populations of keystone
species) (Noss 1995; Noss et al. 2001; Noss et al. 2002).
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Core areas are not “human exclusion” zones, but allow
for human uses that are compatible with the protection and
function of the core (similar to how some national parks are
managed). Such activities might include hiking, non-
destructive/invasive research, hunting, fishing, and
camping. Motorized on- or off-road uses would not be
compatible with maintaining the protection and function
of core areas (see Webb and Wilshire 1983 for a summary
of the ecological effects of off-road vehicles; Havlick 1998).
Cores could be established and maintained over the long-
term on private land, but there must be some guarantee,
such as a “forever wild” easement that runs with the
property, that the land will be permanently protected for
ecological integrity.

Core areas were identified in large part based on the
results of a spatially explicit GIS analysis. We used the
reserve selection software SITES 1.0 (Andelman et al.
1999) to systematically identify a set of areas within the
state that would meet planning targets related to Maine
Wildlands Network Design’s goals and objectives. The
SITES program and our application of it to the Maine
Wildlands Network Design are described in Section VI.

Wildlife Linkages
Wildlife linkages are designed to facilitate movement

of animals (migration, breeding, foraging), plant
propagules (seeds, pollen, pollinators), and essential abiotic
resources such as water and nutrients, and permit large-
scale and long-term ecological processes to continue
operating within fragmented ecosystems. Further, linkages
provide connectivity between protected areas to help
facilitate the successful migration of both plants and
animals as climatic conditions change over time.
Functional connectivity is necessary to prevent or mitigate
deleterious population effects associated with
fragmentation, and to ensure the viability of wide-ranging
species that require extensive habitat for foraging, seasonal
movement, and other needs (Noss 1983; Harris 1984; Noss
and Harris 1986; Soulé 1987; see Dobson et al. 1999 for a
detailed discussion of linkage design and function).

Noss et al. (1997) suggest four specific guidelines
arising from the connectivity principle:

•  All else being equal, wide swaths of suitable habitat
are better than narrow corridors.

•  Corridors longer than normal dispersal distances for a
target species should be sufficiently wide or have
enough “stepping stone” habitat patches to provide for
resident individual home ranges.

•  Animals usually follow a path of least resistance when
moving through a landscape.

• Planners should base connectivity designs on the needs
of species most sensitive to fragmentation.

The Maine Wildlands Network follows these
guidelines whenever possible. In some instances, especially
in areas with high road and human density, linkages follow
riparian corridors or ridgelines. Three types of linkages are
proposed:

Terrestrial Linkages
Terrestrial linkages have been designed to support the

movement of wide-ranging species and species sensitive to
disturbance and human exploitation. They are typically
“overland” corridors—not intentionally designed around
water features. The locations of these linkages are based on
habitat quality or physiological features (e.g., ridgelines),
or are in areas that minimize exposure to disruptions such
as roads and human population centers). Terrestrial
linkages should be managed to permit ecological processes
to function as naturally as possible. As their primary
purpose is to allow the movement of species that are
sensitive to human disturbance, their protected status
should be similar to that of proposed core areas. Ideally, the
design of linkages should also be based on evidence of
actual use by wildlife. However, such information currently
is unavailable for many areas in Maine.

Aquatic Linkages
Aquatic linkages are intended to protect biodiversity

associated with aquatic ecosystems, as well as to provide
habitat for terrestrial species that use riparian zones for
movement or dispersal. Further, protected linkages
incorporating entire subwatersheds will help protect the
integrity of the streams running through them, and will
serve a vital role in moving water and dissolved nutrients
between habitats (Dobson et al. 1999). Maine possesses an
extensive river system that serves as valuable habitat for
myriad species. In other regions, such riparian habitats
have been shown to have considerable value as natural
linkages (Naiman et al. 1993). Aquatic linkages for Maine
Wildlands Network Design were identified primarily
using water features (e.g., potential salmon habitat,
subwatersheds of large rivers) as opposed to terrestrial
features. These linkages were delineated by selecting
subwatersheds that occur in areas of very low human
density (≤5 people/km2).

Although the management of aquatic linkages will
need to be determined on a case-by-case basis, the
overriding goal should be to maintain ecological integrity,
which will be essential for providing functional
connectivity between core areas. The protected status of
linkages should be sufficiently high to ensure the
attainment of this objective.
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Aquatic Buffers
Aquatic buffers consist of subwatersheds of major

rivers that pass through areas of higher human density (>5
people/km2). Although these subwatersheds are likely to be
as ecologically important as, if not more important than,
those in other areas with lower human populations, it is
unrealistic to assume that significant restoration of natural
habitats will be feasible—even in the medium to long term
(e.g.100 years)—given current patterns of development and
human habitation. Thus, we propose that the management
of aquatic buffers be case specific and dependent on a
number of factors, including human access and the value of
competing uses. Nonetheless, emphasis should be placed
on promoting practices that ultimately contribute to the
effectiveness of these buffers as travel corridors and/or as
protective buffers for aquatic habitats. Implementation in
these areas will likely need to focus extensively on private
land stewardship.

Compatible-Use Lands
Compatible-use lands can help protect core areas and

critical linkages from the ecological impacts of human
activities while allowing for limited human economic uses.
Compatible-use areas will allow human uses compatible
with the protection of cores, such as hunting and fishing,
low-density housing, ecological agriculture and forestry,
and light tourism. These areas would be ideal places to
apply positive tax and market-based incentives for
conservation, such as carbon banking. These lands may be
owned and managed through a wide variety of public
and/or private programs, but specific management
decisions should be based on their purpose relative to the
cores or linkages they protect.

This proposed Maine Wildlands Network does not
include compatible-use lands, because the identification of
such areas requires information about specific threats to
proposed core areas. Because there are large gaps in
knowledge about the habitat quality and species
compositions of Maine’s natural communities, the ability
to assess the need for compatible-use areas around proposed
cores is beyond the scope of this document. The Wildlands
Project will conduct studies aimed at defining and locating
compatible-use lands for Maine and the greater northern
Appalachians in the context of the larger regional
wildlands network design project.

Study Areas
The forests of northern and western Maine offer

many opportunities for the establishment of large,
interconnected core areas. Indeed, forest coverage is so
extensive that a major challenge is identifying which areas
should be given the highest priority. As discussed in
greater detail in Section VI, we use a computerized site
selection algorithm to help us identify the highest priority
areas. These are designated as proposed core areas and
linkage zones. The same algorithm allows us to identify
other areas that should be included in the network, but
which require further study to determine if they should be
considered potential core, compatible use, or linkage areas.
These are designated study areas.

Three-track Wildlands Network Design
Methodology

The Maine Wildlands Network Design planning
process uses a three-track methodology (Noss et al. 1997)
to design and evaluate the proposed wildlands network.
These three tracks—special element mapping, focal species
planning, and representation analysis—are rarely combined
in practice, yet all three tracks are critical for effective
conservation area selection and network evaluation.

1.  Special Element Mapping
Special elements are sites that are deemed important

for inclusion in a proposed protected area, and have
typically included such elements as rare species
occurrences, roadless areas, endangered or critical
ecosystems, and critical watersheds. We use the term
“special element” to refer to relatively discrete occurrences
or habitats that represent areas of concentrated conservation
value (Noss et al. 1999, 2001). Maine Wildlands Network
design incorporates the following special elements:

• Large wetland complexes;
• Areas with high variability in slope;
•  Large roadless areas (e.g., areas > 5 km from nearest

class 1-3 road).

Special element mapping often includes rare,
threatened, and endangered (RTE) species. Good RTE data
exist but, because most of Maine is private land, it is
difficult to obtain due to confidentiality agreements
between the state government and private landowners.
Therefore we have not incorporated these data. It is
possible, however, that such data will be available in some
form for the regional wildlands network design now
underway.
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2.  Focal Species Planning
Focal species planning complements special elements

and representational approaches to wildlands network
design. Special elements and representation help identify
which areas to include in the network, whereas focal species
are used primarily to help address how large the network
components should be and how they should be configured
(Miller et al. 1998). A carefully selected set of focal species,
effectively representing a broad range of life requisites, can
be seen as surrogates for the protection of many other
species.

Focal species are important as “ends” as well as
“means” (Soulé and Noss 1998). That is, in addition to
their use in planning protected areas, the simple presence
of some focal species in a landscape will likely contribute to
its ecological integrity and wildness. For example, Soulé
and Noss (1998) suggest that: “Once large predators are
restored, many if not most of the other keystone and
‘habitat-creating’ species (e.g., beavers), ‘keystone
ecosystems’ (deMaynadier and Hunter 1997), and natural
regimes of disturbance and other processes will recover on
their own.” For this design we profiled nine species—wolf,
lynx, cougar, marten, otter, goshawk, red-shouldered hawk,
loon, and salmon. We focus on the habitat requirements of
two large, wide-ranging carnivores—wolf and lynx—and
the subwatersheds of salmon-bearing rivers, in good part
because the data for these three species is the most rigorous.
See Section V and Appendix 3 for details of focal species
selection and justification. A much more extensive focal
species analysis will be carried out for the larger regional
wildlands network.

3. Representation Analysis
Many protected area assessments, including this one,

use “inclusion” models in an attempt to represent the
complete spectrum of certain physical or landscape features
(e.g., natural communities, physiography, vegetation) in
the final set of protected areas. One assumption of this
approach is that the feature represented will be a “coarse
filter” serving to ensure the representation of many species
for which few data exist. The following features are assessed
in Maine Wildlands Network design:

• Maine ecoregions (15 biophysical regions found within
the state);

• Major watersheds;
• Terrestrial vegetation and land-cover;
• Aquatic vegetation.

Assumptions and Limitations
The team that developed the proposed Maine

Wildlands Network was guided by several assumptions.
Despite our efforts to use up-to-date data, approaches, and
techniques, the proposal does not address all issues related
to conservation planning in Maine. Here we list the
assumptions that guided our work. We hope that by
identifying these, reviewers and users will be better able to
evaluate and understand the wildlands network design.

Assumptions
• The Maine Wildlands Network applies the science

of conservation biology to land use planning and
management and is heavily informed by biological
data, current ecological theory, and expert
knowledge. It is science-based in that it recognizes
that keystone species, in particular large
carnivores, are often necessary for ecosystem
integrity, and that reserves will need to be large
and interconnected to adequately protect shy,
sensitive, and wide-ranging species (Soulé and
Noss 1998; Soulé and Terborgh 1999; Soulé et al.
submitted; Noss 1992).

•  The Maine Wildlands Network does not analyze
nor directly address the needs of all native species
nor even all sensitive, threatened, and endangered
species. By focusing on (1) the needs of several
primary focal species (wolf, lynx, and salmon);(2)
special elements, and (3) ecosystem representation,
we hypothesize that the network, if implemented,
will protect nearly all of the native species,
including extirpated species, in the northern two-
thirds of the state.

•  The Nature Conservancy’s effort to prioritize large
matrix-forming forest systems and ecological land
u n i t s  t h r o u g h o u t  t h e  n o r t h e r n
Appalachian/Acadian ecoregion identifies major
natural communities and special element
occurrences, and strongly complements the
analysis conducted here. TNC’s analysis will be
useful in our upcoming regional wildlands
network design.

Limitations
•  The proposed Maine Wildlands Network is

restricted to the state of Maine. We recognize that
elements and criteria used in its design (e.g.,
species distributions and restoration of large scale
ecological processes) may be more meaningful
within a larger, regional context. The Wildlands
Project has initiated a regional wildlands network
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design process that will stretch from the Tug Hill
Plateau and Adirondacks in north-central New
York, north into Ontario and east to Vermont,
New Hampshire, Maine, New Brunswick and
Nova Scotia.

•  Nevertheless, Maine’s size (relative to other
northeastern states), central location within the
northern Appalachian/Acadian ecoregion, and
large expanses of unpopulated territory justify the
attention that this product represents. Perhaps
most importantly, this design represents a test of
the analytical techniques that will be applied at a
much larger scale.

•  The Maine Wildlands Network does not
incorporate Natural Heritage data identifying
clusters of rare, threatened, or endangered (RTE)
species. These data, though requested, were not
available. We will consider the incorporation of
Natural Heritage data in the upcoming larger
regional wildlands network design.

•  Focal species inputs used in the Maine Wildlands
Network Design were limited to predicted wolf
and lynx habitat and subwatersheds of salmon-
bearing rivers. We felt that the models and data
available for other focal species, including cougar,
marten, river otter, goshawk, red-shouldered
hawk, and loon were not sufficiently rigorous to
include in the analysis. The data for wolf and lynx
are strong, however, and given that these two are
keystone species (see Section V), we feel that they
provide adequate inputs, especially when
combined with the accurate representation and
special elements data.

•  The Maine Wildlands Network is not based on
analyses of area needed to maintain regionally
viable populations of the lynx and wolf, either in
the short or long term. Such population viability
analyses will be developed for the upcoming
regional wildlands network design. In the case of
wolf, lynx and marten, dynamic, individual-based
models will provide information on extinction risk
and viability. More traditional static habitat
models that incorporate minimum area
considerations will be also be created for a number
of other focal species as part of the regional design.

•  The southern coastal counties of Maine are too
heavily populated and fragmented by major roads
to support any part of the Maine Wildlands
Network, even under rosy restoration scenarios.

Nevertheless, this coastal region has a high
occurrence of threatened and endangered
vertebrates (Krohn et al. 1998) and faces
significant development pressures, as discussed in
Section II, and has few GAP 1 or 2 lands; so this
area is arguably a prime candidate for conservation,
albeit at a different scale than that envisioned for
the northern and western portions of the state.
Other conservation projects currently underway in
Maine are focusing on this region. The Wildlands
Project intends to monitor their progress as well as
assist in their design and implementation when
possible.

•  Coastal species and marine habitats are not
explicitly addressed in the Maine Wildlands
Network design, largely because less is known
about coastal and marine species. In addition, the
coastal regions of Maine typically have higher
human and road densities than other regions. We
will continue to communicate with initiatives that
focus on coastal regions (e.g., USFWS Gulf of
Maine Project), in order to incorporate new
information into regional planning activities.

•  Because there are still very large gaps in
knowledge about the ecological condition of many
important areas in Maine, the ability to design
compatible use areas around proposed cores is
beyond the current scope of this project. Future
studies aimed at defining and locating these areas
are recommended.

•  We recognize that a monitoring and evaluation
program is critical to both determining whether
progress is being made on achieving the goals of a
conservation plan, and evaluating and revising the
wildlands network design and conservation plan. A
monitoring and evaluation program will be
designed and implemented at the regional level.

• The Maine Wildlands Network does not contain a
detailed analysis of the social and economic
impacts of implementing this network. Such
analyses will be a component of the regional
northeast wildlands network design. Power’s
(2001) recent study of the potential economic
impacts of the proposed North Woods National
Park is a solid step in this direction.

• To the extent possible, Maine or Northeast-specific
information was used, but where such information
was unavailable, results from other areas were
considered better than no information at all.
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The wildlands network design approach presented above
represents a synthesis of the major advances in conservation
biology over the last ten years. There is a strong consensus
that effective landscape-scale conservation will depend on
large, strictly protected core wild areas that include a full
complement of keystone species—especially large
carnivores—and in which natural ecosystem processes are
allowed to proceed unimpeded. These large cores must be
functionally linked to facilitate movement of animals and
essential abiotic processes. In designing core-linkage
networks, many practitioners have focused on just a few

(major) elements, such as rare species occurrences, roadless
areas, endangered or critical ecosystems, and critical
watersheds. The Maine Wildlands Network takes these
“special elements” and adds focal species, such as wolf and
lynx, and a representational analysis, to produce a much
more comprehensive model. The design also overcomes the
challenges of integrating such a large amount of
information by taking advantage of recent advances in
geographic information systems and spatially explicit
analysis techniques. The result is a core-linkage design
methodology that is transparent, analytical, and robust.
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V. FOCAL SPECIES PLANNING
The emphasis that this plan, and the Wildlands

Project in general, places on focal species stems from
persuasive evidence that large predators and other
“keystone” species (see definition below) play an
extraordinarily important role in ecosystem functioning. As
Soulé et al. (submitted) observe, “where the density of a
keystone species falls below some threshold, the diversity of
species in an ecosystem virtually always decreases,
triggering ecological chain reactions ending with degraded
or simplified ecosystems (Estes and Palmisano 1974;
Terborgh et al. 1999; Crooks and Soulé 1999; Jackson et
al. 2001; Terborgh et al. 2001). It is important, therefore,
to identify those endangered or regionally extirpated
species that interact strongly with others so that they can
be restored to levels of ecological effectiveness (Soulé et al.
submitted). Among such keystones are large predators such
as wolves, jaguars, and sea otters (Estes and Palmisano
1974; McLaren and Peterson 1994; Terborgh et al. 1999;
Ripple and Larsen 2000). As discussed in Section IV, in
order to ensure the long-term existence and functioning of
populations of focal species, especially large predators, it is
necessary to protect and restore big, interconnected wild
areas. And because large predators require extensive space
and connectivity, the modeling of their habitat
requirements on the landscape is a key tool in wildlands
network design (Soulé and Noss 1998). Miller et al.
(1998:82) elaborate:

Focal species are organisms used in planning and
managing reserves because their requirements for
survival represent factors important to maintaining
ecologically healthy conditions. Ultimately,
questions of ecological patterns and processes
cannot be answered without reference to the
species that live in that landscape (Lambeck 1997).
Representation and special elements themes point
to which areas should be considered in a reserve,
but focal species analysis identifies additional
high-value habitats and addresses the questions:
“How much area is needed? What is the quality of
habitat?” and “In what configuration should we
design components of a reserve network?”

Focal Species Categories for the Maine
Wildlands Network
Focal species selected for the Maine Wildlands Network
belong to one or more of the following categories:

•  Keystone: Keystone species are defined as relatively
rare (low density), and having particularly strong,
ramifying interactions (Paine 1969; Mills et al.
1992; Power 1992; Power et al. 1996), with
impacts that are disproportionate to their
population densities (Mills et al. 1992, Power et
al. 1996) and not wholly duplicated by other
species (Kotliar 2000).

•  Umbrella: Species that generally cover large and
ecologically diverse areas in their daily or seasonal
movements (Miller et al. 1998) such that
protecting their habitat should provide adequate
space and resources for myriad species that have
more modest area requirements but with which
they are sympatric (share the same range). The
carnivores that figure prominently in Wildlands
Project designs fall into the area-limited and, in
some cases, the dispersal-limited categories of
umbrella focal species suggested by Lambeck
(1997). The most sensitive species in these
categories are assumed to serve as umbrellas for
other species with less demanding spatial
requirements. Other focal species that may serve
umbrella functions include resource-limited
species, sensitive to the availability of resources,
and process-limited species, sensitive to the
frequency, intensity, extent, or timing of natural
processes such as disturbance (Lambeck 1997).

•  Habitat Quality Indicator: Species that require
natural habitat of high ecological integrity and
that may provide an “early warning system”
because of their sensitivity to ecological changes
(Miller et al. 1998). Prey species are also included
in this category as they indicate habitat quality for
the predators that rely on them.

•  Foundation: A species that, like keystone species,
enriches ecosystem function in a unique and
significant manner, but that occurs at much higher
densities. Examples from various parts of the world
include Atlantic salmon (Salmo salar), bison (Bison
bison), prairie dogs (Cynomys spp., Miller et al.
1994), cottonwood and aspen trees (Populus spp.),
American chestnut (Castanea dentata), cod (Gadus
spp.), krill (Euphausia spp.), bees, and mound-
building termites. Soulé et al. (submitted) note that
“by definition, species that are typically abundant
or dominant, such as fig trees, salmon, coral and
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social insects including termites and ants, though
often critical interactors, are not classified as
keystone species, even though the effects [on
ecosystem functioning] are similar when they are
greatly diminished in abundance.”

Focal Species Selection
The Maine Wildlands Network’s focal species were

selected using the following two-phase process:

Phase I: Literature Review and Expert Input
A preliminary list of focal species was developed using

information from the scientific literature. This list was then
refined by biologists, naturalists, and others with
knowledge of Maine’s biodiversity.

Phase II: Survey of Regional Experts
The literature review and expert input were

complemented by a framework used to identify focal
species based on a survey of regional experts (Beazley
1998). This framework aims to identify areas of consensus
among experts regarding whether a given species meets
criteria designed to characterize the species’ “value” as a
focal species. The survey process ultimately should identify
multiple species deserving special management attention
because of their value to wildlands network design
planning and ecosystem integrity.

The categories and criteria used in this survey include:

Keystone/Functionally Important Species
• Top predator, large carnivore or mesocarnivore;
•  Important prey species, or species that provide

important resources for other wildlife;
•  Species that transform landscapes or waterscapes

[in the sense described by Soulé et al. (submitted)];

Umbrella Species
• Space-demanding/wide-ranging;
• Migratory species;
• Requires specialized or defined habitat, or sensitive

to edge effects.

Habitat Quality Indicator Species
• Limited by dispersal ability;
• Limited by resource availability;
•  Limited by ecological processes such as fire, flood,

grazing;
•  Sensitive to stresses such as acid precipitation,

pollution;
•  Sensitive to disturbance by humans, roads, or

exploitation;

Vulnerable Species
• Small population in Maine;
• Population declining in Maine;
• Small geographic range/distribution in Maine;
• Decline in range/distribution in Maine.

Information Availability
•  Extensive information available (presence/absence

data)
•  Intensive information available (species-habitat

relationship data)
• Ongoing study or monitoring effort for species

The last two categories (Vulnerability, Information
Availability) were included to help explain the results, and
were not used in the scoring or results summarized below.

Of the 27 surveys sent to individuals who agreed to
consider participating, 11 (40.7%) were returned. A
number of participants responded to only one taxonomic
section or completed the matrix for only a few species.
Because of the small response sample size for most species,
the results of this survey should be interpreted cautiously.
Nevertheless ,  there  were  some areas  o f
consensus—especially regarding mammals.

The results of this survey (summarized in Table V.1)
identify species that possess characteristics that should
make them useful as focal species. A number of these
species had already been selected as Maine Wildlands
Network focal species through literature review and expert
opinion.
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 Table V.1 Species scoring highest in the Maine Focal Species Survey.*

Score Mammals Birds Amphibians/ Reptiles Freshwater Fish

Canada lynx
(Lynx canadensis)

Bald eagle
(Haliaeetus
leucocephalus)

Blandings turtle
(Emydoidea blandingii)

Atlantic salmon
(Salmo salar)

River otter
(Lutra canadensis)

Common loon
(Gavia immer)

Common box turtle
(Terrapene carolina)

Golden eagle
(Aquila chrysaetos)

Spotted turtle
 (Clemmys guttata)

H
ig

he
r

Peregrine falcon
(Falco peregrinus)

Wood turtle
(Clemmys insculpta)

Eastern cougar
(Puma concolor
couguar)

Osprey
(Pandion haliaetus)

Brook trout
(Salvelinus
fontinalis)

Eastern timber wolf
(Canis lycaon)

M
ed

iu
m

-H
ig

h

Woodland caribou
(Rangifer tarandus
caribou)

Lo
w

-
M

ed
iu

m Merlin
(Falco columbarius)

Beaver
 (Castor canadensis)

Cooper’s hawk
(Accipiter cooperii)

American black bear
(Ursus americanus)

Northern goshawk
(Accipiter gentilis)

American marten
(Martes americana)

Northern harrier
(Circus cyaneus)

White-tailed deer
(Odocoilius virginianus)

Sharp-shinned hawk
(Accipiter striatus)

Lo
w

er

Upland sandpiper
(Bartramia longicauda)

*Levels correspond to total scores. Species within a taxon (e.g., mammals) that shared the same score
share a level. See Long and MacKay 2001.
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Other species ranked highly in the survey, but were
not chosen as focal species for the Maine Wildlands
Network—primarily because their habitat needs greatly
overlap with species already selected as focal species.

We use vertebrates exclusively because they tend to
have large area requirements. Theoretically, areas protected
for vertebrates would tend to encompass the specific
habitats needed for many invertebrates and other taxa
(Noss 1991; Simberloff 1998; Miller et al. 1998; but see
Andleman and Fagan 2000 for a critique of the umbrella
species assumption).

Summary of Profiled Species
Using the process discussed above, we identified the

species in Table V.2 as the focal species for inclusion in the
Maine Wildlands Network design. Focal species planning
requires species-specific information concerning habitat
needs, life history characteristics, area requirements,
sensitivities and threats, reasons for inclusion as a focal
species, and recommendations for conserving or recovering
the species. Appendix 3 presents profiles for each Maine
Wildlands Network focal species and summarizes briefly
the species’ historical and current status, ecology and

habitat needs, focal value, and recommendations for its
conservation or recovery. The profiles are not meant to
serve as a comprehensive literature review. As noted in
Section IV, there is a good deal of variation in the quality
of the static habitat suitability models for the focal species
chosen for the design. Therefore, we have chosen to include
only the best habitat models, namely those for wolf and
lynx, plus subwatersheds of salmon-bearing streams, in the
selection process described in Section VI. Nevertheless, the
recovery and protection of all identified focal species
represents a central goal of the Maine Wildlands Network.
Other focal species, such as additional habitat quality
indicators, will become more significant to the
conservation planning process as the network is
implemented and monitored at the regional and local
levels. Planning at the local level should take into account
targeted community types and habitat features linked to
the requirements of focal species, such as canopy closure,
patch size, presence of woody debris, or presence of vernal
pools. The species not modeled in this analysis will be
included in the more extensive regional wildlands network
design now underway.

Table V.2 Focal species profiled in the Maine Wildlands Network Vision.

 Focal Species Keystone Umbrella Habitat
Quality

Indicator

Foundation

 Mammals
 Eastern timber wolf* X X
 Canada lynx* X
 Eastern cougar     X** X
 American marten X X
 River otter X X
 Birds
 Northern goshawk X X
 Red-shouldered hawk X X
 Common loon X
 Fish
 Atlantic salmon* X X X
 * Predicted habitat included as a data input in the conservation area selection
process.
 ** Indicates that the species may play a keystone role, either alone or in concert
with other species (see descriptions in Appendix 3).
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VI. CONSERVATION AREA
SELECTION PROCESS

The process of wildlands network design
fundamentally addresses two questions: “where should the
network components (especially cores and linkages)
specifically be located?” and, “how large should the
network be?” In this section, we describe our use of the
conservation area selection software SITES 1.0 (Andelman
et al. 1999) to systematically identify a set of areas within
the state that would meet planning targets related to the
Maine Wildlands Network’s goals and objectives. In
Section VII, this initial set of areas, along with a number of
other input layers, are used to identify a proposed
wildlands network consisting of core areas and linkages.

The SITES Selection Algorithm
Conservation assessments and wildlands network

designs typically have depended on manual mapping to
delineate network components, and on somewhat
subjective scoring procedures to compare and prioritize
these components (see Noss et al. 2001 for examples of
these procedures). We used a more systematic and efficient
site selection procedure to integrate the large number of
map layers and the large size and diverse types of data sets
in the wildlands network design process. We used the
reserve selection software SITES (v1.0) to assemble an
initial set of sites in Maine that best represents a selected
set of elements at chosen target levels. We then adjusted
the resulting portfolio based on expert knowledge and
other data layers.

Using a selection algorithm, SITES attempts to
minimize portfolio “cost” while maximizing the
representation of multiple conservation elements in an
efficient set of sites, where each site is composed of
multiple planning units. This set of objectives constitutes
the “Objective Cost Function” defined as:

Total Portfolio Cost = (cost of selected sites) +
(penalty cost for not meeting the stated target
level for each element) + (cost of spatial dispersion
of the selected sites as measured by the total
boundary length of the portfolio).

More formally:

In other words, the algorithm seeks to minimize Total
Portfolio Cost by selecting the set of planning units that
covers as many elements as possible, as “cheaply” as
possible, in as geographically compact a set of sites as
possible.

In the sections below, we describe the various inputs
used for a SITES analysis. We ran the SITES model with
numerous combinations of input levels, varying each input
to assess the outcome based on project goals. For example,
we varied the target levels for different elements (e.g., focal
species, critical habitats, etc.). We also ran the model with
existing protected areas locked in and locked out, thereby
allowing us to assess how these areas influenced the model.
The ultimate objective was to “find the set of sites that met
stated goals for all target groups in an efficient manner,
while also meeting the general criteria of reserve design
(e.g., connectivity, minimal fragmentation)” (Noss et al.
2001:19). The inputs used in the final model are shown in
Figure VI.1 and explained below.

Planning Units
SITES strives to meet target goals by selecting

combinations of “planning units,” with each planning unit
containing a proportion of the total area or number of
occurrences of one or more targets. We used a hexagonal
shaped planning unit for the Maine Wildlands Network
design analysis. A hexagonal shape was selected over other
shapes or entities (e.g. square cells, watersheds) because the
unit size remains constant (planning units that vary widely
in size can present problems for the SITES algorithm),
approximates a circle, which has a low edge to area ratio,
and provides a relatively smooth output (as compared with
similar sized square cells). We chose a hexagonal planning
unit of 1000 ha (Figure VI.3) because this size was larger
than the resolution of the coarsest input data set, and
provided output that had sufficient resolution for the
purposes of this study. To facilitate the use of data on
conserved lands in the SITES model (see Existing
Conservation Lands under Data Layers), we intersected
various conserved lands layers with the planning unit layer.
The result is that some planning units are smaller than
1,000 hectares in size, and irregularly shaped. A total of
12,047 planning units were used for our analysis, 57%
of which were 1,000 ha, and 69% of which were
greater than 500 ha.
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Site Cost
A “cost” for each planning unit is included in the total

cost function. Cost can be a financial value, the weighted-
sum of area and suitability for conservation goals (e.g.,
Stoms 1999), or some other value. We assigned each unit a
cost based on its size—1,000 (hectares) in many cases, with
the exception of some units along state borders, and where
conserved lands were intersected with the planning unit
layer. With a nearly uniform unit cost, the model is driven
by its input elements, and attempts to minimize total area.

Penalty Cost
The SITES algorithm will try harder to meet the

assigned targets for elements with higher “penalty” values
than those with lower values. Thus, if one target element
was very important, and had to be represented in the final
set of sites, one might assign a penalty cost of 1,000, as
opposed to the default of 1.0. In our model, all elements
were given the same penalty cost factor of 1.0 (i.e., no
element had a higher intrinsic value of being included in
the final portfolio).

Boundary Length
SITES allows the user to control the amount of

“clumping” of sites in the output portfolio. This is
accomplished by controlling the weight given to
minimizing the total length of the portfolio boundary (i.e.,
the sum of the circumferences of all clumps of planning
units in the portfolio). A boundary length modifier of 0
results in no influence over clumping, whereas increasing
the modifier value gives relatively greater importance to
boundary costs and results in greater clumping (a high
boundary length modifier would create the extreme of a
single clump of planning units in the shape of a circle).
Using a very small boundary modifier of 0.05 resulted in a
final portfolio composed of fewer single, outlying planning
units, but still reflected much of the output generated by
an “unconstrained” run. As discussed in Section IV,
minimizing the edge to area ratio helps retain the
ecological integrity of protected areas by decreasing the
amount of edge effect and allowing fewer intrusions.

Targets
The targets chosen for the Maine Wildlands Network

Design included areas greater than or equal to five
kilometers from the nearest major road (Class 1-3; Table
VI.1), large wetland complexes, high-ranking slope
heterogeneity, salmon-bearing subwatersheds, and
predicted habitat for lynx and wolf. These are discussed in
Section IV and below.

Table VI.1. Road classes in Maine.

Class Description
1 Interstate
2 Primary
3 Secondary
4 Improved
5 Unimproved
6 Trail

Model Output
The SITES algorithm uses a process termed “simulated

annealing.” Through many iterations (thousands to
millions) of the model, this technique gradually “hones in”
on a set of planning units that best meet the target
conservation goals, while minimizing cost. We ran the
model 10 times, each with one million annealing
iterations. SITES selected the run that best met the target
goals, with the least cost, as the “Best” run for that set of
ten runs. SITES also creates a summary file, called Sum
Runs, which indicates the number of times (out of ten) a
planning unit was included in the final set of planning
units. Planning units that had high Sum Runs values (7-
10) were used to help delineate core areas. Planning units
selected five or six times out of ten were used to help define
study areas. Sum Runs results were also used to help
delineate linkages for the Maine Wildlands Network.
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Data Layers
The following data layers were used as inputs to the

SITES analysis:

Predicted Habitat for Focal Species
The requirements of focal species are useful for

determining design parameters such as core area location
and size and linkage location and width. Focal species are
also chosen based on their value as keystones or their
p o t e n t i a l  u m b r e l l a  v a l u e  f o r  t h e  c o n s e r v a t i o n  o f  o t h e r 

species (see Section V and Appendix 3). Salmon
subwatersheds and predicted habitat maps for wolf and
lynx were used as inputs to the SITES analysis (see Table
VI.2, Figure VI.1). Habitat maps for the other identified
focal species are not included in this analysis, as accurate,
spatially explicit data modeled at the appropriate scale are
not currently available. 

Table VI.2 Focal species data used in SITES analysis

Layer Description Source
Eastern timber wolf Predicted core and dispersal wolf habitat Harrison and Chapin 1998

Canada lynx Predicted habitat Krohn et al. 1998 (Maine GAP)

Atlantic salmon Subwatersheds of eight rivers containing
endangered runs of Atlantic salmon

Derived from Maine Office of GIS data
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Figure VI.1  Focal species habitat included as inputs in SITES 1.0 analysis. (Sources: see table VI.2)
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Large Wetland Complexes
The ecological values of wetlands have been well

documented. Krohn et al. (1998) suggest that “because of
the high number of vertebrates (and probably also plants
and invertebrates, although we have no direct measures) in
wetland habitats, the importance of wetland and shoreland
regulations to conservation in Maine can not be
overstated.” Further, as a result of human settlement
patterns in lowlands and along river valleys, it is likely
(although poorly documented) that many of Maine’s
wetlands have been lost and that remaining wetlands are at
risk (Krohn et al. 1998). This is especially true for southern
Maine, where human population densities are much higher.
Thus, we include wetland complexes (including all wetland
types except mudflats, sand shore, gravel shore, rock shore,
open water or salt water) that were greater than 150
hectares in size as a special element input to SITES (Figure
VI.4).

Areas with High Variability in Slope
Elevation has a significant effect on both temperature

and precipitation (Krohn et al. 1999), and thus affects the
distribution of both plants (McMahon 1990) and animals
(Boone 1996). Therefore, areas where slope is highly
variable or heterogeneous are likely to support relatively
higher species and natural community richness (per unit
area) than more homogeneous areas (Burnett et al. 1998;
Nichols et al. 1998). Slope heterogeneity was calculated
using a “variety” neighborhood function,8 and areas with
high slope heterogeneity were included as a special element
input in SITES (Figure VI.4).

Existing Conservation Lands
Public conservation lands comprise only about 5.6% of

Maine, compared with 18%, 18%, and 13% in New York,
New Hampshire, and Vermont respectively (McGrory
Klyza 2001). If other regions are any indication, many of
these areas were likely conserved for non-biological reasons,
such as scenery, recreation, or because they lacked potential
for resource extraction (Noss and Cooperider 1994; Noss et
al. 1999). Moreover, only a small portion of Maine’s public
lands have GAP 1 or 2 protection status. In addition to
public lands, there are hundreds of thousands of hectares of
private lands, mostly commercial timberlands, whose
residential development rights have been transferred to the
state or conservation groups. These lands are generally
given GAP 3 conservation status.

Although most “conservation” land in Maine does not
have a high level of protection, many of these lands are
large and sparsely populated, and may harbor important
                                                       
8 This function assesses, for any given cell, the number of neighboring
cells with different slope values than its own value. In this way, the
function helps to identify cells located in areas of high topographic
complexity.

habitat for focal species, even though some restoration and
improved management will likely be needed. Thus, despite
their relatively low protection status, the potential of these
areas to “anchor” or enhance future protected areas justify
their inclusion in the SITES analysis.

SITES allows user-identified planning units to be
locked into or out of a final SITES output. Those units
locked into the process are included in the final selection
regardless of how they affect the objective cost function.
Although these units are not considered “elements” to be
represented at a specific target level, they are nonetheless
used by SITES in identifying a best set of units. We locked
in planning units containing a high proportion of large or
well-protected conservation lands (Figure I.2). These lands
were defined as land in federal, state, municipal, or non-
profit ownership or easement that are classified as having
either GAP level 1 or 2 protection (Table I.3, Figure I.2),
or are private parcels, very large in size (>5000 ha) and
managed with at least GAP level 3 protection. The area of
locked-in units equaled 7.7% of the state (Figure VI.3).

Developed Lands
As mentioned above, SITES allows planning units to

be locked out of the final output. Because this design is
primarily concerned with identifying a network of
wildlands, or restorable lands, we locked out planning
units with an excess of 3% of their area classified as
developed (urban/industrial, dense residential, sparse
residential, or highways/runways; Figure VI.3). The area of
locked-out units equaled 8.8% of the state.

Terrestrial and Aquatic Vegetation Classes
Representation analysis provides the “coarse filter” to

ensure the representation of the many species for which few
data exist. As part of the Maine GAP study (Krohn et al.
1998), 37 terrestrial and aquatic vegetation and land cover
types were mapped. For the purposes of this analysis, we
collapsed those 37 types into 11 broad classes, as shown in
Table VI.3. The 11 types are displayed in Figure VI.5.
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 Figure VI.4 Special elements included as inputs in SITES 1.0 analysis.
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Table VI.3 Relationship of the 37 GAP-ME Land Use Land Cover Types (Krohn et al. 1998) to the collapsed the land cover
classes used in this analysis.

Land Cover Class GAP Land Use Land Cover
Type
Abandoned field
Blueberry field
Grasslands

Agriculture/Grassland

Crops/Ground
Sparse residential
Dense residential
Urban/Industrial

Developed Land (results not
calculated)

Highways/Runways
Clearcut
Early regeneration
Light partial cut

Cut or Regenerating Forest

Heavy partial cut
Deciduous Forest Deciduous forest

Deciduous/coniferous forest
Coniferous/deciduous forest

Mixed Forest

Late regeneration
Coniferous forest Coniferous forest

Deciduous forested wetlands
Coniferous forested wetlands
Dead forest
Deciduous scrub-shrub
Coniferous scrub-shrub

Forested Wetland

Dead scrub-shrub
Fresh aquatic bed
Fresh emergent
Peatland

Freshwater Wetland

Wet meadow
Salt aquatic bedSaltwater Wetland
Salt emergent

Mudflat Mudflat
Sand shore
Gravel shore

Shore

Rock shore
Shallow waterWater (not included in results)
Open water
Alpine tundraAlpine
Exposed rock/Talus
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Figure VI.5 Land cover classes used in SITES analysis (collapsed classification based on data from
Maine GAP analysis).
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Data Sources

Data layers used for Maine Wildlands Network Design
SITES analysis were primarily in the form of digital GIS

coverages and were obtained from a variety of sources
(Table VI.4).

 Table VI.4 Digital data layers used in the SITES analysis.

Physical Features Scale / Resolution Source
Elevation (Digital Elevation Model) 90 m grid The Nature

Conservancy
Slope 90 m grid Derived from

elevation
Wetlands 1:100,000 ME GAP
Cultural Features Scale / Resolution Source
Roads 1:100,000 Maine Office of GIS
Public Lands and Private Conservation Lands Multiple The Nature

Conservancy, AMC
Biological Features Scale / Resolution Source
Atlantic Salmon Habitat 1:24,000 Maine Office of GIS
Predicted Eastern Timber Wolf Habitat 1 km grid Harrison and

Chapin 1999
Predicted Canada Lynx Habitat 90 m grid ME GAP
Land Use Land Cover Classes 30 m grid Derived from ME

GAP
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Element Target Levels for SITES Analysis
SITES identifies the number and configuration of

planning units that most efficiently and compactly
represent the identified elements at target levels specified
by the investigator. Thus, although SITES will help rank
areas to meet target goals, these goals must be set ahead of
time. To a large extent, the number of elements and their
target levels determine the size of the Best and Sum Runs
outputs.

There have been few studies that attempt to address
the question of how much representation is enough to
protect biodiversity in perpetuity. To complicate matters,
the answer is likely region and species (or process) specific.
In a recent assessment for the Greater Yellowstone
Ecosystem and Utah-Wyoming Rocky Mountains
Ecoregion, Noss et al. (2002) used as a planning goal 25%
representation of each vegetation and physical habitat type
(see Anderson et al. 1999 for similar guidelines). Soulé and
Sanjayan (1998) question whether specific conservation
targets are helpful in protected areas planning, and caution
against the setting of interim targets, or of final targets
that are unrealistically (for biodiversity’s sake) low.
Margules et al. (1988) conclude, “[T]he belief that
biological diversity is ‘reasonably secure’ or ‘as well taken
care of as possible’ with the dedication of one or a few well
chosen reserves in an ecological domain is unfounded. The
reality is that a very large number of reserves seems to be
necessary to secure biological diversity.”

For the Maine Wildlands Network design, we chose
target levels (Table VI.5) that best reflected our goals of
restoration and the recovery of focal species, especially the
wide-ranging carnivores, and native terrestrial and
freshwater ecosystems. Thus, predicted habitat for those
species that are wide-ranging, or whose habitat in Maine is
restricted or represents a major percentage of the total
remaining habitat in the Northeast, were given the
relatively high target levels of 70% for subwatersheds of
salmon-bearing rivers and 50% for predicted wolf and lynx
habitat. Particularly important natural community types
such as large wetlands, and areas greater than 5 km from
the nearest Class 1-3 road, were also assigned relatively
high target levels of 50%. Major aquatic vegetation types
received a lower target of 25%. Major watersheds,
ecoregions, and areas with high slope heterogeneity
received targets of 20% each. Major terrestrial land
use/land cover types received targets of 15%.

SITES Selection Results
We had SITES report the Sum Runs results, which

identify all planning units that were in the selected set at
least once in the ten model runs (Figure VI.6). We used a
boundary modifier of 0.05, with planning units containing
a high percentage of conservation lands (see above) locked
into the final selection, and with planning units containing
more than 3% of their area as developed land locked out of
the run. 

Table VI.5. Element target values used for the SITES analysis.

 Element Representation Target
(%)

 Salmon Bearing Subwatersheds 70
 Large Wetland Complexes 50
 Predicted Lynx Habitat 50
 Predicted Wolf Habitat 50
 Areas >5km from nearest class 1-3 road 50
 Aquatic Vegetation Classes 25
 Terrestrial Vegetation Classes 15
 Major Watersheds 20
 Maine Ecoregions 20
 High Slope Heterogeneity 20
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Figure VI.6 Sum Runs results from SITES Analysis.
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Using the Sum Runs output, we created four alternatives
based on the planning units selected most frequently.
These are:
1. Planning units selected five times or more out of ten

runs (5-10);
2. Planning units selected six times or more (6-10);
3. Planning units selected seven times or more (7-10);

and
4. Planning units selected eight times or more (8-10).

These alternatives are shown in Figures VI.7 and VI.8.
Alternative one covers the largest area of the state,
alternative four the smallest. Together they form the
baseline for further design of the Wildlands Network.
More specifically, planning units selected seven or more
times serve as the basis for defining proposed core areas of
the Maine Wildlands Network, while planning units
selected five times or more are designated as study areas.
This allows for a degree of prioritization within the
proposed network. The rationale for the use of the
alternatives to establish core and study areas, and other
details of our conservation planning methodology are
discussed more fully in Sections VII and VIII.
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VII. WILDLANDS NETWORK DESIGN
Ecological reserve design is as much an art as a science,

given the typical scenario of incomplete data and high
levels of uncertainty (Noss 1995; Dobson et al. 1999).
Nonetheless, we based our wildlands network design

strongly on the results of the SITES analysis discussed in
Section VI, plus several other important data layers (Table
VII.1), in a building block approach (see Trombulak 1996
for a review of this approach).

 Table VII.1 Digital data layers used in the Maine Wildlands Network Design process.

Physical Features Scale / Resolution Source
Subwatersheds (drainage divides; Great
Pond level)

1:24,000 Maine Office of GIS

Elevation (Digital Elevation Model) 90 m grid The Nature
Conservancy

Cultural Features Scale / Resolution Source
Human Population Centers 1:1,000,000 ESRI Digital Chart of

the World
Roads 1:100,000 Maine Office of GIS
Public Lands and Private Conservation
Lands

Multiple The Nature
Conservancy, Sweet
Water Trust

Other Scale / Resolution Source
SITES Best Portfolio 1,000 ha hexagons Derived
SITES Sum Runs Layer 1,000 ha hexagons Derived
Other, non-digital, data used included information on physiographic features (e.g.,
mountainous areas) from the Maine Atlas and Gazetteer (Delorme 1996).
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Core Wild Area Delineation
The forests of northern and western Maine offer many

opportunities for the establishment of large, interconnected
core areas. Indeed, forest coverage is so extensive that a
major challenge is identifying which areas should be given
the highest priority. SITES, through its Sum Runs outputs,
offers a way of approaching this prioritization issue. That
is, planning units chosen most frequently are probably the
best candidates for core areas. We reviewed the alternatives
presented in Section VI and decided to use the one in
which planning units were selected seven or more times (7-
10) as the basis for delineating proposed network core
areas.9 We chose this alternative because we felt that the 8-
10 output did not satisfy enough of our conservation goals
and the 5-10 and 6-10 outputs did not provide enough
prioritization for those engaged in day-to-day conservation
work. Nevertheless, the cores identified via the 7-10
output do not constitute the entire proposed network. The
areas identified in the 5-10 and 6-10 outputs should also
be considered part of the network, though subject to
further study to determine if they should be considered
potential core or compatible-use areas.

Wildlife Linkage Delineation
The Maine Wildlands Network proposes three

different types of linkages to provide connectivity between
identified core areas and study areas: terrestrial linkages,
aquatic linkages, and aquatic buffers (see Section IV for a
summary of proposed linkage types).

Terrestrial Linkages
Techniques for determining the appropriate width for

functional landscape-scale linkages are relatively untested
(Dobson et al. 1999). Further, few studies have successfully
evaluated whether specific linkages have provided
functional connectivity (see Dobson et al. 1999; Beier and
Noss 1998). It is widely recognized, however, that effective
linkages must be based upon the requirements of the
species they are designed to benefit (Dobson et al. 1999).
For these reasons, we chose to delineate terrestrial linkages
in a general way only, as lines representing broad linkage
zones. These lines represent the general region that appears
to present the best possibility for connectivity between
cores. Linkages were identified using the SITES Sum Runs
outputs, and the Conservation Land, Roads, Human
Population Centers, and Land Use Land Cover map layers
described in this section and elsewhere in the document.

                                                       
9 All the Sum Runs alternatives (5-10, 6-10, 7-10, 8-10) include
existing GAP 1-2 and Large GAP 3 lands because those lands were
locked into the SITES model.

Aquatic Linkages
Given the importance of riparian and wetland habitat,

we included as proposed aquatic linkages those
subwatersheds of large rivers, and rivers bearing native runs
of Atlantic salmon (Figure VII.1), occurring in regions
with human populations densities less than or equal to
5/km2. These linkages will complement terrestrial linkages
by providing habitat for species that tend to use river
valleys and associated cover types for dispersal, and
providing core habitat for riparian and aquatic species.10

Further, protected linkages incorporating entire
subwatersheds will help protect the integrity of the streams
running through them.

Aquatic Buffers
In regions with human population densities greater

than 5/km2, subwatersheds of large rivers were included as
proposed aquatic buffers. These buffers are intended to
provide some level of protection for species associated with
aquatic ecosystems, as well as to provide essential habitat
for terrestrial species that may use riparian areas for
movement or dispersal.

                                                       
10 As noted in section IV, we recommend that terrestrial linkages receive
a protected status similar to that of cores, in which ecological processes
are allowed to function as naturally as possible.
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Figure VII.1 Subwatersheds of major rivers and rivers containing runs of native Atlantic salmon.
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VIII. NETWORK DESIGN SUMMARY
AND EVALUATION

Network Summary and Spatial Statistics
Using the approach and methods described in Sections IV-
VII we designed a proposed wildlands network for Maine
(Figure VIII.1). This design includes approximately 28,725
km2 of core wild areas, both within the network itself and
as isolated reserves elsewhere in the state, 1,175 km2 of
aquatic linkages, and 4,671 km2 of aquatic buffers. Core
areas were delineated using the Sum Runs 7-10 alternative.
We also propose an additional 17,301 km2 that should be
studied for inclusion in the network as core areas,
compatible-use lands, or linkages (Table VIII.1). These
study areas were delineated using the Sum Runs 5-10
alternative. The proposed core areas and aquatic linkages
should be managed with significant (GAP Level 1 or 2)
protection. See Table VIII.2 for an illustration of the
general relationship between wildlands network
components and GAP status levels. The Maine Wildlands

Network Conservation Plan does not propose that this
entire network be managed solely for its biodiversity
values, nor necessarily in a completely “wild” state. For
example, aquatic buffers may need to be managed for
multiple uses, as these areas generally contain relatively
high human and road densities. Conservation in these
buffer areas will likely focus on private land stewardship
and local conservation efforts (e.g., watershed groups,
conservation commissions). Further, some areas identified
as potential core or linkages may need to be refined in the
larger regional wildlands network design as more
information becomes available. We do not expect, however,
that additional information will suggest reducing the size
of cores or linkages. More likely, additional information
will show the need to make cores and linkages even larger.

Table VIII.1 Area and percentage of state represented by proposed core wild areas, aquatic linkages, aquatic buffers,
and study areas in the Maine Wildlands Network together with existing conservation lands.

Network Element Area (km2) Area (acres)
 Proposed Network Core Wild Areas
 and Isolated Reserves 28,725 7,098,163

 Existing GAP 1-2 Areas 1,880 464,618
 Existing Large GAP 3 Areas 4,514 1,115,545

 Proposed Aquatic Linkages 1,175 290,378

 Proposed Aquatic Buffers 4,671 1,154,298

 Proposed Study Areas 17,301 4,275,145
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Table VIII.2 General relationship of Wildlands Network Components to GAP status levels.1

GAP Status Level Wildlands Network Component Description

Status 1
(“Wild Lands”)

Core Wild Areas (and where possible,
Wildlife Linkages, especially terrestrial
and aquatic linkages)

A parcel totally and permanently
protected from conversion of natural
land cover and with a management
plan in operation to maintain land in a
natural state. Natural processes are
al lowed to proceed without
interference or are mimicked through
management practices.

Status 2
(“Low Use”)

Core Wild Areas, Wildlife Linkages
(terrestrial linkage, aquatic linkage),
sometimes Compatible-use Lands

A parcel totally protected from
conversion of natural land cover and
with a management plan in operation
to maintain a primarily natural state,
but where uses or suppression of
natural processes may degrade the
qual i ty  o f  ex i s t ing natura l
communities.

Status 3
(“Medium Use”)

Compatible-use Lands, Wildlife
Linkages (aquatic buffer)

A parcel protected from conversion of
natural cover for more than 50% of
area, but subject to extractive uses
such as timber harvest or mining.

Status 4
(“High Use”)

Outside of Network

A parcel with more than 50% of area
planned or in use for agriculture or as
“open space” for active recreation
purposes (e.g., ballfields, golf courses).
Natural processes are altered or
replaced by human use and
management of land.

1These categories are similar to those used in the GAP Mapping and Categorizing Land Stewardship
Handbook, by Crist et al. 2000, available at www.gap.uidaho.edu/handbook/Stewardship/default.htm.
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Figure VIII.1 Proposed Maine Wildlands Network .



WILDLANDS PROJECT   MAINE WILDLANDS NETWORK VISION 59

Evaluation of Conservation Goals Achieved by the Maine
Wildlands Network

As discussed in Section VI (Table VI.5), the Maine
Wildlands Network seeks to achieve a number of focal
species, representation, and special element conservation
goals. We evaluated how well the network design
presented in Figure VIII.1 achieves these conservation
goals. We then compared those results to the 5-10, 6-10,
and 8-10 sum runs alternatives presented in Section VI, as
well as existing GAP 1-2 lands and large GAP 3 lands.
More specifically, we quantified the percentage of each
conservation element captured within the proposed core
area of the network, as derived from the 7-10 sum runs
alternative, and compared that with existing conservation
land (GAP 1-2 and GAP 1-2 and large GAP 3), with a
minimal set of core areas (Alternative 8-10) and with the

proposed network plus the study areas (Alternatives 5-10
and 6-10).

The actual level of representation necessary to ensure
the protection and persistence of any given element (for
biotic elements) depends on many variables (e.g., the
overall area represented by the element, the number of
occurrences of the element in the state, connectivity
between the elements, the natural history characteristics of
biotic elements). Noss and Cooperrider (1994) observe that,
in general, “science cannot tell us precisely how many
times or in what sized reserves each species or ecosystem
type must be represented to be viable.” We propose,
therefore, that representation values be used to identify
elements that may be relatively under-represented within
the proposed network, and not to speculate on exactly what
level would be “enough” representation within the
network.
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Figure VIII.3 Biophysical regions (Maine ecoregions) assessed for representation within the proposed
Maine Wildlands Network.
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Focal Species and Special Elements
Three focal species (wolf, lynx, and salmon) and three

special elements (large wetlands, roadless areas, and slope
heterogeneity) were incorporated in the SITES model.
Figure VIII.4 displays the percentage of focal species and
special elements conservation goals included under
different protection alternatives. We did not calculate slope
heterogeneity results.

As Figure VIII.4 demonstrates, existing GAP 1-2
lands provide little protection for any of these focal species

or special elements. When GAP 3 lands are added in, the
results improve considerably, except for salmon
subwatersheds. For example, only about 13,600 hectares of
large wetlands are included in GAP 1-2 lands (Table
VIII.3), just 3.4% of all large wetlands. Adding in GAP 3
lands brings the total to about 88,000 hectares or 21.7% of
all large wetlands. Under the proposed Wildlands
Network, about 150,000 hectares of large wetlands would
be protected within core areas, about 36% of the total.
Only when study areas are included does the total rise
above the 50% target, to 58.6% of all large wetlands.

Figure VIII.4. Percentage of focal species and special element conservation goals included in different
protection alternatives.
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Table VIII.3. Focal species and special element conservation goals included in different protection
alternatives, in hectares.

Element
Existing GAP

1-2
(Ha.)

Existing GAP
1-2 + Large

GAP 3
(Ha.)

Sum Runs
5-10
(Ha.)

Sum Runs
6-10
(Ha.)

Sum Runs
7-10
(Ha.)

Sum Runs
8-10
(Ha.)

 Large Wetlands 13,649 88,244 238,239 188,773 148,580 115,576
 Roadless Areas 464,261 1,576,651 4,601,665 3,684,640 2,872,017 2,192,682
 Salmon Subwatersheds 1,589 1,589 130,119 106,769 87,549 61,486
 Wolf Habitat 124,401 499,507 2,997,796 2,517,651 2,025,854 1,604,491
 Lynx Habitat 31,543 377,131 1,431,983 1,270,914 1,083,229 916,884

In the case of lynx and wolf habitat, existing GAP 1, 2,
and 3 lands do not meet the conservation targets. Under
the proposed Wildlands Network, however, both targets
would be satisfied, with 51.7% and 67.4% of wolf and
lynx habitat represented, respectively.

Under no protection alternative do we meet the salmon
subwatershed target of 70%. Current GAP 1, 2, and 3
lands provide almost no protection—less than one percent
of the subwatersheds, although this situation may be
changing with recent conservation efforts in the Machias
River watershed. Even under the most expansive protection
alternative, with all study areas included (Sum Runs 5-10),
only about 65% of salmon subwatersheds, about 130,000
hectares, receive some degree of protection.

Vegetation and Land Cover
We evaluated vegetation and land-cover representation

using data from the Maine GAP Analysis Project (Krohn et
al. 1998). The 37 land use land cover types mapped by the
Maine GAP project were collapsed into 11 major types, as
discussed in Section VI (see Table VI.3 and Figure VI.5).
Representation of each vegetation or land cover type under
different protection alternatives is summarized in Figures
VIII.5. The goal of the Maine Wildlands Network Design
is to protect at least 15% of each terrestrial vegetation type
and 25% of each aquatic vegetation type. Open water and
developed land were not included in these types.
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Figure VIII.5 Percentage of the land use land cover types included under different protection alternatives.

Within the proposed Wildlands Network, core wild
areas (Sum Runs 7-10) would protect more than 30% of all
major forest types. For example, nearly 1.2 million hectares
of mixed forest would be protected (Table VIII.4). These
relatively high values are to be expected, as many of the
larger proposed cores occur in areas where land is primarily
owned by timber companies and has been cut for decades.
Predominantly high elevation vegetation land cover types
(alpine) were well represented at nearly 80%. Even current
GAP 1-2 lands provide good protection for alpine areas.
However, this is the only major land cover type that is well
represented under current protection regimes. The addition

of large GAP 3 lands increases representation somewhat,
but only to about 10% for the major land cover types.
Proposed wildlands network core areas would protect about
26% of shore types, but only 10% or less of
agriculture/grassland, saltwater wetland, and mudflat
wetland types. Finally, the network design process
generally avoided human dominated land cover types by
locking out planning units with an excess of 3% of their
area classified as developed (urban/industrial, dense
residential, sparse residential, or highways/runways; Figure
VI.2).
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Table VIII.4. Land use land cover types included under different protection alternatives, in hectares.

 Land-use/Land-cover Type Existing GAP
1-2 (Ha.)

Existing GAP 1-2
+ Large GAP 3

(Ha.)

Sum
Runs 5-
10 (Ha.)

Sum Runs
6-10 (Ha.)

Sum Runs
7-10 (Ha.)

Sum Runs
8-10 (Ha.)

 Mudflat Wetland 133 133 2,646 2,089 1,871 1,232
 Saltwater Wetland 693 693 3,526 3,002 2,536 1,918
 Agriculture/Grassland 2,325 2,659 148,973 96,520 62,074 37,797
 Shore 1,048 1,167 4,264 3,910 3,496 2,738
 Mixed Forest

68,827 258,581
1,897,26

8 1,516,756 1,175,754 892,922
 Freshwater Wetland 5,620 12,689 75,388 59,607 45,644 34,644
 Deciduous Forest 28,224 89,425 768,684 607,248 462,239 344,897
 Forested Wetland 12,677 47,558 313,515 250,095 194,677 148,961
 Coniferous Forest 35,791 103,579 481,756 403,755 327,047 267,306
 Cut and Regenerating
Forest 11,323 92,569 626,884 518,137 418,944 329,460
 Alpine 5,155 5,164 5,409 5,324 5,186 5,159

Biophysical Regions
Biophysical regions (or ecoregions) are relatively

homogeneous areas identified using climate and landform
variables (Bailey 1995; Bailey et al. 1994). Bailey (1995)
delineated ecoregions for the entire U.S., with Maine
falling within portions of three different ecoregions. For
our analysis, we use a modified classification of these
ecoregions (McMahon 1990) that contains 15 distinct
biophysical regions based on climate and topography.
Because these biophysical regions are related to biotic
factors, it is important that each region be represented in a
conservation network. Although two revisions of these
original biophysical regions have since been conducted
(Keys et al. 1995; Krohn et al. 1999), these layers were not
available from the Maine Office of GIS.

The representation of biophysical regions within core
areas of the Maine Wildlands Network Design (Figure
VIII.6, Sum Runs 7-10), is summarized below:

•  Core areas of the Maine Wildlands Network Design
represent the Western Mountains, Eastern Lowlands,
St. John Uplands, Central Mountains, Aroostook Hills,
and Boundary Plateau biophysical regions at greater
than 45%, well exceeding the 20% target. These
regions are characterized by low human population
density and large private and industrial timberlands.

•  The East Coastal Region is well represented, at about
25%, exceeding the target level. This translates into a

little less than 74,000 hectares of core area (Table
VIII.5). This region is sparsely populated in places and
encompasses the major salmon subwatersheds.
However, it is separated from the rest of the network
in northern and western Maine by major transportation
corridors. It will be important to consider connectivity
to New Brunswick when conducting the broader
regional network design.

• The Midcoast, Aroostook Lowlands, Western Foothills,
Southwest Interior, and Eastern Interior biophysical
regions were captured less well by the core areas of
proposed network, at between 10% and 15%. These
areas are on the fringe of more developed regions, and,
in the case of the Western Foothills, host high
numbers of tourists, cottagers, hunters and fishers.
They are thus intermediately remote, containing
higher road densities than the most remote areas.

•  The remaining three biophysical regions, South
Coastal, Penobscot Bay, and Central Interior are poorly
represented in the core areas of the network at 8% or
less. These areas generally contain high population and
road densities, resulting in relatively lower habitat
security scores in our model. Further, the lack of large
wetlands, few large public or private conservation
lands, and a small total area of watersheds containing
Atlantic salmon-bearing rivers in these regions resulted
in relatively low scores in the SITES analysis.
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Figure VIII.6 Percentage of the ecoregions of Maine included under different protection alternatives (e.g.,
core areas of the proposed wildlands network include 11% of the Western Foothills bioregion.)
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Table VIII.5. Ecoregions of Maine included under different protection alternatives, in hectares.

 Maine Ecoregions Existing GAP
1-2 (Ha.)

Existing GAP 1-
2 + Large GAP

3 (Ha.)

Sum Runs
5-10 (Ha.)

Sum Runs
6-10 (Ha.)

Sum Runs
7-10 (Ha.)

Sum Runs
8-10 (Ha.)

 South Coastal Region 794 794 23,738 16,835 13,513 10,187
 Penobscot Bay Region 3,202 3,202 41,918 30,048 14,984 7,748
 Central Interior 4,978 4,978 178,279 93,035 57,765 36,294
 Midcoast Region 872 872 39,989 26,734 21,537 12,738
 Aroostook Lowlands 250 250 112,859 84,053 48,937 27,943
 Western Foothills 2,108 2,108 195,827 116,152 67,372 33,423
 East Coastal Region 22,137 22,137 105,799 93,755 73,998 51,193
 Southwest Interior 1,641 1,641 166,158 116,155 56,696 31,648
 Eastern Interior 4,162 14,066 353,903 204,263 126,027 72,926
 Western Mountains 18,448 64,132 759,262 627,962 490,612 358,806
 Saint John Uplands 5,177 51,093 487,933 396,211 300,846 213,326
 Eastern Lowlands 9,927 9,927 253,160 213,632 173,000 126,874
 Aroostook Hills 20,445 184,879 907,458 787,662 674,912 574,826
 Central Mountains 84,063 84,063 588,250 514,495 423,300 333,835
 Boundary Plateau 9,786 194,021 387,109 364,115 328,922 301,260

Major Watersheds
The ecological integrity of watersheds ultimately

affects the integrity of streams flowing through them.
Representing significant portions of Maine’s major
watersheds in a wildlands network will help assure that the
surface waters of these watersheds maintain their integrity
while providing habitat and associated resources for the
species that inhabit them.

Representation of major watersheds in the proposed
network displays a pattern similar to that of biophysical
regions. Eight of the northern and western most watersheds
are represented at greater than 40% in the proposed core
areas of the network (Figure VIII.7, Sum Runs 7-10).
Because the watersheds vary so greatly in size, these
percentages translate into very different areas, ranging from

over 400,000 hectares of the St. John River to 224,000
hectares of the E. Branch of the Penobscot to about
120,000 hectares of the Dead River (Table VIII.6).

In addition, four of the noncoastal watersheds in the
east (Cathence Stream, Dennys, East Machias, and Pleasant
River) were captured at greater than 40% as well. Of the
11 watersheds that are represented at less than 20%, the
conservation target, eight have significant portions of their
area in the southern part of the state or along the coast.

Under existing GAP 1-2 protections, less than 20% of
any watershed is protected. Under the GAP 1-2 and Large
GAP 3 regime, the St. John River watershed is about 40%
conserved, and three others, East Branch of the Penobscot,
the Upper Androscoggin, and the Allagash River have
more than 20% of their area under some form of
conservation.

.
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Figure VIII.7 Percentage of major watersheds included under various protection alternatives (e.g., core areas of proposed
Wildlands Network encompass  85.5% of the Upper Androscoggin watershed).
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Table VIII.6. Major watersheds included under various protection alternatives, in hectares.

 Watersheds
Existing
GAP 1-2

(Ha.)

Existing GAP 1-
2 + Large GAP

3 (Ha.)

Sum Runs
5-10 (Ha.)

Sum Runs
6-10 (Ha.)

Sum Runs
7-10 (Ha.)

Sum Runs
8-10 (Ha.)

 Presumpscot River 1,248 1,248 41,469 26,856 16,304 12,544
 Piscataqua River 3 3 10,590 7,792 4,827 1,637
 Meduxnekeag River 0 0 28,091 22,524 12,476 3,930
 York-Mousam Rivers 158 158 18,710 8,073 4,929 1,778
 Penobscot River 5,928 10,350 147,143 92,703 66,128 45,919
 Mattawamkeg River 1,702 1,702 108,041 55,564 23,606 7,149
 Kennebec, Lower 6,054 6,054 257,796 173,870 128,467 84,727
 Coastal 9,095 9,095 153,251 108,758 75,102 45,014
 Androscoggin, Lower 6,009 6,432 156,679 93,369 61,611 42,868
 Chandler River 0 0 7,391 7,391 5,775 3,158
 St. Croix River 3,207 3,207 126,182 74,018 44,489 24,495
 Machias River 127 127 61,999 53,946 41,796 27,931
 Union River 4 5,485 72,515 49,974 29,815 18,210
 Tunk Stream 177 177 7,061 7,061 4,676 2,452
 Sheepscot River 79 79 35,160 23,422 11,626 4,816
 Piscataquis River 7,944 7,944 233,707 181,057 123,278 96,510
 Saco River 4,057 4,057 142,064 109,288 63,940 42,941
 Penebscot, W. Branch 34,320 52,762 369,451 305,184 239,649 179,590
 East Machias River 113 113 57,880 45,944 38,531 28,798
 Aroostook River 3,829 93,599 419,223 356,508 289,155 241,646
 Pleasant River 2,283 2,283 23,018 21,643 20,321 18,859
 Upper Kennebec 1,399 1,399 311,609 232,894 142,443 74,173
 Fish River 463 5,587 239,194 184,603 138,456 85,388
 Narraguagus River 68 68 54,851 45,029 38,986 28,742
 Dead River 1,421 1,432 197,877 163,115 120,204 66,363
 Ducktrap River 0 0 4,746 3,398 1,777 777
 St. John River 9,803 223,506 488,940 446,329 403,515 364,813
 Dennys River 1,365 1,365 23,862 21,096 18,057 9,229
 Penebscot, East
 Branch 50,685 67,447 267,245 253,688 224,794 196,909

 Androscoggin, Upper 4,026 49,276 195,986 191,711 181,620 166,888
 Allagash River 12,172 62,958 292,401 275,503 257,332 229,856
 Cathance Stream 12 12 9,101 9,101 7,124 6,079

Elevations
Although we did not establish conservation targets for

elevation per se, elevation nevertheless plays an important
role in determining the type of natural community
occurring at a given site. Thus, it is important to represent
all elevations in a wildlands network designed to protect all
natural community types. Additionally, networks that

contain protected areas and linkages that span elevational
gradients may better protect biodiversity in the face of
upcoming climate change (Noss 1993, 2001; Bennett
1999).

We partitioned elevation into five classes (1-200
meters, 201-500 meters, 501-700 meters, 701-1000
meters, and greater than 1000 meters), following the
classification used by the Maine GAP Analysis Project
(Krohn et al. 1998). The proposed network represented the
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four classes containing the highest elevations very well,
with values of over 53% (Figure VIII.8, Sum Runs 7-10).
The 1-200 meter class was represented at the lower level of
18.5% (682,000 hectares, Table VIII.8), primarily because
most of Maine’s settled areas containing relatively high
human and road densities occur in this elevation zone.

Current conservation regimes (GAP 1-2 and Lg. GAP 3)
cover about 39% of elevations above 1000 meters,
dropping to about 20% for the 701-1000 meter category,
11% for 501-700 meters, 14.2% for 201-500 meters, and
only 1.5% (65,000 hectares) for the 1-200 meter class.

Figure VIII.8 Representation of elevation categories under various protection alternatives (e.g., core areas of the proposed
wildlands network include 15.6% of all lands having elevations of between 1 and 200 meters).
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Table VIII.7. Representation of elevation categories under various protection alternatives, in hectares.

Elevation
(meters)

Existing
GAP 1-2 (Ha.)

Existing GAP 1-2 +
Large GAP 3 (Ha.)

Sum Runs
5-10 (Ha.)

Sum Runs
6-10 (Ha.)

Sum Runs
7-10 (Ha.)

Sum Runs
8-10 (Ha.)

 1-200 51,988   65,182 1,439,190 1,002,075 681,801 438,875
 201-500 94,803 492,865 2,678,679 2,267,207 1,855,853 1,486,742
 501-700 22,117   46,881 352,235 300,087 237,979 184,460
 701-1000 14,628   27,763 114,229 100,734 83,870 71,500
 >1000   3,949    4,616 9,879 9,234 8,422 8,168
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Conclusion
This evaluation of focal species, special elements, land

use and land cover, biophysical regions, major watersheds,
and elevations demonstrates that existing GAP 1-2 lands
are inadequate to protect focal species, ecoregions,
watersheds, and other important conservation features in
Maine. Even the addition of existing GAP 3 lands is not
enough to protect either biodiversity—as expressed in the
coarse filters of land use land cover types, state ecoregions,
and large wetlands—or the wide-ranging focal species that
require broad expanses of connected wildlands. On the
other hand, the proposed core wild areas of the Maine
Wildlands Network, when combined with study areas,
meet nearly all the conservation goals set out in Section VI,
from over 50% of wolf and lynx habitat, over 50% of large
wetlands and roadless areas, to over 50% of every forest
type. The proposed core and study areas do not meet the
targets for salmon subwatersheds and for several

land use land cover types, particularly mudflat and
saltwater wetlands and agriculture/grassland types. A
number of Maine ecoregions and watersheds are also not
well represented in the network. Those elements not well
represented are primarily in the southeastern and coastal
regions of the state. These areas are also some of the most
heavily populated and densely roaded areas of the state.
Our wildlands network design methodology, in seeking to
identify, and link, large core areas, gives lower priority to
precisely these populated areas. Nevertheless, there are
significant conservation needs in these areas and we look to
other organizations to identify and protect them. As the
Wildlands Project expands its planning and design efforts
to a regional scale, we will revisit the representation of focal
species habitat, large wetland complexes, land use land
cover types, and so on, with an eye to balancing the mix of
these features across the much broader landscape.
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IX. CONSERVATION ACTION
Overview

The preceding sections of this document present the
objectives and rationale for wildlands restoration and
recovery in Maine, together with the science of wildlands
network design. The next step is to discuss how this
network of conserved lands can become reality. The
recommendations presented here are intended to guide and
inspire those working on conservation issues in Maine.

The wildlands network presented in this document
should be considered a first step in what must be a long-
term and iterative process. To make the network a
functioning system, detailed conservation planning will
need to occur at all levels, from the individual parcel of
land to the landscape and beyond. Planning and action will
be incremental, proceeding over decades, and will be driven
by grassroots participation and a collective commitment to
ensuring a future for wild nature.

It is important to stress that this is a time of
tremendous conservation opportunity in Maine, in good
part because large amounts of undeveloped and
unpopulated commercial timberland are constantly
changing hands and are available for conservation if
sufficient resources can be brought to bear. But there are
also significant threats, some new and some old, including
extensive pesticide and herbicide use, unsustainable rates of
timber harvest, land conversion, and road construction.
Nevertheless, we have the planning tools at our disposal, as
described in this document and elsewhere, that can help us
establish landscape-scale conservation strategies and
priorities based on many conservation goals. Though we
must think in the long-term, we must accomplish much in
the short-term.

The realization of an ambitious proposal such as the
Maine Wildlands Network seems formidable. The gap
between the situation we face today and the wildlands
network we hope for tomorrow is vast indeed, especially in
Maine, where most lands are privately owned and
wildlands are sorely underrepresented. Or is it? Perhaps a
shift in perspective—a new way of looking at a very old
landscape—can help us bridge this gap sooner than later.
This plan was created with just such an ideal in mind.

The task of creating a wildlands network can best be
approached by breaking its elements down into
manageable pieces. To help visualize this process, the
metaphor of a jigsaw puzzle is useful, as described in the
Sky Islands Wildlands Network (Foreman et al. 2000):

The completed reserve design … is the picture on
the cover of the jigsaw puzzle box. Inside the box
are all the different puzzle pieces that, when fitted
together, will make the complete picture ([the
wildlands] network). We will not put the whole
puzzle together in one fell swoop as
conservationists did for, say, the Alaska Lands Act.
Rather, different cooperating groups will place
separate pieces down on the table from time to
time.

How do we place the pieces on the table? Here a
useful metaphor is the toolbox. Conservationists
have a toolbox containing many tools (lobbying,
litigation, organizing, public relations, working
with government agencies, fundraising, writing
new legislation, writing management plans,
monitoring, applying science, doing scientific
research, working with private landowners, land
purchase, ecological restoration, etc.). Different
conservationists have expertise in using different
tools. Certain tools are appropriate to reach certain
goals, others for other goals. There may be some
new tools in the box with which no one is yet
expert.

An important role of the Wildlands Project is to
produce the big “picture on the cover on the jigsaw puzzle
box.” The individual pieces of the Maine Wildlands
Network puzzle will be produced by many other
individuals and organizations (e.g., state agencies, land
trusts, non-profit conservation groups, landowners)
working within their specific regions and within their areas
of expertise (e.g., clean water, wilderness, endangered
species, stewardship, land acquisition, organic and
diversified farming). Further, timelines for different
projects will inherently vary. Ultimately, the Maine
Wildlands Network can be thought of as an assemblage of
many smaller projects and initiatives, working
synergistically to achieve the big picture. Many existing
conservation efforts in Maine (see Appendix 2) will no
doubt contribute to the long-term establishment of a
wildlands network across and beyond the state.

A critical first step toward this vision is the
dissemination of this report, and vigorous dialog on Maine
conservation priorities among the conservation community,
local residents, and policy-makers.
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Conservation Action Strategy
Successful establishment of a Maine Wildlands

Network will require the work of “networks of people
protecting networks of land (Soulé 1995).” The
recommendations below should be seen as a set of priority
actions that the conservation community could implement
over the next three to five years to advance the goals and
objectives described in Section III. This plan is organized
into eight broad components that build on one another and
that should be carried out in a coordinated, multi-pronged
fashion. The components are arranged more or less in order
of operational importance. That is, from the point of view
of carrying out effective conservation action, the highest
priority is to establish a well-organized statewide network
of individuals and organizations that share a common
vision inspired by the Maine Wildlands Network, perhaps
modeled after the Yellowstone to Yukon (Y2Y) network in
the northern Rockies of the US and Canada. Next, it will
be important to establish an outreach and education
program focused on decision-makers, government agencies,
land trusts, and local citizens. The third key parallel track
is to advocate for the creation and protection of large core
areas, guided by the Maine Wildlands Network Design. 

This last element is arguably the most important part
of the action plan, because Maine has so little protected
wilderness, yet restoration and species reintroductions will
require large core wild areas to succeed in the long run.

However, without an established network or organizations,
and knowledge of and outreach to decision-makers, it will
be difficult to advance the full restoration agenda. In the
medium and long term, once a suitable social, economic,
and political climate has been established (Simberloff et al.
1999), then the real work of restoration can begin,
including restoration of freshwater ecosystems, focal
species, and natural ecological and evolutionary processes.
There is nevertheless a good deal of work on the restoration
front that should occur in the short to medium term,
including natural resource inventories to improve our
knowledge of the population and distribution of focal
species and the establishment of an outreach strategy to
communicate focal species recommendations to wildlife
agencies and others. Each component is described in
greater detail below and includes a set of recommended
activities. Given that this action plan is designed to
provide strategic direction that will be valid for several
years, the components and their activities have purposely
been left somewhat general. The organizational landscape
in Maine, and elsewhere in the northeastern US and
southeastern Canada, is in such flux—and contains so many
actors—that anything more specific would probably be
outdated as soon as this plan is printed.

Table IX.1 Conservation Action Components and Operational Priority

Operational
Priority

Conservation Action Component

Establish mechanisms to coordinate the implementation and monitoring of
a Wildlands Network in Maine
Establish outreach and education programs focused on decision-makers,
government agencies, and local citizens

Sh
or
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rm
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rit

y

Advocate for the creation and protection of large core wild areas in
accordance with the Maine Wildlands Network Design
Support the conservation of large blocks of forest subject to biodiversity
compatible forestry and linked to ecologically sound and economically
viable economic development
Pursue policy and research initiatives on public conservation funding,
“mega-easement” projects, alternative incentives for conservation, and the
effects of air pollution
Promote the restoration and protection of focal species in the Maine
Wildlands Network
Advocate for the restoration and maintenance of natural ecological and
evolutionary processes, including wildfire, insect outbreaks, predator/prey
dynamics, natural succession, and flood regimes in all components (cores,
linkages, study areas) of the Maine Wildlands Network

M
ed
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m
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s

Promote the restoration and protection of freshwater ecosystems, including
salmon-bearing streams and rivers
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There is not a one-to-one correspondence between
goals  and action plan components.  Some
components—network coordination, environmental
education, and policy/research initiatives—apply to all the
goals and so should stand on their own from an operational
point of view. One goal, eliminating exotics, should take
place in both terrestrial and aquatic ecosystems, but the
approaches are different, so the means to carry out the goal
are integrated into the components that pertain to those
particular ecosystems.

1. Establish mechanisms to coordinate the
establishment and monitoring of a Wildlands
Network in Maine, update the network design
as needed, and ensure collaboration with
conservation efforts in other parts of the
northeastern US and southeastern Canada.

For the Maine Wildlands Network to serve as an
effective conservation-planning strategy, it is essential to
create functional mechanisms for coordination,
collaboration and catalytic action. Such mechanisms might
take the form of a formalized coordination unit, or perhaps
a network, established by one or more collaborating
organizations. In addition, processes for stakeholder
involvement and buy-in should be included within this
component. Finally, a core working group of non-
governmental organizations and governmental agencies
should be identified. Ideally this core working group
would have a small-grants or action fund to be managed
within the state and aimed at supporting grassroots
initiatives, community outreach, time-sensitive research
and other small-scale projects that help accomplish Maine
Wildlands goals.

This coordination mechanism could be modeled on the
successful Yellowstone to Yukon (Y2Y) Conservation
Initiative. This initiative is a “joint Canadian-U.S. network
of over 270 organizations, institutions, foundations, and
conservation-minded individuals who have recognized the
value of working together to restore and maintain the
unique natural heritage of the Yellowstone to Yukon
region and the quality of life it offers.” (See
www.rockies.ca/y2y/    for more information).

Key Activities:
•  Establish a statewide coalition to advance the

establishment of the Maine Wildlands Network
and monitor its progress. This coalition should be as
broad-based as possible and should seek to monitor and
respond to changes in land ownership, forestry
practices, economic trends, infrastructure development,
suburban growth, and funding opportunities. The
coalition can also serve as a forum for the discussion of
various issues related to the Maine Wildlands

Network, including conservation easements and
statewide reserve planning. It is important that the
organizations that make up this coalition are aware of
the range of ongoing initiatives and programs that
relate to their own activities, as well as where and how
their actions, and those of other organizations, can
support the implementation of the Maine Wildlands
Network. To advance implementation, each
cooperating organization should have considerable
familiarity with conservation science, including:
-  The goals  of  a  wildlands network

(protecting/restoring native biodiversity and
habitat, establishing and protecting habitat
connectivity, restoring ecological processes, etc.);

- Principles of conservation biology;
-  Relevant vocabulary (core areas, compatible use

areas, connectivity, rewilding, etc.).

•  Establish a clearinghouse to collect and distribute
information on a timely basis regarding the Maine
Wildlands Network. This clearinghouse could
operate under the auspices of the network coalition and
should have the capacity to integrate statewide and
regional data in a GIS and distribute that information
rapidly to coalition members.

•  Promote statewide regional conservation planning
based on the principles of conservation biology.
There are a number of conservation planning efforts
underway in Maine that complement the Maine
Wildlands Network Vision. Furthermore, a large
amount of land, including potential conservation land,
is changing hands every year. The state of Maine and
other entities are purchasing or establishing easements
on some of this land. A formal, statewide project that
involves government, the private sector, and non-profit
organizations should be established to coordinate
efforts and improve the conservation impact of land
purchases, acquisitions, and transfers.

•  Work with national and local land trusts to
conduct mapping of significant wildlife habitat
and natural communities, prepare local wildlife
habitat and linkage maps, and form multi-
organization coalitions to acquire and protect key
blocks of land. Use the Maine Wildlands Network as
a means of deciding which areas should have the
highest conservation priority. Also, given the recent
emphasis on “working forest” deals in the conservation
community, this process is also an opportunity to
highlight the need for greater acquisition of core
conservation areas, whether in fee or through “forever
wild” conservation easements, especially on the part of
the large regional and national conservation groups.



WILDLANDS PROJECT   MAINE WILDLANDS NETWORK VISION 75

•  Similarly, work with town Conservation Commi-
ssions and Planning Commissions to conduct local
mapping and form multi-town coalitions to
encourage planning at the landscape level.

•  Establish a small grants fund to be administered
by the coalition promoting the Maine Wildlands
Network Vision. This “action fund” would be
available to support grassroots initiatives, community
outreach, time-sensitive research and other similar
small-scale projects.

2. Establish outreach and education programs
focused on decision-makers, government
agencies, and local people.

The o utr e a ch a nd c oo r dina t io n st r a te gy  di s cus s ed i n
c o mpo nent  1 wi ll  r ea c h o nl y a  li m i te d se t  of  c ol l a bo r a ti ng
o r ga ni za t i ons . Br o ade r  publi c  suppor t  wi l l  be  ne e ded f or 
e f fe c t iv e  im pl em e nta t i on o f t he pr opo s ed c ons e rv a t io n pl a n o v e r
t he l o ng t er m . The re f o re , the  publ ic  m us t  gr a s p t he c o nc e pts 
a nd r e as o ning be hi nd t he  goa l s  a nd o bj ec t i ve s  of  t he  pla n. The y
s houl d a l s o unde r s ta nd t ha t a  func ti o ning wi l dla nds ne two r k
do es  not  c ons t it ut e a  “l a nd gr ab”  tha t  i s  go i ng t o  di s pl a c e t hem 
f r om  t he i r  l a nd a nd t r adi t io na l wa ys  o f l i fe .

To build public support for the Maine Wildlands
Network, an outreach campaign should be designed based
on a set of carefully articulated objectives. One key
objective of this campaign should be to improve public
understanding of the concepts behind wildlands network
design (the regulatory role of top carnivores in an
ecosystem, connectivity, the importance of large core areas,
etc.), and how those concepts are applied to Maine.

It is also important to develop formal environmental
curricula incorporating the concepts of conservation biolo-
gy, to complement public outreach. The writing of
environmental education curricula is a highly involved and
delicate process, and the product must be objective enough
to allow the students or audience to make their own
decisions regarding the merits of any given idea. A number
of conservation organizations have designed educational
curricula that are relevant to some of the topics mentioned
above. The Wildlands Project is also producing materials
that put the science of conservation biology into user-
friendly terms.

Key Activities:
•  Establish clear goals for a communications and

education strategy to advance the Maine
Wildlands Network. This could be carried out under
the auspices of the coalition spearheading the
establishment of the Maine Wildlands Network.

• Con duc t  pol l i ng  re s e a r c h to  de t e r m i ne  the  di f f e r e nt 
pot e nt i a l  audi e nc e s  for  a com m uni c a t i on s  st r a t e gy . A

gr o up wi t h e x pe r i e nc e  i n s u c h r e s e a r c h, s uc h a s  t he 
Bi o di v e r s i t y  Pr o j e c t , s ho ul d c a r r y  o ut  t hi s  wo r k.

• Create and deliver messages, using traditional and
non-traditional means.

•  Regularly poll or otherwise monitor attitudes and
perceptions regarding the messages. Such moni-
toring will help fine-tune the messages and the means
of delivering them.

•  Analyze the feasibility of developing and
instituting environmental education curricula in
public schools and other venues. These curricula
should focus on the science of conservation biology.
Ideally, a local group with experience in environmental
education can be recruited to assist in this process.

3. Advocate for the creation and protection of
large core areas in accordance with the Maine
Wildlands Network Design.

The 1996 Biological Diversity in Maine report concludes,
“the opportunity to avoid an acute biodiversity crisis in
Maine is before us. If we do not initiate biodiversity-
maintenance strategies now, we will be faced with a loss in
biological diversity that will be more difficult to address in
the future” (Gawler et al. 1996).

More recently, the Maine Forest Biodiversity Project,
in its Ecological Reserves System Inventory (McMahon 1998),
assessed the potential for conservation areas on existing
public lands, and established 1,893 acres as the median size
for lands that met their design criteria—a very low figure.
Nevertheless, only 25% of suggested potential conservation
areas in Maine met the scientific advisory committee's
minimum acreage. Further, only 23% (16 of the 69
potential conservation areas) would be "self
contained"—protect the entire ecosystem within the
boundaries—and only 46% of ecosystem types are
represented by at least one conservation area (McMahon
1998).

Currently, between slightly more than two percent of
Maine’s forestland is strictly protected (McGrory Klyza
2001; Maine Forest Service 2001). Most of this reserved
forest is in Baxter State Park, though other, smaller,
conservation areas have been established on some state
forests and on lands owned by The Nature Conservancy.

It is clear that Maine will require a much larger
amount of land in conservation areas to meet even the
minimum standards of protecting representative ecosystem
types, let alone protecting connected ecosystems on a large
scale. The Wildlands Network presented in this document
provides a way of prioritizing those areas that should be
included in an interconnected system of conservation areas.
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Key Activities:
•  Encourage full funding for government programs

such as the Land and Water Conservation Fund,
Forest Legacy program, Conservation and
Reinvestment Act, and National Wetlands
Program, which support the purchase of new
conservation lands. Maine alone is seeking roughly $30
million from the Forest Legacy program for fiscal year
2002. Funders should be encouraged to put more
money into core area land acquisition, perhaps via a
wilderness fund (see below), rather than into purchase
of development rights on commercial forestland.

• Establish a fund dedicated to the purchase of areas
suitable for core wild areas. Of late, most federal,
state, and private conservation resources have been used
to purchase development rights on managed
timberlands rather than acquire land for outright
protection. To complement those efforts, a separate
wilderness fund should be established for the purchase,
from willing sellers, of land to be established as strictly
protected conservation areas. Support for this fund
could come from existing some of the existing sources
mentioned above. New sources of funding should also
be vigorously pursued.

•  Assess the conservation needs of existing and
proposed large core areas. Because so many of the
existing and proposed large core areas have been
degraded by human activities, it may be necessary to
carry out temporary management interventions to get
these areas to the point where natural disturbance
patterns and processes have reasserted themselves on
the landscape.

Carry out field studies to verify proposed core
boundaries, and forest and habitat integrity within
proposed core areas, including remaining old-growth
forest stands and large roadless areas. The map layers
used to develop the proposed wildlands network in this
document are derived largely from remotely sensed
data. Additional vegetation and fauna studies should,
therefore, be conducted in the areas of highest wildland
value to confirm their status and to fine-tune the
design of the network.

• Identify and prioritize roads the removal of which
would restore large areas to roadless status.
Additional analysis and field studies should be
conducted to identify roads whose removal would most
benefit the wildlands network. Economic and cultural
considerations should be significant factors in this
analysis.

•  Advocate for the designation of new wilderness
areas on existing state lands, and for the
acquisition of new state lands. In January 2001,
70,000 acres of Maine’s Public Reserved Lands were set
aside as ecological reserves (only 14% of the area
identified as potential benchmark reserve sites by a
recent scientific assessment [McMahon 1998]). The
Maine Legislature, however, stipulated that no more
than 15% of Maine’s Public Reserved Lands, and no
more than 6% of Reserved Lands that is capable of
sustaining forestry operations, be designated as
ecological reserves. Further, almost 70% of the lands
identified as core areas are on slopes, in wetlands or at
high elevations. These areas do not represent many of
Maine’s ecosystem types, and their limited size clearly
render them insufficient for protecting Maine’s
biodiversity. State land management should attempt to
better balance the needs of economics, recreation,   and   
ecological integrity. On the positive side, new state
land acquisitions may not be bound by the limitations
imposed by the legislature. To the extent possible, new
state land purchases should be designated ecological
core areas.

•  On the federal lands of the White Mountain
National Forest, advocate for the implementation
of the recent Roadless Area Conservation Rule,
which prohibits road-building and logging in
roadless areas of national forests.

•  Study the feasibility of establishing a Maine
Woods National Park and Preserve.  Led by the
regional conservation organization RESTORE: The
North Woods, a movement to create the proposed 3.2
million-acre national park has gained strong regional
and national momentum. Over 100,000 citizens from
across the country have signed petitions supporting a
study of the park concept; 100 nonprofit organizations
have joined the Maine Woods National Park Coalition;
over 350 Business Partners have endorsed a park study;
and polls have consistently shown that more than 60%
of Maine voters favor the park. Studies also predict that
the park would have a positive net effect on jobs and
the economy (Power 2001).

The National Park Service should be encouraged to
undertake a full feasibility study of the park proposal.
All stakeholders would have an opportunity to
participate, and the study would examine whether the
proposed park region encompasses resources of national
significance. If the findings of the study are positive
and there is public and political support for the park,
Congress could pass a law authorizing creation of the
park and a purchase boundary. Lands could then be
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acquired by the National Park Service through
purchase from interested sellers or by donation.

•  Encourage land trusts to purchase more land for
core protected areas. Because the vast majority of
Maine’s land is held in private ownership, the role of
land trusts is vital to the long-term implementation of
the Maine Wildlands Network. Dozens of land trusts
are working to protect land in Maine for a variety of
uses, ranging from open space and recreational fields to
timber lots and nature preserves. Given the scarcity of
land dedicated to core reserves, however, existing land
trusts, especially large regional and national groups,
should be encouraged to increase their efforts to
acquire large tracts of land for the purpose of
protection and restoration of ecological integrity. A
new regional entity, the Northeast Wilderness Trust,
may also be able to play a role in acquiring and
managing core wild areas.

4. Support the conservation of large blocks of
forest subject to biodiversity compatible forestry
and tied to ecologically sound and economically
viable development.

Strictly protected, core wild areas are the most essential
elements of a natural landscape with ecological integrity.
These cores will need to be surrounded and linked by large
tracts of land managed in ways that complement the
functions of the cores. Many private commercial forestlands
can play this crucial buffer and connectivity role. Under
this scenario, however, forestry practices will have to
change considerably, if for no other reason than to
guarantee sustained yield of timber over the long term.
Guidelines developed by the Maine Low Impact Forestry
Project, among others, offer further insight on how to
refine forestry to meet ecological, economic, and social
goals—so-called biodiversity compatible forestry11

(Thompson and Sorenson 2000).
Although these commercial forestlands span millions

of acres, employment in forest products across Maine has
fallen significantly—largely due to mechanization—and is
projected to continue to fall. Also, the harvest of many
commercial tree species in recent years has exceeded net
forest growth by a considerable margin. To stay within
sustained yield, Maine forest harvests will have to be
reduced. This could further accelerate the decline in forest
products employment in Maine (Power 2001).

The changing nature of the forest products industry in
Maine actually provides an opportunity to diversify the

                                                       
11 Biodiversity compatible forestry is defined as the practice of managing
“land for biological diversity and ecological integrity, while still
harvesting timber (Thompson and Sorenson 2000).”

rural economy, increase employment, raise wages,   and  
conserve vast tracts of northern Maine.

A recent Northern Forest Alliance publication echoes
this approach, calling for a three-pronged economic
development strategy based on 1) amenity-based
development; 2) value-added forest products
manufacturing; and 3) recreation and tourism based on the
region’s cultural, heritage and ecological values. Under this
strategy, resource extraction would shift from the “past
pattern of resource depletion to ecological forestry, greatly
enhancing the sustainability of Northern Forest
communities” (Northern Forest Alliance 2002).

Key Activities:
•  Encourage the permanent conservation of large

tracts of forestlands dedicated to biodiversity
compatible forestry. One of the most successful
means to achieve this end is to establish partnerships
between land trusts and responsible, sustainable
forestry companies. These types of relationships (e.g.,
the recent Hancock Lumber/Maine Nature
Conservancy partnership) can lead to cooperative
projects aimed at protecting sizeable blocks of
forestland in southern Maine from sprawl, and thus
provide some level of connectivity and habitat
protection. In northern and western Maine, such
projects can also play a central role in the formation of
a functioning wildlands network, but only if forestry
companies agree to adopt biodiversity compatible
forestry practices. It is important to emphasize that
these projects should be considered for forestlands
outside proposed core wild areas, such as wildlife
linkagesand compatible-use lands.

• Build awareness regarding techniques to eliminate
or control exotic species on commercial
forestlands. Where exotic species are a threat, take
precautions to prevent their invasion and spread. Such
precautions might include keeping openings small and
leaving uncut buffers between exotic-infested forest
and uninfested forest that is to be cut (Thompson and
Sorenson 2000). Avoid the use of invasive exotics of
any sort in commercial forestry operations.

The management of forests and farms in an ecologically
sound manner must be linked to local needs and capacities.
The following steps can contribute to the diversification of
the rural economy:

• Re se a r ch pot e nti a l  va l ue  a dde d pr oduc t s. S pe c i fi c  ar e a s
o f  r e s ea r c h i ncl ude wo od r ec o v er y  pr o j ec t s , us e o f  under - 
a ppr e c ia t e d s pec i e s, a nd new nic he  m a r ke t s  t ha t c i rc um -
v e nt  i nt e r na t i ona l  c o m pe t i ti o n i n co m m odi t y pr oduc ts .
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Investigate new wood product markets in the
following three areas:

Institutional buying – Pursue the strategy of working
with large state institutions (e.g., universities and
colleges, state government, hospitals) to procure
sustainably harvested and manufactured forest products
from local businesses.

Certification – Forest Stewardship Council (FSC)
certification has encountered some barriers in Maine,
including a mismatch of certified species with those
demanded by secondary manufacturers. Help is needed
to fill in the missing links of the supply and demand
chain, primarily by working with small secondary
manufacturers to begin making their products with
certified wood, encouraging those manufacturers to
undergo chain-of-custody certification, and helping
them find markets for their certified products.

I n f o r ma t i o n  b r o k e r i n g  – Es t a bl i s h br o ke r s  f o r  m a nuf a c t ur e r s 
t o  f o r m  f l e x i bl e  m a nu f a c t ur i ng ne t wo r ks  i n o r de r  t o  m e e t 
l a r ge  o r d e r s  t h a t  i nd i v i dua l  m a nu f a c t ur e r s  wo ul d ha v e  t o 
t ur n do wn  due  t o  i ns u f f i c i e nt  c a p a c i t y .

•  Encourage entrepreneurship and innovation in
Maine’s forest products industry, particularly
among small businesses. It is important to increase
the number of young conservation-minded people
entering the industry. An example of such an effort is
the Maine Wood Products Association’s collaboration
with other groups in the Northern Forest region on a
project to create materials that highlight the diverse
opportunities in the industry and make forest-related
work more attractive to young people.

• St u dy  t he  pot e n t i a l  f or  non - t i m be r  f or e s t  pr o duc t s ,
i nc l udi ng  t our i s m , t o  be c om e  a  l a r ge r  e c onom i c 
s e c t or . I t  i s  e s s e nt i a l  t o  d i v e r s i f y  t he  e c o no m i e s  o f 
f o r e s t e d c o m m un i t i e s  i nt o  e c o l o gi c a l l y - s us t a i na bl e 
l i v e l i ho o ds  ba s e d o n t he  us e  a nd no n- us e  v a l u e s  o f  t he 
f o r e s t . P o s s i bl e  ne w v e nt ur e s  i nc l ude  t o ur i s m - r e l a t e d
bus i ne s s e s  ( e .g ., bi r d wa t c hi ng, hi ki ng , c r o s s - c o un t r y 
s ki i ng) , c r a f t  c e nt e r s , wi l d e di b l e s , a nd o r n a m e nt a l s .

5. Pursue policy and research initiatives on
public conservation funding, “mega-easement”
projects, alternative incentives for conservation,
and the effects of air pollution on aquatic and
forested ecosystems.

Several science and policy issues directly affecting the
implementation of the Maine Wildlands Network deserve
more analysis. One of these is the “mega-easement”
phenomenon discussed in Section II.

In the scientific realm, the threat posed by air
pollution on interior forest species needs further study.
Scientists from state and federal agencies and major
universities have sampled rain (and snow), and have
discovered that New England’s precipitation contains
mercury in concentrations that exceed EPA’s safe level for
mercury in lakes and streams. Mercury contamination of
rain has been documented in Maine’s parks and rural
communities, including Acadia National Park, where
mercury levels in rain are up to four times as high as the
EPA’s aquatic life standard for mercury in surface water.
That standard is also applied to wildlife (National Wildlife
Federation 2000).

Although the state of Maine recognizes that there is a
severe problem with invasive aquatic species, it is
important to broaden policy efforts to the federal level, and
to lobby for comprehensive measures to control both
terrestrial and aquatic exotics.

Key Activities:
•  Carry out a cost-benefit analysis of “mega-

easements.” Given the controversies surrounding the
Pingree and West Branch projects, it would be
worthwhile to conduct a careful cost-benefit analysis of
the conservation impacts of these deals, considering
especially the conservation benefits obtained with
public funds. This analysis should consider ecological,
economic, forest management, and social issues.

•  Research alternative economic incentives for
protecting wildlands. More and more research is
demonstrating that natural ecosystems provide a huge
array of goods and services, but few of these services
have value in the marketplace. One promising
possibility, however, is carbon banking. The
applicability and feasibility of establishing incentives
for this practice in Maine should be investigated
further. The possibility of establishing “conservation
performance payments” should also be researched. This
concept, wherein individuals, communities, or other
entities are paid directly for conservation actions, such
as not logging a piece of forest to which they have full
rights, is gaining increasing currency in the developing
world (Ferraro 2001; Ferraro and Simpson 2001). Its
applicability to Maine should be explored further.

• S ol i d i f y  und e r s t a nd i ng  of  the  ef f e c t s  of  at m os ph e r i c 
p ol l u t a n t s  on  for e s t  int e gr i t y , in t e r i o r  fo r e s t  spe c i e s 
( e s pe c i a l l y  foc a l  sp e c i e s ) , and  fr e s h w a t e r 
e c o s y s t e m s . G i v e n  r e c e n t  f i nd i ng s  o n hi gh  l e v e l s  o f 
m e r c u r y  i n  p r e c i p i t a t i o n  i n  M a i n e , f u r t he r  s t u dy  o f  i t s 
e f f e c t s  o n  f r e s hwa t e r  a n d  f o r e s t e d  e c o s y s t e m s , i n c l ud i n g 
i nt e r i o r  f o r e s t  s pe c i e s , i s  wa r r a n t e d . Fu r t h e r  s t ud y  o f  t h e 
e c o s y s t e m  e f f e c t s  o f  a c i d  p r e c i p i t a t i o n  i s  a l s o  n e e de d.
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•  Lobby the U.S. Congress, U.S. Departments of
Agriculture and Commerce, and appropriate
Maine state agencies, to improve measures to
detect, eliminate, and control exotic species.

•  Promote legislation that provides screening and a
decision making process on exotics imported for
pets, science, agriculture, etc.

•  Promote legislation that prevents the planting/
release of known invasive exotics on state and
federal lands.

• Lobby the US Department of Agriculture to adopt
effective controls on imports of foreign wood and
establish a monitoring system to detect intro-
ductions of forest pests. A ban on imports of
unprocessed wood should be considered.

•  Build awareness of members of committees in
Congress on the threat of exotic pests and weeds
such that the Animal Plant Health Inspection
Service (APHIS) places a higher priority on
detection and control, and receives additional
funds to carry out its duties.

6. Promote the restoration and protection of
focal species in the Maine Wildlands Network.

The needs of the focal species described in sections IV
and V, and Appendix 3, of this document drive the design
of the proposed Maine Wildlands Network, and their
restoration and protection is key to realizing a viable
network over the long term. The restoration of some focal
species will probably have to wait until social and political
conditions improve—and until there are more areas with
sufficient habitat security. But restoration and protection of
many other species can proceed apace. Below we list a few
key, broad activities that should be carried out in support
of focal species recovery. The needs of the different species
vary so significantly, however, that we do not attempt to
list them exhaustively here. Please refer to the individual
focal species descriptions for recommended actions.

Key Activities:
•  Carry out comprehensive natural resource

inventories to improve our knowledge of the
population and distribution of focal species in
Maine.

•  Carry out fieldwork to assess areas important for
wildlife movement between identified cores, such
as feeding and breeding areas, stopover points and
movement and dispersal zones (including areas

with minimal human population and road
density).

•  Similarly, assess watershed linkages between
identified cores and between terrestrial and
coastal ecosystems.

•  Develop recommendations and guidelines
oriented toward federal and state agencies, other
conservation groups, large landholders and the
broader public, for the recovery of focal species.

•  Design and implement an outreach strategy to
communicate focal species recommendations.

•  Conduct a systematic analysis of the current state
of wildlife management in Maine. This includes
reviewing the effects of coyote snaring on lynx and
other focal species, trapping pressures on marten and
otter, and current state practices (e.g., hatcheries,
aquaculture licensing) that should be changed to
enable Atlantic salmon recovery. See the focal species
profiles for additional recommended analyses.

7. Advocate for the restoration and maintenance
of natural ecological and evolutionary processes,
including wildfire, insect outbreaks, predator/
prey dynamics, natural succession, and flood
regimes in all components(cores, study areas,
linkages) of the Maine Wildlands Network.

Key Activities:
•  Encourage land trusts and others to incorporate

protections of biological integrity into their
conservation easements. Although land trusts
conserve at some level thousands of acres annually
across the country, they often do not integrate
ecological principles into their easements. If land trusts
are to play a role in the conservation of biodiversity, as
opposed to simply protecting open space, they must
develop and incorporate language into conservation
easements that provides maximum protection for
biological integrity. No easements should in any way
prohibit or limit biological protection (e.g., perpetual
logging easements that mandate logging in the
future). Forever wild conservation easements should be
used whenever possible.

More specifically, land trusts should incorporate
the principles of conservation biology into easements
and examine the larger landscape context of individual
parcels. Easements should take into account whether
the area to be protected has value as a core wild area or
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a wildlife linkage, or might be more appropriate as a
compatible-use area, and be written accordingly. For
example, easements for core forests may restrict vehicle
access so as to protect sensitive species. The Maine
Forest Biodiversity Project has produced a guide
(Flatebo et al. 1999) that takes a good step forward in
this regard. The Wildlands Project, the Society for
Conservation Biology, and other groups can
complement this work by developing a specific set of
guidelines aimed at restoring and maintaining
ecological integrity. Even in compatible-use lands,
ecological considerations should be included in the
easement (e.g., agricultural easements should provide
maximum buffers along streams and restrict pesticide
use; forestry easements should establish minimum
standards for coarse woody debris, standing dead trees,
and so on). The Maine Low Impact Forestry Project
and Maine Forest Biodiversity Project provide excellent
guides for this purpose.

Ultimately, the challenge for land trusts is to
design conservation easements, which are inherently
perpetual, that can accommodate new scientific
findings and adjust to the naturally changing
landscape. Some conservation easements may include
stages of protection. For example, an area intended to
provide “Forever Wild” core habitat with minimal
long-term management may in the short-term require
active restoration, such as the removal of roads or
exotic species.

•  Encourage the state of Maine and the federal
government to manage public lands to favor the
restoration and maintenance of natural ecological
and evolutionary processes. Most public lands in
Maine—nearly 700,000 acres—lie outside of officially
designated core areas. Traditionally, many of these
lands have been managed chiefly for the production of
timber and game species. With the evolution of
conservation science, the technical underpinnings are
now available to expand management objectives to
include:

-  Enhancement and restoration of natural resource
conditions (e.g., promote older, uneven-aged forest
stands, restore riparian buffers, and enhance
wildlife habitats);

- Protection of wild nature at site specific, ecosystem
and landscape levels; and

-  Integration of disparate public land holdings into
broader regional reserve networks.

Technical working groups involving a cross-
section of public and private entities should be formed

for the purpose of devising improved management
plans on state and federal lands.

8. Promote the restoration and protection of
freshwater ecosystems, including salmon-
bearing streams.

Freshwater ecosystems are an essential complement to
the terrestrial ecosystems that form the backbone of the
Maine Wildlands Network. Riparian areas, for example,
play a key role in establishing connectivity between core
areas. Freshwater ecosystems are threatened by the
continued presence of dams, invasions of exotic species,
escaped fish from the aquaculture industry, the withdrawal
of water to irrigate blueberry fields, and the use of
pesticides and herbicides. Certain forest management
practices may also damage freshwater ecosystems. To
counter these threats, the following actions should be
pursued:

Key Activities:
•  Seek congressional support for and designation of

additional National Wild and Scenic Rivers in
Maine. Thus far in Maine, this federal designation,
designed to preserve rivers “in their free-flowing
condition to protect the water quality of such rivers
and to fulfill other vital national conservation
purposes,” has only been bestowed upon 92.5 miles of
the Allagash River in the north-central part of the
state.

•  Identify dams whose costs (ecological and other)
outweigh their benefits. The removal of the Edwards
dam on the Kennebec River in 1999 demonstrates
conclusively the environmental benefits of dam
removal, including restored fisheries, improved water
quality, and new economic opportunities (Natural
Resources Council of Maine 2000). There are
undoubtedly many dams in the state that could be
removed with little or no lasting economic impact;
removal may even generate positive economic benefits.
Using the Wildlands Network Design as a guide, a
comprehensive study should be conducted to identify
dams most in need of removal. Dams slated for Federal
Energy Regulatory Commission license renewal should
be especially carefully studied.

•  Carry out research to improve understanding of
the ecological values of headwater streams and
other small watercourses, and the effects of forest
management on the integrity of these
watercourses. Thousands of miles of small streams
course through the forests of Maine. In fact, the
Boundary Mountains of western Maine may contain
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one of the highest densities of headwaters streams on
earth. Because there are so many more small streams
than big ones, and because heavy wood harvesting
machinery frequently encounters such streams, it is
important to determine how harvesting should take
place around these watercourses. The Manomet Center
for Conservation Science is carrying out research as part
of its Headwater Streams Project, with the goal of
determining how wide a forest buffer should be to
protect the broad array of ecological values provided by
these streams (Hagen 2001).

•  Identify and assess the most ecologically
significant portions of all major rivers and
watersheds in the proposed Wildlands Network,
especially headwaters, required for maintaining
the viability of native aquatic species (e.g., Atlantic
salmon populations). As with terrestrial cores and
linkages, field studies should be conducted in and
around key freshwater ecosystems to confirm their
status and to fine-tune the Wildlands Network
Design.

•  Analyze the options available to permanently
protect the most important watercourses and
watersheds in the Wildlands Network. The state of
Maine, the federal government and other major actors
are working vigorously to conserve the state’s
watercourses, especially major salmon rivers. In some
cases, land around these rivers has been acquired
outright. In other cases, such as the Machias River, the
state plans to complement acquisition with the
purchase of conservation easements on additional land.
The purchase of such easements is controversial,
however. As with the purchase of easements on large
tracts of forestland not threatened by imminent
development, a careful analysis of the efficacy of
easements for salmon habitat conservation should be
conducted.

•  Seek better information on water withdrawals,
and investigate the feasibility of significantly
reducing withdrawals, or otherwise mitigating the
effects of this practice. Maine’s current water
withdrawal database is inadequate to assess, reduce,
and find solutions to water use demands. This lack of
data hinders the development of sustainable water use
approaches. While water use information is required of
many water users who need permits under Maine law,
it is haphazard at best. Many major water users are not
required to report their water use at all. Indeed, water
withdrawals that are subject to Land Use Regulation
Commission permits require water use information
while nothing at all is required of similarly situated

water users in Department of Environmental
Protection jurisdiction. The state of Maine should
require the reporting of major water withdrawals to
provide the state and the public with information that
is critical to the development of sound approaches for
sustaining one of Maine’s most valuable public
resources—fresh water (Day 2001). Sound data on
withdrawals will also contribute to the development of
proposals to mitigate the effects of water withdrawals,
such as the use of off-stream storage ponds that would
store water from high flow periods and provide it for
use during low flow periods.

•  Develop and disseminate recommendations for a
comprehensive management program to control
and prevent the spread of exotic plant and animal
species in freshwater ecosystems.The state of Maine
clearly recognizes that invasive aquatic species are a
serious problem. To this end, it has convened an
invasive aquatic species workgroup, composed of
representatives from state agencies and private
conservation groups. In early 2001 that group
recommended the development of a comprehensive
state management plan for the prevention and control
of non-indigenous aquatic nuisance species. They also
recommended that an Invasive Species Committee,
composed of state agencies, federal agencies, sporting
organizations, boating interests and environmental
organizations, oversee the development of the plan.
Invasive aquatic species plans are based on the
following three goals (Maine Invasive Aquatic Species
Work Group 2001):

-  Preventing new introductions of non-indigenous
invasive aquatic species into the waters of the state.

-  Limiting the spread of established populations of
non-indigenous invasive aquatic species into
uninfested waters of the state.

-  Abating harmful ecological, economic, social, and
public health impacts resulting from infestation of
non-indigenous invasive aquatic species.

The workgroup further recommends that the state
of Maine improve its education and public outreach
programs on invasive aquatic species, modify and
improve the enforcement of state laws related to
invasive aquatic species, improve coordination among
state agencies, and establish a fully-funded position to
coordinate efforts state-wide.
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Conclusion
The eight components of the action plan presented

above provide a set of recommended “lines of work” that
could be carried out by the conservation community, not
only in Maine, but also regionally, to achieve the larger
goals and objectives of the Maine Wildlands Network.
Short-term action plans for each component should be
developed to establish the specific mix of participating
organizations, responsibilities, timelines, budgets and so
on. Some form of state-wide coordination capacity, as
described in Component 1, will greatly facilitate the
development and execution of these action plans. This
coordinating entity will also make it easier to integrate
Maine’s efforts with those of neighboring states and
provinces. The specific conservation work spelled out in
Components 2 through 8 represent a significant expansion
on current efforts now underway. However, it is clear that
many Maine groups are comfortable with landscape-scale
planning and management and we hope that this plan will
provide useful guidance and focus as we embark on a new,
grander phase of conservation in Maine.
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X. CONCLUSION
Voices from the past provide invaluable insight to the

future. During his 1853 journey to Maine, Henry David
Thoreau (1864) reflected on the fate of forests:

The civilized man not only clears the land
permanently to a great extent, and cultivates open
fields, but he tames and cultivates to a certain
extent the forest itself. By his mere presence, he
changes the nature of the trees as no other creature
does…It has lost its wild, damp, and shaggy look,
the countless fallen and decaying trees are gone,
and consequently that thick coat of moss which
lived on them is gone too.

Thoreau goes on to share his awe and concern for the
North Woods that had so captured his imagination; for a
Maine that still maintained a wild quality that his home
state had lost:

The greater part of New Brunswick, the northern
half of Maine, and the adjacent parts of
Canada…are still covered with an almost
unbroken pine forest. But Maine, perhaps, will
soon be where Massachusetts is. A good part of her
territory is already as bare and commonplace as
much of our neighborhood, and her villages
generally are not so well shaded as ours.

Fortunately, Thoreau’s foreboding has yet to be fully
realized, although much of the forest that he saw has been
replaced by a much younger, less complex forest.
Nevertheless, Maine presents both an exceptional
opportunity and a powerful mandate for protecting and
restoring native species and habitat. Nowhere else in the
northeastern United States is there so much forested land
left undeveloped, so much potential for wildlands
conservation. The challenge now is to chart the way ahead
on a broad, landscape scale, and the Maine Wildlands
Network Vision seeks to do just that.

But we need to begin acting now if we wish to make
the network a reality. Current trends suggest that the
situation for biodiversity and wildlands in Maine will only
become more urgent as land transactions continue at their
furious pace. Since October 1998, an astonishing 22
percent of Maine’s lands has changed hands. Ownership
patterns are changing too; many Maine-based paper and
lumber companies have left, replaced by international
corporations, pension funds, family trusts, and wealthy
individuals (Curtis 2001). These changes in ownership offer
new opportunities for conservation: many of the new
owners have different objectives for their land than the

traditional paper and lumber companies and have longer-
term planning horizons, both of which factors may aid
conservation. New emphases on green certification and
value-added forest products also signal a potentially
positive shift in resource management toward more
ecologically sound forestry. Nevertheless, even areas subject
to state-of-the-art management are no substitute for core
wild areas with a high degree of permanent protection. The
large amount of land on the market offers tremendous
opportunity in this regard: the chance has never been better
to set aside large tracts of land for the purpose of protection
and restoration of ecological integrity, whether through
outright acquisition, purchase of “forever wild”
conservation easements, or some other mechanism.

Despite promising examples of ecologically sound
resource management, large portions of the state continue
to be threatened by on-going land-use practices. According
to Gawler et al. (1996), “land-use trends point to
increasing fragmentation from development in the
southern part of the state and increasing fragmentation and
forest simplification from harvest activities, such as
shortened rotations, in the northern part of the state.” The
authors conclude: “prudence dictates that we begin to
develop biodiversity conservation measures now, given the
data at hand.” This conclusion is supported by recent
findings in the field of conservation biology indicating that
large, well-connected areas capable of hosting a full
complement of species—including large carnivores and
others that have been absent from the landscape for
decades—will be needed to ensure biodiversity
conservation over the long-term.

As discussed in the network design summary (Section
VIII), the proposed Maine Wildlands Network
recommends approximately 28,725 km2 of core wild areas,
1,175 km2 of aquatic linkages, and 4,671 km2 of aquatic
buffers (Table VIII.1). By comparison, the Maine Forest
Biodiversity Project (MFBP) in 1998 published a report
identifying potential benchmark reserve sites encompassing
2,019 km2 (McMahon 1998). The MFBP report cautions
that, even if all of their qualifying ecoreserves were
protected, they alone would not maintain—much less
restore—biodiversity. In January 2001, Maine acted on the
recommendations of the MFBP and mandated the
establishment of a series of ecological reserves on existing
Public Reserved Lands. Despite the cautionary words of the
final MFBP report, only 70,000 acres (roughly 0.3%) of the
state’s land was protected. Further, the State Legislature
stipulated that no more than 15% of Maine’s Public
Reserved Lands, and no more than 6% of such land that is
capable of sustaining forestry operations, be designated as
ecological reserves.
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These actions highlight the fact that the quantity and
quality of public lands in Maine are inadequate to meet the
needs of biodiversity, despite the rarity of many of Maine’s
natural communities and species, and the threat posed by
more forest fragmentation and destruction. More public
lands with higher levels of protection are clearly needed.
The potential of private conservation lands (managed
primarily for biodiversity) and wildlands philanthropy
(Hitt 2001; Carpenter 2001) to contribute to the
development of a wildlands network in Maine must also be
explored.

Most recent private conservation efforts in Maine,
however, aimed at maintaining “working forests,” generally
fail to adequately protect biodiversity and wildlands.
Although these transactions seek to meet the demands for
public tourism, maintain the appearance of natural beauty,
and manage for sustained production, they have not
sufficiently incorporated preservation of biodiversity and
ecological integrity into the equation. Gawler et al. (1996)
stress that:

Evidence indicates that the working forest can be
managed to maintain many aspects of biological
diversity in an economically viable framework, but
that certain aspects—in particular, representative,
unmanaged ecosystems and some habitat
specialists—will be incompatible with forestry as
it is generally practiced.

We therefore strongly recommend that the
conservation community turn its attention to acquiring and
fully protecting large areas of contiguous forested habitat
to ensure a future that preserves Maine’s native species and
habitat, natural processes, and wilderness values. These
integral strands of ecological integrity cannot be separated.
Aldo Leopold (1949) offers us this wisdom from another
time and place:

A representative sample of these [wilderness] areas
can, and should, be kept. Many are of negligible or
negative value for economic use. It will be
contended, of course, that no deliberate planning
to this end is necessary; that adequate areas will
survive anyhow. All recent history belies so

comforting an assumption. Even if wild spots do
survive, what of their fauna? The woodland
caribou, the several races of mountain sheep, the
pure form of woods buffalo, the barren ground
grizzly, the freshwater seals, and the whales are
even now threatened. Of what use are wild areas
destitute of their distinctive faunas?

The acquisition and protection of large wilderness areas
certainly represents the highest near-term priority of the
Maine Wildlands Network. But this only takes us part of
the way to achieving the ultimate goal of restoring and
protecting the ecological integrity of Maine. Over the long
term, we must embark on an ambitious program of
restoration, based on the principles laid out in Soulé and
Noss (1998) and Simberloff et al. (1999), among others.
Only then will we again see the full array of species,
ecosystems, and ecological processes on the landscape.

There is concern that the transformation of northern,
eastern, and western Maine from a landscape dominated by
commercial timberland to one where wilderness
predominates would harm the rural economy and culture.
As Power (2001) and others demonstrate, however,
commercial forest management and the traditional pulp
and paper industries are playing a smaller and smaller role
in the rural economy every year. In fact, a rural economy
based on the amenities offered by a network of conserved
areas may offer the best development option for rural
Maine. Ultimately, we concur with Noss et al. (1999) that
a conservative approach, based on biological and ecological
data, should set the “sideboards” within which
socioeconomic options are evaluated, and that “…this
approach is in line with the historical observation that
human cultures are much more adaptable to rapid
environmental change than many non-human species.”

In closing, we wish to express our hope that the Maine
Wildlands Network Design will serve as a blueprint for the
restoration and protection of biodiversity and wildlands in
Maine. We also hope that the Maine Wildlands Network
will become part of a larger wildlands network linking
New England, New York and eastern Canada, which, in
turn, will connect with other regions to restore critical
ecological linkages throughout North America.
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APPENDIX 1 – Participants, Recommendations, and Key Points from March 1998 Maine Wildlands
Network Workshop Participants

Emily Bateson Sweet Water Trust, MA
Judy Bond Grassroots GIS, VT
Tatiana Brailovskaya Nereus Project, ME
Scott Dickerson Coastal Mountains Land Trust, ME
Barbara Dugelby The Wildlands Project, TX
Kathleen Fitzgerald University of Vermont Field Naturalist Program, VT
Jeff Jaros-Su University of Maine, ME
Cathy Johnson Maine Natural Resource Council, ME
Bill Krohn U.S. Fish and Wildlife Service, University of Maine, ME
Mitch Lansky Forestry consultant, ME
Robert Long Greater Laurentian Wildlands Project, VT
Paula MacKay Greater Laurentian Wildlands Project, VT
Janet McMahon The Nature Conservancy Maine Chapter, ME
Sue Morse Keeping Track, VT
Jamie Sayen Northern Appalachian Restoration Project, NH
Nancy Smith Sweet Water Trust, MA
Michael Soulé The Wildlands Project, CO
Jym St Pierre RESTORE: The North Woods, ME
Dave Publicover Appalachian Mountain Club, NH
Linda Welch U.S. Fish and Wildlife Service (Maine Office), ME

Recommendations and Key Points
• Clarify goals and objectives. Determine balance between rewilding and representation. Definition of rewilding. How does

rewilding overlap with stated goals of TWP?
• What is the relationship between carnivores (or other focal species) and wilderness? Should focal species be used in

designing the system? If so, how? Possibly in corridor design?
• Text: consider audience and define terms (roadless, focal species, etc...)
• Southern Maine needs to be addressed. Decide on approach (representation, smaller roadless areas) and informational needs.

How can we collaborate with other groups?
• Wilderness removes opportunity for harassment, provides refugia. What are other ecological values of wilderness?
• Design may be too opportunistic. Should be based on objectives and habitat needs.
• Address recreational access.
• Identify ecological insults and build design from there. Restoration should be discussed/incorporated.
• Invertebrates (and other taxa) are missing from design.
• Should successional stages be addressed (and evolutionary processes)?
• Acknowledge and incorporate other projects, especially in Southern Maine.
• Study the history of land-use in Maine to identify which issues and insults should be
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APPENDIX 2 – Compatible Conservation Efforts
This section summarizes current initiatives to protect

large blocks or parcels of undeveloped land in Maine. It
touches only on major initiatives. There are many other
small projects, especially in southern Maine, being
spearheaded by the 70 or so local and regional land trusts.
Municipal departments and state and federal agencies also
have other conservation projects underway.

Allagash Wilderness Waterway

Created in 1966 by a statewide referendum, the
Allagash Wilderness Waterway (AWW) was established to
"develop the maximum wilderness character" of the
waterway. At that time, road building, logging, and two
major hydroelectric dam projects threatened to destroy the
Allagash. In 1970, the waterway was designated as a
National Wild and Scenic River, in response to an
application from Maine Governor Kenneth Curtis. In April
2000, a coalition of conservation groups, Citizens to
Protect the Allagash (CPL) submitted to the Maine Bureau
of Parks and Lands (BPL) a compendium of lands within
and near the Allagash Wilderness Waterway that they
recommend for priority conservation. BPL promised to
consider the list in future negotiations for land swaps or
purchases, but it is unclear whether any discussions with
landowners for properties along the river are currently
underway.

In November 2000, a group of citizens and
conservation groups announced that they were filing a
lawsuit to appeal a decision by Maine’s Land Use
Regulation Commission (LURC), which would allow a new
boat launch to be built near John’s Bridge between
Churchill and Eagle Lakes on the Allagash Wilderness
Waterway (AWW). The Maine Department of
Conservation is seeking to build the new boat launch near
John’s Bridge on the Waterway’s Churchill Lake despite
the fact that there are already 11 boat launches on the
Waterway, including one on Churchill Lake. There are also
40 boat launches on other lakes within 10 miles of the
AWW
(<    http://www.maineenvironment.org/nwoods/allagash%20    
lawsuit.htm     >).

In January 2002, the Natural Resources Council of
Maine (NRCM) raised concerns about a proposal to build a
new, permanent Henderson Brook Bridge, upstream from
the current bridge. The new bridge would be a 200-foot-
long, 15-foot-wide, three span bridge with two 48-foot-
wide concrete wing-wall, gravel-filled, abutments, two 3-
1/2-foot-wide concrete support tiers and steel girders.
NRCM worries that the bridge would harm the wilderness
character of the Allagash Wilderness Waterway and that
permitting the construction of a permanent, modern

structure would ignore the letter and intent of state and
federal laws to protect the Allagash Wilderness Waterway
by legitimizing a currently illegal bridge and authorizing
its replacement. NRCM contends that this continues a
pattern by the state of legitimizing illegal activities along
the Allagash, resulting in the degradation of its wilderness
character
(<    http://www.maineenvironment.org/nwoods/new_allagash    
_alert.htm     >).

Appalachian Trail (AT)

In November 2000, following more than 16 years of
stalemate, the National Park Service announced an
agreement to protect 3.2 miles of the Appalachian Trail
(AT) across Saddleback Mountain—the longest
unprotected segment of the AT. As part of this agreement,
the State will acquire 600 acres on the southeast face of the
mountain. Further, a 100-400 foot buffer zone will be
established along each side of the trail across the ridge of
Saddleback, and an easement pertaining to a 324-acre area
near the top of the mountain will be written to minimize
environmental impacts. Another 570 acres will be donated
by private landowners in exchange for $4 million from
federal appropriations and the allocation of 5,000 acres for
development.

Meanwhile, the Appalachian Trail Conference Land
Trust (ATCLT), with help from the Trust for Public Land,
has acquired 3,000 acres near the AT on Mt. Abraham in
western Maine. ATCLT has an option to purchase an
additional 1,000 acres, and is launching a campaign to
raise $700,000 to buy another 1,000 acres. They plan to
deed the properties to the Maine Bureau of Parks and
Lands. ATCLT is also working with a group of individuals
interested in purchasing 7,500 acres on Mt. Abraham.

The Maine Appalachian Trail Club (MATC) has
expressed its opposition to 28 wind turbines, each to tower
390 feet above the surrounding ridge lines, that are
proposed for the Redington Range and Black Nubble
Mountain, as close as three-quarters of a mile to the
Appalachian Trail as it crosses the exposed Saddleback
Range north to Crocker Mountain. The Board of Governors
of the Appalachian Trail Conference voted unanimously to
oppose the project in December 2001. The board cited the
area's "scenic beauty, remote character, rugged terrain, high
mountain vistas and its undeveloped landscape" as reasons
for its opposition.

Bald Mountain Pond/Friends of Bald Mountain Pond

Friends of Bald Mountain Pond, with support from the
Northern Forest Alliance, is pushing for state acquisition of
lands surrounding Bald Mountain Pond and along the
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Appalachian Trail in Bald Mountain Township. Plum
Creek Corporation owns about 75% of the shoreline of this
lake, described in "Maine's Finest Lakes" as “a relatively
isolated, undeveloped pond with outstanding fisheries,
wildlife, scenic and shoreline character resources.”

Sappi Corporation sold the land to Plum Creek in
October 1998. The lake provides habitat for the rare
blueback trout. The remaining shoreline is publicly owned
and the AT passes by the northern shore of this lake. It is
unclear whether there are currently any active negotiations
taking place in relation to this project (excerpted from
www.powerlink.net/fen/dave.htm   a n d
www.powerlink.net/fen/news.htm      on 21 January 2002).

Ducktrap Coalition/Coastal Mountains Land Trust

Located midway between the rapidly developing
Camden and Belfast areas, the Ducktrap River runs for
more than nine miles through wetlands and forests that are
still undeveloped, quiet, and rich in wildlife and scenic
vignettes. The pristine habitat for spawning and young
salmon make it one of only eight rivers in the United States
that continue to support wild Atlantic salmon. To preserve
this remarkable river, the Ducktrap Coalition, led by
Coastal Mountains Land Trust, has launched a campaign to
protect the critical river corridor. The Coalition envisions
that the lands beside the river will remain forever wild,
permanently conserved, a legacy for future generations and
for the salmon, white pine, scarlet tanagers, black cherry,
otters, and all the other wild species that depend on the
river corridor, riparian wetlands, and forested slopes. To
realize this vision, the coalition works on a strictly
voluntary basis with river landowners to protect lands with
conservation easements and parcel purchases. To date, more
than two-thirds of the river corridor has been conserved in
some fashion 
(    http://www.coastalmountains.org/htm/duckt_coalition.ht   
m     , accessed on 31 May 2002).

East Coast Greenways (ECG)

The goal of the East Coast Greenways (ECG) project is
to create the nation's first long-distance, city-to-city,
multi-modal transportation corridor for cyclists, hikers,
and other non-motorized users. ECG will connect existing
and planned trails that are locally owned and managed to
form a continuous, safe, green route from Maine to Florida.
The route will be at least 80 percent off-road, using
waterfront esplanades, park paths, abandoned railroads,
canal towpaths, and parkway corridors. It is unclear at this
point whether the ECG will provide connectivity for
wildlife.

Forest Ecology Network (FEN)

The purpose of the Forest Ecology Network (FEN),
based in Augusta, Maine, is to protect the native forests of

Maine through public awareness, grassroots citizen
activism, and education. FEN promotes forest practices
that respect the ecological and aesthetic integrity of the
Maine Woods, and works to eliminate the clearcutting,
overcutting, and herbicide spraying associated with
industrial forestry.

FEN believes that to protect and restore the forest
environment while ensuring a sustainable wood supply,
there is a need for a combination of ecological reserves, low-
impact forestry, demand reduction/recycling, and
alternative fibers for papermaking. FEN spearheaded a
campaign to defeat the industry-sponsored “Compact for
Maine's Forests,” which was rejected by Maine voters in
November 1997. FEN then formed the North Woods
coalition with other environmental organizations in Maine
for the purpose of lobbying the state legislature to pass
meaningful forest practices reform. The coalition agreed on
a joint policy to ensure sustainable forestry. The plan was
rejected by the Maine State legislature in 1998.

FEN, in concert with other environmental groups, is
also currently campaigning for the creation of a Maine
Woods National Park (excerpted from
<  http://www.powerlink.net/fen/default.htm   >, accessed 31
May 2002).

Forest Society of Maine (FSM)

The Forest Society of Maine (FSM) was established in
1984 by large landowners and the Maine Coast Heritage
Trust. In June 2000, the FSM officially announced its
leadership role in the Penobscot West Branch Project.
Phase I would spend $4 million in federal funds (LWCF
and Forest Legacy) and $4.5 million in state/private dollars
to purchase Big Spencer Mountain and a beauty strip along
10 miles of the northeast shore of Moosehead Lake, plus
easements on 67,000 acres in the Upper West Branch
Penobscot watershed. Phase II, which could bring the total
cost of the project to nearly $60 million, would establish
easements on the remainder of the nearly 650,000 acres
purchased in 1999 from Great Northern/Bowater by
Wagner Forest Management on behalf of McDonald
Investments and other investors. FSM is working with the
Maine congressional delegation, the governor’s office, and a
host of groups "to secure tens of millions of additional
federal dollars in support of Phase II.” Although the West
Branch project is moving ahead, it has experienced a fair
amount of controversy. For example, in August 2001, the
assistant Attorney General criticized the draft easement
language, saying that the easement put too much emphasis
on forestry and not enough on conservation (Pidot 2001).
FSM is involved in a number of other projects—primarily
easement initiatives such as the $4 million Robbins'
Nicatous project in eastern Maine. In that project FSM
worked with the Maine Coast Heritage Trust, the Trust for
Public Land, and the state to complete a 20,000-acre
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conservation easement and fee acquisition deal. See Land
for Maine’s Future, below, for more information on the
N i c a t o u s  p r o j e c t .  ( E x c e r p t e d  f r o m
http://www.maineaudubon.org/resources/habitat/v17n3f2.h    
tml   and   http://www.mltn.org/trusts/FSM.HTM  , both
accessed 31 May 2002).

Friends of Baxter State Park (FOB)

Founded in 2000, Friends of Baxter State Park (FOB)
is an independent citizen's group working to preserve,
support and enhance the wilderness character of Baxter
State Park, in the spirit of its founder, Governor Percival
Baxter. Its objectives are to articulate a philosophy of
wilderness and its importance to the human condition;
encourage others to understand and embrace this
philosophy by providing programs and educational
materials on Baxter State Park's unique resources, values,
and wild character to park visitors, government decision-
makers, the private sector, and the general public; bring
people together to share opinions, ideas and convictions,
and to work for the good of Baxter State Park; and
represent the Park's resources and values through strong,
consistent, and informed advocacy.

Friends of the Boundary Mountains/Conservation Proposal for Plum
Creek Land

Friends of the Boundary Mountains, with support from
the Northern Forest Alliance, is advancing "A Conservation
Proposal for Plum Creek Land" in the Boundary Mountains
region. The proposed strategy includes easements to
prevent new residential development and to maintain
hiking and snowmobiling trails, as well as fee purchase of
high elevation and roadless areas south of an existing State
tract at Holeb. Purchases by media mogul John Malone
have added a sense of urgency. In the summer of 2000,
Malone paid Plum Creek $10 million for 7,500 acres in the
Spencer Lake watershed. Previously, in 1998, he had
bought 900 acres and a luxury sporting camp for $840,000
in a bankruptcy sale, as well as 7,400 acres from
International Paper for $3,450,000.

Friends of the Down East Lakes

Friends of the Down East Lakes, with support from the
Northern Forest Alliance, has prepared A Conservation
Proposal for the Former Georgia-Pacific Lands in the Grand
Lakes Region of Maine. Abutting the former G-P lands is a
2,200-acre parcel on Sysladobsis Lake, owned by Herb
Haynes that was being marketed in fall 2000, by Trimble
Realty for $895,000.

Land for Maine's Future (LMF)

The Land for Maine’s Future (LMF) Program was
established in 1987 when Maine voters overwhelmingly
approved a $35 million bond for purchasing lands of

statewide significance for recreation and conservation. The
fund is managed by a board of eleven composed of 6 private
citizens, appointed by the Governor and approved by the
Senate, and five commissioners from the Department of
Inland Fisheries and Wildlife, Department of Conservation,
Department of Marine Resources, Department of
Agriculture, and the State Planning Office.

An additional $50 million ($10 million/year over five
years) in state bond funds were recently approved,
extending the life and reach of the program. The new state
money will be largely spent in southern Maine, with
expenditures to include water access and farmland
easement purchases. It is also likely that some land will be
acquired as beauty strips and small ecoreserves in the
northern part of the state. LMF is “prohibited by statute to
acquire land for which the primary use value has been or
will be commercially harvested or harvestable forest land.
This does not prohibit the acquisition of conservation
easements on working forest lands which allow for timber
production while securing public access and the
conservation of other natural resource values
(<  http://www.state.me.us/spo/lmf/pdf/facts1.pdf  >).” This
prohibition clearly limits the ability of LMF to acquire
lands, especially in the northern part of the state, for the
purpose of establishing core conservation areas.

In April 2000, $750,000 in funding from LMF and $3
million in federal Forest Legacy dollars was paid to
Robbins Lumber Company for 76 small islands and a
beauty strip on 29 miles of shorefront (337 acres) on
Nicatous and West Lakes, and for easements on 20,295
acres of managed timberlands. Other projects in 2000
included the purchase of 100 acres of land adjacent to
Aroostook State Park. The land has been added to the state
park, bringing the park's total acreage to over 700 acres. In
early 2000, LMF and the Lower Kennebec Regional Land
Trust protected 96.5 acres, including 8.2 acres to be owned
by the City of Bath, permanently protecting three-quarters
of a mile of pristine frontage on the Kennebec River and
Whiskeag Creek known as  Thorne Head
(<    http://www.state.me.us/spo/lmf/2000projects.htm     >).

Little Spencer Mountain Wilderness Project

At least one conservation organization has proposed
that Mead Corporation lands in East Middlesex Canal
Grant Township be acquired and returned to "wilderness."
The township includes Little Spencer Mountain and most
of Spencer Pond and abuts the Big Spencer Mountain tract
being acquired by the State as part of the West Branch
Project (see above under Forest Society of Maine).

Maine Bureau of Parks & Lands (BPL)

The Maine Legislature recently passed a bill
authorizing the Bureau of Parks and Lands (BPL) to
establish ecoreserves on a small portion of its lands. BPL,
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which recently held hearings on its revised Integrated
Resource Policy plan, has proposed setting up ecoreserves
on some of the Maine Public Reserves Lands and State
Parks. Rather than designating these lands as “wilderness,”
BPL will probably establish a new category called
“Backcountry Non-Motorized Areas.”

Maine Draft Climate Change Action Plan

Maine has recently created a draft climate change
action plan. The plan misleadingly suggests that young
forests store carbon faster than old ones, and therefore
supports continued logging in the Northern Forest. At the
same time, there is increasing pressure on the U.S. to push
for incentives for forest preservation, as opposed to logging,
in the international global climate change protocols. A
number of conservation organizations are working to
identify the Northern Forest as an ideal place to test a
forest protection carbon credit marketplace.

Maine Low-Impact Forestry Project

The Maine Low-Impact Forestry Project (see
http://hcpcme.org/home.html   accessed 20 November
2001) is a small, informal group of loggers, landowners,
and foresters interested in identifying examples of excellent
forestry and analyzing systematically how they work is
working towards this vision. The project is also helping to
connect landowners and practitioners of low impact forestry
with emerging markets for sustainably harvested forest
products. The mission of the Low Impact Forestry Project
is to encourage:

• a long-term management perspective;
• a view of the forest as an eco-system;
• less destructive logging practices;
• high value markets for products harvested using low

impact methods;
• management for multiple objectives including social

and community values; and
• productivity of the forest, broadly defined.

Maine Public Employees for Environmental Responsibility (PEER)

Public Employees for Environmental Responsibility
(PEER) is an association of resource managers, scientists,
biologists, law enforcement officials and other government
professionals committed to upholding the public trust
through responsible management of the nation’s
environment and natural resources. PEER advocates
sustainable management of public resources, promotes
enforcement of environmental protection laws, and seeks to
be a catalyst for supporting professional integrity and
promoting environmental ethics in government agencies.
PEER maintains a Maine office in Millinocket. Maine
PEER recently published a booklet entitled “Losing

Paradise: The Allagash Wilderness Waterway Under
Attack” which criticizes the Maine Bureau of Parks and
L a n d s ’  m a n a g e m e n t  o f  t h e  A l l a g a s h
(<   www.peer.org/publications/wp_losing.html  > accessed 18
January 2002).

Maine Wilderness Watershed Trust (MWWT)

During the past decade, the Maine Wilderness
Watershed Trust (MWWT) has achieved various levels of
protection on more than 10,000 acres in and adjacent to
Pierce Pond, northeast of Flagstaff Lake. They have
established ownership or easements on virtually all of the
land in the watershed, and hope to purchase a 6,800-acre
parcel from Plum Creek (to which parcels are currently
attached Forest Legacy easements preventing development
but allowing industrial forestry). MWWT estimates it may
need to raise close to $10 million for the acquisition.

Maine Woods National Park (MWNP)

RESTORE: The North Woods has been working since
1994 on a proposed Maine Woods National Park and
Preserve (NWNP). The proposed park and reserve would
encompass about 3.2 million acres of land in northwestern
Maine, in the general area between Moosehead Lake,
Millinocket and the St. John watershed. This proposal is
supported by more than 100 organizations and businesses.
Further, polls have consistently shown that a majority of
Maine residents support the park concept. A number of
conservation-minded individuals have been exploring
acquisition of lands within the proposed MWNP with the
intention that they become part of the park in the future.
In October 2001, RESTORE released an economic study of
the proposed Maine Woods National Park. The report
indicates that, even under conservative scenarios, the park
would be an economic asset for the state and northern
Maine. Under the Maine Wildlands Network Design, a
portion of the proposed park is designated as core habitat.

Manomet Center for Conservation Sciences

Manomet Center for Conservation Sciences is a
scientific organization dedicated to conserving the diversity
and abundance of wild species and natural resources by
developing systems that sustainably meet the needs of both
humans and natural systems. Manomet works directly with
communities, businesses, policy makers, and other partners
to build science-based environmental solutions that
integrate economic and conservation objectives. Its home
office is located in Manomet, Massachusetts.

In Maine, Division of Conservation Forestry staff are
working on ways to integrate economic and environmental
goals in forestry. Manomet strives to build links between
science, scientists, and the public in order to better
understand forestry and economic issues. The Maine office
has developed five program areas to help establish this link;
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Sustainable Forestry Lecture Series  , Sustainable Forestry
Library, an   Interactive Web Site  ,    Technical Report Series  ,
and the   Shifting Mosaic Project  . (Excerpted from
<  http://www.manometorg/forestry/forest1.htm  >  1 8
January 2002.)

New England Forestry Foundation (NEFF)

In March 2001, the New England Forestry Foundation
(NEFF) purchased the development rights on 762,192
acres of forestland owned by Pingree Associates for
$28,142, 316, or about $37/acre. This is the largest
conservation easement deal in the United States to date.
Although the purchase of these rights prevents residential
and other types of non-forestry development, it gives the
New England Forestry Foundation little say in how the
forests are managed. Nor is public access to the land
guaranteed (Curtis 2001).

Larger than the state of Rhode Island, and three and a
half times the size of Baxter State Park, this conservation
easement encompasses some of the most spectacular natural
resources in Maine, including the Allagash Lakes and 16
miles along the St. John River. The easement also includes
portions of the Cupsuptic, Black, Little Black, St. John,
Machias and Aroostook Rivers, as well as Upper
Richardson,  Kennebago,  Munsungan,  Loon,
Caucomgomoc, Eagle, Chamberlain, Allagash, Mooseleuk
and Churchill Lakes.

Natural Resources Council of Maine (NRCM)

The Natural Resources Council of Maine (NRCM)
operates a Maine North Woods Project, the goal of which
is to protect the ecological systems, wild and undeveloped
character, and sustainable timber base of Maine’s North
Woods focusing on remote wildland regions of particularly
high ecological and recreational significance. Along with
over 35 other groups in northern New England and New
York, all of whom are members of the Northern Forest
Alliance, NRCM has identified five wildland areas in
Maine that are of highest priority for protection. They are
the Upper St. John River Valley, the Greater Baxter State
Park Area, the Western Mountains, the Androscoggin
Headwaters, and the Down East Lakes. NRCM is working
to increase public ownership of lands in the North Woods,
limit development in the North Woods to those areas that
are adjacent to existing development and infrastructure,
strengthen Maine’s laws and rules regarding forest
management to ensure that Maine’s forests are harvested in
a sustainable and responsible manner, and protect the
biological diversity of the state through the creation of a
system of ecological reserves. (Excerpted from NRCM’s
website
<  www.maineenvironment.org/nwoods/intro_nw.htm  > on
18 January 2002.)

Northern Forest Alliance (NFA)

The Northern Forest Alliance (NFA) is a regional
coalition comprising many of the larger conservation
organizations working in the Northern Forest region. This
coalition is working closely with the state administration
to identify lands to protect and sources of money to
facilitate protection. Although NFA has identified 10 large
areas across the Northern Forest (including 5 such areas in
Maine) that they propose should remain “wildlands,” they
have not yet specified the characteristics of a wildland (e.g.
whether snowmobiles or other ORV’s will be allowed,
whether logging will continue).

The NFA has also been working closely with the
Friends of Moosehead, a local committee of business owners
and residents. Together, they have presented "A
Conservation Proposal for Plum Creek Land" in the
Moosehead region, which calls for a combination of
additional fee purchases and no-development easements.
For two years, Plum Creek has stated that it has been
evaluating which lands to keep and which to sell. In May
2000, the Maine Bureau of Park & Lands said talks with
Plum Creek were on hold until the company finished its
assessment.

North Woods Coalition

The North Woods Coalition, an alliance of Maine's
environmental community, worked to pass a modest "Four
Point Plan" that would have ensured that large landowners
did not cut more trees than were growing, would have
limited clearcutting and provided for an audit of the
landowner's forestry activities. The plan was endorsed by
editorial boards and some state lawmakers but was soundly
defeated by voters in 1998.

North Woods Wilderness Trust (NWWT)

The North Woods Wilderness Trust (NWWT) is a
Moosehead region land trust whose mission is to protect
wild lands in the northern forest, and maintain them open
and accessible to present and future generations. They
assisted The Nature Conservancy (TNC) in the purchase of
185,000 acres of woodlands along the upper St. John River
(December 1999) and put together a willing seller and a
conservation buyer to gain control over 5800 acres in two
different townships, one of which borders a large TNC
ho ld ing  ( Ju l y  2000 ) .  (Exc e rp t ed  f r om
<  http://www.northwoodswildernesstrust.org/  >  on  18
January 2001.)

The Nature Conservancy (TNC)

In December 1998, The Nature Conservancy (TNC)
purchased 185,000 acres for $35 million in the St. John
River watershed in northwestern Maine. In July 2000,
TNC swapped an undisclosed amount of that land to J.M.
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Huber Corp for acreage along the St. John. TNC also
agreed to let Huber manage its St. John lands. Huber
simultaneously donated an easement to TNC on 36,000
acres of its land in the watershed around Depot Lake. In
July 2000, for $1-1.5 million, TNC acquired partial
ownership of 7,000 acres owned by Dunn Timberlands,
including 17 miles of land along the St. John. Those three
deals gave TNC an ownership interest in 60 miles of land
along the river. In September 2000, TNC pledged $1.5
million toward the Pingree Forest Partnership’s easements
and promised to give an undisclosed amount of upland
forestland to the Pingrees. In return, the Pingrees agreed to
put into place easements that will prohibit commercial
forestry and new roads along 17 miles of the upper St.
John. The TNC Maine Chapter has rolled the St. John
project into a larger $50 million "For Maine Forever"
capital campaign that has collected contributions in excess
of $1 million from each of 18 major donors, as well as
donations from scores of other big givers. In addition to the
St. John project, TNC’s campaign includes $15 million for
several land projects in the coastal zone. By July 2000,
more than $44 million had been raised. With active help
from L.L. Bean and other friends, TNC reached its $50
million goal by January 2001. TNC has a long-term goal
of protecting several million acres in the Northern Forest
region.

Through its eastern resource office, TNC is also
spearheading an effort to identify key “matrix forest
blocks” in the Northern Appalachian/Acadian ecoregion,
which includes the Adirondacks, Green Mountains, White
Mountains, most of Maine, and large portions of southern
Quebec, New Brunswick, and Nova Scotia.

Trust for Public Land (TPL)

In 1999, with help from the Trust for Public Land
(TPL), Maine acquired a beauty strip along 65 miles (3,000
acres) of shoreland on Moosehead and Flagstaff Lakes from
Plum Creek Timber Company. TPL is also currently
working on the Nicatous project.

Tumbledown Mountain is a major priority for TPL in
Maine. Nestled in Maine's Western Mountains less than a
half a day’s drive from Boston, Tumbledown and its
surroundings are threatened by growing development
pressures and changes in land ownership. At the end of
July 2001, TPL announced agreements to purchase
approximately 19,400 acres surrounding the mountain and
nearby Mount Blue State Park from McDonald Investment
Company, TR Dillon Logging, and Hancock Timber
Resource Group. If sufficient public and private funds can
be raised, the Maine Bureau of Parks and Lands hopes to
purchase roughly one-third of the property. TPL then plans
to establish conservation easements on the remainder,
leaving the land in private hands but permanently
prohibiting development and protecting sensitive

environmental areas. In addition, TPL is negotiating with
several other landowners in the area, with the ultimate goal
of protecting approximately 30,000 acres.

Tumbledown Mountain and Mt. Blue State Park

The Tumbledown Conservation Alliance, led by the
Appalachian Mountain Club (AMC) and supported by the
Northern Forest Alliance, has prepared "A Vision for
Protecting Special Places Around Tumbledown Mountain
and Mt. Blue State Park" in western Maine. The vision is a
mix of fee purchases by the state around Tumbledown
Mountain (3,600 acres) and Forest Legacy easements
around Mount Blue State Park (26,000 acres). AMC is also
trying to raise some private funds for the project from REI
and others. (See the description of conservation efforts by
the Trust for Public Land.)

In January 2002, the Maine Department of
Conservation's Bureau of Parks and Lands announced the
purchase of 2,468 acres as an addition to the Mt. Blue State
Park. The property includes a 1,298-foot peak known as
Hedgehog Hill and approximately half of the Park's
popular 20-mile Multi-use Trail. The property was
purchased for $980,000 from New River Franklin Ltd., a
subsidiary of McDonald Investment Company, Inc.
Funding came from a combination of the Land for Maine's
Future Program, the federal Land and Water Conservation
Fund, the Maine Outdoor Heritage Fund, and private
donors. The Trust for Public Land assisted with the
purchase (    www.tpl.org     accessed on 18 January 2002).

Umbagog National Wildlife Refuge

Since the Umbagog National Wildlife Refuge was
established in 1992 on the Maine-New Hampshire border,
nearly 7,000 acres have received some form of protection.
The long-term goal is to protect 29,000 acres,
approximately half in fee and half in easements. The U.S.
Fish & Wildlife Service expects to have a conservation
interest in 16,000 acres. The states would hold legal
interests in the other 13,000 acres.

White Mountain National Forest (WMNF)

Roughly 50,000 acres of the White Mountain National
Forest (WMNF) spills from New Hampshire into Maine. It
is unclear what will happen to Clinton-era regulations
enacted to protect roadless areas. Conservation groups are
exploring other ideas for improving protection of the
WMNF.
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APPENDIX 3 - FOCAL SPECIES PROFILES

Eastern Timber Wolf (Canis lycaon)

Status and History

Note: The origin and taxonomy of eastern North American
wolves have recently been called into question. While studying
wolves occupying Algonquin Provincial Park in Ontario, Wilson
et al. [2000] discovered a close genetic relationship between the
eastern timber wolf [proposed name: Canis lycaon] and the red
wolf [Canis rufus]. Further, the absence of gray wolf [Canis
lupus] genetic material in sampled eastern Canadian wolves and
red wolves challenges the position that C. lycaon is a subspecies of
gray wolf and supports a counter-hypothesis that a small North
American wolf evolved independently of the gray wolf—which
itself evolved in Eurasia 1-2 million years ago. These findings
have broad implications for wolf recovery in northeastern North
America and will no doubt catalyze further research.

The eastern timber wolf (Canis lycaon), long-assumed to
be a subspecies of the gray wolf (Canis lupus), once occurred
throughout most of the eastern United States and
southeastern Canada (U.S. Fish and Wildlife Service 1992).
With the European settlement of New England came
widespread clearing of the land and fervent bounties on the
wolf. In Maine, a statewide bounty was placed on the
species in 1832 and remained in effect until 1916 (Bennett
1988). By 1900, wolves were extirpated from New
England and New York as a result of human persecution,
habitat alteration, and human-induced reductions in prey
species. Indeed, by 1960, Minnesota hosted the only
remaining wolf population in the coterminous U.S.
(Harrison and Chapin 1997).

Today, the eastern timber wolf in the U.S. is restricted
to the Great Lakes region, where their populations are
stable or increasing (Barry et al. 2001). In eastern Canada,
the wolf occupies the St. Lawrence regions of Quebec and
Ontario. The eastern wolf’s largest protected habitat is
Algonquin Provincial Park in Ontario (CPAWS 2002). No
breeding population of wolves is currently recognized in
the northeastern U.S., and no recovery program has been
undertaken in this region to date. The Maine Department
of Inland Fisheries and Wildlife receives occasional reports
of wolf sightings, and two wolf-like canids of unconfirmed
origin were killed in Maine in the 1990s (MDIFW 1998).

In 1967 the U.S. Secretary of Interior listed the gray
wolf as Endangered in the coterminous United States, and
the eastern timber subspecies was given endangered status
under the ESA in 1974 (see U.S. Fish and Wildlife Service
1992). In 1978, the US Fish and Wildlife Service (U.S.
Fish and Wildlife Service) developed a recovery plan for the

eastern timber wolf, and identified potential habitat for
wolves in northern New York, Vermont, New Hampshire,
and Maine. Subsequent research by Harrison and Chapin
(1998) estimated that 48,787 km2 of potential wolf habitat
in Maine and New Hampshire could support 488-1,951
wolves. Although Harrison and Chapin also identified
14,618 km2 of potential wolf habitat, capable of supporting
a minimum of 146 wolves, in the Adirondack Park region
of New York, the Adirondacks may be too fragmented and
too isolated from source populations to sustain a wolf
population over the long term (Paquet et al. 1999).

In July 2000, the U.S. Fish and Wildlife Service
proposed to reclassify the gray wolf across the U.S. under
the ESA. Proposed changes included creating a distinct
population segment (DPS) for wolves in the Northeast and
downlisting wolves in the region from Endangered to
Threatened. The U.S. Fish and Wildlife Service has
pledged to give further consideration to wolf restoration in
the Northeast, and asserts that threatened status, although
biologically unjustified, will allow more flexibility in
managing wolves. At this time, the U.S. Fish and Wildlife
Service is reviewing public comments on the proposed rule.

Although wolves are physically capable of dispersing
the distance between source populations in southeastern
Canada and suitable habitat in the northeastern United
States, several studies indicate that natural recolonization is
unlikely (Harrison and Chapin 1998; Wydeven et al. 1998;
Paquet et al. 1999). The shortest distance from the closest
occupied wolf habitat in Quebec to potential core habitat
in Maine is roughly 70 km; from that in Southern Ontario
to New York, roughly 230 km (Harrison and Chapin
1998). But southeastern Canada’s wolves are heavily
exploited outside of protected areas and may have
intrinsically low dispersal rates (Wydeven et al. 1998).
Further, wolves dispersing from southeastern Canada face a
wide range of human and natural barriers. For example, a
maintained shipping channel and unconsolidated ice in the
Saint Lawrence River, dense human development, and
multi-lane highways parallel to the river are potential
barriers to dispersal from Quebec to northern Maine and
New Hampshire (Wydeven et al. 1998). Negative attitudes
toward wolves—and the consequential killing of
wolves—are other potential barriers (Harrison and Chapin
1998). Thus, reintroduction appears to be the most
promising strategy for reestablishing a viable wolf
population in the northeastern U.S.

Ecology and Habitat

Wolves are wide-ranging habitat generalists that have
been known to disperse hundreds of kilometers. Fritts
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(1983) documented dispersals as far as 886 km in
Minnesota. Packs inhabit an area of 51 to 555 km2 or more
and are territorial (U.S. Fish and Wildlife Service 1992). In
the Glacier National Park area, territory size averages
around 780 km2 (Bangs and Fritts 1993).

Wolf pups typically are born in an underground
burrow that has been abandoned by another mammal or
dug by a wolf. Denning wolves prefer deep soils with
adequate drainage and in close proximity to water, and the
availability of beaver (Castor canadensis) may influence den
site selection (Paquet et al. 1999).

Eastern timber wolves prey mainly on white-tailed
deer (Odocoilius virginianus), moose (Alces alces), and beaver
(U.S. Fish and Wildlife Service 1992). At a minimum,
wolves require a prey biomass of about 100-kg prey/km2

(Paquet et al. 1999). Research has shown that old, sick,
weak, and disabled ungulates are most vulnerable to
predation by wolves (U.S. Fish and Wildlife Service 1992).

Beaver are a particularly important alternate prey
species. In Algonquin Provincial Park, for example, wolves
eat moose, deer, and beaver. On the east side of the Park,
where most of the wolf studies have been conducted, the
diet is a ratio of about 33% moose (some of which is
scavenged), 33% deer, and 33% beaver. Wolves will also
eat snowshoe hare, particularly on the west side of the park
where they are more common, and in some instances, bear
(CPAWS 2002).

Beaver are also considered a keystone species (Naiman
et al. 1986). Major changes occur when a stream section is
converted to a beaver pond, including storage of
precipitation, an increase in the amount of open canopy in
forested areas, and creation of conditions favorable for other
kinds of wildlife dependent on ponds, pond edges, dead
trees and other habitats not present or in limited supply in
stream systems not modified by beavers (Naiman et al.
1988). Beaver are common in North America, with
expanding populations in North America as a whole. The
species has an S5 heritage status rank throughout the
northeastern US and southeastern Canada.12

Sensitivities and Threats

Note: Except where otherwise cited, the following section is
based largely on a review by Paquet et al. 1999, pages 30-34.

Human activities significantly influence the
distribution and survival of wolves, with human population

                                                       
12 NatureServe, The Nature Conservancy and the Natural Heritage
Network have developed a conservation status ranking system to
describe the relative imperilment, or conservation status, of plants,
animals, and ecological communities (elements) on a global (G), national
(N), and subnational (state/provincial - S) level. Rankings are assigned,
reviewed, and revised according to standard criteria, on a scale from 1 to
5, with 1 being “critically imperiled” and 5 being “demonstrably
widespread, abundant, and secure” (NatureServe Explorer 2002).

density and wolves being negatively correlated. Generally,
where wolves and people co-exist, people are the
predominant cause of wolf mortality. Even when wolves are
legally protected, the vast majority of wolf deaths are
human-induced. The absence of wolves in human
dominated landscapes most likely reflects high levels of
human caused mortality, displacement due to avoidance, or
both. It is widely recognized that human attitudes are a
critical factor affecting the ability of wolves to survive in a
given area.

Numerous studies have shown a strong relationship
between road density and the absence of wolves. Roads
negatively affect wolves at local, landscape, and regional
scales by increasing human access (Fuller 1989; Thurber et
al. 1994; Paquet et al. 1997; Mladenoff et al. 1995). Road
density is considered a key index of human activity and of
the potential for humans to kill wolves (Fuller et al. 1992).
In general, wolves are not found where road density exceeds
0.58 km/km2, although Mech et al. (1988, as cited in
Harrision and Chapin 1998) found that wolves can survive
in areas with road densities as high as 0.73 km/ km2 if these
areas abut large areas with less human access.

 In Wisconsin, road density within pack territories
averaged only 0.23 km/km2, and few areas exceeded a road
density of 0.45 km/km2. The effects of roads play out in
myriad ways. For example, roads may act as mortality sinks
via vehicular collisions or by providing access for hunters
and poachers. Roads destroy and alter habitat, and may
facilitate disturbance. Roads may also be impediments to
wolf movement.

In addition to roads, other effects of human
development may directly or indirectly threaten wolf
populations. For example, activities that compact or clear
snow may alter winter movements of wolves by providing
travel routes into areas otherwise inaccessible. Such travel
routes may distort winter home ranges, affect predator/prey
dynamics, and attract wolves to agricultural and urban
areas where human/wolf conflicts are more likely.
Snowmobile trails, like roads, may lead to harassment or
killing of wolves. Railroads are another source of potential
mortality. Lastly, diseases introduced by domestic animals
are a potential threat to wolf populations.

Justification and Focal Value

Keystone: Wolves are top predators that have been
recognized as important top-down regulators of ecosystems
(Terborgh et al. 1999). Recent research from Yellowstone
National Park suggests that the presence of wolves in a
landscape may not only affect prey numbers, but also the
behavior of prey species such as elk (Cervus elaphus), which
in turn can affect the recruitment of certain tree species and
cause shifts in vegetation communities (Ripple and Larsen
2000). Wolves can play a particularly important regulatory
role in the Adirondacks and Northern Appalachians, where
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moose are recovering strongly. There is no natural predator
in Maine today capable of keeping moose populations in
check. Full recovery of Maine’s natural processes, species
diversity, and ecosystem integrity will require the
functional presence of the wolf.

Umbrella: The eastern timber wolf is a wide-ranging,
generalist predator that maintains very large territories and
disperses over hundreds of kilometers. Wolf recovery in the
Northeast will require the re-establishment of functional
habitat connectivity to allow for wolf movement and
genetic exchange. Large core areas and linkages designed to
protect wolves should protect habitat for myriad other
species as well. Further, providing secure habitat for wolves
will benefit other large carnivores sensitive to human
disturbance.

Recommendations

Note: See Paquet et al. [1999] for an in-depth discussion of
recommendations and considerations in developing a conservation
strategy for wolves in the Northeast.

Although the eastern timber wolf may not require
wilderness to meet its biological needs, habitat
security—or more precisely, security from human
conflict—is widely recognized as an essential element to its
long-term viability. In Algonquin Provincial Park,
Ontario, for example, wolves are heavily persecuted when
they leave the boundaries of the park to follow deer into
winter deer yards (Théberge et al. 1996), although this
should change with new regulations adopted by the
Ontario government in late 2001 (CPAWS 2002).
Evidence from many regions indicates that wilderness areas
and other protected cores provide the highest security for
wolves (e.g., Paquet et al. 1999). Although ample suitable
habitat for wolves has been identified in the Northeast,
corporate timber interests own much of this habitat. More
public wilderness, and private areas in which security from
human conflict can be assured, will be necessary to
guarantee secure habitat for wolves and other species in the
future.

The US Fish and Wildlife Service should dedicate
significant resources to creating and implementing
ecologically viable recovery plans for wolves in the
Northeast. Because wolves require very large areas of secure
habitat, unroaded or minimally roaded core protected areas
will be essential to their viability. Further, landscape
connectivity must be restored and maintained to allow for
wolf movement and dispersal. Meanwhile, the eastern
timber wolf should continue to be awarded full Endangered
species protection status under the Endangered Species Act
(ESA) until long-term recovery is successful.

Wydeven et al. (1998) recommend a number of actions
to increase the potential for wolf populations from Quebec

to recolonize the northeastern U.S., and to strengthen any
eventual wolf reintroduction program. These actions
include:

•  Protection of biotic linkages identified by Harrison
and Chapin (1997).

•  Enhanced cooperation on wildlife conservation issues
between states in the northeastern U.S. and
southeastern Canadian provinces.

•  Additional research to understand and help improve
human attitudes toward wolves and predators.

•  Increased monitoring of wolves along the southern
limit of their range in Quebec.

•  Increased track surveys for wolves and other carnivores
in Maine, northern Vermont and New Hampshire.

•  Additional genetic investigations of wolf-coyote
relationships in Quebec and the northeastern U.S.

Paquet et al. (1999) make numerous conservation
recommendations regarding the establishment of wolves in
the Adirondack Park that can be applied to the Northeast
in general. Among these recommendations are:

•  Focus conservation efforts on ensuring the viability of
the entire terrestrial carnivore guild.

• Protect habitat quality in areas where there is potential
for wolf populations to exist.

•  Preserve linkages among potential subpopulations of
wolves by protecting probable movement and dispersal
linkages.

•  Provide for secure latitudinal and elevational
movements in response to seasonal and long-term
climate change.

•  Restore impaired areas that wolves could use, but that
are marginally suitable because of disturbance.

•  Take specific management actions where necessary to
sustain wolves, including minimizing fragmentation of
winter ungulate range, controlling potential sources of
direct mortality on wolves, and providing additional
unroaded or minimally roaded refugia for wolves.

•  Assess the effects of human activities that modify
natural snow cover—non-essential roads and trails
should not be maintained during periods of snow
cover.

•  Study the effects of habitat manipulation to mimic
natural processes, such as fire. Fire may be critical for
sustaining a variety of successional habitats that
support ungulates preyed upon by wolves.

•  Assess the effects of industrial forestry on wolves and
their prey. Examples from boreal regions of Canada,
where there are relatively low human populations,
significant logging operations, sizeable populations of
moose and other prey, and moderate populations of
wolves, may provide good study areas.
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•  Consider elevating or burying extensive sections of
highways that pass through critical wolf habitat and
travel corridors.

Canada Lynx (Lynx canadensis)

Status and History

The lynx originally was distributed from the boreal
forests of Alaska southeast to Nova Scotia, south to
southern New England, the northern Midwest, into the
Rocky Mountains as far south as Colorado and Utah, and
west to the Pacific Ocean (Godin 1983). Lynx populations
have declined considerably over the last 100 years due to
trapping and habitat loss and alteration, with declines most
serious in the U.S. portion of its range (U.S. Fish and
Wildlife Service 1998).

Maine, Montana, and Washington have the largest
lynx populations in the lower 48 states, but the species is
rare even in these states (U.S. Fish and Wildlife Service
1998). Estimates of the continental U.S. population are as
low as 700 individuals (Turbak 1998). The U.S. Fish and
Wildlife Service listed the lynx as Threatened under the
ESA in March 2000, although the listing notes that lynx
remaining in the northeastern U.S., southern Rockies
(Colorado and Wyoming) and Great Lakes regions do not
“contribute substantially to the persistence of the
contiguous U.S. lynx population” (U.S. Fish and Wildlife
Service 2000).

Today, the lynx is a rare mammal in Maine, found
almost exclusively in the boreal forests of the northwestern
part of the state (Krohn et al. 1998). The lynx is a species
of special concern in Maine due to its low numbers and a
lack of reliable information on its population size and
trend. There are thought to be less than 200 lynx in Maine,
but no reliable population estimates currently exist. This
population, despite its small size, is of national significance
because it is by far the largest lynx population east of the
Rocky Mountains. Today, Maine probably supports the
only breeding population in the eastern U.S. (Whitaker
and Hamilton 1998; U.S. Fish and Wildlife Service 1999,
cited in Ray 2000).

Ecology and Habitat

The lynx is one of several top predators in northern
forests, requiring large areas of mature forest that contain
conifer and/or mixed stands, and small patches of
regenerating forest—typically around 20 years old
(Banfield 1974; Parker et al. 1983; Koehler 1990). This cat
preys almost exclusively on the snowshoe hare (Lepus
americanus) (Brand and Keith 1979; Parker et al. 1983;
Ward and Krebs 1985; Koehler 1990; Poole et al. 1996;
O’Donoghue et al. 1998), which thrives in successional
forest patches where there is an abundance of dense cover
and woody stems on which to forage.

In periods of hare scarcity (approximately every 8–11
years), the lynx switches its diet to squirrels, grouse, and
other small mammals and birds (O’Donoghue et al. 1998).
In these cyclic population lows, hare numbers can drop to
1/300th of their peak and lynx populations can fall by 90%
(Poole 1994). The response of lynx populations to hare
declines is typically delayed by a year, with reproduction,
and especially recruitment, coming to a virtual halt. In lean
times, lynx leave established territories and seek substitute
prey, making them particularly susceptible to trapping
(Koehler 1990).

Snowshoe hare populations in the southern portion of
their range (e.g., Maine) tend to fluctuate less dramatically
than they do farther north, but also tend to be much
smaller (Koehler 1990). This is thought to be because the
habitat is marginal near the boundary of the hare’s range.
Southern lynx populations are correspondingly low, in
some cases 10 times lower than in the north (Koehler
1990). Occurring at such low densities, lynx are especially
vulnerable to trapping mortality, just as they are during
cyclic population lows farther north (Koehler 1990).

Lynx tend to den in mature or old-growth forests with
an abundance of coarse woody debris (Koehler 1990;
Turbak 1998), and of either hardwood, coniferous or mixed
composition. Lynx generally favor closed forest canopies to
move through, though they will cross open fields up to 100
meters wide (Koehler 1990).

Home range size of lynx can vary considerably from
location to location, year-to-year, season to season, and
between sexes. Home range sizes for individual lynx vary
from as little as 13 km2 to as much as 177 km2, though
they are typically between 40-100 km2 (Koehler 1990).
Male home ranges can be almost twice the size of female
home ranges (Poole 1995).

Sensitivities and Threats

Lynx are threatened by human activities that fragment
forests, such as large-scale logging, extensive road building,
agriculture, and other development. Intact forests are
essential to lynx; large clearcuts and other large openings
generally are avoided (Turbak 1998). It follows that even-
aged forest management practices fail to provide the small
successional patches lynx require. In places where
disturbance dynamics are mainly driven by humans,
however, such as in the sub-boreal southern periphery of
their range, persistence of lynx populations will depend on
prudent land use management practices to provide the
“mosaic of closely juxtapositioned successional habitats
required by lynx” (Ray 2000). Roads are also problematic
because they allow easy access to trappers and can result in
high rates of roadkill. The reintroduction of lynx into the
Adirondacks in the early 1990s failed largely because of
roadkill (Turbak 1998).
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Lynx populations probably are limited in the southern
portion of their range by decreasing snow depths. Only in
deep snow do the very large feet of the lynx give it a
competitive advantage over the more aggressive bobcat
(Lynx rufus) (Parker et al. 1983; Krohn and Boone 1999).
Habitat modifications, such as agricultural clearing and
construction of major roads, improve human access and
may favor bobcat, coyote and other generalist predators,
leading in turn to competition for prey (Ray 2000).

Periodic fires historically have helped to create
successional patches in boreal forests, although they are not
a primary source of disturbance in boreal ecosystems
(Lorimer 1977). Fire suppression, therefore, is detrimental
to lynx populations (Poole et al. 1996). Last, lynx
populations in Maine are probably particularly vulnerable
to (incidental or illegal) trapping mortality because of their
low densities. Lynx populations in some parts of the
country have still not recovered from overtrapping that
occurred 30 years ago (Koehler 1990; Mowat et al. 1996).

Justification and Focal Value

Umbrella - The lynx has value as an umbrella species as
it is wide-ranging and requires large tracts of mature forest.
Protecting the lynx would help protect a suite of species
that depend on boreal forest, from snowshoe hares to three-
toed woodpeckers (Picoides tridactylus).

Recommendations

The following management recommendations should
help to improve the survival of lynx populations in Maine:
• Establish core protected areas in Maine that are tailored

to meet the needs of the lynx including large,
unfragmented tracts of mature forest that are
functionally connected to other such tracts.

•  Allow natural disturbance regimes to proceed in order
to create small patches of successional forest. Habitat
modifications that favor competing species such as
bobcat and coyotes should be avoided in areas
inhabited by lynx.

•  Minimize or avoid logging in lynx habitat to limit
fragmentation and disturbance.

•  Keep roads in lynx habitat to a minimum and close
them wherever possible.

Ultimately, large protected areas will best serve the
needs of the lynx, and large public cores should be
established as opportunities arise.

The U.S. Fish and Wildlife Service should take further
action to protect the lynx in Maine and elsewhere in the
continental U.S. Distinct Population Segments should be
established for each discrete lynx region, including the
Northeast. All threats to the species in this region should
be considered, and critical habitat designated as
appropriate. The lynx’s protection status should be

increased to Endangered. Trapping of Maine’s lynx
obviously is not appropriate given their rarity, but trapping
of other species (e.g., coyotes) also should be carefully
regulated—if not banned—in lynx habitat to prevent the
incidental take of lynx. Finally, an accurate population
estimate for lynx in Maine is necessary, as well as long-term
monitoring to assess population trends and to ensure
recovery.

Eastern Cougar (Puma concolor couguar)

Status and History

The eastern cougar—also commonly known in New
England as the catamount, panther, painter, mountain lion,
and puma—once ranged from New Brunswick south to the
Carolinas and west to Illinois (Young and Goldman 1946).
Historically reported throughout New England (Bennett
1996), cougars were heavily persecuted by early European
settlers and were the target of widespread bounties
throughout the region. Bounties were established in
Connecticut as early as 1694, in Massachusetts in 1742
(Bennett 1996), and in Vermont in 1779 (Altherr 1994).
These bounties, together with the dramatic loss of forested
habitat and severe decline in deer populations, led to the
virtual extirpation of the eastern cougar by the late 1800s
(see Taverna et al. 1999); the cougar was declared extinct in
Maine in 1899 (Bennett 1996). The eastern cougar was
listed as Endangered under the ESA in 1991.

The current status of the eastern cougar is an issue of
growing interest and speculation. By the 1950s, sightings
were becoming increasingly frequent (Taverna et al. 1999).
As a result of escalating sighting reports, the U.S. Forest
Service and the U.S. Fish and Wildlife Service co-funded a
study in 1978 to examine the possible survival of the
eastern cougar in the southern Appalachians (Downing
1996a). Although this study was unable to confirm the
existence of self-sustaining cougar populations in the
eastern U.S. north of Florida, physical field evidence of
cougars is beginning to accumulate and the U.S. Fish and
Wildlife Service now acknowledges that there are at least a
few wild individuals living in the East (Bolgiano et al. in
press). The U.S. Fish and Wildlife Service published an
Eastern Cougar Recovery Plan in 1982, but has not
approved its implementation (Taverna et al. 1999).

Reliable sightings suggest that there could be a small
number of cougars of unknown origin living in New
Brunswick and Nova Scotia (Stocek 1995). Cougar
sightings in New England also continue to this day
(Bennett 1996). The Eastern Puma Research Network has
compiled the following sightings in New England between
1983 and 1993: 69 in Maine, 31 in New Hampshire, 29 in
Vermont, and 23 in Massachusetts (Bennett 1996).
According to retired U.S. Fish and Wildlife Service
biologist Robert L. Downing: “Though Maine reports the
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cougar as nonexistent, I have seen a huge scat and a
sampling of the state’s sighting reports and know how
much of it remains roadless (no paved, public roads at
least), so I must place Maine in the optimistic category…”
(Downing 1996b). Maine officials have publicly announced
that cougars probably exist in that state (Downing 1996a).
But the origin of such cougars remains a mystery—there is
considerable speculation they are escaped or released
pets—and the presence of a viable breeding population of
eastern cougars is questioned (Bennett 1996).

Ecology and Habitat

Although studies of cougars in the western U.S.
associate cougar habitat with steep, rugged terrain, the
habitat of the Florida panther—the only documented Puma
concolor population in the East, is predominantly within low
elevation mixed swamp forest (Maehr 1990, in Taverna et
al. 1999). Other than in southern Florida, there is no good
data on the habitat requirements of cougars in the eastern
U.S.; and southern Florida is unlike any habitat where
adequate information on habitat relationships exist (J. Ray
2002). In general, cougars may occupy a wide variety of
habitats, but are now typically associated with
mountainous or remote undisturbed areas. It has been
documented that physically rugged terrain provides
stalking cover and den sites, thus is a commonly mentioned
attribute of good mountain lion habitat (Young 1946;
Seidensticker et al. 1973; Koehler and Hornocker 1991;
Fitzgerald et al. 1994; Beier 1996). Deer serve as the
cougar’s primary food in many regions. Cougars are highly
opportunistic, however, and also prey on various large and
small mammals, insects, and reptiles (Hall 1981). In
southern California, Beier et al. (1995) found that, on
average, an adult cougar killed 48 large and 58 small
mammals per year, and fed for an average of 2.9 days on a
single large mammal.

Cougar dens, selected for inaccessibility to other
predators, are located in secluded areas among rocks or in
extremely dense vegetation (Beier et al. 1995). Cougar
density is usually not greater than 3-4 adults/100 sq km2

(Kitchener 1991). Adult males typically are solitary, with
home ranges varying between 40-325 km2,  depending on
prey density, location of other cougars, and landscape type
(Taverna et al. 1999). Home ranges of males are twice as
large as those of females (Anderson et al. 1992, cited in
Beier et al. 1995). In studying migratory patterns of
cougars in southern California, Pierce et al. (1999) found
that some animals migrate seasonally while others do not,
depending upon the movement patterns of the primary
prey species.

Beier (1993 and 1996) estimates that, in the absence of
immigration in the western U.S., patches of suitable
habitat in the range of 1000-2200 km2 is necessary to
ensure the persistence of a population of mountain lions for

at least 100 years, and that these minimum areas would
support 15-20 adult cougars. He stresses that these should
be considered “minimum areas”, and that much larger areas
or periodic immigration or translocation of lions would be
required for longer-term persistence of the population.
Emphasizing the importance of immigration to small
populations, Beier (1993) predicts that a mountain lion
population could persist in an area as small as 600-1600
km2 provided up to 3 males and 1 female immigrated to
the area per decade. Beier (1993) cautions that his model
results apply to mountain lion densities observed in the
Santa Ana Mountains of California (1 adult per 100 km2),
and should be adjusted for local adult lion densities and
other parameters elsewhere.

Sensitivities and Threats

Cougars are shy, solitary, and wide-ranging felids that
require remote habitat undisturbed by humans. In the
eastern U.S., the cougar has been severely threatened, if not
extirpated by habitat alteration and loss. Taverna et al.
(1999) point out that cougars prefer forested habitat,
despite the fact that deer densities are higher in “edge”
habitats. Cougars also have been shown to select areas with
no recent timber sales and minimal human residences (Van
Dyke 1986a).

Van Dyke et al. (1986b) found that cougars crossed
small dirt roads more frequently than improved dirt and
hard-surfaced roads, and suggested that cougars avoid areas
with an abundance of improved roads. Roads are a well-
publicized threat to Florida panthers, which also are
rapidly losing habitat to agriculture and development
(Downing 1996b). In modeling minimum habitat areas
and corridors for cougars, Beier (1993) concludes that
survival rates for a population inhabiting a large area will
probably decrease due to increased highway mortality and
decreased dispersal success. Numerous studies have
suggested that the protection and maintenance of
migratory corridors may be integral to cougar conservation
(e.g., Beier 1993; Pierce et al. 1999).

Justification and Focal Value

Umbrella: Extrapolating from Beier (1993, 1996), the
Eastern cougar probably has the largest area requirements
of all species profiled for the Maine Wildlands Network
Design. This quality makes the cougar an ideal umbrella
for the conservation of other native species. Beier (1993,
1996) cautions that his model results apply to mountain
lion densities observed in the Santa Ana Mountains of
California (1 adult per 100 km2 [39 mi2]), and should be
adjusted for local adult lion densities and other parameters
elsewhere. Nonetheless, they serve as a guide for cougar
conservation planning. The Maine Wildlands Network
Design identifies conservation areas that are sufficiently
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large to accommodate the minimum habitat requirements
of the mountain lion.

Keystone: As a major predator of ungulates, eastern
cougars likely exerted a top-down influence on white-tailed
deer, and potentially on caribou. By preying on ungulates
and killing mesopredators like bobcats, mountain lions, as
part of a “suite” of top predators, may contribute to the
top-down regulation of ecosystems. Mountain lion
predation may 1) dampen oscillations of prey populations,
producing a more even distribution of prey across the
landscape, which would in turn reduce potential habitat
damage from over-browsing or over-grazing; 2) enhance
biological diversity by contributing to the suppression of
mesopredator populations; and 3) promote ecosystem
stability. Empirical evidence that mountain lions play a
keystone role in ecosystems in the Northeast is largely
lacking, however—due to their long absence or
scarcity—so the hypothesis regarding their keystone role is
based largely on ecological theory. Nevertheless, recent
studies on forested islands in Venezuela suggest that
extirpation of another large felid, the jaguar (Panthera onca),
may be resulting in a hyperabundance of seed predators and
generalist herbivores, leading to an impoverishment of
native tree species (Terborgh et al. 1999, 2001). Recovery
of the eastern cougar would almost certainly restore an
important functional influence to Maine’s ecosystems.

Recommendations

According to information compiled by Bolgiano et al.
(in press), it is possible that cougars may already be
breeding in the Mid-Atlantic and Northeast regions of the
U.S. Given the recovery of the Northeastern forests and
ample prey populations in this region, the U.S. Fish and
Wildlife Service should develop a revised Eastern Cougar
Recovery Plan for the entire eastern U.S. Concurrently,
conservation groups should initiate public and hunter-
education programs, and begin to study current public
attitudes toward this species.

Core areas should be designed and implemented such
that they provide ample wild habitat for secure breeding
and refugia for source populations. Linkages should be
designed with sufficient width to be used by dispersing
cougars. Further, wildlife overpasses or underpasses should
be integrated into any new highway or major road projects.
In this vein, areas of suitable habitat that cross major roads
should be identified, and overpasses installed to facilitate
the natural recovery of cougar populations to this region.

American Marten (Martes americana)

Status and History

The American marten currently is distributed
throughout the boreal and taiga zones of Canada, Alaska,
and the continental United States. Marten occur from coast
to coast, with a southern boundary extending along the
Rocky Mountains as far south as New Mexico, through
midwestern states such as Minnesota and Michigan, to the
Northern Forest of New England (Clark et al. 1987). This
member of the weasel family historically was found as far
south as West Virginia in the eastern U.S. (Buskirk and
Ruggiero 1994). In Maine, marten are currently found in
the northern two-thirds of the state (Krohn et al. 1998).

Marten populations are demonstrably secure in both
the U.S. and Canada, with Heritage Status rankings of 5 in
both countries (Krohn et al. 1998). Marten appear to be
thriving in northern Maine, the Adirondacks, and
Canadian provinces to the north; the species has a Heritage
ranking of 5 in Maine and Quebec, and 4 in New
Brunswick. Marten populations are faring much worse to
the south, however: they are imperiled in New Hampshire,
imperiled or extirpated in the Canadian Maritime
Provinces, and extirpated in Vermont, Massachusetts, New
Jersey, Pennsylvania, West Virginia, Ohio, Indiana, and
Illinois. Marten populations in Maine and the Adirondacks
are critical because they are the southernmost viable
populations in eastern North America.

Prior to European settlement, the marten was one of
the most abundant carnivores in the eastern U.S.
(Thompson 1991). Yet by the early 1900s the logging of
forests and their conversion to agricultural land had caused
the disappearance of the marten from much of the region
(Buskirk and Ruggiero 1994). Overtrapping of marten also
contributed to their decline. Marten populations have now
rebounded in the Adirondacks and Northern Appalachians
due to forest re-growth and successful reintroduction
efforts. Maine’s marten are once again trapped in large
numbers, with an annual kill of 3,000-5,000 animals over
the last two decades (Krohn et al. 1998).

Ecology and Habitat

The marten, a medium-sized weasel, preys primarily
on small mammals hunted on the ground or in trees.
Marten most commonly prey on microtine rodents, such as
southern red-backed (Clethrionomys gapperi) and meadow
(Microtus pennsylvanicus) voles, but will also consume
snowshoe hare, deer mice (Peromyscus leucopus), red squirrels,
and seasonal fruits (Bissonette et al. 1997).

Although marten generally prefer mature coniferous
forests, they also use mature deciduous and mixed forests.
Marten are tied to mature forests primarily because of
related structural features such as large trees, snags, and
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logs, which are used for denning, and piles of coarse woody
debris (CWD), which are used as winter resting sites
(Buskirk et al. 1989; Payer and Harrison 1999, 2000). In
addition, coarse woody debris probably allow marten to
access hunting areas beneath snow (Corn and Raphael
1992). Habitat features such as snags, logs, or coarse woody
debris are much more frequent in mature forests than in
younger forests. Studies in Maine have shown, however,
that marten can be found in young forests or forests
without closed canopies (Chapin et al. 1997). This is likely
to occur only in stands where structural diversity is high,
such as those where spruce budworm outbreaks have
significantly reduced canopy cover (Chapin et al. 1997). In
stands with a history of budworm-caused mortality, there
are often many more defoliated tree boles, and more coarse
woody debris generally, than in clearcuts of a similar age
(Payer and Harrison 2000)

Sensitivities and Threats

Marten do not fare well in heavily logged areas, as
logging reduces available habitat, and they rarely forage in
clearcuts (Snyder and Bissonette 1987). In addition,
scientists have found that marten population densities are
much lower in forests cut 40 years ago than in uncut forests
(Thompson 1994). Marten also forage much more
successfully in mature forests than in young ones
(Thompson and Colgan 1994). These mustelids avoid small
forest patches, or patches isolated from other forests (Snyder
and Bissonette 1987; Chapin et al. 1998). In a study
conducted in Maine and the Rocky Mountains, marten
were completely absent from landscapes that were less than
70% forested (Chapin et al. 1998) even when forest patches
are well connected (Hargis et al. 1999). When average
nearest neighbor distances between non-forested patches
are less than 100 meters, forest interior conditions that
contain habitat attributes required by martens tend to be
lost, even though prey densities in regenerating clearcuts
abound (Hargis et al. 1999, cited in Ray 2000).

Marten are easily trapped, and their reproductive rates
are low and the age at sexual maturation high by
mammalian standards; so they are slow to recover from
population level impacts (Buskirik and Ruggiero 1994,
cited in Ray 2000). Marten were nearly eliminated in
Maine in the 1930s because of overtrapping, and there
continues to be concern in the state about trapping pressure
(Hodgman et al. 1994, cited in Ray 2000).

Justification and Focal Value

Umbrella - The marten is a carnivore that requires large
tracts of forest with complex vertical and horizontal
structure, although not all that forest must be mature
(Payer and Harrison 1999). As Payer and Harrison (2000)
note “marten have been declared an ecological indicator
species for forest ecosystem integrity in New Brunswick,

Ontario, and several national forests in the western U.S.
This suggests that identification of specific features
affecting habitat suitability for marten might also benefit
other forest-dependent wildlife.” Protection of marten
would thus help protect a suite of species that depend on
intact forests, such as snowshoe hares, northern goshawks
(Accipiter gentilis), spruce grouse (Dendragapus canadensis),
black-backed (Picoides arcticus) and three-toed woodpeckers,
and red (Loxia curvirostra) and white-winged (Loxia
leucoptera) crossbills.

Habitat Quality Indicator—Some of the same factors
that make marten an umbrella species also make it a
habitat quality indicator. As discussed above, marten do
not fare well in heavily logged areas, as logging reduces
available habitat, and they rarely forage in clearcuts (Snyder
and Bissonette 1987). As also noted above, marten
population densities are much lower in forests cut 40 years
ago than in uncut forests (Thompson 1994). Marten also
forage much more successfully in mature forests than in
young ones (Thompson and Colgan 1994). These mustelids
avoid small forest patches, or patches isolated from other
forests (Snyder and Bissonette 1987; Chapin et al. 1998).

Recommendations

Protected areas tailored to meet the needs of marten
should include many large, unfragmented forest tracts that
contain significant areas of mature, coniferous forest. In
harvested forests, logging should be limited to no more
than 25% aerial cover and clearcuts should be eliminated
or at least grouped to avoid habitat fragmentation.
Structural features such as snags, coarse woody debris, and
live mature trees should be maintained. Payer and Harrison
(1999) recommend that:

Harvested stands be managed to maintain
overstory features above the thresholds required by
marten. We suggest that basal areas of live-trees
and snags (>13 cm dbh [> 5 inches dbh]) be
maintained above 18 square meters per hectare (80
square feet per acre), and that at least 25% of the
standing basal area be composed of snags.
Furthermore, our data indicate that marten select
stands where mean tree height is > 9 meters (> 30
feet), thus we recommend that the mean height of
residual trees and snags be maintained at a
minimum of 9 meters (30 feet).

Even in areas with carefully planned logging, marten
trapping may need to be eliminated or at least limited to
prevent a synergistic threat to the population, as the
“effects of trapping appear confounded with forest
harvesting because trappers use logging roads to access
residual marten habitat (Ray 2000).”
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Northern River Otter (Lutra canadensis)

Status and History

The northern river otter ranges throughout North
America north of Mexico, excluding the extreme
southwestern U.S. The population trend of otters probably
is stable in much of its range, and reintroduction and
management efforts are boosting populations in under
populated areas. River otters are considered common
throughout the state of Maine and are managed as a game
species.

Along with beaver and gray wolf, the river otter once
occupied one of the largest geographical areas of any North
American mammal. In the late 1800s and early 1900s,
however, wetland destruction, pollution and
overexploitation for furs were devastating to North
American river otter populations (Ray 2000). Populations
were most drastically reduced where human populations
were dense, agricultural or industrial practices were
particularly intense, wetlands were naturally sparse, or
oligotrophic waters could not support a healthy prey base
(Polechla 1990).

Ecology and Habitat

Northern river otters are habitat generalists, using a
variety of aquatic habitats, including estuaries, lakes,
ponds, rivers, streams, marshes, and swamps. Otters are
particularly abundant in low gradient areas with large
rivers, wetland complexes, and beaver ponds. Such areas
typically produce an abundance of prey and provide
isolation and den sites (Maine Cooperative Fish and
Wildlife Research Unit 1998). Urban areas are typically
avoided, although on Mt. Desert Island there is evidence
that river otters cross residential areas to move between
ponds and the ocean (Maine Cooperative Fish and Wildlife
Research Unit 1998).

Primarily foragers in shallow waters, river otters
opportunistically feed on crustaceans, shellfish,
amphibians, and other non-aquatic foods, but fish comprise
the bulk of their diet (Larivière and Walton 1998;
Whitaker and Hamilton 1998 cited in Ray 2000). Some
studies in Maine show that otters associate strongly with
beaver ponds, largely because this habitat provides den and
resting sites, stable water levels, and abundant vegetative
cover (Dubuc et al. 1990).

Sensitivities and Threats

Otters are relatively resistant to human impacts, but
vulnerable to overtrapping and to degradation of aquatic
habitats (Toweill and Tabor 1982). They are scarce in
heavily settled areas, particularly if waters are polluted
(Toweill and Tabor 1982). Otters may in fact be able to

tolerate a large variety of threats as long as food availability
remains high (Ray 2000).

Ray (2000) cautions however that although
management practices aimed at increasing beaver habitat
have also improved otter habitat in the northeastern U.S.,
habitat change continues to be the major cause of concern
for this species. Key vulnerability factors include (Kruuk
1995):

• Linear home ranges requiring large areas;
• Reliance on water, also badly needed by humans;
•  Importance of bank vegetation, also sought after

by humans.

Ray (2000) notes further that:

By virtue of their aquatic existence and position at
the top of the foodchain, otters are particularly
vulnerable to pollution in aquatic ecosystems
(Melquist and Dronkert 1987; Foley et al. 1988).
They readily accumulate high levels of mercury,
organochloride compounds, and other chemicals to
levels significantly above environmental
concentrations (see references in Larivière and
Walton 1998). The decline of otter in Europe has
been attributed in large part to the introduction of
organochlorine insecticides for use in sheep dip
and as seed dressings (Dunstone 1993). In one
study of sympatric otters and mink, otter
contained greater PCB concentrations than did
mink, suggesting that the exposure to this
compound was greater for otters than mink, that
otters were more tolerant of PCBs than mink, or
that otters were less efficient than mink in
eliminating PCBs (Foley et al. 1988). Recent work
in Nova Scotia showed much higher mercury
concentrations in otters captured in inland vs.
coastal waters, and scientists are investigating
whether declines reported by trappers working in
inland areas are related to this condition.

Justification and Focal Value

Umbrella - River otters serve as an umbrella species for
a broad variety of aquatic habitats because of their need for
large linear home ranges, clean standing or running water,
and at least a moderate degree of streambank vegetation.
The umbrella value of the otter is enhanced by its
sensitivity to aquatic and airborne pollutants.

Habitat Quality Indicator—As Ray (2000) observes,
above, by virtue of their aquatic existence and position at
the top of the foodchain, otters are particularly vulnerable
to pollution in aquatic ecosystems. They may therefore
serve as broader indicators of habitat and water quality in
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riparian areas. Also, because of their sensitivity to airborne
pollutants, they may also serve as indicators of air quality.
All of these qualities are particularly important in the
northeastern US, especially in areas where mercury
concentrations are highest. “If otter, which are more
resilient than loon (by virtue of the fact that otter exhibit
more mobility between lake and stream systems—loons are
more faithful to a particular lake), begin to show effects [of
mercury pollution], as they do in Nova Scotia, then we are
really in trouble (Ray 2002).”

Recommendations

Wetland complexes with beaver ponds situated along
large rivers are areas of high otter productivity and should
be targeted for protection. Forestry and agriculture in and
around wetlands and riparian areas should be modified to
take into account the vulnerability factors identified above.
Best management practices include wide buffer strips
around riparian areas and fencing livestock out of stream
zones. Because of their sensitivity to water and airborne
pollutants, a systematic otter monitoring program should
be instituted throughout the Maine Wildlands Network.
Such a program would sample not only population trends
but also the levels of mercury and organochlorine
compounds, among other chemicals, in otter populations.
Finally, because recent history suggests that this species is
vulnerable to overexploitation, trapping patterns and
effort—especially by otter “specialist trappers”—should be
closely monitored (Ray 2000).

Northern Goshawk (Accipiter gentilis)

Status and History

The northern goshawk is a large accipiter that nests in
mature forests throughout the Northern Hemisphere, from
the U.S. to the British Isles, to the Himalayas. In North
America, the goshawk ranges from Alaska east to the
Canadian Maritime Provinces, and south to California,
central Mexico, the Rocky Mountains, the Great Lakes
region, West Virginia, and New England. Goshawks are
generally year-round residents, although they occasionally
migrate out of northern parts of their range. Globally,
northern goshawks are considered stable, with a Natural
Heritage ranking of 5.

Goshawk populations undoubtedly declined in colonial
times as forests in the Northeast were cleared (Kennedy
1997). With the restoration and maturation of forests in
the Northeast as whole, the nesting range of the goshawk is
expanding (Squires and Reynolds 1997). The goshawk
population in Maine may be declining, however (Maine
Cooperative Fish and Wildlife Research Unit 1998).

Ecology and Habitat

Goshawks are birds of prey that generally hunt in the
interiors of forests, preying primarily on birds and small
mammals (Grzybowski and Eaton 1976), and
supplementing their diet with reptiles, amphibians and
occasional invertebrates. They will also hunt along forest
edges and small openings. The goshawk is capable of
catching birds in the air, but also hunts them on the
ground or in vegetation.

Goshawks generally use large tracts of mature or old-
growth forest (Bosakowski and Speiser 1994; Woodbridge
and Detrich 1994) with little human disturbance
(Hayward and Escano 1989; Squires and Ruggiero 1996;
Squires and Reynolds 1997). In Maine, goshawks prefer to
nest in the interior of extensive, remote coniferous or mixed
forests (Maine Cooperative Fish and Wildlife Research
Unit 1998). They usually nest in the largest trees
possible—often in deciduous species such as beech, birch,
or poplar. Nest sites are typically in a stand with high
canopy closure and sparse groundcover (Squires and
Ruggiero 1996), and near water. Nesting densities are low
for this raptor, 4 - 11 pair/100 km2 in the western U.S. and
as low as 1 pair/100 km2 in the Northeast (Squires and
Reynolds 1997). Nesting home ranges of goshawks in the
West average 2,400 ha. In a study in Arizona, goshawk
nests were, on average, three kilometers apart (Reynolds et
al. 1994). There is some evidence in Europe that goshawks
are becoming more acclimated to agricultural
environments, nesting near farms and towns. The same
trend may be developing in the U.S., with reports of
nesting goshawks in the suburbs of Boston (Palmer 1988a).

Sensitivities and Threats

Forest management practices are the primary threat to
populations of nesting goshawks, despite their apparent
abilities to adapt to agricultural and suburban
environments (Squires and Reynolds 1997). Even selective
logging can harm goshawk populations. Logging activities
too close to goshawk-nesting sites can cause parents to
abandon their nests (Boal and Mannan 1994; Squires and
Reynolds 1997). Logging that targets large trees or reduces
canopy cover significantly degrades the nesting habitat of
this raptor. In addition, the opening up of the canopy often
results in the replacement of goshawks by red-tailed hawks
or great-horned owls (Erdman et al. 1998). Great-horned
owls are a problem because they prey on both young and
adult goshawks (Boal and Mannan 1994; Erdman et al.
1998; Rohner and Doyle 1992).

Justification and Focal Value

Umbrella - The goshawk is an excellent umbrella for
mature forests because of its large area requirements. The
single nesting density estimate for the eastern U.S. is 1.17
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pairs per 100 km2 (Kimmel and Yahner 1994, cited in
Squires and Reynolds 1997). Protecting the goshawk
would protect large expanses of the Northern Forest and
the myriad species that rely on its integrity.

Habitat Quality Indicator - The goshawk is an indicator
of forests that are free of extensive logging and in which
ecological processes such as fire are relatively intact.

Recommendations

The primary action required to conserve goshawks is to
phase out or regulate forest management in current and
potential goshawk habitat in Maine. Large clearcuts should
either be eliminated or severely limited in such habitat.
Clearcuts that do occur should be clustered to minimize
habitat fragmentation. Any logging should be carefully
planned to provide goshawks with many seral stages of
forest to maximize habitat diversity and prey density. Large
trees and old growth stands should remain untouched. The
U.S. Forest Service recommends that management
activities should be excluded from a 170-ha area around a
goshawk nest during the breeding season (Reynolds et al.
1992; Graham et al. 1994). Naturally occurring fires
should be allowed as well, as they foster habitat diversity.
In some areas prescribed burns may be necessary to achieve
this objective.

Protected areas tailored to conserve goshawks should
include large stands of mature forest with significant stands
of conifer or mixed forest and should be connected by such
habitat to other cores. In addition, cores should include
microhabitat features such as large trees, small openings,
woody debris and snags. Finally, it is critical to begin long-
term monitoring of goshawk populations because no trend
data are currently available for this species.

Red-shouldered Hawk (Buteo lineatus)

Status and History

The red-shouldered hawk is a medium-sized buteo that
frequents woodlands in southern Canada and the U.S. This
raptor breeds in two distinct areas, with the first stretching
from central California south to Baja California; the second,
from Nebraska to the Great Lakes states to southern
Quebec and New Brunswick, and south to Florida, Texas
and eastern Mexico. Red-shouldered hawks in northern
areas migrate to spend the winter south of a figurative line
running from Kansas to Pennsylvania to southern New
England.

Although red-shouldered hawks appear to be relatively
secure globally, they are much less numerous than they
were 100 years ago in most of their range. In fact, global
numbers are likely at their historic lows, with an estimated
3,000-10,000 individuals representing the entire species.
Once the most common woodland hawk east of the Rocky
Mountains, the red-shouldered hawk has declined

significantly in the northern part of its range. This decline
occurred as forests were cleared for agriculture and
development in the 19th and early 20th centuries, and has
only begun to reverse in some areas since the 1970s
(NatureServe Explorer 2002). Hawks in midwestern states
such as Illinois, Indiana, Wisconsin, and Ohio declined by
as much as 65 to 95 percent in Christmas Bird Counts from
1950 to 1969 (Brown 1971).

As regenerating forests have begun to provide more
suitable habitat for the red-shouldered hawk, populations
may have stabilized in some areas of the Northeast in
recent years (Titus and Fuller 1990). The species is ranked
as uncommon in Maine, however—far less common than
would be suggested by GAP-predicted habitat—and is
speculated to be undergoing a moderate population decline
in this state. Currently, red-shouldered hawks breed in
south and central Maine (Maine Cooperative Fish and
Wildlife Research Unit 1998).

Ecology and Habitat

The red-shouldered hawk frequents mature forests,
foraging for a variety of prey, including small mammals,
reptiles, amphibians, the occasional bird, and some
invertebrates (Palmer 1988b). The red-shouldered hawk
generally requires large areas of mature hardwood or mixed
forest (Bednarz and Dinsmore 1982; Evers 1992) that
contain wetlands and large trees for nesting. Nesting areas
are usually in dense, mature stands that have a high
canopy, are in close proximity to water (Maine Cooperative
Fish and Wildlife Research Unit 1998), and are far from
human use areas (Hands et al. 1989). In eastern North
America, nests generally are far from forest edges, and at
least 43 mostly deciduous tree species may be used,
suggesting that the size and shape are more important than
the actual species (Bednarz 1979; Apfelbaum and Seelbach
1983; Titus and Mosher 1987; Palmer 1988b; Ebbers
1989).

Parents will often use the same nest year after year, and
successive pairs of birds may occupy a red-shouldered hawk
territory for decades. Scientists estimate that a pair of red-
shouldered hawks typically needs 100-250 ha of breeding
territory (Evers 1992).

Sensitivities and Threats

Forestry practices are the main threat to the red-
shouldered hawk. Clearcuts are detrimental because they
reduce the area of preferred habitat; too much selective
cutting may result in replacement of this species by the
red-tailed hawk (Buteo jamaicensis). Indeed, the red-
shouldered has been replaced by the red-tailed hawk as the
most common hawk in much of its range, primarily
because of logging practices that favor the red-tailed hawk
(NatureServe Explorer 2002). Red-tailed hawks prefer, or
accept, forest patches that are smaller, closer to roads, and
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have less canopy cover (Bednarz and Dinsmore 1982), and
smaller crown diameter than those preferred by the red-
shouldered hawk. Logging that fragments forests, removes
mature trees, thins dense stands, and has short rotation
periods puts the red-shouldered hawks at a competitive
disadvantage against the red-tailed hawks. In addition, red-
shouldered hawks are sensitive to disturbance caused by
logging near their nests (Bryant 1986).

Other threats to the red-shouldered hawk include
recreation and the loss of wetlands. This raptor is a
secretive nester, and as development increasingly
encroaches upon forested areas, disturbance from human
activities has pushed the hawks into remote
woodlands—thereby diminishing their habitat.
Predictably, red-shouldered hawks generally avoid nesting
near roads (Bednarz and Dinsmore 1982).

Justification and Focal Value

Umbrella - The red-shouldered hawk is an effective
umbrella species for mature hardwood and mixed forests
because of its large area requirement. Protecting this raptor
would protect large tracts of northern hardwoods and the
other species that rely on this habitat.

Habitat Quality Indicator -The red-shouldered hawk is
an indicator of unfragmented forests subject to no or
minimal logging or other forms of human disturbance.

Recommendations

Restoration and recovery planning for red-shouldered
hawks should receive higher priority in the Northeast. The
conservation of red-shouldered hawks requires careful
regulation of forest management. Large clearcuts should be
avoided in prime habitat, and clearcuts—if allowed at
all—should be clustered to minimize fragmentation.
Selective cutting should be planned to avoid the removal of
mature hardwood trees and the thinning of dense forest
patches, and to minimize road building. Maintaining a
crown closure of greater than 70 percent may prevent red-
tailed hawks from displacing red-shouldered hawks.
Forested and open wetlands should be left intact.

Active red-shouldered hawk nests should be buffered
against any human disturbance, although it is unclear how
large the restricted zone should be. Evers (1992) has
recommended that a distance of at least 90 m from the nest
site be kept free from human disturbance. Existing roads
should be closed to public use during the breeding season.

Ecological cores designed to accommodate red-
shouldered hawks should encompass large stands of mature
hardwood or mixed forest and should be connected by such
habitat to other cores. As mentioned above, at least 100 to
250 hectares of mature forest probably are required for each
nesting pair, although hawks will use smaller patches if
they are near large tracts.

Existing red-shouldered hawk populations should be
closely monitored, and research conducted on minimum
area requirements for a breeding pair, competition
dynamics between red-shouldered and red-tailed hawks,
and the optimum size of restricted areas around nests.

Common Loon (Gavia immer)

Status and History

The common loon is one of five loon species that breed
in North America, but is the only one breeding in the
northeastern U.S. The species breeds from Iceland,
Greenland, Canada and Alaska, south to California, North
Dakota, the Great Lakes area, southern New England, and
Nova Scotia. Common loons winter along the Pacific coast
from the Aleutians to Baja California, and along the
Atlantic from Newfoundland to Florida to Texas.

Common loons have declined throughout much of the
U.S. over the last 150 years, with their range gradually
contracting northward (McIntyre 1988a). Overall,
populations of this loon species are probably stable, with a
Natural Heritage rarity ranking of 5 for the global
population, a similar ranking for breeding populations in
Canada, and a rarity ranking of 4 for breeding populations
in the U.S. (NatureServe Explorer 2002). Loon numbers
may be increasing in North America, with Breeding Bird
Survey data showing a statistically significant annual
increase of 2.2% from 1966 to 1989 (Droege and Sauer
1990). Estimates place the continental loon population at
500,000 to 600,000 adults, with most of these loons in
Canada and Alaska and only an estimated 18,000 to the
south (McIntyre 1988a). In the U.S., loons breed in Alaska
and 13 other northern states (Ehrlich et al. 1992).

Loons are uncommon in the Northeast, with Maine
being the only state with a Heritage ranking higher than 3.
The population of breeding loons is probably secure in
Maine, with a population trend that appears to be stable
(Maine Cooperative Fish and Wildlife Research Unit
1998). The loon is listed as endangered in Vermont,
threatened in New Hampshire, and as a species of special
concern in Massachusetts and New York. Loon populations
are generally stable or increasing in these states due to
conservation efforts that are reducing human impacts
(Rimmer 1992). The potential for loon recovery in vacant
portions of their range is considered high (Rimmer 1992).
There is some dispute regarding these positive trends.
Some populations in eastern Canada have shown very
low—or no—reproductive success in recent years. This
appears to stem from a loon’s allegiance to a particular
lake—a loon will remain on a lake even if the lake is
dead—which in turn makes them particularly susceptible
to contaminants such as mercury, and to the effects of acid
rain on a lake. Thus, air pollution is probably a
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significantly greater threat to loons than local habitat or
nest loss (Ray 2002).

Ecology and Habitat

Common loons are largely piscivorous, hunting for fish
in the clear waters of large lakes, rivers, and marshes. These
birds are well-adapted to chasing fish underwater, having
solid bones and a weight of up to 6.3 kg, and rear-set feet
to aid swimming (McIntyre 1988a). Loons hunt in shallow
water, typically at a depth of 5 m or greater. Loons eat
small to medium-sized fish of many species, preying most
frequently on yellow perch, but are opportunistic and will
eat any suitable prey they can readily see and capture
(McIntyre 1988a). Water visibility of at least 3-4 m is
necessary in order for loons to see their prey.

Loons need large stretches of open water partially
because they are so heavy; they need to flap and run 200-
400 meters before becoming airborne. They also require a
significant area for foraging, with territories ranging in size
from 40-500 hectares. Lakes smaller than 80 hectares are
only able to support one mated pair (Johnsgard 1987).

Loons also require suitable nesting areas. Loons nest on
small islands, in marshy coves, in wetlands at inlets or
outlets, in deadwaters of streams up to 800 m from lakes,
and on mainland shorelines (Maine Cooperative Fish and
Wildlife Research Unit 1998). Loons probably prefer
islands because of the dearth thereon of nest predators.
They place their nests close to water's edge because their
legs are set so far back on their body that they can barely
walk. Females lay two eggs, incubate them for a month,
and then raise and feed their young for 8-12 weeks
(McIntyre 1988a). They typically use shallow, secluded
nursery coves in which to raise their young (McIntyre
1983). In the fall, Maine loons migrate to the Maine coast
and south, where they hunt for fish in shallow ocean waters
(McIntyre 1988a). Juvenile loons probably inhabit coastal
areas until they mature at 3-4 years old (McIntyre 1988b).

Sensitivities and Threats

There are many threats to common loons, including
habitat loss and degradation, disturbance from recreation,
predation, and fluctuating water levels, and air and water
pollution. Increased human activity associated with
shoreline development can depress nesting success. Further,
water levels in reservoirs that fluctuate as little as 20 cm
can flood nests (McIntyre 1988b). In the best case, this
scenario causes loons to renest and prolong the strenuous
parenting period; at worst, it results in complete nest
failure. Wakes from motorboats can have the same effect
(Vermeer 1973).

Nest losses are more harmful later in the breeding
season, since loons will not renest after a certain point
(McIntyre 1988a). Recreation near loon nests can cause
parents to temporarily flee the area, exposing eggs to

predators such as raccoons (Procyon lotor), blue jays
(Cyanocitta cristata), gulls (Larus spp.) and American crows
(Corvus brachyrhynchos) (McIntyre 1988a). This problem is
exacerbated by the fact that such predators have increased
significantly near many lakes due to development. There is
some evidence that loons can habituate to recreational
activity, with loons on developed lakes abandoning their
nest in response to disturbance much less readily than loons
on undeveloped lakes (Titus and VanDruff 1981; McIntyre
1988a).

Abandoned fishing gear can also harm loons, which can
become entangled in monofilament fishing line and ingest
lead sinkers—the latter are usually fatal (Okoniewski and
Stone 1987). Loons can also accumulate high levels of
mercury in their tissues. Most mercury either precipitates
out of the atmosphere or is released from chlor-alkali and
wood pulp processing plants (McIntyre 1988a). Scientists
believe that high mercury levels may have caused a die-off
of up to 7,500 loons in coastal Florida in 1983 (Alexander
1985). Acid rain that lowers the pH of lakes also lowers
lake productivity, thereby reducing the loon's prey base
(Rimmer 1992). Finally, oil spills in coastal areas can
jeopardize wintering and juvenile loons

Justification and Focal Value

Habitat Quality Indicator - Loons thrive in lakes that are
largely free of the turbidity caused by erosion and
eutrophication, free of the effects of acid rain, are relatively
undeveloped, and have relatively natural fluctuations in
water levels. The species can apparently tolerate some
human disturbance, but fares better in areas where it is
minimized.

Recommendations

Potential loon nesting habitats, including small
islands, marshy coves, and mainland shorelines, should be
protected from development. Protecting existing nest sites
is important because loons will often reuse them for many
years (Strong et al. 1987). In addition, nursery areas need to
be buffered from development. Recreation should be
prevented near loon nests, and the speed of motorboats and
the size of their engines should be limited to prevent large
wakes from flooding nests.

In reservoirs hosting nesting loons, water levels should
be carefully regulated during the summer to avoid flooding
or stranding nests. Artificial nesting platforms that rise and
fall with water levels may improve nesting success on lakes
that lack natural islands and have poor shoreline nesting
habitat, fluctuating water levels, or a history of low
productivity (Wood 1979). Island nesting sites and
artificial nest platforms are particularly important on more
developed lakes because they offer protection from the
artificially high populations of mammalian mesopredators
associated with development. Ecological reserves designed
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to restore and protect loons should encompass all nearby
large lakes—especially those that are undeveloped. Further
research should be undertaken on the ecology of wintering
and subadult loons in the coastal areas of Maine.

Finally, because of the sensitivity of the species to air
and water pollution and of concerns about population
declines in eastern Canada, the reproductive success of
loons in Maine should be closely tracked, and these data
should be shared with other states and provinces in the
region.

Atlantic Salmon (Salmo salar)

Status and History

The Atlantic salmon spans a broad range in the
Northern Hemisphere, historically breeding from Spain
northward and eastward along the coast of Europe to
Scandinavia and western Russia, including populations in
the Baltic Sea. This historic range extends westward from
Scandinavia and the Norwegian Sea to the British Isles,
Iceland, Greenland, eastern Canada, and south along the
coastal regions of Canada and New England (Parrish et al.
1998).

Atlantic salmon in the U.S. were historically
concentrated in Maine; they occupied almost every coastal
river and the larger, inland rivers of the state. Salmon were
also found in at least 11 rivers in southern New England
(U.S. Fish and Wildlife Service 1999a). The Housatonic
River in western Connecticut was the southern limit of
breeding Atlantic salmon in North America. Salmon are
believed to have occurred in up to 34 rivers in Maine (U.S.
Fish and Wildlife Service 1999a), with the larger rivers
such as the Androscoggin, Kennebec, and Penobscot
producing the majority of fish. The Connecticut and
Merrimack Rivers were highly productive salmon rivers in
southern New England (U.S. Fish and Wildlife Service
1999a).

The Atlantic salmon’s range has been gradually
shrinking. Of the 53 major watersheds worldwide that
were once inhabited by salmon, populations are now
extirpated in 8, extirpated but being reintroduced in 15,
declining in 14, and stable in only 16 (Mather et al. 1998).
The Atlantic salmon was extirpated in southern New
England by 1865, and Maine’s population was reduced to
2,000 returning adults by the 1940s (U.S. Fish and
Wildlife Service 1999a). These declines occurred in the face
of conservation and reintroduction efforts that began as
early as the mid-19th century. The U.S. Fish and Wildlife
Service (1999a) cites dams, overfishing, and water
pollution as the primary causes of salmon decline.

The U.S. Fish and Wildlife Service listed the Gulf of
Maine population segment of Atlantic salmon as
Endangered under the Endangered Species Act in
November 2000 (U.S. Fish and Wildlife Service 2000). In

early 2002, the National Academy of Sciences confirmed
that Maine’s wild Atlantic salmon form a distinct
population segment, one genetically distinct from
Canadian salmon (Young 2002). Fewer than 300 adults
now return annually to Maine’s rivers (Stevens 1999)—a
fraction of the estimated 500,000 adults that returned each
year to rivers in the United States in pre-colonial times
(Malakoff 1998).

Ecology and Habitat

The Atlantic salmon’s use of habitat is complex due to
the many requirements at its different life stages.
Essentially, these anadromous fish require habitat largely
free of human influence in all reaches of a river
system—from headwaters to tributaries to the main stems
of rivers, and to the watersheds that influence riparian
characteristics. Eggs are laid in gravel beds (redds) in deep
riffles that must be free of sedimentation (Poff and Huryn
1998). Fry need pools and an abundance of large woody
debris (LWD) in headwaters (Poff and Huryn 1998). Parr
require fast riffles for foraging and deep pools for
overwintering (Poff and Huryn 1998). Smolts, the
developmental stage of salmon most vulnerable to
pollution, use the salmon habitat that is most exposed to
human impacts—the mainstem of rivers (McCormick et al.
1998). Finally, returning adult salmon need estuaries in
which to rest, and rivers and tributaries free of dams or
other obstructions (Parrish et al. 1998).

Sensitivities and Threats

Scientists have identified many factors responsible for
salmon decline, although the relative importance of each
threat is still unclear. Dams, for example, are a significant
cause of salmon decline in Maine, excluding salmon from
about half of available habitat (Beland 1984). The negative
effects of impoundments may be lessened by fish ladders
(NatureServe Explorer 2002).

Land uses such as logging, agriculture, and urban
development all negatively affect salmon by increasing
sediment load in rivers and by increasing the extremes of
flow intensity, thereby resulting in stronger floods and
lower water levels in winter (Poff and Huryn 1998). The
logging of riparian areas also increases stream temperatures
and reduces LWD (Poff and Huryn 1998). Finally,
pollution and pesticides associated with forestry,
agriculture and urban development cause chemical
pollution of salmon habitat (National Marine Fisheries
Service 1999).
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The negative effects of salmon farming on wild
Atlantic salmon have been extensive (U.S. Fish and
Wildlife Service 1999a). Researchers estimate that 25-40%
of the salmon in the North Atlantic are now of farm origin
(U.S. Fish and Wildlife Service 1999a). Escaped fish from
salmon farms can disrupt redds, compete with wild salmon
for food and habitat, breed with wild salmon (causing a
deterioration of genetic diversity; Nielson 1998), and serve
as a vector of disease and parasites (McGinn 1999). The
threat of salmon farming to wild populations was brought
to the fore by a recent ecological disaster in Maine: in
December 2000, more than 100,000 farm-raised salmon
were accidentally released into Machias Bay after a storm
destroyed a cage containing over 170,000 one-year-old
salmon. This escape was widely publicized as the largest
ever documented in the U.S. or the Canadian Maritime
Provinces.

Other anthropogenic threats to wild Atlantic salmon
populations include acid rain (Parrish et al. 1998) and
global warming (Hansen and Quinn 1998). Overfishing, an
historic problem, has been largely eliminated as a threat to
North American populations of this fish.

Justification and Focal Value

Umbrella: The Atlantic salmon is an umbrella species
for aquatic organisms that require clean water and
relatively undisturbed river habitat.

Habitat Quality Indicator: Atlantic salmon are excellent
indicators of intact riverine ecosystems, in that they are
sensitive to changes throughout the river systems they
inhabit, from headwaters to estuaries. If salmon are
thriving in a river, it is more likely that the river is
ecologically healthy and its watershed minimally affected
by human disturbance. This species may also indicate
broader ecological health, as scientists believe the warming

of the North Atlantic due to global climate change may be
reducing salmon populations.

Foundation: A foundation species is one that, like
keystone species, enriches ecosystem function in a unique
and significant manner. Unlike keystone species,
foundation species occur at much higher population
densities. Although current numbers are low, the
historically high numbers of Atlantic salmon in Maine
qualify it as a foundation species, the only one used as a
focal species in the Maine Wildlands Network.

Recommendations

The Atlantic salmon is in dire straits due to the
combined effects of many human activities. As a result,
salmon recovery is complex and will require long-term
restoration and protection efforts. The U.S. Fish and
Wildlife Service is currently developing a recovery plan for
eight rivers in Maine, most of which are in the eastern part
of the state: the Dennys, Machias, East Machias,
Narraguagus, Sheepscot, Pleasant, and Ducktrap rivers, and
Cove Brook. Because the umbrella value of this species is so
high, however, salmon recovery should be pursued well
beyond the areas proposed by U.S. Fish and Wildlife
Service, targeting as much available habitat as possible. At
minimum, conservation actions will need to:
• Prevent dams from obstructing the upstream

migration of potential spawning adults and killing
smolts and adults in their downstream migration (this
may require dam removal).

• Restrict urban, agricultural, and silvicultural activities
that cause sedimentation and chemical and thermal
contamination of salmon rivers.

• Place a moratorium on salmon aquaculture or require
salmon farms to a) prevent escapees of domestic salmon
into the wild and b) use salmon as genetically close to
native stocks as possible.


