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DISSERTATION ABSTRACT

Homero Marconi Penteado
Doctor of Philosophy
Department of Landscape Architecture
March 2014
Title: Open Space as an Armature for Urban Expangd-uture Scenarios Study to
Assess the Effects of Spatial Concepts on Wildidpulations

Urbanization is one of the biggest threats to biediity. To address this problem,
landscape planners have increasingly adopted lapdsecology as a theoretical basis for
planning. They use spatial concepts that expressiples of landscape ecology in
diagrammatic form to create frameworks for plannihigis dissertation presents a
guantitative approach to evaluate the applicatiospatial concepts developed to create
an armature of open space in areas subject to izdtemm. It focuses on the predicted
urban expansion of Damascus, Oregon, as a case stua@lternative futures study was
used to test three open space spatial conceppafones, corridors and networks in
combination with compact and dispersed urban devedmt patterns. The resulting eight
scenarios of land use and land cover were then iedder the year 2060 to evaluate
their effects on habitat quantity, quality and éguafation and to identify tradeoffs
between urban development and conservation foe tioeal wildlife species: Red-legged
frog, Western meadowlark, and Douglas squirrel.rOggace spatial concepts strongly
influenced habitat quantity and quality differene@song future scenarios. Development
patterns showed less influence on those variaBlemnarios with no landscape ecological

spatial concept provided the most land for urbarettgpment but reduced habitat
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guantity and quality. Greenway scenarios showeddtahcreases but failed to provide
sufficient habitat for Western meadowlark. Parksysscenarios showed habitat
increases, but high-quality habitats for Westeradosvlark and Red-legged frog
decreased. Network scenarios presented the bastllcsmount of habitats and high-
guality habitats for the three species but constidhurban development options.

Next, | used an individual-based wildlife moddkxSim to simulate the effects of
habitat configuration and to compare and contesulting wildlife population sizes
among the eight future scenarios with the ca. 2i#s&line landscape. Network scenarios
supported the largest number of Red-legged frogd®es. Park scenarios performed best
for meadowlarks, while greenway scenarios showedatgest populations of squirrels.
Four of the eight scenarios sustained viable paous of Western meadowlarks.
Compact development scenarios performed best fet mdicators, but dispersed
development scenarios performed better for Westeradowlarks.

This dissertation includes both previously publghed unpublished material.
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CHAPTER |

INTRODUCTION

RESEARCH PROBLEM

The traditional process of landscape planning &%t is a sequence of stages
that starts with a site or landscape and a progaawh develops toward implementation
(Lynch 1972; Swaffield 2002; Reid 2007). Withinghgrocess, landscape architects
elaborate landscape concepts - also referreddesagn concepts or concept plans - to
investigate alternative prescriptions for that kcape based on key organizing ideas
(Figure 1). Such concepts often serve as an armeduproposed forms and patterns in
prescriptions for landscape change. Over the Vastiecades, landscape ecology theory
has increasingly become a resource of ideas fkingnlandscape planning to
biodiversity protection. Among other sources opingtion, landscape architects find the
foundations for landscape concepts in landscaplegical principles (Dramstad et al.
1996; Botequilha Leitdo and Ahern 2002; Ahern 2a&man 2004; Opdam et al.
2006). Authors often refer to landscape conceptedban landscape ecological principles
as “spatial concepts”. A spatial concept provides@aative and a graphic expression “of
a planning issue and the actions considered negessaddress the issue" (Ahern 2005).

In this dissertation, | argue that that there asract relationship between the choice
of spatial concept and the consequences of landsm&scriptions for landscape patterns,
and consequently, to the persistence of wildlifpydations of concern. | approached this
project as a landscape architect seeking defengibleesses for evaluating alternative
urban open space plans. | sought more evidenceieaspatial concept is better than
another in ensuring that landscapes maintain viadyeilations of wildlife species and,
with this evidence in hand, to enhance landscagtgtactural practice. | explore social-
ecological relationships in a newly urbanizing lacape within a metropolitan region. In
so doing, my intent is to advance open space pigrthieory, drawing attention to its

ecological dimensions.



Figure 1. Example of spatial concept. Study of arbarridors for the City of Vitoria,

Brazil (Penteado and Alvarez 2007). Green areasaggnt the major open spaces;

orange lines are the major potential connectionsMeen open spaces; red lines are
secondary connectors.

Planning new urban expansion areas is a completidisgiplinary process that
should consider various factors and include maakesgtolders. Here, | focus on the
ecological consequences of urbanization for thedsv@ wildlife species: Northern Red-
legged frog Rana aurora aurorahenceforth Red-legged frog), Western meadowlark
(Sturnellaneglecta) and Douglas squirr@lamasciurus douglagiin areas of

metropolitan expansion near Portland, Oregon.

PURPOSE OF THE STUDY AND RESEARCH QUESTIONS

The purpose of this study is to explore and tesefificacy of landscape ecological
spatial concepts as tools for planning better ggparte systems where the goal is to
sustain wildlife populations in areas facing urleapansion. | am particularly interested
in examining modeling tools to understand how laage change affects the viability of

wildlife populations as metropolitan regions expamnd urbanization intensifies.



Landscape ecology offers a foundation for landsgdgening that aims for
sustainability, innovation and biodiversity proteat(Botequilha Leitdo and Ahern 2002;
Ndubisi 2002; Corry and Nassauer 2005; MacKenzieBarnett 2006). Ahern argues
that "landscape ecology can assist in the conaepimol evaluation of spatial concepts,
and that the implementation of spatial conceptankscape plans represents a basis for
field experimentation which can, in turn, genera¢g knowledge" (Ahern 2002).
Therefore, this dissertation proceeds on the assamihat landscape ecology, when
used as a knowledge base for design and planrangy@enerate spatial concepts
concerning both natural and cultural variables daat inform the planning of urban open
space systems (Dramstad et al. 1996; Ahern 1998n&02008b). | here test the effects
of spatial concepts by addressing one over-arafuggtion:

What are the effects of different landscape ecckig@patial concepts, when
applied to the design of urban open spaces, odifgilgbpulation viability, expressed by
habitat quality, quantity and spatial configuratior representative amphibian, bird and
mammal species as they experience urbanization?

| used two sub-questions to answer to this questiich represented two separate
phases of research. The first phase aimed to arieevéollowing question:

What landscape ecological spatial concepts appdiedban open space plans
provide the most and the best habitats for theetasgecies?

| addressed this question at the study area effeqire 4 in Chapter Il) using
geographic information system (GIS) data, peerewed literature, and computational
simulation modeling. | adopted a scenario-baseelaret framework to investigate
ecological impacts of various open space and udeaelopment patterns. | used the
computer modeEnvisionas an experimental tool to depict a set of langise&ological
spatial concepts and their effects through multgiernative future urbanization
scenarios. | used a GIS to compute the habitattgquamd quality for each of three
species (one bird, one mammal, one amphibian)@melulting scenarios.

The second phase answered the following question:

What landscape ecological spatial concepts perfmast in sustaining viable

populations for the indicator species from a movenperspective?



The answer to this question came from an investigatf the peer-reviewed
literature and modeling. | addressed this quesiidhe urban reserve extent (Figure 8c in
Chapter Ill) using an individual-based wildlife sitation modelHexSim to test the
effects of the scenarios' landscape patterns arniegpdife events, with focus on
movements and resulting populations. | evaluatediw$patial concepts performed best

for the selected species collectively and indivigua

SIGNIFICANCE OF THE STUDY

Research in landscape architecture aims to aduaotbetheory (i.e., explanations)
and practice by creating deeper linkages betwestwb. To accomplish this, | looked
for explanations to serve as a basis for practicabn, and to contribute to what
Swaffield calls an instrumental theory (Swaffiel@02).

Several authors have proposed a bridge betweendapd architecture and
landscape ecology that results in planning prims@nd spatial concepts based on
landscape ecology theory (Ahern 1991; Collinge 1#®&mstad et al. 1996; Ahern
1999; Botequilha Leitdo and Ahern 2002; Ahern 208&man 2008b). However, the
lack of studies that test those principles andiabedncepts in urban environments
indicates a need for frameworks that support dessand help put in practice a
metropolitan plan that preserves viable wildlifoptations. | seek to 1) contribute to the
understanding of how spatial concepts that exgoessd landscape ecological principles
perform if applied to address specific spatial rse@fthe chosen species in a
metropolitan region and, 2) clarify the long-rurgncebate between having enough
habitat versus sustaining viable populations wigome patterns of habitat — the
influence of habitat configuration. My research sito contribute to incorporating
reliable and defensible quantitative evaluationhrods that indicate the effects of
different landscape patterns on wildlife populasiohpropose to address this by linking

the science of landscape ecology to landscapetectinal open space planning.

RESEARCH DESIGN
A deductive approach starts with a formal hypoth#ésat is then tested
experimentally (Swaffield 2002). My hypothesishait the choice of landscape

ecological spatial concept in urban open spacenplgrproduces landscape patterns that
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diversely affect the persistence of wildlife pogida in areas of urban expansion. | adopt
a modeling-based approach to explore a) the refstip between spatial attributes of
open space and patterns of urbanization (originateg@atial concepts), and b) their
combined effects on wildlife species that use urtyaen spaces as habitats and conduits
for moving across the landscape.

| conceptualize two strands of research. The dosisists of developing an
alternative future scenario-based research framegitulse et al. 2009) to produce
scenarios of open space and land use to servbassafor investigating future landscape
configurations. The second involves two phasewaluations of future scenarios. The
first phase evaluates the resulting amount andtguadlwildlife habitats. The second
phase focuses on population dynamics using a canpudel to simulate the target
species’ life cycles. | use multiple methods andsas to develop individual components

of the framework approach (Figure 2), describethéefollowing sections.

STuDY AREA

| apply this framework to a study area in the seatitern portion of the
metropolitan region of Portland, OR (see Figura €hapter Il). Oregon’s state-wide
land use planning system requires cities to ralioeaheir expansion through the
delineation of Urban Growth Boundaries (UGBs) (Gb&l Urbanization/OAR 660-015-
0000(14), 2006). Periodic reviews attempt to gue@a buildable land supply within
UGBs based on a 20-year population forecast. laerdaplan the expansion of its UGB,
Metro (greater Portland's regional government)léisiaed urban reserves — large areas
designated for future urban expansion where congmstie planning must occur prior to
urbanization. In February 2010, Metro and the cesnwithin the metropolitan region
approved new urban and rural reserves. Urban dewalot during the following 50
years (until 2060) should occur only within exigtidGBs and the urban reserves (see
Error! Reference source not found.in Chapter 1l). | chose Damascus's urban reserves
because of its metropolitan context, appropriatées@and availability of information
(GIS files) and an expected high population grothtt will cause rapid urbanization.
The study area comprises the existing UGB of Damgg0R, urban reserves adjacent to
that UGB, and a half-mile (800m) buffer that sumds them (Figure 4). The focal urban

reserves for this dissertation total approximatéykn? (4,644 acres, 1,879 ha).
5
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POPULATION PROJECTION

Projections for the Willamette River Basin, in wiigreater Portland is found,
point toward a population increase from 2 million2000 to 3.9 million people in the
year 2050 (Payne 2002; Baker et al. 2004), mostho¢h is likely to occur in enlarged or
densified urban areas. In December of 2010, the@iDamascus approved a
Comprehensive Plan to guide development withirettisting UGB until 2028.
Damascus’s Plan projects a population between @%8d 34,979, an increase of 10,000
- 25,000 people, and an expected density of betde®hand 3.4 people/acre. This
projection does not include the urban reserveslptipn. To estimate population and
employment demands for the urban reserves, | atiproportional quantities from the
highest projections present in the Damascus Coreps#¥e Plan. The existing
population in the urban reserve is approximate®@,people (2010 Census). The
population projection adopted for the 4,644 acte879 ha) urban reserves used the
density for the highest growth scenario (3.4 pepgleacre), resulting in a population
increase for Damascus of 13,400 people and apofallation of approximately 16,000
people for the year 2060. The total projected 20@8ulation, including Damascus's and
the urban reserves, is approximately 51,000 peapiah was used in this study for all

modeled future scenarios.

WILDLIFE SPECIES

| selected three species that occur in the stuely @figure 3), the Northern red-
legged frog, the Western meadowlark and the Douwglasrel. They require various
habitat types that may be affected by urbanizaynselecting a suite of target species,
planning measures to support them may also inflierability of other species with
similar requirements (Rubino and Hess 2003). Farmgxte, the Red-legged frog may
share habitats with Northwestern salamanders, ltoed-salamanders, Pacific chorus
frog, and Rough-skinned newts (Lannoo 2005). Thetdta meadowlark may coexist
with other grassland birds such as Western blug@irdgon vesper sparrow, Horned
lark, Grasshopper sparrow, and Common nighthawkd@r Department of Fish and
Wildlife 2006). Douglas squirrels share habitatghvather tree squirrels such as the

Northern flying squirrel and the Townsend chipmuauk¢g may indicate the presence of



their predators (Northern spotted owl, goshawk,seggDuncan 2004). Appendix B
contains descriptions of each species’ life histmg parameters adopted for simulations.

meadowlark (Sturnella neglecta) (Altman et al. 20ahd c) Douglas squirrel
(Tamiasciurus douglasii).

SPATIAL CONCEPTS OPEN SPACE AND URBAN DEVELOPMENT

| produced spatial concepts that combine pattefropen space with patterns of
development. For the urban reserves, | based the gipace spatial concepts on
landscape ecology principles from the literatussjehthe potential to protect, restore and
enhance habitats for the selected species. Theiples focus on habitat patches,
corridors and networks. Principles for patches geed open space spatial concepts for
habitat conservation and restoration areas, pandpther vegetation-dominated urban
land use types with high interior:edge ratios. €lgles for habitat corridors guided
spatial concepts for greenways and stream corri@ombinations of patches and
corridors produced spatial concepts for networksgckvare large-area open space
patterns integrating patches with corridors. Urblamelopment spatial concepts, in
contrast to open space concepts, followed two patteompact and dispersed. Chapter
Il contains a summary of principles and illustrasmf these spatial concepts (Figure 5a
& b in Chapter II).



SCENARIOS

Scenarios are narratives that describe and quai#ifisible future landscape
characteristics. They are envisioned through méjfsnd use and land cover (Nassauer
and Corry 2004; Swart et al. 2004; Kok et al. 20@@hmoud et al. 2009; Kok and van
Delden 2009). Here, eight scenarios representrdiffeconfigurations of open space and

urban development in the urban reserves.

SCENARIO SIMULATION : ALTERNATIVE FUTURES

An alternative future is a spatially explicit repeatation of a scenario’s land use
and land cover. | use a computer model caiedision(Bolte et al. 2007; Bolte 2009b)
to model landscape change over 50 years of urbi@mz&nvisionuses policies to
produce alternative futures to model biophysica socio-cultural goals (Bolte 2009b).
For each scenario, | uséshvisionto model 20 alternative futures, each of which was
consistent with the assumptions of that scenasidgpict future patterns of land uses and
open space.

Spatial concepts and assumptions formed the baswgriting policies that guided
scenario simulations. Policies operationalizedass®umptions to achieve goals that
resulted in the future scenarios. Sets of politdggpendices D and E) determined by
scenario assumptions (Appendix A) drove landscapage. Policies in this project are
divided in theme groups: open space policies (awasien; creation of corridors -
improvement of habitat corridors; protection of itatis; restoration of habitats; active
recreation opportunities and amenities); and udeuelopment policies (allocation of
population and employment zones). Combinationbt€ies determined differences

among scenarios (Appendix D).

EVALUATION OF HABITAT QUANTITY AND QUALITY

Because the goal of this analysis was to evalusetdy and quality of habitats, |
used two indicators means, weighted habitats arahmeighted breeding habitats, as
criteria for selecting mean scenarios. Mean scensaithe alternative future
representation in maps and numbers that is cléséise mean weighted habitats and
weighted breeding habitats among theE2®@isionruns conducted for each scenario.

Mean scenarios were used for comparing and comigatsttal amount of suitable habitats
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and breeding habitats across the three specieigindjuality habitats for individual

species. Chapter 2 presents specific methods.

EVALUATION OF HABITAT CONFIGURATION

Using the mean scenarios, | modeled the targetespbfe-events to evaluate the
effects of landscape patterns on wildlife populagid used a spatially-explicit wildlife
population model HexSim- to simulate species’ life events. THexSimanalysis tested
mean scenarios in providing the conditions necgdsathe wildlife species to breed,
feed and disperse, using population size ca. 28@h andicator of species viability. The
study area for this evaluation was reduced to thanureserves and an 800m buffer that

surround them (see Figure 8 in Chapter IlI).

COMPARISON OFEVALUATION METHODS

My first evaluation contrasted mean scenarioshHeirtamount and quality of
habitats. The second assessment considered therin#él of habitat pattern on
populationsHexSimtests if the results for quantity and quality abktats obtained in the
first assessment remain the same from a dispessspp@ctive. Because debate continues
regarding the relative importance of habitat gugnguality, and spatial pattern in
determining species viability (Hodgson et al. 2Q1h¢ results from the two different

evaluation methods were then compared.
DEFINITION OF TERMS

OPENSPACE

The term “open space” has multiple and at timegrasting meanings. Some
consider open space as exclusive natural areag asspaces for people that do not
contain buildings, yet others consider combinatioihisoth. Maruani and mit-Cohen
consider open spaces as natural areas where avehof human intervention allows
ecosystem functioning and survival of nature amdisgape values (Maruani and mit-
Cohen 2007). For Lynch, open space is a metropaditadoor area where city people are
free to choose what to do (Lynch 1972). Girling &edphand's more inclusive definition
embraces public and private landscape, includireget, sidewalks, yards, and

driveways, and vacant and natural lands that peopithlic access and activity and
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promote the relationship between nature and comm(@irling and Helphand 1997).
Arendt et al. consider open space as areas wilepyed vegetation and recreational uses
such as hiking, biking, and trail systems for thedfic cases of suburbs, subdivisions,
and new towns (Arendt et al. 1994). Bengston inetuthatural resource lands such as
farmland and timberland, environmental resources s wildlife habitat and wetlands,
and a variety of other socially valued landscapes ®s scenic sites, wilderness areas,
historic and cultural resources, and recreatioasir@Bengston et al. 2004).

| use the term “open space” in the context of nbhanizing study area to mean
agricultural land or forestland, conservation ar@as fragments of native ecosystems
that are soon-to-be urbanized, as well as non-arehs in cities including parks and
plazas. A similar term — greenspace — has beentas#gscribe open spaces that offer
high ecological value (Forman 2008b). The two teharge been used interchangeably
(Erickson 2006).

| defineurbanopen space here as vegetated areas in a cityrthatle habitat for
native wildlife comprised of riparian forests, gdats of native vegetation, and woodlots,
and the connections among them. As urban placese threas also offer opportunities for
people. They provide recreational opportunities amenities, including parks,
greenways, plazas, and streets. Parks and greemawneaysajor types of urban open space

that may support/sustain wildlife. Open space is tisage can be either public or private.

URBANIZATION

Urbanization is densification and outward spreathefbuilt environment, the
transformation of rural landscapes into urban negi@orman 2008b). It is a
maximization in the use of landscapes for humanisedere strategies for protecting
natural landscapes are, most times, an afterthafghaster plans (Rodiek 2008). My
scenarios represented two patterns of urbanizat@mnpact and dispersed development.

There is a direct relationship between urban desighpreservation of open space
(Arendt et al. 1994). | used compact developmetiepas to maximize the area of open
space. Urbanization causes large agricultural pmecel forestlands to subdivide into
smaller lots for residential, commercial, indusfra other urban uses. Decisions about
density set the framework for other urban desigiuies and have far-reaching

implications (Girling and Kellett 2005). When c#iexpand, densification, clustering,
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buffering, and land acquisition may prevent exeassbnsumption of land and reduce
impact on and protect open space (Arendt et ak;188althorpe and Fulton 2001;
Calthorpe Associates et al. 2002). Arendt et denmlkadopting clustering and open space
development design (OSDD), which requires devekpedevelop only a small portion

of the parcel (Arendt et al. 1994), maintaining ldigest part as open space. In open
space communities, developers site homes on snhatbethan normally required if they
preserve specified amounts of the natural landhas gpace to include trails, pathways
and recreational sites, owned communally by theleess of the development. (Kaplan

et al. 2004; Kaplan and Austin 2004).

Change in the mix of housing densities and types@&her strategy, reducing
single family development, and increasing the paege of town-homes, small-lot single
family homes, and denser commercial developmeriti@@e 2010). Concentrating
rather than dispersing development greatly incretise protection of natural systems
and reduces the dependence on vehicular usage dr@008b). Public transit can also
support compact settlements that adopt a hierasthgighborhoods, organized around
an urban center and connected to other neighboranddrban centers (Calthorpe
Associates et al. 2002; Lukez 2007).

In this study, the highest densities used in theikations are relatively low if
compared to the ones defended in the literaturé{@ae 2010). | adopted the densities
present in Damascus’s Comprehensive Plan, whick determined through a long
discussion involving city planners and citizensty@if Damascus 2010).

In North America, dispersed development patterastbduce the amount of open
space prevail over more compact patterns (Girlmdyldelphand 1997). They produce
zones of relatively low-density development, orasgr around the city (Bengston et al.
2004; Forman 2008b). Dispersed development resultsge lots with large lawns, that
result in low-density suburbs and require an extensutomobile-oriented transportation
network, and specialized/segregated urban zong®dx development along major
arterials with large parking areas and imperviausages (Vogt and Marans 2004,
Kaplan and Austin 2004). The consequences of spaewvell known: elimination of
forests or agricultural lands, habitat eliminataord fragmentation, increase of

impervious surfaces and introduction of chemicaleatersheds, loss of open space,
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among others (Vogt and Marans 2004; Kaplan andid26i04). Disturbance by roads
and pets cause consequences on bird populatioltg ¢tal. 2006). However, suburbs on
the fringe of urban areas are still the most ddgiesidential development (Bengston et
al. 2004). Nevertheless, low-density residentiaharmay provide habitats for some
species (Bryant 2006) and support more diversitspefcies than more compact
urbanization models (Steinitz et al. 1996).

The simulations produced relatively small differeqof total area of urban
development between compact and dispersed develg@oenarios. However, the
spatial patterns are very distinct. Compact devakamt scenarios showed cohesive urban
patterns, while dispersed development scenaricepted scattered patterns of

residential and employment areas (maps in AppelRdix

ALTERNATIVE FUTURE SCENARIOS

Future scenario studies integrate science, plaramdgnformation management to
confront issues of public land use policy. Thepwalthe formulation and comparative
analysis of alternative futures for large areasgi(f8z et al. 2005). "Alternative future
scenario studies explore possibilities for the feitof a place, an organization or a
community and the effects of choices on resouréesmcern” (Hulse et al. 2009). They
allow decision-makers to anticipate their reactitidifferent future possibilities, to
anticipate time-frames beyond the immediate futanel to make choices (Nassauer and
Corry 2004). Alternative future scenarios permpexments with landscape patterns and
are particularly useful as planning tools to tasiscape ecological spatial concepts,
integrating the science of landscape ecology vaitli$cape planning (Botequilha Leitdo
and Ahern 2002; Nassauer and Corry 2004). Suchestggnerally comprise four
components: a) a landscape representation; b)mtaef of assumptions or visions that
guide the scenarios; ¢c) modeling the scenariospaath evaluation of scenarios with a
synthesis of lessons learned (Steinitz et al. 188¢rn 1999; Hulse et al. 2000; Nassauer
and Corry 2004; Hulse et al. 2004; Baker et al220Qulse et al. 2009).

Assumptions about future use and allocation ofrespurces of concern drive
scenario modeling. Those assumptions are exprégsiad arrangement of land use and
land cover types in a digital map (Hulse et al. 00 he digital map contains the

characteristics (attributes) of the landscapedhatv the representation of the landscape
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in various ways (land uses and habitat types, anotimgys). Scenario assumptions
translate into policies that drive the modelindwitire alternatives. Assumptions are
operationalized through policies that either diseatter the landscape or create
conditions for future change (Steinitz et al. 208Bern 2002; Hulse et al. 2009).

ORGANIZATION OF THE DISSERTATION

This dissertation contains three chapters prepasgdurnal articles. These
individual works have been conceived, prepared,mrdished to be included as chapters
of this dissertation.

Chapter Il develops a quantitative approach touatalg design concepts used by
landscape architects to apply theory to landscapeyd and planning. An alternative
futures study is used to test the effects on ttaget wildlife species of 8 alternative
future scenarios, which combine open space spatralepts with compact or dispersed
urban development patterns. This chapter has besopsly published (Penteado 2013).

Chapter Il uses dispersal modeling to depict fifieces of scenario landscape
patterns on the three target species’ life evémgaluate scenarios by quantifying the
number of each species supported in each scenahe iyear 2060 and contrasting with
ca. 2010 populations.

Chapter IV contrasts the two evaluation methodsrasdlts - habitat quantity and
guality versus total population of each specieeniifying agreements and discrepancies
between results of the two methods.

Chapter V presents a summary of findings, as veeteaearch limitations,

recommendations for planning urban open spaceragsind future research.
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CHAPTER Il

ASSESSING THE EFFECTS OF APPLYING LANDSCAPE
ECOLOGICAL SPATIAL CONCEPTS ON FUTURE HABITAT
QUANTITY AND QUALITY IN AN URBANIZING LANDSCAPE

This chapter has been previously published as:

Penteado, H. (2013). Assessing the effects of applpndscape ecological spatial
concepts on future habitat quantity and qualitgnrurbanizing landscapkeandscape
Ecol, 2§10), 1909-1921.

INTRODUCTION

Landscape architects and planners have a longstatrddition of basing
proposals for landscape change on key ideas fanarigg space, often referred to as
"design concepts" or "concept plans”. Such desigrcepts typically serve as an
armature for proposed landscape forms and spatitdrps. This article presents a
guantitative approach for testing certain typedeaxign concepts at the regional scale,
which | refer to as "spatial concepts”. | used alelimg approach to test the application
of spatial concepts in landscape plans. It focosesome biodiversity effects of varying
open space patterns in a rapidly urbanizing lanusdaiven by a few landscape
ecological principles. An alternative futures stweys used to test three open space
spatial concepts for patches, corridors and netsvooktrasted with compact and
dispersed urban development patterns. Eight samnafiland use and land cover were
defined based on different spatial design condepévaluate their effects on habitat
guantity and quality and analyze the tradeoffs ketwurban development and
conservation of three focal wildlife species.

For the purposes of this study, spatial concegt$km-view diagrams that
accomplish three tasks: 1) they apply key orgagimileas to specific locations, 2) they
order two-dimensional relationships and 3) theyregp design or planning goals in

spatial form and pattern (Dramstad et al. 1996;rAl2002; Ahern 2005). In this
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regional-scale study, spatial concepts bridge leayois ecological theory to landscape
planning practice on the ground.

Recent research shows that urbanization causemhkalsis, fragmentation, and
loss of biodiversity (Pickett et al. 2001; Hiltyat 2006; Wu 2008). Spatial concepts can
be used to illustrate how open space and settlepadterns may merge to form distinct
future scenarios that meet human needs while mamgiconflicts with biodiversity
conservation as metropolitan regions expand. Thayassist in demonstrating how
changes to landscape patterns may affect habigattigprand quality. This can in turn
influence the viability of target wildlife populatns.

The term “open space” was used in this study byodinean agricultural land,
conservation areas and fragments of native ecomgdteat are soon-to-be urbanized. |
defineurbanopen space here as vegetated areas in a citgrthatle habitat for native
wildlife comprised of riparian forests, patchesative vegetation, woodlots, and the
ecologically functional connections among themu#san places, these support a
diversity of human uses including parks, greenweags)munity gardens, plazas, and
streets (Lynch 1972; Marcus and Francis 1998; Bengst al. 2004; Girling and Kellett
2005), and provide multiple benefits to ecosystans urban residents (Tzoulas et al.
2007).

Landscape ecology is often argued to be a usetubppropriate perspective for
planning landscapes and for promoting urban susbdity (Botequilha Leitdo and Ahern
2002; Ahern 2005; Girling and Kellett 2005; Wu 2p0Bhe concept of land mosaics
(Forman 1995) captures the spatial distributiothode components of landscape pattern:
patches, corridors, and the matrix. The patch-dorrmatrix model provides a taxonomy
of open space systems that organizes an undenstpofdopen spaces in relation to each
other and to people (Forman 2008b). The patch-ammrnatrix model is a bridging
concept useful to "translate the knowledge of past@and processes into spatial
frameworks and principles for creating sustainaiplatial arrangements of the landscape”
(Ndubisi 2002). Systems of interconnected patchescarridors woven into a landscape
matrix and connected to external and internal soareas form habitat networks (Cook
1991). Land mosaics (Forman 1995) and networks KG881) provided a basis for
creating open space spatial concepts. Key urban poinciples, in turn, provided a basis
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for development of spatial concepts that have ttergial to improve protection and
connectivity of open spaces and habitats (Arendt.€it994; Calthorpe and Fulton 2001;
Calthorpe Associates et al. 2002; Dunham-Jones\ltidmson 2009).

The goal of this study is to evaluate the effectass of using various landscape
ecological spatial concepts in providing enoughitasbfor the three target species. The
goal of scenarios was to depict a wide range efréitive futures and test various spatial
configurations for the year 2060 in the urban resewith a focus on patterns that protect
or improve the diverse habitats needed by the tagecies in the several stages of their
life cycles. This work does not assess populatiability, but instead the spatial
conditions provided by the area and quality of tetbias they are correlated to wildlife

population viability.

METHODS

In this study, spatial concepts are central asarphg and communication tool to
address biodiversity conservation in urban arepati8 concepts serve as a link between
landscape ecology theory and prescriptions fordaage change. The life cycles and
habitat requirements for selected target speci@aged some of the basic requirements
for alternative future planning prescriptions, aomth human population projections
and the resulting housing, employment, and re@edénd uses. Landscape ecological
principles to address target species’ needs werdifted from the literature, as were
urban development strategies that accommodaterdivérgg human population. Spatial
concepts that express landscape ecological prexghd urban development strategies
were developed as the foundation for different ages. Sets of policies that capture
rules, regulations, incentives, and other strategiere developed to operationalize
spatial concepts and drive landscape change irmasoenodeling (Bolte et al. 2007).

This study employed an alternative future scenariodeling-based approach to
urban open space planning. Scenarios have beeteddmpgovernments, corporations,
and scholars to systematically frame uncertairgisut political, economic, and
sustainability issues (Swart et al. 2004). Alteireafuture scenarios were used to explore
landscape ecological spatial concepts as a desgyplanning technique for protecting
biodiversity (Dramstad et al. 1996; Botequilha Beiand Ahern 2002; Nassauer and

Corry 2004; Ahern 2005; Nassauer 2012; Thompsah €012).
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Eight future scenarios were defined and modeleddmybining landscape
ecological and urban development spatial concé@jis.eight scenarios are thus
comprised of a fully crossed 4 x 2 factorial conahion of four open space scenarios
(none, greenway, park system, and network), anddevelopment scenarios (compact
and dispersed). Resulting patterns were then cadgdar the amount and quality of
habitat for the target species.

A computer prograntnvision(Bolte et al. 2007; Bolte 2009b) was used to
simulate 50 years of landscape change and to dafechative futures for eight scenarios
of land use and land cover. These were generatexthfarea designated for future
eastward urban expansion of Damascus, Oregon, iy me@rporated city in Portland's
metropolitan regionEnvisionalso provided a modeling environment to evaluate the
resulting landscape patterns could affect habitantty and quality for three sensitive
wildlife species: Northern red-legged fr@ana aurora aurorahenceforth Red-legged
frog), Western meadowlaiSturnella neglecta and Douglas squirrélTamiasciurus

douglasi).

STUDY AREA

| applied this framework to urban reserves adjatei@amascus, OR, in the
southeastern portion of the Portland metropoliggian (Figure 4a,b). In Oregon, urban
reserves are large areas designated for future @@ansion where comprehensive
planning must occur prior to urbanization. The arbeserves total approximately 1,879
ha. Land use changes from pre-Euro-American settiéigonditions (ca. 1851) to the
present (ca. 2010) produced a highly fragmentedsieappe of agricultural, forest and
suburban patches, with significant alteration ajrapnal habitats (Figure 4c,d). The
present Damascus limits and an 800 m buffer ataded in the study area to provide
spatial and ecological context. However, spatialcepts are applied exclusively to the

urban reserves.
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Figure 4. a) Study area within continental Unitedt8s; b) the study area located
southeast of Portland's metropolitan area. c) PrgdcAmerican settlement vegetation
(ca. 1851). Presence of large, homogeneous, canigland cover types; d) ca. 2010
land cover. Rural uses prevail. The highly pixedateap demonstrates the high degree of
habitat fragmentation.

TARGETWILDLIFE SPECIES

Three indicator wildlife species were chosen fairtipresence in the study area,
their susceptibility to the habitat fragmentatibatttypically results from urbanization,
their conservation status, and as a means to esgréee potential effects on other
species that may be affected by urbanization.

The Red-legged frog breeds in vegetated shallowgetands, ponds, ditches,
springs, marshes, margins of large lakes, slow-ngpgortions of rivers where emergent
vegetation is abundant, and occasionally in hoasdsy neighborhood parks, and small
stormwater storage areas (O'Neil 2001; Davidsah. &001; COSEWIC 2004; Lannoo
2005; Chelgren et al. 2006). They migrate seaspbeliween forested areas and wetland
breeding sites (Kiesecker and Blaustein 1998; COREX?04; Lannoo 2005; Chelgren

19



et al. 2006). The Red-legged frog shares habitdksNorthwestern salamanders, Long-
toed salamanders, Pacific chorus frogs, and Rokigimed newts (Lannoo 2005).

The Western meadowlark forages and nests in lasges af grasslands and prairies
(> 6 ha) that may be comprised of several patddasi$ et al. 2006), uses scattered
shrubs, trees or posts for singing perches (Mamri®93; Oregon Department of Fish
and Wildlife 2006) and is more abundant in grasslateriors (Haire et al. 2000; Jones
and Bock 2002). Golf courses may also contributeoteservation of bird communities
(LeClerc and Cristol 2005). The Western meadowthaay coexist with other grassland
birds, such as Western bluebird, Oregon vesperapakHorned lark, Grasshopper
sparrow and Common nighthawk (Oregon Departmehissf and Wildlife 2006).

The Douglas squirrel is abundant in the Willam¥&tdley, but urbanization may
significantly reduce its coniferous forest habitatsl increase road mortality. Douglas
squirrels are associated with old-growth conifands, but may be abundant in second-
growth or mature stands (Ransome and Sullivan 200¥ir home range is less than 0.6
ha (O'Neil 2001). They compete for the same habdatother tree squirrels (Northern
flying squirrel and Townsend chipmunk) and may ¢adié the presence of their predators

(Northern spotted owl, goshawk, weasel) (Duncam200

LANDSCAPEECOLOGICAL PRINCIPLES

Three landscape ecological sets of principles \adopted in the open space plans:
patches (variation in form size, distribution, ahdersity), corridors (riparian and
greenways) and networks. Dramstad et al. (1996¢ pablished an illustrated handbook
with key principles derived from landscape ecolagtbeory that are applicable to
landscape design and planning. These principles baen widely adopted in the
practice and education of landscape architecteer@ihthors have also addressed the
adoption of the land mosaic theory as a basislérng (Ahern 1999; Botequilha
Leitdo and Ahern 2002). The principles for patclestidors and networks focused on
patterns that are likely to affect the target specirasslands, oak savannas, conifer and
riparian forests, and wetlands are the major hipétches and corridors for the target
species addressed. Networks are combined arranggeoferorridors and patches (Cook
1991).
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2060HUMAN POPULATION PROJECTION

Projections for the Willamette Valley, in which theeater Portland area is located,
point toward a population increase from 2 millian 2000 to 3.9 million people ca. 2050
(Baker et al. 2004), most of which is likely to acen enlarged and/or densified urban
areas. The City of Damascus projects a maximumityesfs8.4 people/ha within its
existing urban limits (City of Damascus 2010), t&sg in a total population of
approximately 35,000 in year 2028. To estimate faifmn and employment demands in
the urban reserves for the modeled year 2060 {@&0planning horizon), this highest
density projection was adopted to explore the mabatlenging open space protection
scenario. According to this projection, the studyan reserves can be expected to have
13,400 new inhabitants added to the existing 2p@&ple (2010 Census), resulting in a
population of approximately 16,000 people. Theltptajected 2060 population,
including Damascus's and the urban reserves, ®zippately 51,000 people, which was

used in this study for all modeled future scenarios

URBAN DEVELOPMENTPRINCIPLES

Key urban development principles were adopted énsttenarios. Development
decisions to protect open space in the urban resestvould consider both regional and
local scales:

a) Metropolitan regions offer opportunities to accontate development with
reduced impact on natural resources than histoumplanned patterns. Planning at the
regional scale should direct development to aré&sioecological value, while gaps in
urban patterns of building-dominated land use dlamvasegetation in natural areas that
may provide a potential network of open space aiiitats (Forman 2008b).

b) There is a direct relationship between urban dedegpisions about density,
where buildings dominate, and preservation of ageate, where vegetation dominates
(Arendt et al. 1994). Compact patterns of urbaiopgprevent excessive consumption of
land, reduce infrastructure expense and protect epace. Strategies include
densification, clustering, enhancing the mix of $iag densities and types, reducing
single-family development, and increasing town-hspsenall-lot single-family homes,

and denser commercial development (Arendt et &418althorpe and Fulton 2001;
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Calthorpe Associates et al. 2002; Bengston et08l42Kaplan et al. 2004; Kaplan and
Austin 2004; Forman 2008b; Calthorpe 2010).

c) Areas near key intersections with higher density taansit stops can provide a
walkable, attractive and pedestrian-friendly envment (Beyard et al. 2001).

d) A high proportion of single-family development dadge lots predominate in
more dispersed patterns of urbanization. Some Waldpecies may be supported in these

dispersed urban areas.

SPATIAL CONCEPTS

| developed five spatial concepts, three for ogeate and two for settlement
patterns, which were used as the basis for defiaiggite of eight scenarios in the urban
reserves. Th8tream network as an armature for habitats and egtivity spatial
concept (Figure 5a), with an emphasis on corriqmayvides corridors for Red-legged
frog and Douglas squirrel. Riparian vegetation greenways function as corridors. The
Stepping-stones for habitats and connectivity fragmented landscapspatial concept
(Figure 5b), with an emphasis on patches, protaaisimproves habitat patches such as
wetlands, mature forests, oak savannas and grdssl@atches are present in the form of
parks for active and passive recreation, consematieas (forest, grassland, wetlands),
agricultural land managed for wildlife, small parkain gardens, stormwater structures,
community gardens, urban farms, and low-densitiylessial areas. Th®pen space
network for maximum connectivpatial concept (Figure 5c¢) spatially integrates
corridors and patches to form the most comprehergden space system.

Development spatial concepts express settlemetarpatto meet housing and
employment demands. Ti@®mpact development for open space conservapatal
concept (Figure 5d) emphasizes compact communjgigsic transit, and urban centers
with higher densities and mixed-use, concentrateldpment to protect open space in
areas that produce lower impact on habitats. Higkasities consume less land, demand
fewer roads, produce a smaller physical footpant protect more habitat area. The
Dispersed development for spacious livepatial concept (Figure 5e) is based on lower
densities and single-family development. It mamgahe current desire among urban

migrants for more spacious living. This spatial agpt reflects recent market trends of
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low-density suburban development with the atten@aittern of open space and leftover

rural patches.

Corridors : i B~ cCorridors
s .7~ @Patches

Urban
Reserves

center/high-density «——center/high-density
medium density e——medium density
low density _+—low density

Figure 5. Open space spatial concepts: a) Streatwaorl as an armature for habitats
and connectivity; b) Stepping-stones for habitaitd aonnectivity in a fragmented
landscape; and c) Open space network for maximumaesdivity. Urban development
spatial concepts: a) Compact development for opaiges conservation; b) Dispersed
development for spacious living.

SCENARIOS THATCOMBINE OPEN SPACE AND URBAN DEVELOPMENT SPATIAL CONCEPTS
The scenario-based research framework for altesn&iiures consisted of the
following parts (Hulse et al. 2004; Hulse et al0g] 1) assumptions about open space
and urban development for some bounded place ovee period of time; a logically
coherent group of these assumptions comprise asoeR) changing landscape
conditions representations of each scenario inetudarratives and maps for year 2060;

3) an evaluation of effects of alternative futuoashabitat quantity and quality for the
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target species as a group, and for high-qualitytatsfor individual species; and 4) a
summary of lessons.

Eight scenarios that combine open space and udaiapment spatial concepts
illustrate alternative futures for the urban ressr¢Table 1). Each open space spatial
concept adopts a prevailing open space type aanaiply strategy. A null scenario
concept of no open space plan was also includdshrudevelopment spatial concepts

contrast compact and dispersed development stestedjil scenarios assume the same

population projection.

Table 1. Scenarios across the rows combine opecespad development spatial

concepts.
OPEN
OPEN OPEN URBAN
SCENARIO SE’Z"AI'(I?AFT_ SPACE SPACE DEVELOPMENT DE\E/EIE&F:\QFSNT
CONCEPT EMPHASIS TYPES SPATIAL CONCEPT
CD: Compact Compact development \;ived use
for open space . -
Development conservation Higher densities
DD: Dispersed Dispersed development Single family
Development for spacious living Lower densities
GCD: Greenway o Compact development \jived use
and Compact Stream Riparian for open space . "
Development network as an Core vegetation and conservation Higher densities
armature for  habitats and buffers,
GDD: Greenway habitats and  corridors greenways, Dispersed development Single family
and Dispersed  connectivity trails f ious livi -
Development Or spacious living Lower densities
PCD: Park . c t devel t
System and Stepping- denei ompact development - \jixed use
c stones for Low-density  for open space . y
ompact ! residential conservation Higher densities
Development habitats and  Patches and areas. parks
connectivity stepping- b ,fp '
PDD: Park ina stones urban rarms, . .
System and fragmented con:jmunlty Dispersed development Single family
Dispersed landscape gardens for spacious living Lower densities
Development
NCD: Network Compact development \1ived use
and Compact o for open space . .
pen space : Higher densities
Development network for Corridors Combination ~ conservation g
. maximum and patches of the above ) )
NDD: Network connectivity Dispersed development Single family

and Dispersed

Development
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ASSUMPTIONS

Assumptions and visions of the future define eaamario (Hulse et al. 2004).
Because planning goals were to provide habitatghitarget species and to
accommodate future human population growth, germssumptions concerning habitat
protection and urban development patterns were nspaeific assumptions described

open space and urban form emphasis for each sodAampendix A).

SCENARIO REPRESENTATION ALTERNATIVE FUTURES

The simulation softwarEnvisionwas used to produce 20 spatially explicit
representations of each scenario. Each of thesesaptations is an alternative future
represented by a polygonal map in a geographicnmdton system (GIS). Each polygon
contains a set of attributes needed for modeliegsttenarioEnvisioncreates dynamic
spatial maps by probabilistically selecting qualitypolygons for different land use
change policies at each time step of each altem&iiure land use and land cover
scenario. The software performs a random seleatioong valid candidate polygons.

Each alternative future simulation starts with presentation of ca. 2010
conditions built on available data from the PadNiarthwest Ecosystem Research
Consortium (Hulse et al. 2000; Hulse et al. 200@IsH et al. 2004; Baker et al. 2004;
Hulse et al. 2009) and from the Metro Portland RG&graphic Information System
(Metro 2011). The urban reserves have the fineshdo allow simulations to represent
future urban structure, with a maximum polygon are@.9 ha. Damascus and a 800 m-
buffer were included in the simulation to connée tirban reserves, provide source areas
for wildlife, and simulate the totality of the pegted population (51,000 people). These
areas have a coarser grain because the spatiaptsrapply exclusively to the urban
reserves. Color scenario maps are shown in Appéendix

SCENARIO EVALUATION

This evaluation focused on interpreting how theiohof spatial concepts
determined landscape patterns - determined byrthagement of open space and urban
development - as they influence habitat quantity qumality in the future scenarios. The

guantity and quality of habitats for the three $peevere examined both as a group and
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individually, along with the area of urban develaprhas an indicator of settlement goals
achievement.

To assess the landscape-level habitat value fdr @aget species at year 50 of
each alternative future and compare the quantilycarality of habitats across scenarios,
| multiplied the area of each polygon (in hectat®s)ts Adamus Resource Assessment
(ARA) score for each species (Schumaker et al. 2B@Rer et al. 2004; Schumaker et al.
2004). The ARA score indicates habitat suitabildtyeach species ranging from zero to
ten. The ARA score, as used here, does not adslressure or connectivity. |
constructed two metricsveighted habitatss the sum of ARA x hectares of all polygons
across all three species; weighted breeding habgdahe sum of ARA x ha of highly-
scored polygons used for breeding by each spd€aeh metric produced one single
number for each scenario run. The mean weigh#datatwas selected among 20
alternative futures produced for each scenarimtopare and contrast the eight
scenarios. | used a two-way ANOVA to analyze tifeience of the choice of open
space and urban development spatial concepts dadape-level habitat metrics. The
full model included the interaction between thege tactors. | used a Tukey’s test to
assess multiple pairwise comparisons. Distributiwase checked for ANOVA normality
assumptions and did not require transformatiomiStgnce was assessed at phe 0.05
level for all comparisons. Coefficients of variatiamong runs ranged from 0.003 to
0.012 (Figure 6).

| also compared the amounthafh-quality habitatdor individual species in each
mean alternative future. High-quality habitats thi@se that have the best conditions to
support breeding, foraging, and movement, and hahigh ARA score (>7). For the
Red-legged frog, high-quality habitats correspandi¢tiands (breeding), and riparian
and moist upland forests (seasonal migrations)\festern meadowlark, grasslands and

oak savannas; and for Douglas squirrel, matureothgrowth forests.

RESULTS

The effects of the interaction between open spadalavelopment spatial concepts
on each scenariogeighted habitameans were not significant (interactips 0.10).
Development spatial concepts (compact and dispepseduced small differences

among scenario means, while open space spatiaéptscaused larger differences in
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habitat results. Values ranged from 10,653 (ha *AARore) in the CD (Compact
Development, no open space strategy) scenario,@3Q4n the NDD (Network and

Dispersed Development) scenario (Figure 6a).

a) Weighted habitats b) Weighted breeding habitats
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Figure 6. Indicators of landscape change betweer2640 urban reserves and 2060
mean alternative futures. CV is the coefficientarfation among scenario runs.
Numbers on top of bars indicate significant differes among open space patterns;
different letters indicate statistically significadifferences between compact and
dispersed patterns; percentages indicate increas#eorease. The horizontal axis shows
ca. 2010 conditions and 2060 alternative futureallgraphs. Note different scales on
the vertical axes. a) Weighted habitats for alkhispecies (hectares x ARA score); b)
Weighted breeding habitats for all three specie{aires x ARA score); High-quality
habitats for c) Red-legged frog, d) Western meadkybnd e) Douglas squirrel; f) Area
occupied by urban land uses (in hectares).

All dispersed development scenarios presenteidhted habitatneans higher than
compact development scenarios (Figure 6a). Theldangea occupied by low-density
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residential development, which can function as taébifor some species, highly
influenced this result. Network scenarios presetttechighest increase of weighted
habitatsbetween 2010 and 2060 (Figure 6a).

There was a significant interaction effect betwepan space and development
spatial concepts in determining the amounweighted breeding habitafp < 0.05)
(Figure 6b). Alternative future scenarios employimtgopen space spatial concept
presented the lowest increase of breeding habitdite the network scenarios presented
the highest such values. Except for the greenwenas®s, alcompactdevelopment
scenarios presented a higher score@fhted breeding habitatean dispersed
development scenarios did (Figure 6b). Again, ndtvggaenarios presented the highest
increase in breeding habitats between 2010 and.2060

The interaction between open space and developspatial concepts highly
influenced the amount diigh-quality habitatdor the Red-legged frog(< 0.05) (Figure
6¢). The most significant differences were deteadiby open space spatial concepts (
< 0.05). The interaction between compact and dsguedevelopment spatial concepts
and open space spatial concepts also influehiggdquality habitatdor Western
meadowlark |§ < 0.05) (Figure 6d) and for the Douglas squirpet (0.05) (Figure 6e).

Relative to 2010, only the network scenarios preskemorehigh-quality habitat
area for all species (Figure 6¢-e). Red-legged figh-quality habitats increased in the
NCD and NDD scenarios. Western meadowlark highityulaébitats increased in the
NCD and NDD scenarios. Douglas squirrel high-qydidabitats increased in the NCD
and NDD scenarios.

High-quality habitats for the Red-legged frog desed in area in the CD, DD,
GDD and both Park System scenarios. The GCD saepesented a small increase.
High-quality habitats for Western meadowlark hateeep reduction in the "no open
space" and greenway scenarios. Park system scempaeigented smaller losses of high-
quality habitats for the Western meadowlark. Higialgy habitats for Douglas squirrel
increased in all scenarios. The smallest such gaiosrred in the network scenarios,
where they nearly doubled. All other scenarios ntba& doubled high-quality habitat

area for the Douglas squirrel.
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There was no urban area in the urban reserves @ait2010 conditions. In the year
2060, the highest contrasting land cover areasppedlby urban land uses range from
518 ha in the NCD scenario to 786 ha in the DD agena 51.7% difference (Figure 6f).
Comparing scenarios with identical open space alpatncepts, all dispersed
development scenarios consumed more area in ugzntiban compact development
scenarios. The area occupied by urban developmaninfluenced by the interaction of
open space and developmenk(0.05) (Figure 6f). The network scenarios alloe th
smallest area for urban development. The largast¢ansumption for urban

development occurred in scenarios that have no space policy.

DISCUSSION

Wildlife population viability results from a comlation of habitat area, quality,
and spatial arrangement of habitats; the weightraledof each of these factors on
landscape-scale conservation is landscape-spédifidgson et al. 2011). Although
recognizing the importance of connectivity, thisdst focused on the amount and quality
of habitats for the indicator species. To asseswithbility of those species in an urban
environment it is necessary to assess processesasuoad mortality, mortality during
seasonal migration, predation by pets, disturbasioe edge effects, among other.

Compact (CD) and Dispersed Development (DD) scesdrio landscape
ecological spatial concept) presented more devdltgred (Figure 6f) and less total
amount of habitats (Figure 6a,b) than other scemafihese scenarios had the worst
results for all habitat indicators but the Douggsiirrelhigh-quality habitatgFigure 6e).
The amount ohigh-quality habitatdor the Red-legged frog was smaller but comparable
to 2010 quantities. These outcomes result fromaise@mption that existing riparian
zones (ca. 2010) are protected from developmergrungrent legislation. This allows
vegetation succession in those areas, what createer improved habitats for these
species.

Greenway scenarios showed the second best outarrtadl amount of habitats
and third for total breeding habitats. These saesavere somehow neutral for the Red-
legged frog. Douglas squirrel presented increaséggh-quality habitats (Figure 6c¢), but

the results were devastating for the Western mekak\{Figure 6d). The focus on
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corridors left large habitat patches unprotectatialowed development over a larger
area, resulting in the second largest developeal@reng scenarios (Figure 6f).

Park system scenarios had the second best resuleighted breeding habitat
(Figure 6b), but both the Red-legged frog and trestéfn meadowlark had a reduction
of high-quality habitats compared to 2010 (Figucedh Compact development patterns
showed a pronounced advantage over the disperstednsafor the Western meadowlark
(Figure 6d).

Network scenarios presented the best habitat sesalong all scenarios for all
indicators (Figure 6a-d) but the Douglas squirtghkquality habitats (Figure 6e), which
had the smallest increase compared to 2010. Thetfey species had the most high-
quality habitats in the network scenarios (Figurgh Once again, compact development
patterns were significantly better for the Westeeadowlark (Figure 6d). These results
indicate a more balanced distribution of habitat®ag the three species. All had
substantial increase bfgh-quality habitatssompared to 2010 amounts. In opposition,
the larger habitat area constrained developed [Emel network scenarios presented the
smallest area occupied by urban land uses.

A closer look at a portion of the urban reservaguie 7) shows the variations of
open space and development patterns among scerecesarios that adopt the same
open space spatial concept show similar habité¢pet Urban development patterns of
all compact development scenarios (Figure 7b,dshio)v more cohesive urban areas
than dispersed development scenarios (Figure 7i¢,e,g

While greenway (Figure 7d,e) and network (Figurg)&tenarios show continuity
of open space - what may indicate more connectbiats.and may create dispersal
corridors for the Red-legged frog and Douglas sqlirpark system scenarios (Figure
7f,g) produced large isolated patches within theorand agricultural matrices.
Agricultural lands also show the effects of differepatial concepts. While the remaining
agricultural lands maintained certain contiguitythe compact development scenarios
(Figure 7b,d,f,h), urban zones fragmented farmiarall the dispersed scenarios (Figure
7c,e,q,i). Contiguous agricultural lands may previghportunities for maintaining viable
productions and avoid conflicts with residentiadas. Larger agricultural areas can be

managed for grassland birds.
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Figure 7. Landscape patterns in a portion of thbam reserves: a) existing conditions
(ca. 2010); b) and c) compact vs. dispersed devetop with no open space spatial
concepts; d) and e) greenway scenarios; f) andaglk pystem scenarios; and h) and i)
network scenarios.

The results suggest that if one does not put tochrpuiority on species like the
meadowlark, other wildlife may do reasonably welthe greenway scenario, which
allows more developable land than park and netwoekarios. More stringent open
space spatial concepts (as in the network scengmosided the best conditions for
wildlife populations, but constrained urban deveh@nt options. A minimum-
conservation approach to open space (no landscapegecal spatial concept - CD and
DD scenarios) provided more land for urban develepnbut reduced amount of good-
quality habitat as would be expected. Park syst@nazios created large patches, but
failed to establish visible physical connectionsaeen habitats. Network scenarios
presented the best overall results for the threeisp, but had the least availability of
developable land. Protecting large-area sensipeeiss like the meadowlark should
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drive more compact urban development, but somataiteto corridors could provide
more physically connected habitats for other spgecie

The landscape ecological spatial concepts testddarstudy examined species as
the major focus of planning decisions. Decisionsutthow urban development will
unfold should happen concomitantly with ecologetisions, and both should influence
each other. Decisions about urban open spacerbad torm, however, also involve
economic, social, and political factors. Theseudel land value as it changes with
availability or proximity to open space, streetwatk requirements, costs of
infrastructure, degree of difficulty in implemerdipublic transportation, walkability, and
sociability, among other. These and other asplatstay vary from community to
community must also be considered in planning hHaibitat conservation should rank
well among these other goals. Somehow legal canttraeal-estate markets, and owner
propensities must also affect the urban formsdbaget built, but people should decide

first what kind of nature they want to experienceities.
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CHAPTER Il

A DISPERSAL MODEL APPROACH TO ASSESS THE EFFECTS OF
LANDSCAPE ECOLOGICAL SPATIAL CONCEPTS OF OPEN SPACE
AND URBAN DEVELOPMENT ON WILDLIFE POPULATION
VIABILITY IN AN URBANIZING LANDSCAPE

INTRODUCTION

Urbanization is one of the major causes of halotd and fragmentation, which
directly affects the ability of wildlife species tiisperse and maintain viable populations
(Schumaker 1996; Opdam et al. 2006). Predictingpahpopulation response to land-use
changes is critical to making well-informed decrsdMcRae et al. 2008b). This article
demonstrates a modeling approach for evaluatingflfieets of future urban open space
plans on wildlife species persistence in urbanizamgiscapes. | evaluated eight scenarios
for an area of future metropolitan expansion intl&od, Oregon. Scenarios for the year
2060 were depicted in geographical informationays(G1S) maps, and combined four
patterns of open space (none, corridors, patchesnatworks) with two patterns of
urban development (compact and dispersed). Prexipl landscape ecology informed
the proposition of spatial concepts, which werelthsis for producing open space and
urban development patterns in the future scené@iiesteado 2013). Spatial concepts are
diagrammatic expressions of principles used bydaage architects and planners to
organize ideas and communicate prescriptions toréuandscape change. The work
reported here focuses on landscape ecologicab$paticepts that support biodiversity
conservation (Dramstad et al. 1996; Forman andr@al|1997; Ahern 1999; Botequilha
Leitdo and Ahern 2002; Opdam et al. 2006).

| used a demographic/dispersal modhExSim to assess the viability of
populations of three wildlife species that arellk® be affected by urbanization in the
study area and have contrasting habitat prefereReztlegged frogRana aurora
aurora), Western meadowlarlS{urnella neglecta and Douglas squirreT@miasciurus

douglasi).
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Recent studies have applied dispersal models foaeathe effects of habitat
arrangement on persistence of wildlife speciesfidrdnt scales and contexts (Calkin et
al. 2002; Schumaker et al. 2004; Carroll et al.£208cRae et al. 2008b; Marcot et al.
2012; Stronen et al. 2012). McRae et al. (2008)oed a model of climate change with
an animal population model [PATCH] to study thep@sse of two bird species; Marcot
et al. (2012) used a dispersal model to assesffés of size and spacing of patches of
habitat on Northern spotted owls; Stronen et &12) simulated the effects of human
disturbance on wolf populations. Heinrichs et @didexSimto simulate the population
dynamics of the Ord’s kangaroo r&tigodomys ordiji in Alberta, Canada (Heinrichs et
al. 2010). However, none of these studies addmsenvironments, or landscapes
undergoing rapid urbanization.

In summary, this study explores the consequenctseathoice of open space and
development patterns for wildlife populations. gual is to test an approach able to
provide landscape architects and planners withtifatige information to compare
among alternatives for the future of a region anchéke well-informed land use
planning decisions that affect persistence of Wédipecies; a quantitative method that
can be incorporated into conventional metropolgkmning processes (Marulli et al
2005).

METHODS

This modeling approach combined land-use and lawve+cconfigurations with
wildlife population dynamics. First, | chose a m@githat will be subject to urbanization
in the next 50 years (2010-2060). | then choseetbpecies that urbanization in that area
is likely to affect. | produced eight scenariopken space and urban development that
present distinct landscape patterns (Penteado 2@1&) computer softwatenvisionto
produce 20 rule-based replicates of each scerseenario land-use maps were
converted to habitat suitability maps for eachhef three species (Schumaker 2004,
Baker 2004, Hulse 2004))used those suitability maps and species’ likkdry
parameters witklexSimto develop dispersal models and evaluate thetsftddhe
various landscape arrangements on individual dssph@nd resulting populations. The

following sections describe these steps.
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The goal was to produce simulations that were cermphough to capture the
influence of landscape patterns on the abilityrofmals to move across the landscape to
establish territories and breeding habitats, bupt enough to be incorporated in

conventional metropolitan planning processes.

STuDY AREA

| applied this framework to two areas designatediuture urban expansion (urban
reserves) adjacent to Damascus, OR, in the souénegsortion of the Portland
metropolitan region. Their areas sum 1,879 ha (€i@b). An 800 m buffer surrounding

those areas was added to provide connections atheny

a) b)
¥ Metro Portland M t b
g etro urban

S

:\zWillamene Valley ; .~ growth boundary

Oregon j - ! N

—"

o
_tDamascus

¢ “Urban |

Reserves

C) A
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Residential 0-4 DU/ac; 16 Sand and Gravel

Residential 4-9 DU/ac - Civic Open Space
[ Residential 9-16 DU/ac B Roads
I Residential >16 DU/ac Water / Wetlands
- Residential 16 DU/ac - Commercial - Forests

Commercial Natural grassland and shrub

Commercial - Industrial [ caksavanna
- Industrial

Figure 8. Study area a) within continental Unitadt8s; b) within the metropolitan
region: urban reserves are areas where metropoléapansion should happen in the
next 50 years (red); c) ca. 2010 land use and lemkr representation of the area
addressed in the dispersal model (see Appendix maps of all scenarios) .
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The total area used in the simulations sums to24hB9 The study area presents a
highly fragmented landscape (ca. 2010), with sigaift alteration of original habitats
where rural land uses prevail (Figure 8c).

WILDLIFE SPECIES

This study targets three indicator wildlife specielse Northern red-legged frog
(Rana aurora aurorahenceforth Red-legged frog) is associated wittiames for
breeding and moist forests for seasonal migratioan\Western meadowlar{urnella
neglecta breeds in grasslands and oak savannas; and tigdd3csquirrel Tamiasciurus
douglasi) is associated with old-growth and mature corfibeests (see Appendix B for

further information about these species).

ALTERNATIVE FUTURE SCENARIOS

Future scenarios depart from a ca. 2010 represemiaftthe study area’s existing
conditions.Eight future scenarios for the year 2060 (Tabledhbine four open space
(none, corridors, patches, and network) and twamdevelopment patterns (compact
and dispersed) (see Appendix F for scenario m&pahining rules using principles of
landscape ecology for corridors, patches and nétsyand compact and dispersed
urbanization patterns determined the landscapegeraent present in the eight scenarios
(Penteado 2013): Compact Development (CD); Dispelbmvelopment (DD); Greenway
and Compact Development (GCD); Greenway and Disgeevelopment (GDD); Park
System and Compact Development (PCD); Park Systehbépersed Development
(PDD); Network and Compact Development (NCD); aredvork and Dispersed
Development (NDD).

Table 2. Scenarios combine open space and urbaglafsuent patterns.

Open Space

No Open Space Corridors Patches Network
= Compact Greenway and Park System and Network and
Q1 Compact P Compact Compact Compact
S Development
S Development Development Development
© . Greenway and Park System and Networl and
> Dispersed . . .
@ | Dispersed Dispersed Dispersed Dispersed
) Development

Development Development Development
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All scenarios incorporate at least a set of mininhahitat conservation strategies.
A 60m-wide buffer around streams, mature and obavgn forests, wetlands, grasslands
and oak savannas are protected from developmetitose areas, modeling simulated
vegetation succession. My scenarios contrast adaedscape patterns intended to
support species movements via 1) increased cosridaconnect habitat patches; 2)
increased patch size and distribution both to emedotal habitat area and to serve as
stepping stones for movement; 3) a combinatiomafe@ased habitat patch sizes and area
with corridor connections; or 4) neither increapatches or corridors.

Greenwayscenarios emphasize corridors and strategiegdoegiing and restoring
riparian forest. Streams create a framework fommting an armature of open space.
Park Systenscenarios adopt parks as a means to create leabiat patches and
stepping-stones. These scenarios test the abilttyeacchosen species to move through a
fragmented landscape where there are fewer comgdusibitat corridordNetwork
scenarios link habitat patches, stepping-stonesamnlors to protect and connect
habitats for the chosen species and consequemtiggbibiodiversity (Opdam et al. 2006).

Compact developmestenarios depict urbanization strategies for tanlt uses
that concentrate development around existing ti@maton corridors, in areas of lower
ecological impact. Urban development in these seemnaas higher proportions of high-
density residential and mixed uses (residentialeaangloyment) to minimize loss of open
space and maximize ecological function to the P&&0.Dispersed development
scenarios reproduce existing trends in urban devednt (large-parcel, single-family),
which occur, in the simulations, in developableagrexcept those where habitat

conservation is a priority.

DISPERSALMODEL

| used computer softwatéexSim(version 2.5) to assess wildlife population
viability from a dispersal perspective, which assgmrganisms are in search of suitable
territories to meet their life history needs. Mynaivas to build simple but scientifically
defensible models that evaluate population viahititthe endpoint landscapes (2060) of
each scenario for the three chosen species.

HexSimis a spatially-explicit, individual-based computeodel designed for

simulating terrestrial wildlife population dynamiagsd interactions (Schumaker 2011).
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This model combines spatial landscape data witarosgn response to various land cover
types to examine population viability (Stronenle@12).HexSimcouples species’
habitat needs to their survival, reproduction armv@ment rateddexSimevaluates the
effects that spatial patterns may have on wil@dpulations by testing the ability of
individuals to disperse in the landscape. Thiswgfe and its predecessor (PATCH) have
been applied in several peer-reviewed studies loflife responses to landscape change
(Carroll et al. 2003b; Stronen et al. 2012) andehlaeen demonstrated in over 30
publications (Hulse et al. 2002; Schumaker et@D2 Schumaker et al. 2004; Stronen et
al. 2012).

HexSimuses species-habitat associations, area requitenestimates of
demographic parameters and movement characteyistiogval, reproduction, and
movement information (Schumaker et al. 2004) (T@bléSpecies population viability in
HexSimis strongly based on the ability of individualsn@ve through the landscape for
both foraging/feeding and for dispersal to breedaogtions HexSimproduced spatial
data HexMap$ and simulation results expressed in census télvieasures of

population size through time) that contain popolasize data by replicate and time step.

Table 3. Species parameters used in the simulat®egroduction considers individuals
that survive the $lyear (Red-legged frog: 5% survive to metamorphdisstern
meadowlark: 50% fledge; and Douglas squirrel: 2586véve first year) to improve
processing time. Report logging period starts aftepulations reach steady state.

Red-legged frog Western meadowlark Douglas squirfe
Breeding habitats Wetlands Savannas and grass a%%’gromh and mature
conifer forests
Suitable habitats Crons. arains. arass See(Iiow—density residential
(migratory and non- Moist forests PS, 9 ' 9 parks, open and
. rotation and pastures
breeding) hardwood forests
Initial population 300 individuals 1000 individuals 100 individuals
Time steps/log period 50/20 200/50 100/50
Home range less than 1 ha 7ha less than 0.6 ha
Reproduction 45 5 Average 2
Dispersal < 1.2 km. > 1.6km <0.15 km
Adults return to original
Breeding strategy Breeding affinity. or ad_Jacent to or|_g|nal Juveniles acquire new|
territory. Juveniles area.
acquire new.
Territorial No Yes Yes
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Landscape representations of scenarios in a gdugragiormation system
contained habitat scores, ranging from zero tottet,reflect habitat quality for each
species (Schumaker et al. 2004; Baker and Land@$4)2| adopted those scores to
produce suitability maps for each species (AppehtjixHence, each scenario generated
three suitability maps, one for each species thatn converted into bitmap
representations. Appendix H contains suitabilitypm#or ca. 2010 and all scenarios.
These maps originated hexagonal representatideeMap thatHexSimuses to simulate
life-cycle events. Each hexagon is 30m wide. Thefgenal grid facilitates movements
to adjacent hexagons in multiple directioHexMapscontained a simplified
representation of the landscape; four land coviergoaies represented the landscape:
breeding habitats, suitable non-breeding habitaets|n matrix (which includes all roads),
and rural matrix. Urban matrix hexagons receiveghér mortality rates to impose a
higher stress on moving individuals.

TwentyHexSimsimulation replicates for ca. 2010 and for eacthefeight 2060
combinations of open space and urban developmdtetrps were conducted for 50 (Red-
legged frog), 100 (Douglas squirrel) and 200 y&degtern meadowlark). Simulations
started with populations in breeding sites. | udéi@rent numbers of individuals for each
species. Because there was a small amount of wistlarthe area, | used a starting
population of 300 Red-legged frogs to make suretmwetlands were populated. | used
the same strategy for the Western meadowlark kit aviarger initial population (1,000
individuals). Douglas squirrel habitats were abumdia the ca. 2010 landscape. Its initial
population was smaller (100) in order to obsenegrthbility to move across the

landscape and colonize habitats in the ca. 20@0dgcenario landscapes.

EVALUATION

| measured population viability by looking at pogiidns resulted from the
capacity of the landscape to facilitate or impeukecges dispersal. | then explored wildlife
habitat effects of urban open spaces in the 20é0asm®s, by contrasting them with the
same qualities in the ca. 2010 landscape. | tratkectategories of population, breeding
individuals and floaters (individuals that dispeirs¢he landscape in search of breeding
habitats), and used population size mean estinaatess the multiple replicate

simulations to compare across scenarios (Carrall. 2003a; McRae et al. 2008b;
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Stronen et al. 2012). Increases and/or decredsmseaxling populations indicate the
ability of those landscapes to sustain populatairtee chosen species as a function of
habitat arrangement and can be compared acrossrgxerComparing resulting
populations (census) for each species for eaclasoeshows which spatial concepts
were more effective in providing conditions for piéssal. By looking at breeders and
floaters, | could also look at the influence offelient types of habitats — habitats that are
used for breeding and habitats that are used feements. | used a two-way ANOVA to
test the interaction between open space and udaiapment patterns and a Tukey test
to perform multiple comparisons of means with a $a#bily-wise confidence level.

Both tests used statistical software R version.2.{Bhe R Foundation for Statistical
Computing 2011).

RESULTS

The effects of the combination of open space aneéldpment spatial concepts
were significant on most scenario's breeding irtligl’s and floater’'s means for all three
species (interactiop < 0.05). Park and network spatial concepts prodsosall
differencesf = 0.66) in Western meadowlarks breeding individuBlevelopment
spatial concepts (compact and dispersed) produgeiisant differences among most
scenario means. Exceptions wloatersbetween the Red-legged frog’s greenway
scenariosff = 0.95), Park and Dispersed Development (PDD) arei@vay and
Compact Development (GCD) scenarips=(0.35), and between PDD and Greenway and
Dispersed Development (GDD) scenarips(0.95) (Figure 9b).

RED-LEGGEDFROG

Network and Compact Development (NCD) scenariogesl the largest
increases, followed by Network and Dispersed Dgwalent (NDD) and PDD. PDD had
a small increase of breeding individuals compaoe2i0tL0, but the number of floaters
decreased. Alternative future scenarios employmgpen space spatial concept
(Compact Development (CD) and Dispersed Developifi2iD)) and greenway scenarios
presented reduced populations of both breedingishaials and floaters but comparable
to 2010 quantities. Most compact development seemh@resented larger numbers of

breeding individuals and floaters than dispersecgtldgpment scenarios. Greenway and
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Dispersed Development (GDD) scenario had a slighatlyer number of breeding
individuals than Greenway and Compact Developm@a}); both scenarios had small
differences irfloaters(p = 0.95). There were also small differences betwe€bD and
Park and Dispersed Development (PDD) floaters a@® @nd PDD floaters. Relative to
2010, the DD scenario had the largest reductions.

The baseline landscape (ca. 2010) showed a populati647 breeding individuals
and 22,347 floaters. In the future scenarios, bngeididividual means ranged from 593
(DD) to 942 (NCD) individuals. Floaters ranged fra 734 (DD) to 30,427 (NCD)

individuals.

WESTERNMEADOWLARK

The simulations of the existing landscape (ca. 20idlcated that there are
patterns that may sustain a small viable populatidsreeders. CD, DD, GCD, and GDD
scenarios were not able to sustain Western meadopdgulations. The baseline
landscape (ca. 2010) showed a population of 21dbrgendividuals and 62 floaters. The
initial population (1,000 individuals) steeply dp®a to extinction after a few time steps.
Park and network scenarios presented reduced pamdaf breeding individuals
compared to ca. 2010 but larger populations oftéisain dispersed development
scenarios. Compact development scenarios presgigtgticantly smaller populations
for both indicators than dispersed developmentates. Park and network patterns
showed little influence in determining differenadgreeding individuals, but park
scenarios presented larger quantities of floaterthe future scenarios, breeding
individuals means ranged from 12 (NCD) to 16 (PDid &IDD) individuals. Floaters
ranged from 60 (NCD) to 81 (PDD) individuals. NC&esario had the largest
reductions. NCD scenario presented the large deese#ollowed by PCD. PDD and
NDD had the smallest decreases of breeding indalsdcompared to 2010, but the

number of floaters increased.
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a) Red-legged frog: breeding individuals b) Red-legged frog: floaters
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c) Western meadowlark: breeding individuals dstérn meadowlark: floaters
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e) Douglas squirrel: breeding individuals ) Dbuglas squirrel: floaters
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Figure 9. Indicators of population change betwean2010 urban reserves and 2060
urbanized landscapes. CV is the coefficient ofatemn among scenario runs. Numbers
on top of bars indicate significant differences agmopen space patterns; different
letters indicate statistically significant differegs between compact and dispersed
patterns; percentages indicate increase or decréag®pulation relative to ca. 2010
landscape estimated populations. The horizonta akbows ca. 2010 conditions and
2060 alternative futures in all charts. Note diéfat scales on the vertical axes. The first
column uses mean scenarios to illustrate landsciyaege; the second column uses
population means among the 20 HexSim runs. a) &ggkt frog Breeding individuals
and b) Floaters; c) Western meadowlark Breedingviddials and d) Floaters; and e)
Douglas squirrel Breeding individuals and f) FloegeBreeding individuals are
individuals that were able to breed; floaters anese dispersing in search for breeding
habitats.
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DOUGLAS SQUIRREL

There were increases of Douglas squirrel populatiorall 2060 scenarios
compared to 2010 (Figure 9e,f). Greenway scenaadshe largest increases of breeding
individuals. PDD and GCD scenarios had the largeseases of floaters, while the
network scenarios had the smallest increases tbrliveeding individuals and floaters
(Figure 7e,f). Greenway and park scenarios hathtigest proportion of breeding
individuals in relation to the total population (8834% of the total populations are
breeding individuals).

In scenarios that adopted open space policiespaipact development scenarios
sustained smaller number of breeding individuadsttiispersed development scenarios.
Values ranged from 1,384 (NCD) to 1,569 (GDD) bregdndividuals. In the no open
space scenarios (CD and DD), compact developmefarped better than dispersed.
Floater populations were larger in all compact tgy@ent scenarios but the PCD
scenario. Values ranged from 3,107 (NDD) to 3,48atérs (GCD).

LIMITATIONS

Any ecological evaluation model is a simplified megentation of ecological
processes. This dispersal modeling approach wgdesimorder to provide data and
visualizations of the effects of spatial conceptsnldlife dynamics. Because it was
simple, some real-world qualities were not direetlidressed. | used some modeling
tools to simulate the effects of some of thoseitjaal

The simulation used does not include interactioomgdifferent species. Red-
legged frogs are susceptible to predation and cttigpewith Bullfrogs. In this model,
predation of Red-legged frogs by Bullfrogs is inafilin the first year survival rate.
Predation by house pets is also indirectly addcebgemortality rates in urban areas, as
well as road kill. Urban development projectiond dot expand the road network. This is
particularly important in dispersed developmennsc®s where new urban zones appear
isolated. This may have an impact on results, eslhetor Red-legged frogs and
Douglas squirrels, and is discussed in the nexisedlso, the simulation represents
year 2060. However, as land cover evolves to niatoraditions in protected or restored
wetlands, exotic species (e.g. Bullfrogs) find Isggable conditions to thrive. This

change is not taken into account in the model.
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Understanding broad-scale ecological processeslépEnd on connectivity, and
making effective conservation planning decisionsdoserve them, requires quantifying
how connectivity is affected by landscape feat(kdsRae et al. 2008a). No direct
indicator of connectivity was adopted, but the noea®f population size and

visualizations of model runs shed light on the afleonnectivity in the eight scenarios.

DISCUSSION

Within the limitations of the model and given tleesario representations, results
indicate which scenarios and which combinationspEn space and urban development
sustain viable populations of the three targetiggezxpressed in terms of estimated
abundance ca. 2060. Each species is addressesimexhsection, and the Conclusion
offers an overall summary of the relative effedteach future scenario on each species’
population viability.

RED-LEGGEDFROG

Red-legged frogs disperse to relatively large aagakrequire close association
with moist forests, stream banks, and wetlands (WK 2004). They breed in
vegetated shallows of wetlands, ponds, ditchemggrmarshes, margins of large lakes,
slow-moving portions of rivers, typically, ephemgrands, house yards and
neighborhood parks where building density is loswell as small natural or modified
catchment areas used for storage of stormwateoff(®'Neil 2001; Davidson et al.
2001; COSEWIC 2004; Lannoo 2005; Chelgren et @620Habitat fragmentation is of
particular concern in view of the species’ seasamglations between forested areas and
wetland breeding sites (COSEWIC 2004).

All scenarios sustained populations of Red-leggedd. They all have small
portions of remaining or restored wetlands thatesas breeding habitats for Red-legged
frogs and larger areas of riparian forests usedigeatory habitats. The small wetland
area relative to the area covered by forests geguliroportionally smaller numbers of
individuals that find breeding habitats comparetht®mamount of individuals that are not
able to establish breeding habitat and remain bragte landscape for suitable

breeding habitats.
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Network scenarios had a large increase of Red-teffgg populations. The images
in Figure 10 contrast two snapshots from ca. 20DNCD model runs. Ca. 2010
HexMaps(Figure 10a,b) show the movements performed lysfio areas surrounding
the larger wetland. Observing simulation runs passible to see individuals moving
back and forth without ever reaching other wetlamalgontrast, NCD maps depict
similar movements performed in a landscape whenme marridors are present. Frogs are

able to disperse longer distances and reach aondizelother breeding habitats.

Figure 10. Red-legged frog suitability maps (HexBla@a) Ca. 2010 and d) Network and
Compact Development Scenario (NCD): small blackwas depict migration from moist
forests toward wetlands for breeding while hexagsim®w individuals exploring areas
for establishing breeding territories; b) Ca. 2040d e) NCD: small black arrows depict
dispersal of juvenile and adults after breedingenjarged area outlined in a) — each
hexagon is 30m wide.
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WESTERNMEADOWLARK

Western meadowlarks breed and feed in relativetel@xpanses of grasslands and
prairies, but flocks sometimes feed on corn, whead, other grains (Morrison 1993;
Oregon Department of Fish and Wildlife 2006). Dee$ of grassland bird populations
result from loss (urbanization), degradation (lammhagement practices, disruption of
natural disturbance regimes), and fragmentatiorallemisolated patches) of habitat
(Johnson and Igl 2001; Oregon Department of Figh\aiidlife 2006).

Western meadowlarks are scarce in the northerravétte Valley (where Portland
is located) (Myers and Kreager 2010). However cthe2010 simulation showed that the
landscape could sustain a mean population of appedgly 83 individuals (21 breeding
individuals and 62 floaters) after simulation readisteady state. In the ca. 2010
landscape, Western meadowlark habitats are digpasess the landscape in small
patches. In four scenarios (CD, DD, GCD, and GBibpulations started with a
population of 1,000 individuals and rapidly dectifeading to extinction. Those
scenarios presented small, isolated patches ofdtalinable to sustain viable
populations of Western meadowlarks. In the devekuof CD and DD scenarios, no
open space spatial concept was applied. GCD and &ebarios focused on vegetated
corridors, which were represented mostly by ripadarridors. The relatively larger
number of floaters indicates that there are swatahbitats for feeding - as the crops
mentioned above -, but those birds are not abledohabitat for breeding. The lack of
spatial concepts and policies for large patchegadgslands and oak savannas affected
the persistence of meadowlarks in those scenarios.

Four 2060 scenarios sustained populations: PCD,,NiID, and NDD. These
scenarios provided the best conditions for the roedatk. In these scenarios, simulation
maps showed a pattern of use that differs fronp#ittern in the ca. 2010 landscape.
Here, birds use a group of small close patchesutEifjl) while in the other four future
scenarios birds concentrate in large patches (EigjR). This species tends to have large
territories that are not confined to single fie{fisawley 1989). The NCD scenario
presented an average 12 breeding individuals stiéady state. This scenario presents
larger and closer patches that allowed this pojaulab persist. The NCD scenario had a

42.9% decrease of population mean compared ta0d#. Ropulation.
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Parameters for dispersal distance adopted in thelaiion were large enough to
allow birds to colonize other patches within thedstarea. During simulations, it was
possible to observe that birds were able to exgltrer patches. However, the size of
those patches and isolation from large patchesrapya prevented Western

meadowlarks to establish viable populations.

.
e S0

Figure 11. HexSim representation of a portion af 2210 suitability maps for the
Western meadowlark. Birds occupy and disperse @lenpatches.

The model used to produce scenarkes\isior) considers vegetation succession,
i.e. the natural change of vegetated habitatstéo faiccessional stages. Management of
grasslands and oak savannas could prevent lokss# habitats. Management of
remaining agricultural lands could include practitieat create suitable conditions for
grassland birds. “Fallow fields, lightly-grazed pass, grass seed fields, vineyards, and
Christmas tree farms can provide habitat for geastsbirds and some other wildlife"
(Oregon Department of Fish and Wildlife 2006). Gaitirses could also contribute to
conservation of bird communities if appropriateigedeatures are adopted (LeClerc and
Cristol 2005).

a7



Figure 12. HexSim representation of a portion & MCD scenario suitability map.
Birds occupy one large patch and disperse to spsttthes.

DOUGLAS SQUIRREL

Simulations started with small populations — 10flviduals. During the 100-year
duration of each simulation, squirrels looked foitable breeding habitats. All scenarios
showed an increase in Douglas squirrel populatidhis indicates that there was an
improvement of landscape structure in every scenari

In fact, it is possible to observe the evolutioroo€upancy — squirrels that
construct territories — by looking at scenario r¢figure 13). ThédexMap
representation of Ca. 2010 (Figure 13a) shows baruareas. The GDD and NDD
HexMapsshow large urban extents. The ca. 2010 map shdavg@amount of breeding
habitats interspersed with other forests suitatmerfovement and foraging. There was a
significant reduction of habitats and large urbemngh, but the GDD map shows a large,
continuous tract of breeding habitats with smadieras of other forests and other smaller
corridors surrounded by the urban matrix. The fifear simulation emulates vegetation
succession that allows forests to mature, henaingelarger areas of suitable habitats
for the Douglas squirrel. The use of a small ahitiopulation (100 individuals) permitted

observing the evolution of squirrels. They mosipérsed through corridors, but
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sometimes were able to reach and colonize patbla¢svere in relative isolation from the

corridor (Figure 13c).

Old growthand

Other forests, | . " '
¢ A Itu
. mature forests . griculture . Urban and Roads

low-density residential

Figure 13. Douglas squirrel suitability maps (Hexx: a) Ca. 2010 and b) Greenway
and Dispersed Development Scenario (GDD) ca. 206Wghe different habitat
patterns; c) occupation and dispersal patterns otiBlas squirrel in the NDD scenatrio.
Note occupancy and dispersal to smaller, isolatettipes (outlined). Inset shows
location of the enlarged area in the study area.

CONCLUSIONS

The eight future scenarios, each having a diffecentbination of open space and
urban development patterns, produced differentitsefar each species. Park and
network scenarios presented the best results aalidbsee species. While the no open
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space and greenway scenarios presented good reswtsth the Red-legged frog and
the Douglas squirrel, these scenarios did not sugtable populations of Western
meadowlarks.

The networks produced in the future scenarios ptesmnected habitat patterns.
However, they contain various types of habitatss Habitat heterogeneity causes
network scenarios to not perform best for someciadirs, but also leads them to sustain
more species (as noted by Opdam 2006).

Differences among open space showed that, whilee sm@narios were best for one
individual species, the same scenario could betvioranother species. While greenway
scenarios performed best in sustaining breedinglptipns of Douglas squirrel, the same
scenarios had the worst results for the Westerrdowdlark and worst for Red-legged
frog among scenarios that had applied open spat@kponcepts, illustrating the
necessary wildlife species trade-offs that mustetones be confronted when landscapes
are configured primarily to suit human preferences.

While network scenarios showed the worst result®fauglas squirrel, they also
presented increases compared to ca. 2010 popudalibese results indicate that choices
for protecting species individually — by adoptithgit best scenarios — may dramatically
affect other species. Network scenarios presendbseresults for two species (Red-
legged frog and Western meadowlark) and, althowghhe best for Douglas squirrel,
these ca. 2060 scenarios still promote increaspdlabons relative to ca. 2010
conditions. Network scenarios are likely to pregaetbest combinations to sustain
diversity of species.

Large amounts of Red-legged frog floaters inditihaét this species may benefit
from urban structures. If appropriately managea$rmay use sustainable drainageways
(O'Neil 2001; COSEWIC 2004) and house yards ankispd@avidson et al. 2001).

Decisions about wildlife conservation are among ynather decisions involved in
planning new large expanses of urbanization. Adespersed development scenarios
presented the best results in this assessmernt,iblikely that compact development
strategies also promote efficient use of infragtrrtecand sociability, among other
benefits (Arendt et al. 1994; Calthorpe and FuR6Al).
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The major outcome from this study is the test ohssessment method that can
potentially help decision-making in the planninggess. As noted by Opdam et al
(2006) “stakeholders said that working with quaativte indicators enhanced their
communication and made decision-making more effitiel' his assessment method may
be a valuable contribution in the planning procgken choices include preferences for

alternative spatial concepts and their effects odlife species persistence.
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CHAPTER IV

CONTRASTING TWO QUANTITATIVE METHODS TO ASSESS THE
EFFECTS OF APPLYING LANDSCAPE ECOLOGICAL SPATIAL
CONCEPTS ON WILDLIFE POPULATION VIABILITY IN AN
URBANIZING LANDSCAPE

INTRODUCTION

Urbanization is an important cause of habitat l&sgmentation and adverse
impacts on biodiversity (Marzluff and Ewing 2001pArti 2005; Bryant 2006; Forman
2008b). When natural, more pristine landscapesgémurban patterns, ecological
processes, movements, flows of species, and cawvitgetre affected (Alberti 2005;
Forman 2008b; Beardsley et al. 2009). Natural nessudecrease and conflicts over land
use increase (Beardsley et al. 2009).

There is a strong relationship between pattermmgpeh space and urban
development as it affects ecological processest{anrand Godron 1981; Arendt et al.
1994; Hough 2004; Kaplan and Austin 2004; Albe@®2). Compact patterns of
urbanization prevent excessive consumption of legdijce infrastructure expense and
protect open space. Other urban pattern plannratggies include densification,
clustering, changing the mix of housing densitied gypes, reducing single family
development; increasing the percentage of town-lscane small-lot single family
homes; and densifying commercial development (Arehdl. 1994; Alberti 1999;
Calthorpe and Fulton 2001; Calthorpe Associated. @002; Bengston et al. 2004,
Kaplan et al. 2004; Kaplan and Austin 2004; For2@08b; Beardsley et al. 2009;
Calthorpe 2010).

Decisions about urban open space are essentiaéeusban and land use planning
processes (Bengston et al. 2004; Maruani and mie@@007). The various forms of
open space have the potential to create an armfatuneban expansion that protect

natural patterns and processes (Girling and Ketlgds; Forman 2008b).
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Landscape ecology provides one framework to addaesiscape change (Ahern
1999; Forman 2008b) and open space planning. Lapdsecology has increasingly
grown as a normative basis for sustainable landspkgmning. Designers and planners
use spatial concepts to translate principles afdaape ecology into working diagrams to
anticipate (and presumably reduce or solve) ecotvgiroblems such as habitat
fragmentation and loss of biodiversit¥his study proceeds on the assertion that
landscape ecology, when used as part of the kngwlbdse for design and planning, can
generate evidence-based spatial concepts concdrvothguatural and cultural variables
that can inform the thoughtful planning of urbareongpace systems (Dramstad et al.
1996; Ahern 1999; Forman 2008b).

The challenge for planners is deciding what spatakepts should be applied to
maintain or create a landscape structure that gioezological processes and provides
space for urban land uses (Rodiek 2008; Marcat €042) or, as Forman puts it, “mold
the land so nature and people both thrive longtéFafman 2008a).

As noted above, several authors support compaietrpatof development as better
than dispersed ones in protecting open space ditatsa Some support networks as
better than other patterns in achieving consermajmals (Opdam et al. 2006), while still
others emphasize the importance of patches (AlB8fb), amount of habitats (Hodgson
et al. 2011) or connectivity (Lindenmayer and Fesch007). However, little is known
about the direct effects of those patterns andredteve open space and urbanization
plans on specific wildlife populations or how teearch this problem. The literature
indicates that we need to know more about the respof individual species of wildlife
to landscape change in developing urban areabidrstudy, | contrast two quantitative
methods to assess how landscape patterns thatlapdicape ecological spatial
concepts can affect wildlife viability. This is alan attempt to bridge ecological research
and public policy (Quay, 2004).

This study employs an alternative futures analfyaimework. | developed eight
future scenarios of land use/ land cover that sateulirban expansion in the eastern edge
of metropolitan Portland, Oregon (Penteado 201BgyTcombined four patterns of open
space — no open space (minimal conservation),dms; patches, and networks — and

two patterns of urban development — compact amuedigd. | used two quantitative
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methods to assess the effects of landscape ecalegiatial concepts on wildlife
populations. For the first assessment, | usedapagtrics of indicators of habitat
guantity and quality (Penteado 2013). The secord ascomputerized dispersal model
for three different species to obtain future popatasize estimates following
urbanization, again for each of the eight altexsatuture patterns of land use/ land
cover. The purpose of this article is to compare @mntrast the results from the two
assessment methods. The aim was to investigatehieyagree or disagree, and discuss
the consequent implications for planning. Suclagproach is premised on the notion
that the evaluation of scenario outcomes and irafios can enhance decision-making
activities (Mahmoud et al. 2009). | approach thigkvas a designer and landscape
planner seeking to test and identify more defemsitlagmatic processes for decisions in

the urbanization planning process.

METHODS

| first produced the eight scenarios using a spetimputer model. Scenarios used
a common ca. 2060 human population projectionferstudy area (Figure 4). |
addressed three species of interest, the Red-ldgggd/Nestern meadowlark, and
Douglas squirrel. The Western meadowla@kugnella neglectais nearly extinct in
Oregon’s northern Willamette Valley (Oregon Depainof Fish and Wildlife, 2010),
where Portland is located. Development and losgetiands threaten the persistence of
Red-legged frogsRana aurora aurora Douglas squirrelsTamsciuruslouglasii) may
be pressed by urban development, reduced habitateased predation and road Kill. |
used a GIS map to represent the initial conditibtihe landscape ca. 2010. The computer
programEnvision(Bolte et al. 2009b) was used to produce the esghbarios of land
use/land cover for through to the year 2060 arntbtopute habitat quantity and quality
metrics. | then used an individual dispersal modekSim(Schumaker 2011jo

evaluate the amount of individuals of each spesissained in each scenario.

ALTERNATIVE FUTURE SCENARIOS
Scenarios combined open space spatial conceptefiodors, patches and
networks with urban development spatial concepimfiact and dispersed). Two

scenarios, Compact Development (CD) and Dispersaelopment (DD) projected
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urban expansion with minimum conservation policieso greenway scenarios —
Greenways and Compact Development (GCD) and Greenarad Dispersed
Development (GDD) — emphasized open space corriéank system scenarios — Park
System and Compact Development (PCD) and Park 8yael Dispersed Development
(PDD) — focused on producing larger patches. Netwsoenarios — Networks and
Compact Development (NCD) and Networks and DisgeBevelopment (NDD) —
combined corridors and patches in an open spaeeriet

| used land use modeling softwd&avisionto model urban expansion, and to
produce 20 spatially explicit representations afhealternative future land use and land
cover scenaridenvisionhas been used — as well as its predecéssadand— in several
studies in the Willamette Valley (Hulse et al. 20Bilse et al. 2002; Baker et al. 2004;
Bolte et al. 2007; Hulse et al. 2009; Bolte 20alte 2009b). IrEnvision human
population growth creates a demand for resideatidlemployment land uses; spatial
concepts, converted into policies, drive land at@n for open space and urban
development by the model in a manner linked tartentions of each scenario. Multiple
runs of a given scenario Envisionproduce probabilistic variations in final (in mgse,
ca. 2060) patterns of land use/ land cover, eagvhath is consistent with the intentions
of its guiding scenario. | conducted 20 runs afreaf the eight alternative future
scenarios and, for comparison, selected mean sosriar each of the eight scenarios for
assessing habitat metrics. Mean scenarios ardtémaadive futures that most closely
represent the means obtained for indicators oftdiapuantity and quality among the 20
alternative futures produced. Results fromHEm&isionmodel runs include maps and

databases for each mean scenario.

FIRSTASSESSMENTHABITAT QUANTITY AND QUALITY

The first assessment usédvisioris maps and tables to produce metrics of habitat
guantity and quality and area occupied by urbareldgwment (Table 4). | used six
indicators to contrast ca. 2060 future scenaridb aach other and against ca. 2010
(existing conditions). “Weighted habitats” is tluéal area of habitats multiplied by
suitability scores (which expresses habitat quali§chumaker 2004) for the three
species as a group; “weighted breeding habitatsdwats for breeding habitats for the
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three species; and “high-quality habitats” quaesifarea of the best habitats for breeding,
foraging and dispersal for each species (Pente@ild) 2

SECONDASSESSMENTDISPERSALMODEL

The second assessment used the species dispesdHraSim(Schumaker 2011)
to evaluate the ability of the future scenariogdscape structure to sustain overall
populations and individual’'s ability to dispersénéTmeasure used in this assessment was
average population size over time of each spegieach scenario. | used results means
from 20 multi-run replicates of each alternativeufe scenario to compare, ca. 2060, the
number of breeding individuals (individuals capatie@stablishing breeding territories),
floaters (individuals that remain searching foriteries), and total population (the sum

of breeding individuals and floaters).

CONTRASTING METHOD

| compared high-quality habitat area for each ggefiom the first assessment with
the total population for each species from the sd@ssessment (Figure 14). | then
sought discrepancies and consistencies betwedwthassessments within and across

scenarios.
RESULTS

RESULTS FROMFIRST ASSESSMENT

The first assessment aimed to obtain indicatocuahtity and quality of habitats
for the three indicator species as a group andiithgially (Table 4a). The habitat scores
included metrics of habitat quality. Network sceoaipresented the best overall results
for “weighted habitats” and “weighted breeding hats”, two indicators that combine
area and habitat scores to indicate suitabilitytierthree species taken as a set. Network
scenarios also performed well for “high-quality hats” for the three species. “High-
quality habitats” include the best habitats fordatieg, foraging and movements. For the
Douglas squirrel, network scenarios presenteddast lbeneficial results among
scenarios but nearly doubled the amount of hahi¢ddsgive to ca. 2010. Western
meadowlark had habitat area reduced in greenwayamgpen space scenarios relative to

ca. 2010. Urban development area decreased asthataf increased across scenarios:
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network scenarios produced the smallest urban dprednt footprint, while the no open

space scenarios had the largest urban footprint.

Table 4. Summary results from both assessmentsb@&tanm the first assessment (a)
express values from mean scenarios, which reprélerglternative future that is closest
to the mean quantities obtained among the 20 Emvisins of each scenario; the second
assessment (b) shows mean values from 20 HexSiershs model replicates of the first
assessment’s mean scenarios. “Weihab” (weightedtatsl is the sum of all habitat
polygons multiplied by their suitability scores (ARor all three species; “breedhab”
(weighted breeding habitats) uses the same proeeclumsidering breeding habitats
only; “high-quality habitats” is the total area cfuitable breeding, foraging, and
dispersal habitats for each species. The seconesassent is expressed in number of
individuals where “BI” represents breeding indivials, “FL” is the number of floaters
and “TP” is the total population. Numbers in bolace show increases relative to ca.
2010 quantities; numbers in italics show decreaSésded cells show the best means
among scenarios. “Urban” indicates the area occupi®y development (residential and
employment areas) in mean scenarios. RLF = reddddgog, WML = western
meadowlark, DSQ = Douglass squirrel.

a) First assessment: habitat quantity and quality

weihab breedhab High-quality habitats (ha) Urban ricdtural
ha x ARA ha x ARA RLF WML DSQ ha ha

2010 10,542 2,419 597 112 85 0 620
CD 10,653 3,508 519 11 195 688 404
DD 11,139 3,403 504 11 189 786 330
GCD 12,341 4,737 601 12 194 629 312
GDD 12,894 4,736 593 16 194 688 265
PCD 11,975 5,734 553 101 186 592 315
PDD 12,556 5,622 552 90 187 652 296
NCD 14,205 6,124 673 140 164 511 126
NDD 14,730 6,051 675 134 163 528 130

b) Second assessment: dispersal model — popukities

RLF WML DSQ
Bl FL TP Bl FL TP Bl FL TP

2010 647 22,347 22,994 21 62 84 1,009 2,746 3,755
CD 629 21,455 22,084 0 0 0 1,500 3,423 4,923
DD 593 19,734 20,327 0 0 0 1,470 3,158 4,628
GCD 635 22,064 22,699 0 0 0 1,559 3,439 = 4,998
GDD 646 22,166 22,812 0 0 0 1,569 3,271 4,840
PCD 750 25,018 25,768 13 61 74 1,434 3,334 4,768
PDD 649 22,265 22,914 16 81 97 1,516 = 3,443 4,959
NCD 942 30,427 31,369 12 60 72 1,384 3,131 4,515
NDD 909 29,207 30,116 16 78 94 1,391 3,107 4,498
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RESULTSFROM SECONDASSESSMENT

The second assessment aimed to project the sthe pbpulations of each species
that each scenario could sustain. For each specaissed number of breeding individuals
and floaters (individuals that remain browsing ldmedscape) (Table 4b). Network
scenarios performed best for the Red-legged fampvied by park scenarios. The
number of breeding individuals increased in bottesaThe number of floaters decreased
in the Park and Dispersed Development Scenarigaul®ions presented small decreases
in Nno open space and greenway scenarios. Greenwlayocaopen space scenarios were
not able to support populations of Western meaddwPRark and Dispersed
Development performed best for the Western mead&wbait park and network
scenarios presented comparable quantities of lhreadd floaters. For the Douglas
squirrel, Greenway scenarios performed best, bstaharios presented increased
populations. Network scenarios resulted in the Esata. 2060 population among all

scenarios.

CONTRASTINGHIGH-QUALITY HABITATS WITH TOTAL POPULATION

This section contrasts “High-Quality Habitats” a(eanceforth “habitats”) from
the first assessment with “Total Population” (hdodd “population”) from the dispersal
model. The analysis focuses on contrasting pergerdhanges in ca. 2060 scenarios
relative to the ca. 2010 quantities, using meanates obtained witkEnvisionand
dispersal model means obtained witaxSimfor comparison. In both cases, there was a
small variability (coefficient of variation — CVin Figure 14) among the 20 multiple
runs of the scenarios (produced wihvisior) and the 20 dispersal model replicates
(produced wittHexSin).

Dispersed Development, greenway and Park and Bisgddevelopment scenarios
presented percentage increases and/or decreaResd-tégged frog population
proportional to habitat area change (Figure 14agnd@ihe Park and Compact
Development scenario presented a decrease of hatetg but an increased population.
Network scenarios presented population percentaggeases almost three times (31 -
36%) larger than the increase of habitat area (l34%). All compact development

scenarios had more habitat than dispersed develtmoenarios. Only the Greenway
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and Dispersed Development scenario had larger0&f gopulations than the compact

equivalent.

Figure 14. Indicators of landscape change betweer2610 and 2060 alternative
futures. CV is the coefficient of variation amorgrgrio runs. Numbers on top of bars
indicate significant differences among open spattems; different letters indicate
statistically significant differences between coot@nd dispersed patterns; percentages
indicate increase or decrease of ca. 2060 relativea. 2010 conditions. The horizontal
axis shows ca. 2010 conditions and 2060 alterndtitieres in all graphs. Note different
scales and units on the vertical axes: a), c), epHligh Quality Habitat area (adapted
from Penteado, 2013); b), d) and f) Total PopulatiBercentages for high-quality
habitats (a, c, and e) represent change betweemtsn 2060 scenarios and ca. 2010
guantities. Percentages for total population (badd e) report change of averages
across the 20 HexSim runs of mean scenarios.
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No open space (CD and DD) and greenway scenarsepred a large reduction of
habitat area for the Western meadowlark (Figureakwttd). The total habitat area
indicates the possibility of having a viable popiala, but the dispersal model showed
those scenarios promote the extinction of meadawliar the study area. The percentage
decrease of populations in the Park and Compactlbpment scenario was consistent
with the decrease of habitat area, as was theaseref population consistent with the
increase of habitat area in the Network and DiggeBevelopment scenario. All
compact development scenarios presented more hatetfor the Western meadowlark
than dispersed development. Dispersed developmgrark and network scenarios had
larger populations.

The percentage increases of population of Dougjasrel are consistent with the
increases of habitat area (Figure 14e and f) ®xbuglas squirrel: all scenario means
presented percentage increases of habitat arezeeaga 4.3 times larger than the
percentage increase of total population. Compatidéspersed development patterns
played a small role in determining differences witbpen space patterns, but dispersed
development produced somewhat larger habitat aegaspt for the no open space
pattern, and compact development resulted in $jidgatger populations, with the

exception of the park scenarios.

DISCUSSION

Landscape ecological analysis often employs cosagfgtatch, corridor and matrix
metrics to characterize and understand landscapermpéTurner 1989; Forman 1995).
The focus of this research is to understand hogetlcencepts, when applied as an
armature of open space in urbanization plans, &ffédlife with different habitat needs
and life histories. Its audience is landscape masiseeking quantitative methods for
pragmatically assessing the effects of open splares ppased on principles of landscape
ecology to protect biodiversity.

It is evident in the literature that urbanizati@uses significant impact on natural
resources (Marzluff and Ewing 2001; Alberti 200&)f its effect on wildlife still need
further understanding. The approaches presenteddnevide two different ways of

furthering understanding: first by assessing habgantity and quality under ca. 2060
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alternative futures, second by focusing on popaoitasizes of target species for these
same futures. The following sections discuss inapilons of applying landscape
ecological spatial concepts to protect open spattenaurbanization plans to the
outcomes of both assessment types. The analysiooted the importance of habitat
guantity and quality versus population size thatiltefrom the spatial arrangement of
those habitats. Results showed that the amoungaaldy of habitats, urban
development patterns, and the processes consi@gredes dispersal and migration)
were influential in determining scenario differeacand that results were, at times,
counterintuitive.

The importance of the amount of habitats versus #iteangement in the landscape
— which influences habitat connectivity — has bdebated (Lindenmayer and Fischer
2007; Hodgson et al. 2011). Both assessments dmwuniportance of having breeding
habitat to sustain viable populations of the tlepecies addressed. However, some
discrepancies appeared in the results where sosnaith less habitat than ca. 2010
presented larger populations ca. 2060. In suchscégs likely that pattern, and not
habitat quantity alone, is important in determinihg number of individuals. In some
cases, the second assessment corroborated thenfother cases, they disagree. Clearly,
a species’ life history strategy may matter in simstances. | briefly address each of the

three modeled species below.

RED-LEGGEDFROG

The Red-legged frog breeds in vegetated shallowgetands, ponds, ditches,
springs, marshes, margins of large lakes, slow-ngpgbortions of rivers where emergent
vegetation is abundant, and occasionally in hoasdsy neighborhood parks, and small
stormwater storage areas. They migrate seasoretilyelen forested areas and wetland
breeding sites. Network scenarios presented thtecbesbination of protection of
breeding and dispersal habitats for the Red-lefjged Modest increases of habitat area
produced large increases of population. Park smenahowed comparable habitat area,
but presented small losses of habitat area. Popuilaicreased in the Park and Compact
Development scenario despite its decrease of liav#a, which indicates that urban
pattern (compact development) may have played aoritant role in determining the

increased population while its dispersed developgroeunterpart presented a small
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decrease of population relative to ca. 2010. Thigvidik and Compact Development
scenario also presented some advantage over Neandrispersed Development, also
indicating the influence of compact over disperdedelopment. Scenarios with no open
space spatial concepts (CD and DD), compact ameiied development presented
comparable habitat loss, but population had a emdécrease in the compact
development scenario. Comparing across open spdisgns, compact development
performed better than dispersed development exoefite greenway scenarios’ total
population (the difference was not statisticalligvant).

WESTERNMEADOWLARK

The Western meadowlark forages and nests in lagges af grasslands and prairies
>6 ha in size that may be comprised of severahgatdt uses scattered shrubs, trees or
posts for singing perches and is more abundantasstand interiors. Both sets of No
open space and greenway scenarios presented sthidlttarea, which could indicate the
ability of those landscapes to sustain small pdpria of Western meadowlark.
However, the dispersal model showed that the hadniéa was insufficient in those
scenarios. Despite the increase of habitat ardaeiiNetwork and Compact Development
scenario, the dispersal model showed a decregsapofation. Conversely, habitat area
decreased in the Park and Dispersed Developmenthd@yiopulation increased. Both
compact development scenarios (park and networkkeareased populations of
Western meadowlark, while dispersed developmemtesaes presented increased
populations. The consistent difference between ldpweent patterns raises questions, for
this particular species, regarding the assertiahdbmpact development patterns result in
useful habitat (Arendt et al. 1994; Calthorpe aotidh 2001; Kaplan et al. 2004). The
ca. 2010 landscape and the scenarios that suppaateld populations presented
different habitat patterns. The ca. 2010 landsqapsented scattered but relatively large
habitat patches. No open space and greenway sgeffiarica. 2060 presented a larger
number of smaller habitat patches. Park and netacgkarios presented at least one
large patch. For Western meadowlark as modeleisrstudy, it was theombinationof
open space and development patterns that provelduental in determining future

population viability.
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DOUGLAS SQUIRREL

Douglas squirrels are associated with old-growthifeo stands, but may be
abundant in second-growth or mature stands. Tloarehrange is less than 0.6 ha. They
compete for the same habitats as other tree stpufnerthern flying squirrel and
Townsend chipmunk). All scenarios presented maistats for Douglas squirrel than
ca. 2010 in the first assessment. Population piojex proportionally followed habitat
gain, but at much smaller rates. Greenway scenanasich addressed mainly riparian
corridors — had the best results in both assessm@éBtand DD scenarios also performed
well, mainly because minimal conservation assunmgtilowed vegetation succession in
riparian corridors. Network scenarios showed thalst amount of habitats and
individuals, probably because those scenarios aawere balanced distribution of
habitats among species. This species demonstegsdénsitivity to differences between

compact and dispersed development patterns.

EFFECTS OFOPEN SPACE PATTERNS

The literature on population viability shows a djisgement about the relative
importance of habitat quantity and quality versabitat arrangement in the landscape.
My study indicates that the relative influencelodde indicators on a species’ viability
may depend on species life history and, thus, timekeators should not be considered in
isolation. Hodgson et al. (2011) emphasize hahitantity in opposition to the
importance of the general arrangement of habitatse landscape. Some of my results
indicate that this should be weighted differenty different species. For the Western
meadowlark, patch size was important but arrangewfesmaller patches in the ca. 2010
landscape was influential in maintaining a popolatiDuring simulation runs, birds
could be observed moving among small close patéfeesRed-legged frogs, proximity —
therefore arrangement — may be more important Isecdney depend on moist
environments to support their movements over longgration distances. For the
Douglas squirrel, quantity of high-quality habitaeemed enough to maintain viable
populations, perhaps partly because this specspeidies over comparatively short
distances.

In this study, | used greenways as a planning patteimplement corridors. It has

been argued that greenways are critical for adoirgssodiversity conservation in urban
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areas (Bryant 2006). Several authors defend theevaf greenways for addressing
biodiversity, especially in urban areas (NdubisaletLt995; Ahern 2002; Bryant 2006).
The greenway and network scenarios promoted ameigaof protected corridors along
streams paralleling recreation corridors. In thelated ca. 2060 landscapes, the 60m-
wide vegetated corridors provided pathways for Reggied frog migrations and dispersal
of Douglas squirrels (Figure 15a3, c2, and c3)hdligh greenway scenarios were not
successful for the Western meadowlark, an increek®ested areas may benefit forest
birds (Marzluff and Ewing 2001) yet not benefit sjgs, e.g. the meadowlark, that are
more dependent on grasslands. Increased ripargetateon that supports Red-legged
frogs and Douglas squirrels may also benefit bamald mammals that use riparian
corridors. In the Metro Portland region, 93% ofdspecies use riparian areas (Hennings
and Soll 2010).

For the Red-legged frog, scenarios with more cotegegatterns (greenway and
network) did better than scenarios that did notresklcorridors (park system and no
open space) for high-quality habitats, but parknaces had larger total populations than
greenways. This indicates that providing corridensot the only condition to be
considered. For Western meadowlark, greenway siosnanked low in both
assessments. The dispersal model confirmed ths¢ thenarios do not support viable
populations. For the Douglas squirrel, network saces ranked low in both assessments,
but still supported an increased population congpéveca. 2010.

Figure 15 (next page). Suitability maps (previoag¢). al) One large wetland and
several wetlands (blue) appear near some migrataiyitats (green); a2) in the
Dispersed Development scenario, some wetlands desreloped and less migratory
habitats are available; a3) a network of migratdrgbitats appear near the original
large wetland and new wetlands; bl) Some patcppsar in the northwestern corner;
b2) in the Greenway and compact Development sognamly a few, small, isolated
patches are present; b3) a large patch appearséncentral, southern portion; c1)
breeding and dispersal habitats appear throughbetdrea; c2 and c3) all habitats
increase in area and are more connected. Noteedsgul urbanization in a2, b3 and c3)
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a) Red-legged frog suitability maps

b) Western meadowlark suitability maps

c) Douglas squirrel suitability maps
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EFFECTS OFURBAN PATTERN

Several authors debate the problems caused byrsisppatterns of urbanization.

In this study, under Oregon’s land use planningesysurbanization is contained within
an area reserved for urbanization. However, patgmical of this type of development
can be observed in the scattered distribution wfdensity residential areas that spread
through agricultural lands. All dispersed developireeenarios showed those patterns,
especially in scenarios where open space spataeqbs were not applied (CD and DD).
In compact development scenarios, urbanizationroedicloser to existing transportation
corridors and open space policies limited the egjgemnof development over open space.
In all compact development scenarios, developed oseupied smaller and contiguous
areas when compared to dispersed development sxemnath the same open space
pattern.

Different open space and urban patterns may atdtri@ different degrees of
disturbance. Although disturbance is understood ‘@slatively discrete event in space
and time that disrupts ecosystem, community, oufagn structure (...) human
disturbance will occur through temporary recreaiarse or through more permanent
habitation use” (Briffett 2001). In the dispersabahel, disturbance is indirectly assessed
through model parameters. Mortality rates attridutean urban landscape matrix and its
roads emulate the effects of disturbance, sucletgrpdation and road kill. Because park
and network scenarios have larger habitat areapataties, disturbance may be smaller
than in no open space and greenway scenarioseémgray scenarios, the relatively
narrow corridors and proximity to recreational eities and residences may make
habitats more susceptible to disturbance (Bri#éfd1). Although it is necessary “to
maximize the wildlife and habitat value of corridbm landscape plans (Briffett 2001), it
is important to recognize that urban areas haviddavailability of land, and, because
of proximity to urban activities, open space casrglwill often be affected by urban uses.
Nearby residential and recreational uses may oaildife disturbance.

The expansion of road networks, which is not tyiyadhe same in different
patterns of urbanization, increases disturbancedore species. Compact development
tends to optimize the transportation network ang melude transit-oriented

development (Calthorpe 2010). Dispersed developnoenthe other hand, requires an
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extended network of roads to connect discontinalmvelopment zones and is less prone
to accommodate a viable transit system. Some afethdts obtained from the wildlife
dispersal model indicated that dispersed developoearsed smaller effects on
populations or a larger increase of populations t@npact development. Two aspects
may have influenced these results. First, the so#wised for simulating scenarios —
Envision— did not represent new roads connecting new dpuatnt zones. Second,
dispersed development may actually be more permealdome species and even
support viable habitats for foraging and dispefsatome life history strategies.
Although compact development produces a smallerufbotprint, it creates denser
urban zones that may act as barriers to wildligpeisal and increased pressures and
disturbance in habitats adjacent to urban developme

Urban development and expansion of habitats caasedand area to decrease in
all scenarios (Table 4). Farmland maintained caotiy patterns in compact
development scenarios because there are lessengajmanization (Figure 15 and
Appendices F and H). On the other hand, dispersedldpment fragmented farmland.
This latter pattern may reduce habitat for anddaase disturbance to Western
meadowlark, which uses crops for foraging and aaedin crops managed for that
bird’s life cycle (Oregon Department of Fish andldiie 2006). Some agricultural types,
like pasture, may be suitable for amphibians a$ agefor grassland birds.

CONCLUSION

This study looked at wildlife population viabilitg inform decisions that anticipate
regional urban development and affect biodiverditaditionally, designers and planners
often look at habitat quantities, total naturakareor employ spatial concepts
gualitatively (Calthorpe and Fulton 2001; FormaQ&6). Here, | offer a quantitative
analysis, distinguishing effects by species andtattype, to better understand the
implications of using different landscape ecolobgmatial concepts in landscape pattern
decisions concerned with sensitive species. Distgigng evaluations by species
provides more information that can contribute tanpling decisions.

The approaches tested in this study proved to éfilusven for tools designed for
other disciplines and adapted for landscape akiBind planners. The alternative future

scenarios method helped to visualize a large numiggossible outcomes; the
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assessments helped understand the tradeoffs aradngs/open space patterns and
compact vs. dispersed development relative todaiget species. These tools also helped
confront accepted theories and assumptions withtgative data. For example, the
conventional wisdom is that compact versus dispgederelopment makes a lot of
difference on wildlife, but results showed thisigdramong the set of species studied.
More research is needed regarding the relationdeivinabitat conservation and patterns
of urbanization, but several lessons derive framlgtesults:

If one considers only the total area of habitateaiural areas in contrasting wildlife

effects of alternative future scenarios, the laggas of “green” on a map (i.e. areas

off limits to development) may hide habitat insaigncies for some species.

For planners of future metropolitan pattern, decisishould consider more than
habitat area. This work indicates that, in suchirgg, it is important to look beyond the
big numbers. Table 4 offers a metric of total antafrhabitats (weighted habitats). If
one looks at total habitat only, any scenario na&k lfavorable for biodiversity
conservation (i.e. all scenarios have increaseduats®mf weighted habitat). Developers
may choose those with more availability of develdpdand (in all scenarios, urban
footprint is inversely proportional to habitat areldor example, if considering only total
weighted habitat, greenway scenarios may look doodildlife, but considering only
total habitats obscures, for example, the devasfaifects of greenway scenarios on
Western meadowlark viability, a species whoseHiftory strategy requires large areas
of upland grasslands.

The effectiveness of applying spatial conceptisequal for species with different
life histories, habitat requirements, territoryesiand movement characteristics.

Different species benefit from the different pattethat result from different
landscape ecological spatial concepts. Only byfebcensideration of these results can
one understand the tradeoffs for alternative futamelscape plans. The use of spatially-
explicit wildlife dispersal models, likelexSim enable detailed explorations for chosen
species of how starting condition patterns of seisiok habitats evolve over time with
landscape changes propelled by alternative futteragios. With maps of individual
movements, the prospect arises for local infratitrecdesigns that better anticipate

movement patterns of sensitive species. This watlcates that, because of differences
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in life history strategies, such better informednpling may prove critical for certain
sensitive species’ long term viability.
For some species, populations increase when haibitaease, independent of pattern;
populations do not always increase proportionaith wabitat gain.

For the Douglas squirrel, a dramatic increase bithts resulted in a relatively
modest increase in population. In the network seemaodels, the Red-legged frog
behaved in the reverse: a modest increase of halb@a in particular configurations
resulted in a relatively large population incredSen reduced habitat areas in the park
scenario models resulted in larger populationséne species. This seemingly
counterintuitive result largely relates to the haraege size of each species’ territory.
Species that demand larger breeding territoriesatienfarger increases of habitat to
support growing populations. Species that demaghlyspecialized habitat — such as
wetlands — but need only small home range teresomay thrive even with reduced
habitats if the remaining habitats have the qualitieeded.

Some species depend on a more complex landscapenpata combination of open
space/habitats mixed within development patterns.

Western meadowlarks showed they demand large matélwrassland to breed and
forage. The dispersal model showed that urbannpaieo plays an important role in
determining the size of the resulting population.

There were bigger quantitative differences in viléddpopulation impacts across open
space patterns than within them (compact vs. dsggedevelopment).

Except for the Western meadowlark, which advantéges dispersed
development over compact development, the otheispreaies were significantly
influenced by open space pattern but not as mualrlign development patterns. For the
Red-legged frog and Douglas squirrel, developmatiems did not appear as important
as the differences among open space patterns, wididates that the choice of open
space spatial concept may disproportionately afesailting population viability for
species with certain life history strategies.

| addressed three species in this study. Howeley, also represent beyond just
this specific group of species. The meadowlarkesgnts grassland bird species that

require large contiguous habitats in order to bextessfully but are very mobile. The
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Red-legged frog represents frogs and other amptsliteat require a combination of
spatial proximity of wetlands and moist forests @agle a particular way of moving.
Douglas squirrels and other tree squirrels andlsmaimals require mature forests, but
that can also occur in residential areas wheretiseenough tree canopy and trees are
allowed to mature and are less sensitive to humesepce.

This work illustrates the potential importance ppling landscape ecological
spatial concepts. Quantitative assessments tosasdldiife impacts of urban
development improve planning decisions. It shovesviddue of integrating open space
into thinking about the future form and patterrudfanizing regions by showing how a
carefully conceived open space armature can steiplanning priorities and enrich both
the urban and open space environment by maintainaige populations of species of

concern.
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CHAPTER V

CONCLUSION

In this dissertation | presented an approach tamdpen space planning with a
focus on biodiversity. | first developed alternatiuture scenarios of open space and
urban development. Because the focus of this opacesplanning experiment was on
wildlife population viability as a measure of bigdrsity, | used two methods to assess
the components of population viability, habitateaeend quality on one hand, and
configuration on the other (Termorshuizen et aD7Z)0Chapters Il to IV were organized
to demonstrate this approach and reflect my rekedgsign. As a set, they answer my
overarching question:

What are the effects of different landscape ecoligpatial concepts, when
applied to the design of urban open spaces, odifgilgbpulation viability, expressed by
habitat quality, quantity and spatial configuratiohrepresentative amphibian, bird and
mammal species as they experience urbanization?

To answer this question | proposed two sub-questidhe first (What landscape
ecological spatial concepts applied to urban oppace plans provide the most and the
best habitats for the target specigsias answered in Chapter Il, where | presented the
alternative future scenarios study and the evalnaidf habitat quantity and quality.
Results showed that scenarios that adopted thesyzere network spatial concept
presented the best overall quantities for indicatbat combined habitats for the three
species, followed by scenarios based on greenwaypaiks spatial concepts. When
looking at individual species, network scenarioppén space presented the most
habitats for the Red-legged frog and the Westeradmelark, but presented the least
habitat increase for the Douglas squirrel. The wasults were obtained for the Western
meadowlark in the greenway and no open space sosnahich had steep reductions of
habitat area for this species.

Chapter Il presented the answers to my secondjsebtion (What landscape
ecological spatial concepts are best in sustawiigie populations for the indicator

species from a movement perspective?). | preseheedispersal model approach to
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evaluate the effect of habitat configuration onhesigecies’ populations. Network
scenarios presented the best results for the Rggbdefrog, with park and greenway
scenarios second and third, respectively. For tlesté&/n meadowlark, park scenarios did
modestly better than network scenarios, but norabenarios sustained viable
populations. For the Douglas squirrel, greenwayages performed best, park scenarios
second, and followed by no open space and netveerkasios. Chapter IV contrasted the
two methods of evaluating each alternative’s wikdéffects and summarized the lessons
obtained from the dual approach. In some casesett@nd assessment corroborated the
first, but population size for the three speciesedain different proportions when
compared to habitat area change.

Spatial concepts developed from principles of laage ecology proved useful for
creating an armature of open space. The results 8tad urban open space planning
processes can benefit from a deeper understantlihg effects of landscape ecological
spatial concepts on wildlife viability. Although ntihve core of my dissertation, the
following sections discuss the implications for rogblitan planning, and open space
planning as a subset of it, followed by the studiyistations and implications for future

research.

METROPOLITAN PLANNING PROCESSES

Metropolitan planning is a complex endeavor whegrenospace is one of many
subsystems of concern. Others include transpomntagiconomic development, housing
needs, public health and water supply. (Forman BPpG8anning of new urban zones
customarily involves deep understanding of cultaral socioeconomic systems, but
open spaces are not always among the top prio’éde open space has gained
importance in metropolitan planning in recent desadirban open spaces have generally
emphasized human, not wildlife, use. Commonly, @ity is not one of the main
dimensions of physical planning (Forman 2008b). Whiediversity is addressed,
planners usually indicate natural areas, areagybftmabitat value to protect or restore,
areas that are sensitive or are at risk, and #odaes acquired in the future (Metro 1992),
generally depicted as green areas on a map, dsecsegen in several examples of open
space planning in American and other cities (M&862; Calthorpe and Fulton 2001;

Rottle and Maryman 2006).
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As discussed previously, landscape ecology offéursoaviedge base for spatial
planning — (Ndubisi 2002; Termorshuizen et al. 20Q@ndscape ecology has been
increasingly adopted as the scientific basis fanping open space systems, greenways,
etc. Landscape ecological principles and spatiatepts have been adopted in physical
planning proposals in several cities and metrogoliegions. A recent example is
Forman's approach to metropolitan planning in taecBlona Region, where he addresses
multiple subsystems (Forman 2004; Forman 2008l prbposal for open space
includes a plan of nature in the Barcelona Regiogufe 16) clearly based on the land

mosaics theory (Forman 1995).

Figure 16. Forman's plan for nature in the BarceddRegion (adapted from Forman
2008). Note the large existing and proposed natarahs (patches), reconnection zones,
and corridors.
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Steinitz indicates that there are gaps betweerstaapk ecology and landscape
planning (Steinitz 2001), while Botequilha and Aineefend that there is a need for
methods that strengthen the potential contributlmetsveen landscape ecology and
landscape architecture (Botequilha Leitdo and ARE&OR). The next section offers
conclusions from my study on deepening the linksvben landscape ecology and
landscape architecture, and particularly its jemmtribution to theory and practice by

addressing thprocessof metropolitan open space planning

CONTRIBUTIONS TO THE PROCESS

Forman, describing his plan for Barcelona, advikas“the objective of the
planning project is to outline promising spatiailagements and solutions that enhance
natural systems and associated human land us#sftong-term future” (Forman
2008b). What is too often lacking in such effoasd what | proposed here, is a way of
assessing how promising proposed spatial arrangsrasndetermined through
defensible procedures that could pragmaticallywfa metropolitan planning process. |
evaluate the potential of resulting plans by pringddefensible evidence of some of the
mechanisms that lead to the statistical differemceise relationships between proposed
patterns of urbanization and their biodiversityeets. The results demonstrated that a
modeling approach could provide quantitative answieat may meaningfully inform the
dialogue among planning stakeholders and, conségutre quality of decisions. The
results also illustrated the degree to which, gigeers are relying on simpler, more
habitat-based metrics alone, they may be gettiifferent answer than would be
produced by a population viability model. The asaherein shows where, how, and
how much development produces what effects, antym what to protect through
strategies such as land acquisition, protecticagocultural areas and infrastructure
design. Therefore, my research approach dealstiatfundamental components of
landscape structure, composition and configuration.

The model used for producing the alternative fugiE@vision is a powerful tool
for experimenting with a large number set of opgidor open space and urban form. If
introduced early in the metropolitan planning pss;esuch alternative future simulation
tools may enhance communication with stakeholdedstlaeir appreciation of tradeoffs

for wildlife species and urban development. Thaqyattructure that drives simulations
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allows planners to explore diverse outcomes antséothe model to test the sensitivity of
evaluative results to plan changes by turning pedion and off or adjusting their
application frequency. New policies can be addealdidress incoming issues.

For the dispersal model representations of theispat the modeled alternative
future landscapes, | adopted a landscape clagsificeomposed of four elements:
breeding habitats, movements and foraging habaagts;ultural matrix, and urban
matrix. The representation attempted to echo bogliss life histories and land mosaics
components — patch, corridor, and matrix — in afeufficiently simplified to enhance
its applicability within the time and resource cwats of a typical metropolitan open
space planning process.

This framework has potential for application in@thegions if sufficient data are
available. For creating the landscape representafithe initial landscape it is necessary
to have a good land use and land cover represemiatia geographic information
system. Taxlot data, streams and other importasgrgghic features contribute to add
realism to the simulations. The land use and laveicis also important to implement the
dispersal model, especially for addressing suitglior indicator species. Availability of
information about the species life histories iadlsy for developing meaningful
dispersal models (Table 3). It is also importargetect species that are sensitive to
development, represent other species, have diffeispersal strategies, and demand a
variety of habitat types.

CONTRIBUTIONS FOR THEORY
“We should understand that landscape planning isascience, although it
depends on science, including ecolo@$teinitz 2001).
This research brings together an open space aaa ddwvelopment planning perspective
with a simulation modeling approach to obtain apgeeinderstanding and more
defensible explanation of an ecological issue —ptrsistence of wildlife populations in
areas stressed by urbanization. It combines twaswégealing with this problem. While
planners deal with spatial relationships that imeatatural and socioeconomic
components through maps and plans, modelers ttadatadscape change and biological
and ecological parameters into computational allgors and digital representations of

results. The ultimate product of this combinatissets of quantitative data that, with
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interpretation and assessment, have the poteatiaidgrove decisions in planning
processes.

The use of a wildlife dispersal modéléxSim to assess the effects of different
configurations of land use and land cover and tgresion, the wildlife habitats they
represent, deepens the understanding of the tradily qualitative use of landscape
ecological spatial concepts. | argue that the tieguécological assessment strengthens
the linkages between landscape ecology theory Emohing practice.

This approach also contributes to the long runuieigate between having ‘enough’
habitat versus having viable populations within eqmattern of habitats, especially the
understanding of how decisions about open spaceidoach form differently affect
species with different requirements (Termorshuigeal. 2007; Hodgson et al. 2011). It
proved valuable to choose species from three éiftetlaxonomic groups with distinct life

histories in addition to considering total amouhhabitats or natural areas.

LIMITATIONS

As in any modeling approach, the methods | adoatedess than perfect.
Landscape planning is a broad and comprehensiugtathat involves many instances,
issues, and stakeholders. This dissertation foauséso elements of planning in a
simplified form: wildlife requirements and urbanveéopment. | focus below on key
limitations of the methods used in this study:
Generalization: The simplifications of the representation of theee target species used
in the dispersal model allow this approach to heegalized from this to other
landscapes. However, which information is requabdut chosen species’ life history
parameters will depend on how the chosen speceethesstudy area landscape in
guestion.
Simplification of societal needsAs discussed above, metropolitan planning is a
complex process. For the purposes of this studged a limited set of planning
variables: human population growth projections #redassociated area required to
accommodate residential zones at multiple denatesaffiliated employment areas.
Also, by adopting Damascus’s definition of high-giéyn| am in conflict with some of
the literature that defends higher densities fongact development patterns of

urbanization (Calthorpe 2010).
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Envision and the use of agentsA more complex simulation environment can be
explored inEnvisionthan what | employed. Stakeholders’ preferencasbearepresented
as separate classes of agents, each of which taelamfluence model outcomes.
However, the process for gathering data and incatpg them into modeling requires
time and resources (human and material) that weyertdl my capacity to include within
the dissertation timeframe and resources, andghatn my driving questions, were not
required.

Dispersal model:l chose to use one biodiversity indicator, popolasize, to assess one
ecological process, individual movement for eaabselm speciesiexSim however,
contains multiple possible indicators and simulatapabilities that could improve
modeling. These are discussed in the Future Rdseaation. In addition, “sustainability
analysis must consider the interplay and dynamaoduton of social, economic and
natural systems" (Swart et al. 2004). Again, largkle to time and resource constraints,
and with the guidance of my dissertation committ@ose to constrain the analysis to a
particular representation of the interplay and ayizaevolution of social, economic and
natural systems over a 50 year period, again porese to my driving questions, and to

represent the resulting landscapes for the yedd.206

RECOMMENDATIONS FOR FUTURE RESEARCH

Experiment with the approach in other regions aittl ether species: the method is
straightforward and replicable, but requires détaua land use and land cover and
species that are inherent to a given location. fidssarch was built upon data that have
been developed for many years ( Hulse et al. 2B00se et al. 2002; Schumaker et al.
2002; Hulse et al. 2004; Baker et al. 2004; Schuwenakal. 2004). Availability of data is
key to operate in a GIS platform, as well as redeabout species life histories.

Experiment at other scales, with finer grain repnéations of open space and
development patterns: this research was develdpethadscape scale, well suited to
metropolitan planning efforts. Although sometimesign and planning are so closely
linked that they may become indistinguishable (L3285), focusing at the tax lot parcel
extent more commonly encountered with design ptejeray reveal nuances that are not

captured at the landscape extent. For examplegytneveal gradients of habitat quality —
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which can be captured in a more recent versiddextSim— and include differences
between edge and interior habitats and the infleefi@djacency of diverse land uses, at
the smaller extent where neighborhood or indivigaraperty owner actions could make
detectable differences in biodiversity effects.ifproved representation of the
landscape at these more local extents may allowdimg, for example, building
footprints, parking lots and roads with more det&itloser look at a smaller territory
may also allow investigating the species in thielfiand as a result, produce a more
accurate, field-tested understanding of specieawehin the face of urbanization.

Improve population viability models: there are atbapabilities that can be obtained
from the dispersal model. For example, interactem®ng species like predation and
competition, sink and source habitats, and prodifigtiamong others.

| used Damascus comprehensive plan in which Thermamw residential density for
compact development used in this study was bas&hamascus’s Comprehensive Plan.
What | call compact is relatively low-density whemmpared to the literature. There is a
need to test this framework for denser development.

CONCLUDING REMARKS
“... landscape architects, unlike a lot of other ddimes, study things

because they are interested in it, but then we waadb something about it, want to
build more supportive environments for people atigiospecies with them... there
is a unique quality to research in landscape armetiitire that distinguishes it from
many other disciplines... what it means do reseandhe discipline... research to
advance the discipline of landscape architecture te practice by creating
deeper linkages, where research helps us to bebetter designers, and
thoughtful designers become better scholars anearefiers’{Johnson 2010).

An important finding from this work is that, of tiset tested, there is no single
future scenario that will satisfy all societal nvatiions and be best for every species — not
one of them is best for all species. | have coretliatdeep investigation into the
particular habitat needs of these three focal sgewith eight different scenarios,

employing twenty representations of each, over-g&# timeframe, taking into account
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future human population projections. It is sigrafit that no spatial concept or scenario is
best for all three species. In addition, it is gfigant that one cannot have the most
habitat area, highest habitat quality and the &eahgement of habitats for the three
specieandthe most developable land at the same time inglesscenario. Tradeoffs
must be confronted, and to do so well requiredtst advance information and
understanding available of the consequences of each

This work demonstrates that an approach like tamslze meaningful in a
metropolitan planning process. As a landscape taahiand with a target audience of
metropolitan planners seeking an ecologically defda approach, | brought to bear the
lessons of landscape ecology on future urban patteith the aim of improving
metropolitan planning in a practical way, and bydsng to better inform urban open
space planning decisions to improve biodiversitgas.
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APPENDIX A
SCENARIO ASSUMPTIONS

Conservation of most important habitatseeding habitats for all three species and
habitats used for migration are protected from tgraent. Those include all areas that
present high-quality habitats for the target speaiestlands for the Red-legged frog,
grasslands and oak savannas for the Western meattoahd mature and old growth
forests for the Douglas squirrd@lhe stream network provides an armature of condecte
corridors (Girling and Kellett 2005).

Protection of important habitatduffers surrounding breeding habitats create
protection from development, which can be achigheolugh public acquisition of land
to protect open space (Bengston et al. 2004). A-@dae setback protects streams and
creates conditions for restoration of riparian &tse A 30m-wide setback (between 60
and 90m from stream) was prioritized for recreatlarses (bike and biking trails).

Restoration of important habitatareas adjacent to conservation zones may
contribute to the protection of and buffering ohservation areas. Areas where historic
vegetation corresponded to potential restored aehitave higher priority. In some
scenarios, these areas may accommodate othersasduch as recreation, low-density
housing, and community gardens. For the Red-lefyjgeg these are areas that could
buffer wetlands from development; areas that reeonportions of wetlands and streams
under roads; for the Western meadowlark, areasauafj@ao existing grasslands with first
priority to historic prairie and savanna; and toe Douglas-squirrel, areas adjacent to
mature and old-growth conifer forests.

Restoration of corridorsall scenarios assume the protection of a 60m-Wwidéer
from streams to provide an armature for dispeiSabk 1991). Development is not
allowed in those areas. Wetlands, streams, antigmtuisected by roads are reconnected
by underpasses to allow movements of Red-leggedanol Douglas squirrel (Hilty et al.
2006).

Urban development assumptions regulate the altmcati human population and
employment areas in the urban reserves. Compaetajguent scenarios seek more

favorable conditions for reducing the urban foatpeind maintaining existing open
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space. This pattern reduces the need to expanchetamrks, consequently reducing
habitat fragmentation. Development is preferredrgas of low ecological value and
easier access to transportation corridors (Fornd@812). In the compact development
scenarios, development policies initially creatas#®, mixed-use urban centers
containing housing and employment areas. Densityedses as distances to centers
increase. In the dispersed development scenaeog)apment occurs in any
developable, non-conservation areas, with a highegortion of single-family
development. Low-density development may sustaditsersity (Steinitz et al. 1996). In
all scenarios, employment areas have easy accesgadoarterials in areas of lower
ecological value (Forman 2004).

Two minimum conservation scenarios explore thectgfef having no open space
spatial concept applied. Tiompact Development Scenario (Gi#picts urbanization
strategies that concentrate development aroundirexisansportation corridors, in areas
of lower ecological impact. Buffers around streare protected from development. The
Dispersed Development Scenario (DBproduces existing trends in urban development,
which occurs in any developable area except thdwmrevconservation is priority. Here,
the 60m-wide stream buffers are also protected.

TheGreenway and Compact Development Scenario (G&mghasizes corridors
as a means to provide corridors and higher regaletensities to protect open space. An
existing greenway running through the area ancti@sietwork of corridors. Streams
create a framework for dispersal and for protecting restoring riparian forest. Riparian
areas also connect to larger tracts of upland foban land uses aggregate around
transportation infrastructure and existing develeptiio prevent loss of open space.

The Greenway and Dispersed Development Scenario (Gpresents the
currently most common trends of development. Udganawl is contained by the urban
growth boundary (UGB), but the desire for largeegérsingle-family development
drives a dispersed urban pattern on the lands€ypen space is anchored on the existing
greenway. The network of streams expands corridoosher areas for both residents and
wildlife.

ThePark System and Compact Development Scenario (R@@)ts parks as a

means to create habitats and allow movements ssapgping-stones. The various types
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of parks in the area are the framework for protectnd restoring habitats. This scenario
explores the ability of the chosen species to nbrxeugh a fragmented landscape where
corridors are less present. Urban areas presemetjpgoportions of high density
development. Thark System and Dispersed Development Scenario JRIBD adopts
parks to protect and restore habitats. Urban dewedmt in this scenario is based on
lower densities.

TheNetwork and Compact Development Scenario (Nadpts networks as
means to produce the highest conservation valueamdiors for the chosen species,
integrating habitat patches, stepping-stones amitioos. Urban development is based on
higher proportions of high-density residential amicted uses to achieve minimal loss of
open space and maximize ecological function tojda 2060. Thé&letwork and
Dispersed Development Scenario (NDi§o adopts networks, but urban settlement

presents higher proportions of low-density develeptn
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APPENDIX B
TARGET WILDLIFE SPECIES

This study targets three focal wildlife speciese amphibian (Northern red-legged
frog - Rana aurora aurorahenceforth Red-legged frog), one bird (Westeradoglark
- Sturnella neglecta and one mammal (Douglas squirrdlamiasciurus douglagii The
study area presents suitable habitats for all topeeies. These species demand small
territories and are likely to be present after arbation, but are susceptible to habitat
fragmentation that results from urbanization. le $pecies selection process, species that
demand large territories were avoided (e.g. cougmmte, red fox, or northern spotted-
owl). The selected species are associated withietyaf habitats: the Douglas squirrel
is associated with various types of forest, while Western meadowlark is present in
grasslands and oak savannas, and the Red-legggnh fneetlands and moist forests. By
selecting a suite of target species, planning diniele to support them also apply to other
species with similar requirements (Rubino and F&$3). For example, the Red-legged
frog may share habitats with northwestern salanranttng-toed salamanders, Pacific
chorus frog, and rough-skinned newts (Lannoo 2005¢. Western meadowlark may
coexist with other grassland birds such as wedikrebird, Oregon vesper sparrow,
horned lark, grasshopper sparrow, and common ragtkt{Oregon Department of Fish
and Wildlife 2006).

Northern red-legged frog Rana aurora aurorg

The red-legged frog occurs from the northern Caliin coast to British
Columbia, extending east towards the lower elenatmf the Cascade range, with the
most reduced and fragmented portion of the rangaraag in the Willamette Valley
(Lannoo 2005). It is federally considered a threatespecies (Davidson et al. 2001) and
a critical/vulnerable species in the state of Ore@fdennings and Soll 2010).

The Oregon Department of Fish and Wildlife (200@sifies the Red-legged frog
as a Strategy Species, a species that "have snadcbning populations or are otherwise
at risk". For The Committee on the Status of Eneaed Wildlife in Canada

(COSEWIC), “because of its relatively large spateguirements and close association
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with moist forests, stream banks, and wetlandsRie-legged Frog is emblematic of
wilderness values, forest ecosystem health anddbd to consider landscape-wide
habitat connections” (COSEWIC 2004).

Red-legged frogs feed in water on decomposing lieatibstrate and adults can
consume terrestrial invertebrates (O'Neil 2001) jardnile conspecifics and
salamanders (Lannoo 2005).

Agricultural and urban land uses cause habitahieagation, draining of wetlands,
loss and modification of forest habitats, removaijgarian vegetation, pollution of
breeding habitats with pesticides, herbicides,fartlizers that impact red-legged frog
populations (Kiesecker et al. 2001; COSEWIC 20Ghnoo 2005). Habitat
fragmentation is of particular concern in view lo¢ tspecies’ seasonal migrations
between forested areas and wetland breeding SI@SEWIC 2004), along with the
introduction of non-native sport fish and exotidlfvags to aquatic habitats, which
benefit from less complex humanized environmenisg&cker et al. 2001; Doubledee et
al. 2003).

Red-legged frogs breed in vegetated shallows obwes$ between sea level and
1200m in elevation (Lannoo 2005), in ponds, dit¢clspsings, marshes, margins of large
lakes, and slow-moving portions of rivers, typigallhere emergent vegetation is
abundant (COSEWIC 2004), or ephemeral ponds (Cérelgral. 2006). House yards and
neighborhood parks may play a small role in keepiregding grounds for the red-legged
frog (Davidson et al. 2001), where building densstjow (10-30% impervious surface
development) (O'Neil 2001), or small natural or iified catchment areas used for
storage of stormwater run-off (Ostegaard et 80326 (COSEWIC 2004) where
rainwater is temporary (O'Neil 2001). Egg-massesanst numerous in ponds with over
30% forest cover within 200 m from the shore (COSEW004) and can be deposited as
deep as 5m (Lannoo 2005).

Metamorphosed individuals (juvenile) are largelydstrial and inhabit a variety of
forest types, but are most abundant in older, nstgstds. (COSEWIC 2004). They travel
long-distances through terrestrial habitats (Clezigat al. 2006), distances larger than
0.5km from nearest breeding site using moist, dgnegetated riparian microhabitats

(summer) (Lannoo 2005).
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Adults are observed more than 300m from breedimjspo mesic forests and
riparian areas (Lannoo 2005). When conditions artalsle, these frogs can be
encountered on the forest floor far from water bsddistances of 200-300 m away from
water have been noted on rainy nights. Adult froggrate between aquatic breeding
sites and terrestrial foraging habitats, sometioves many kilometers. (COSEWIC
2004). Observation on Vancouver Island and the Gldhds suggest that the species is
commonly found in second growth forests, and oocedly occurs in suburban gardens
and seasonal ponds in pasture- and agriculturdsladjacent to forested areas
(COSEWIC 2004). After breeding, adult red-leggexbf are highly terrestrial and can be
found far from aquatic habitats” (Kiesecker anduBlzin 1998).

Buffers are needed around habitats to ensure thside activities do not degrade
habitat components” (Fellers and Kleeman 2009)Lé&dd and Moy found that “residual
tree patches can be important short-term refugesiigrating or dispersing amphibians,
but their value is size-dependent” (Chan Mcleod lsliog 2009). Their results indicate
that “residual trees should be retained in grounukreot as individual, scattered trees.
Residual tree patches should be between 0.8 hd.&rwh ... [and] be located in areas
with wet streams or at least where the neighbastrgam density is high (Chan Mcleod
and Moy 2009).

Western Meadowlark (Sturnella neclecta
"In 1927, Oregon's school children voted the westaeadowlark as the

State Bird. Meadowlark's bright, cheerful colorgatiful songs, and common

appearance in farm and ranch lands endear themanyn©regonians. Due to

habitat loss, they are no longer common in soméspafrOregon and have become
particularly rare in the Willamette Valle§Oregon Department of Fish and Wildlife

2006).

Western meadowlark occurs in grasslands and psdioen central Kentucky to the
Pacific coast (Morrison 1993). The Oregon Departnoéfrish and Wildlife (2006) also
classifies the Western Meadowlark as a Strateggi8p€Oregon Department of Fish and
Wildlife 2006).
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Declines of grassland bird populations result fiwabitat loss (urbanization),
degradation (land management practices, disrupfiomtural disturbance regimes), and
fragmentation (smaller isolated patches) of haljitahnson and Igl 2001; Oregon
Department of Fish and Wildlife 2006).

Western meadowlarks feed mostly on grasshoppeetiebeand other insects
(Morrison 1993; Oregon Department of Fish and if@éd2006). Flocks sometimes feed
on corn, wheat, and other grains (Morrison 1993).

Western Meadowlarks are less abundant in open-gpasslands at urban edges
than they are in grassland interiors (Jones andt B602). They require "large expanses
of grasslands for foraging and nesting due toixedbt large home range requirements;
scattered shrubs, trees or posts for singing pstc¢regon Department of Fish and
Wildlife 2006).

Western Meadowlark reaches moderate levels of amasdin plots with moderate
limitation imposed by urban encroachment (Hairale2000). In fact, "most of the
grassland birds can live alongside people if cert@bitat features are provided, such as
increased herbaceous plant diversity... Fallow figidbtly-grazed pastures, grass seed
fields, vineyards, and Christmas tree farms cawnigeohabitat for grassland birds and
some other wildlife" (Oregon Department of Fish &xiidlife 2006). Golf courses could
contribute to conservation of bird communitiesppeopriate design features are adopted
(LeClerc and Cristol 2005). Although the Westernadiewlark requires large territories
of grasslands, (Davis and Brittingham 2004) ndtes these territories may comprise
several patches. Davis (2004) noticed that Wedteradowlark abundances occurred
more often in smaller pastures (larger than 8 ht) lew density of shrubs and greater
density of tall dead vegetation.

Relative to other passerines in grasslands, tiesiep tends to have large territories
that are not confined to single fields (e.g. Frand889). Western Meadowlarks tend to
avoid areas with extensive woody vegetation (Jom@sal gl 2001).

Douglas Squirrel (Tamiasciurus douglasy)i
Douglas squirrels are associated with conifer tsreenging from west of the

Cascade Mountains to the coast, from southernsBr@iolumbia, Washington, Oregon,
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to northern California. In general, old-growth starare preferred over young and mature
stands, although studies have shown larger abuedarsecond-growth or mature stands
(Ransome and Sullivan 2004). They feed on seedgj,fand occasionally bird eggs and
nestlings; food supply determines population flattons (Sullivan and Sullivan 1982;
Gonzales et al. 2008).

Douglas squirrel produces in average 4 to 6 offgpper year, which can range
from 2 to 8, being one litter the norm in OregoheTirst breed occurs between 10 and
12 months of age. Maximum life span is approximateyears in the wild. Douglas
squirrel is highly territorial and solitary, excehiring mating. Home range is less than
0.6 ha. Migration may occur if food supply dimingsh(O'Neil 2001).
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APPENDIX C
DATA DICTIONARY FOR IDU ATTRIBUTES

Attribute: AreaFt

Description area of IDU in square feet.

Attribute: Acres

Description area of IDU in acres.

Attribute: LULC2k / STARTLULC

Description LULC (land use and land cover) is the represeoriaif initial conditions
for the whole study area. It originates from PNWE&ESR_ULC circa 2000.
Source PNW-ERC Alternative Futures Project.

Values
1 Residential 0-4 Dwelling Units/acre

2 Residential 4-9 Dwelling Units/acre

3 Residential 9-16 Dwelling Units/acre

4 Residential >16 Dwelling Units/acre
5 Vacant

6 Commercial

7 Commercial / Industrial

8 Industrial

9 Institutional

10 residential/commercial
11 Urban sand & gravel

12 Urban Civic Open Space
16 Rural residential

18 Railroad

19 Primary roads

20 Secondary roads

21 Light duty roads

88

22 Other roads

24 Rural sand & gravel

29 Main channel non-vegetated

30 Stream orders 1-4

31 Stream orders 5-7

32 Other water

33 Lakes reservoirs perm wetlands
49 Hardwood, semiclosed upland

51 Forest open

52 Forest semi-closed mixed

53 Forest closed hardwood

54 Forest closed mixed

56 Conifer 0-20 years

57 Forest closed conifer 21-40 years
58 Forest closed conifer 41-60 years
59 Forest closed conifer 61-80 years

60 Forest closed conifer 81-200 years



61 Forest closed conifer 200+ years
66 Hybrid Poplar

67 Grass seed rotation

68 Irrigated annual rotation
71 Grain

72 Nursery

73 Berries and Vineyards
74 Double cropping

75 Hops

76 Mint

78 Sugar beet seed

83 Hayfield

Attribute: OS

85 Pasture

86 Natural grassland
87 Natural shrub

88 Bare / fallow

89 Flooded / marsh
90 Irrigated perennial
91 Turfgrass

92 Orchard

93 Christmas Tree
95 Conifer woodlot
98 Oak savanna
101 Wet shrub

Description OS is an open space classification based on Meieosk classification and

expanded to accommodate new open space typesafiifitigite is populated as scenarios

run and open spaces are created.

Values 1201 - 1270

1201 Developed park site with amenities

1202 Urban farm

1203 Greenway (recreational)

1204 Greenway (ecological / buffer)

1210 Community center

1211 Trail or path

1212 Community Garden

1220 Open space or natural area without amenities
1221 Open space or natural area: forest

1222 Open space or natural area: oak savanna
1223 Open space or natural area: grassland
1224 Open space or natural area: wetland
1225 Riparian corridor
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1226
1227
1228
1229
1230
1231
1232
1233
1234
1240
1250
1260
1270

Wetland buffers with passive recreation
Grasslands buffers with passive recreation
Oak savanna buffers with passive recreation
Thinned forest with passive recreation
Common area of subdivision or condo complexsg
Common area forest

Common area wetland

Underpass for Red-legged frog

Underpass for Douglas squirrel

Cemetery

Golf course

School grounds or school park

Parking lot

Attribute: ARA
Description Adamus Resource Assessment habitat classes

Values Habitat classes: 1 - 34

1 Conifer 0-20 yrs 18 Vineyards, berries

2 Conifer closed 21-40 19 Leafy vegetables

3 Conifer closed 41-60 20 Grass short

4 Conifer closed 61-80 21 Grass natural

5 Conifer closed 81-200 22 Grass tall

6 Conifer closed 200+ 23 Bare, burnt, fallow

7 Mixed forest closed 26 Seasonal wetlands

8 Hardwood closed 27 Lakes, reservoirs, permanent wetlands
11 Hardwood semi-closed upland 29 Streams large
12 Tree open upland 30 Channel gravel

14 Shrub dry, tree open, semi-closed, vall&l Built high density

15 Shrub wet valley 32 Built mid density
16 Christmas trees 33 Built low density
17 Orchards, hybrid poplar 34 Roads, railroads
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Attribute: LULC_A
Description Aggregated LULC classes
Source PNW-ERC

Values 0 - 10
1 Urban 5 Wetlands
2 Rural 6 Other Vegetation
3 Agriculture 7 Water
4 Forest 8 Roads

Attribute: Amp

Description Habitat score foRana aurora

Source PNW-ERC

Values O - 10

3 Existing wetland (wtlnd = 5), as determined hg National Wetland Inventory, and
LULC2K =66, 67, 68, 72, 73, 74, 75, 78, 83, 85, 8B, 88, 90, 91, 92, 93, and 98; for
being wetlands, may function as source areas iet¢hkgical evaluation;

6 Existing wetland (wtind = 5), as determined by NWI, and LULC2K =1, 2, and 16,
assuming sustainable stormwater management in &gy residential areas;

8 Forests (LULC_A =4) except LULC2K = 49 (Hardvdh@emi-closed upland)

9 Existing wetland (wtlnd = 5), as determined by NWI, and Forests except LULC2K
=49

10 Existing wetland (wtlnd = 5), as determinedhy NWI, and LULC2K = 89

(flooded/marsh) or 101 or 33 (lakes, reservoirsmament wetlands)

Attribute: Brd

Description Habitat score foSturnella neclecta

Source Schumaker 2004

Values 0-10

2 LULC2k = 87 (Natural shrub), 89 (Flooded / may€8 (Christmas Tree)

3 LULC2k = 67 (Grass seed rotation), 71 (Grai)(Bield crop), 83 (Hayfield), 84
(Late field crop), 85 (Pasture)
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9 LULC2k =98 Oak savanna
10 LULC2k = 86 Natural grasslands

Attribute: Mam

Description Habitat score fof amiasciurus douglasii

Source Schumaker 2004

Values 0 - 10

1 LULC2k = 49 (Hardwood, semi-closed upland), 58rést closed hardwood), 66
(Hybrid Poplar), 92 (Orchard), 93 (Christmas Tree)

2 LULC2k = 12 (Urban Civic Open Space), 16 (Ruesidential), 56 (Conifer 0-20
years)

3 LULC2k =1 (Residential 0-4 Dwelling Units/acrd), (Urban sand & gravel)

5 LULC2k = 51 (Forest open)

6 LULC2k = 52 (Forest semi-closed mixed)

7 LULC2k = 54 (Forest closed mixed), 57 (Foressebbconifer 21-40 years), 95
(Conifer woodlot)

8 LULC2k = 58 (Forest closed conifer 41-60 yeas§)(Forest closed conifer 61-80
years)

9 LULC2k = 60 (Forest closed conifer 81-200 years)

10 LULC2k = 61 (Forest closed conifer 200+ years)

Attribute: Park
Description classification of existing parks used by Metro

Values
1 Developed Park site with amenities 4 Cemetery
2 Open space or natural area without 5 Golf course
amenities 6 School grounds or school park
3 Common area of a subdivision or 11 Trail or path
condominium complex 12 Community Garden
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Attribute: dem
Description digital elevation model
ValuesElevation: 0 - 342 ft

Attribute: hydric
Description Presence or absence of hydric soils

Values 1 (present) / 0 (absent)

Attribute: popdens

Description Population density in people per acre
Values number of people

Attribute: RdBuf

Description distance from roads

Values O - road 3 - 90 m buffer
1 - 30 m buffer 4 - 120 m buffer
2 - 60 m buffer 5 ->120 m buffer

Attribute: slope

Description slopes

Values 0 - slopes smaller than 10%
10 - slopes higher than 10 and smaller than 25%
25 - slopes higher than 25%

Attribute: StBuf

Description distance from stream

Values 5 - IDU intersect stream 2 - 90 m buffer
4 - 30 m buffer 1 - 120 m buffer
3 - 60 m buffer 0->120m

93



Attribute: UR_IN

Description determines if IDU is within focal area (insideéban reserves)

Values

1 inside the urban reserves
2 in Damascus Comprehensive Plan

0 outside either - 1/2 mile buffer

Attribute: veg1851

Description historic vegetation

Values

1 Closed forest; Riparian & Wetland
2 Closed forest; Upland

3 Emergent wetlands

4 Prairie

5 Savanna

6 Unvegetated

7 Water

8 Woodland

Attribute: wtind

Description IDU rating according to distance to wetland

Values

5 - wetland

4 - 30 m buffer
3 - 60 m buffer
2 - 90 m buffer
1 - 120 m buffer
0->120m

Attribute: ZONE

Description zones are used to allocate new population. Atrestscoincide with

Damascus's Comprehensive Plan adopt its land hsengcas zones, while the urban

reserves have two zones.

Values

0 Study area, no development
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12 Public Facilities/Open Space
20 Roads
Damascus

Initial  After populated (same values in the urbeserves after populated)

31 1 Conservation Residential, 1 Dwelling Ufaitse

32 2 Low Density Residential, 4 Dwelling Unitsfa

33 3 Medium Density Residential, 9 Dwelling Uratsre

34 4 High Density Residential, 20 Dwelling Uratsre

35 non-developable land in Damascus, within 6Gmfstreams, not roads,

not existing open space, within Metro's conservatione, or identified as

wetland with other land use.

7 7 General Employment

40 10 City Center 16 Dwelling Units/acre

40 10 Neighborhood Center 16 Dwelling Units/acre

40 10 Village Center 16 Dwelling Units/acre

Urban reserves

5 General Employment

11 Developable, residential and mixed-use, residleand employment, 16

Dwelling Unit/acre

13 Conservation, non-developable (high qualitygdneg habitats)

14 Potential open space, priority for restoratimon-developable
(conservation interest, within 60m from streamgasglands + savannas or
within 60m from streams, within Metro's vegetatoforest, within
Damascus), or identified as wetland with other lasd.

15 Potential open space, priority for restoratevelopable (within Metro's
vegetation area and outside 60m from streams Gir@Om from streams,
within Metro's vegetation, within Damascus)

16 Potential corridors, developable, outsiderdgstconservation areas and
within 60m from streams and not in zones 13 - 1beocorridors,

developable.
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Attribute: vegMet
Description vegetation used to tag conservation and restoratieas, and developable
areas close to existing resources. This attribuggnates in Metro's vegetation layer
(2008).
Values 1 Forest

2 Grass or Open Field (low structure)

3 Woody or Shrub (includes orchards and tree $arm

Crosswalk LULC / LULCX / ARA / wildlife scores

A = amphibian: Red-legged frog LULC: Land use land cover - PNW-ERC
B = bird: Western meadowlark LULCX: Expanded LULC for new open
M = Mammal: Douglas squirrel space classes

ARA: Adamus Resource Assessment

Table 5. LULC/LULC_X/ARA classes crosswalk. LUL@Xxses that correspond to

LULC = 12 are the urban open space types that aoelpced in the scenarios. Numbers

in front of LULCX descriptions correspond to Mesropen space classes and were used
as a basis for creating new open space classegnAs&esource Assessment (ARA) does
not provide a classification for open spaces. Iduapproximate structural similarity to
assign classes and scores to existing and propoged space types.

lulc X |lulc A|ARA| A | B |M |[LULCX description ARA description r |g | b

1 1 | 32| o| of gConsenationresidential,1 g i i density | 247215|134
DU/acre

2 | 1 | 31| o of oow-dens.Residential,4 g . pigh density | 236172125
DU/acre

3 1 | 31| o| o oMid-dens.Residential,9 g iy igh density | 219124| 94
DU/acre

4 1 | 31| o| of oigh-dens.Residential,20 g upioh density | 20882 | 86
DU/acre

5 3 20 | Ol 0| O Vacant Grass short 2280|240

6 1 31| 0| 0| O Commercial Built high density 2339|175

7 1 31| 0| 0| O Commercial / Industrial Built high din 191| 89 | 153

8 1 31| 0| 0| O Industrial Built high density 81 57 813

9 1 31| 0| 0| Of Institutional Built high density 2855|255

10 | 1 | 31| of o gResidentialicommercial,16 \g iy pion density | 220 74 | 80
DU/acre

11 1 32| 0| 0 3 Urban sand & gravel Built mid density| 255| 240|240

12 1 33| 0| 0 2 Urban Civic Open Space Built low digns {190/ 190|190

16 1 33| 0| 0 2 Ruralresidential Built low density | 901190| 190
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lulc X |lulc A|ARA| A | B |M |[LULCX description ARA description r |g | b
18 2 34| 0| 0 0O Railroad Roads, railroads 99 |99
19 2 34| 0| O O Primaryroads Roads, railroads 2 |2
20 2 34| 0| Ol O Secondaryroads Roads, railroads a| A
21 2 34| 0| 0O 0 Lightdutyroads Roads, railroads ™| 79
22 2 34| 0| 0 0 Otherroads Roads, railroads 79 | 79
24 3 23| 0| 0 0O Ruralsand & gravel Bare, burntpfall | 250| 234|214
29 6 30| 0| O O Main channel non-vegetated Chanaeiejr 239165| 7
30 7 28| 0| 0 0O Streamorders1-4 Streams smalll 26| 104
31 7 29 | 0| Ol O Streamsorders5-7 Streams large 125|194
32 7 29 | 0| 0 0O Other water Streams large 0 |124
33 7 27 | 10 0 | O |Lakes reservoirs perm wetlamln’gkes’ FeSenVvolrs, | 37| 90| 164

permanent wetlands
42 6 35| 0| 0 0O Barren
49 4 11| 0| 0] 1 Hardwood, semi-closed upla1n|_|f?rdwOOd semi- 97 | 137 36
closed upland
51 4 12| 8| 0| 5 Forestopen Tree open upland 288|193
52 4 10 | 8| 0| 6 Forestsemi-closed mixed Mixed forest semi- 195| 84| 79
closed upland
53 4 8 | 8| 0| 1 Forestclosed hardwood Hardwood closedl49| 191|196
54 4 7 | 8| 0| 7 Forestclosed mixed Mixed forest aogel 21| 164|152
55 4 10 | 8| 0] 6 Forestsemi-closed conifer
56 4 1 | 8| 0| 2| Conifer 0-20 years Conifer 0-20 yrs | 4 |A»6|124
57| 4| 2|8 o0 7532?? closed conifer 21-40 |~ yiter closed 21-40189| 219| 64
58 4 3]8/ 0 Eggfsst closed conifer 41-60 |~ ior closed 41-60151|202| 71
59 | 4 | 4|8 o0 Eggfsst closed conifer 61-80 |, nifer closed 61-8075 | 138 48
60 4 5 | 8l o Forest closed conifer 81-200 |Conifer closed 81- 54| 101 34
years 200
61 4 6|8/ 0 1(552?? closed conifer 200+ |~ ior closed 2004 0 77 6
62 4 11| 0/ O 1 Forest Semi-closed hardwoad
66 3 | 17| o| o 1| Hybrid Poplar S(;g?;rds’ hybrid 1470/ 184| 91
67 3 22 | 0| 3| 0 Grass seed rotation Grass tall 248|235
68 3 22| 0| 3| 0| lrrigated annual rotation Grass tall 177215| 166
71 3 22| 0| 3] 0O Grain Grass tall 25| 152
72 3 19| 0| O] O Nursery Leafy vegetables 118 | 112
73 3 18 | 0| O] O Berries and Vineyards Vineyards,ibgrr | 1011 109|174
74 3 19| 0| O O Double cropping Leafy vegetables 2P®| 117
75 3 18| 0| O] 0O Hops Vineyards, berries PPA7| 171
76 3 19 | 0| 0| O|Mint Leafy vegetables 11996/ 158
78 3 19| 0| O] O Sugar beet seed Leafy vegetables 2234210
79 3 19| 0| O O Rowcrop Leafy vegetables 'BY8| 165
80 3 20| 0] O 0O Grass Grass short PBAA| 162
82 3 22| 0| 3| O Field crop Grass tall 1357|133
83 3 22| 0| 3| 0| Hayfield Grass tall 16845s|106
84 3 22| 0| 3] 0O Late field crop Grass tall 2222|169
85 3 22| 0| 3] 0 Pasture Grass tall 2215|189
86 6 21 | 0| 10 O |Natural grassland Grass natural P233| 22
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lulc X |lulc A|ARA| A | B |M |[LULCX description ARA descripton [ r [g | b

87 | 6 | 14| o/ 2| o Natural shrub Shrub dry, tree openy 31| 11/ 55
semiclosed, valley

88 3 23| 0| 0 0O Bare/fallow Bare, burnt, fallowf 1876|172
89 5 26 | 10 2 | 0 |Flooded / marsh Seasonal wetlands Pa5| 246
90 3 19| 0| O] O Irrigated perennial Leafy vegetables| 0 | 174] 90
91 3 20| O] O O Turfgrass Grass short 1234| 33
92 | 3 | 17| o o 1| orchard gg;?;rrds’ hybrid | 555) 239( 218
93 3 16 | 0| 2| 1 Christmas Tree Christmas trees B0| 130
95 4 7 | 0] 0| 7| Conifer woodlot Mixed forest closed 3490 | 104
98 4 13| 0] 9] (O Oak savanna Oak savanna 2BH| 26
99 6 15 | 10 0 | 0 | Non-tree wetlands
101 6 15| 10 0 | O |Wet shrub Shrub wet valley 1j7¥99| 229

Table 6. Open space classes.

0Ss

1201 | Developed park site with amenities Built ld@nsity 190190 (190

1202 | Urban farm Grass tall 204195|152

1203 | Greenway (recreational) Built low density 1900 190

1204 | Greenway (ecological / buffer) ]Ic\(/l);)es;thkely afpanan —li95/g4 |79

1210 | Community center Built high density 2855|255

1211 | Trail or path Built low density 190190 (190

1212 | Community Garden Leafy vegetables 119 |174

-- Open space or natural area without amenities | -----—-----m---mo-- - |- -

1221 | Open space or natural area: forest uMpIJTaer(lj dforest semelosed 19584 |79

1222 | Open space or natural area: oak savanna @akrsa 23011526

1223 | Open space or natural area: grassland Grassina 248|228 |22

1224 | Open space or natural area: wetland Seas@tiaings 163215|246

1225 | Riparian corridor

1226 | Wetland buffers with passive recreation

1227 | Grasslands buffers with passive recreation

1228 | Oak savanna buffers with passive recreation

1229 | Thinned forest with passive recreation

1230 | Common area of subdivision or condo complexsg | Grass short 25855 |255

1231 | Common area: forest Forest open ABB 193

1232 | Common area: wetland Lakes reservoirs perm 37 |90 | 166

wetlands

1240 |4 Cemetery Grass short 25855 1255

1250 |5 Golf course Grass short 25855 255

1260 | 6 School grounds or school park Grass short 55 255|255

Crosswalk LULC2K / Damascus Comp Plan
Table 7. Crosswalk between land use classes assepted in Damascus's
Comprehensive Plan and PNW-ERC's LULC2K

Damascus zones LULC2K LULC X
Conservation Residential 1. Res. 0-4 Dwelling Uaitse | 1. Conservation res. - 1 DU/acre
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Low Density Residential 2. Res. 4-9 Dwelling Urdtsfe | 2. Low density res. - 4 DU/acre
Medium Density Res. 3. Res. 9-16 Dwelling Unitséacr3. Medium density res. - 9 DU/acre
High Density Residential 4. Res. >16 Dwelling Ufdtse | 4. High density res. - 20 DU/acre
Commercial 6. Commercial 6. Commercial
General Employment 7. Commercial / Industrial 7mbeercial/industrial
City Center
Neighborhood Center 10. Residential/commercial 10. Urban center - 16date
Village Center
Public Facilities / Open Spage Urban Civic Opencgpa 1201 - 1270. Open space

19. Primary roads
Roads 20. Secondary roads 19 - 21 Roads

21. Light duty roads

Crosswalk Veg1851 / LULC2K / LULC_X

Veg1851 LULC2K LULC_X
56 Conifer 0-20 years
57 Forest closed conifer 21-40 years
1 Closed forest; Ripariarb8 Forest closed conifer 41-60 years ,oq Open space or natural area: forest
& Wetland 59 Forest closed conifer 61-80 years '
60 Forest closed conifer 81-200 years
61 Forest closed conifer 200+ years
2 Closed forest; Upland 49 Hardwood, semi-closddng 1221 Open space or natural area: forest
33 Lakes reservoirs perm wetlands
3 Emergent wetlands 89 Flooded / marsh
101 wet shrub

1224 Open space or natural area:
wetland

1223 Open space or natural area:

4 Prairie 86 Natural grassland
grassland

5 Savanna 98 Oak savanna 1222 Open space or natural area: oak
savanna

29 Main channel non-vegetated
88 Bare / fallow

30 Stream orders 1 - 4

7 Water 31 Streams orders 5 - 7

32 Other water

51 Forest open

52 Forest semi-closed mixed
53 Forest closed hardwood

54 Forest closed mixed

6 Unvegetated

8 Woodland
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APPENDIX D
POLICIES

Open space: Conservation

Policy 10 CONS1 Conservation of breeding habitatof Red-legged frog

Policy Protect wetlands. Determines that a local governiragency is willing

goal(s) to acquire lands within the urban reserves thae lveestlands for
conservation of breeding habitats for the Red-lddgeg, or landowners
and/or developers have incentives to dedicategbatparcel for
conservation. Includes IDUs identified as wetlafdé/l) and delimited
as “potential resource features for Metro's Fisth\&hldlife Protection
program”.

Site Urlin =1 and LULC_X = 89 {Flooded Marsh} and wtlmd5 and OS =0

attributes

Outcomes  Zone = 13 {Conservation} and 0S=1224{Open spaceabural area:
wetland}:100

Policy 11 CONS2 Conservation of migration corridordor Red-legged frog

Policy Protect riparian forests within 60m from streanosfrdevelopment.

goal(s) Land becomes a conservation zone. Determinestloagl government
agency is willing to acquire lands within the urbaserves that have
riparian forests for conservation of migration adors for the Red-
legged frog, or landowners and/or developers hawentives to dedicate
part of a parcel for conservation.

Site Urlin =1 and LULC_A =4 {Forest} and LULC_X != 49H{ardwood

attributes Semi-closed Upland} and wtlnd != 5 {wetland} andB8t > 2 {90m}
and OS =0

Outcomes  ZONE=13 {Conservation} and OS=1221{Open space ounzh area:
forest}:100

Policy 12 CONS3 Conservation of high-quality habitts for Western
meadowlark (grasslands)

Policy Protect existing grasslands from development. Uzswbmes a

goal(s) conservation zone. Determines that a local govenmiagency is willing
to acquire lands within the urban reserves thaematural grasslands
for conservation of high-quality habitats for thee¥tern meadowlark, or
landowners and/or developers have incentives tadtdpart of a parcel
for conservation.

Site Urin =1 and LULC_X = 86 {Natural Grassland} and ©%®

attributes

Outcomes  ZONE=13{Conservation} and 0S=1223{Open space ourshiarea:
grassland}:100

Policy 13 CONS4 Conservation of high-quality habites for Western
meadowlark (oak savanna)

Policy Protect existing oak savannas from developmentd lbtomes a
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goal(s) conservation zone. Determines that a local goventigagency is willing
to acquire lands within the urban reserves thaelwak savanna for
conservation of high-quality habitats for the Westeeadowlark, or
landowners and/or developers have incentives tecdedpart of a parcel
for conservation.

Site Urin =1 and LULC_X = 98 {oak savanna} and OS =0

attributes

Outcomes  ZONE=13{Conservation} and OS=1222{Open space ourzdtarea:
oak savanna}:100

Policy 14 CONSS5 Conservation of high-quality habites for Douglas squirrel

Policy goal(s) Protect existing mature conifer forests and oldaghofrom
development. Land becomes a conservation zonerrbDieks that a
local government agency is willing to acquire lamdthin the urban
reserves that have forests for conservation of-figddity habitats for
the Douglas squirrel, or landowners and/or devekpave incentives
to dedicate part of a parcel for conservatiomdtudes: Forest closed
conifer 41-60 years, Forest closed conifer 61-8fry,g-orest closed
conifer 81-200 years, Forest closed conifer 20Carye

Site Urln = 1 and Mam > 7 {conifer older than 40 yeaasid OS =0

attributes

Outcomes ZONE=13{Conservation} and OS=1221{Open space ounziarea:
forest}:100

Open space: Creation of corridors

Policy 20 COR1 Creation of habitat corridor

Policy goal(s) Expand existing and new conservation areas toeatidors. Applies
to areas zoned as a potential corridor, is notlezgial, commercial,
industrial, or road, and creates conservation atas early
successional stage.

Site Urin = 1 {Inside Urban Reserve} and ZONE =14 andliC A'=1

attributes {Urban} and Park != 11 (Miller and Hobbs 2000) andLC_A =4
{Forest} and OS =0

Outcomes Expand( Urin =1 and ZONE = 14 and LULC_A =1 dpark =11
and LULC_A!=4 and OS =0, 1100000, ZONE=13{Consaéion} and
LULC_X=86 {Natural Grassland} and 0S=1223 {Open cpar
natural area: grassland} ):50;
Expand( Urin =1 and ZONE = 14 and LULC_A =1 dpark =11
and LULC_A!=4 and OS =0, 1100000, ZONE=13{Consaéion} and
LULC_X=87 {Natural shrub} and 0S=1223 {Open spaceatural
area: grassland} ):50

Policy 21 CORZ2 Creation of underpasses for Red-legd frog in wetlands

Policy goal(s) Reconnect wetlands intersected by roads. Pareafda#d that is
adjacent to a wetland converts to an underpass.

Site Urin = 1 {Inside Urban Reserve} and wtlnd = 5 {wasid} and ZONE =
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attributes 20 {Roads} and OS =0

Outcomes Expand( Urln = 1 and wtlnd = 5 and ZONE = 20 and=O 110000,
ARA=26 {Seasonal wetlands} and OS=1233{Underpas®fed-legged
frog} ):50

Policy 22 COR3 Creation of underpasses for Red-legd frog in streams

Policy goal(s) Reconnect river banks. If a road intersects a str@astream bank, part
of that road becomes an underpass.

Site Urin = 1 {Inside Urban Reserve} and ZONE = 20 {Repdnd StBuf =

attributes 5

Outcomes ARA=28{Streams small} and Amp=7{check} and 0S=1233
{Underpass for Red-legged frog}:100

Policy 23 COR4 Creation of underpasses for Douglasjuirrel

Policy goal(s) Allow protected passage under roads (Donaldson)2@0&nopy
connection (Forman, 2003). Part of the road thatljacent to a high-
guality habitat, an underpass reconnects the habita

Site Urin = 1 {Inside Urban Reserve} and ZONE = 20 {Readnd

attributes (NextTo( LULC_A =4 {Forest} ) or NextTo( OS = 124Dpen space
or natural area: forest} ) or NextTo( OS = 1234 {ienpass for Douglas
squirrel} ))

Outcomes Mam=5 and OS=1234{Underpass for Douglas squirrél}:2

Open space: Protection of habitats

Policy 30 BUF1 Protection of breeding habitats fored-legged frog

Policy goal(s) Create wetland buffers to protect habitat and impnwater quality.

Site attributes  Urln = 1 {Inside Urban Reserve} and (wtind = 4 8@m from
wetland} or wtind = 3 { < 60m from wetland}) and ILC A '=1
{Urban} and LULC_A != 8 {Roads} and OS =0 and Pdrkl11
(Miller and Hobbs 2000) and LULC _A!=4

Outcomes Expand( Urin =1 and (wtind =4 or wtind =3 ) dddLC_A =1
and LULC_A =8 and OS =0 and Park |= 11 and LUKEQO= 4,
600000, ZONE=14{Restoration - non-developable} abd C_X =
87 ):50

Policy 31 BUF2 Protection of grasslands for westermeadowlark

Policy goal(s) Protect grasslands and provide areas for passiveatson. It applies
to protection of conservation areas created bypd@iONS3 that
creates protected grasslands.

Site attributes  Urln = 1 {Inside Urban Reserve} and NextTo( OS 2330pen
space or natural area: grassland} ) and OS =0 &hdCL X !'= 86
{Natural Grassland} and ZONE != 20 {Roads} and LULE =1
{Urban}

Outcomes Expand( Urin = 1 and NextTo( OS = 1223 ) and O%r0 LULC_X
I= 86 and ZONE != 20 and LULC_A !=1, 600000, ZONE=
{Restoration - non-developable} and LULC_ X = 86001

Policy 32 BUF3 Protection of oak savannas for westemeadowlark
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Policy goal(s) Protect oak savannas and provide areas for passixeation. It
applies to protection of conservation areas crelaygublicy CONS4
that creates protected oak savannas.

Site attributes  Urln = 1 {Inside Urban Reserve} and NextTo( OS 2240pen
space or natural area: oak savanna} ) and OS € @dhC_ X != 98
{Oak savanna} and ZONE != 20 {Roads} and ZONE != 13
{Conservation} and LULC_ A !=1 {Urban}

Outcomes Expand( Urin = 1 and NextTo( OS = 1222 ) and OSam@ LULC_X
I=98 and ZONE != 20 and ZONE !'= 13 and LULC_A1;=600000,
ZONE=14{Restoration - non-developable} and LULC X&
{Natural grassland}and OS=1228 {Oak savanna buffats passive
recreation} ):50;

Expand( Urin = 1 and NextTo( OS = 1222 ) and OSan@® LULC_X
I= 98 and ZONE != 20 and ZONE != 13 and LULC_A !=6D0000,
ZONE=14{Restoration - non-developable} and LULC 8%
{Natural srub} and 0S=1228 {Oak savanna bufferdwpassive
recreation} ):50

Policy 33 BUF4 Protection of habitats for Douglasauirrel

Policy goal(s) Protect forests and provide areas for passive agore It applies to
protection of conservation areas created by p@i©ONS5 that creates
protected forests.

Site attributes  Urln = 1 and NextTo( Mam > 8 ) and LULC_X >= 51 {fest open}
and LULC_ X <=57 {FCC 21-40 yrs} and ZONE =13
{Conservation} and LULC_A != 1 {Urban} and LULC_A=l8
{Roads} and OS =0

Outcomes Expand( Urin = 1 and NextTo( Mam > 8 ) and LULC_X %1 and
LULC_X <=57 and ZONE !=13 and LULC_A !=1 and LGQLA !=
8 and OS =0, 600000, 0S=1221{Open space or nateal forest}
):40;

Expand( Urin = 1 and NextTo( Mam > 8 ) and LULC_X %1 and
LULC_X <=57 and ZONE !=13 and LULC_A!=1 and LGLA !=
8 and OS =0, 600000, OS=1229{Thinned forest witbsjve
recreation} ):40;

Expand( Urin = 1 and NextTo( Mam > 8 ) and LULC_X 51 and
LULC_X <=57 and ZONE !=13 and LULC_A!=1 and LGLA !=
8 and OS =0, 600000, LULC_X =12 and OS=1201{Depetl park
site with amenities} ):20

Open space: Restoration of habitats

Policy 40 RST1 Restoration of breeding habitats fored-legged frog

Policy goal(s) Restore wetlands on sites identified as wetland¥IjNhat present
other land cover or land use. Determines that al lgovernment
agency is willing to acquire lands within the urbvaserves that have
wetlands for restoration of breeding habitats far Red-legged frog,
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or landowners and/or developers have incentiveletlicate part of a
parcel for restoration. Includes IDUs identifiedvastlands (NWI )
and delimited as "potential resource features fetrtvis Fish and
Wildlife Protection program”.

Site attributes

Urin = 1 {Inside Urban Reserve} and Zone = 14 arithtv= 5 and
OS = 1224 {Open space or natural area: wetland}

Outcomes LULC_X=89 {Flooded Marsh} and OS=1224 {Open space&atural
area: wetland}:100
Policy 41 RST?2 Restoration of riparian corridors

Policy goal(s)

Expand corridors within the riparian zone (withidné from a stream)
and areas zoned as potential corridors. Landshthat land cover
other than forest have priority for riparian foresstoration. All lands
within 60m from a stream are protected from develept.

Site attributes

Urin = 1 {Inside Urban Reserve} and LULC_A != 4 {Fest} and
(ZONE = 14 {Restoration - non-developable} or ZONHG6
(Hargrove et al. 2005)) and LULC_A =1 {Urban} a@®$ '= 1224
{Open space or natural area: wetland} and LULC X86={Natural
Grassland} and LULC X = 98 {Oak savanna}

Outcomes

LULC X=101{Wet Shrub} and OS=1225 {Riparian corrigld 00

Policy 42

RST3 Restoration of habitats for Westermneadowlark
(grasslands)

Policy goal(s)

Expand grasslands to provide larger breeding haliitasting
agricultural lands adjacent to grasslands are atenéo grasslands to
provide breeding habitat for Western meadowlark.

Site attributes

Urin = 1 {Inside Urban Reserve} and ARA = 22 {Grda#l} and
NextTo( LULC X = 86 {Natural Grassland})

Outcomes Expand( Urin = 1 and ARA = 22 and NextTo( LULC )86 ),
1100000, LULC_X=86 and OS=1223 {Open space or ahanrea:
grassland} ):100

Policy 43 RST4 Restoration of habitats for Westermeadowlark (oak

savanna)

Policy goal(s)

Expand oak savannas to provide larger habitatriBris given to
agricultural areas where savanna historically aeturThese areas
become parks where restored savannas functionbéstha

Site attributes

Urin = 1 {Inside Urban Reserve} and ARA = 22 {Graa#l} and
vegl851 =5 {Savanna} and NextTo(ARA=13) and LULC!=X86

Outcomes Expand( Urin = 1 and ARA = 22 and veg1851 =5 and
NextTo(ARA=13) and LULC_X != 86, 1100000, OS=1222den
space or natural area: oak savanna} ):100

Policy 44 RST5 Management of golf course for Westermeadowlark

Policy goal(s)
Site attributes
Outcomes

(grasslands)

Manage golf courses as habitats.

Urin = 1 {Inside Urban Reserve} and Park = 5 {gotfurse}

Expand( Urin =1 and Park = 5, 1100000, LULC_X=8@8 &©S=1250
{Golf course} ):100
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Policy 50

GWY1 Creation of greenways as habitats

Policy goal(s)

Transform the Springwater trail into an urban greayn Zone
changes to create conditions for establishing arB@@de greenway.
By changing zoning, those lands can be restoredaodme a
conservation area in the future, enhancing theogol value of the
greenway and improving corridors for the Red-legiyed and the
Douglas squirrel.

Site attributes

Urin = 1 {Inside Urban Reserve} and ZONE != 20 {Rish and
ZONE != 13 {Conservation} and Within( Park = 11 (Mr and
Hobbs 2000), 150) and Park !'= 11 (Miller and HoBbB80) and OS
I= 1211 {Trail or path} and LULC_A != 4 {Forest} ahLULC_A =1
{urban}

Outcomes

ZONE=14 {Restoration - non-developable} and OS=16/kenway
(ecological / buffer)}:100

Open space: active recreation

Policy 60

PRK1 Creation of parks near residential eeas

Policy goal(s)

Create recreational areas. Conifer forests cahibadd for protection
from fire and transformed to parkland when withiceatain distance
from residential areas.

Site attributes

Urln = 1 {Inside Urban Reserve} and LULC_A = 4 {Fst} and
Within( LULC_A =1 {Urban}, 400 ) and ZONE != 13
{Conservation} and Amp = 0 {0} and Mam < 7

Outcomes

Expand( Urin =1 and LULC_A =4 and Within( LULC_A1, 400)
and ZONE !'= 13 and Amp = 0 and Mam < 7, 110000, CUK=12
{Civic Open Space} and OS=1201 {Developed park witi
amenities} ):25;

Expand( Urin =1 and LULC_A = 4 and Within( LULC_A1, 400)
and ZONE !'= 13 and Amp = 0 and Mam < 7, 1100000L.CUX=51
{Forest open} and 0S=1229 {Thinned forest with passecreation}
):75

Policy 61

PRK2 Creates community gardens

Policy goal(s)

Some rural residential lands or farmland conveddmmunity
gardens as a way to expand the range of open bz

Site attributes

Urin = 1 {Inside Urban Reserve} and LULC_A = 3 {Agulture} and
Within( LULC_A =1 {Urban}, 600 ) and ZONE != 13
{Conservation} and slope = 0 { < 10%}

Outcomes Expand( Urin =1 and LULC_A = 3 and Within( LULC_A1, 600 )
and ZONE != 13 and slope = 0, 110000, ARA=19 {Leatgetables}
and 0S=1212 {Community Garden} ):5

Policy 62 PRKS3 Creates urban farms

Policy goal(s)

Create urban farms. There is a contemporary deskeep
agriculture within the city as urban farms, to ntain food
production close to consumption. Some of the exgstarms could
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remain as organic urban farms, what could alsoigeosome habitat
for western meadowlark if correct management prastare adopted.

Site attributes

Urin = 1 {Inside Urban Reserve} and LULC_A = 3 {Agulture} and
Within(ZONE = 5 {General Employment}, 800 ) and ZGN= 13
{Conservation}

Outcomes Expand( Urin = 1 and LULC_A = 3 and Within(ZONE =&D0 ) and
ZONE =13, 110000, OS=1202(Mason 2006) and Brd25 )
Policy 51 GWY2 Greenways for recreation and activeransportation

Policy goal(s)

Create trails along riparian vegetation (betweeto6®@0 m from
stream). Because there are several small streaths urban reserves,
this policy has the potential to create a netwdrkanls that expand
the existing Springwater trail and improve non-nmizeed
transportation and recreation network.

Site attributes

Urin =1 and (Park = 11 (Miller and Hobbs 2000)seBuf = 2
{90m}) and ZONE != 13 {Conservation} and wtind'=%d brd = 0

Outcomes

Expand( Urin =1 and (Park = 11 or StBuf = 2 ) Z@NE != 13 and
wtlind!=5 and brd = 0, 1100000, LULC_X=12 {Civic/Op&pace}
and 0S=1203 (Miller and Hobbs 2000) ):50

Urban Development: Zoning in the Urban Reserves

Policy 70

Z01 Creation of centers

Policy goal(s)

Change zoning in developable land in urban resentesnixed-use
commercial/residential areas with densities upg®U/acre. Sites near
arterials are preferred. Conservation and ripaz@res areas area
excluded.

Site
attributes

Urin=1 and RdBuf <5 { > 120m} and StBuf = 0 { >Q&} and slope =
0 and OS =0 and (ZONE = 11 {Developable} or ZONE =
{Conservation Residential} or ZONE = 2 {UR: Low Dsity
Residential}) and (NextTo( LULC_X = 19 {Primary rds} ) or
NextTo( LULC_X = 20 {Secondary roads} ) or NextTOONE = 10
{UR: Center}))

Outcomes

Expand( Urin=1 and StBuf = 0 { > 120m} and slop@ and OS = 0 and
(ZONE = 11 {Developable} or ZONE = 1 {Conservati®esidential}

or ZONE = 2 {UR: Low Density Residential}) and (M&o( LULC_X
=19 {Primary roads} ) or NextTo( LULC_X = 20 {Secdary roads} )
or NextTo( ZONE = 10 {UR: Center} )), 600000, ZONEXCenter for
Biological Diversity et al. 2007) ):25

Expand( Urin=1 and RdBuf <5 {>120m} and StBu®% > 120m}
and slope =0 and OS =0 and (ZONE = 11 {Develogain ZONE = 1
{Conservation Residential} or ZONE = 2 {UR: Low Dsity
Residential}) and (NextTo( LULC_X = 19 {Primary rds} ) or
NextTo( LULC_X = 20 {Secondary roads} ) or NextTHONE = 10
{UR: Center})), 600000, ZONE=10(Center for Bigioal Diversity et
al. 2007) ):25
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Policy 71

Z02 Creation of high-density residentiatones

Policy goal(s)

Change zoning in developable land in urban resentesnultifamily
residential areas with densities up to 20 DU/a8res near centers are
preferred. Conservation and low-density resideztigles also qualify if
close to centers.

Site Urin=1 and StBuf < 3 { > 60m} and slope =0 { < 1%nd OS = 0 and

attributes (ZONE = 11 {Developable} or ZONE=1{Conservation Re=ntial} or
ZONE=2{Low Density Residential}) and Within( ZONE 0 (Center
for Biological Diversity et al. 2007), 200 )

Outcomes ZONE=4{High Density Residential}:25

Policy 72 Z03 Creation of mid-density residential anes

Policy goal(s)

Change zoning in developable land in urban resentesnid-density
residential areas - town-homes and small lot stfeyaily with densities
between 5 and 9 DU/acre. Sites are within walkiisgatice (400m)
from centers.

Site ZONE = 11 {Developable} and Within( ZONE = 10 (Cenfor
attributes Biological Diversity et al. 2007), 400 ) and slop@5 and OS =0
Outcomes ZONE=3{Medium Density Residential}:20

Policy 73 Z04 Creation of low-density residential @anes

Policy goal(s)

Change zoning in developable land in urban resentedow density
residential zones with densities between 1 and 4abrd. Sites are at
less than 10 min walk (800m) from retail and center

Site ZONE = 11 {Developable} and Within( ZONE = 10 (Cenfor
attributes Biological Diversity et al. 2007), 600 ) and OS =0
Outcomes ZONE=2{Low Density Residential}:20

Policy 74 Z05 Creation of conservation residentiatones

Policy goal(s)

Change zoning in developable land in urban resentegyeneral
employment zones for industrial and commercial uses

Site (ZONE = 11 {Developable} or ZONE = 15 {Restoratiedevelopable}

attributes or ZONE = 16 (Hargrove et al. 2005)) and Within(MB= 10 (Center
for Biological Diversity et al. 2007), 800 ) and G®

Outcomes ZONE=1{Conservation Residential}:10

Policy 75 Z06 Creation of general employment areds the urban reserves

Policy goal(s)

Change zoning in developable land in urban resentegyeneral
employment zones for industrial and commercial uses

Site ZONE =5 {General Employment} and OS =0

attributes

Outcomes Expand( zone=5 and nextto( zone=20) or nextto(k#6), 1000000,
lulc_x=6):35;
Expand( zone=5 and nextto( zone=20) or nextto(k#d), 1000000,
lulc_x=7):20;
Expand( zone=5 and nextto( zone=20) or nextto(k#8), 1000000,
lulc_x=8):35

Policy 76 ZQ7 Creation of parking spaces in industal and commercial areas

Policy goal(s)

Create parking areas adjacent to industrial anchoential/industrial
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USes.

Site ZONE = 5 {General Employment} and (NextTo( LULC_X7=
attributes {Commercial/Industrial} ) or NextTo( LULC_X = 8 {ldustrial} ) or
NextTo( LULC X =6 {Commercial} )) and OS =0

Outcomes LULC X=20 {Secondary roads} and OS = 1270:25
Policy 77 Z08 Change zones for DISPERSED DEVELOPMEN

Policy goal(s)

Distribute developable zones into 5 LULC residdrdiasses.

Site
attributes

ZONE = 11 {Developable} or ZONE = 15 {Restoratiodevelopable}
or ZONE = 16 (Hargrove et al. 2005) and OS =0

Outcomes

ZONE=1{Conservation Residential}:19;
ZONE=2{Low Density Residential}.29;
ZONE=3{Medium Density Residential}:19;
ZONE=4{High Density Residential}:15;

ZONE=10 (Center for Biological Diversity et al. Z0AL5

Urban Development: Zoning in Damascus

Policy 80

ZDaml Allow distribution of population in residential/commercial
zones

Policy goal(s)

Create "available capacity” in Damascusig Center, Neighborhood Center,
and Village Centezones. Change allows occupation at a density of 16
dwelling units per acre.

Site ZONE = 40 (Center for Biological Diversity et aD@7)

attributes

Outcomes ZONE=50(Center for Biological Diversity et al. 20074,
ZONE=44{High density}.4

Policy 81 ZDam2 Allow distribution of population in high density residential

Z0nes

Policy goal(s)

Create "available capacity” in Damascu#ih Density ResidentiazOnes.
Change allows occupation at a density of 16 dwgllinits per acre.

Site ZONE = 34

attributes

Outcomes ZONE=44{High Density Residential}:100

Policy 82 ZDam3 Allow distribution of population in mid-density residential

Z0nes

Policy goal(s)

Create "available capacity” in Damascus's Mediumdidg Residential
zones. Change allows occupation at a density e¥élishg units per
acre.

Site ZONE =33
attributes
Outcomes ZONE=43{Medium Density Residential}.8;
ZONE= 41:25
Policy 83 ZDam4 Allow distribution of population in low-density residential

Z0nes
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Policy goal(s) Create "available capacity" in Damascus's Conservabw Density

Residential zones. Change allows occupation ahsityeof 4 dwelling
units per acre.

Site ZONE = 32
attributes
Outcomes ZONE=42{Low Density Residential}:37;
ZONE=41:33
Policy 84 ZDamb5 Allow distribution of population in Conservation residential

Z0nes

Policy goal(s) Create "available capacity” in Damascus Consemdiesidential

zones. Change allows occupation at a density evellihg unit per
acre.

Site ZONE = 31 {Conservation Resident}abr zone = 35

attributes

Outcomes ZONE=41{Conservation Residential}:100

Policy 85 ZDam6 Allocate commercial and industrialises in Damascus

Policy goal(s) Allocate commercial and industrial uses in genemaployment zones.

Site ZONE = 7 {General Employment}
attributes
Outcomes LULC_X=6 {Commercial}:40;

LULC_X=7 {Commercial/Industrial}:20;
LULC_ X=8 {Industrial}:40
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APPENDIX E

SCENARIO POLICIES ASSIGNMENT

Scenarios:
CD: Compact Development

DD: Dispersed Development

GCD: Greenway and Compact Development

GDD: Greenway and Dispersed Development

PCD: Park and Compact Development

PDD: Park and Dispersed Development

NCD: Network and Compact Development

NDD: Network and Dispersed Development

Policy CD | DD |GCD|GDD|PCD|PDD|NCD|NDD
10 CONS1 Conservation o f breeding habitats
for Red-legged frog X X X X X X
11 CONS2 Conservation of migration

: X | X X | X
corridors for Red-legged frog
12 CONS3 Conservation of high-quality X X X X X X
habitats for Western meadowlark (grasslands)
13 CONS4 Conservation of high-quality
habitats for Western meadowlark (oak X X X X X X
savanna)
14 CONSS5 Conservation of high-quality
habitats for Douglas squirrel X X X X X
20 COR1 Creation of habitat corridor X X | X
21 COR2 Creation of underpasses for Red- X X X X
legged frog in wetlands
22 CORS3 Creation of underpasses for Red-

. X | X X | X

legged frog in streams
23 (;OR4Creat|on of underpasses for Doug X X X X
squirrel
30 BUF1 Protection of breeding habitats far X X X X
red-legged frog
31 BUF2 Protection of grasslands for westgrn
meadowlark X X X X
32 BUF3 Protection of oak savannas for X X X X
western meadowlark
33 BUF4 Protection of habitats for Douglas X X X X
squirrel
40 RST1 Restoration of breeding habitats for X X X X
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Policy CD | DD |GCD|GDD|PCD|PDD|NCD|NDD
red-legged frog
41 RST2 Restoration of riparian corridors X X X X
42 RST3 Restoration of habitats for Western X X X X
meadowlark (grasslands)
43 RST4 Restoration of habitats for Western

X X | X | X
meadowlark (oak savanna)
44 RST5 Management of golf course for X X X X
Western meadowlark
45 RST6 Management of grasslands for

X X | X | X
Western meadowlark
50 GWY1 Creation of greenways as habitats X X X X
51 GWY2 Greenways for recreation and
active transportation X X X X X X
60 PRK1 Creation of parks near residential X X X X X X
areas
61 PRK2 Creates community gardens X X X X X X
62 PRK3 Creates urban farms X X X X X X
70 Z01 Creation of centers X X X X
71 Z02 Creation of high-density residential X X X X
zones
72 Z03 Creation of mid-density residential X X X X
zones
73 Z04 Creation of low-density residential X X X X
zones
74 Z05 Creation of conservation residential X X X X
zones
_75 Z06 Creation of general employment areag X X X X X X X
in the urban reserves
76 Z07 Creation of parking spaces in
industrial and commercial areas X X X X X X X X
77 Z08 Change zones for DISPERSED X X X X
DEVELOPMENT (all densities)
80 ZDam1 Allow distribution of population
residential/commercial zones X X X X X X X X
8_1 ZDam2_ AIIOV\_/ dlst_rlbutlorof population i X X X X X X X X
high density residential zones
82 ZDam3 Allow distribution of population
mid-density residential zones X X X X X X X X
83 ZDam_4 AIIO\_N dls_trlbutlon of population X X X X X X X X
low-density residential zones
84 ZDanb Allow distribution of population i
Conservation residential zones X X X X X X X X
85 ZDam6 Allocate commercial and indust X X X X X X X X

uses in Damascus
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APPENDIX F
SCENARIOS

Figure 17. Historic Vegetation and Ca. 2010 lané asid land cover.
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Figure 18. No open space scenarios (CD and DD)dlase and land cover.
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Figure 19. Greenway scenarios: land use and langeco
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Figure 20. Park System scenarios: land use and taower.
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Figure 21. Network scenarios: land use and landecov
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APPENDIX G
STATISTIC TESTS OF HABITAT - CODE AND RESULTS

# Reads O0Results.csv
results <- read.csv(file.choose())
attach(results)

# Determines ANOVA of WEIGHTED HABITATS
aovweihab <- aov(habweigh ~
openspace*development)

# Calculates ANOVA of weighted habitats
aov(habweigh ~ openspace*development)

# Summarize statistics ANOVA of weighted habitats
with open space

summary(aovweihab)

boxplot(habweigh ~ openspace*development)

# Determines ANOVA of WEIGHTED BREEDING
HABITATS

aovbreedhab <- aov(breedweig ~
openspace*development)

# Calculates ANOVA of weighted breeding habitats
aov(breedweig ~ openspace*development)

# Summarize ANOVA of weighted breeding habitats
summary(aovbreedhab)

boxplot(breedweig ~ openspace*development)

# Determines ANOVA of HABITATS for RED-
LEGGED FROG

aovamp <- aov(amp ~ openspace*development)

# Calculate ANOVA of amphibian habitats with
development

aov(amp ~ openspace*development)

# Summarize statistics ANOVA of amphibian habitats
with development

summary(aovamp)

boxplot(amp ~ openspace*development)

# Determines ANOVA of HABITATS for WESTERN
MEADOWLARK

aovbrd <- aov(brd ~ openspace*development)

# Calculate ANOVA of bird habitats with development
aov(brd ~ openspace*development)

# Summarize statistics ANOVA of bird habitats with
development

summary(aovbrd)

boxplot(brd ~ openspace*development)

# Determines ANOVA of HABITATS for DOUGLAS
SQUIRREL

aovmam <- aov(mam ~ openspace*development)
# Calculate ANOVA of mammal habitats with
development

aov(mam ~ openspace*development)
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# Summarize statistics ANOVA of mammal habitats
with development

summary(aovmam)

boxplot(mam ~ openspace*development)

# Determines ANOVA of POPULATION
aovpop <- aov(pop ~ openspace*development)
# Calculates ANOVA of population

aov(pop ~ openspace*development)

# Summarize statistics ANOVA of population
summary (aovpop)

boxplot(pop ~ openspace*development)

# Determines ANOVA of URBAN LAND USES
aovurban <- aov(urban ~ openspace*development)
# Calculates ANOVA of urban land uses for all
scenarios

aov(urban ~ openspace*development)

# Summarize statistics ANOVA of urban land uses
summary(aovurban)

boxplot(urban ~ openspace*development)

# Determines ANOVA of OPEN SPACE

aovos <- aov(os ~ openspace*development)

# Calculate ANOVA of open space with development
aov(os ~ openspace*development)

# Summarize statistics ANOVA of open space with
development

summary(aovos)

boxplot(os ~ openspace*development)

# Tukey tests

TukeyHSD(aovweihab)

TukeyHSD(aovbreedhab)

TukeyHSD(aovamp)

TukeyHSD(aovbrd)

TukeyHSD(aovmam)

TukeyHSD(aovpop)

TukeyHSD(aovurban)

TukeyHSD(aovos)



ANOVA of WEIGHTED HABITATS

Terms:

openspace development opemrsgacelopment  Residuals
Sum of Squares 1587156977 70278010 295526 9123501
Deg. of Freedom 3 1 3 152

Residual standard error: 244.996

Summary

Df Sum Sq Mean Sq F value Pr(>F)
openspace 3 1.587e+09 529052326 814.855 <2e-16 ***
development 1 7.028e+07 70278010 1701851 <2e-16 ***
openspace:development 3 2.955e+05 98509 1.641 0.182
Residuals 152 9.124e+06 60023

Signif. codes: 0 *** 0.001 ** 0.01 ¥ 0.05'"0.1‘"1
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TukeyHSD(aovweihab) - Weighted Habitats
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = habweigh ~ openspace * developine

$openspace

diff
network-greenway 4571.950
none-greenway -4254.075
park-greenway -868.875
none-network -8826.025
park-network -5440.825
park-none 3385.200
$development

diff
dispersed-compact 1325.5

$ openspace:development

network:compact-greenway:compact
none:compact-greenway:compact
park:compact-greenway:compact
greenway:dispersed-greenway:compact
network:dispersed-greenway:compact
none:dispersed-greenway:compact
park:dispersed-greenway:compact
none:compact-network:compact
park:compact-network:compact
greenway:dispersed-network:compact
network:dispersed-network:compact
none:dispersed-network:compact
park:dispersed-network:compact
park:compact-none:compact
greenway:dispersed-none:compact
network:dispersed-none:compact
none:dispersed-none:compact
park:dispersed-none:compact
greenway:dispersed-park:compact
network:dispersed-park:compact
none:dispersed-park:compact
park:dispersed-park:compact
network:dispersed-greenway:dispersed
none:dispersed-greenway:dispersed
park:dispersed-greenway:dispersed
none:dispersed-network:dispersed
park:dispersed-network:dispersed
park:dispersed-none:dispersed

Iwr
4429.642
-4396.383
-1011.183
-8968.333
-5583.133
3242.892

Iwr
1248.967

diff
4606.45
-4172.70
-903.75
1366.00
5903.45
-2969.45
532.00
-8779.15
-5510.20
-3240.45
1297.00
-7575.90
-4074.45
3268.95
5538.70
10076.15
1203.25
4704.70
2269.75
6807.20
-2065.70
1435.75
4537.45
-4335.45
-834.00
-8872.90
-5371.45
3501.45
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pu p adj
4714.2581 0
-4111.7669 0
-726.5669 0
-8683.7169 0
-5298.5169 0
3527.5081 O
upr p adj
1402.033 0
Iwr upr
684228 4844.5772
168272 -3934.5728
14118772 -665.6228
27.8128 1604.1272
655228 6141.5772
07-3272 -2731.3228
293.8728 770.1272
1799772 -8541.0228
4853272 -5272.0728
78BY72 -3002.3228
5818728 1535.1272
14772 -7337.7728
1248772 -3836.3228
303r28 3507.0772
00.5328 5776.8272
389228 10314.2772
65.1228 1441.3772
6646728 4942.8272
313228 2507.8772
6965728 7045.3272
2303.8272 -1827.5728
19716228 1673.8772
99.3228 4775.5772
73:8372 -4097.3228
0721272 -595.8728
119p72 -8634.7728
095772 -5133.3228
633228 3739.5772

p adj

cleolojololoNoNeolololojlololeolojolioJojloojoolololoNeNoNe]



ANOVA of WEIGHTED BREEDING HABITATS

Terms:

openspace development opemrsgacelopment  Residuals
Sum of Squares 1000364215 1288631 466134 2581741
Deg. of Freedom 3 1 3 152

Residual standard error: 130.327

Summary

Df Sum Sq Mean Sq F value Pr(>F)
openspace 3 1.000e+09 333454738 9632148 < 2e-16 ***
development 1 1.289e+06 1288631  75.868 4.78e-15 ***
openspace:development 3 4.661e+05 155378 9.148 1.33e-05 ***
Residuals 152 2.582e+06 16985

Signif. codes: 0 *** 0.001 ** 0.01 ¥ 0.05'"0.1‘"1
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TukeyHSD(aovbreedhab) - Breeding habitats
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = breedweig ~ openspace * develepin

$openspace
diff Iwr pu p adj

network-greenway 3337.625 3261.923 3413.3266 O
none-greenway -3164.900 -3240.602 -3089.1984 0
park-greenway 2327.000 2251.298 2402.7016 O
none-network -6502.525 -6578.227 -6426.8234 0
park-network -1010.625 -1086.327 -934.9234 0
park-none 5491.900 5416.198 5567.6016 O
$development

diff Iwr upr p adj
dispersed-compact -179.4875 -220.1997 -138.7753 0
$ openspace:development’

diff Iwr upr p adj
network:compact-greenway:compact 3425.75 9937769 3552.42313 0.0000000
none:compact-greenway:compact -3036.30 6231731 -2909.62687 0.0000000
park:compact-greenway:compact 2462.55 3528¥69 2589.22313 0.0000000
greenway:dispersed-greenway:compact -3.35 .e230 123.32313 1.0000000
network:dispersed-greenway:compact  3246.15 1931769 3372.82313 0.0000000
none:dispersed-greenway:compact -3296.85 23.3231 -3170.17687 0.0000000
park:dispersed-greenway:compact 2188.10 612269 2314.77313 0.0000000
none:compact-network:compact -6462.05 8865231 -6335.37687 0.0000000
park:compact-network:compact -963.20 898731 -836.52687 0.0000000
greenway:dispersed-network:compact  -3429.10 553%31 -3302.42687 0.0000000
network:dispersed-network:compact -179.60 06-3731 -52.92687 0.0006237
none:dispersed-network:compact -6722.60 4968731 -6595.92687 0.0000000
park:dispersed-network:compact -1237.65 6413231 -1110.97687 0.0000000
park:compact-none:compact 5498.85 7258769 5625.52313 0.0000000
greenway:dispersed-none:compact 3032.95 06.2969 3159.62313 0.0000000
network:dispersed-none:compact 6282.45 55671769 6409.12313 0.0000000
none:dispersed-none:compact -260.55 87.2231 -133.87687 0.0000001
park:dispersed-none:compact 5224.40 975269 5351.07313 0.0000000
greenway:dispersed-park:compact -2465.90 922731 -2339.22687 0.0000000
network:dispersed-park:compact 783.60 56.8269 910.27313 0.0000000
none:dispersed-park:compact -5759.40 8638731 -5632.72687 0.0000000
park:dispersed-park:compact -274.45 014231 -147.77687 0.0000000
network:dispersed-greenway:dispersed 3249.50 22.8269 3376.17313 0.0000000
none:dispersed-greenway:dispersed -3293.50 20-3431 -3166.82687 0.0000000
park:dispersed-greenway:dispersed 2191.45 64.2069 2318.12313 0.0000000
none:dispersed-network:dispersed -6543.00 69731 -6416.32687 0.0000000
park:dispersed-network:dispersed -1058.05 84171231 -931.37687 0.0000000
park:dispersed-none:dispersed 5484.95 582369 5611.62313 0.0000000
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ANOVA of HABITATS for RED-LEGGED FROG

Terms:

openspace development opengpaveopment  Residuals
Sum of Squares 3518372 7169 10260 26518
Deg. of Freedom 3 1 3 152

Residual standard error: 13.20829

Summary

Df Sum Sq Mean Sq afue Pr(>F)
openspace 3 3518372 1172791 @%22. < 2e-16 ***
development 1 7169 7169 1.09 1.73e-09 ***
openspace:development 3 10260 3420 9.601 8.50e-11 ***
Residuals 152 26518 174

Signif. codes: 0 *** 0.001 ** 0.01 ¥ 0.05'"0.1‘"1
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TukeyHSD(aovamp) - Red=legged frog Habitats
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = amp ~ openspace * development)

$openspace

network-greenway
none-greenway
park-greenway

none-network
park-network
park-none

$development

dispersed-compact

diff
189.575
-210.250
-109.900
-399.825
-299.475
100.350

diff
13.3875

$ openspace:development

network:compact-greenway:compact

none:compact-greenway:compact
park:compact-greenway:compact

greenway:dispersed-greenway:compact
network:dispersed-greenway:compact

none:dispersed-greenway:compact
park:dispersed-greenway:compact
none:compact-network:compact
park:compact-network:compact

greenway:dispersed-network:compact
network:dispersed-network:compact

none:dispersed-network:compact
park:dispersed-network:compact
park:compact-none:compact
greenway:dispersed-none:compact
network:dispersed-none:compact
none:dispersed-none:compact
park:dispersed-none:compact
greenway:dispersed-park:compact
network:dispersed-park:compact
none:dispersed-park:compact
park:dispersed-park:compact

network:dispersed-greenway:dispersed
none:dispersed-greenway:dispersed
park:dispersed-greenway:dispersed

none:dispersed-network:dispersed
park:dispersed-network:dispersed
park:dispersed-none:dispersed

123

Iwr up p adj
181.90285 197.2471 O
-217.92215 -202.5779 0
-117.57215 -102.2279 0
-407.49715 -392.1529 0
-307.14715 -291.8029 O
92.67785 108.0221 O
Iwr up p adj
-17.51357 -9.261434 0
diff Iwr upr
178.00 .16H)26 190.837974
-200.45 .2BI®74 -187.612026
-116.55 3FW74 -103.712026
-17.60 .4330974 -4.762026
183.55 712026 196.387974
-237.65 .435074 -224.812026
-120.85 .eBI®74 -108.012026
-378.45 291974 -365.612026
-294.55 -387974 -281.712026
-195.60 .4B®74 -182.762026
5.55 .287974 18.387974
-415.65 . 48®74 -402.812026
-298.85 331974 -286.012026
83.90 .062026 96.737974
182.85 .012026 195.687974
384.00 .1B2D26 396.837974
-37.20 .0 ®74 -24.362026
79.60 76826 92.437974
98.95 .118M26 111.787974
300.10 .2®026 312.937974
-121.10 .9B3®74 -108.262026
-4.30 137974 8.537974
201.15 .318826 213.987974
-220.05 .883974 -207.212026
-103.25 .0BY874 -90.412026
-421.20 .0B3974 -408.362026
-304.40 AA7P74 -291.562026
116.80 .962B26 129.637974

p adj

0.0000000
0.0000000
0.0000000
0.0010956
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

0.8865308
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.9692468

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000



ANOVA of HABITATS for WESTERN MEADOWLARK

Terms:

openspace development opengpaveopment  Residuals
Sum of Squares 2896332.1 4568.9 5299.4 12695.9
Deg. of Freedom 3 1 3 152

Residual standard error: 9.139219

Summary

Df Sum Sq Mean Sq vakue Pr(>F)
openspace 3 2896332 965444 a.7985 < 2e-16 ***
development 1 4569 4569 54.70 8.82e-12 ***
openspace:development 3 5299 1766 21.15 1.67e-11 ***
Residuals 152 12696 84

Signif. codes: 0 *** 0.001 ** 0.01 ¥ 0.05'"0.1‘"1
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TukeyHSD(aovbrd) - Western meadowlark Habitats
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = brd ~ openspace * development)

$openspace

network-greenway
none-greenway
park-greenway

none-network
park-network
park-none

$development
dispersed-compact
$ openspace:development

network:compact-greenway:compact
none:compact-greenway:compact
park:compact-greenway:compact
greenway:dispersed-greenway:compact
network:dispersed-greenway:compact
none:dispersed-greenway:compact
park:dispersed-greenway:compact
none:compact-network:compact
park:compact-network:compact
greenway:dispersed-network:compact
network:dispersed-network:compact
none:dispersed-network:compact
park:dispersed-network:compact
park:compact-none:compact
greenway:dispersed-none:compact
network:dispersed-none:compact
none:dispersed-none:compact
park:dispersed-none:compact
greenway:dispersed-park:compact
network:dispersed-park:compact
none:dispersed-park:compact
park:dispersed-park:compact
network:dispersed-greenway:dispersed
none:dispersed-greenway:dispersed
park:dispersed-greenway:dispersed
none:dispersed-network:dispersed
park:dispersed-network:dispersed
park:dispersed-none:dispersed
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upr

Iwr upr
303.491405
-8.758595
200.516405
-317.558595

-108.283595
203.966405

Iwr
-13.54245

diff Iwr
317.05 .BI®12
-3.15 .032988
219.55 .6BD12
0.45 32888
301.00 .129D12
-3.30 .18P®88
192,55 .6B9®12
-320.20 322088
-97.50 -368988
-316.60 .4B2988
-16.05 .922988
-320.35  .Z¥™88
-124.50 382988
222.70 .@umi2
3.60 .282988
304.15 .ZB®12
-0.15 .03Zn88
195.70 .q08®12
-219.10 .9BZP88
81.45 562012
-222.85 . 73088
-27.00 .888988
300.55 .6B9D12
-3.75 .632288
192.10 .218812
-304.30 .1RP®88
-108.45 332088
195.85 .9B3612

1.8585

p adj

314.18859 0.000000
0.333454
211.18359 0.000000
-306.9%14 0.000000
-97.6X0H4
214.9835

0.000000

0.000000

p adj

-7.832548 0

upr p adj
325.932988 0.0000000
5.732988 0.9580671
228.432988 0.0000000
9.332988 0.9999999
309.882988 0.0000000
5.582988 0.9463895
201.432988 0.0000000
-311.317012 0.0000000
-88.617012 0.0000000
-307.717012 0.0000000
-7.167012 0.0000034
-311.467012 0.0000000
-115.617012 0.0000000
231.582988 0.0000000
12.482988 0.9167182
313.032988 0.0000000
8.732988 1.0000000
204.582988 0.0000000
-210.217012 0.0000000
90.332988 0.0000000
-213.967012 0.0000000
-18.117012 0.0000000
309.432988 0.0000000
5.132988 0.8985502
200.982988 0.0000000
-295.417012 0.0000000
-99.567012 0.0000000
204.732988 0.0000000



ANOVA of HABITATS for DOUGLAS SQUIRREL

Terms:

openspace development opengpaveopment  Residuals
Sum of Squares 146908.10 540.23 1825.88 5703.70
Deg. of Freedom 3 1 3 152

Residual standard error: 6.125712

Summary

Df Sum Sq Mean Sq Riga Pr(>F)
openspace 3 146908 48969 TROS. < 2e-16 ***
development 1 540 540 404 0.000213 ***
openspace:development 3 1826 609 2216 3.38e-09 ***
Residuals 152 5704 38

Signif. codes: 0 *** 0.001 ** 0.01 ¥ 0.05'"0.1‘"1
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TukeyHSD(aovmam) - Douglas squirrel Habitats
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = mam ~ openspace * development)

$openspace

diff Iwr upr p adj
network-greenway -75.85 -79.408173 -72.291827 0.0000000
none-greenway -4.40 -7.958173 -0.841827 0.0086494
park-greenway -18.85 -22.408173 -15.291827 0.0000000
none-network 71.45 67.891827 75.008173 0.0000000
park-network 57.00 53.441827 60.558173 0.0000000
park-none -14.45 -18.008173 -10.891827 0.0000000
$development

diff Iwr upr p adj
dispersed-compact -3.675 -5.588578 -1.761422 .0002133
$ openspace:development’

diff Iwr upr p adj

network:compact-greenway:compact -74.80 BBOB3 -68.8460319 0.0000000
none:compact-greenway:compact 3.05 03068 9.0039681 0.7647325
park:compact-greenway:compact -20.20 28068 -14.2460319 0.0000000
greenway:dispersed-greenway:compact -0.10 53968 5.8539681 1.0000000
network:dispersed-greenway:compact  -77.00 -8068 -71.0460319 0.0000000
none:dispersed-greenway:compact -11.95 0BBE3 -5.9960319 0.0000002
park:dispersed-greenway:compact -17.60 52968 -11.6460319 0.0000000
none:compact-network:compact 77.85 98032 83.8039681 0.0000000
park:compact-network:compact 54.60 48082 60.5539681 0.0000000
greenway:dispersed-network:compact  74.70 K32 80.6539681 0.0000000
network:dispersed-network:compact -2.20 58968 3.7539681 0.9478747
none:dispersed-network:compact 62.85 82 68.8039681 0.0000000
park:dispersed-network:compact 57.20 £3032 63.1539681 0.0000000
park:compact-none:compact -23.25 23958 -17.2960319 0.0000000
greenway:dispersed-none:compact -3.15 032a8 2.8039681 0.7338347
network:dispersed-none:compact -80.05 {8063 -74.0960319 0.0000000
none:dispersed-none:compact -15.00 53968 -9.0460319 0.0000000
park:dispersed-none:compact -20.65 7368 -14.6960319 0.0000000
greenway:dispersed-park:compact 20.10 46032 26.0539681 0.0000000
network:dispersed-park:compact -56.80 52968 -50.8460319 0.0000000
none:dispersed-park:compact 8.25 96032 14.2039681 0.0009198
park:dispersed-park:compact 2.60 53958 8.5539681 0.8811037
network:dispersed-greenway:dispersed -76.90 53DE3 -70.9460319 0.0000000
none:dispersed-greenway:dispersed -11.85 03968 -5.8960319 0.0000002
park:dispersed-greenway:dispersed -17.50 53948 -11.5460319 0.0000000
none:dispersed-network:dispersed 65.05 D82 71.0039681 0.0000000
park:dispersed-network:dispersed 59.40 40382 65.3539681 0.0000000
park:dispersed-none:dispersed -5.65 aBb638 0.3039681 0.0763487
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ANOVA of Human Population

Terms:

openspace development opengpaveopment  Residuals
Sum of Squares 6526671 1316783 2935 38553954
Deg. of Freedom 3 1 3 152

Residual standard error: 503.6312

Summary

Df Sum Sq Mean Sq vakue Pr(>F)
openspace 3 6526671 2175557 8.577 2.69e-05 ***
development 1 1316783 1316783 5.191 .0241 *
openspace:development 3 313599 104533 4120 0.7445
Residuals 152 38553954 253644

Signif. codes: 0 *** 0.001 ** 0.01 ¥ 0.05'"0.1‘"1

128



TukeyHSD(aovpop) - Human Population

Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = pop ~ openspace * development)

$openspace

network-greenway
none-greenway
park-greenway
none-network
park-network
park-none

$development

dispersed-compact

diff
19.600
234.900
499.875
215.300
480.275
264.975

diff

-181.4375

$ openspace:development

network:compact-greenway:compact

none:compact-greenway:compact
park:compact-greenway:compact

greenway:dispersed-greenway:compact
network:dispersed-greenway:compact
none:dispersed-greenway:compact

park:dispersed-greenway:compact
none:compact-network:compact
park:compact-network:compact

greenway:dispersed-network:compact
network:dispersed-network:compact

none:dispersed-network:compact
park:dispersed-network:compact
park:compact-none:compact

greenway:dispersed-none:compact

network:dispersed-none:compact
none:dispersed-none:compact
park:dispersed-none:compact

greenway:dispersed-park:compact

network:dispersed-park:compact
none:dispersed-park:compact
park:dispersed-park:compact

network:dispersed-greenway:dispersed
none:dispersed-greenway:dispersed
park:dispersed-greenway:dispersed

none:dispersed-network:dispersed
park:dispersed-network:dispersed
park:dispersed-none:dispersed

Iwr u
-272.9386
-57.6386
207.3364
-77.2386
187.7364
-27.5636

Iwr pu
-338.7642

diff Iwr

103.80 5-BB12
226.20 3.3482
466.45 3.0@12
-160.40 9.9842
-225.00 4.5M2
83.20 6.3402
372.90 6.6112
122.40 7:-BB12
362.65  6-8812
-264.20 3.4/BEL2
-328.80 8:8112
-20.60 0-BmM?2
269.10 0421712
240.25 9:2412
-386.60 6.1812
-451.20 0-Bu12
-143.00 2.5532
146.70 2.8412
-626.85 61HKI12
-691.45  019@12
-383.25 28912
-93.55 38612
-64.60 4.1332
243.60 5.9242
533.30 3.7888
308.20 1.3182
597.90 8.3888
289.70 9.8192
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pr p adj

312.1386 99&1190

527.4386 1623781

792.4136 00a1L012

507.8386 2214092

772.8136 0002037

557.5136 09@B552

p adj

-24.11083 0.0240913
upr p adj
593.3112 0.9980211
715.7112 0.8466024
955.9612 0.0739681
329.1112 0.9727696
264.5112 0.8501475
572.7112 0.9995292
862.4112 0.2784276
611.9112 0.9944442
852.1612 0.3131337
225.3112 0.7134817
160.7112 0.4426315
468.9112 1.0000000
758.6112 0.6939230
729.7612 0.8018356
102.9112 0.2358486
38.3112 0.0945594
346.5112 0.9858717
636.2112 0.9836075
-137.3388 0.0030975
-201.9388 0.0006652
106.2612 0.2458471
395.9612 0.9989862
4249112 0.9999131
733.1112 0.7903221
1022.8112 0.0223098
797.7112 0.5291268
1087.4112 0.0059034
779.2112 0.6082140



ANOVA of URBAN LAND USES

Terms:

openspace development opengpaveopment  Residuals
Sum of Squares 5789602 689850 2321 67247
Deg. of Freedom 3 1 3 152

Residual standard error: 21.0336

Summary

Df Sum Sq Mean Sq afue Pr(>F)
openspace 3 5789602 1929867 4362 <2e-16 ***
development 1 689850 689850 5915 <2e-16 ***
openspace:development 3 242125 80708 2.418 <2e-16 ***
Residuals 152 67247 442

Signif. codes: 0 *** 0.001 ** 0.01 ¥ 0.05'"0.1‘"1
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TukeyHSD(aovurban) - Urban Land Uses

Tukey multiple comparisons of means

95% family-wise confidence level

Fit: aov(formula = urban ~ openspace * development)

$openspace

network-greenway
none-greenway
park-greenway
none-network
park-network

park-none

$development

dispersed-compact

diff
-339.600
188.575
-94.375
528.175
245.225
-282.950

$ openspace:development

network:compact-greenway:compact

none:compact-greenway:compact
park:compact-greenway:compact
greenway:dispersed-greenway:compact 138.75

network:dispersed-greenway:compact
none:dispersed-greenway:compact

park:dispersed-greenway:compact
none:compact-network:compact
park:compact-network:compact

greenway:dispersed-network:compact
network:dispersed-network:compact

none:dispersed-network:compact
park:dispersed-network:compact
park:compact-none:compact

greenway:dispersed-none:compact

network:dispersed-none:compact
none:dispersed-none:compact
park:dispersed-none:compact
greenway:dispersed-park:compact
network:dispersed-park:compact
none:dispersed-park:compact
park:dispersed-park:compact

network:dispersed-greenway:dispersed
none:dispersed-greenway:dispersed
park:dispersed-greenway:dispersed

none:dispersed-network:dispersed
park:dispersed-network:dispersed
park:dispersed-none:dispersed

Iwr up p adj
-351.8176 -327.38245 0
176.3574 200.79255 0
-106.5926 -82.15745 0
515.9574 540.39255 0
233.0074 257.44255 0
-295.1676 -270.73245 0
diff Iwr upr p adj
131.325 124.7544 137.8956 0
diff Iwr upr p adj
-282.15 202896 -261.7061 0.0000000
136.45 .0DBA04 156.8939 0.0000000
-84.85 A9EB6 -64.4061 0.0000000
306804 159.1939 0.0000000
-258.30  .7213B96 -237.8561 0.0000000
379.45 .086204 399.8939 0.0000000
34.85 .406104 55.2939 0.0000144
418.60 .BOBLO4 439.0439 0.0000000
197.30 .836104 217.7439 0.0000000
420.90 .488104 441.3439 0.0000000
23.85 .408104 44.2939 0.0104521
661.60 .¥BEN04 682.0439 0.0000000
317.00 .2®H104 337.4439 0.0000000
-221.30 - 243896 -200.8561 0.0000000
2.30 .14BB96 22.7439 0.9999706
-394.75  40A3B96 -374.3061 0.0000000
243.00 .58p204 263.4439 0.0000000
-101.60  .Q43B96 -81.1561 0.0000000
223.60 .1BB304 244.0439 0.0000000
-173.45 893896 -153.0061 0.0000000
464.30 .858304 484.7439 0.0000000
119.70 .23®8104 140.1439 0.0000000
-397.05  .49BB96 -376.6061 0.0000000
240.70 .22@004 261.1439 0.0000000
-103.90 .313896 -83.4561 0.0000000
637.75 .306104 658.1939 0.0000000
293.15 .70®104 313.5939 0.0000000
-344.60 .036B96 -324.1561 0.0000000
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APPENDIX H
SUITABILITY MAPS

Figure 22. Red-legged frog suitability map: Ca. @01
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Figure 23. Red-legged frog suitability maps: Nomgpace scenarios.
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Figure 24. Red-legged frog suitability maps: Greagwcenarios
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Figure 25. Red-legged frog suitability maps: Packsarios.
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Figure 26. Red-legged frog suitability maps: Netkwscenarios.
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Figure 27. Western meadowlark suitability map: €a10.
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Figure 28. Western meadowlark suitability maps:dpen space scenarios.
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Figure 29. Western meadowlark suitability maps: €&ngay scenarios.
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Figure 30. Western meadowlark suitability maps: Pscenarios.
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Figure 31. Western meadowlark suitability maps:viek scenarios.

141



Figure 32. Douglas squirrel suitability map: Ca.ZZ0
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Figure 33. Douglas squirrel suitability maps: Noespspace scenarios
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Figure 34. Douglas squirrel suitability maps: Greesy scenarios.
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Figure 35. Douglas squirrel suitability maps: Pas&enarios.
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Figure 36. Douglas squirrel suitability maps: Netk@cenarios
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APPENDIX |
STATISTIC TESTS OF WILDLIFE POPULATION

Red-legged frog Rana aurora aurorg

ANOVA of BREEDING INDIVIDUALS (breeding individuals

Terms:

openspace development opengpavelopment  Residuals
Sum of Squares 2431554.5 63880.1 4623 17570.2
Deg. of Freedom 3 1 3 152

Residual standard error: 10.75145
Estimated effects may be unbalanced

Summarize ANOVA of BREEDING INDIVIDUALS

Df Sum Sq Mean Sq Fueal Pr(>F)

openspace 3 2431555 810518 B011 <2e-16 ***
development 1 63880 63880 652 <2e-16 ***
openspace:development 3 62841 20947 2181 <2e-16 ***
Residuals 152 17570 116

ANOVA of FLOATERS

Terms:

openspace development opemrsgacelopment  Residuals
Sum of Squares 1964343502 78222301 w20 12567878
Deg. of Freedom 3 1 3 152

Residual standard error: 287.5472
Estimated effects may be unbalanced

Summarize statistics ANOVA of FLOATERS with devetognt

Df Sum Sq Mean Sq  value Pr(>F)

openspace 3 1.964e+09 65478116B19.1 <2e-16 ***
development 1 7.822e+07 78222301946.0 <2e-16 ***
openspace:development 3 4.220e+07 1406727¥70.1 <2e-16 ***
Residuals 152  1.257e+07 82683

Signif. codes: 0 *** 0.001 ** 0.01 ¥ 0.05'"0.1‘"1
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Tukey tests
Breeding individuals

TukeyHSD(aovgmembers)
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = gmembers ~ openspace * develagne
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$openspace

diff Iwr upr p adj
network-greenway 285.100 278.85492 291.34508 O
none-greenway -29.100 -35.34508 -22.85492 0
park-greenway 59.375 53.12992 65.62008 O
none-network -314.200 -320.44508  -307.95492 0
park-network -225.725 -231.97008  -219.47992 O
park-none 88.475 82.22992 94.72008 O
$development

diff Iwr up p adj
dispersed-compact -39.9625 -43.32109 -36.60391 O
$ openspace:development’

diff Iwr upr p adj

network:compact-greenway:compact 306.75 23796 317.20002 0.0000000
none:compact-greenway:compact -5.85 .3a@204 4.60002 0.6738519
park:compact-greenway:compact 114.90 44BD796 125.35002 0.0000000
greenway:dispersed-greenway:compact 10.25 2000204 20.70002 0.0587923
network:dispersed-greenway:compact  273.70 .226®796 284.15002 0.0000000
none:dispersed-greenway:compact -42.10 5560204 -31.64998 0.0000000
park:dispersed-greenway:compact 14.10 .6499796 24.55002 0.0014135
none:compact-network:compact -312.60 3230204  -302.14998 0.0000000
park:compact-network:compact -191.85 3000204  -181.39998 0.0000000
greenway:dispersed-network:compact  -296.50 .GEHI®D204 -286.04998 0.0000000
network:dispersed-network:compact -33.05 .5@60204 -22.59998 0.0000000
none:dispersed-network:compact -348.85 . FEW204  -338.39998 0.0000000
park:dispersed-network:compact -292.65 -B030204  -282.19998 0.0000000
park:compact-none:compact 120.75 .299P796 131.20002 0.0000000
greenway:dispersed-none:compact 16.10 .6499796 26.55002 0.0001325
network:dispersed-none:compact 279.55 .0ZE®796 290.00002 0.0000000
none:dispersed-none:compact -36.25 .700204 -25.79998 0.0000000
park:dispersed-none:compact 19.95 .49®796 30.40002 0.0000007
greenway:dispersed-park:compact -104.65 .A1M®204  -94.19998 0.0000000
network:dispersed-park:compact 158.80 3490796 169.25002 0.0000000
none:dispersed-park:compact -157.00 4500204  -146.54998 0.0000000
park:dispersed-park:compact -100.80 2300204  -90.34998 0.0000000
network:dispersed-greenway:dispersed 263.45 .9999796 273.90002 0.0000000
none:dispersed-greenway:dispersed -52.35 .866R204 -41.89998 0.0000000
park:dispersed-greenway:dispersed 3.85 6068204 14.30002 0.9486674
none:dispersed-network:dispersed -315.80 .ZB®204  -305.34998 0.0000000
park:dispersed-network:dispersed -259.60  .O5@D204  -249.14998 0.0000000
park:dispersed-none:dispersed 56.20 .7499796 66.65002 0.0000000



Floaters

TukeyHSD(aovfloaters)

Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = floaters ~ openspace * developthe

$openspace
diff Iwr upr p adj
network-greenway 7701.850 7534.826 7868.874 0
none-greenway -1520.600 -1687.624 -1353.576 0
park-greenway 1526.475 1359.451 1693.499 O
none-network -9222.450 -9389.474 -9055.426 O
park-network -6175.375 -6342.399 -6008.351 O
park-none 3047.075 2880.051 3214099 O
$development
diff Iwr pu p adj
dispersed-compact -1398.412 -1488.238 -1308.587 0
$ openspace:development’
diff Iwr upr
network:compact-greenway:compact 8362.8@083.31459 8642.2854
none:compact-greenway:compact -609.20888.68541 -329.7146
park:compact-greenway:compact 2953.62674.16459 3233.1354
greenway:dispersed-greenway:.compact 101.35 13381 380.8354
network:dispersed-greenway:compact  7142.25862.76459 7421.7354
none:dispersed-greenway:compact -2330.68610.13541 -2051.1646
park:dispersed-greenway:compact 200.65-78.83541 480.1354
none:compact-network:compact -8972.00251.48541 -8692.5146
park:compact-network:compact -5409.15688.63541 -5129.6646
greenway:dispersed-network:compact  -8261.48540.93541 -7981.9646
network:dispersed-network:compact -1220.551500.03541 -941.0646
none:dispersed-network:compact -10693.49972.93541  -10413.9646
park:dispersed-network:compact -8162.18441.63541 -7882.6646
park:compact-none:compact 3562.858283.36459 3842.3354
greenway:dispersed-none:compact 710.55431.06459 990.0354
network:dispersed-none:compact 7751.49471.96459 8030.9354
none:dispersed-none:compact -1721.43000.93541 -1441.9646
park:dispersed-none:compact 809.85530.36459 1089.3354
greenway:dispersed-park:compact -2852.3313%1.78541 -2572.8146
network:dispersed-park:compact 4188.6(8909.11459 4468.0854
none:dispersed-park:compact -5284.33563.78541 -5004.8146
park:dispersed-park:compact -2753.08032.48541 -2473.5146
network:dispersed-greenway:dispersed 7040.96761.41459 7320.3854
none:dispersed-greenway:dispersed -2432.00711.48541 -2152.5146
park:dispersed-greenway:dispersed 99.30 -180.18541 378.7854
none:dispersed-network:dispersed -9472.90752.38541 -9193.4146
park:dispersed-network:dispersed -6941.60221.08541 -6662.1146
park:dispersed-none:dispersed 2531.30251.81459 2810.7854

>
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p adj
0.0000000
0.0000000
0.0000000

0.9527706
0.0000000
0.0000000

0.3537174
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

0.9576317
0.0000000
0.0000000
0.0000000



Western Meadowlark

ANOVA of BREEDING INDIVIDUALS

Terms:

openspace development opengpavelopment  Residuals
Sum of Squares 8151.225 112.225 VA% 23.300
Deg. of Freedom 3 1 3 152

Residual standard error: 0.391522
Estimated effects may be unbalanced

Summary ANOVA of BREEDING INDIVIDUALS

Df Sum Sq Mean Sq FuedPr(>F)
openspace 3 8151 2717.117725.1 <2e-16 ***
development 1 112 112.2 732.1 <2e-16 ***
openspace:development 3 132 44,1 287.5 <2e-16 ***
Residuals 152 23 0.2

ANOVA of FLOATERS

Terms:

openspace development opengpavelopment  Residuals
Sum of Squares 194919.92 3715.26 75587 996.15
Deg. of Freedom 3 1 3 152

Residual standard error: 2.560004
Estimated effects may be unbalanced

Summary statistics ANOVA of FLOATERS

Df Sum Sq Mean Sq uea Pr(>F)
openspace 3 194920 64973 9914 <2e-16 ***
development 1 3715 3715 6.96 <2e-16 ***
openspace:development 3 3756 1252 1.019 <2e-16 ***
Residuals 152 996 7

Signif. codes: 0 *** 0.001 ** 0.01 ¥ 0.05'’0.1‘"1
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Tukey Tests
Breeding individuals

TukeyHSD(aovgmembers)
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = gmembers ~ openspace * develagme

$openspace

diff Iwr upr
network-greenway 1.422500e+01 13.997581 419
none-greenway -2.267075e-14 -0.227419 2429
park-greenway 1.432500e+01 14.097581 A5
none-network -1.422500e+01  -14.452419 -1389
park-network 1.000000e-01 -0.127419 433
park-none 1.432500e+01 14.097581 AU5S
$development

diff Iwr upr
dispersed-compact 1.675 1.552695 1.797305
$ openspace:development

diff Iwr

network:compact-greenway:compact  1.205000e+0111.6694549
none:compact-greenway:compact -2.706724e-14-0.3805451
park:compact-greenway:compact 1.315000e+0112.7694549
greenway:dispersed-greenway:compact -6.217249e-150.3805451
network:dispersed-greenway:.compact 1.640000e+0116.0194549
none:dispersed-greenway:compact -2.475797e-140.3805451
park:dispersed-greenway:compact 1.550000e+0115.1194549
none:compact-network:compact -1.205000e+01-12.4305451
park:compact-network:compact 1.100000e+00 0.7194549
greenway:dispersed-network:compact -1.205000e+0112.4305451
network:dispersed-network:compact  4.350000e+00 3.9694549
none:dispersed-network:compact -1.205000e+0112.4305451
park:dispersed-network:compact 3.450000e+00 3.0694549
park:compact-none:compact 1.315000e+0112.7694549
greenway:dispersed-none:compact 2.084999e-14-0.3805451
network:dispersed-none:compact 1.640000e+0116.0194549
none:dispersed-none:compact 2.309264e-15-0.3805451
park:dispersed-none:compact 1.550000e+0115.1194549
greenway:dispersed-park:compact -1.315000e+0113.5305451
network:dispersed-park:compact 3.250000e+00 2.8694549
none:dispersed-park:compact -1.315000e+0113.5305451
park:dispersed-park:compact 2.350000e+001.9694549
network:dispersed-greenway:dispersed 1.640000e+0116.0194549
none:dispersed-greenway:dispersed -1.854072e-140.3805451
park:dispersed-greenway:dispersed 1.550000e+0115.1194549
none:dispersed-network:dispersed -1.640000e+0116.7805451
park:dispersed-network:dispersed -9.000000e-01-1.2805451
park:dispersed-none:dispersed 1.550000e+0115.1194549
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p adj

0.0000000
1.0000000
0.0000000
0.0000000
0.6640067
0.0000000

0

upr
12.4305451
0.3805451
13.5305451
0.3805451
16.7805451
0.3805451
15.8805451
-11.6694549
1.4805451
-11.6694549
4.7305451
-11.6694549
3.8305451
13.5305451
0.3805451
16.7805451
0.3805451
15.8805451
-12.7694549
3.6305451
-12.7694549
2.7305451
16.7805451
0.3805451
15.8805451
-16.0194549
-0.5194549
15.8805451

p adj
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Floaters

TukeyHSD(aovfloaters)
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = floaters ~ openspace * developthe

$openspace

diff Iwr upr p adj
network-greenway 6.862500e+01 67.1379996 120.10.0000000
none-greenway -1.136868e-14 -1.4870004 871.4 1.0000000
park-greenway 7.095000e+01 69.4629996 372.4.0000000
none-network -6.862500e+01  -70.1120004 &7.0.0000000
park-network 2.325000e+00 0.8379996 13.8 0.0004486
park-none 7.095000e+01 69.4629996 372.4).0000000
$development

diff Iwr upr p adj
dispersed-compact 9.6375 8.837794 10.43721 O
$ openspace:development’

diff Iwr upr p adj

network:compact-greenway.compact  5.970000e+0157.21177 62.18823  0.0000000
none:compact-greenway:compact -2.002842e-14-2.48823 2.48823 1.0000000
park:compact-greenway:compact 6.060000e+0158.11177 63.08823  0.0000000
greenway:dispersed-greenway:compact -3.108624e-142.48823 2.48823 1.0000000
network:dispersed-greenway:.compact 7.755000e+0175.06177 80.03823  0.0000000
none:dispersed-greenway:compact -2.131628e-142.48823 2.48823 1.0000000
park:dispersed-greenway:compact 8.130000e+0178.81177 83.78823  0.0000000
none:compact-network:compact -5.970000e+01-62.18823 -57.21177 0.0000000
park:compact-network:compact 9.000000e-01 -1.58823 3.38823 0.9534061
greenway:dispersed-network:compact -5.970000e+0162.18823 -57.21177  0.0000000
network:dispersed-network:compact ~ 1.785000e+01 15.36177 20.33823  0.0000000
none:dispersed-network:compact -5.970000e+0162.18823 -57.21177  0.0000000
park:dispersed-network:compact 2.160000e+0119.11177 24.08823  0.0000000
park:compact-none:compact 6.060000e+0158.11177 63.08823  0.0000000
greenway:dispersed-none:compact -1.105782e-142.48823 2.48823 1.0000000
network:dispersed-none:compact 7.755000e+0175.06177 80.03823  0.0000000
none:dispersed-none:compact -1.287859e-15-2.48823 2.48823 1.0000000
park:dispersed-none:compact 8.130000e+0178.81177 83.78823  0.0000000
greenway:dispersed-park:compact -6.060000e+0163.08823 -58.11177 0.0000000
network:dispersed-park:compact 1.695000e+01 14.46177 19.43823  0.0000000
none:dispersed-park:compact -6.060000e+0163.08823 -58.11177  0.0000000
park:dispersed-park:compact 2.070000e+0118.21177 23.18823  0.0000000
network:dispersed-greenway:dispersed 7.755000e+0175.06177 80.03823  0.0000000
none:dispersed-greenway:dispersed 9.769963e-15-2.48823 2.48823 1.0000000
park:dispersed-greenway:dispersed 8.130000e+0178.81177 83.78823  0.0000000
none:dispersed-network:dispersed -7.755000e+0180.03823 -75.06177 0.0000000
park:dispersed-network:dispersed 3.750000e+001.26177 6.23823 0.0002044
park:dispersed-none:dispersed 8.130000e+0178.81177 83.78823  0.0000000
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Douglas squirrel (Tamasciurus douglasii)

ANOVA of BREEDING INDIVIDUALS

Terms:

openspace development openspawelppment  Residuals
Sum of Squares 627055.0 11679.3 64122. 3361.6
Deg. of Freedom 3 1 3 152

Residual standard error: 4.702708
Estimated effects may be unbalanced

Summarize ANOVA of BREEDING INDIVIDUALS

Df Sum Sq Mean Sq F ealBr(>F)
openspace 3 627055 209018 @4542e-16 ***
development 1 11679 11679 528<2e-16 ***
openspace:development 3 67122 22374 T012e-16 ***
Residuals 152 3362 22

ANOVA of FLOATERS

Terms:

openspace development openspawelopment  Residuals
Sum of Squares 1726786.0 303717.8 802529 62342.2
Deg. of Freedom 3 1 3 152

Residual standard error: 20.25207
Estimated effects may be unbalanced

Summarize statistics ANOVA of FLOATERS with devetognt

Df Sum Sq Mean Sq FuealPr(>F)
openspace 3 1726786 575595 .14082e-16 ***
development 1 303718 303718 .H40<2e-16 ***
openspace:development 3 804530 268177 .9653<2e-16 ***
Residuals 152 62342 410

Signif. codes: 0 *** 0.001 ** 0.01 *" 0.05'"0.1‘'1
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Tukey tests
Breeding individuals

TukeyHSD(aovgmembers)
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = gmembers ~ openspace * develagne

$openspace

diff Iwr upr p adj
network-greenway -176.675 -179.40661 -173.9433910
none-greenway -79.075 -81.80661 -76.34339 O
park-greenway -89.275 -92.00661 -86.54339 0
none-network 97.600 94.86839 100.33160 O
park-network 87.400 84.66839 90.11316 0
park-none -10.200 -12.93161 -7.4483 0
$development

diff Iwr upr auj

dispersed-compact 17.0875 15.61845 18.55655 0
$ openspace:development

diff  lwr upr p adj
network:compact-greenway:compact -175.10 47386 -170.52914 0.0000000
none:compact-greenway:compact -58.65 .2816 -54.07914 0.0000000
park:compact-greenway:compact -125.45 (31B6 -120.87914 0.0000000
greenway:dispersed-greenway:compact 10.0042934 14.57086 0.0000000
network:dispersed-greenway:compact -168.25 .820B6 -163.67914 0.0000000
none:dispersed-greenway:compact -89.50 .07986 -84.92914 0.0000000
park:dispersed-greenway:compact -43.10 .64186 -38.52914 0.0000000
none:compact-network:compact 116.45 .82914 121.02086 0.0000000
park:compact-network:compact 49.65 .04914 54.22086 0.0000000
greenway:dispersed-network:compact 185.10 .5p804 189.67086 0.0000000
network:dispersed-network:compact 6.85 .279214 11.42086 0.0002278
none:dispersed-network:compact 85.60 .0H14 90.17086 0.0000000
park:dispersed-network:compact 132.00 42714 136.57086 0.0000000
park:compact-none:compact -66.80 .37086 -62.22914 0.0000000
greenway:dispersed-none:compact 68.65.07644 73.22086 0.0000000
network:dispersed-none:compact -109.60 117086 -105.02914 0.0000000
none:dispersed-none:compact -30.85 .42%86 -26.27914 0.0000000
park:dispersed-none:compact 15.55 .974914 20.12086 0.0000000
greenway:dispersed-park:compact 135.45 .8r814 140.02086 0.0000000
network:dispersed-park:compact -42.80 .34086 -38.22914 0.0000000
none:dispersed-park:compact 35.95 .34 40.52086 0.0000000
park:dispersed-park:compact 82.35 .771914 86.92086 0.0000000
network:dispersed-greenway:dispersed -178.25 .8PRB6 -173.67914 0.0000000
none:dispersed-greenway:dispersed -99.50 .07086 -94.92914 0.0000000
park:dispersed-greenway:dispersed -53.10 .679B6 -48.52914 0.0000000
none:dispersed-network:dispersed 78.75.17PA4 83.32086 0.0000000
park:dispersed-network:dispersed 125.15 .57/814 129.72086 0.0000000
park:dispersed-none:dispersed 46.40 .82014 50.97086 0.0000000
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Floaters

TukeyHSD(aovfloaters)

Tukey multiple comparisons of means

95% family-wise confidence level

Fit: aov(formula = floaters ~ openspace * developthe

$openspace

network-greenway
none-greenway
park-greenway
none-network
park-network
park-none

$development

dispersed-compact

$ openspace:development’

network:compact-greenway:compact
none:compact-greenway:compact
park:compact-greenway:compact
greenway:dispersed-greenway:compact
network:dispersed-greenway:compact
none:dispersed-greenway:compact
park:dispersed-greenway:compact
none:compact-network:compact
park:compact-network:compact
greenway:dispersed-network:compact
network:dispersed-network:compact
none:dispersed-network:compact
park:dispersed-network:compact
park:compact-none:compact
greenway:dispersed-none:compact
network:dispersed-none:compact
none:dispersed-none:compact
park:dispersed-none:compact
greenway:dispersed-park:compact
network:dispersed-park:compact
none:dispersed-park:compact
park:dispersed-park:compact
network:dispersed-greenway:dispersed
none:dispersed-greenway:dispersed
park:dispersed-greenway:dispersed
none:dispersed-network:dispersed
park:dispersed-network:dispersed
park:dispersed-none:dispersed

Iwr pu p adj
-247.66359 -224.13641 0
-75.81359 -52.28641 0
21.96141 45.48859 O
160.08641 183.61359 O
257.86141 281.38859 O
86.01141 109.8385 O
Iwr up p adj
-93.46394 -80.81106 0
diff Iwr upr
-308.15 8242741  -288.465726
-15.75  4A3R741 3.934274
-104.65 3AUR741  -84.965726
-168.30 .9842741  -148.615726
-331.95 .&\741  -312.265726
-280.65 .33@2741 -260.965726
3.80 88741 23.484274
292.40 .2I"7259 312.084274
203.50 .8837259 223.184274
139.85 .1BHY259 159.534274
-23.80 .4832741 -4.115726
27.50 .8157259 47.184274
31195 .26%7259 331.634274
-88.90 B8&741  -69.215726
-152.55 .2BA2741  -132.865726
-316.20 .&B®741  -296.515726
-264.90 .5B3R741  -245.215726
19.55 .134r741 39.234274
-63.65 .3@R741 -43.965726
-227.30 9842741  -207.615726
-176.00 .€6B®741  -156.315726
108.45 7@&B7259 128.134274
-163.65 .3B32741  -143.965726
-112.35 .0332741  -92.665726
172.10 .4157259 191.784274
51.30 .61%Ir259 70.984274
335.75 .(BH¥259 355.434274
284.45 . 7B6Z259 304.134274
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p adj
0.0000000
0.2212230
0.0000000
0.0000000
0.0000000
0.0000000
0.9989176
0.0000000
0.0000000
0.0000000
0.0067286
0.0008020
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0529950
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
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