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ABSTRACT
Landscapes are mosaics of patches and corridors which are formed by hills, different soils types, vegetation patchiness, natural
disturbances and human activities. As humans have developed, the patches and corridors have become fragmented and edges have
been created. These edges become the critical points of interaction for wildlife with their surroundings. This is especially true in urban
areas where development has created harsh edge environments.
This study investigates the edge structure of Olmsted’s Emerald Necklace to understand how edges can be designed to create
habitat for wildlife in urban areas. The Emerald Necklace is located in Boston, MA and was designed in the 1800s by Frederick Law
Olmsted. The Necklace is the first designed greenway and has been used as a model by many cities throughout the country. As such,
the Emerald Necklace can be studied to gain insight into how the edges of an urban greenway can be designed to augment animal
diversity in urban areas. The goal of the study is to provide design recommendations that can be used as a guide by landscape
architects to maintain current urban greenways and to plan future ones.
The study’s major findings suggest that plant and animal species vary along the park as per the original design. Additional
findings show that there is no separation of spaces for people and animals along the Necklace which can lead to habitat disturbance. In
addition eight design recommendations are suggested to improve the current conditions of the Emerald Necklace. Moreover the
recommendations are not site specific and can be applied to other existing and future urban greenways. These include protecting
existing habitat, using native plants and eradicating invasive species. The results and findings are discussed in further detail. Overall the
Emerald Necklace is ecologically healthy and provides functions for both people and animals.
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CHAPTER ONE
INTRODUCTION

During early human history humans were a part of the environment and caring for the land came naturally. As humans evolved
and developed, the way land was used became more complex. Land uses developed into distinct areas; agriculture societies started to
form, then cities, countries, and so on. Present day patterns of settlement take up more land per person than in the past, and
developments are more dispersed across the landscape (Turner et al. 2001). Developed land expanded with population growth as the
population moved to live in cities, towns and suburbs rather than in the countryside. This growth has been accompanied by intensified
deforestation as well as agricultural, commercial and residential area development. The explosion of these human activities has rapidly
accelerated the pace of land conversions, resulting in widespread changes to the spatial structure of native habitats (Collinge 1996). This
has caused habitats to become fragmented and created edges between two ecosystems. These edges have become the critical points
of interaction between ecosystems and are one of the indicators of ecosystem health.

Purpose
This study will examine the edge structure of Boston’s Emerald Necklace in order to understand how edges can be successfully
designed to encourage animal habitat in urban environments. By drawing from existing principles in the fields of landscape ecology and
biodiversity; a framework will be created. This framework will aid the observer in studying the Emerald Necklace and can be used as a
guide to conduct other similar studies. Based on the findings from the framework, recommendations will be made on how to design or
improve existing urban greenway edges.
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Research Questions
1) How can existing literature and research be used as a framework for observing urban edges?
2) How can the concept of edge structure and the framework be used to encourage biodiversity?
3) How can this framework be used to observe the edge conditions along the Emerald Necklace?
4) How does the edge analysis of the Emerald Necklace contribute to the creation of recommendations that can be used for
the design of future urban greenway system edges?

Boston and the Emerald Necklace Parks
Background
Boston, Massachusetts, the largest city in New England, is an exemplar of urban development. The city has changed
dramatically since it was founded in 1630. “More than most cities in America, its present condition is the result of continuous reworking
of successive generations who have drained, filled, leveled, planted, built and rebuilt the 48.4 square miles that lie within its municipal
boundaries” (Krieger and Cobb 2001, 3). Figure 1.1 shows Boston’s coastline in 1630 compared to the coastline in 1995, which is also
the current coastline. As a result of this development, precious natural habitats for shellfish, salmon, alewives, and herring were lost.
Today the cod and haddock have been fished out and the shellfish beds filled or polluted by the city and its suburbs (Krieger and Cobb
2001).
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Figure 1.1: Boston, MA coastline in 1630 and 1995 (Kreiger and Cobb 2001).

A major problem in Boston during the early nineteenth century was wastewater disposal. During this period, human wastes were
disposed into privies and cesspools. However, these sometimes overflowed and seeped into the ground or into nearby bodies of water.
After becoming a city in 1822, Boston added sewage pipes to help alleviate this problem. However, “with the increasing consumption of
water and increasing amount of sewage being discharged onto the flats more land had to be filled to control pollution” (Seasholes 2003).
The sewage putrefying on the flats surrounding the city and the noxious odors emanating from the sewers were blamed for Boston’s
high death rate. This issue of public health led to the development of the public park movement.
The introduction of this movement resulted in the Emerald Necklace, a 1,100 acre chain of parks linked by parkways and
waterways in Boston’s urban fabric. Today, the Emerald Necklace encompasses half of the City of Boston’s park acreage and is the only
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remaining linear park designed by Frederick Law Olmsted. The original plan for the Emerald Necklace included six parks; however, it was
later linked to the already existing Boston Common through the Commonwealth Avenue Mall. When completed in the 1890s, the
Emerald Necklace was a complete park system divided into salt water marsh and freshwater riverine environments. The six parks
included in the Emerald Necklace are: the Charlesgate, the Back Bay Fens, the Riverway Park, Olmsted Park, Jamaica Pond Park, the
Arnold Arboretum and Franklin Park. Even today the Emerald Necklace remains a model of urban landscape design. Other cities and
towns have adapted this model to design their own greenways. The next section will provide a brief overview of the four parks analyzed
in this study, these include: the Back Bay Fens, the Riverway, Olmsted Park and Jamaica Pond Park.

The Back Bay Fens

Figure 1.2: The Back Bay Fens original plan (Zaitzevsky 1982).

4

In the 1870s, Frederick Law Olmsted was commissioned to clean up and control the marshy area which became the Back Bay
and The Fens. Olmsted’s challenge with this park was to restore a stagnant saltwater marsh that flooded and threatened public health.
To accomplish this, Olmsted transformed the foul-smelling tidal creek into a salt water marsh that was regulated by the tides. Figure 1.2
illustrates Olmsted’s original plan for the Back Bay Fens. However in 1912, the Charles River Dam was constructed causing the Charles
River and Basin to create a giant freshwater pond in the lower Charles River and Back Bay Fens area. This resulted in the marsh
ecosystem dying out and the entire Muddy River becoming a freshwater environment (Zaitzevsky 1982).
The construction of the Charles River Dam prevented tidal flow into the Muddy River and Back Bay Fens which decreased
salinity and prevented river sediment from flushing. The sediment has remained on the Muddy River’s banks and created areas that
contribute to the proliferation of the non-native, invasive Phragmites australis, commonly called the giant reed. Though today the plants
are flourishing and are aesthetically pleasing, they trap sediment and the pollutants bound to it, which has led to a serious degradation in
water quality.
Today the Back Bay Fens is surrounded by leading educational, cultural and medical institutions. Over time landscape architect
Arthur Shurcliff added features such as ball fields and the Kelleher Rose garden (Emerald Necklace Conservancy 2013). The park also
hosts the nation’s oldest remaining Victory Garden, a garden planted by citizens in 1941 to provide fruits and vegetables. Today it is a
well loved community garden (Emerald Necklace Conservancy 2013).
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The Riverway

Figure 1.3: The Riverway original plan (Zaitzevsky 1982).

The Riverway, as seen in Figure 1.3, was designed as a narrow 34 acre park to form the lower, narrow section of the Emerald
Necklace park system. Like the Fens, the Riverway, was a tidal marsh until the Charles River Dam was built. As it does today, the park
was located a few feet below street level and followed the Muddy River to the Back Bay Fens (Emerald Necklace Conservancy 2013).
Currently the Riverway is facing the same problems as the Back Bay Fens, with sedimentation decreasing its water quality. Today, the
Riverway has eight acres of forest landscape with mature trees that provide shade for joggers and bikers (Emerald Necklace
Conservancy 2013).
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Olmsted Park

Figure 1.4: Olmsted Park original plan (Zaitzevsky 1982).
Olmsted’s vision for this park was to form “a chain of freshwater ponds, alternating with attractive natural groves and meads”
(Zaitzevsky 1982). The plan in Figure 1.4 shows Olmsted’s original design of Olmsted Park, which at the time was called Leverett Park.
To help draw wildlife, Olmsted built two islands in Leverett Pond to provide shelter and seclusion for nesting birds. Today, Olmsted Park
has 50 acres of forested area. However the habitat value of all forested areas in Boston has seriously degraded by the prevalence of
non-native, invasive plant species such as the Norway maple, Japanese knotweed, the European buckthorn. These plants were either
purposely or accidently introduced to the area and have become threats to the sustainability of native forest ecosystems. Today, the
park features sports fields, wildflower meadow, several ponds, walking, hiking and biking trails. Olmsted Park hosts 50 acres of forested
area (Emerald Necklace Conservancy 2013).
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Jamaica Pond

Figure 1.5: Jamaica Pond original plan (Zaitzevsky 1982).

Jamaica pond was a pure, glacial kettle hole and was the largest standing body of water in the Emerald Necklace. Olmsted
preserved much of the existing vegetation and framed the pond with new trees, shrubs and paths. Today, the boathouse provides
facilities for sailing and rowing. Joggers can run along the 1.5 mile path around the pond and visitors can fish by permit. The pond is
stocked with trout and salmon raised in the state hatcheries every year (Emerald Necklace Conservancy 2013).
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Like the rest of Boston, the environment around the parks in the Emerald Necklace has also changed drastically. Humans
intervened and a marsh habitat was constructed. Then humans intervened again and a freshwater habitat was created. Today, the
Emerald Necklace supports a diversity of plants and animals and provides recreational opportunities for people. It is important to study
this site to understand how the park was designed to help support these important ecological and social functions. Current and future
designers and planners can take lessons from this park system to continue to design ecologically healthy and aesthetically pleasing
landscapes, but moreover to design landscapes with edges that support animal diversity.
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CHAPTER TWO
LITERATURE REVIEW
This chapter presents three bodies of knowledge to be addressed in this paper: landscape ecology, edges and biodiversity
conservation. Each section will give a brief overview of important concepts, definitions and identify the principles that are important for
understanding edges and designing for ecosystem function.

Landscape Ecology
Ecology is generally defined as the study of the interactions among organisms and their environment, and a landscape is a
kilometers-wide mosaic over which particular local ecosystems and land-uses recur. Thus, landscape ecology is simply the ecology of
landscapes (Forman, 1996). More specifically, landscape ecology is defined by the International Association for Landscape Ecology as
the study of spatial variation in landscape at a variety of scales (IALE 2013). “The term landscape ecology was introduced by the German
bio-geographer Carl Troll (1939), arising from the European traditions of regional geography and vegetative science, and motivated
particularly by the novel perspective offered by aerial photography” (Turner et al. 2001, 2).

Landscape Ecology Principles
Landscape ecology principles expose the importance of spatial patterning on the interactions between ecosystems. Because it
emphasizes this interaction between spatial pattern and ecological processes it shows the causes and consequences of spatial
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heterogeneity across a range of scales (Forman 1995). Therefore, landscape ecology essentially combines the spatial approach of the
geographer with the functional approach of the ecologist.
“First landscape ecology explicitly addresses the importance of spatial configuration for ecological processes” (Turner et al.
2001, 4). Landscape ecology is not concerned with the quantity of a certain component; rather it is concerned with how the
component is arranged. “Second, landscape ecology often focuses on spatial extents that are much larger than those
traditionally studied in ecology, often, the landscape as seen by the human observer” (Turner et al. 2001, 4).

The role of humans is considered an important component of a definition of landscape ecology because of our dominant influence
on landscape patterns. “Landscape ecology is sometimes considered to be an interdisciplinary science dealing with the interrelation
between human society and its living space- its open and built landscapes” (Turner et al. 2001, 4). It includes the biophysical and
societal causes and consequences of landscape heterogeneity. The conceptual and theoretical core of landscape ecology links natural
sciences with related human disciplines such as landscape architecture (IALE 2013).

Structure, Function and Change
Since about 1980 the “land mosaic” phase has coalesced, where puzzle pieces increasingly fit together and an overall
conceptual design of landscape and regional ecology emerges (Forman 1995). The principles of landscape and regional ecology apply in
any land mosaic, from suburban to agriculture and desert to forest. Just as a human body or a plant cell, the urban landscape behaves
as a living system. This living system exhibits three broad characteristics; structure, functioning, and change, which are defined below
(Dramstad et al. 1996):
1) Structure: The spatial relationships or arrangement of landscape elements
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2) Function: The movement and flows of animals, plants, water, wind, materials and energy through the structure
3) Change: The ecological dynamics or alteration in spatial pattern and functioning over time
This study will focus on edge structure, an important factor related to the key concepts of structure, function, and change.
In “Landscape Ecology Principles in Landscape Architecture and Land-Use Planning,” Dramstad et. al (1996) suggest that the
structural pattern of a landscape or region is composed of three types of universal elements – patches, corridors, and matrix. These
elements can be used for comparing and integrating highly dissimilar landscapes and “also are the handle for land-use planning and
landscape architecture, since spatial pattern strongly controls movements, flows and changes” (Dramstad et al. 1996). As seen in
Figure 5, this simple spatial language becomes evident when considering how patches, corridors and the matrix combine to form the
variety of land mosaics on earth (Dramstad et al.. 1996). This spatial language can be used to study spatial structure in cities such as
Boston.
Landscape ecology has come to the forefront of ecology and land management and is still expanding very rapidly. It emphasizes
the interaction between spatial pattern and ecological processes and has grown out of intellectual developments that extended back
many decades. These include biogeography, landscape design and management, geography, regional modeling, theoretical ecology,
island biogeography and mathematical theory. The questions on spatial structure addressed by landscape ecology can begin to give
designers a new way of designing.
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Edges
As mentioned in the landscape ecology, the spatial pattern or structure of a landscape is comprised of three types of elements
that are used to compare and integrate highly dissimilar landscapes. These are listed below and can be seen in Figure 2.1a (Forman and
Gordon 1986):
1) Patches: A nonlinear surface area differing in appearance from its surroundings.
2) Corridor: Narrow strips of land which differ from the matrix on either side .
3) Matrix: A surrounding area that has a different species structure or composition.

(a)

(b)

Figure 2.1: (a) Illustration of Patches, Corridors, Matrix and (b) Edge (Eatcolog 2013)
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Within these structural patterns, the focus of this paper will be on edge structure. In “Land Mosaics: the ecology of landscapes
and regions,” Forman (1995) describes edge as the outer portion of a patch where the environment differs significantly from the interior
of the patch (Figure 2.1b).

Edges and boundaries are important on many levels and through many disciplines. In wildlife management, edges
typically have an abundance of game or other animals that move along or across boundaries. In biodiversity and land
fragmentation, the ratio of edge to interior habitat is critical. In aesthetics (design fields), views are often dominated by
edges. And in sustainability issues, humans are edge species, but by carving up the land and increasing edges
enormously, we eliminate the key values of large patches, thus degrading our landscapes (Forman, 1995, 81).
Along with other concepts from landscape ecology, having an understanding of edge function can help designers make informed
decisions about how their designs could affect biodiversity and overall ecosystem health.

Boundaries and Edge Structure
Three mechanisms produce vegetation boundaries in the landscape and influence edge structure (Forman 1996):
1) A patchy physical environment.
2) Natural disturbances, including wildfires.
3) Human activities, such as clear cutting and development for housing.
Based on these, Dramstad et al. (1996) describe ten edge structures: edge structural diversity, edge width, administrative and
natural ecological boundary, edge as filter, edge abruptness, natural and human edges, straight and curvilinear boundaries, hard and
soft boundaries, edge curvilinearity and width, and coves and lobes. In natural landscapes, curvilinear, complex and soft boundaries with
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the presence of coves and lobes are preferred over hard, straight, and simple boundaries. At the edges, adjacent ecosystems or land
uses come together like pieces in a puzzle. This coming together of ecosystems suggests considerable interaction or movements
between them. Most human-made areas have linear or straight boundaries without coves, lobes or tiny patches (Figure 2.2).

a

b

Figure 2.2: Boundary Types. (a) Curvilinear and straight boundaries. (b) Natural and urban boundaries. Curvilinear boundaries are found
in nature and promote animal movement across the edge. Straight boundaries are found in human developed areas where animal more
movement occurs along the boundary rather than across (Dramstad et al. 1996).
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Figure 2.3: Hard vs. soft boundary. “Compared with a straight boundary between two ares, a curvilinear ‘tiny-patch’ boundary may
provide a number of ecological benefits, including less soil erosion and greater wildlife usage” (Dramstad et al. 1996).

Boundaries are important in all areas of knowledge and are sometime differentiated as being hard or soft (Figure 2.3). The hard
boundary shows high contrast between ecosystems and the soft boundary has varying degrees of softness, from single and double
sided patchiness (Forman 1995). Additionally, as seen in Figure 2.4, “patch edges normally function as filters, which dampen influences
of the surroundings on the patch interior” (Dramstad et al. 1996, 29). Creating filters at the edge will help reduce negative impact to the
interior of the patch.
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Figure 2.4: Edge as filter (Dramstad et al. 1996).

Figure 2.5: Edge structure diversity. “Vegetative edges with a high structural diversity, vertically or horizontally, are richer in edge animal
species” (Dramstad et al. 1996).
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Edge structural diversity is also important (Figure 2.5). Edge structural diversity suggests that vegetative edges with a high
structural diversity, vertically or horizontally, are richer in edge animal species. So, edges should not only have tall canopy trees but also
understory shrub and ground vegetation that spreads out across the landscape before there is a change in ecosystems.
In “Land Mosaics: the Ecology of Landscapes and Regions,” Forman (1995) states that sun and wind are controls on edge
microclimate because both aspects desiccate leaves and increase evapotranspiration, sun and wind determine which plants survive and
thrive in an edge as well as having major impacts on soil, insects and other animals in the edge. These ecological effects increase with a
greater difference in vegetation height between the adjacent ecosystems.
There are five functions that edges perform: habitat, filter, conduit, source, and sink (Forman and Gordon 1986). As mentioned
earlier, edges act as habitat and filters. Wildlife moving across a boundary illustrates the conduit function. Forest edge animals moving to
feed in an adjacent field shows the source function, and eating or killing animals across a boundary illustrates the sink function (Forman
1995).
High species richness and density are documented for plants, mammals, birds and invertebrates at the edge (Forman, 1995).
“High levels of flower and fruit production, pollinator and frugivore density and seed dispersal are often present in edges”
(Forman, 1995, 96). As human development continues its expansion into natural environments, the edges created will increasingly form
a critical point for interactions between human-made areas and natural habitats. Designers should pay attention to edge structure and
know how it influences edge function so that edges can be designed to augment plant and animal diversity.
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Biodiversity Conservation
Human disturbance is the most significant contemporary agent of change in terrestrial ecosystems (Forman 1995).
Transformation of habitat can occur as a result of either natural or human activities. “The transformation of terrestrial landscapes to
landscapes dominated by human uses results in measurable changes to the composition and pattern of habitats, and the fauna and flora
that occur in them” (August et. al 2000, 202).
In “Applying Landscape Ecology in Biological Conservation,” Peter August et al. (2000) suggest some concepts and principles to
follow when designing for biodiversity. Design objectives that planners and designers should follow are:
1) Refuges should be as large as possible and be connected with nearby refuges by protected corridors of habitat
2) Round refuges offer the greatest core area of protected land relative to edge habitats
3) Land adjacent to refuges should be managed as a buffer zone with only limited opportunities for major man impacts
Though August’s article relates more to biological conservation in wildlife areas, the same principles can be applied in urban
environments. These principles also relate to the edge principles discussed in the “edges” section.
Landscape ecology explains that spatial patterns are formed because of natural or human disturbances to the land. Edges are a
concept of landscape ecology and provide the principles needed to observe the edge structure of the Emerald Necklace. To further
emphasize edge structure concepts, principles from biodiversity conservation can be used to design edge structure to enhance
biodiversity at or around the edge. Therefore, the concepts from landscape ecology, edges, and biodiversity conservation have provided
the background needed to begin to answer the questions on how to augment biodiversity in urban environments. Based on these
concepts a framework can be created to examine the Emerald Necklace’s edge conditions.
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CHAPTER THREE
METHODS
This chapter presents the methods used to evaluate the Emerald Necklace site conditions. Two qualitative methods were used to
study the edge structure and ecological health of Boston’s Emerald Necklace from Jamaica Pond to the Back Bay Fens. These include
observation and Ecological Value.

Method 1 - Observation
For Method 1, a field guide was created for the observer to use to examine the edge structure of the Emerald Necklace. The field
guide included a check box for high, medium, low, or none, for each of the parameters listed below (see Figure 3.1 for an example of the
field guide). The parameters were determined based on edge structure principles and included: boundary, accessibility, and edge
structural diversity. Additionally, information on adjacent features such as roads, buildings or water was collected.
The curvilinearity and abruptness of the boundary was studied at the urban edge and the water or natural edge. The ease of
accessibility for people and animals from the path to the water’s edge and the urban edge was studied. Low to no accessibility meant
that there was some sort of physical barrier, for example a fence, which would stop access to either edge. High accessibility meant there
was no physical barrier to stop access to the edge. For edge structural diversity, the density of vertical and horizontal vegetative growth
was examined. Low to no edge structural diversity meant little to no vegetative growth occurred in that area. However a medium to high
ranking meant some to high vegetative growth could be seen.
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Figure 3.1: Field Guide. This guide was used to record edge conditions at each of the twenty-three points. While walking along the
Emerald Necklace, data was collected as the edge condition changed. Time spent at each data point varied according to how long it
took to gauge the edge condition.
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Information was gathered on a total of 23 points along the Emerald Necklace. Collection began at Jamaica Pond, on the corner of
Perkins Street and Jamaicaway. Walking north on the Emerald Necklace pedestrian pathways, data was assembled as the edge
condition changed form along the water’s edge. The figure below (Figure 3.2) displays the areas from which information was collected
and also includes circulation information about the site.

The Back Bay Fens

The Riverway

Olmsted
Park

Jamaica
Pond

Figure 3.2: Data collection map. Map of data collection points and existing circulation in and around the Emerald Necklace.
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Method 2- Ecological Value
Method 2 involves the assessment of the ecological value of the site. The framework used by Lawrence Baschak and Robert Brown
in “An Ecological Framework for the Planning, Design, and Management of Urban River Greenways” (1995) was adapted for this study.
Olmsted’s original plan of the Emerald Necklace was treated as the ‘existing’ natural area and was compared to current conditions. The
data to make the assessment came from The “Emerald Necklace Plant List” (1982), which listed Olmsted’s original planting list for each
park, “The Emerald Necklace Environmental Improvements Master Plan” (1999), and the “Environmental Assessment” section of “The
Emerald Necklace Master Plan” (2001). Additionally, a current plant list of native and invasive plants in the Jamaica Pond, Olmsted Park,
and the Riverway was obtained from the Brookline Parks and Recreation Department.
The ecological value was based on four criteria: plant species diversity, degree of naturalness, species rarity, and plant community
structure. To make the assessment, the four criteria were rated on a scale of one to three. For each criterion ‘one’ was marked as low
ecological value and ‘three’ was marked as high ecological value. The criteria are as follows:
1) Plant species diversity: The density of plant diversity in the park (adapted from Baschak and Brown 1995).
1. Small number of species present
2. High species diversity
3. Outstanding diversity for particular habitat types
2) Degree of naturalness: Natural areas that are being preserved (adapted from Baschak and Brown 1995).
1. Natural areas are progressively destroyed
2. Some natural areas are preserved
3. Pristine natural areas are evident
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3) Species rarity: Whether there any rare species or plants or animals present in the Emerald Necklace that were not a part of the
original design but are still native to the region and of ecological value (adapted from Baschak and Brown 1995).
1. Species characteristic of region
2. Site supporting good populations or local rarity or local endangered species Baschak and Brown 1995).
3. Site supporting good/limited populations of natural rarity or site supporting good population of regional rarity or many
species at limits of distribution
4) Plant community structure: The stratification of vegetation types in plant communities (adapted from Baschak and Brown 1995).
1. Plant community structure not evident
2. Good stratification of vegetation types in plant communities
3. Near-natural plant community structure in both horizontal and vertical patterns of vegetation
The two methods used for analysis and to draw conclusions were (1) observation and (2) ecological value assessment. Visiting
the site and examining the existing structural condition of the site was imperative to make informed design recommendations. In
Method 2, the overall ecological value of the site was determined by the summation of all criteria values. A maximum of twelve points
(maximum of three points for each individual criterion), indicating high ecological value, could be reached (Baschak and Brown 1995).
The framework presented in methods 1 and 2 can be used by landscape planners, designers, and other managers to determine the
structural pattern of existing sites. Furthermore, the framework can be used as a ‘checklist’ to follow when designing new sites.
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CHAPTER FOUR
ANALYSIS
Method 1 Analysis
Observations Analysis
Chapter four analyses and assesses the Emerald Necklace’s current site conditions based on the findings from the study. The
following figures represent the data collected at each point. Circles on the maps illustrate the data at each point graphically and are color
coded according to rank.
For the most part the natural edge had curvilinear boundaries and the urban edge displayed straight or abrupt boundaries
(Figure 4.1). Seventeen of the twenty-three points were curvilinear at the water’s edge and six were curvilinear at the urban edge. The
data shows that the edges of the water as designed by Olmsted fall in line with the edge conditions presented by Dramstand, Olson and
Forman.
Figure 4.2 shows accessibility for people and animals to the water’s edge and the urban edge. Seventeen out of the twenty-three
points showed high accessibility for people to the water’s edge and urban edge; meaning it was easy for people to access both edge
boundaries. For animals, nine out of the twenty-three point areas were highly accessible at the water’s edge and nineteen of the twentythree points were ranked high for accessibility to the urban edge. Animals can easily access the urban edge but it is more difficult for
them to access the water’s edge.
In Figure 4.3, the rankings for horizontal and vertical edge structural diversity can be seen and accessed. Diversity points that
were rated as none were minimal and usually could be found near built structures, where plant growth would be difficult.
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Figure 4.1: Boundary at the water’s edge and urban edge. The images on the right of each map illustrate the typical characteristic that
was observed for curvilinearity and abruptness.
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Figure 4.2: Accessibility to the water’s edge and urban edge for people and animals. Each point was rated on a scale of high to no
accessibility. The images on the right of each map illustrate the typical characteristic for accessibility for each rank.
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Figure 4.3: Horizontal and Vertical Edge Structural Diversity. Each point was rated on a scale of high to no accessibility. The images on
the right of each map illustrate the typical characteristic observed for structural diversity for each rank.
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Analysis of Accessibility and Structural Diversity by Park
To draw conclusions about accessibility and edge structural diversity, the site needs be assessed at the macro level. The next series
of maps illustrate the average accessibility and structural diversity of the four parks mentioned in Chapter 1. The data points per park
were combined to give an average value that was ranked from zero (low value) to three (highest value). The parks are: the Back Bay
Fens, The Riverway, Olmsted Park and Jamaica Pond.
Figure 4.4 combines the data from the water’s edge and urban edge and illustrates the average accessibility for people and animals
across the edge. In the Back Bay Fens, accessibility to the edge was higher for animals, averaging 2.1, than for people which averaged
at 1.25. Accessibility for animals and people was average on the Riverway, ranging from 2.5-2.7 respectively. In Olmsted Park,
accessibility for people and animals to both edges was high and equal at 2.6. Jamaica Pond had high accessibility for people and
animals at 2.7 and 3 respectively. There is no separation of spaces for people and animals. It can be concluded that it is fairly easy for
people to access potential animal habitat across the site. Additionally, animals can also easily filtrate through to other urban areas.
Drawing from the principles of biodiversity conservation presented in Chapter Two, creating a buffer zone at the water’s edge will keep
potential animal habitat from being negatively impacted by human presence.

Figure 4.4: Average accessibility for people and animals per park.

29

Figure 4.5 illustrates the vertical and horizontal edge structural diversity averages per park. In the Back Bay Fens, the vertical and
horizontal diversity was low, averaging at 1.25 for all the points collected. The horizontal and vertical edge structural diversity was similar
and low averaging at 1.68 for the horizontal diversity and 1.65 for the vertical diversity. In Olmsted Park, horizontal diversity was low at
1.8 and vertical diversity averaged at 2.2. Increasing diversity along the water’s edge will discourage people from venturing to the water
and will provide habitat for animals which will in turn increase edge species diversity.

Figure 4.5: Average horizontal and vertical edge structural diversity per park.
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Method 2 Analysis

Figure 4.6: Ecological value assessment for the Emerald Necklace.

The Emerald Necklace received an 8/12 for the total ecological value (see Figure 4.6). This indicates that the park has moderate
ecological value. For an urban park, the Emerald Necklace shows that high plant diversity is present. Most natural areas such as The
Woodlands are well maintained. However in spaces such as the Back Bay Fens, invasive giant reed are taking over and are changing the
habitat structure of the area. The park supports good populations of local or rare species. For example, a small pond in Olmsted Park
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hosts a small population of the three-spined stickleback fish, a state listed rare species of fish which is the only occurrence in
Massachusetts. Additionally, of the 200 bird species that can be found in Boston, 170 have been documented in the Back Bay Fens
alone. This indicates that there is habitat and/ or other features that can support wildlife. However, more research needs to be conducted
at the site, regional and state level before high species rarity can be concluded for this site. Plant structure is rated as medium based on
the findings from Method 1. The overall ecological value of the site is moderate indicating that the site can be improved based on the
edge principles presented earlier.

Major Findings
Based on the results four major findings can be concluded:
1) Plant and animal species diversity varies slightly by park. For example, Olmsted Park boasts forested areas rich in native
plants but also nonnative plants, and is home to a rare fish species. The Back Bay Fens on the other hand has fewer
forested areas but has a rose garden and community garden that provide food and habitat for other animal species.
2) Vertical diversity is high but horizontal diversity is low. Lower horizontal diversity results in decreased edge animal diversity
since there is less vegetation spanning the width of the Emerald Necklace.
3) Accessibility of people and animals to the edge of the water is of equal value. There is no separation of spaces for animals
and people. The presence of people could potentially lead to the disturbance of animal habitat.
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4) Boundary is curvilinear with coves and lobes present to allow for species specific habitat. Islands of vegetation are present in
the Muddy River, representing potential habitat areas. Additionally, the curvilinearity of the boundary indicates that animal
movement occurs across the boundary instead of along it.
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CHAPTER FIVE
RESULTS
Design Recommendations
This chapter presents recommendations for designing the edges of urban greenways to augment animal diversity. Based on the
major findings, eight design recommendations can be identified: retain existing habitat (Figure 5.1), use native plants, create curvilinear
boundaries (Figure 5.2), create patches (Figure 5.3), stratify vegetative structure (Figure 5.4), create buffers (Figure 5.5), separate spaces
(Figure 5.6), and create connections (Figure 5.7).

Figure 5.1: Retain Existing Habitat.

1)

When developing greenways, areas of pre-existing habitat should be identified, protected and extended. These key habitat
areas can include hedgerows, woodlands and streams such as those existing in the Emerald Necklace. Pre-existing habitat
provides safety.
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2)

Native plants should be used to extend the existing natural boundaries and will provide resources such as food and habitat
for native wildlife. Additionally, problem invasive plant species that adversely affect animal habitat and overall ecosystem
health should be monitored and eradicated.

Figure 5.2: Create Curvilinear Boundaries.

3)

Boundaries should be curvilinear and coves and lobes should be present. The addition of these features will promote
movement across the site and encourage higher species diversity. Coves and lobes will provide niche habitat and food for a
variety of wildlife. The curvilinear edges of the Muddy River provide areas teeming with food for animals.
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Figure 5.3: Create Patches.

4)

Create tiny patches to soften the boundary. Adding tiny patches to the boundary will allow animal movement across the
edge and could provide secluded habitat, greater wildlife usage, and other ecological benefits. The Muddy River boasts
vegetative islands that create this type of soft boundary.
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Figure 5.4: Stratify Vegetative Structure.

5)

Create a stratification of vegetative structure across the site. Canopy trees as well as understory and floor vegetation should
be used to increase structural diversity thereby increasing wildlife diversity at the vertical and horizontal level. Additionally
stratifying vegetative layers will affect site microclimate and wind movement across the site which will also affect animal
diversity at the edge.
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Buffer

Figure 5.5: Create Buffers.

6)

Create a buffer between the site and surrounding urban fabric. The buffer will act as a filter to minimize influences of the
surroundings on interior wildlife.

Separation

Figure 5.6: Separate Spaces.

7)

Create areas that provide human-animal interactions and areas that provide separation of spaces. Separating human and
animal spaces, especially near the water’s edge, will allow animal habitat to remain undisturbed and protected thereby
increasing animal activity in that area.
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Figure 5.7: Create Connections.

8)

Create and maintain connections to other patches to aid animal movement through the site. Hedgerows and large trees can
provide corridors for movement and can connect habitat for wildlife to use to move through developed areas. Such areas
lend maturity and greening to a site that could increase the aesthetics of an area as well as continue to provide biodiversity
interest. However, it is important to note where such habitats form key links to habitats offsite such as woodlands in order to
ensure the most important links are designed.

39

CHAPTER SIX
CONCLUSION
This study seeks to benefit landscape architecture by filling a gap in knowledge about edge structure in urban greenway design
and aims to bring edge design to the forefront during design decisions. Landscape architects have the power to influence the shape of
the land and the formation of edges is critical to human-animal interaction. Well designed edges can serve as habitat and sources of
food for many wildlife species and can dampen the influence of the surrounding urban fabric on the interior of the greenway. Due to the
diverse significance of edges, rich opportunities exist for landscape architects to use this key ecological transition zone between two
types of habitat in designs and plans. Landscape architects can take the reins and provide places of refuge for both animals and people
in this metropolitan world.
Limitations and Future Studies
The Emerald Necklace should also be studied as a corridor because of its function as a connecter of various parks and green
spaces. The corridor concept informs the designer of other important ecological/ ecosystem functions that have not been fully
addressed by the concept of edges. This study was conducted during winter when most vegetation was either covered by snow or
dorrmant. Additional studies need to be conducted at various times during the year (spring and summer) to get a comprehensive
understanding of the edge structure. During these times, more trees and plants will be visible. Furthermore, animal activity will also
increase during the spring and summer months.
Both methods used during this study were qualitative. Because of the subjective nature of this study, the results will vary (for this
site) for each person. It is suggested that more concrete data is collected on plant and animal species present on the site.
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Furthermore, the study area was large (almost 2 miles) and the twenty-three data collection points may not have been adequate
enough to make firm conclusions. Future studies can either include more data collections points or can reduce the amount of area
covered by the study. For example, a future study can be conducted solely on the Back Bay Fens area. The study should also be
conducted at various times of the year as mentioned above, and data on the plant and animal species living exclusively in the Back Bay
Fens can be recorded. This information can then be used to improve the Back Bay Fens area and the study can be repeated for each of
the parks mentioned in this study.
The Emerald Necklace has been used widely as an example of urban greenway design; even today the Emerald Necklace is
healthy and provides multiple benefits for all its users. Though Olmsted designed the Emerald Necklace years before the field of
landscape ecology emerged, he paid careful attention to how the landscape should be manipulated to minimize the harmful effects of
development on people and wildlife alike. Landscape architects need to get back to this way of designing and thinking beyond the
drawing line to create ecologically healthy and aesthetically pleasing landscapes.
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APPENDIX A
Data - Boundary
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Data - Accessibility

44

Data – Edge Structural Diversity
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Data – Adjacent Features

46

APPENDIX B
Data Analysis – Accessibility Average Calculations
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Data Analysis – Accessibility Edge Structural Diversity Average Calculations

48

REFERENCES
Ahern, Jack. “Planning for an Extensive Open Space System: Linking Landscape Structure and Function.” Landscape and Urban
Planning 21 (1991): 131-145
Baschak, Lawerence A. and Robert D. Brown. “An Ecological Framework for the Planning, Design and Management of Urban River
Greenways.” Landscape and Urban Planning 33 (1995): 211-225.
City of Boston: Parks and Recreation. 2013. “Open Space Plan 2008-2014: Section 4 Environmental Inventory and Analysis.” Accessed
February 2013.
http://www.cityofboston.gov/parks/openspace0814.asp#neighborhoods
Collinge, Sharon K. "Ecological Consequences of Habitat Fragmentation: Implications for Landscape Architecture and Planning."
Landscape and Urban Planning 36 (1996): 59-77.
Dramstad, Wenche E. James D. Olson, and Richard T. T. Forman. Landscape Ecology Principles in Landscape Architecture and
Land-use Planning. Cambridge Mass.: Harvard University Graduate School of Design, 1996.
Emerald Necklace Conservancy. 2013. Accessed February 2013. http://www.emeraldnecklace.org
Forman, Richard T.T. Land Mosaics: The Ecology of Landscapes and Regions. Cambridge University Press. 1995.
Forman, Richard T.T. Michel Gorden. Landscape Ecology. John Wiley & Sons. 1986.
Hobbs, Richard. "Future Landscape and the Future of Landscape Ecology." Landscape and Urban Planning. 37 (1997): 1-9.
Krieger, Alex and David Cobb. Mapping Boston. MIT Press. Cambridge, Massachusetts and Londong, England. 2001.
Mass.gov: Administration and Finance. 2013. “MassGIS Data Layers.” Accessed February 2013.
http://www.mass.gov/anf/research-and-tech/it-serv-and-support/application-serv/office-of-geographic-information
massgis/datalayers/layerlist.html#EnvironmentalMonitoring
Muddy River Restoration Project Maintenance and Management Oversight Committee. 2013. “Muddy River Restoration Project” and
“Olmsted’s Emerald Necklace Master Plan.” Accessed March 2013. http://www.muddyrivermmoc.org/index.html.

49

Pickett, S.T.A. and K.H. Rogers. “Patch Dynamics: The Transformation of Landscape Structure and Function.” J.A. Bissonetter, editor.
Wildlife and landscape ecology. Springer-Verlag, New York, New York, USA. 1997: 101-127.
Seasholes, Nancy S. Gaining Ground: A History of Landmaking in Boston. MIT Press. Cambridge, Massachusetts. 2003.
Shelford, Victor E. "The Ideals and Aims of the Ecological Society of America." Ecological Society of America. 1917: 1-8.
Thompson, George F. and Frederick R. Steiner. Ecological Design and Planning. New York: John Wiley, 1997.
Town of Brookline Massachusetts Parks and Open Space Division. 2010. “Emerald Necklace I: Olmsted Park.” Accessed March 2013
http://www.brooklinema.gov/index.php?option=com_content&view=article&id=758%3Apaos-pp-emerald
1&catid=647%3Apaos-park-pages&Itemid=965
Town of Brookline Massachusetts Parks and Open Space Division. 2010. “Emerald Necklace I: The Riverway.” Accessed March 2013
http://www.brooklinema.gov/index.php?option=com_content&view=article&id=758%3Apaos-pp-emerald
1&catid=647%3Apaos-park-pages&Itemid=965
Turner, Monica G. Robert H. Gardner, Robert V. O’Neil. Landscape Ecology in Theory and Practice Pattern and Process. New York:
Springer-Verlag 2001.
Zaitzevsky, Cynthia. Frederick Law Olmsted and the Boston Park System. The Belknap Press of Harvard University. Cambridge,
Massachusetts and London England. 1982.

50

