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ABSTRACT

In north-central Massachusetts, the patterns of protected lands suggest a
possible circular greenway, or conservation corridor. The patterns of
ownership, acquisition history, and landscape of the protected lands illustrate
how greenways are mosaics of land-uses and landscapes. Exploration of these
patterns reveals how the mosaic of protected lands developed, why creation of
a greenway is useful, and what conflicts arise in creating a interconnected
system.

Protected lands were defined as "protected from development in
perpetuity.” For each protected area, the acquisition date, means, group, and
purpose were determined. Boundaries of the protected lands were collected on
United States Geologic Survey topographic maps and digitized into a
Geographic Information System. Spatial distribution and relationship data were
collected from the topographic and digitized maps.

The patterns of acquisition purposes reveal that the protected lands
include a diversity of purposes which are not evenly distributed. Integrating the
lands into a greenway would provide a structure in which land putposes couid
be more equally represented and effectively distributed for the benefit of the
protected lands and the local community. Acquisition history shows that land
protection ideas, means, and purposes developed over time in response to
concurrent social, economic, and political conditions indicating that land
protection activities have not been random and will continue to evolve with
changing circumstances.

Spatial patterns illustrate that, by area, most of the protected lands are
connected although many individual parcels remain isolated. This discrepancy
suggests that goals for the greenway need to be established to help guide
future acquisitions. Towns are within close proximity of the greenway and roads
of different types contact the majority of parcels. While the greenway is
accessible to humans, thereby fulfilling social functions, human activities and
road interruptions pose threats to the ecological integrity and connectivity of the
greenway. The patterns explored in this study provide necessary background
and important baseline information on which future greenway studies can be
built to create a coordinated greenway plan.

vi

. INTRODUCTION

Land protection, in its most general sense, involves allowing certain
land-uses and prohibiting others. The function humans have assigned to a land
area reveals to what degree each component of that area is being protected.
While a housing development serves residential interests and an industrial park
serves commercial interests, land protection for conservation is concerned with
the natural environment!. Protected natural areas can function as parks, nature
reserves, or corridors for human and wildlife movement, as in a greenway. The

greenway, a spatially connected system of protected areas, is an increasingly

common way to improve the conservation value of protected land. However,

beyond the designation "greenway,” the purposes of these conservation
:j::_:i'jéYétéms are variable. The goals for greenways depend on the unique
ééﬁ?égéti"on of ownership, history, and landscape which make up the
greenway.

: ""'P'ta'nning and design of a greenway necessitates exploring the patterns
“of dw:n':é'rship, history, and landscape for the whole greenway as well as for
_'_éﬁ‘é'dnétituent land area. To create the pattern of a greenway, the patterns of
| ind ﬁfdtection which formed it must be understood. Owners of protected areas

determlnethe activities permitted on their land, thereby revealing the goals and

alues assigned to that land. Purposes must be seen in a historical context,

which includes when, how, and where land was acquired as well as the

.+ "Natural environment” is used here to describe the non-human components of this planet.

~ertainly, humans are an important, and often influential, part of the systems of life on Earth.
I_-'l__owe_'y'er; itis necessary to be able !o distinguish between what is human and what is everything
else. "Natural environment,” and other such terms, will be used throughout this document 1o
dentify this fatter category, however rough a distinction it may be.




concurrent social, political, and economic climate. The physical, ecological,
and human aspects of the landscape in which protected areas exist indicates
what types of land will comprise the greenway and how the lands relate to
cultural features and each other. Understanding the ownership, historical
context, and landscape of protected lands enables land protection advocates to
consider the goals for and functions of a potential greenway.

in north-central Massachusetts, currently protected fands form the
framework of a possible greenway. Many parcels of land which are owned by a
variety of groups, were protected at different times, and occur across a variable
landscape lie in a circle around Orange and Athol, Massachusetts (Figure 1). I
connected, these lands could form a continuous area of protected lands called
the North Quabbin Greenway. While the development of the framework was
accidental, it is possible to make the completion of it more purposeful by
considering the ownership, historical, and landscape patterns of the protected
lands. The results of the patterns can indicate why and how the protected lands
should be connected into a greenway. However, the meaning and origins of
"protected lands" and "greenways" must be understood for discussion of their

patterns to be useful.

Protected Lands Defined

For the purposes of this project, protected land was assumed to mean
"undeveloped, natural areas protected in perpetuity from development.”
However, it became clear that this definition barely scratches the surface of a
complex idea. In general, land protection is a current action with a future vision,
which is based more on land-uses than landscapes.

in theory, land protection will insure the continuation of certain types of

land-uses. Whether land is protected for timber management, watershed
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protection, wildlife management, habitat and species preservation, recreation,
research, or agriculture, organizations protect land-uses which they regarded
as threatened in some way. Legal documents, such as deeds which transfer
development rights on private land to a conservation group, and political
actions, such as state legislatures appropriating funds for the purchase of land
for protection, can indefinitely establish on a land area certain land-uses while
prohibiting others uses.

Land which is protected may be unaitered by human activity or may have
an intensive land-use history. Resources, such as timber and wild game, may
be extracted from the land, or endangered plants and animals may be
preserved. Management may allow a range of recreational activities, such as

off-road vehicle travel, motorboats, and snowmobiles, which could alter the

soils, plants, animals, and aesthetics of an area. Alternatively, regulations may

limit activities to less damaging pedestrian activities, such as hiking, canoeing,

and skiing. Use of the land may involve alteration of the landscape for
agricultural production or water collection, or it may involve restoring the land’s

ecosystem to some previous state (e.g. meadows or old growth). The legal

o
Z
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%

documents and political actions which protect a land area may easily be
overturned by subsequent legal or political means in the near future or may
remain in place for many generations.

Within all of this variation remains the common idea that certain land-
uses are being protected into the future. While a protected land area can be
regarded as a unique and independent unit, it is also a part of the entire
: ~landscape in which it is located. Greenways attempt to aggregate variable and
“ separate areas across a landscape into one system. Thus, as an integrated
.-:-:_ method of land protection, greenways offer a holistic approach to protecting

‘land-uses throughout an area.




Greenways Defined

Just as the characteristics of individual protected lands vary, so do
interconnected protected corridors. By definition, the only common
characteristics among greenways is that they are linear natural or open areas.
Recreation paths through urban areas, long-distance hiking trails, and rural,
interconnected nature reserves are all examples of greenways (Smith 1993). It
is difficult to discuss greenways generally because the design of each
greenway depends on the conditions of the specific site as well as the values
behind the specific purpose. Therefore, it is not possible to describe the "ideal”
greenway.

Nonetheless, there are some aspects of linear conservation design
which are applicable to every greenway. Width and connectivity are two of the
most important aspects of a greenway's structure (Smith 1993). A greenway
shouid be wide enough to serve its purpose whether to provide a vegetated
corridor for human and/or wildlife movement or to preserve biodiversity. The
optimum width will aiso depend on what type of movement for which particular
species is desired. The less a greenway is interrupted by roads or other similar
barriers, the easier it is for people, wildlife, and water to flow along the corridor.
Other design considerations include the landscape context in which the
greenway exists (e.g. is a forested greenway surrounded by more forests or
agricultural fields?) and the degree to which portions of the greenway have
been modified or degraded by human activity (e.g. are native species being
crowded out by exotic ones?) (Smith 1993),

Consideration of the width and connectivity of a greenway helps
determine which functions a greenway can fulfill. While the design and goals of

each greenway are different, there are some functions which are possible in
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every greenway. Humans can use the resources of a greenway whether they
are recreating, harvesting timber, or managing and collecting a clean water
supply. Greenways can provide a variety of environmental benefits from -
preserving biodiversity, limiting urban sprawi, counteracting global warming, or
generating clean water and air. Linear conservation areas can also offer
humans spiritual renewal and escape from the pressures, crowding, and
pollutants of modern life (Smith 1993). Finally, greenways can serve plants and
animals by providing habitat. The human use, environmental benefits, spiritual

value, and plant and animal habitat functions of greenways address both

ecological and social concerns (Smith 1993).

However, the co-existence of ecological and social concerns is not

unique to greenways. Every way in which humans relate to the land invoives

e the ecological and social realms. Human land-use can thus be seen as a

| ﬁj'_o_saic of different uses. Inthe same way, every greenway is also a mosaic of
':é'é_s',:'which reflect different ownership, historical, and landscape patterns. Itis
.Uﬁ_ii_kgly that any greenway is homogeneous. More realistically, a greenway

rﬁic'_'lt_i'des-a variety of lands such as privately and publicly owned land, recreation

-sitéj'_sf",ﬁfprotected riparian corridors, abandoned agricultural areas, pristine areas,
forested ridges, and valley fields (Smith 1993). Thus, greenways inherently
ctlonas mosaics because they inciude many different land-uses, both

'er‘j_t-;ffan_d historical. Because there are so many types of land and land-uses,

:.cﬁhf_cepts of greenways and land protection must be flexible and dynamic in

0 d_éjr,_ft’d:-.:evolve with changing circumstances. Greenways and land protection

_:'_;io't recent ideas; they are both components of the conservation movement

_. a;;d‘___héve developed over time within the context of this movement.




History of the Conservation Movement

Conservation in the United States began as a popular movement in the
late 1800s. Many people, including J.J. Audubon, H.D. Thoreau, and G.P.
Marsh, had been developing and publishing their observations of the
degenerating natural world and their ideas about what should be done since
the early 1800s (Nash 1982). Nonetheless, in the 1870s and 1880s, most
ranchers, lumbermen, and miners in the western United States were oriented
fowards obtaining wealth through exploitation of the natural world. At the same
time, the federal government was aggressively encouraging settlement and
development of the newly acquired western lands (Frome 1962).

As a result of land disposal, in 1890, the western frontier was officially
closed. This event "carried immense symbolic meaning, for it suggested...that
the process of exploiting inexhaustible resources was coming to an end.
Natural resources were no longer substantially unclaimed; they had been
mostly appropriated" (Koppes 1988). Concurrently, the buffalo and passenger
pigeon were nearly extinct; the rising population and standards of living
increased the demand for resources; the eastern forests had been largely
logged over; there were water rights battles in the west, and new science and
technology were allowing humans to control the environment even further
(Stupski 1988). The evidence of the widespread exploitation of the natural
world catalyzed many individuals and organizations to develop conservation
ideals and agendas.

In 1875, the American Forestry Association was founded to encourage
the government to advocate forest preservation as well as use. Ten years later,
the federal government's Division of Forestry was created and began to set
aside land in National Forest Reserves. These Reserves were established to

protect timber and water supplies as well as to supply the nation with timber
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products (Frome 1962). In this same time period, Yellowstone, the first National
Park, and the Adirondack Forest Preserve, one of the earliest state-owned forest
reserves, were established (Nash 1982).
The twentieth century began with the presidency of Teddy Roosevelt, an

ardent conservationist. Roosevelt, along with his Chief Forester, Gifford

Pinchot, advocated that natural resources must be protected and well managed
for the benefit of the whole nation {Worster 1977). They transformed the original
Division of Forestry into the United States Forest Service and the Forest

Reserves into the National Forests (Frome 1962). Roosevelt and Pinchot were

at the center of the Progressive Conservation Movement in which conservation
was defined as the "planned and efficient management and development of
natural resources according to scientific principles” (Stupski 1988).

In opposition to the Progressive Conservation Movement, John Muir was

R

concurrently advocating natural resource preservation. Although his assertion
that the rights of nature and humans were equal was not commonly accepted,
many shared his zeal for defending nature against economic and consumptive

| views of the natural world (Koppes 1988). The establishment of the National
Park Service in 1916 (Frome 1962), granted preservation of nature an official
place in public lands policy. However, the National Park Service did not satisfy
many preservationists. Although the National Parks protected wonderful natural
areas, they were also being marketed as tourist attractions (Koppes 1988).
Conservation efforts slowed during the capitalist-oriented 1920s, but
:'E_'resident Franklin Roosevelt gave new life to the conservation movement in the
1 930s. The Great Depression had dislodged the public's confidence in the
_p_rivate sector, so strong government action was welcomed. Foilowing John
:'-Wellsley Powell's lead, many government leaders advocated planning for the

efficient use and equitable distribution of the country's natural resources. Land




was to be assessed and categorized according to its optimum function.
Additionally, federal funds poured into many hydro-electric dam projects, which
boosted the economy. However, these dams also allowed humans to retain
control over nature (Koppes 1988), indicating that natural resources were still
popularly viewed as commodities for human consumption.

At the same time, Aldo Leopold was questicning the utilitarian view of
nature embodied in the dam projects. Instead, he offered a perspective of the
natural world, which was based on ethics and scientific principles, especiaily
ecological ones {Worster 1977). In his 1933 essay, "The Conservation Ethic,”
he suggested that humans "inherit the earth, but within the limits of the soil and
the plant succession we also rebuild the earth.” As the ultimate goal for
civilization, he proposed a ™universal symbiosis with land, economic and
esthetic, public and private™ (Meine 1988). However, his ideas did not become
popular until the 1960s and 1970s when preservation resurfaced asa
philosophy of the conservation movement (Koppes 1988).

After World War Two, Americans' interest in outdoor recreation
increased. In the 1960s and 1970s, federal funds assisted in the expansion of
both the national and local public land systems. At the same time, federal
legislation raised environmental standards, especially for water and air (Cordell
et al. 1989). Environmental and conservation efforts met resistance in the
1980s, but decreasing landfill space, polluted air and water, loss of open space,
wildlife habitat fragmentation, as well as increasing global warming have
inspired renewed interest in and action for protection of natural resources.

The impetus for protecting lands has changed over time. Nonetheless,
government and private organizations have always protected land in an attempt
to sustain an aspect of the natural world which they perceived as threatened.

Land protection has also always reflected prevailing social, political, and
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economic attitudes. In the beginning of the conservation movement, the
concern centered around forest and water resources. Later, energy resources,
outdoor recreation areas, open space, and wildlife habitat became the focal
points of conservation. The changing tide of public and private attitudes also
affected greenway development.

The idea of greenways originated in the 1860s with Fredrick Law
Olmstead. He developed a number of urban park designs in which vegetated
pathways linked many small parks together. His designs, which focused on

scenic and human movement needs, addressed the concerns of that era.

Olmstead did not call his plans "greenways,” but his naming of a series of open
spaces encircling Boston as the "Emerald Necklace” evokes similar

connotations. In the first part of the twentieth century, other planners followed

Olmstead's lead and carried on his visions. As part of the New Deal in the
1930s, three new towns, Greenbhills, Ohio, Greendale, Wisconsin, and
Greenbelt, Maryland, which were encompassed by greenways, were designed
and built (Smith 1993).

| While greenways had largely been used in urban areas since the mid-

": 1800s, in 1921, Benton MacKaye suggested the development of the

- Appalachian Trail, a 3,379 kilometer hiking trail from Maine to Georgia.

::-_._ Although still focused on human movement, the Appalachian Trail was the first
:_::- ':'rural greenway. In the 1960s, planers, recognizing that greenways could fulfill

| Eé'c'ologicat as well as social functions, developed techniques to identify areas of
=|f3articular natural resource value. These techniques incorporated ecological
-:_:c'oncepts into the developing greenway idea. More recently, an increased

‘concern for open space and interest in outdoor recreation have resulted in the

::'g'__r'owth and popularity of greenways (Smith 1993).



North Quabbin Greenway

The protected lands in north-central Massachusetts serve as an example
of the increasing interest in greenways as conservation tools. Historically, most
of the lands were protected independently from each other and somehow
ended up forming the framework of a circle around Orange and Athol,
Massachusetts. Currently, Keith Ross of the Mount Grace Land Conservation
Trust is taking advantage of the circle pattern of protected lands to develop a
gréenway. He is coordinating efforts to link the protected lands together by
protecting more lands. His vision for this greenway, called the North Quabbin
Greenway, goes beyond north-central Massachusetts, however, the greenway
could link up with other conservation systems to the north and west (Ross,
personal communication).

North-central Massachusetts presents its own set of characteristics which
influence the design of the North Quabbin Greenway. The area has a history of
intensive agricultural use, but is now mostly forested. The current population
tends to be centralized in scattered towns, but is diffused throughout the area.
The area includes ridges, valleys, rivers, and lakes. Quabbin Reservoir, a large
human-constructed lake, extends south of the greenway (Figure 2). The
Metacomet-Monadnock Trail, a long-distance hiking trail which starts in
Connecticut and goes through Massachusetts to southwest New Hampshire,
passes through the northwest corner of the greenway area.

Owners of the protected lands in the area include the United States Army
Corps of Engineers, four state agencies, one town conservation commission,
and six different private organizations. Uses of these lands include timber
management, water supply protection, wildlife management, and nature

preservation. The lands are protected in a variety of manners and to varying
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degrees. If a greenway's ultimate function is to be a mosaic of different land-

uses and landscapes, then this greenway meets that description.

The North Quabbin Greenway can potentially serve many functions.
Already, a large amount of land forms the framework of the system, and there is
the possibility of even more land being included. In such a large area, many
wildlife species can be protected and a variety of land-uses can co-exist, each

in its own space. The large amount of forests and waterways suggests that

timber and water could be central to the greenway's functions in providing basic

" necessities, a healthy environment, recreational and aesthetic pleasure for

SR e

- humans, and plant and animal habitat.

. - The North Quabbin Greenway could also balance local and regional
;r‘jééds.---Currently much of the timber and virtually all of the water (in the
lép_ébbinﬂesewoir) are consumed outside the area. However, the local

conomy could benefit from the greenway if resource extraction provided local

'b_éf_or if recreationists supported tourist-related businesses. Finally, the North

uabbm Greenway can be part of a regional New England system of

ﬁWays,-. thereby increasing the potential of each greenway as well as

riefiii:_hg the region as a whole. However, the extent to which any function can

alized relies on more than just the unique characteristics of north-central

"chUsetts. Equally as important are the local patterns of ownership,




greenway. However, it is also possible to complete the greenway in a more

purposeful manner by examining the following questions:

1. What has been the result of apparently random acts of land protection?
What is the mosaic with which greenway planners have to work?

2. What is the purpose in completing this, or any other, greenway? Why
not continue to randomly protect land without considering any system
or plan?

3. How can conflicts between opposing functions be resolved? How will

the resolutions of conflicts affect the function of the greenway as a
system?

In asking questions of both a theoretical and a practical nature, contextual as
well as specific information useful in considering the greenway's future will be
revealed. Furthermore, these questions are applicable to all greenways, and
the way in which they are addressed here will demonstrate how posing these
kinds of questions can contribute to the planning of any greenway.

In this study, three variables, landowner, time, and space, were used to
examine the patterns of acquisition purpose, acquisition history, spatiai
distribution, and spatial relationships. Each pattern provided information
relevant to answering the questions above. The pattern of acquisition purpose
reveals the goals and values of each landowner as well as how the lands are
managed, how much area is devoted to different functions, and to what degree
the lands are protected. Historical patterns show how each land area
represents a different era of land protection which includes a unique set of
goals, methods, and groups as well as a particular economic, political, and
social climate. Spatial distribution illustrates the size and shape of the
protected lands individually and as a potential greenway. The relationships of

protected lands to cultural features, such as towns and roads, and to each other
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helps in determining how accessible the greenway is to humans, how severely
roads interfere with the continuity of the greenway as a corridor, and to what
degree all of the land areas are or are not connected.

By examining patterns, it is also possible to address how information can
be applied to the future greenway in establishing goals, implementing
management techniques, and determining the types of land to be acquired to
complete the system. Although these concerns involve understanding the
history and landscape of the area, they ultimately rely on the goals and values
behind each protected component. To explore these goals and values, it is
necessary to know who the owners of protected land are in this area and what

functions their lands serve.
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Il. THE OWNERS OF PROTECTED LANDS

A brief introduction to each group owning protected land in north-central
Massachusetts will reveal three types of information: the goals and values of
each landowner and the function of their lands, the great variation in how and to
what degree lands of different types are protected, and the local historical
context in which these lands were protected. To facilitate the description of
each landowner, the groups have been divided into four categories according
to the primary function of their land {Table 1): 1) resource control, 2) resource
extraction, 3) resource use (not necessarily extractive), and 4) resource
preservation. As will become evident, these four categories are loose
associations of groups and do not definitively characterize any group or their

land-uses.

Methods of Protection

There are two ways in which a private organization or government
agency protects land in north-central Massachusetts. The first is ownership in
fee of the title to the land. Owned land may be protected in various ways.
State-owned land is protected simply by being part of the public domain that will
remain in state ownership until a two-thirds vote by the legislature allows it to be
sold (Steinmetz, personal communication). Such a legislative action wouid
most likely require a significant change in circumstances from those in which
the land was acquired. Therefore, as long as social, political, and economic
conditions remain relatively constant, state lands are likely to remain in the

public domain. Private organizations protect the land they own because the
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organizations are designed to act as stewards of the lands they acquire beyond
the lifetime of the previous owner. Often, there will be a legal agreement
between the landowner and the organization detailing how the organization is
to care for the land.

The second option in protecting lands is to acquire the development
rights to the land in the form of a restriction while the ownership of the title to the
land remains with the current, and any subsequent, owner (Commonwealth of
Massachusetts 1992). Three types of restrictions are used in north-central
Massachusetts. The conservation restriction, the agricultural preservation
restriction, and the watershed preservation restriction are all similar in their
structure, but they differ in the conditions which they protect, the activities which

they prohibit, and the agency in which they are authorized (Commonwealth of

‘Massachusetts 1992). Restrictions are legal agreements (Commonwealth of

Massachusetts 1991a) and may be held by any approved organization or

appropriate state agency. They exist in perpetuity until a public hearing is held

“-and the proper government authorities approve the removal of the restriction
+:(Commonwealth of Massachusetts 1992). The different ways in which

-government agencies and private organizations have used ownership of land

titles and restrictions to protect land will become evident in the following

< sections.

Resource Control
The United States Army Corps of Engineers owns land in two flood

control projects in north-central Massachusetts. The Corps is the only federal

~ agency owning land in the area. Flood control mechanisms, such as dams,

“were built to regulate flood waters, which will inundate the land areas, if

‘necessary. Because of the dams and the potential flooding, the land appears
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developed and, occasionally, altered. However, because the threat of floods
will always exist and always disallow any other kind of development on the
land, the flood control project lands can be regarded as protected. Furthermore,
rather then protecting nature from humans, these flood control lands are used to
protect humans from nature. The water resources are not being extracted or
used; they are being controlled. Management activities include timber
harvestihg, wildlife management, and recreation (Department of the Army

1981).

Resource Extraction

The Massachusetts Department of Environmental Management was
formed in 1904 as the State Forestry Department in response to citizen
pressure for the "people of the state...to own and manage some portion of the
timber lands™ (Hick 1927). A reforestation act authorized the Department to
purchase, reforest, and sell back to the original owner cut-over lots. The lots
which were not resold became the framework for the state forest system, which
began to take shape in 1914 when the legislature "saw the need of large forest
areas under State ownership" (Hick 1927). In 1914 and 1921, the legislature
authorized the purchase of land which was to be reclaimed for timber
production and watershed protection. All the land acquired between 1904 and
1935 (when the 1921 Act terminated) was purchased for no more than five
dollars an acre (Hick 1927).

Today the state forest lands managed by the Department of
Environmental Management, exist to produce timber, protect watersheds,
provide recreation, and address other conservation needs of the state
(Commonwealth of Massachusetts 1991b). However, timber extraction is the

primary purpose of these lands. Currently, timber is not being harvested on the
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state forest lands in north-central Massachusetts to the extent possible, because
the markets for the available stock are limited. Management zones regulate
where and to what extent various activities can occur. Some areas are
intensively used and impacted while others are, to a large extent, left
undisturbed {Rivers, personal communication).

The New England Forestry Foundation, founded in 1944, is a private
organization which protects and manages small, private forests. Continuous
and complete forest management for small private forests is a service which the
Foundation believes the government should not and private forestry consultants
could not offer. In addition to managing forests, the Foundation is also
interested in "the preservation of woodlands for posterity;” they currently own all
of their land in fee. Each of the Foundation's forests is managed individually so
that, aithough forest management, including timber extraction, is the priority of
all the lands, limited recreation and wildlife management occurs on some
properties. The New England Forestry Foundation is the only group owning
protected land in north-central Massachusetts which has a clear regional
agenda; they own and manage forests throughout New England {Applegate
1982).

The Metropolitan District Commission, a state agency, owns the land and
waters of Quabbin Reservoir and the nearby Ware River Watershed. The
Reservoir was constructed to supply metropolitan Boston with a reliable source
of clean water. Two dams were built on the Swift River and a 95 square
kilometer iake flooded the river valley, drowning four towns (Kimball n.d.).
Although the dam construction altered the area irreversibly and is a form of
development, Quabbin Reservoir land is protected because it is owned by the
state, and because Boston's need for water is not likely to diminish or

disappear. The land constituting the Ware River Watershed serves as a catch
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basin for supplementary flow into the Reservoir (Drawbridge, personal
communication). Considering that the Ware River Watershed lands perform a
secondary role in management of Boston's water supply and are not highly
developed, the future of the Ware River Watershed may be less secure.

The purpose of the Quabbin and the Ware lands is to generate a clean
water source which can be extracted and sent to Boston and its surrounding
communities. Therefore, the Metropolitan District Commission manages the
forests, the few open areas, and the wildlife on their lands to maximize the clean
water supply (Spencer and Drawbridge, personal communication). Although
recreational activities were not originally allowed at Quabbin Reservoir, hiking,
fishing, bicycling, and picnicking are now permitted, in a limited manner
(Friends of the Quabbin n.d.). In contrast, most recreational activities are
permitted on the Ware River Watershed lands (Drawbridge, personal
communication). The Metropolitan District Commission owns the majority of
their land in fee, but a few watershed preservation restrictions have been
acquired. These restrictions are designed to "protect the water supply or
potential water supply of the commonwealth” and do not allow building
construction, earth excavation, and other activities "detrimental” to the
watershed (Commonwealth of Massachusetts 1991a).

Another state agency, the Department of Food and Agriculture, owns only
agricultural préservation restrictions in north-central Massachusetts. These
restrictions protect "land or water areas predominantly in their agricultural,
farming, or forest use,” and prohibit non-agricultural construction, earth
excavation which degrades the agricultural potential of the land, and other such
activities (Commonwealth of Massachusetts 1982). Responsibility for managing
and maintaining agricultural activities, which are extractive both in creating

fields and in cultivating and harvesting crops, lies with each landowner.
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Resource Use

There is only one town which protects land in north-central
Massachusetts. The Athol Conservation Commission was formed in 1965 to
oversee the "development and protection of natural resources...in Athol." The
Commission is authorized to "acquire, improve, protect, limit future use of, or
otherwise properly conserve open space” (Wirth 1986). The Commission
originally held conservation restrictions, but all of the town land is currently
owned in fee (Greene, personal communication). Conservation restrictions
retain "land or water areas predominantly in their natural, scenic, or open

condition or in agricultural, farming, or forest use” and often permit public

- recreational use of the lands. Forbidden activities include most types of

construction, waste or soil disposal, vegetation destruction, earth excavation,
and water pollution (Commonwealth of Massachusetts 1991a).
Like state land, town land is protected because it is public domain, and

town reguiations probably allow for the iands to be sold under certain

- circumstances. In addition to protecting natural resources, the Athol

Conservation lands also provide many recreational opportunities; few activities
are prohibited. Timber harvesting has occurred in some areas, but
management activities are primarily devoted to providing recreational access
(Greene, personal communication), suggesting that the resources of the town
lands are primarily used and rarely extracted.

The mandate for the state's Division of Fisheries and Wildlife requires the

agency to acquire land for preserving and protecting habitats and their species

- but also to provide recreation (Minior, personal communication). The primary

- recreational activities are hunting, trapping, and fishing, the extraction of the

very resources the agency is protecting. However, because the extractions are
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not systematic or carried out by the agency, describing the function of the
Division's lands as resource use, rather then resource extraction, appears more
accurate. The Division engages in few management activities (Steinmetz,
personal communication), so most of their lands are not impacted, beyond the
activities of hunters and other recreationists. The Division owns lands in fee as
well as owning many conservation restrictions.

The original lands of Harvard Forest, a research and teaching institute of
Harvard University, are an excellent example of how a private organization
becomes the steward for another person's land. In the early 1900s, James
Brooks owned many hectares of woodland in Petersham, which he had
carefully assembled and managed over the years. Although he originally
wanted The Trustees of Reservations to buy his land, Harvard University ended
up as the recipient (The Trustees of Public Reservations 1907). One of
Harvard's faculty members, R.T. Fisher, had been looking for a site where the
University could locate its new Division of Forestry, and where he could
demonstrate his ideas about "profitable and practical utilization of wood crop”
(Anonymous 1907). In becoming part of a well-established institution, Harvard
University, Harvard Forest lands are protected to the extent that the University
remains in existence, that current conditions remain relatively constant (i.e. that
forestry does not become cbsolete and the University sells the lands to raise
capital), and that past and present members of the University continue to value
the Forest (Foster, personal communication).

Today, the purpose of Harvard Forest lands remains scientific research
and other educational endeavors (Foster, personal communication). Timber is
harvested off the lands, usually for scientific reasons, and scientific experiments
are carried out in the forests. However, only a few areas of Harvard Forest are

used intensively; most are left alone in their current state. Pedestrian
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recreational activities are allowed on most of the Harvard Forest properties, all
of which are owned in fee and some of which also have conservation

restrictions on them {Woolsey, personal communication).

Resource Preservation

The Swift River Valley Trust is a private organization currently consisting
of a representative from Harvard Forest, The Trustees of Reservations, and the
Massachusetts Audubon Society. All three groups own a significant amount of
land in the Swift River Valley in Petersham. In the 1960s, a private landowner
in Petersham was interested in having more of the valley protected. He
proposed creation of this new land trust, which would involve all the protected
landowners in the valley (Woolsey, personal communication). Since its
organization in 1967, the landowners involved in the Trust have changed, but,
presumably, the purpose has remained the same. The Trust was created to
promote "research and public education in...natural history” (Fiske et al. 1967).
While research énd education are the purposes of the Trust, the purpose of the
one parcel the Trust owns seems more preservation than research oriented.

The Trustees of Reservations is the oldest land trust in the world.
Founded in 1891, The Trustees were established to acquire lands which, in the
words of the founder, "possess uncommon beauty and more than usual
refreshing power...just as the Public Library holds books and the Art Museum
pictures - for the use and enjoyment of the public.” Protecting natural beauty for
human enjoyment still guides The Trustees as they seek out lands of
"exceptional scenic, historic, and ecological value” to acquire (Hopkins 1992).
Most of the Trustees' lands are owned in fee but some are protected with just a
conservation restriction (O'Brien, personal communication). The Trustees'

properties are managed to maintain or restore a desired ecological condition
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and to provide passive recreational access. Each property is managed
differently according to the wishes of the grantor and/or the discretion of The
Trustees. Some lands are managed to maintain historical landscapes; others
are let alone to return to their "original” state. Some of properties are wildlife
sanctuaries, but others allow hunting (O'Brien, personal communication).

Soon after The Trustees of Reservations formed, the Massachusetts
Audubon Society, another private organization, was founded in 1896 as a bird
protection society. The Society's first land acquisition was a sanctuary for bird
populations as well as place for humans to observe and learn about birds.
Subsequent sanctuaries were acquired and designed to satisfy the public's
interest in all forms of nature. Through the 1970s the Society acquired many
land areas which served as sanctuaries, but, more importantly, as educational
centers. As threats to species habitats and poputations increased in the 1980s,
ecological concerns became a higher priority than education (Hecker 1986).
Research efforts, such as inventorying properties and censusing populations
throughout Massachusetts, have become important additions to the Society’s
activities (Anderson, personal communication). In north-central Massachusetts,
all Massachusetts Audubon Society properties, which they own in fee, are
currently wildlife sanctuaries. For the most part, the Society's management
philosophy for these sanctuaries is minimal interference with the ecology of the
lands and allowing, but not encouraging, passive human use. The Society also
owns a number of conservation restrictions (Storrow, personal communication).

Mount Grace Land Conservation Trust was incorporated in 1986 as a
private organization to protect land in-north-central Massachusetts. The Trust
employs a variety of means to protect land including purchase of the title,
securing a conservation restriction, or reselling land to other groups for

management and protection. Most of the land for which the Trust is responsible
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is protected by conservation restrictions, many of which involve active timber
management. The few properties owned in fee by the Trust are for preservation
purposes and passive recreational activities. Mount Grace Land Conservation
Trust is leading the effort to complete the North Quabbin Greenway (Ross,

personal communication).

Each of the fandowner's goals, management strategies, and lands are
unique. Because almost all of the groups have interests in other parts of
Massachusetts, if not New England, the patterns of their protection activities in
north-central Massachusetts are only a part of each group's larger patterns of
activities. The protection activities of each landowner are influenced by
national, regional, and statewide factors. However, the landowners in north-
central Massachusetts also respond to unique local conditions in their

protection activities.
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Ill. STUDY AREA DESCRIPTION

The study area, located in the north-central part of Massachusetts,
straddles the border of Franklin and Worcester Counties, extends into a small
area of Hampshire County, and includes portions of 22 towns (Figures 3a and
3b). Arbitrarily, six contiguous United States Geologic Survey (U.S.G.S.)
topographic maps (1:25,000) define the boundaries of the study area on three
sides while the Massachusetts-New Hampshire state line is the northern
boundary.

The area covers 151,700 hectares from the Connecticut River Valley (60
m a.s.l.) across the Pelham Hills to the undulating highlands of central
Massachusetts (493 m a.s.l. on Mount Grace) (Figure 2). Only a small portion of
the fault-formed Connecticut River Valley, bordered by the Pelham Hills and
filled with deep surficial deposits of sedimentary and igneous rock, occurs in the
study area. The central highlands, formed from granite schist and gneiss, are
characterized by rugged topography with southward trending valleys (Motts and
O'Brien 1981). The deep, loamy and sandy soils which predominate were
formed in glacial till, but there are also pockets of glacial outwash and lacustrine
and alluvial sediments (United States Department of Agriculture 1989).
Temperatures average 4°C, rainfall 107.5 cm, and snowfall 135 cm. The frost-
free season in the highlands is about 166 days and is slightly longer in the
Connecticut River Valley (Black and Brisner 1952, United States Department of

Agriculture 1967).
When European settlers arrived in this region as early as 1633, the

landscape was almost completely forested (United States Department of
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Agriculture 1967). By the first half of the nineteenth century, much of the land

had been cleared for agriculture. Subsequently, through the late nineteenth .

century, most farms were abandoned as better farmlands in the west were .

discovered and made accessible. Forests dominated by white pine (Pinus

strobus) reclaimed the old fields and were logged over by 1910 for box and
barrel manufacturing (Black and Brisner 1952). Once new technologies
rendered the pine containers obsolete, this industry was also abandoned (Raup

1966). Currently, the area remains largely rural and is 70 to 80 percent forested

S R e

(Dickson and McAfee 1988). The forests form part of the transition hardwoods-
white pine-hemlock vegetation zone (Irland 1982).

The population of the 10 towns that are completely within the study area
is 32,965; the population of all 22 towns is 124,038 (United States Department
of Commerce 1991). Township population densities range from 13.7 persons
per square mile (New Salem) to 875.0 persons per square mile (Gardner). The
mean population density is between 97 and 138 persons per square mile
(Hornar 1991) but is unevenly distributed. Towns and cities with populations
between 7,312 and 35,228 and population densities between 100 and 875
persons per square mile lie in the center or around the edges of the study area
(Figure 1). Towns with a population less than 7,000 and population densities
under 100 persons per square mile occupy most of the central part of the study
area. Route 2, a two to four lane state highway which links eastern and western
Massachusetts, bisects the study area (Figure 2).

An economic profile of the study area reveals that jobs and decent wages
are scarce, but poverty is not severe. Education and manufacturing sectors,
located largely outside the study area, employ the largest number of people in
the Athol/Orange Labor Market Region. Unemployment rates in this region are

5.6 percent higher than the national average and 4.2 percent higher than the
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state average (Franklin County Commission 1991). Furthermore, the average
per capita income is $13,860, considerably lower than the state average of

$17,224. However, while 7.4 percent of the people in the study area are living

below the poverty line, this value is 1.5 percent less than the state average

(United States Department of Commerce 1992).

The set of conditions unique to north-central Massachusetts contributed
to the mosaic of lands currently protected there. However, as stated eariier, this
mosaic is a result of patterns of ownership (acquisition purposes) and history
(acquisition history) as well as landscape (spatial distribution and
relationships). While background information has introduced the owners and
the landscape, detailed investigation of each pattérn as well as of the
interrelationships between the patterns is necessary if questions concerning the

function of the North Quabbin Greenway are to be approached.
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IV. METHODS

The majority of land parcels that could be considered protected from
development in perpetuity were examined. To be protected in perpetuity from
development meant that legal, political, or other institutional means were
established to indefinitely maintain the land-use activities and ecological
characteristics of a land area existent at the time of protection. These means
include ownership of the title to the land or of a restriction on the iand by a
government agency or private organization. Several land parcels which
appeared to be protected, but did not satisfactorily fit the working definition of

"protected lands,” were not examined (see Appendix B).

Protected Land Boundaries
Boundaries of all the protected lands were located on U.S.G.S.
topographic maps. Except for the lands in Petersham, for which boundaries

were taken from the newly revised town tax map, maps of individual land

_ parcels were transferred to the U.S.G.S. base maps using a Zoom Transfer

 Scope (Cambridge Instruments). Occasionally, boundaries were approximated

when the owner could not provide a copy of the necessary map.

The mapped boundaries were entered into a Geographic Information

. System {G.1.8.) in a vector format using the digitizing program ROOTS™

(Corson-Rickert 1992). Polygon areas were calculated and then the vector files
were transposed into raster format with a grid cell size of 45 meters for display
in the IDRISI program {Eastman 1992). The large size of the maps necessitated

deletion of every fourth cell for printing purposes.
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The area values calculated by ROOTS™ were used as much as
possible; however, unavailable boundary information and digitizing errors
required some use of area values provided by the land owners. Areas were
collected for each parcel of land (an area of land geographically independent

from the landowner's other land areas) and for each lot {portions of each parcel

which were acquired at different times).

Acquisition Purposes

The most recent and important reason, for which each land owner is
protecting their land, was considered the purpose for all of a landowner’s
parcels. Clearly, this generalization does not take into account a group’s

 multiple goals, changes over time, and subtle differences among the purposes

of their various parcels. However, such intricacies were too complex to

consider here.

Acquisition History

For each lot, information was collected on the year and means of
acquisition, price, former owner, land-use history, and motivations behind the
disposal and the acquisition of the land (see Appendix C for copies of ali data
sheets). Some lots passed from the ownership and protection of one group to
another. Others were originally protected by a restriction and were later
acquired in fee. In both cases, the current owner, acquisition information, and

protection status were used in analysis. There were four public works projects,

each of which acquired numerous individual iots within a few years. Therefore,

each parcel of the projects is represented as having one acquisition per

decade.
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Spatial Distribution

G.1.S. was used to determine five factors: the size of the study area, the
largest and smallest independent and contiguous parcels, the size distribution
of the parcels, and the area of the protected lands combined. The remaining
measurements and calculations were made from the topographic maps. The
length of the greenway was measured at the innermost possible circle, at the
outermost possible circle, and at a circle midway between these two extremes
(Figure 4). From the inner and outer circumferences of the greenway, the area
and width of the landscape occupied by protected lands were calculated.

The width of the current shape of the greenway was calculated by
intersecting the middle loop of the greenway every 3.8 kilometers with a
perpendicular line coming from the center of the study area. At each
intersection, the distance along this center line which ran through the closest
uninterrupted area of protected land was measured.

Determinations of amounts of iand needed to complete the greenway
were made by choosing unprotected areas along the middle circle to be
protected (Figure 4). The distance across these gaps from the edges of

neighboring protected areas were measured and multiplied by several possible

. widths to produce area figures. Both the shortest distance between two

. protected areas and the presence of desirable features to protect, such as

waterways and long distance hiking trails, were considered in choosing gaps.

- Spatial Relationships

Spatial relationships among protected land parcels were examined on

.. the topographic maps. Parcel distance from population centers was measured
. as the shortest distance between the center of human activity in a town and the

closest boundary of the protected parcel. The center of human activity was
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determined subjectively based on the junction of major roads and personal
information. For each parcel, distance was measured to both a small town
(population less than 7,000} and a large town (population greater than 7.,000).
Roads were placed into three categoties: unimproved, light-duty, and
highways, as suggested on the topographic maps. Foot or jeep trails were not

considered. The number of times a road foliowed a parcel's edge, came to a

dead end within a parcel, or bisected a parcel was counted for each road type.

For each parcel, the number of adjacent protected parcels was counted.

Parcels which were separated by only a road were still considered to be

abutters, but those which were separated by an unprotected water body were

not.
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Acquisition Purposes

Most of the study area is protected for water (30,187 hectares), timber
(12,619 hectares), and wildlife interests (4,509 hectares) (Figure 5). Land for
flood control covers 2,510 hectares, and land for preservation involves 2,267
hectares. Land for research, multiple-uses, and agriculture ranges from 1,165
to 624 to 159 hectares, respectively. When landowners are identified with just
one protection purpose, more than one group shares a common purpose only
in the cases of timber and preservation (Table 1).

The land protection purposes arranged on a spatial scale illustrate that
the land for water protection is only found in the southwest and southeast
corners of the study area (Quabbin Reservoir and Ware River Watershed,
respactively) (Figure 6). These lands consist of two large, contiguous areas,
with smaller parcels scattered around the periphery of the larger areas. Timber
. lands are mostly located in the northwest corner of the study area where they
appear to show a nearly contiguous area. Other smaller timber lands are
distributed throughout the study area.

Lands for wildlife and preservation are located throughout the study area
-_i_n_ small to medium-sized parcels although wildlife lands predominate on the
”__e_astern side of the area. Lands which are limited to a particular area include
___flood control lands (the northeast corner of the study area), multiple-use lands
f-_(_t__h__e town of Athol), lands for research {the town of Petersham), and lands for

‘agricultural preservation (the southeast corner of the study area).
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Acquisition History

Year of Acquisition - In the study area, 512 lots of land totaling 56,528
hectares were acquired for protection between 1908 and mid-1892. Of this
total, the majority of lands (231 lots covering 41 ,236 hectares) were protected
between 1920 and 1949 (Figures 7 and 8). The least land was protected during
the first two decades of the century; an average of 729 hectares were acquired
each decade (Figure 7). This amount increased dramatically to 8,305 hectares
in the 1920s and peaked at 25,288 hectares in the 1930s. Total land protected
decreased to 7,645 hectares in the 1940s and, over the remaining five decades,
an average of 2,621 hectares were protected each decade. Of these last five
decades, the most amount of land was acquired in 1950 (3,179 hectares) and
the least amount in 1960 (2,059 hectares). in 1990, 2,492 hectares have
already been protected in the first 2.5 years of the decade; this trend, if
continued, would result in a total of 9,968 additiona! hectares being protected
by the end of the decade. The cumulative area, summarizing this land
protection history, shows the slow rate of acquisition in the beginning of the
century, the sudden surge in activity in the mid-century, and the slow but steady
pace since 1950 (Figure 7).

When considered together, the average size and the total number of lots
acquired each decade (Figure 8) illustrates in more detail how the land was
acquired in three distinct periods: 1900-1919, 1920-1949, and 1950-1992. The
average area of acquired lots increased from 22 hectares in 1910, 66 hectares
in 1920, 271 hectares in 1930, and peaks at 736 hectares in 1940. The
average size of lots acquired in the last five decades are similar in value to the
1920 figure and are within a small range ot each other (45 to 92 hectares). In
contrast, the number of lots acquired each decade rises from 5 in 1900 to 36 in

1910 and peaks earlier at 126 lots in 1920. The numbers then drop to 12 in
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1940 but rise again to an average of 44 lots for each of the last five decades.

Finally, the relationship between the two variables shows that the size of the lots

is small relative to the number of acquisitions, except in the 1900s and 1940s

when the reverse is true.

Ownership categories - Ownership of protected lands, when grouped into

four categories, federal, state, and town governments and private organizations,

shows considerable variability in acquisition patterns (Figure 9). Both the
federal and town governments acquired land in a limited number of decades.
The federal government protected land only in the 1840s, and the town
government abquired 526 of their 594 hectares in the 1960s but has since
acquired an average of 23 hectares per decade. In contrast, both the state
government agencies and the private organizations have acquired land in
every decade of the century. The state was most active in the 1920s, 1930s,
and 1940s, and private organizations were most active in the first one and the
last three decades of the century. Nonetheless, the state has acquired much
more land per decade (a mean of 4,935 hectares within a range of 6 to 25,205
hectares) than the private groups have (a mean of 352 hectares within a range
of 24 to 898 hectares), except in the 1900s when the reverse is true.
Individual Landowners - The federal and town governments, represented
by the Army Corps of Engineers and the Athol Conservation Commission,
respectively, have limited periods of acquisition activity. Their cumulative
fprotected area both show a sudden rise in acquisition in one decade and then
;'little or no increase thereafter (Figure 10a).

The four state government 'agencies show a greater diversity in
:écquisition activity over time (Figure 10b}. The Department of Environmental
anagement has been active since the beginning of the 1900s. The

Cumulative area line for this organization is similar to the cumulative area line
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for all protected lands (Figure 7); the increase in protected land is slight in the

first two decades, dramatically greater over the next three decades, and slower
but steady throughout the last five decades. The Metropolitan District
Commission first acquired a large amount of land in the 1930s and 1940s and
did not acquire any more land until the last two decades. During the last twelve
years, the Commission has protected 803 hectares. The Division of Fisheries
and Wildlife did not begin protecting land until the 1960s, but their acquisition
activity has increased at a fairly steady rate through the following four decades.
The greatest increase was in the 1970s and the smallest increases were in the
1960s and the first part of the 1990s. The Department of Food and Agriculture
is the most recent state agency to protect lands and has, since the beginning of
its activity in 1980, acquired 159 hectares.

Of the six private organizations owning protected land in the study area,
only Harvard Forest was active in the first half of the century (Figure 1 Oc). The
Forest acquired 898 of its 1,157 hectares in the first decade, and increased this
amount to 1,133 hectares by the end of the 1930s. Since then, Harvard Forest
has acquired only 24 additional hectares. The Massachusetts Audubon Society
acquired 20 hectares in the 1940s, tripled its holdings in the 1960s, and has
since acquired increasingly large amounts of land. The Trustees of
Reservations also began protecting land in the study area in the 1940s, and
although their holdings have increased dramatically, the amount acquired per
decade has been decreasing since the 1260s. The activity of the New England
Forestry Foundation has been limited to the 1950s, 1970s, and 1980s; their
largest acquisitions were in the 1950s and 1970s. Mount Grace Land
Conservation Trust began protecting land in the 1980s and has so far more

than doubled its holdings from 107 hectares in the 1980s to 231 hectares in the
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1990s. The Swift River Valley Trust's only acquisition was 13 hectares in the
1960s.

S S .

Spatial Distribution of Acquisitions - The spatial distribution of land:
protection activity over time is shown in four time periods: 1900-1919, 1920-
1949, 1950-1979, and 1980-1992 (Figure 11a-11d). In addition, a fifth map

" shows the lands for which either the acquisition date or the acquisition lot

boundaries were not known (Figure 11e). Lands protected between 1900 and
1919 were acquired by only two organizations, the Department of
Environmental Management and Harvard Forest, and totaled 1,459 hectares
(Table 2). The Harvard Forest lands are the larger areas just to the southwest of
the center of the study area in the town of Petersham (Figure 11a). The only
Department of Environmental Management acquisition which could be shown is
a very small lot on the eastern boundary of the study area.

In the next period, 1920-1949, more Department of Environmental
Management lands were acquired, mostly in the northwest corner of the study
area (Figure 11b). The Metropolitan District Commission acquired the majority
“of the lands for the Quabbin Reservoir and Ware River Watersheds in the
_southwest and southeast corners, respectively. Additionally, the two Army
':.Corps of Engineers flood control projects were established in the northeast
-corner. Harvard Forest also acquired some more land during this period, and
:"Z'_:':!The Trustees of Reservations and the Massachusetts Audubon Society made
heir first acquisitions in the area. By the end of the period, 42,678 hectares
‘Were protected (Table 2).

' During the next period, 1950-1979, very small to quite large areas were
ft_:quired throughout the study area (Figure 11c). New acquisitions included
nd to the east of Quabbin Reservoir in the town of Petersham, which The

Tustees of Reservations and the Massachusetts Audubon Society acquired
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around one of Harvard Forest's original holdings (see Figure 11a). One of the
Division of Fisheries and Wildlife's large wildlife management areas is
distinguishable adjacent to one of the flood control projects in the northeast
corner of the study area, as is the Athol Conservation Commissicn's large
acquisition near the center of the study area. Other new groups protecting land
during this time include the New England Forestry Foundation and Swift River
Valley Trust. Although parcels were generally smali (as compared to the
previous period), 50,639 hectares had been acquired by the end of the third
period.

Finally, in the last twelve years, most lands have been acquired in the
southern half of the study area (Figure 11d). Many of the acquisitions fill in gaps
around the Quabbin Reservoir and add onto previously protected !ands in the
town of Petersham. Mount Grace Land Conservation Trust and the Department
of Food and Agriculture were the two new groups during this period, by the end
of which 55,798 hectares had been protected. The final map, locates the 721
additional hectares for which the acquisition dates or lot boundaries are
unknown (Figure 11e). Most of this land is in the northwest corner of the study
area and belongs to the Department of Environmental Management.

Currently, the state government owns the most land in the study area
(Figure 12). Three state agencies, the Metropolitan District Commission, the
Department of Environmental Management, and the Division of Fisheries and
Wildlife, own the three largest amounts of fand (Table 2). The federal
government also owns two large areas (Figure 12), which ranks them as the
fourth largest landowner in the area (Table 2). The Massachusetts Audubon
Society, The Trustees of Reservations, and Harvard Forest own the most

amount of land of the six private organizations. Nonetheless, all three
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government classes of ownership (federal, state, and town) own more land than

all of the private organizations combined (Figure 12 and Table 2).

Means of Acquisition - For land to be protected, the title or a restriction:
must be owned by a protecting group. In the study area, 268 lots totaling 4,793
hectares were purchased, 41 lots (1,981 hectares) were donated, and 9 lots
(1,041 hectares) were purchased with donated funds (Figure 13). However, the

acquisition means for 195 lots totaling 8,712 hectares remain unknown.

R

The temporal pattern shows that most of the purchased land was
acquired in the first haif of the century and most of the donated iand was
acquired in the second half (Figure 14). More specifically, purchases were
highest in the 1920s, 1930s, and 1940s and donations were highest in the
1970s, 1980s, and 1990s. While the cumulative area line of the purchased lots
is similar in shape to the cumulative area line for all protected lands (Figure 7),
the cumulative area line for donated lands is more reminiscent of many of the
cumulative area lines for private organizations (Figure 10c¢).

Government agencies and private organizations clearly differ in means of
_protecting land (Figure 15). Government agencies own 98 percent (44,710
._ hectares) of the purchased land and only 12 percent (83 hectares) of the
::donated land. Conversely, private organizations own 2 percent (181 hectares)
©of the purchased land and 88 percent (1,801 hectares) of the donated land.
:;'_H'estrictians - Protection restrictions are a relatively new means of land
protection and, thus far, only 14 of the 171 parcels of protected land are

_Protected by restrictions. The earliest restriction was acquired in 1974, but most

ave been acquired in 1989 and 1990 (Table 3). All landowners, except the

Department of Food and Agriculture, have protected land by owning it in fee
(Table 4). Similarly, all but three groups have protected land by holding a

rgtéction restriction on the land. Nonetheless, 11,753 hectares of the land is
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owned in fee, while only 716 hectares have a protection restriction on them.
Only the Mount Grace Land Consetvation Trust protects more land by restriction
(172 hectares) than in fee (59 hectares). Furthermore, the Metropolitan District
Commission and The Trustees of Reservations hold only 57 and 5 hectares in
restriction, respectively, but the other landowners hold restrictions for land areas
between 148 to 175 hectares.

Population - In order to have a context in which to interpret this acquisition
activity over time, population figures for the study area, the two major counties in
the area, and the state are represented in Figure 16. While the county and state
population curves are nearly identical, they differ from the study area popuilation
curve. The study area is the only region where population decreased from
1900 to 1910. Furthermore, while state and county populations grew the least
in the 1930s and 1970s, the study area population grew at a faster rate during

these two decades than in other periods. The slowest rate of growth in the

study area was from 1920 to 1930.

Spatial Distribution
The study area totals 151,700 hectares of which 56,528 hectares, or 37

percent, is protected. The smallest individual parcel is 1.4 hectares and the
largest individual parcel is 24,407 hectares. Of contiguous parcels, the smallest
area is 61 hectares and the largest area is 27,245 hectares. The size
distribution of the parcels shows that most of the parcels (38) are 51 to 100
hectares (Figure 17). To both sides of this middle category, the number of
parcels drops of fairly steadily to the smallest and biggest classes, in which
there are only 17 and 14 parcels, respectively. The one exception to this
pattern is the parcels between 31 and 50 hectares, of which there are only

twelve. If this class is excluded, there are as many parcels in the three smallest
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classes (total 72) as there are in the three largest classes. As would be
expected, the total area of land in each size class increases as the size class

increases.

=

The greenway is 49 kilometers long on the inside, 98 kilometers in the

i
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middle, and 135 kilometers on the outside. The area between the inner and
outer lengths totals 126,093 hectares and is 13.7 kilometers wide. The area

which the protected lands currently occupy is an average of 2,794 meters wide

within a range of 53 to 21,000 meters. To complete the greenway, a distance
13,901 meters long must be protected. If a minimum passageway of 50 meters
is desired, 7 hectares must be acquired. If a more generous passageway of 1
kilometer or the current average width of the greenway were preferred, 139 or

388 hectares, respectively, must be acquired.

Spatial Relationships

Towns - There are 171 individual parcels in the study area. All of these are
less than 8 kilometers from a small town and most (100 parcels) are 1.0 to 3.9
kilometers from a small town (Figure 18). However, if area is considered, there
s a clear inverse relationship between the area of protected land and the
‘distance from a small town. Distances from large towns range from 0.7 to 18.6
-"_kz!ometers, but most parcels (116) are a moderate distance of 5.0 to 12.9
fki’iometers from a large town. In terms of area, more area of protected land
9,340 hectares) is 2.0 to 9.9 kilometers from a large town than any greater

5,142 hectares) or lesser (227 hectares) distance.

_:6ads - Roads connect with all but 35 of the parcels (Figure 19). Of the
grceis affected by roads, 54 have contact with only 1 road, 29 with 2 roads, 32
ith 310 5 roads, and 19 with 6 to 100 roads. Therefore 88 percent of the

afrcels are either roadless or are touched by roads less than six times each.
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However, while the number of parcels decreases as the number of road
contacts increases, the average size of parcels increases as the number of road
contacts increases. Parcels with none or few roads are small (24 to 156
hectares), while parcels with 25 to 38 road contacts are much larger (3,187
hectares). One parcel with 100 road contacts is even larger (24,407 hectares).
Roads connect with parcels in a variety of ways; they bisect, dead-end in,
or follow the edge of protected parcels (Figure 20). Unimproved roads touch
parcels 228 times; light-duty roads, 214 times; and highways, 144 times.
Unimproved roads coming to a dead-end in a parce! is the most common type
of connection (137 times). Nearly as frequent are light-duty roads and
highways which follow the edge of a parcel. All three road types bisect parcels,
unimproved roads follow a parcel's edge 49 times, and light-duty roads dead
end in a parce! 41 times. Finally, highways rarely dead end inside a parcel (4
times). '
Connections - In the study area, 40 percent of the protected land parcels do
not connect with another protected land parcel (Figure 21 a). Of the 60 percent
which do interconnect, 33 percent have one protected neighbor, 17 percent
have two protected neighbors, and 10 percent have more than two protected
neighbors. However, this same sixty percent of parcels which are connected

amounts to 93.2 percent of the total area of protected lands (Figure 21b).

Summary of Patterns

The collected data were organized into four groups: acquisition
purposes, acquisition history, spatial distribution, and spatial relationships. Of
the acquisition purposes, water, timber, and wildlife interests are designated to

the largest amount of land area (Figure 5). The spatial distribution of ali the
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purposes shows that some are found throughout the study area while others are

limited to certain areas (Figure 6).

Acquisition history shows that, according the the amount of land acquired
each decade, the century is divided into three periods: 1900-1919, 1920-1949,
and 1950-1992 (Figure 7). During the first petiod, one state agency and one

private organization acquired varying amounts of land in the southeast corner of

G R

the study area (Figures 10b, 10c, and 11a). Most land was acquired in the
second period (Figure 7) when the federal government, an additional state
agency, and two more private organizations began protecting land in the area
(Figures 10a-10c¢). The lands protected during this period tended to be large
and were located through the study area {Figure 11b). During the final period,
- two additional state agencies, a town conservation commission, and two more
private organizations acquired land in the study area (Figures 10a-10c). These
acquisitions were small and scattered throughout the study area (Figure 11c
and 11d). Throughout ail of these periods, more land was purchased than was
donated (Figure 13).

Spatial patterns show that the greenway is quite large and little land is
needed to complete the loop. Most parcels are less than 3.9 kilometers from a
‘small town and 5.0 to 12.9 kilometers from a large town. However, more land
;:- area is closer to a both small and large towns than the parcel numbers indicate
5:-::(F:i"gure 18). Roads contact most of the parcels, but generaily less than 5 times

(Figure 19). Unimproved roads which dead end in a parcel are the most

: _B'fnmon type of contact, and highways bisecting a parcel are the least common
';_f'(fiﬂ"gure 20). Nearly haif of the parcels remain isolated from other protected
-.i-pé’réels, but, by area, nearly all of the protected land is connected to other

:fbtected lands (Figures 21a and 21b).
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VI. DISCUSSION

The patterns of acquisition purposes, acquisition history, spatial
distribution, and spatial relationships of protected lands in north-central
Massachusetts reveal information relevant to the future of the North Quabbin
Greenway. Because greenways are mosaics of ownership, history, and
landscape, each of these patterns helps to illuminate a certain part of that
mosaic. As each of these patterns is explored more fully, the information
revealed will help answer the questions: what is the effect of apparently random
acts of land protection, what is the purpose in making these protected lands into
a greenway, and what are the conflicts which creation of this greenway will

raise? From the answers to these questions, ideas for future planning of the

North Quabbin Greenway can be suggested.

Acquisition Purposes
Land protection activity by twelve different groups in north-central

Massachusetts has resulted in a diversity of land purposes. There are at least
eight different purposes, only two of which are shared by more than one group
(Table 1). These purposes range from controlling resources for human safety,
extracting resources for human consumption, using resources for human
pleasure or knowledge, and preserving resources for human enjoyment and
ecological integrity. However, within the diversity of purposes, there are also
some common uses among the lands. Public recreational access is allowed on
almost all the lands whether it be off-road vehicle travel or nature walks.

Exceptions inciude the lands with restrictions, in which case public access is
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allowed only at the discretion of the landowner, and the Metropolitan District

Commission's lands, on which the types and locations of public activities are

limited. In addition, the two flood controi projects become inaccessibie to

_:é
i

humans during floods.

Despite the stated purpose of their lands, all of the landowners are

protecting many components of natural ecosystems just by protecting their
lands. Plant and animal habitats, pants of watersheds, and scenic areas are just
a few of the many resources protected by every landowner. For example, while
the Metropolitan District Commission protects land to collect a clean water
supply and Harvard Forest owns land for scientific research, both sets of land
also provide wildlife habitat, maintain forest cover in most places, and serve as
scenic natural areas for passing motorists and venturing recreationists.
Because the purposes of the individual lands are diverse with few
common themes, the purposes of the greenway will be diverse as well.
Furthermore, the purposes of the individual areas address both ecological and
social concerns indicating that, like most greenways, the purposes of North
- Quabbin Greenway will be ecological as well as social. Four general functions
-for greenways, which were described earlier, resource use, environmental
benefits, spiritual renewal, and plant and animal habitat, include both ecological
- and social benefits and will apply to the North Quabbin Greenway. Resources
. are used throughout the area in extractive activities (timber harvesting and
water collection) as well as recreational ones (hunting, hiking, boating).
Because so much protected land is devoted to timber interests and the majority
of the study area is forested, a large amount of forests are protected. Large
forested areas benefit the environment by improving air and water quality and
by providing wildlife habitat. The proximity of many people to the greenway

(Figure 3) as well as the widespread availability of recreational opportunities
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suggests that the protected lands have great potential for offering humans
escapes from modern urban life. Finally, a few areas, especially those owned
by the Massachusetts Audubon Society, provide spaces for plants and animals
to exist with minimal human interruption.

However, all of these functions from resource use to plant and animal
habitat are already occurring on the protected lands, so why does the greenway
need to be formed? Although it is possible to point to many diverse as well as
common purposes of the protected lands, protection purposes are far from
evenly distributed throughout the study area (Figure 5). Water and timber
interests, both extractive, dominate. The other six uses (wildlife, flood controf,
preservation, research, multiple-use, and agriculture) account for decreasingly
smaller areas of land.

Because flood control projects will exist only where they are needed and
the availability of agricultural lands in the area is limited, it is understandable
that neither flood control nor agricultural purposes are well represented.
Multiple-use purposes are currently carried out only by the Athol Conservation
Commission (Table 1), which functions only within the town of Athol. However,
it is possible for other groups with wider geographic ranges, or other towns in
specific locations, to adopt multiple-use purposes. Both research and

preservation purposes areé both the interests of private organizations (Table 1),
which may explain why they are poorly represented. All the government
agency lands have resource extraction or use purposes (Table 1}, and account
for the greatest amount of the protected land (Figure 12). Therefore, as long as
preservation and research are the primary interests of only private
organizations, they will remain underrepresented.
However, both the Department of Environmental Management and the

Division of Fisheries and Wildlife are developing plans to assign preservation
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purposes to more of their land. The Department of Environmental Management

has started a new program to identify and protect wild areas within the state

forest lands system. Currently, no such areas exist in the study area, but part of

the Federated Women's Clubs State Forest (adjacent to the Quabbin Reservoir)

is being considered (Department of Environmental Management 1992). The
Division of Fisheries and Wildlife is developing plans to identify and protect
ecologically important areas in order to maintain the biological diversity and
ecological integrity of Massachusetts (Crook 1992). Some Division of Fisheries
and Wildlife lands outside the study area have already been designated as
sanctuaries for rare or endangered species (Steinmetz, personal
communication).

From a spatial perspective, three purposes serve as keystones in the
greenway by virtue of being large, contiguous areas (Figure 6) from which the
rest of the lands seem to build (Figures 11a-11e). Water interests dominate the
two large areas in the southwest and southeast corners; flood control dominate
the two large areas in the northeast corner; and timber interests dominate the
“ northwest corner (Figure 6). The rest of the purposes appear to be interspersed
in between these large areas without claiming such prominent portions of the
study area.

Therefore, it seems that one purpose in combining the protected lands
~into a unified system is to balance the distribution of functions. Creating a
- greenway would provide the framework in which functions could be balanced
- by devoting future acquisitions to less represented purposes, for example.
dditionally, within the structure of the greenway, landowners can develop
-agreements about distributing the different purposes so that each purpose has

- a"decent"” amount of space and does not undermine another. Determining how

~much space each purpose should be allotted as well as how to distribute the
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purposes equitably and effectively depends on having well articulated goals for
the greenway. Additional information including the ecology of the protected
lands, the effect of various land-uses on the local community, and more specific
details about the management of each parcel are necessary to develop such
goals.

The possibility of coordinating the distribution of purposes is limited by
the extent to which each group can be flexible with their purpose and the areas
in which they operate. Some groups, the Metropolitan District Commission, the
Department of Food and Agriculture, and the Army Corps of Engineers, have a
one resource purpose and are limited to acquiring land in certain areas. The
Athol Conservation Commission is also limited to a specific area, but not to any
one resource. The other groups are not limited to any certain area, and,
although they are currently following certain principles, they can be more
flexible and variable in the way they protect land. Political or legal amendments
to mandates and charters would allow the Department of Environmental
Management, the Division of Fisheries and Wildlife, the Trustees of
Reservations, the Massachusetts Audubon Society, the Swift River Valley Trust,
and the Mount Grace Land Conservation Trust to alter their land protection
purposes and methods. The flexibility of these six groups recommends them as

important members of any coordination effort.

As with any attempts to coordinate diverse elements of a system, conflicts
are inevitable. For the North Quabbin Greenway, the conflicts will center
around designating and distributing protection purposes. The multitude of
functions and the limited flexibility of some groups challenges the landowners to
balance the functions of the greenway. Management conflicts concerning

hunting versus passive nature enjoyment, extractive activities versus
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recreational ones, and preservation versus public access will also surface as
groups attempt to integrate their lands.

To combine the protected lands into a system, the goals for the greenway
must be developed. These goals may conflict with the functions of the local
community. If the existence of the greenway prevents local urban growth, or if
too much of the greenway is being used so as to limit economic possibilities, the
local community may not support and may even attempt to prevent the growth
and development of the greenway. While the greenway can be designed
without consideration of the local community, it will be more successful if it does
(Little 1990). The resolution of these conflicts, concerning purposes,
management, and goals, depends on the desired goals for the greenway as
well as the desire for the landowners to coordinate among themselves and with
the local community. The greenway could be a well-balanced and well-
distributed system which provides resource extraction and tourist-related jobs
and supports controlled urban development. On the other hand, it could remain
dominated by a few purposes with uncoordinated functions co-existing with little
regard for focal economic and development concerns. Or, and this is the most
likely scenario, the greenway could be something in between these two

extremes, as the desire of many landowners to coordinate and establish goals

| melds with the realities of what each landowner can and will do.

Summary - The purposes of the North Quabbin Greenway are diverse and

. _i_nclude a range of activities which address ecological and social issues through
.. resource use, environmental benefits, spiritual renewal, and plant and animal

| habitat. However, the purposes are unevenly distributed spatially and in the

amount of area to which they are assigned. A greenway offers a structure in

which problems posed by the diversity, dual nature, and uneven distribution of

the purposes can be discussed. Planning will also generate many conflicts
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concerning the diversity of interests and goals. The resolution of these conflicts

will have ramifications for the greenway as well as for the local community.

Acquisition History
The patterns of land protection in north-central Massachusetts can be

understood within the historical context of evolving policies for, uses of, and
attitudes towards the land at the federal, state, and locat levels. As Figure 7
shows, the time during which land has been protected in the study area can be
divided into three distinct periods, 1900-19189, 1920-1949, and 1950-1892,
according to how much land was protected in each decade. Examining when,
where, how, and by whom lands were protected in each of the three periods will
reveal the importance of the concurrent social, political and economic climate.
1900 to 1919 - Land was first protected in north-central Massachusetts
during these two decades although only in small amounts (Figure 7).
Considering that the concept of reserving land in the public domain for the
public good was relatively new at this time, such a slow start is understandable.
On the national ievel, the conservation movement was just beginning to form in
response to concerns about di minishing forest resources. Roosevelt and
Pinchot were developing their policies of preserving natural resources for the
welfare and efficiency of the nation, and were establishing some of the first
Forest Reserves, the original National Forests (Frome 1962). While the
government was addressing conservation concerns by actively reserving lands
to remain forests, in the private sector, scientific organizations were studying
forest processes and encouraging better management and more protection of
forests for conservation purposes (Stupski 1988).
On the local level, the two groups acquiring land in north-centrai

Massachusetts during this first period were also interested in managing timber
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resources (Figures 10b and 10c). However, just as at the national level, the
state's Department of Environmental Management was acquiring small logged-
over Iots to reforest and sell back to the original owner (Hick 1927). The private
Harvard Forest was acquiring forested land for studying and teaching

sustainable forest management (Anonymous 1907). Because of the absence of

state forest land data, only Harvard Forest land appears on the map (Figure
11a).
Harvard Forest lands have been protected within the fabric of Harvard

University since their acquisition. In contrast, many reforestation lots have been

retained by the state because some of the original owners did not repurchase
their lands (Hick 1927). The availability of these lots and the disinterest in
repurchasing them may be related to the concurrent drop in population in the
area {Figure 16). The retained lots became the framework for today's state
forest program which is now protected by the state’s political system. Thus,
although the original state forest lands were not acquired for protection, their
subsequent incorporation into the political system allows the lands to be
perceived as protected today.

In addition to serving different purposes and being protected differently,
the Department of Environmental Management and Harvard Forest lands were
also acquired differently. Harvard Forest acquired almost all of its land in 1908,
which would account for the small number of acquisitions and large size of the
lots in the first decade (Figure 8). Additionally, most of the land was donated to
the University (Figure 14). In contrast, the Department of Environmental
Management acquired its land in many small lots over time. The Department of
Environmental Management's increase in activity in the second decade (Figure
10b) corresponds with the actions of the legislature in 1914 appropriating more

-funds to buy potentially forested land for state ownership (Hick 1927). The
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increase in activity also accounts for the many acquisitions of smaller lots in the
second decade (Figure 9). Because the state purchased all of its land at this
point, purchases dominated the 1910s (Figure 14).

1920-1949 - The largest amounts of land were protected in the next period
(Figure 7). In each decade of the middle period, the majority of land protected
can be attributed to one group. Considering that the post World War |, Great
Depression, and World War 1i eras all occurred during this period, it seems
surprising that such large amounts of land were protected. Specifically, in the
1920s, conservation was suppressed on the national level {Koppes 1988), yet
in north-central Massachusetts, much land was protected (Figure 7).

State forest land purchases dominated the 1920s (Figures 10b and 14)
and are responsible for the apparent discrepancy between the national
conservation climate and the local one. In Massachusetts, the state legislature
had been increasing the allocation of funds and authority for state forest land
purchases since 1908. Their provision of funds in 1921 for acquiring 100,000
additional forest acres built on this momentum and dramatically increased the
size of the state forest system (Hick 1927). It is not clear why Massachusetts
was going against the tides of the nation at this point. In the neighboring state
of Vermont, the Green Mountain National Forest was being established at the
same time (Frome 1962), so perhaps the exception 1o national trends is
regionally rather than locally based.

Nonetheless, the commitment of the Massachusetts legislature to
acquiring forests for state ownership implies that the concept of protecting land
beyond present needs was gaining popularity and being implemented.
Emphasis, especially in New England, remained on timber resources as the
establishment of the Green Mountain National Forest and the the White

Mountain National Forest (in New Hampshire) suggest (Frome 1962). The
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White Mountain National Forest shows an additional paralle! with

Massachusetts state forests. Both forest systems were developed by
aggregating many small lots into one system (Hick 1927 and Frome 1962). The
ratio of the area to the number of ots confirms that aggregétion remained the
Department of Environmental Management's method for acquiring land in the
1920s (Figure 8).

k
E
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The land acquisition activity of the 1930s is dominated by the

Metropolitan District Commission's purchase of land for the construction and
protection of the Quabbin Reservoir (Figure 10b). The establishment of this
Reservoir broadened the scope of land protection in north-central
Massachusetts in three ways. First, watershed protection had been an
important impetus in land conservation both in Massachusetts (Hick 1927) and
nationally (Frome 1962) as one of the reasons behind protecting forested areas.
However, with construction of the Quabbin Reservoir, watershed protection
became an independent resource concern in the area.

Secondly, unlike the aggregated state forests, Quabbin Reservoir lands
were pre-determined large areas targeted to be protected as a unit and all at
once (Figure 11b). Eminent domain laws made acquisition by purchase of the
designated lands possible (Figure 14). Finally, the construction of Quabbin
Reservoir drowned and thus irreversibly altered a valley in order to fulfill the
majority of Boston's water needs, which are not likely to decrease. Therefore,

- Quabbin Reservoir lands appeared to be better protected farther into the future
from the outset than either the Department of Environmental Management or
Harvard Forest lands.

Even though Quabbin Reservoir was recorded in the data as one

acquisition, there were a large number of acquisitions in the 1930s because the

Department of Environmental Management was still purchasing land for state
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forests under the legislative act of 1921 (Figure 8). Construction of Quabbin
Reservoir in the 1930s is largely a result of the water resource needs of Boston
citizens: however, the project was likely aided by effects of the Great
Depression such as low real estate prices and available labor forces through
the Civilian Conservation Corps. Additionally, hydroelectric dams were very
popular during this time (Koppes 1988), and although the dam for Quabbin was
not an energy source, the construction of the dam coincides with the national
conservation attitudes of the 1930s.

The land providing Quabbin Reservoir's supplementary source of water,
the Ware River Watershed, was bought in the 1940s in a manner similar to that
of the Reservoir (Figures 10b and 14). However, federal activity dominated this
decade (Figure 9). The United States Army Corps of Engineers established its
two flood control projects in response to catastrophic weather patterns including
the destructive floods of 1936 and 1938 (Army Corps of Engineers n.d.). Like
Quabbin Reservoir and Ware River Watershed, these two projects were
purchased as pre-determined large areas taken by eminent domain (Figure 14).
And like Quabbin Reservoir and Ware River Watershed, the projects
established a new permanent use for the land because floods will always be a
threat, save drastic climatic changes.

However, these flood control projects were different from Quabbin
Reservoir and Ware River Watershed as well as state forests because, rather
than protecting nature for human use, the projects were protecting humans from
nature. As a result of protecting people, the Army Corps of Engineers’ land is
protected because the threat of floods negates the possibility of development
there. Thus, these flood controi lands have become part of the protected land

system more as a secondary benefit rather than a primary purpose.
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New Directions - During the three decades from 1920 through 1949, two
additional government landowners protected land in the area; large purchases
through new means were made; and the concept of protecting land into the

future was further developed. Also, the newly acquired large areas were

scattered around the future greenway loop and offered the opponrtunity for future

acquisitions to build off of them (Figure 11b). Land protection was changing

§
-

during this middle period, and, at the end of the 1940s, there were promises of
even bigger changes. |

in the 1940s, the private organizations Massachusetts Audubon Society
and The Trustees of Reservations both acquired, through donations, small tracts
of land in north-central Massachusetts {Figures 10c and 14). Founded around
the idea of preserving natural areas (Hopkins 1992, Hecker 1986), these two
organizations differed from the first private organization, Harvard Forest, whose
acquisition activity decreased after 19442 (Figure 10c¢) and whose land was
acquired primarily for research purposes.

The arrival of Massachusetts Audubon Society and The Trustees of
Reservations to the area coincided with a shift in conservation attitudes which
was occurring nationwide. Publication of Leopold's 'essay "The Land Ethic"
introduced a new environmental philosophy which challenged economic views
of nature with ecologically based, community-oriented conservation ideas
(Worster 1977). As Leopold's new ideas became accepted, organizations such
as The Trustees of Reservations and the Massachusetts Audubon Society
gained momentum in their preservation efforts and began to explore

possibilities beyond their Boston area headquarters. Even though these two

" 2 Harvard Forest did acquire small amounts of land in the 1960s (Figure 10b), and they also
- racently (late December 1992) acquired a 30 hectare addition to one of their properties (Foster,
- personal communication).
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organizations were protecting areas for the preservation of the land and its
natural inhabitants, human use was still an important factor. However, rather
than extracting and consuming the resources of these lands, humans were
meant to visit the areas ahd take away no more than knowledge and enjoyment.
Thus, as the middle period came to a close, the activities of private
organizations and the concepts of preservation and passive human use were
suggesting the shape future patterns of land protection might take.

1950 to 1992 - In the final period of this century land area was acquired at a
steady rate, the number of groups owning protected land increased, and new
methods for protecting land in perpetuity were developed. The steady rate of
acquisition over the five decades (Figure 7) as wellas a consistent pattern of
many acquisitions of smaller lots in each decade (Figure 8) is curious
considering how the social and political climate changed so dramatically from
one decade to the next. Historical landmarks of this period include
McCarthyism, the Vietnam War, the first celebration of Earth Day, several
energy crises, the anti-environment Republican 1980s, and the recent renewed
interest in and concern for the environment.

Changes in the availability of land helped to limit the acquisition rate
through these years. Not only had four large areas been acquired during the
previous period (Figure 11b), but the local population was rising (Figure 16).
Therefore, both conservation and residential development were competing for
decreasing amounts of space. The rise in numbers of groups protecting land
(Figure 10) also helped 10 keep the acquisition rate steady. With more groups
actively involved in land protection, a steady rate of acquisitions can more
easily be maintained because acquisitions are not dependent on the resources
of just one or two groups. For example, the Department of Environmental

Management acquired 2,998 hectares in the 1950s, but their subsequent
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acquisitions were much smaller. However, as the Department of Environmental

Management's acquisitions decreased, the Division of Fisheries and Wildlife
and many private organizations began acquiring land (Figures 10b and 1“Oc).

The increase in groups protecting land during this final period can be

|

regarded as a function of the changing environmental movement. -Qutdoor
recreation was increasing; ecology was becoming an important component of
conservation thinking; and natural open spaces were decreasing. As these
conditions developed, new conservation groups formed and previous groups
increased their protection activities. State agencies concerned with wildlife
(Division of Fisheries and Wildlife) and agriculture (Department of Food and
Agriculture) as well as private organizations concerned with protecting one river
basin in Petersham (Swift River Valley Trust), managing small private forests
(New England Forestry Foundation), and protecting land in conservation
corridors {Mount Grace Land Conservation Trust) acquired land during this
time.

The increase in private organizations contributed to many aspects of the
diversity of the protected lands. Private groups began to balance out the strong
government presence in the area (Figure 12) and increased the amount of land
being protected for preservation and passive human use (note that four of the
six private organizations are in the preservation purpose class, Table 1). With
more private organizations came an increase in donated land (Figure 14).
Although it is not clear which is the cause and which is the effect, private
organizations have received most of their land as donations, while government
agencies have purchased most of theirs (Figure 15). Donations allowed private
organizations, which generally rely on membership contributions, to protect
: land they otherwise could not afford. Thus, the increase in land donations

during this period probably made a small but meaningful contribution to the
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steady rate of acquisitions. However, acquisition means data are missing for

195 lots, which could further alter the patterns (Figure 13).

When considering the rate of acquisitions from 1950 to 1992, it is
important to remember that, although the acquisition rate currently looks steady,
the average amount of land protected per decade from 1950 through 1980 has
already been protected in only the first 2.5 years of decade 1990 (Figure 7). By
the year 2000, then, the total amount of land protected in the 1990s could be
much greater than the amount protected in the previous decades, perhaps
signaling the beginning of a new pattern.

One Iahd protection activity which never avolved into a pattern is the
acquisitions by town governments; only the town of Athol protected land.
Without the activity of other towns for comparison, it is difficult to analyze why
the Athol Conservation Commission bought so much land in the 1960s and so
iittle afterwards (Figure 10a). However, it appears that the Commission's large
acquisition was opportunistic. The area became less accessible after a bridge
washed out, and the hilly, rugged terrain remained too difficult and costly to
develop (Greene, personal communication). Perhaps other towns have not
protected land because the state and private organizations have protected so

much.

Restrictions - As new groups acquired land in north-central Massachusetts
during the late 1900s, the idea of land protection continued to evolve, finally
becoming the concept that is familiar today. Rather than having to evolve into a
system as state forests did, lands could be protected within previously existing
structures, such as land trusts, well-established private organizations, and the
state government. Furthermore, land was not protected by default, as was the
case with the Quabbin Reservoir, Ware River Watershed, and the flood control

projects. Land protection became a more conscious and deliberate action.
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One effect of the development of the land protection concept was a new
method for protecting iand, the restriction. Two new groups, the Department of
Food and Agriculture and Mount Grace Land Conservation Trust, began to
acquire land in the 1980s. Although restrictions had been used at least eight
years earlier (Table 3), these two groups began to regularly employ this method
in north-central Massachusetts. Because restrictions allow land to be protected
even if the owner is unwilling to part with the title, the amount of land that can be
protected and, ideally, acquired in fee in the future, increases. Other groups
have acquired restrictions, especially the Massachusetts Audubon Society and
the Division of Fisheries and Wildlife (Table 4). Additionally, the renewed
activity of the Metropolitan District Commission during the last twelve years
(Figure 10b) has been, in part, to establish watershed preservation restrictions
in the Quabbin Reservoir and Ware River watersheds.

Spatial Distribution of Acquisitions - The distribution of acquisitions in
the late 1900s across the landscape show that acquisitions from 1950 through
1979 appear to be random (Figure 11c). In contrast, the acquisitions of the last
twelve years show a higher tendency to be connected to previously protected

parcels (Figure 11d), suggesting that connecting lands together is locally a

recent idea. Nationally, greenways have been implemented for over one
‘hundred years, but have only recently gained popularity (Smith 1993).
?_However, with so much data missing from the chronological series of

acquisitions (Figure 11e), it is only possible to guess at the local time frame for

e -development of the greenway concept.

All the landowners were actively acquiring land from 1950 to 1992,
i;cluding Harvard Forest and the Army Corps of Engineers (Table 2). All active
fOups, save the New England Forestry Foundation and the Swift River Valley

rust have acquired land in the last two decades. The Division of Fisheries and
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Wildlife, the Department of Environmental Management, the Massachusetts
Audubon Society, The Trustees of Reservations, and the Mount Grace Land
Conservation Trust have all acquired significant amounts of land recently and
are free to acquire land anywhere in the area. In contrast, the Metropolitan
District Commission has recently renewed its activity and acquired alot of land,
but only in the Quabbin Reservoir and Ware River Watershed areas. Similarly,
the few acquisitions which the Athol Conservation Commission has made are
restricted to within the town of Athol. Finally, the Depantment of Food and
Agriculture has acquired only a few parcels and must limit its acquisitions to
agricultural areas, which are mostly in the southeast corner of the study area.
Therefore, it seems that, as with acquisition purposes, the Department of
Environmental Management, the Division of Fisheries and Wildlife, the Trustees
of Reservations, the Massachusetts Audubon Society, and the Mount Grace
Land Conservation Trust emerge as the groups likely to be the most useful in
greenway coordination efforts.

Results of the Patterns - The acquisition history of the lands in north-central
Massachusetts reveals that these five landowners are currently the most active
land protectors. Future acquisitions for completion of the greenway are most
likely to be made by these landowners which include state agencies as well as
private organizations. State agencies own more land than private
organizations do (Figure 12) and have recently been acquiring more land than
private groups have (Table 2). Furthermore, government agencies purchase
the majority of their iands (Figure 15). Therefore, it seems likely that future iand
will be protected.predominéntly by state agency purchases, if current patterns
continue. Exploring why people sell or give their land for protection, what kind

of land is acquired, and what is the history of uses on the lands will further
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illuminate historical patterns, thereby providing information useful for predicting

and planning future acquisitions.

The historical patterns of land protection also reveal how the idea and

means of land protection grew and developed over time. At first, forests were of

primary interest, then water became an important issue, and finally, ecosystems

wildlife, and agriculture were protected. In parallel, land was acquired in small
lots with the intention of returning it, was then acquired in large contiguous
areas through eminent domain, and finally has been acquired to be protected
through ownership and restrictions. With each change, land protection was
responding to the current social, economic, and political conditions, indicating
that land protection was not random and is likely to continue to evolve into the
future. Therefore, land protection groups should recognize that the concept of
land protection, the purposes of protection, the active groups, and the means of
acquisition are all likely to change. Groups should then be able to respond
accordingly.

If the protected lands of north-central Massachusetts were connected
together in a greenway, it would be easier for owners of protected land to
respond to evolutions in land protection. Changes in the reasons for, means of,
active agencies and organizations in, and funds available for land protection
would have fewer consequences on one large, diverse, and connected system
of protected lands than on many small, individual, and isolated parcels.
Furthermore, while forest reserves, human-constructed reservoirs, and bird
sanctuaries were appropriate fand protection responses to various conditions at
-Certain times in history, greenways are an appropriate response to the social,
economic, and political conditions of today. Some results of the current social,

political, and economic climate include habitat fragmentation, decreasing open
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space, and degrading environmental quality. Linear conservation corridors can
help alleviate these problems (Smith 1993).
The patterns of acquisition do not suggest what sorts of conflicts creating

a greenway might raise. Throughout this century, each group has managed to
acquire land for protection without apparent conflicts. Whether or not each
group is satisfied with what they have been able to accomplish is another
question. Perhaps the only conflict is the availability of funds. Many groups get
their funds from the same source (state agencies applying to the state budget,
private groups soliciting from the same groups of people) suggesting that
coordination to maximize resources is necessary. Each group protects a certain
type of land, in a certain locale, for certain purposes, and in certain ways. While
these activities could continue in isolation, coordinating acquisition efforts
wouild maximize time, energy, and financial resources.

Summary- The acquisition history patterns show that the idea and means of
land protection developed over time in response to current social, political, and
economic conditions. Thus, land protection activity has not been random, a
trend which plans for future land protection should recognize. The development
of land protection also implies that creating the North Quabbin Greenway could
be a useful means of managing future changes and is an appropriate response
to current conditions. About half of the landowners are still actively protecting

land; coordinating their efforts would be efficient and economical.

Spatial Distribution

The values for the size and shape of the protected lands in the study area
suggest that the North Quabbin Greenway can fulfill a variety of functions. Most
greenways are either bikeways winding through urban areas, narrow (less than

1 kilometer) strips of open space connecting larger protected areas, or long-
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distance hiking trails protected by as little as a 100 meter wide swath on either
side. Here in rural Massachusetts, the greenway is about 100 kilometers iong
and 3 kilometers wide. Currently, 56,528 hectares are protected, but if thé
whole greenway area (the area between the outer and inner loops, Figure 4)
were filled in, 126,093 hectares could be protected. A long, wide, large area
means that certain goals, which smaller greenways cannot fulfill, such as long-
distance hiking trails or large game habitat, are possible. The size also allows
many goals to be carried out concurrently because each goal can have its own
area in which to be implemented.

The large size of the greenway eliminates some common concerns in

greenway design. Width is one of the most important factors in a greenway, not

only to provide a comfortable corridor for human and wildlife passage, but also

to minimize edge effects on local species (Smith 1983). Although it is difficult to

specify how wide a greenway should be, the wider it is, the better. Generally, if
the width can be measured in kilometers, it is wide enough for conservation
purposes (Thorne 1993). The North Quabbin Greenway is not only kilometers
wide on the average, but is surrounded by a lot of forested non-protected land
because the majority of the study area is forested. Even if boundaries of the
greenway stop at a certain width, it is likely that forest will extend into and away
from the greenway, thus eliminating many edge effects.

Many scientists agree that nature reserves of any kind should be as
large as possible in order to best maintain biodiversity (Pickett and Thompson
1978, Diamond 1975, and Wilcove McLellan, and Dobson 1986). However,
Simberloff and Gotelli (1982) suggest that many smaller nature réserves are
better for biodiversity. In north-central Massachusetts, the individual protected
parcels cover a range of sizes (Figure 17) providing the diversity of parcel size

which Simberloff and Gotelli suggest is important. Yet, if these parcels are all
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connected, which many of them are, the range becomes irrelevant. At the same
time, by connecting the parcels together, the large area which the previously
mentioned authors recommend can be created. However, as mentioned
earlier, the large area would be a mosaic of many different factors some of
which, such as hunting and road bisections, might be detrimental to maintaining
biodiversity. More theoretical and empirical evidence is needed to determine
the size of protected lands which would best serve biodiversity interests in the
North Quabbin Greenway area.

In addition to being large, Pickett and Thompson (1978), Diamond
(1975), and Wilcove, McLellan, and Dobson (1986) also agree that nature
reserves should be circular to minimize edge to interior ratios. The North
Quabbin Greenway is not, and is not likely to become, circular because of the
large population center in the middle (Figure 1). It will most likely remain a loop,
which may not be the optimal shape for the ecology of the lands, but has social
benefits. With the greenway in place neither the urban area in the center of the
loop nor the urban areas outside the loop will be able to sprawl towards each
other. Additionally, because of the distribution of population centers in this
region, a loop presents the best way to protect the longest continuous area
possible, an advantage to recreationists. Furthermore, the large size, which
may or may not best maintain biodiversity, increases the extent to which all the
greenway functions, resource extraction, recreation, environmental benefits,
and wildlife habitat, can be fuffilled.

Clearly there is no agreement and little scientific evidence concerning
whether or not corridors are useful ways to protect species and maintain
biodiversity (Simberloff et al. 1992). While it is important to recognize this lack
of knowledge when considering ecological potential for the greenway, species

maintenance is not the primary concern in creating the North Quabbin

62

Greenway (Ross, personal communication). Admittedly, it is not clear what the
primary concern is, but most of the protected land areas here are hectares large
and kilometers wide suggesting that this greenway functions as more than‘just
narrow pathways connecting larger areas. In addition to species maintenance,
resource use, recreation, and environmental benefits are also being considered
in the design of the greenway and will benefit from the size and shape
emerging.

Whether species conservation, resource use, recreation, or
environmental benefits, are the main goal of the North Quabbin Greenway, it
seems that the widest corridor option should be used to complete the greenway.
With this option, only 388 hectares must be acquired to complete the greenway
if areas as wide as the average width of the greenway are protected in the gaps
chosen in Figure 4. Even if this suggested design is not possible, considering
that landowners or unmapped barriers may prevent acquisition of the proposed
areas, 388 hectares is one-sixth of what has already been protected this
decade. At this rate, the greenway can become minimally connected, if not
more fully filled in, at ieast by the year 2000. Completing connections around
the greenway will most quickly protect the biggest and most contiguous area of
land possible, a benefit to humans and perhaps to wildlife. Once the greenway
is completely connected, acquisition efforts can focus on filing in other gaps. By
working with the configuration that the historical patterns of land protection have
produced, future acquisition efforts will be maximized.

However, the existing configuration also presents many possible
conflicts. Because so much of the area (currently 37 percent) is protected,
future use of the greenway must be wisely planned to balance future protection
efforts with local economic needs. It is possible that much of the greenway can

benefit the local economy if resource-based employment opportunities
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increase. ltis also possible that, if future studies indicate that the current size
and shape of the North Quabbin Greenway is not optimal for species
conservation, the ecology of the area could be compromised. Finally, it is
necessary with urban areas both inside and outside the greenway that
passageways through the greenway exist, thus decreasing the greenway's
connectivity. Connecting the protected lands into one system, in which these
conflicts can be regarded as concerns of the entire area and not just of the
individual parcels, would facilitate coordinated and efficient efforts to solve the
problems. However, resolution of these conflicts also requires more information
on economic (what does the local economy need? what will be the economic
costs and benefits of the greenway?), biological {what is the ecological
composition of the greenway? what is the optimal size and shape for protected
areas for various species?), and demographic (how often and where do people
pass through the greenway?) aspects of the area.

Summary - The pattern of spatial distribution shows that the North Quabbin
Greenway will be wide, long, and big enough to support many activities and to
fulfill many functions. However, it is not clear whether the greenway is the best
shape and size to serve species conservation interests. Nonetheless, other
interests, such as resource use, recreation, and environmental quality, can
benefit from the long, wide, large greenway emerging. Because so little area is
needed to complete the greenway, doing so would be a wise investment of
resources. Conflicts which the size and shape of the greenway may create
include local economic needs versus large protected areas, species
conservation versus the large, looped shape, and connectivity versus the need

for transportation across many portions of the greenway.
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Spatial Relationships

All of the protected parcels are close to a small town, which seems
inevitable given the rural nature of the area and the number of small towné
found there (Figure 18). Additionally, more protected area is closer to a small
town than farther away. Most of the protected parcels and the protected area
are a moderate distance from a large town, which reflects how the large towns
are distributed in the middle and around the edges of the protected lands
(Figure 1). Even though north-central Massachusetts is rural, the human
population is distributed throughout it, and few areas are free from or far from
people.

Additionally, only 35 of the protected parcels are roadless:; most are
contacted by more than one road (Figure 19). The proximity of towns and the |
number of roads contacting so many parcels indicates that human use of these f
lands is a significant issue. Although there are no "natural wonders" here to
attract large crowds, the North Quabbin Greenway is within three hours of
metropolitan areas such a Boston and New York City. The area receives much
use from visitors as well as local people. Human impacts on the land from
recreation include soil compaction, water pollution, vegetation destruction, and
wildlife habitat modification indicating that recreation can compromise the
ecology of an area {Cole 1993).

In addition to providing access for humans, roads also interrupt the
connectivity of a greenway. Along with width, connectivity is the most important
aspect of the structure of a greenway (Smith 1993). The flow of elements such
as water, seeds, and wildlife along the greenway usually rely on an
uninterrupted path. Roads can present a serious enough barrier to these
elements as to significantly reduce the conservation value of the corridor
(Thorne 1993).
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The most common type of road-parce! contact is when roads follow a
parcel's edge (Figure 20). This contact is fairly benign because the road does
not necessarily provide access to the parcel and it does not penetrate the
parcel. However, should the land on the other side of the road be protected,
the new larger area would automatically be bisected. Roads which come to a
dead end in a parcel are less common (Figure 20} and both provide access to
and penetrate the parcel. However, at least some of the parcel remains whole.
The least common type of road contact is the most disruptive, bisecting (Figure
20). Access to the parcel is guaranteed and the parcel may be considered as
two smaller ones.

While the type of road contact is significant, it is even more important to
consider the type of road at the same time. Unimproved roads are the most
common type of roads and highways the least common, which is fortunate
considering the greater traffic volume and assumed speeds on highways. The
most common way road types contact a parcei is when unimproved roads dead-
end inside a parcel, which does not seem to be too disruptive to a greenway.
However, Smith (1993) and Thorne (1993) both stress how seriously any road
contact can degrade a greenway. Although it is fortunate that the protected
lands are interrupted by some of the less problematic roads and in some of the
less problematic ways, roads present themselves as an important consideration
to the greenway's design and conservation goals.

Another way of assessing connectivity is to examine how much of a
greenway is linked together. The previous section showed that little land is
needed to complete the loop, and Figure 21b shows that 93 percent of all the
protected areas are currently connected to other protected areas. However, 40
percent of the parcels remain isolated (Figure 21a). Although the greenway can

become a complete loop in a short amount of time, much more effort is needed
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to connect all of the parcels together. Therefore, it is important for planners to
determine if the goal is to simply make a continuous loop, connect all protected
lands together, or both.

Because the protected lands developed in and around human
populations, completion of the greenway is a protection measure. The proximity
and accessibility of the greenway to human populations indicates that human
activity will come to bear on the use of the greenway itself. However, the
preponderance of people and roads also facilitates other kinds of land-uses,
such as commercial and residential development, which would preclude those
uses being prbtected in the greenway. if the protected lands are connected
together in a system, the landowners will more easily be able to deflect
encroaching development.

Additionally, problems which human access poses, such as the amount,
type and location of recreation, the opposing needs of recreationists and timber
harvesters, and the effects of roads on the ecology of the area, can better be
resolved within the structure of a system in which individual landowner
concerns and goals come together as common greenway concerns and goals.
Furthermore, because the protected lands are currently interrupted by roads,
creating a continuous loop could offset some of these interferences. Carefully
planned acquisitions could focus on the least bisected areas, thereby achieving
as much connectivity between the lands as possible.

Summary - The spatial relationships of the lands to cultural features, such as
towns and roads, suggest that human use of these lands is an important
concern. Completion of the greenway will further protect the lands against
encroaching, contrary land-uses; will create a structure in which to resolve
conflicts between opposing human activities and between human activities and

the ecology of the area; and will provide the opportunity for future acquisitions to
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offset the high degree of road interference. In creating the greenway, conflicts
such as road interruption versus road use, human access versus nature
preservation, and connecting all parcels versus connecting just a simple loop

are likely to surface and must be resolved according to the goals of the

greenway.
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VIl. CONCLUSION

The patterns of land protection in north-central Massachusetts have
formed a nearly complete circle of protected lands around the towns of Orange
and Athol. With the additional acquisition of approximately 400 strategicaily
located hectares, the loop could become an interconnected system of protected
lands, the North Quabbin Greenway. Land protection patterns indicate that this
greenway will be a mosaic of owners, purposes, and management activities;
acquisition dates and means; social, political, and economic influences; and
physical, ecological, and human landscapes. Examination of these patterns
reveal information about portions of the mosaic which is relevant to
understanding why a greenway is a useful land protection method and to
making future decisions about the North Quabbin Greenway.

The patterns of acquisition purposes in north-central Massachusetts
show that the functions assigned to protected lands are diverse. Throughout
the greenway, resources are controlled for human safety, extracted for human
consumption, used for human enjoyment and knowledge, and preserved for
human pleasure as well as for wildlife habitat. The different ways in which
resources are managed reflects the variety of goals and values embodied in the
land protection philosophies and activities of each landowner. However,
because some groups own much more land than other groups, the purposes of
the protected lands are unevenly distributed throughout the area. Exploring

historical patterns of land protection begins to reveal why more land is devoted

to some purposes rather than others, Often land protection activity in north-

central Massachusetts reflected national conservation attitudes. At all times, the
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concept, means, and purposes of land protection were evolving in response to
current conditions indicating that land protection activity has not been random.
Rather, historical acquisitions have been conscious and deliberate actions
influenced by concurrent social, political, and economic conditions at the local,
regional, and national levels.

Because there are so many different purposes in the area, it is important
that they be able to co-exist without undermining each other. Neither timber
harvesting and recreation nor wildlife sanctuaries and agricultural areas are
compatible purposes and should be spatially separated or carefully managed.
In addition, the purposes of the protected lands should be compatible with the
needs of the local community. While recreational opportunities will benefit the
community, it is important that the protected lands enhance rather than degrade
the economic integrity of the area. The evolutionary nature of land protection
should be considered as purposes are distributed and balanced. Future land
protection activities must be able to respond to unforeseen changes in land
protection owners, means, and reasons. These challenges of distributing and
balancing purposes as well as staying responsive to changing conditions
suggest the need for a structure in which land protection activities can be
coordinated and planning efforts facilitated. As an interconnected system of
protected lands, the North Quabbin Greenway provides that structure.

Currently, the North Quabbin Greenway is a large, fong, wide, and nearly
complete circle of protected lands. The large size allows many types of
functions to co-exist throughout the area, especially ones which may require
large tracts of land, such as large game habitat and wilderness recreation.
However, many parcels remain isolated from other protected parcels even
though almost all of the protected area is connected to other protected areas.

Because of the area's population distribution, the circle creates the longest,
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continuous stretch of protected lands possible. Human activity is inevitable in
the greenway because the protected lands are so close to towns and
accessible by roads.

Human influence on the lands involves the landowners' management
activities as well as recreation on, travel across, and development next to the
greenway. Management of human impacts requires balancing social benefits,
such as recreation, with social needs, such as transportation, and with
ecological integrity, such as clean air and water. While the large size of the
greenway may allow for many goals to be achieved, those goals remain to be
determined. Finally, future acquisitions could focus on simply completing the
loop, expanding already protected areas, connecting all parcels together, or
some combination of these three possibilities. Clearly these chalienges raised
by the exploration of spatial patterns also warrant a coordinated system in
which solutions can be discussed.

However, the North Quabbin Greenway is more than just a structure in
which conflicts can be resolved. lt is a system of protected lands, each of which
becomes more strongly protected by being part of the system. As the greenway
gains recognition, each component is more likely to remain in the system, and
the system as a whole is more likely to enlist popular, political, and economic
support. Furthermore, as one system, resources can be shared and used more
effectively and efficiently, thereby benefiting all parts. While this system is a
greenway by definition, in reality it is an interconnected system of protected
lands across a landscape. This latter description is the most important way to
consider the protected lands in planning the North Quabbin Greenway.

Every group owning iand in the North Quabbin Greenway will not be able
to participate in a coordinated effort equally. From the analysis of acquisition

purposes and history, it appears that the Department ot Environmental
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Management, the Division of Fisheries and Wildiife, The Trustees of
Reservations, the Massachusetts Audubon Society, and the Mount Grace Land
Conservation Trust are currently the most active and flexible land protectors.
This group has the most important characteristic which an effective greenway
planning effort needs: it consists of both government agencies and private
organizations (Little 1990). Also, these groups represent all the land protection
eras in north-central Massachusetts as well as different land-uses including
resource consumption, resource use, and resource preservation. Although
currently much less active in protecting land than the other groups, Harvard
Forest has a history of cooperation with The Trustees of Reservations,
Massachusetts Audubon Society and Mount Grace Land Conservation Trust on
land-use and land protection issues and can provide invaluable research
facilities and results. Therefore, Harvard Forest should join the five
aforementioned groups in collectively leading the creation of the North Quabbin
Greenway Council.

The other six landowners should also be represented on the council and
their limited yet unique contributions recognized. The Army Corps of Engineers
is not an active land protector, but owns two important pieces of land in the
system. The Metropolitan District Commission, the largest landowner, is limited
to two watersheds but is currently protecting land in both areas. The
Department of Food and Agriculture may protect only agricultural interests and
only with restrictions, but they are the only group to address the needs of local
farmers. The New England Forestry Foundation protects small private forests
which the Department of Environmental Management may overlook. However,
the Foundation relies on donated land, so their activity depends on opportunity.

The Swift River Valley Trust only owns 13 hectares, and as a trust consisting of
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representatives from Harvard Forest, Massachusetts Audubon Society, and The
Trustees of Reservations, they are already well represented on the council.

Finally, the Athol Conservation Commission only acquires land in Athol.
However, the presence of the Commission of the council as the only town
government agency is important. More towns should become involved with the
greenway effort, not only to represent local interests, but also to be informed
about land protection activities in their town. Little {1990) suggests that a
greenway council, should include representatives from "citizen organizations,
business corporations, [and] professional and academic associations.”

The first responsibility of the North Quabbin Greenway Council council
would be to establish the goals for the greenway. Because so much land is
already protected and the circle nearly complete, the council must work with the
lands and purposes which already exist. In the case of the North Quabbin
Greenway, it is not possible to start at the beginning and create the desired
greenway; it must be built out of the current mosaic. The purpose and spatial
patterns indicate that many goals, both ecological and social, are possible for
this greenway. However, timber and water interests, as purposes assigned to
the two largest amounts of protected land, must be worked around, and
underrepresented purposes, such as preservation, should be allotted more
space. The established goals will determine how the greenway is completed
and managed. If reintroduction of a large wildlife species, such as the panther
or wolf, were a goal, acquisitions would need to expand on what is afready
protected, and alterations in hunting areas would need to be made. If
recreation were a main purpose, acquisitions should focus on including a
variety of landscapes, and management should address how to reduce

detrimental impacts.
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in order to establish goals, an interdisciplinary inventory of the entire
area is necessary because greenways are mosaics, land protection is an
evolving idea, and the greenway will have a multitude of effects on the local
community. The information presented in this study helps to identify what
additional information is needed. Ideally, established goals would guide the
inventory, which would build off of what has already been collected. For
example, if watershed protection were a desired goal of the greenway, planners
would aiready have access through this study to information indicating where
areas of primary water importance are located and which groups are concerned
with water quality. Further inquiries could be made concerning what the
conditions of the watersheds are, what is being done in them, and what needs
to be done to them.

An interdisciplinary inventory of this nature would be greatly assisted by
further work with G.1.S.. The maps completed in this study provide the base
maps showing where the protected lands and town boundaries are. Overlays of
vegetation, elevation, water bodies, roads, etc., could indicate how varied the
ecosystems of the protected lands are, what is the topography of the protected
lands, how many water bodies of varying size and type exist on the protected
lands, and how severely roads effect the lands (more precisely than achieved
here}. From these results, goals can be set and areas targeted for protection.

Once the goals are established, the North Quabbin Greenway must be
completed to be a integrated system. It may be decided that the greenway
should be a complete circle. However, acquisitions should first focus on filling
in the gaps on the western side where the gaps are small but would make huge
differences in the amount of continuous land protected (Figure 4). While there
is a very large gap in the circle on the eastern side, this gap contains an

abandoned railroad corridor which the Department of Environmental
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Management owns. Therefore a type of connection already exists there.
Additionally, this gap is includes Route Two, which poses serious movement
and connectivity barriers. Acquisitions efforts would initially be most effective on
the smaller gaps until a plan for acquiring this area and straddling Route Two
can be developed. The remaining responsibility of the council is to oversee
management of the system, a role which will be much more clear once goals
are established.

The North Quabbin Greenway Council will address practical issues of the
greenway. However, this study has shown the imponrtance of the council, the
justification for the greenway, and the relevance of historical patterns. These
results provide a context and an informed background in which practical issues
can be addressed. Rather than assuming that greenways are "good," this
information has shown that greenways are an efficient and useful system of
land protection. Perhaps the most significant way in which greenways are
important is in being a part of the mosaic of land-uses across the landscape,
just as they are mosaics themselves. As part of the bigger mosaic, greenways
perform an invaluable function by protecting resources for use or for

preservation from encroaching and contrary land-uses.
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PROTECTED LANDS IN NORTH-CENTRAL MASSACHUSETTS
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Figure 1. Boundaries of the towns in the study area shown in four population
density classes (Hornar 1991).
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BOUNDARIES OF TOWNS IN STUDY AREA
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Table 1. Land owners' purpose in protecting land.

Protection Purpose

Land Owners

|Water Metropolitan District Commission
Timber Department of Environmental
Management
New England Forestry Foundation
Wildlife Division of Fisheries and Wildlife

Flood control

Army Corps of Engineers

Preservation

Massachusetts Audubon Society

The Trustees of Reservations

Mount Grace Land Conservation Trust
Swift River Valley Trust

[Education Harvard Forest
Multiple-uses Athol Conservation Commission
| Agricuiture Department of Food and Agriculture
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Table 2. Temporal change in cumulative hectares of land protected by
individual land owners. Note that decade 1990 inciudes data through

October 1, 1992 only.

Owner 1930 1940

MDC 0 0 16.75] 22014.79( 27103.01
DEM 6.14 535.86 8677.83| 11884.42] 11900.42
DFW 0 0 0 0 0
ACE 0 0 0 0 2508.66
MAS 0 0 0 0 20.60
HF 898.28 922.72 1055.79 1133.27 1136.95
TTOR 0 0 0 0 7.95
ACC 0 0 0 0 0
MGLCT 0 0 0 0 0
NEFF 0 0 0 0 ¢
DFA 0 0 0 0 0
SRVT 0 0 0 _ 0 0
Total 959.68 1458.58 9750.37| 35032.48] 42677.59

Area in hectares

Owner 1980 1990

MDC 27103.01 27103.01| 27103.01| 27295.97] 27972.82
DEM 14898.02| 15660.10| 15858.54] 16203.54] 16497.94
DFW 0 697.77 2624.88 3879.54 4541.59
ACE 2508.66 2508.66 2508.66 2508.66 2508.66
MAS 20.60 64.58 265.04 637.05 1293.26
HF 1136.95 1156.82 11566.82 1156.82 1156.82
TTOR 97.67 101.44 362.16 B551.60 605.90
ACC 0 525.89 549.23 569.68 593.88
MGLCT 0 0 0 106.89 230.97
NEFF 92.08 92.08 197.53 223.34 223.34
DFA 0 0 0 159.41 159.41
SRVT 0 13.22 13.22 13.22 13.22
Total 45856.99| 47923.57| 50639.09] 53305.02] 55797.81

MDC - Metropolitan District Commission
DEM - Department of Environmental Management
DFW - Division Of Fisheries and Wildlife

ACE - Army Corps of Engineers

MAS - Massachusetts Audubon Society
HF - Harvard Forest
TTOR - The Trustees of Reservations

ACC - Athol Conservation Commission

MGLCT - Mount Grace Land Conservation Trust

NEFF - New England Forestry Foundation
DFA - Department of Food and Agriculture
SRVT - Swift River Valley Trust
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Table 3. Number and hectares of restrictions acquired each year.

Year Number [Area (ha)
1974 BE 1.4
1982 1 17.29
1985 1 3.19
1989 4 208.79
1990 5 347.16
1991 1 84.17
1992 1 5.17
Total | 14 667.17

Table 4. Hectares of land protected between 1950 and 1992 through two

acquisition means.

Land Owned |Land with
Owners in Fee Restriction
Division of Fisheries and Wildlife 4393.17 148.42
Dept of Environmental Management 4137.52 0
Massachusetts Audubon Society 1097.63 175.03
Metropolitan District Commission 812.79 57.02
The Trustees of Reservations 593.36 4.59
Athol Conservation Commission 593.88 0
Mount Grace Land Conservation Trust 59.02 171.95
New England Forestry Foundation 65.68 0
Department of Food and Agriculture 0 159.41
Total 11753.05 716.42
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APPENDIX A

Land Protection Groups in North-Central Massachusetts

FEDERAL
United States Army Corps of Engineers
New England Division
424 Trapele Road
Waltham, Massachusetts 02254-9149
617-647-8237

Contacts: Joe Faloretti, Lower Connecticut River Basin Manager
508-249-2547
Marty Curran, Tully Lake
508-249-9150
Jim Bacon, Birch Hill Dam
508-249-4467

STATE
Department of Environmental Management
Division of Forest and Parks
100 Cambridge Street
Boston, Massachusetis 02202
617-727-3180

Contacts: Robert Wilbur, Director, Land Acquisition and Protection Program
617-727-3160 Ext. 553
Charles Pemaa, Worcester County Regional Office
508-368-0126 f}
Bill Rivers, Connecticut River Valley Regionai Office |
413-545-5993

Division of Fisheries and Wildlife
100 Cambridge Street

Boston, Massachusetts 02202

617-727-3151

Contacts: Bill Minior, Chief of Wildlife Lands
617-727-3151
Phil Truesdell, Central Wildlife District
508-835-3607
Bill Steinmetz, Connecticut Valley Wildlife District
413-323-7632
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Metropolitan District Commission
20 Somerset Street

Boston, Massachusetts 02108

617-727-5215

Contacts: Bruce Spencer, Chief Forester, Quabbin Reservoir

508-544-6343

Clif Read, Director, Quabbin Reservoir Visitors Center

413-323-7221

David Supczak, Quabbin Reservoir Engineer
413-323-6921

Steve Drawbridge, Ware River Watershed
508-882-3789

Department of Food and Agriculture
100 Cambridge Street

Boston, Massachusetts 02202

617-727-0465

Contact: Rich Hubbard, Leominster Regional Field Office
508-792-7712

TOWNS

Atho! Conservation Commission
Room 14, Memorial Building

584 Main Street

Athol, Massachusetts 01331

508-249-9376

Contact: J.R. Greene, Chairman

Petersham Conservation Commission

Main Street
Petersham, Massachusetts 01366
508-724-6649

Contact: John Woolsey, town resident

1
Harvard Forest
P.O. Box 68
Petersham, Massachusetts 01366
508-724-3302

contacts: David Foster, Director

Jack Edwards, Forest Manager
508-724-3302
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Massachusetts Audubon Society
South Great Road

Lincoln, Massachusetts 01773
617-259-9500

Contacts: Tim Sterrow, Director of Land Protection
617-259-9500 and 508-544-8548
Jeanne Anderson, Field Biologist
617-259-9500

Mount Grace Land Conservation Trust
137 North Main Street

New Salem, Massachusetts 01355

508-544-7170

Contact: Keith Ross, President
508-544-7170

New England Forestry Foundation
238 Main Street

Cambridge, Massachusetts 02142
617-864-4229

Contact: Hugh Putham, Jr., Executive Director
617-864-4229

Swift River Valley Trust

See Harvard Forest, Massachusetts Audubon Society, or The Trustees of Reservations

Contact: Jchn Woolsey

The Trustees of Reservations
572 Essex Street

Beverly, Magsachusetts 01915
508-921-1944

Contact: Dick O'Brien, Central Region Supervisor
508-840-4446
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APPENDIX B

POSSIBLE PROTECTED LANIg_IE’d\[I;ZgELS NOT INCLUDED IN THIS

Athol Department of Public Works
owns large area of land adjacent to Bearsden Forest (owned by Athol Conservation
Commission) in Athol as well as many isolated smaller parcels in the towns of Athol and
Phillipston. These lands protect Athol's water supply including several human
constructed reservoirs. Although the land has been used this way for as much as 90 to
100 yeahs, it was not clear whether or not it wouid continue to serve this function in 10

years or 100 years.

Massachusetts Department of Public Works
owns a scenic easement restriction on at least one parcel of land in the study area
(located in the town of Orange). The protection offered by this type of restriction remains
unclear.

The Town of Petersham
owns at least four small parcels of land within its town lines which are often called "town
forests.” Although these lands at first appeared protected, as recently as 1992, the fown
considered selling one of these lots. Even though the town decided to log the lot
instead of selling it, the protected nature of these town-owned lots remains ambiguous.

The Society for the Protection of New England Antiquity
holds a conservation restriction on a smal portion of land in Petersham. Lack of
information about this organization and their land protection activities forced this parcel to
be discarded.
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APPENDIX C
DATA SHEETS USED IN THIS STUDY

The protected land parcels in the study area were organized into three
categories for data collection.

Unit - all land areas which shared the same name were considered a unit and
were given a four-letter code (the first two letters represented the unit
-name and the second two letters represented the land owner).

Parcel - each geographically separate land area was considered a parcel. Each
parcel within a unit (a unit contained as few as 1 and as many as 18
parcels) was numbered sequentially.

Lot - each parcel could be sub-divided into one or more lots which were
distinguished by their acquisition date. Every lot within a unit was
assigned a letter,

Four data sheets were used for each unit.

Cover sheet - provided landowner, location, and size information as well as
parcel and lot numbers for each unit. References to the source of
information contained in the data sheets were also recorded here.

Data sheet #1 - covered the acquisition history of each lof. If the owner or
protection status of a lot changed, a data sheet was filled out for each

transaction and numbered sequentially in the comments section.
Data sheet #2 - covered spatial relationships for each parcel.

Data sheet #3 - covered the purpose and management for each unit.

Data categories were ranked in order of importance for efficiency in research.
bold type - necessary information
plain type - important information
itafics type - important, but not essential, information
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Name of Unit

DATA SHEETS 1-3
cover sheet

town

county

code

owner category

owner

parcel and lot numbers

total number of hectares

References:

DATA SHEET #1
acquisition and land-use history

116

unit/parcel/lot hectares

id. descrip.

date of acquisition from

purchase ____ donation __ purchased with donations

appraised value purchase price

reason for disposal
__capital gain ____land unproductive __ conservation values
____ eminent domain __taxreduction ___ no heirs
__ other

reason for acquisition
__ reforestation act __ aesthetic values ____ timber values
___ wildlife values ___recreation values ___ habitat/spp. values
____ opportunity _ fiood control ___ watershed ___ education
__research __ protection ___ other

immedijate previous land-use (indicate duration in years)
___residential __ farmland ___woodlot ____ natural state
___abandoned ___ other

previous land-uses dates dates
____residential farm
____woodlot abandoned
____natural state other

notes:
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DATA SHEET #2
landscape and physical description

DATA SHEET #3
purpose and management

unit/parcel hectares
shape
slope %total aspect (% total) elevation (m)
flat N S _ minimum
gentle ____ NE SW _ maximum
steep _____ E W __ mean
SE NW _ median
landscape type  #ha % total names
upland wooded
upland cpen
lakes/ponds
rivers/streams
marshes/swamps
other ___
distance from (m) abutters (protected land)

unimproved road

light-duty road

highway

building

2-10 buildings

town center

big town center

notes:

(Athol, Orange, Winch., Gardener)

unit
r f lan original current
recreation
watershed protection
timber management
wildlife management
multiple-use
flood control
preservation of - scenic, historic,
wildlife, ecology, agriculture, general
education
other
current management
public access: human use: management:
none none none ___
restricted __ very limited ____ timber extract.
limited limited ____ wildlife improv.
unlimited some limits _____ watershed control __
unlimited _____ historic creation ______

protection class:

1) little protection
2) some protection
3) much protection

4) preserved

notes:

recreation ____
research ___
potential flooding
current conditions ___
other

118

119




BIBLIOGRAPHY

Literature Cited

Anonymous. 1907. A Harvard University forest. Woodland and Roadside,

[photocopy] Archives, Harvard Forest, Petersham, MA.

Applegate, Richard, M. 1982. New England Forestry Foundation: A history. 3d

ed. Boston: Privately printed.

Black, John D. and A. Brisner. 1952.
in Massachusetts, Cambridge: Harvard Unwersﬂy Press.

Cole, David. 1993. Minimizing conflict between recreation and nature

conservation. In The ecology of greenways, eds. Daniel S. Smith and

Paul Cawood Hellmund. Minneapolis: University of Minnesota Press (in

press).
Commonwealth of Massachusetts. 1991a. Massachusetts General Laws
Annotated, Chapter 184, Sections 331-33. Saint Paul, MN: West
Publishing Co.

Commonwealth of Massachusetts. 1991b.

Massachusetts General Laws
Annotated, Chapters 132, 132A, Saint Paul, MN: West Publishing Co.

Commonwealth of Massachusetts, Executive Office of Environmental Affairs,
Division of Conservation Services. 1992, The Massachusetts
conservation restriction handbook, Boston: Executive Office of

Environmental Affairs, Division of Conservation Services.

Commonwealth of Massachusetts, Office of the Secretary of State. 1987. 330
i ion 22, Vol. 14. Boston: Office of

the Secretary of State

Cordell, H. Ken, John C. Bergstrom. Lawrence A. Hartmann, and Donald B.K.
English. 1989, i

Amuﬂmwmm&mm_amudﬂmeﬁa
situation in the United States: 1989-2040. General Technical Report RM-
189. Fort Collins, CO: United States Department of Agriculture, Forest

Service, Rocky Mountain Forest and Range Experiment Station.

Corson-Rickent, Jonathon. 1992. BOOTS™ digitizing system: User manual.

Skillman, NJ: Decision Images, Inc.

Crook, Daane. 1992. Letter to Meeghan Wallace, Harvard Forest. [photocopy]

120

Department of the Army, New England Division, Corps of Engineers, Operations
Division. 1981. Birch Hill Dam, ngglslgn, Massachusetts, Master Plan,
Appendices B and D: Forest and Fish and Wildlife Management Plans.
Waltham, Massachusetts: United States Army Corps of Engineers, New
England Division.

Department of Environmental Management. 1992. Massachusetts Wildlands.
[photocopy].

Diamond, Jared M. 1975. The island dilemma: Lessons of modern
b:ogeographlc studies for the design of natural reserves. Biological
Conservation 7:129-149.

Dickson, David R. and Carol L. McAfee. 1988. Forest Statistics for
Massachusetts - 1972 and 1985. Resource Bulletin NE-106. Broomall,
PA: United States Depantment of Agriculture, Forest Service,
Northeastern Forest Experiment Station.

Eastman, J. Ronald. 1992. |DRISI version 4.0;: Technical reference. Worcester
MA: Clark University, Graduate School of Geography.

Fiske, John, Richard T. Kleber, Allen H. Morgan, and Hugh M. Raup. 1967. Swift
River Valley Trust Deed. [photocopy]

Franklin County Commission. 1991. Overall economic development program
plan for the Athol/Orange Labor Market Area, Massachusetts. Preliminary
draft update [photocopy] Courthouse, Greenfield, MA.

Friends of Quabbin, Inc and Metropolitan District Commission, Division of
Watershed Management, Quabbin Section. n.d. Quab_bm_EagLs_am
Eigures. Amherst, MA: Hamilton . Newell, Inc.

Frome, Michael. 1962. Whose w h re: Th fthe N
Eorests, Garden City, NY: Doubleday and Company, Inc.

Hecker, Scott. 1986. A history of land acquisition policy at the Massachusetts
Audubon Society. [photocopy] Massachusetts Audubon Society, Lincoln,
MA.

Hick, R.M. 1927 Influence of land history and legislative enactments on the
character and condition of the state forests in Massachusetts. [photocopy]
Archives, Harvard Forest, Petersham, MA.

Hopkins, Libby Ola. 1992. A Guide to the Propetties of The Tr
Reservations. Worcester, MA: Mercantile Printing Co.

121




Hornar, Edith R., ed. 1991. Massachusetts municipal profiles 1991-1992, Palo

Alto, CA: Information Publications.

Irland, Lloyd C. 1982. Wildlands and Woodlots: The story of New England's
forests. Hanover, NH: University Press of New England.

Kimball, Roy E. n.d. Quabbin Reservoir Statistics. [photocopy] Quabbin
Reservoir Visitor's Center, Belchertown, MA.

Koppes, Clayton, K. 1988. Efficiency, equity, esthetics: Shifting themes in
Amaerican conservation. In The Ends of the Earth. ed. Donald Worster,
230-251. Cambridge: Cambridge University Press.

Little, Charles E. 1990. Greenways for America. Baltimore, MD: The Johns
Hopkins University Press.

Meine, Cunt. 1988. Aldo Leopold: His life and work. Madison: University of

Wisconsin Press.

Motts, Ward S., and Arnold L. O'Brien. 1981. Geology and hvdrology of
wetlands in Massachusetts. Amherst, MA: University of Massachusetts at

Ambherst, Water Resources Center.

Nash, Roderick. 1982. Wilderness and the American mind, 3d ed. New Haven:

Yale University Press.

Pickett, S.T.A., and John N. Thompson. 1978. Patch dynamics and the design of
nature reserves. Biological Conservation. 13: 27-37.

Raup, Hugh M. 1966. The view from John Sanderson's farm: A perspective for

the use of the land. Forest History, 10 {(April).

Simberloff, Daniel and Nicholas Gotelli. 1982. Refuge design and ecological
theory: Lessons for prairie and forest conservation. In Proceedings of the

Eighth North American Prairie Conference. 61-71. Kalamazoo, Ml:

Department of Botany, Western Michigan University.

Simberloff, Daniel, James A. Farr, James Cox, and David Mehlman. 1992,
Movement corridors: Conservation bargains or poor investments?

Conservation Biology. 6:493-504.

Smith, Daniel S. 1993. An Overview of Greenways. In The ecology of
greenways, eds. Daniel S. Smith and Paul Cawood Hellmund.
Minneapolis: University of Minnesota Press (in press).

Stupski, Karen B. 1988. Forest nservation, and the Women'
Movement, 1895-1915. B.A. thesis. Harvard University.

122

Thorne, James. 1993. Landscape ecology: A foundation for greenway design.
In r eds. Daniel S. Smith and Paul Cawood
Hellmund. Minneapolis: University of Minnesota Press (in press).

The Trustees of Public Reservations. 1907. Seventeenth Annual Report of the
Trustees of Public Reservations. [photocopy] Archives, Harvard Forest,
Petersham, MA.

United States Army Corps of Engineers, New England Division. n.d. Tully Lake
Brochure. NEDEP-360-1-13.

United States Department of Agriculture, Soil Conservation Service. 1967. Sail
n h in cooperation with
Massachusetts Agriculture Experiment Station. Washington, D.C.: United
States Government Printing Office.

United States Depariment of Agriculture, Soil Conservation Service. 1989.
Generalized Soil Map of Massachusetts. [photocopy].

United States Department of Commerce, Bureau of the Census. 1913.

Thirteenth census of the United States taken in the year 1910. Vol. 1,
Population 1910: General report and apalysis. Washington, D.C.: United

States Government Printing Office.

United States Department of Commerce, Bureau of the Census. 1942.

M&Qﬂﬂiﬂﬁhﬂ!ﬂl&d_&ammmvm 1, Number
of inhabitants. Washington, D.C.: United States Government Pnntlng

Office.

United States Department of Commerce, Bureau of the Census. 1961. The
MMM&&L@%MMMM&QLMM Vol.
1, Characteristics of the population. Part A, Number of inhabitants,
Washmgton D.C.: United States Government Printing Office.

United States Department of Commerce, Economics and Statistics

Administr_ation, Bureau of the Census. 1991. JBELLQe_n_s_u_&_QLQQp_uJaﬁg_n

Massachusetts, Washington, D.C.: United States Government Printing
Office.

United States Department of Commerce, Economics and Statistics

Administrgtion, Bureau of the Census. 1992. JB&Q_Qen_aus_oj_p_QQu[aﬂgﬂ

Massachusetts. Washington, D.C.: Unated States Government Printing
Office.

123




Wilcove, David S., Charles H. McLellan, and Andrew P. Dobson. 1986. Habitat
fragmentation in the temperate zone. In Conseryation biology: The
i i iversity, ed. M.E. Soule, 237-256. Sunderiand,
MA: Sinauer Associates, Inc.

Wirth, C.G., Jr. 1986. A conservation and passive recreation plan for the town of
Athol. Athol, MA: Athol Conservation Commission.

Worster, Donald, 1977. Nature' nomy: The r f i San Francisco:
Sierra Club Books.

Personal Communication

Anderson, Jeanne. (27 October 1992) Field Biologist, Massachusetts Audubon
Society.

Drawbridge, Steve (18 September 1992) Forester, Ware River Watershed.
Foster, David (January 1992 - January 1993) Director, Harvard Forest.
Greene, J.R. (July 1992) Chairman, Athol Conservation Commission.

Minior, Bill (28 July 1992) Chief of Wildlife Lands, Division of Fisheries and
Wildlife.

O'Brien, Dick (14 October 1992) Central Regional Supervisor, The Trustees of
Reservations.

Rivers, Bill (18 June 1892) Forester, Department of Environmental
Management.

Ross, Keith (April 1992 - October 1992) President, Mount Grace Land
Conservation Trust.

Spencer, Bruce (June 1992) Chief Forester, Quabbin Reservoir.
Steinmetz, Bill (20 August 1992) Land Agent, Division of Fisheries and Wildlife.

Storrow, Tim (20 October 1992) Director of Land Protection, Massachusetts
Audubon Society.

Woolsey, John (June-August 1992) Resident, town of Petersham.

124




