











Addressing the Gaps:
Analysis & Discussion
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To gain a comprehensive understanding
of the gaps in the Town of Arlington’s
urban ecology plans, the Team conducted
a literature review, policy inventory review,
and spatial analysis. While each research
method uniquely provides insights into
how Arlington can improve its biodiversity
plans, together they create a holistic
understanding of the urban ecology gaps
in Arlington’s current plans. To synthesize
this information, the Team identified
themes from the findings of the different
research methods for further discussion
below.

6.1 Opportunities to
Incorporate Urban Ecology
Elements in the Decision
Making Process

A significant deficiency in urban ecology
and ecological land management is its
lack of integration into policy decision-
making (Alberti et al., 2003). The
interdisciplinary nature of urban ecology
lends to its complexity and the need for
trans-disciplinary collaboration. Singapore
is a prime example of the inter-agency
collaboration to promote urban ecology
on a more national scale (OECD, 2013).
However, there are examples at the local
level that present a more replicable model
for Arlington. Melbourne, Australia built
an effective Green Factor Tool through
interdisciplinary collaboration between

architects, designers, policymakers,
researchers, and community stakeholders
(Bush et al., 2021). The close collaboration
of practitioners, researchers, and
community stakeholders encouraged
transparent exchange of information

and created a foundation built on peer-
reviewed research (Bush et al., 2021).
Arlington must similarly build urban
ecology into the backbone of their
decision-making process.

An important aspect of incorporating
urban ecology into planning begins at a
very early stage of the planning process,
with the conception and drafting of the
plan. This report does not assess the plan
creation process, only the drafted or final
plans themselves. It is clear based on the
results of the Policy Inventory Table that
Arlington’s Town Plans have integrated
many elements of urban ecology (see
Table 4.1). Despite the plans not being
created to address the categories
generated by the literature review of
this project, almost all categories were
addressed at least once (see Table

4.1). This indicates that while each of
these categories may not have been
deliberately addressed, many of them
may have been at least considered.

However, regardless of whether or not
urban ecology was considered during
the plan creation process, there is room
for improvement, when it comes to

the way urban ecology is affecting the
decisions that are made after the plan

is complete. It was found in the analysis
of current plans that urban ecology was
not being incorporated into continual
decision-making, despite other aspects
or urban ecology often being touched
on in those same plans (see Table 4.1).
This means that urban ecology is being
addressed often through a set of hard
and fast rules rather than goals, whose
subsequent action is informed by

urban ecology principles. For example,
the public land management plan

states that the municipality should

"avoid topographical changes” and
avoid mowing entire meadows in one
year for habitat diversity (Public Land
Management Plan, 2022). While these are
likely done in order to meet a goal such
as enhancing biodiversity or maintaining
natural cycles, which are urban ecology
metrics, they do not allow for changes in
decision making as conditions change.
Avoiding topographical change in one
area could legitimately preserve that
area’s natural topography and erosion
cycles, but in another it could be ignoring
erosion. The environment is in a constant
state of change, and not incorporating a
mechanism to change approaches based
on environmental conditions negates
one of the fundamental points of urban
ecology - to live with nature (Atlanta City
Design: Nature, 2020).
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It is clear that Arlington is moving in

the correct direction in regards to
incorporating some aspects of urban
ecology into its planning. The direction
that this report proposes in order to take
urban ecology further in Arlington is a
novel one, and the changes suggested
will not happen overnight. However, in
order for urban ecology to be further
incorporated into town planning it is
vital that a concerted effort be made

to enhance local representatives and
decision makers’ understanding of urban
ecology through educational resources
and models developed through other
communities. This report may act as
foundational research to develop this
education, but for urban ecology to be
truly incorporated into planning, it must
be championed by decision makers who
will be present when plans are being
created.

6.2 Private Property
Considerations in Urban
Ecology

One major gap that the Team's research
has identified was the lack of private
property considerations in planning for
biodiversity enhancement, protection,
and sustainable landscape practice.

The spatial analysis revealed that areas
with the least potential for biodiversity
within Arlington are areas that are zoned
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for single-family residential housing
(see Figure 5.9). At the same time,
there are little to no considerations of
private property in conservation land
management, as evidenced by how
few plans include private property
management and policies (see Table
4.1). This gap in planning is important
to highlight as Arlington owns only 9%
of the 3500 acres of land in Arlington
(Arlington Master Plan, 2015). If Arlington
seeks to fully utilize an urban ecology
framework, the planning department
must consider how they can manage
private property within this framework.
This is especially important because
private landowners conducting
sustainable landscape practices are
shown to significantly contribute to
habitat availability and connectivity and
in some cases, have a greater impact than
public land (Mimet et al., 2020).

At the time of this project, Arlington

is in a unique position to address this
gap. In December 2022, the Town
announced that they were awarded an
Accelerating Climate Resilience Grant by
the Metropolitan Area Planning Council
(MAPC) to improve ecological integrity
for private landowners. This project will
produce a Sustainable Landscaping
Handbook (SLH) that is adapted from
the Concord Sustainable Landscaping
Handbook, which can provide useful
models that the Town can implement

(Town of Concord, 2019). As such, there
is an incentive for Arlington to create
opportunities for private property owners
to engage in sustainable landscape
practices.

The Town has already taken measures
to conduct sustainable landscapes
workshops using the Accelerating
Climate Resilience Grant, which allows
interested citizens to learn about
sustainable approaches to their yards,
erosion control, and planting native
species, among other topics (News |
Town of Arlington, 2023). However, there
are more ways than education to further
include property owners to engage in
sustainable landscape practices. Based
on the Team'’s literature review, significant
resources such as time and equipment
are often required in order to practice
sustainable landscaping effectively. To
increase the number of citizens who can
implement the sustainable practices
outlined in the handbook, the Town of
Arlington should consider establishing
a shared equipment resource where
landscaping tools can be rented and
used communally. The same concept
has been successfully applied in urban
agriculture initiatives and there are
guidebooks to inform effective practices
(Gilbert, 2018).



6.3 Supporting High-
Biodiversity Areas

While the spatial analysis can help
identify areas to prioritize biodiversity
enhancement in low-biodiversity potential
areas, Arlington should also ensure that
high-biodiversity potential areas are still
being supported and that local wildlife
can still thrive and not be disrupted. For
example, the area surrounding Menotomy
Rocks Park has a high potential to support
biodiversity and urban wildlife, but the
area is predominantly residential, where
there is high prevalence of turfgrass
which creates an artificial environment
that presents little opportunity for

native species to thrive. Furthermore,

the liberal use of pesticides, herbicides,
and synthetic fertilizers present an

added threat to native plants and insects
since they are designed to eradicate
naturally occurring weeds and other
plants (Hostetler & Main, 2010). Plants,
animals, and insects do not recognize
zoning borders, and it is important to
establish a full-picture when supporting
high-biodiversity areas and take into
account the surrounding nature and built
environments. During the Team'’s site visit
to Arlington, the Team observed how the
use of rat poison has resulted in the death
of a Great Horned Owl in the Town (see
Figure 6.1). This could also interplay with
the second discussion point regarding
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Figure 6.1: Poster discouraging the use of rat poison pinned on the Menotomy
Rocks community board (Taken by Tufts UEP Field Projects Team on 4/12/23)

how private property plays an important through pollinator gardens (Town of

role in maintaining habitats (Mimet et al., Concord, 2019). In the policy inventory

2020). table, the Town makes note of the
pollinator gardens and planting native

Secondly, the Concord Sustainable species (see Figure 4.1). This helps

Landscaping Handbook makes substantial maintain the species-specific relationships

notes on the importance of native species between pollinators and invertebrates

and reducing the presence of non-native and propagates specialized-pollinator

and invasive species. Specifically, there species since urbanization has been

is mention of propagating pollinators shown to reduce insect pollinator species
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richness and abundance (Bates et

al., 2011). Installing beehives in high-
biodiversity potential spaces such as

Spy Pond or Menotomy Rocks Park
would reduce the impact urbanization
has on their populations and would also
contribute to native plant-species genetic
diversity since they would pollinate over
a large area. Increasing genetic diversity
is critical to population stability, without
it the population is less resilient and
robust, being unable to rebound from
environmental pressures (Govindaraj
etal., 2015). When deciding where to
install hives, the Town should be aware
of the spatial gaps required (typically
500 feet or ~.1 miles) to avoid resource
competition (University of Georgia CAES,
2008).

6.4 Utilizing Biodiversity
Metrics

The Town of Arlington has taken steps
in their conservation efforts to measure
and monitor different aspects of urban
ecology. However, in the Town's plans,
there is no clear connection as to how
these measures translate into actions
and how they affect the Town'’s planning
process. In order to effectively propagate
and conserve biodiversity, the Town
should aim to measure a greater range
of urban ecology metrics and utilize
those metrics to implement successful
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biodiversity enhancement actions.

Establishing an accurate fabric map
would provide greater depth to the
Town'’s metrics that could directly
translate into actions to enhance habitat
connectivity and reduce threat of heat
islands. A fabric map would clearly

and precisely depict the distribution of
impermeable surfaces in a given area
(Akbari & Rose, 2001). Understanding
the material distribution throughout the
Town could be part of a greater system
of gathering urban ecology metrics that
would inform decision-making. However,
it is key that these efforts are continuous
as the literature highlights a limitation

in biodiversity indicators is how they are
observations from a certain place and
time when biodiversity changes across
space and time (Hill et al., 2016). The
Town has systems in place to collect
data like overstory canopy coverage,
understory light, gap sizes, and viable
regeneration openings. Collecting data
on biodiversity metrics combined with
existing data collection would help the
Town understand their ecosystems and
gain a clearer picture of their entire
urban ecology. Overall, the gap analysis
revealed to the Team that while Arlington
measures some urban ecology metrics,
they make no clear connection between
their metrics and how they inform
different biodiversity initiatives.

6.5 Collaborative Fronts

Our research of urban ecology
frameworks frequently highlighted

the important role of joint efforts
between cities and municipalities
(Atlanta City Design: Nature, 2020).
Continuous measuring and mapping

of urban ecologies is important to
multi-generational management and
changing management strategies as
ecosystems continuously adapt. The
City of Atlanta provides an excellent
example of equitable access and
biodiversity protection through effective
mapping. While our GIS analysis

can aid in understanding Arlington’s
current landscapes, it is essential to
bring together community leaders

and researchers to develop a similar
strategy to Atlanta. Although mapping
outside of its borders is challenging for
Arlington, establishing open channels of
collaboration with bordering towns like
Belmont and Lexington would encourage
information sharing and ensure that
management practices and plans are

as comprehensive and effective as
possible. This is especially true when it
comes to urban ecology, as the largest
Town-owned parcel, the 183-acre Great
Meadows preserve, is actually located in
East Lexington (Arlington Land Trust, n.d.)
- studying these places in tandem would
be a thoughtful next step.



Because Arlington is a relatively small
town in the Greater Boston area, it would
also be prudent for the Town to partner
with nearby municipalities on efforts
expanding beyond technical analysis.
From our in-person discussion with
project partner David Morgan at the
Arlington Town Hall, it seemed that the
most successful grant applications and
environmental planning endeavors were
done in partnership with neighboring
towns that faced the same issues, such

as the aforementioned Winchester,
Stoneham and Arlington MAPC award
towards developing a sustainable
landscaping handbook or the Wicked
Hot Mystic urban heat island mapping
initiative from the Mystic River Watershed
Association, which includes a partnership
of thirteen towns along the river (Resilient
Mystic Collaborative, 2020).

6.6 Limitations

One of the limitations of the project was
the lack of in-depth knowledge about
the planning and creation process for
the Plans covered by the policy inventory
table. The analysis focused on the plans
themselves rather than the process of
writing the plans, which limited the ability
to fully understand the context in which
they were created. While the plans were
assessed to see if they included any
actions that would be relevant to the
project’s objectives, this only provided

information on the outcomes of the plans,
and not the process by which they were
created.

Another limitation of this project was

the lack of information regarding the
town’s budget and pricing for ecological
initiatives. Without a clear understanding
of the resources available to the Town,

it was challenging to make specific
recommendations for implementation
or to assess the feasibility of proposed
actions. This limitation underscores

the importance of having access to
comprehensive information on town
budgets and resources when conducting
ecological assessments and planning for
the future.

Additionally, the project worked within
the relatively small size of the Town

of Arlington and the GIS team was

limited in terms of availability of data on
species and animals within the town. To
overcome this challenge, the team used
citizen science data from iNaturalist as

a proxy for species richness. While this
approach allowed for a broad assessment
of biodiversity in the town, it may not
accurately represent the full range of
species present. Furthermore, because
iNaturalist uses user observation data, the
Team would like to acknowledge that the
data may be skewed to areas where users
are specifically looking for biodiversity.
However, iNaturalist offers the best

localized data for species through

the Team’s research. Thus, the lack of
available data on species and animals
within the town limits may have limited
the scope of the project. Future studies
may benefit from exploring additional
sources of data or developing more
targeted data collection efforts.

Finally, although Arlington has great
natural resources such as Spy Pond and
Mystic Lake, to get a comprehensive
understanding of the town’s biodiversity,
it is necessary to look beyond its
municipal boundaries. This is because the
movement of animals and plant species
is not constrained by political boundaries.
Therefore, to gain a more complete
picture of the town'’s biodiversity, it is
essential to collaborate with neighboring
towns such as Medford, Belmont,
Somerville, and Lexington. By doing so,
the project could benefit from a more
extensive and collaborative approach to
biodiversity analysis.
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By analyzing case examples and
frameworks, we can provide practical
suggestions for improving Arlington'’s
resilience to climate change and
sustainable land management practices.
Our evaluation has highlighted areas
where the Town has made progress,

but also where more work is needed.
Our research shows that other towns
facing similar challenges have effectively
utilized nature-based solutions, including
protecting vital ecological corridors, to
combat the effects of climate change and
preserve biodiversity. The next following
subsections briefly summarize why the
Team proposes these recommendations,
and summarizes them into a table of
actions (see Table 7.1).

7.1 Education and Outreach

We recommend that the Town of
Arlington take steps to educate residents
on urban ecology as the topic is relatively
new. It is important to realize a shared
understanding from both the perspective
of the Town and its residents, in order to
create effective goals and actions. These
suggestions include outreach to schools,
hosting educational events, and creating
education materials in different languages
to broaden audience reach.

7.2 Planning and Policy

Our second set of recommendations
follows from the integration of urban
ecology elements into plans and policy.
Using the completed actions table,
Arlington can understand their current
position in biodiversity management
and the metrics currently tracked. From
this, they must depict a clear pathway
on how their metrics inform and impact
their decision-making. Additionally, the
Town should initiate interdisciplinary
collaboration across sectors like the
Singapore Biodiversity Index, which
shows how collaboration leads to effective
biodiversity management under a set of
unified missions and goals.

7.3 Private Property Incentives

Our third recommendation centers
around the utilization of private property
to enhance biodiversity and connectivity.
Our gap analysis found that city plans do
not capitalize on private property as a way
to propagate biodiversity. Atlanta City
Design: Nature did not mention private
gardens and since the Town has recently
received a grant to build its own SLH,
the team sought ways for the Town to
maximize its own SLHs effectiveness.

7.4 Data and Mapping

Our fourth set of recommendations can
help Arlington utilize data and mapping
to inform their management strategy.

To deeply understand its ecologies, the
Town should build the systems necessary
to continuously track in-depth ecological
data. Once that is achieved, the Town can
look beyond its borders when mapping to
understand its geographical context and
how it can regionally collaborate to build
regional management networks. The
Town is still building its GIS capacity and
should continue to do so to understand
how its landscapes are changing over
time.

7.5 Supporting and Creating
High-Biodiversity Areas

Ouir final set of recommendations can
help ensure that Arlington takes steps

to preserve and continue to create high-
biodiversity areas, areas that will be
crucial if connectivity is improved. Site
visits to Menotomy Rocks Park and Spy
Pond showed the team areas where the
Town can implement pollinator gardens
and other ecological tools that propagate
biodiversity, provide ecosystem services,
and build a foundation for different
management projects as the Town'’s
metrics and ecologies change over time.
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Themes

Actions

Education and
Outreach

Establish community gardens and wildlife habitat areas.

Host educational events and workshops with experts.

Partner with local schools and universities to educate youth and establish a network for future
collaboration.

Create materials in non-English languages including but not limited to Spanish, Mandarin
and Cantonese, and Portuguese to promote information accessibility.

Planning and
Policy

Create a plan that clearly depicts how biodiversity metrics and other data will be
incorporated into decision-making processes.

Use the completed actions table categories as a checklist.
Incorporate feedback loops into plans based on urban ecology metrics.

Private Property
Incentives

Incentivize private property owners to incorporate sustainable landscapes by implementing
incentives like rebates/reimbursements and a rewards/recognition program.

Create a shared resource/equipment program to increase accessibility and ease of
participation.

Data and Mapping

Create a connectivity map in collaboration with neighboring municipalities to contextualize
regional ecologies.

Develop a system for ongoing monitoring and evaluation of the Town’s ecological health,
including regular assessments of water quality, soil health, and air quality.

Utilize technology such as GIS mapping and remote sensing to track changes in the Town's
ecological landscape over time.

Develop an urban fabric map of Arlington using satellite imagery.

Supporting and
Creating High
Biodiversity Areas

Implement measures such as pollinator gardens, bird-friendly habitats, or butterfly corridors.
Areas on the edges of Menotomy Rocks Park and Spy Pond are unoccupied areas that can be
utilized as a biodiversity haven as well as an education space.

Mandate the use of native plant species to provide food and shelter for local wildlife and
permit the planting of invasives.

Mandate the use of native plant species to provide food and shelter for local wildlife and
permit the planting of invasives.
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The world will continue to urbanize, with
increased pressure on urban ecosystems.
The role of biodiversity in the health of an
ecosystem, including humans, cannot be
overstated. Completing a policy inventory
allowed us to accurately contextualize
Arlington’s current biodiversity
management strategies and how

they are addressing the Town'’s urban
ecology. Examining existing plans and
case studies in the literature review has
shown effective strategies and science-
based models that other cities have
utilized. Additionally, it has highlighted
gaps in current management practices
and areas that Arlington can implement
new strategies. The spatial analysis
provided the geographic baseline that
would be important in formulating

our recommendations. Conducting

a suitability analysis helped identify
biodiversity preservation areas so we
were able to tailor our recommendations
to specific regions of the Town and

areas that would be most beneficial to
target conservation efforts. These three
sections were each a critical piece of the
gap analysis that helped the team form
specific, precise, and science-based
recommendations.

All things considered, the Town of
Arlington has incorporated biodiversity
into their plans, but they need to take
steps to incorporate biodiversity and
urban ecology into their decision-making

processes. The Town collects data and
measures aspects of their biodiversity,

but does incorporate that data into

their long-term planning and makes no
clear connection between the data and
their biodiversity enhancement actions.
The spatial analysis revealed that the
Town's biodiversity hubs are centered
around their main bodies of water and
those are also the areas that serve best

to target efforts. Our analysis translated
into recommendations encompassing
accessibility, policy, measuring and
monitoring, and actionable strategies. The
most important step is integrating urban
ecology into decision-making because

it will maximize the effectiveness as well
as unify efforts under the same mission.
Effectively managing and propagating
urban biodiversity requires a systems level
approach, needing inter-departmental
collaboration and public support. The
Town of Arlington is laying the foundation
for effective biodiversity management and
is embracing the ecological challenges
the Town faces in the future.
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A. Singapore National
Biodiversity Action Plan 5
Guiding Strategies

1. Safeguard Our Biodiversity
This strategy aims at conserving
Singapore’'s habitats and ecosystems
for long-term sustainability so that
Singaporeans can benefit from their
multiple functions. Concerted efforts
should be made to protect existing native
species, habitats and ecosystems, and to
re-establish species that once existed.
Actions:
i. Implement species conservation
and recovery programmes
ii. Rehabilitate areas that have
previously been degraded
iii. Extend green corridors to counter
fragmentation
iv. Utilize parks for ex-situ
conservation and to house or re-
create ecosystems that have been
lost

2. Consider Biodiversity Issues in
Policy and Decision-Making

This strategy aims to conserve Singapore's
habitats and ecosystems for long-term
sustainability so that Singaporeans can
benefit from their multiple functions.
Concerted efforts should be made to
protect existing native species, habitats
and ecosystems, and to re-establish
species that once existed.

Actions:
i. Incorporate biodiversity
conservation considerations
that include integrating coastal
management principles into existing
administrative processes
ii. Enhance biodiversity assessment
capabilities
iii. Strengthen the current processes
on access and benefit sharing, to
ensure that biodiversity conservation
is considered when granting access
to Singapore’s natural genetic
resources

3. Improve Knowledge of Our
Biodiversity and the Natural
Environment
Keen knowledge of how the key
ecosystems respond to our activities will
enable us to conserve and use them in
a sustainable manner. It is essential that
we support taxonomic studies, document
our biodiversity and conduct ecological
research.
Actions:
i. Encourage and facilitate research,
in particular on ecosystem and
species-specific biodiversity
conservation, the interactions
between the biological components
and their physical environment,
biodiversity valuation studies and
the impact of climate change on
biodiversity
ii. Monitor the health of ecosystems

and species as part of the
management process

iii. Develop and maintain a central
information portal on biodiversity to
facilitate more informed decision-
making

iv. Maintain a list of species with their
conservation status (red data list)

v. Compile case studies on and
assess best practices that have been
implemented

4. Enhance Education and Public
Awareness
Knowledge and awareness are
prerequisites for action, hence
communication on biodiversity issues
are critical in driving public involvement.
Effective communication will create
greater awareness, interest in our natural
heritage and instill a sense of national
pride.
Actions:
i. Increase appreciation, awareness
and understanding of Singaporeans
for nature through public seminars,
road shows and events
ii. Promote volunteerism through
biodiversity interest groups
iii. Incorporate elements of
biodiversity conservation into the
curricula of all levels of education
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B. Details of Spatial Analysis

Reclassification Process

The Reclassify tool in ArcGIS was used
on all four of the input layers in order to
simplify the data. The reclassification was
done on a scale of 1to 5, with 5 being
the best. When reclassifying raster layers,

the resulting output is simplified and can Geoprocessing - X
be analyzed on the same scale as other . .
| e Raster Calculator =+
ayers.
Parameters Environments @

Raster Calculator ;"EP‘"BE“E expression .

. asters ools
We used the Raster Calculator tool in e A Monee =

. analst_Arlr U|3EI'-3 ors

order to create a combined raster layer cuit weight_reclass .
which represents the weighted suitability Suitability Map Weighted (Class)
map (see Figure 8.1). The symbology was Suitability Map Weighted (Water) .
modified on a gradient from red to green Suitability Map Weighted (Stretch) | | .
SO that Shades Of green represented the ("Species_Reclass_Complete" *0.4) +("Roads_Reclass_Clip" *0.13) + A

areas Wlth the hlghest SUItabIlIty scores ("Water_Reclass_Clip"*0.3) + ("Slope_Reclass_Clip"*0.13)

and shades of red represented the areas
with the least. The highest output score

i, Output raster

possible from the Raster Calculator is thus rastercalc

20(5 +5 + 5 + 5) whereas the lowest is 4

(T+1+1+1). Figure 8.1: Raster Calculator for the weighted suitability biodiversity potential
map, showing a 40% weighting on species density, 30% weighting on proximity

Designing Sustainable Landscapes to water, and 15% weighting on proximity to roads and slope.

Map

Using data from the University of
Massachusetts, Amherst's Designing
Sustainable Landscapes Lab (DSL),

the Team was able to corroborate the
preliminary findings that supported
higher biodiversity suitability near water
bodies in Arlington.
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