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ABSTRACT

Anthropological land use in Norfolk County, Southwestern Ontario, has resulted in
fragmentation of tallgrass prairie habitats whiekiesal species at risk are dependent upon. This
research aims to create connectivity between fragmented habitats through the development of
tallgrass prairie ecological corridors in Norfolk County. Using Geographic Information Systems
based MultiCriteriaEvaluation, attribute layers were weighted according to their relative
importance and combined. Five models were developed to represent the varying habitat
requirements for ten sk species. The most suitable values in each model were combined to
createone habitat index map illustrating the best suitability for all species considered in the
study. The habitat index map forms the cost surface used to perform-eolstgsath analysis

which illustrates the optimal corridor connecting core areas. |deds fl@r acquisition for

corridor development are low cost, distant from urban built up areas, existing in natural

landscapes, and connected to large reserve patches.
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CHAPTER ONE: INTRODUCTION

1.1 Habitat Fragmentation and Species Decline

Habitat fragmentation breaks natural areas into snegigrons which can cause laxs
ecosystem processes and available habitat for terrestrial sgaeigsientation can reduce core
habitat sizes, increase species isolation and decrease patch sizes which greatly influences
speci eso6 abi | i(Fahrig,t2@03).0rcagmemation increases exlge effects which can
alter microclimates, increase wind shear forces and negatively affect existing plant and animal
communities (Fahrig, 2002; Fahrig, 2003; Laurence, 2008). Anthropogenic activities (including
urbanizationand agricultural intensificatirare the major cause of habitat fragmentation and is
the main threat to speciesd survival foll owin
Species face extinction due to spatial and temporal variagfaesources (Auffret, Plue &
Cousins,2015) which are increasingly impacted by urban gr@&ethe terrestrial speciese at
ri sk of extinction due to the | oss of habitat
or between communities, (AuftrePlue & Cousins, 2015; Van Geert, Triest, & Van Rossum,
2014) andninimizes accessibility teesources

Occurring near highways, roads and towns as populations grow, habitat fragmentation is
a highly organized and structured human process (Laurend), 203 study is focused on
Norfolk County, in Southwestern Ontario. Norfolk is fragmenting its vast natural spaces for
human use, settlement and farming as the muni
Irvine, n.d.). Norfolk County is 1,607.6@n? and contains conservation sites, provincial parks
and farmlandsowing a variety of cropsThis region holds a great diversity of ecosystems,

including Great Lakes marshes, Carolinian forests and tallgrass prairie.



Norfolk County, Ontario- Locator Map

Figure 1. Map of Norfolk County_ocaor Map



1.2 The Loss and Importance of Tallgrass Prairie Habitats

Tallgrass prairie functions as transition areas or ecotones. Prairie ecotones contain
grasslands, shrub lands, and forested spaces (Loehle, Li & Sundell, 1996; Nelson 2013). The
variety ofvegetation promotes a diversity of floral and faymgpulations (NCC 2016). bhy
species can use grasslands as dispersal corridors to safely travel through and reach patches of
suitable habitat, i.e. shrlamd and forest (MPPWG, 2011). Additionallgras$andsarealso
distinct habitats required by several speclé® maintenance of tallgrass prairie requires natural
disturbances (including fire, drought, and herbivores) which halt successiensuré that
grasses will continuously grow (MPPWG, 2011jdda, 2013).

Tallgrass prairie ecosystems hagjreadiversity of plantsvithin Canaaé (NCC, 2016)
andare attractive to aarietyof wildlife including grassland songbirds, pheasants, pollinators
reptiles and mor@Jniversity of Northern lowa, 2038The diversity of flora and fauna within
prairie habitats providean array of ecosystem servigaesluding but not limited toprairie
plants efficiently sequester carb@niversity of Northern lowa, 2018, USDA, 2018gnse
prairie roots outcompeinvadng weeds and provafi s o i | ,gmotecting prexcious top soil
from the effects of erosiofuniversity of Northern lowa, 2018, USDA, 2018nd pairie
speciegrovide pollination service@Jniversity of Northern lowa, 2018, USDA, 2018hich
result inbillions of dollars worth of crop production annuallySDA, 2018) The prairie
ecosystenonce expanded throughout tAmerican Midwestill Texas and throughout smaller
portions ofsoutherrcentral Canada (NCC, 201&)nfortunately, 1 is significantly smaller in

size and occurrence today (see belbigure 2 andFigure 3).
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Figure 2. Estimated minimum* historical extent of tallgrass prairie and savanna in southern Ontariaeddepm, Tallgrass
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http://tallgrassontario.org/Pubtiations/TallgrassRecoveryPlan.pdfdapted with permission.
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sources (e.g., see Lumsden 1966) suggest tallgrass communitieavaayccurred more extensively. Survey record mapping

produced by Wasyl Bakowsky, Natural Heritage Information Centre. Survey mapping south of Rice Lake from Catling, et al. 1992.
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Figure3. Dot distribution map of current tallgrass prairie and savannah remnants in Southern Ontario. Adapted from, Tallgrass
Communities of Southern Ontario A Recovery Plan by Rodger, L. (1998). Retrievéditfrétallgrassontario.org/Publications/
TallgrassRecoveryPlan.pdAdapted with permission.
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1.2 Objectives

Studies have considered global declines of spé€lem et al., 2007) and the importance of
tallgrassprairie habitat¢Paiero, Marshall, Pratt & Buck, 2010); however, few studies have
provided resolutions faspecieglecline angrairiefragmentation. My projecseeks to:

1. Create connectivity between fragmented habitats through the development ofdallgras
prairie corridors. Connectivity will improve survival of species requiring these protected
developments téorage andhest within.

2. Facilitate movement and geographic expansspecieswill be able to travel between
core areas to feetgproduceand matdKlein et al., 2007; Semlitsch & Bodie, 2003)

3. Provide Norfolk County and The Nature Conservancy of Canada (NCC), a
Canadiarprivate notfor-profit environmental organization, information for future
ecological planning. The NC®orks throughprocurenentof land thus providing the
possibility of creatingorridors inpartneshipwith Norfolk County landowners.

4. Develop a model for studies with similar criteria so that ecological plammdg

conservation managemesdn be implemented in other locations.



CHAPTER TWO: LITERATURE REVIEW

The proposed study traverses three bodies of literature: habitat fragmentation, core areas,
and corridor connectivityl) Habitat fragmentation identifies the causes of habitat loss where
areas are continuously decretsad isolated, negatively impactingldlife species2) Core
areas provide a contrast to fragmentation; considering undisturbed and int&)tCamddors
offer insight on the importance of connectivity between core and fragmented patch networks

(Singleton, 2013) to overcome issues of species dispersal, survival, and extinction.

2.1 Fragmentation

Species are a vital component of ecosystem funictgypinowever, destruction and
fragmentation of habitats threaten their existence (Potts et al., 2010)hoBhsignificant driver
of habitat depletion is human lainde change (Goulson, Lye, & Darvill, 2008; Steffan
Dewenter, Miinzenberg, Blrger, Thies, & Tscharntke, 2002). Land alterations decreasing natural
habitats to expand farmland are the growing treitbimvNorfolk County. According to
Laurence (2008, p.1734), Afarmers preferentia
with productive, weld r ai ned soil s0 characteristic of Nor:
farmlands determine the amduwf fertilizer and pesticide which alter soil characteristics and
influence floral compositions in the cultivated and surrounding landscapes (Van Geert, Triest &
Van Rossum, 2014). Thaffectsfauna highly dependent on the existing natural spaces fdr foo
reproduction, andtopoverghrough their migratory route§$¢élymar, Kanter, & May2008). As
the fertile land in Norfolk is transformed to suit the social and economic needs of the population,
speciedhabitats are destroyed. Species unable to ad#pe tgpatial and temporal variations of

resources face extinction.



Specialist species which require specific environmental conditions for shelter and food
are being impacted more severely by habitat fragmentation than their generalist counterparts
(Potts ¢ al., 2010). For instance, tiarner Bluebutterfly (Lycaeides melissa samuelis) has
been extirpated due to the destruction of their singular food source, Wild L(uppieus
perennis) (Andow et al., 199% Wild Lupine is a plant which usually growspnairie habitats
because the sandy soils and open, sunny spaces are optimal for its growth (CVC, 2013).
Cultivation of prairie habitats reduces plant variety and wild plant growth necessary for several
species. Therefore, increasing importance shoulddoeg on the preservation of resources and

core habitats.

2.2 Core Habitats

Core habitatscontain the most important requirements for the surafapeciesand
whenfragmentedcan limitgene flowand even lead to local extinctioftdaag and Ebert, 2004
Core habitats and bordering habitats are positively correlated with species abundance and species
heterogeneity (Cusser, Neff & Jha, 201undanceand composition of all wildlife will be
improved through the development of tallgrass prairie corrid@osridors can provide
movement between patedand act as essential core habitats necessatlyd@everagpeciesn
this study as well agacilitate the movement of larger specasisk like the Spiny Soft Shelled
Turtle and the American Badger. Tgahss prairie corridors will serve the dual purpose of acting
as core habitats as well as passages leading to other core areas such as Carolinian forests, Great
Lake marshes and larger patches of tallgrass prairie.

In an increasingly altered and fragneshlandscape such as Norfolk County, importance
must be placed on connecting core habitats to facilitate the movement of species. It is necessary

to define and protect core habitats as they are the areas used for breeding, nursing and feeding of



species$emlitsch & Bodie, 2003). The core habitats considered in this study are those which
are currently delineated as conservation areas managed by the NCC and other governing bodies.
The aim is to increase connectivity betwéggh quality habitapatches whik will improve

gene flow, increase the ability to fill niche requirements and imprialslity of species.

A)

Tall-grass
Prairie

Core

Tall-grass
Prairie

Core

Figure 4 Diagram of connectivity between fragmented core habitats. A) Core areas without a
connecting passage, Bpeciegslispersal is improvedybthe placement of a tallgrass prairie
corridor, C) Protective measures are added to avert negative human and environmental
influences

2.3 Connectivity

Species require the ability to move for food, shelter, mating and seasonal change (Klein
et al., 2007)While fragmentation rapidly increases in the face of human expansion, ecological

corridors are recommended to maintain connectivity between preserved landscapes (Craighead



and Vyse, 296; Walker & Craighead, 1997) and atewn to reduce rates of speciess,
increase colonization and ameliorate the effects of anthropogenic disturbance (Collinge, 2000).

Neverthelesghe effectiveness of corridors have been debated since few empirical
studies have been able to validate the claim that ecological corfadditate movement,
increase diversitpr reduceextinction (Simberloff, 1992)The debate has focused upehether
continuous linear strips of habitat improve the abundance and diversity of isolated populations
(Simberloff 1992; Baenett,2003. However,corridorsarespaces, which promote continuity of
ecological process and a variety of moeens such aforagingand steppingtonesn habitat
mosaics (Benett,2003. For instance, within this study, the sporadic movements of butterflies
looking for habiable patcheare notcomplemergd bythe linear structure of the praierridor;
but, resources withithe corridorprovide suitable habitats for butterfly larvae (Schultz, 2008).
Additionally, the corridolacts asa steppingstone between patches anbler patch networks
(Schultz, 2008)

Realistically,communities anécologicalprocesses are more likely to be maintained in
interconnected landscapin in habitats, which are dispersed and fragmetedhétt, 2003.
Promoting habitat linkages betwessserves and suitable habitahcouragehe longterm
viability of protected spacethe ability of connected spaces to support and benefit wildlife
speciesnustbe observed over lengthy periods to assess their feasdantityunctionBemett,
2003. Species at risk selected for this study are relatively small (<1kgit fiad been
confirmed thaeven narrow corridors of approximately 3m widths can provide important
conservation valuadgéLima and Gascon, 1999; Nhijhuis, 2017; CWF, 2018) to support

breeding, movementorage and habitdor animals of this sizédeLima and Gascon, 1999).

10



It is reasonable to assume that natural landscapes will be altered to suit the needs of
growing populations in NorfolkThe effects of fragmentation are less seveaa those of
habitat loss since connectivity between fragmented habitats can overcome the potential
consequences fragmentation creates (Auffret, Plue & Cousins, 2015; Lienert, T2@0d)eation
of ecological corridors acknowledges human requirementpémesand development while

ideally reducing the effects of habitat destructeond loss

11



CHAPTER THREE: METHODOLOGY

Multi Criteria Evaluation Methods (MCE) consider a variety of attributes to select land
for specific purposes (Eastman, 1999). MCE isesrely useful when studying natural habitats
which cannot be explained in binary terms of
logic requires that all conditions under consideration be met completely, MCE avoids
exclusionary criteria or constras (Gemitzi, Tsihrintzis, Petalas, 2010). Binary understandings
of suitability provide riskaverse and cautious strategies for conservative planning systems
(Gemitzi, Tsihrintzis, Petalas, 2010) but do not deliver realistic approaches to conservation.

MCE all ows one to fAexpress varying degrees of
(Eastman, 1999, p.495) so that all factors can be measured for selecting ideal landscapes. MCE
uses continuous and nexclusionary criteria which can be higbk since each factor is not

equally important in the decisianaking process when considering habitat suitability models.

To adjust for the variability and importance, the data is standardized to a common numeric range
and then combined using a weightagtrage (Gemitzi, Tsihrintzis, Petals, 2010; Carver,

Comber, McMorran & Nutter, 2012). A ranking system for factors of importance in the habitat
suitability model has been developed with the knowledge and opinions of experts in fields
considering prairidabitats andvildlife.

Using geographic information systemsdéd (GI S
methods, five habitat suitability models were created separately to meet the requirements of the
individual species for hich the model was intendeBigure 22, 23, 24, 25, 26The five models
were then combined to create Master Habitat Suitability MagFigure 36) which forms a
portion of the cost surface that is used to find the optimal corridor connecting adjacent core areas

(Shilling & Girvetz,2006). The corridor created after combining the five models and a cost

12



surface raster, is intended to be conducive to the movement and habitaticdero$adicies

throughout each of the five models.

3.1 Data Collection
Preexisting land cover data frothe Norfolk County Planning Department, the Ministry
of Natural Resources, the NCC and the Ontario Open Data Catalogue were collected to be used
in the MCE. Vector data regarding Norfolk County road ways, county boundaries and
community boundaries were pided by Richard Roberts of the Norfolk County Planning
Department. Vector layers depicting significant natural areas, woodlands and wetlands in
Norfolk County were provided by the Ministry of Natural Resources. Images of areas governed
by the NCC and othieconservation authorities were provided by the NCC. Those images were
then used to manually digitize and create a vector layer identifying areas currently conserved by
the NCC and various other organizations throughout Norfolk County.
Lastly, the Ontaridcand Cover Compilation (OLCC) was attained through the Ontario
Open Data Catalogue. The OLCC is a single | ay
databases: Far North Land Cover v1.4, Southern Ontario Land Resource Information System
(SOLRIS)Vv12 and the Provincial Land (Egureg.rWwhik0 00 Ed
there are a variety of layers ranging in date, coordinate system and pixel resolution, the OLCC
was published on January’24016, has been standardized to have a pixel tésolof 15

metres, and a coordinate system of Ontario Lambert Conformal Conic (Radford, 2016).

13
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3.2 Data Preparation

3.2.1 Land Type Reclassification

The OLCC was clipped to the Norfolk County Boundary perimeter so that any data
outside the scope of study was remd. Within the clipped OLCC layer, 18 classes depicting
various land cover types remained. To further consolidate these classes into more easily managed
groupings, the 18 land cover types were reclassified so that 11 classes refmgured
illustratesthe reclassification of the 18 classes &iglre 7 andFigure 8 illustrate the
transformation of the layer.

Figure 6. 18 original classes in the OLCC reclassified into 11 land categories

Original Attributes Reclassified Attributes

1 27559 Clear Open Water 1 27,559 Water

3 7,042 Shoreline 3 7,042 Shoreline

5 314,722 Marsh 5 012,446 Marsh/Swarip/Bog

6 597.653 Swarp 13 621,510 Deciduous Treed

8 71 Bag 14 459,700 Mixed Treed

12 57,244 Tresd Upland 15 14,805 Coniferous Treed

13 621,510 Deciduous Treed 17 79,324 Hedge Rows

14 331,480 Mixed Treed 21 36,692 Sand/Dune/Gravel/Ming Tailing
15 14,805 Caniferous Treed 22 2,532 Open Tallgrass/Tallgrass Savannmah
16 70,976 Flartations - Treed Cultivated |24 3,717 Tallgrass Waoodland

17 79,324 Hedge Rows 27 388,685 Commmunity Infrastructurs

21 28,366 Sand Barren and Dune 28 4.757.065 Agriculture and Undiffrentiated
22 1,142 Open Tallgrass Prairie

23 1,390 Tallgrass Savannah

24 3,717 Tallgrass Woodland

25 8,326 Sand/ Gravel/ Mine Tailings

27 388,685 Comnmuunity Infrastructure

28 4.757.065  Agriculture and Undiffrentiated

Total 7.311.077 Total 7.311.077

15



Land Information Ontario
Original Data

Norfolk County, ON, Canada
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Figure 7. Map illustrating 18 original land type categorigsthe OLCC
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Land Information Ontario
Reclassified Data
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Figure 8. Map illustrating the reclassified OLCC to consolidate 18 land type categories into 11.
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3.2.2 Buffer Zone

Buffer zones using the AEuclidean Distance
extension in the Arc Toolbox were usedcteate buffer zones aroundnservancy properties,
significant natural areas, roads, and community bounddawgsrs. This resulted in four
Euclidean distance output raster layers which measured 30m distance buffers, two pixels wide,
away from the sourcezll, i.e.conservancy properties, natural areas, roaatsdcommunity
boundariedayers. Each output layer identified buffer distances frea70m and greater using
30m intervals. It was crucial that habitats be built away from the source featomesunty
boundariesandroadsto avoid the effects of anthropogenic activities. Buffer distances further
away were favoured and selected over those directly on or adjacent to these features. Conversely,
close proximity to source featuresnservancy propertynd natural areaswere preferred and
selected since nearby protected spaces would improve the movement and habitat requirements of

the varying species.

18



Euclidean Distance
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Euclidean Distance
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3.3 Model Development

3.3.1 Attribute Ranking and Weighted Overl ay

Each attribute is not equally important in the decigimaking process when considering
habitat suitability models. A ranking system for tastof importance in the habitat suitability
model was developed using the knowledge and opinions of experts in fields considering prairie
habitatsandthe selected species at risk
Reclassification Criteria for Six Attribute Layers
1. Land Cover Layer- Thislayer considers the categories of land identified in Norfolk
County. Depending on the land type, categories will be weighted tothesxeiteria for
suitability based on the habitat requirements for edcisk species. For example, the
tallgrass praie land type would be considered more importantiilife than urban
built up areas. Tallgrass prairie would therefore be weighted a higher value whereas
urban/built up area would be weighted a value of 0 to characterize it as the least suitable
area forcorridor development. Alternatively, deciduous and mitteéd woodlands
would be most important for specifat-risk bird speciesvithin this studyand be
weighted a higher value than tallgrass prairie.
2. Distance from Roads Layer Roads promote fragmemian and have been known to
cause biodiversity loss and ecosystems degradation (Freudenerger, et al., 2013). For the
purposes of conservation planning, it is important to select sites further away from roads
to negate its effects. Using the Euclidean bufdel, buffer distances at 30m intervals
were applied to the roads vector file. Buffer distances closer to the roads were classified

less suitable and the distances further away were classified as more suitable.
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3. Distance from Community Boundaries Layer Urban developmeshave sevee and
lasting effects on habitmandare known to cause local extinctionkich canbe
detrimental to native flora and fau(@hochat, et al., 2006rurthermore, urban
developments often expand through time and threaten egosg/stems as they grow.

Norfolk Countyconsistcurrentlyof a small rurahumanpopulation, however; beautiful
scenic land and waterfront properties make this small town an enticing area for living. As
urban populations in neighbouring cities grow, thespect of urban growth increases in
Norfolk. To minimize the negative effects of urban growth on conservation and
restoration habitats, buffer distances of 30m intervals were applied to the urban areas
vector file. Buffers closer to existing urban areasenclassified less suitable than areas
further away.

4. Proximity to Natural Areas Layer- Proximity to existing natural area is an important
function of conservation planning. Existing spaces have better developed resources and
biodiversity than areas whiare newly restored. Tallgrass prairie restoration sites
bordering natural areas can become extensions of functioning core areas. Through time,
successional development will lead to tallgrass woodlands and forests unless controlled
burns are applied to s#. It is important to have a variety of natural land types near each
other since many species require a diverse landscape and often reside in forest edges and
transition zones. To account for these landscape characteristics and requirements, the
significant natural areagsignificant woodlandandsignificant wetland$ayers provided
by Norfolk County and the MNR were joined. Buffer distances of 30m intervals were

applied to the newly combined ANatur al Ar e
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naturd areas were classified as most suitable and areas further away were classified less
suitable.

. Proximity to Protected Sites Locations which are closer to existing protected sites will

be considered more suitable for habitat restoration and consen@tiaserving sporadic
patches of land would be impractical since patches further away from one another and
isolated are less likely to support a heterogeneous and highly abundant population of
species (Woodley & Freedman, 1995)pRBlations and communitieshich are isolated,

are less likely to disperse (Auffret, Plue & Cousins, 2015) and search for mates or
resources Existing protected sites would benefit from the addition of conserved land

since this would result in the expansion of conserved and resjosed.

. Land Cost Layer- This layer concerns cost of the land in Norfolk County. Using data
collected from various real estate websites, average cost of land Jier Korfolk

County was determined. Categori esonost the
expensive. Land categories which are less expensive, are more suitable for corridor
development and restoration. For example, agricultural land is less expensive than urban
built up land and would therefore be more desirable. This layer was moinube initial
models creating habitat suitability indexes and was only incorporated during the least cost

path model development.
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Within ArcMap the Aweighted overlay tool 06 wa
percentage of importance inthee r a | | MCE. The fdAweighted overl a
several layers and coverts cell values to a standardized scale (Kahinda, Lillie, Taigbenu, Taute,
Boroto, 2008). Percent influences, or fAweight
combined to create one map (Kahinda, Lillie, Taigbenu, Taute, Boroto, 2008). Percentages of
importance are created by multiplying each map layer by its weight coefficient (Store &

Jokimaki, 2003) to determine its influence in the overall MCE.

Community NCC/Other
; Natural
Roads Boundaries & Protected
(CB) reas Sites
Land Cover Buffer Buffer Buffer Buffer
Reclassify Reclassify Reclassify Reclassify Reclassify

} } l } l

Proximity to

. . Proximity t
Distance Distance roximity to Protected

Land Type

From Roads From CB Natural Areas Sites

Combination

Habitat
Suitability
Index

Figure 13 Howchart of habitat suitability index (Models5).
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In Models 15, attributes were orderedlll (least suitable to most suitable) depending on
the criteria defined to meet the needs and requirements of each spepiesi4). Layers
Distance from Road®roximity to Natural AreasandProximity to Protected SitgdlCC/Other)
were given the same layer weight, 19%, throughout all 5 models. TheDizyance Away from
Community Boundariesas given a layer weight on 14%. It is not idealviddlife to resde
within these areas but sorspeciedike Bombus affinusandDanaus plexippusan make use of
the resources within gardens, hedges and other sporadic vegetation found in neighbourhoods.
The criteria for habitat suitability modeling throughout the 5 ndiel not vary within these 4
layers since reclassification requirements for species suitability did not differ.

The only variance in reclassification throughout each model was withlratige Type
Layer. Species habitat suitability is species spedafid, species are highly dependent on land
cover types and the natural resources within those land typekamteCover Typé&ayer within
all 5 models was weighted more heavily (28%) than the other layers due to its importance for
species survivakigure 15 identifies which land cover types are most and least important for

species within each of the five suitability models.
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Figure 14. Reclassified ranking of buffers distances in layers throughout Moel®stance
Away from Roads, Distance Awiagm Community Boundaries, Proximity to Natural Areas,

Proximity to Protected Sites. Most Desirable (11) to least desirable (1).

Layers
Fuclidean Distance Away Distance Away  Proximity to Proximity to Land Cover
Distance from Roads from Natural Areas  Protected Sites Types
Comnmmity
Boundaries
Om 1 1 11 11
30m 2 2 10 10
60m 3 3 9 9
90m 4 4 8 8
120m 3 3 7 7 Variable by
150m 6 6 6 6 Model. Refer to
180m 7 7 5 5 Table 3 below.
210m 8 8 4 4
240m 9 9 3 3
270m 10 10 2 2
>270m 11 11 1 1
19% 14% 19% 19% 28%
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Figure 15. The reclassification of the Land Cover Layer throughout Mod&sHanking of Habitat type within each modeiied

Land Types
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3.3.2Species SelectieBpecies at Risk

Species of concern habituating Scutbstern Ontario were selected for the study using
the fASpecies at Rriskssgeci€dwithia this Istoveré delscted byThé e  a't
Committee on the Status Species at Risk in Ontarl@OSSARO)who identifyspecies that
may be at risk or declinin@€OSSARO uses the best available scientific information, including
community knowledge and Aboriginal traditional knowledge, to determine which plants and
animalsae fat risko in Ontario. A variety of sen:
ensure that habitat variety and quality was considered for a broad ranteits .

The representative diversity apecieswithin this studyincreases the likelihabof
species richness and increases the ability to conserve and restore habitats of more than one
species at a timé(frene and Legendre, 199Aabitat requirements for each of the identified
species was collected and recorded and species with commitat heduirements were

grouped.
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Model 1 Species

Model 2 Species

Model 3 Species

Model 4 Species

Empidonax virescens (Acadian
flycatcher )

Setophaga cerulea (Cerulean
Warbler)

Bombus affinis (Rusty patched
bumblebee)

Parkesia motacilia (Louisiana

waterthrush)

Protonotaria citrea (Prothonotary
warbler)

Setophaga discolor (Prairie warbler)

Model 5 Species

v
Y9

Lycaeides melissa samuelis (Karner
blue)

Danaus plexippus (Monarch
butterfly)

Figure 16. Species selected for this study from the Species at Risk Ontario list.
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3.3.3 Species Requirements and Land Type Ranking Within Models 1

Foll owing Carver, Comber, McMorgstiesfor & Nutt e
most suitable landscapes were determined based on lagatsTypgland cover, i.e.
vegetation, water, urban, etbistance from Road@istance away from harmful infrastructure,
vehicles and human presendB)stance from Community Boundarigkstance from
anthropogenic activities and developmer®spximity to Natural Areagnear forests, wetlands,
lakes, etc) an@roximity to Protected Sitgprotected areas, i.e. NCC and other environmental
organizations, which would benefit from the aduh of surrounding conserved space). These
criteria were used to create an overall index of habitat suitability for the species being protected.
Where all attributes have high values, the land is most suitable, and if one or more criteria do not
match thenecessary requirements for suitability, it has been lowered on the scale towards
unsuitable. Using ArcMap, land cover attributes and Euclidean distances were weighted per

degree of suitability and reclassified to meet species requirements.

Model 1: Acadian Flycatche(Empidonax virescefsind Cerulean WarbléBGetophaga cerulga

The Acadian Flycatcher exists throughout the Eastern United States but is restricted to
southern Ontario by its northern limit. The Cerulean Warbler exists in a broad and patgay r
throughout North America (IUCN, 2018). Within Ontario, both species are found almost
exclusively in El gin and Norfolk Countybés Car
deciduous forests with large tall trees and open understory (MNRF, 20183VvElo most
original Carolinian forest has been removed and what remains are small isolated patches of
forests. This is problematic since both species are regarded as area sensitive species with a

preference for large expanses of deciduous forests, sgléatge tracts of forests over small
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ones (Whitehead & Taylor 2002; U.S Fish and Wildlife Services, 2016). Both species have also
been found in swampy areas, well wooded ravines and along major waterways. (Martin,
McCracken & Cadman 1999; Wood et al., 3pMWhen selecting criteria for the reclassification
oftheLand Typdcayer i n Model 1, ADeciduous Forestso

foll owed by fAiMixed Treed, 0 ATall grass Woodl an

Model 2: Rusty Patched Bumbleee(Bombus dfnis)

The RustypatchedBumblebeeis consideredo bea habitat generali§COSEWIC,
2010). The species is known to be found in Af
sand duneso ( COSEWI ejndag 20110). It exiSt®throbgut skuth&ra y | o r
Ontario and its range extends south to Georgia and westward to the Dakotas (Colla & Taylor
Pindar, 2011).

Southern Ontario is the most densely populated area in Canada and is subject to rapid
urbanization and sprawl, but a large percentdd@nal is also used for agricultural purposes
(COSEWIC, 2010). This combination of factors has been detrimental to the gished
Bumblebeedue t o fAthe use of pesticides, particul a
spillover, climate changsgvere weather events, intensive agriculture, urban and suburban
devel opment , and the road networ k Rustyt el op ment
patchedBumblebeeis a flexible generalist and suitable habitats for the species still exist.

However,additional developments of restoration sites would prove beneficial to population

restoration efforts (ECCC 2016).
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Model 3: Louisianawaterthrusi{Parkesia motacillaand Prothonotary warbl¢Protonotaria
citrea)
The Louisiana waterthrush and Proth@mgtwarbler prefer riparian zones and decidumirsed

forests(COSEWIC2006;Mattsson Master, Mulvihill & Robinson, 2009). Both birds breed in

damp and moist areas near stream banks. They nest in moss covered logs and fallen trees
(Prosser & Brooks 1998/attsson Master, Mulvihill & Robinson, 2009) where nests are well
camouflaged by thick vegetation and dense roots (Eaton 1958; Peck and James, 1987).

Both species are threatened by forest clearing, land cover change, the draining of
wetlands, and loss @fnopy and water pollution (McCracken, 2013; COSSARO, 2016). The
Louisiana waterthrush is regarded an area sensitive species with a preference for large, non
fragmented expanses of forest (Prosser & Brooks, 1998) in steeply sloped areas near streams,
ravines, swamps, and standing pools of water (Eaton 1958). It is estimated that the minimum
forest area capable of supporting this population is 100 ha (COSEAME) and the estimated
territories for nesting pairs are 2ha in area (COSE®IQ6). The Prothorary warbler is also
considered an aresensitive species but little is known about how much area is required to
support this species. It is estimated that forest patches ranging frorf5D0BmMwide could be
sufficient for the species ((Hodges and Kremeh®96; Kilgo, Sargent, Chapman & Miller,

1998).

It is crucial to protect and restore forests and wetland areas that these species are highly
dependent wupon. AMIi xed Treed, 06 ADeciduous Tre
selected as the mostportant land categories within Model 3. While the purpose of this study is

to focus upon species which inhabit tallgrass prairie, the Louisiana waterthrush and Prothonotary
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warbler do not. Nevertheless, tallgrass prairie corridors will facilitate safagebstween one

core habitat and others, improving species range and access to resources.

Model 4: Bobolink ((Dolichonyx oryzivorup, Eastern meadowlal§turnella magnpand
Prairie warble(Setophaga discolgr
The Bobolink, and Eastern meadowlark resi prairie environments, preferring tall and
shrubby grasses (McCracken et al., 2013) whereas, the Prairie warbler favours second growth
scrub and densely grown fields (Kaufman, 2017). Since the decline of prairie habitats throughout
their North Americamange, these species have also been found in hayfields, croplands and on
roadsides (McCracken et al., 2013). The Bobolink and Eastern meadowlark are threatened and
verging on endangered in Ontario (McCracken et al., 2013) whereas, the Prairie warbler is
currently listed as stable however, surveys show declining numbers of breeding pairs in recent
decades (Kaufman, 2017; Southwell 2001). Threats to these species include the mowing of hay
and harvesting of cropland which can coincide with nesting periodsaddertently kill nesting
adults and hatchlings while simultaneously destroying eggs and nests (McCracken et al., 2013).
Decreases in early successional habitats due to reforestation and fire suppression have been
damagi ng f or t he svhicharp lghly de@esdend an graskland haloitats
Additionally, the Prairie warbler is threatened by the brdv@aded cowbird which acts as a nest
parasite and can even cause female warblers to abandon their nests completely (Southwell,
2001).

Recovery stategies include educating the public on the habitats these species nest within,
increasing habitat supply of native grassland and establishing strong links between grassland

species to protect a greater variety and population of bird species (McCraeke@&t3).
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Thus, conserving and developing A0Open Tall gr a
Woodl ando | and types benefits and supports th

species and several others.

Model 5: KarnerBlue Butterfly Cycaeides melissa samuglasnd Monarch butterflyDanaus
plexippu3,

The KarnemBlue and Monarch butterfisare both restricted bgpecialization of the
larvaeto specific plant specie®Vild Lupine andmilkweeds, respectivelyWild Lupine growsin
areaswith sandy soils, grasslands andak savannafMitchell & Carnes 2018) whereas,
milkweeds can grow in a variety of habitats depending otygeeof milkweed specig€WF,

2018) Thesebutterfly species suffer the consequences of habitat loss sincetkégonments
are often destroyed for developments or taken over by natural succession of plants which
generate shaded spaces, limiting the required environmemdKareeds and Wild Lupine
growth (COSSARO, 2010).

Monarchs are regarded a species etsd concern in Ontario, but the scope of their
survival is an international matter. Aside from fragmentation of habitat in North America, the
Monarchdéds overwintering grounds in Mexico are
pastures heavily spragdy herbicides and pesticides (EC, 2014). KaBiee butterflies are
listed as extirpated and have not been consistently reported at any site in southern Ontario.
Nevertheless, the Nature Conservancy of Canada and St. Williams Conservation Reserve are
attempting to reintroduce the KarnBlue butterfly and recovery efforts are underway

(COSSARO, 2010).
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Both speciesvould benefit from the development and maintenance of tallgrass prairie
corridors. Amongst other grass and plant species, Wild Lupinendkeveeds can be planted
within the corridors to support Monarch population growth and encourage the return of the

KarnerBlue butterfly.

3.4 Model Overlay-Optimal Habitat Suitability
In Models 15, the weighted overlay function ordered all cell values& od 1-11 (least
suitable to most suitable) depending on the criteria defined in the function when ranking
attributes. Each of the 5 models were reclass
within the Spatial Analyst toolbox. Numbers of differemagnitudes were attributed to each of
the suitability ranks in each modé&ligure 17). Cells with higher suitability were given larger
numbers and cells with lower suitability were given lower values. The five reclassified models
were then summed inArdGS6 r aster calculator using the fo

i Model 20 OR fHdModel 30 OR AModel 40 OR AModel

Figure 17. Reclassified of weighted overlay values (Model§ o prepare for summing in the
raster calculator.

Models Unsuitable  Poor Fair Good Optimal
Orignal Values (Models 1-5) | 123 45 61 89 1011
Reclass Values Model 2 10 20 30 40 50
Reclass Values Model 3 100 200 300 400 500
Reclass Values Model 5 1,000 2,000 3,000 4,000 5,000
Reclass Values Model 4 10,000 20,000 30,000 40,000 50,000
Reclass Values Model 1 100,000 200,000 300,000 400,000 500,000
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Numbers with the lowewalues, i.e. 111,110 are the result of summing the least suitable
values in all 5 models (10+100+1000+10000+100000) whereas, 555,550 would be the result of
summing the most suitable habitats in all 5 models (50+500+5000+50000+500000). Using the
sum funcion, an output map was created which illustrates the optimal habitat suitability for all
species, in all five models. This newly summed model was then usedMadtes Habitat

Suitability Map

Model |
Habitat Suitability Rankings Within Each Model EE:I
Unsuitable 10,100,1000,10000,100000 Model 2
Poor 20,200,2000,20000,300000 EDJ
Fair 30,300,3000,30000,300000 Model 3
Good 40,400,4000,40000,400000 EE._J
Optimal 50,500,5000,50000,500000 Model 4

w
Model 5
—

111,110 = Least Suitable Master Habitat 1
555,550 = Most Suitable  Suitability Model

Figure 18. Reclassified values in Modelsladded in theaster calculator to create the Master
Habitat Suitability Map.

3.5 Least Cost Path Analysis
Instead of determining cost based on a single factor, a cost surface model considering
multiple criteria can approach a study in a realistic and effective madoeef, 2007). In

Ar c Gl S6 MdMdsted Hahitat Suitabiky MapandLand Costayer were combined.
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The range of summed values within WMaster Habitat Suitability Magvas divided into
11 classes which were ranked. 1 (most suitable to least suitapl TheLand Costayer, which
includes 11 land classes was also ranked from least costly land (1) which would be most
desirable, to most costly land (11) which would be least desiraigjeré 19).
After being ranked, both the reclassified layers werehined using the weighted
overlay tool. When considering conservation and restoration, land cost can at times be more
i mportant to policy planners, governments and

land type and quality are important factor@chieving conservation objectives. Thus, the

AMaster Habitat Suitability Model 6 and #dAlLand
wei ghted overlay and the output resulted in t
Each cell i n the f Comsstnforgationf(ldowey, 260d)aoa@r 0 g r |

Land Cost, Distance from Roads, Distance from Community Boundaries, Proximity to Natural
Areas,Proximity to Protected SitesxdLand Type Each criterion is measured when determining
the cost for the proposed corridoh® A Cost Surface Rastero was th

corridor connecting adjacent NCC reserve areas.

39



Figure 19. Reclassified Master Habitat Suitability values and Land Cost Layer values. Both

layers are weighted at 50% in the weightes e r | ay t o devel op the
Master Habitat Suitability (Sum Values) Rank |Land Cost layer Rank
455551-555550 1 [Agriculture and Undiffrentiated 1
434541-455550 2 |Open Tallgrass/Tallgrass Savannah 2
433441-434540 3 |Tallgrass Woodland 3
344441-433440 4 |Coniferous Treed 4
334341-344440 5 |Mixed Treed 5
323431-334340 6 |Deciduous Treed 6
312321-323430 7 |Marsh/Swamp/Bog 7
233331-312320 8 |Sand/Dune/Gravel/Mine/Tailing 8
223231-233330 9 [Shoreline 9
122221-223230 10 |Community Infrastructure 10
111110-122220 11 |Clear Open Water 11
Layer Weight 50% |Layer Weight 50%
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Figure20. Least cost path model development in ArcGlI S6 Model er.
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CHAPTER FOUR: RESULTS

This section outlines the results of each individual modél) @nd identifies which areas
are best suited to support theecific species for each model. Subsequently, the models are
reclassified and combined to determine which areas would be best suited for habitat restoration
and tallgrass prairie corridor planning. The reclassification and combination of models
determins which lands are best suited for all species needs throughout all 5 models. Models 1

do not consider land cost. Land cost is considesigiithe leastcost path analysis.

=
Reclass Land
Classes

Reclass
Roads

Re:}%ss
Conservation
Areas

Weighted
Overlay

Reclass
MNatural Areas

Reclass
Community
Boundaries

Figure 21. Weighted overlay model template for habitat suitability models.(1

4.1 General Observations
Habitat suitability maps were developed using the weighted overlay tool. A habitat
suitability index, a unitless measure describing habitat appropriateness with respect to species

requirements, has been provided in each map.
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TheModels are visually complex but several similarities between the models can be
identified. Models 1 and 3 are alike since many of the habitat criteria for the species within these
models, overlap. Models 2, 4 and 5 are also similar to one another sine®fthe habitat
criteria for the species within these models intersect. Areas unsuitable for all species, for instance
road ways, densely populated communities and city centres were ruled out throughout all five
models. Predictably, naturally existingntiscapes and existing conservation sites were most

suitable throughout all 5 model2 Model Results

4.2.1 Model 1 Habitat Suitability Map.

Species in Model 1, the Acadian flycatcher and Cerulean warbler first and foremost
require large deciduousristswith thick tree canopie@cCracken et al., 2013; Wood et al.,
2013). Both species prefer to nest in deciduous upper canopy layers but require wetland areas to
be in close proximity to their nesting sites (McCracken et al., 2013; Wood et al., 2013). It
remains uncertain as to why these species prefer nest sites near water, but it is hypothesized that
it is related to food availability and microclimates (Hartman, Maehr & Larkin, 2006).

Existing NCC properties were included in the weighted models and areleglgas
important sites for the development of conservation efforts. Existing conservation sites hold a
layer weight of 19% in the initial weighted model and heavily influence where the most suitable
sites for habitat restoration will be selected. Newaéess, it is important to note that additional
factors such as, deciduous and mixed forests as well as several wetland areas contained within
existing conservation sites influence the environmental suitability in Model 1. Since the Acadian
flycatcher and €rulean warbler both predominantly require deciduous forests near wetland
areas, pralefined conservation sites are regarded the most suitable lands for tallgrass prairie

habitat restoration as these sites contain the mixture of habitat types requineddggecies.
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While deciduous forests and wetland areas are favoured, suitability decreases when these
two habitat types are not next to one another. Consider the lower southern portion of Model 1
(Figure 2. The area in the south, extending southesgtradominantly wetland and shoreline
areas which are important habitat types for the species in Model 1. However, these areas are not
as high on the suitability scale since they lack habitat characteristics required for the species
under consideration. Tis, the existing conservation sites and small area before the southeast
extension, where agricultural, deciduous, and mixed treed land types interlace with wetlands, are
characterized as the most suitable habitats available for Model 1 species.

While it is noted that the species in Model 1 do not frequent tallgrass prairies, certain
prairie restoration areas can be-gedineated during conservation planning to ensure that
successional growth is encouraged. The eventual development of treed lands centbeovi
required habitats these species need. Until then, tallgrass prairie developments can act as buffers

to existing sites as the tallgrass grows into extensions of forested patches
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Model One
Habitat Suitability Map

(Acadian Flycatcher,
Cerulean Warbler)

Model 1

- High Suitability

B |\ Suitability

N

5 10
Kilometers I

Figure 22. Map illustrating habitat suitability Model 1 (Acadian Flycher and Cerulean Warbler)
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4.2.2 Model 2 Habitat Suitability Map

Model 2, regarding the RuspatchedBumblebee identifies the greatest amount of area
for species suitability compared to any other Model. Majority of Model 2 is covered in blue,
indicating highly suitability in habitats. Since the RugigtchedBumblebeeis a generalist
forager COSEWIC, 201} it canusea variety of labitat types. The species has been found in
Ami xed farmland, sand dunes, marshes, urban a
from sever al di fmerleweegd) antosf Rowed ssdi lgovers
(Colla & Dumesh, 2010)
Thoughthere appears to be an abundance of land suited to the frRushyedBumble
bed s habitation requirements in Norfolk county
since 2009 (COSEWIC, 2010; WPC, 2018). Between the yearsZi@) only three
individuals were collected even though thousands of hours of bee surveying were carried out
during this time frame (COSEWIC, 2010). There is a serious concern that the species status will
change from endangered to extirpated as the bee becomes absent frooritalhanhge.
Consideringrigure 23 it is apparent that habitat availability for tRestypatched
Bumblebeeis not a major concern for the species survival. Threats to the species are heavily
associated with agricultural practices. Concerns includepgan spillover, often from
commerciaBumblebees used in greenhouse pollination and neonicotinoids in pesticides
(COSEWIC, 2010). Norfolk County contains approximately 795&frcropland which annually
generates $3.3 billion in total capitéldskin, 2016. This economic asset is one which is
protected by fertilizers, herbicides, and pesticides (Hoskin, 2016) containing neonicotinoids
which ae particularlyharmfulto bee. The harmful substance is systemic and reaches the saill,

plant roots, nectar and pollen which renders what would otherwise be suitable bee habitats,
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http://www.sararegistry.gc.ca/virtual_sara/files/cosewic/sr_Rusty%20patched%20Bumble%20Bee_0810_e.pdf
http://www.norfolkbusiness.ca/economy/agriculture-food/farm-data/

unsuitable (COSEWIC, 2010). Thus, delineated conservation sites are crucial to the survival of
the RustypatchedBumblebeesince these sites would be void of the harmful substances
affecting species survival.

Figure 23identifies existing conservation sites as best suited areas for the species. The
conservation sites are areas whichuldanot use or requirpesticides and would therefore be the
safest sites for nesting. Furthermore, these areas would provide the bees with the uncontaminated
resources they would require for survival. It would be best to expand on existing conservation
sites and create tallggs prairie corridors to facilitate the movement of these species and provide
safe resources and habitats to nest within. Of course, protecting bees require changes in harmful
anthropogenic and agricultural practices but tallgrass prairie restoratiorocoaré a step

towards improving conservation efforts.
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Model Two
Habitat Suitability Map

(Rusty Patched Bumblebee)

B |\ Suitability
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Figure 23. Map illustrating habitat suitability Model 2 (Ruspatched Bumbldbee)
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4.2.3 Model 3 Habitat Suitability Map

Species in Model 3, the Louisiana waterthrush and Prothonotary warblesiimalae
requirements to species in Model 1, the Acadian flycatcher and Cerulean warbler. While the
species in Model 1 prefer to be in close proximity to water bodies and wetland areas, species in
Model 3 are regarded wetland species and require habitatslglabove or next to water. For
instance, the Prothonotary warbler typically

wateré or [near] slowly flowing waterée [where

5m of standing waterorinloyi ng, easily fl ooded areaso ( MNR,
waterthrush Aoccupies specialized habitat, sh
pristine, headwater streams and associated we

(COSEWC, 2006, p.4).

Therefore, habitat requirements between Model 1 and Model 3 species are similar but,
Model 3 species have more specialized habitat requirements which comparatively reduces the
amount of suitable habitat for these wetland species. Thefevegeareas identified as open
water, shoreline and wetland. As a result, there is less suitable land available for the Louisiana
waterthrush and Prothonotary warbler. ObserViggire 24, areas which are most capable of
facilitating the habitation of thepecies in Model 3 are existing conservation locations. The
existing conservation properties contain a variety of coniferous and +tneefbrests, riparian
floodplains and deciduous swamp forests which are the most suitable habitat characteristics for
the Louisiana waterthrush and Prothonotary warbler (COSEWIC, 2006; Huang, 2013).

The Southern portion of the map is also a highly suitable space for Model 3 species since
it is a wide expanse of wetland which provides the species with their dietary negpiiseand

nesting materials (COSEWIC, 2006; MNR, 2012). Nevertheless, the southern extent lacks
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canopy cover and contains several ponds surrounded by a variety of grasses. Like the species in
Model 1, the Louisiana waterthrush and Prothonotary warbleireeg combination of forested
and wetland spaces. While these species can use grasses and tallgrass prairie for habitation, grass
is usually not a dominamtr preferreccover type in their nesting sites (MNR, 201Pallgrass
prairie restoration sitesould most likely be used as safe passageways to larger core areas and
protective spaces when acquiring resources.

Future conservation planning strategies specific to Model 3 species and other species
alike should consider developing tallgrass prairie ecodbgorridors between existing
conservation sites and the southern wetland extent. Furthermore, the successional growth of
tallgrass prairie in certain areas should be considered during planning since these are the

preferred land type characteristic fath the Louisiana waterthrush and Prothonotary warbler.
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Model Three
Habitat Suitability Map
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Prothonotary Warbler)
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Figure 24. Map illustrating habitat suitability Model 3 (Louisiana waterthrush and Prothonotary Warbler)
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4.2.4 Model 4 Habitat Suitability Map

Species in Model 4he Bobolink, Prairievarble aad Easterrmeadowlark all require
similar habitat qualities. All three species are threatened by the loss of tallgrass prairie and
savannah habitats which have been reduced from thousands of hectares to only 3% of its historic
extent (COSSARO, 2011). Thesgecies are known to do well in pastures and hayfields. Since
Norfolk Countydés agricultural fields share si
majority of the area ifrigure 25is identified as suitable. Yet, the Bobolink, Easteeadowlak
and Prairie warbler are listed as threatened, endangered and declining, respectively (COSSARO,
2010; COSSARO, 2011).

Though it appears that there is ample habitat meeting the needs of the species in Model 4,
agricultural management of these habitatesaly impacts species survival. Farm lands have
undergone largscale conversions of forage crop into row crop (COSSARO, 2011). Row crops
are usually tilled and cultivated by agricultural machinery which can be lethal (COSSARO,

2010) to the species in Mddéand several other ground nesting species. Furthermore, row

crops are most often sown by drilling which involves dragging a hoe through the soil and seeding
the furrows created instead of burying individual seeds. Drilling is much more efficient in

farming but can disrupt the sensitive microhabitats many creatures are dependent upon
(COSSARO, 2011). Micro habitats required by the species in Model 4, include moderate litter
cover and high forb cover (COSSARO, 2010) which is often stripped away by iatizestk

farming practices.

Another major threat to these species is the mowing of hayfields and industrial harvest of
crop (COSSARO 2010). Warren and Anderson (2005) have found that vertical density of

vegetation, vegetation height and depth of grouneriare important habitat requirements for
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grassland bird nesting success. Mowing is known to destroy habitats, eggs, nestlings and nesting
adults which leads to nest abandonment, increased predation and results in an overall increase of
mortality rates COSSARO 2010).

The development of tallgrass prairie corridors would directly benefit all species
considered in Model 4, since tallgrass prairie compositions perfectly encompass the habitat
requirements for these species. Of course, management of thestagairie corridors will need
to be implemented to halt natural succession and growth of woody plants and trees. Plans should
include grazing of prairie at the end of breeding season and controlled burns to maintain prairie
compositions. According tBigure 25 the best areas for tallgrass prairie corridor developments
would be the edges of existing conservation sites and the grassy narrows running through
protected areas. The most southern portion of the map also includes grasslands, and wetlands
which are highlighted as important spaces for the species within Model 4. The Bobolink in
particular, can make use of the habitat in the southern extent since it moves to wetlands after

nesting to molt and prepare for migration (Cornell University, 2017).
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Model Four
Habitat Suitability Map

(Bobolink.
Prairie Warbler.
Eastern Meadowlark)

0 5 10

Kilometers

Figure 25. Map illustrating habitat suitability model 4 (Bobolink, Praiwarbler, and Eastemeadowlark)
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4.2.5 Model 5 Habitat Suitability Map

Like the species in Models 2 and 4, the KaBleile and Monarch butterflies, reside in
meadows, and open ardag can also be found in open woodland habitats, sandy dunes, and
scrubby habitats with sparse vegetation including roadsides and under powerlines (EC, 2014;
ECCC, 2017). These butterflies are found in a broad range of habitats which is why several
portiors of Figure 26indicate there is suitable habitat available for the species in Model 5.
Nevertheless, Monarchs are listed as a species of special concern (EC, 2Xathaendlue
butterflies have been completely extirpated (ECCC, 2017).

Both these spees can exist in a variety of habitats but only if their specific habitat
criteria are met. Monarch butterflies use different habitats throughout their life span and adult
butterflies can be found in varied habitats. However, caterpillars are restrictezhsoin which
milkweed grows. Monarch butterflies lay their eggsnatkweed plants (EC, 2014) and larvae
feed exclusively omilkweed. The larvae store toxins from the plants to make themselves
poisonous to predators (Giller, 2015) whilst pollinatmigkweedplants during their feeding
process (EC, 2014). KarnBtue butterflies are also habitat specialists since they require the
presence of a larval host plant, Wild Lupine, to be present for ovipoSBOSEWIC, 200k
Wild Lupine is the only plant that is consumed by KaBleie larvae (ECCC, 2017).
Unfortunately, Wild Lupine is rare to uncommon in Ontario and is vulnerable to succession
without naturadisturbances like fire and grazing (ECCC, 2017).

Though it seems there are a variety of habitats available for these species, their specialist
requirements confine their extent to very specific areas. Withdkiveedand Wild Lupine,
they are unable to suve. Luckily, milkweedis being sold in nurseries and butterfly gardens

where the plant is gaining in popularity and being grown by several concerned citizens
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http://www.registrelep-sararegistry.gc.ca/document/default_e.cfm?documentID=1318

(COSEWIC, 201D Additionally, spaces within Norfolk County are considered areas of high
reintroduction potential fokarner Bluebutterflies (ECCC, 2017) since the land is fit to grow
Wild Lupine, a savannah and prairie plant. Tallgrass prairiedmrdevelopments will
complement existing recovery and reintroduction initiatives and accommodate the specialist

species needs by including Wild Lupine anitkweedin the corridor development plans.
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Model Five
Habitat Suitability Map

(Karner Blue Butterfly,
Monarch Butterfly)

Model 5

- High Suitability

- Low Suitability

N

0 5 10
' Kilometers I

Figure 26. Map illustrating habitat suitability mdel 5 Karner BlueButterfly and Monarch Butterfly)
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4.3 Data Smoothing

Multi-s peci es conservation management i s a
requirements vary. Nevertheless, species can be grouped to identify those which use similar
environmeral resources regardless of taxonomical difference (Block, Finch & Brennan,
1995).In Models 15, the weighted overlay function ordered all pixels a rankbf {least
suitable to most suitable) depending on the criteria defined for ogpraieabitas. These
ranked pixel values were then reclassified within each model to simplify habitat suitability

groupingsand smooth the data #matimportant patterns were revealddgure 28 and 29).
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Figure 27. Initial pixel values (311) from each model wereclassified (3 column inModel 1,2,3,4 and)3o group pixel level of
suitability and prepare for the sum function.

Model 1 Model 2
Old Pixel New Old Pixel New

Old ValuesValue Values Old Values'Value Values

1 29,292 100,000 1 736 10

2 36,605 100,000 2 36,318 10

3 114,319 100,000 3 12,196 20

4 270,982 200,000 4 97,229 20

5 499,796 200,000 5 521,362 30

6 346,118 300,000 6 561,394 30

7 158,638 300,000 7 534,374 40

8 192,066 400,000 8 28,452 40

9 144,447 400,000 9 35,672 50

10 19,700 500,000 10 N/A N/A

11 15,770 500,000 11 N/A N/A

NoData 1,827,733 NoData NoData 1,827,733 NoData
Model 3 Model 4 Model 5

Old Pixel New Old Pixel New Old Pixel New

Old ValueSVaIue Values Old ValueSVaIue Values Old ValuesVaIue Values
1 N/A N/A 1 23,612 10,000 1 25,515 1,000
2 50,038 100 2 16,185 10,000 2 17,442 1,000
3 120,920 100 3 34,194 10,000 3 37,291 2,000
4 265,576 200 4 46,320 20,000 4 52,602 2,000
5 514,913 200 5 149,520 20,000 5 239,599 3,000
6 359,039 300 6 335,183 30,000 6 399,200 3,000
7 181,252 300 7 681,254 30,000 7 571,573 4,000
8 161,921 400 8 429,073 40,000 8 424,759 4,000
9 141,874 400 9 87,330 40,000 9 37,041 4,000
10 16,375 500 10 22,863 50,000 10 22,258 5,000
11 15,825 500 11 2,199 50,000 11 453 5,000

NoData 1,827,733 NoData NoData 1,827,733 NoData NoData 1,827,733 NoData



Reclassification was uséd identify which models overlapped in habitat and resource
requirementsAfter reclassiication, similarities for habitat criteria in Models 1 and 3 and,
Models 2, 4 and 5, became more apparent. The reclassified models were summed so that high
and low suitability values throughout all 5 models could be identified oMaiséer Habitat
Suitablity Map.

Pixel Count-Original Habitat Suitability Models

800000
700000
600000
500000
400000
300000
200000
100000
0

Pixel Count

1 2 3 4 5 6 7 8 9 10 11
Suitability from Least Suitable (1) to Most Suitable (11)

=Model 1 =—=Model?2 Model 3 =—Modeld4 =—=Nlodel3
Figure 28. Original Pixel Suitability (Models-5)

Pixel Count-Reclassified Values of Habitat Suatability
ModelPreparation for Sum Function
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1000000
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200000 7

Pixel Count

L]

1 2 3 4
Swuitability from Least (1) to Most Swuitable (5)

=—Nhlodel 1 =—DModel 2 Model 3 =—MNodeld =—DMNlodel 5

Figure 29. Reclassified Pixel Suitability (Models5)
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4.4 Master Habitat Suitability Map

Models 15 collectively identify preexisting conservation areas as the most suitable
lands to develp restoration sites on or beside. The models were developed placing great
i mportanPeoxnmt bhg 6 olLaprahduth@BroximiyrtoePeaoteded
Si t leyeo Together thedayersmade uB8% of theoverallweighted averag&.hese areas
areregardedmostsuitablesince theyeduce the cost of restoration planning. Conservation
authorities and NGOO6s might already be burden
conservation models and developing conservancy strategies. Instead of pgratdais
required to fulfill conservation objectives, buying properties adjacent to existing sites reduces
costs while expanding natural areas. Moreover, protecting areas surrounding existing
conservation sites can create boundary zones shieldinghgxistie areas. The restoration sites
where tallgrass prairie will be developed can act as buffers for large core areas containing

developed and mature resources with complex ecological functions.
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Model One Reclassification

Least Suitable to Most Suitable
Preparation for Sum Function

Model 1 Reclass
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Figure 30. Map illustrating the reclassificationfgixel values in Model 1. 100,000 least suitable, 500,000, most suitable.
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Model Two Reclassification

Least Suitable to Most Suitable
Preparation for Sum Function

Moded 2 Reclass

. o
I 0
[
B 0
. o
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Figure 31 Map illustrating the reclassification of pixel values in Model 2. 10 least suitable, 50, most suitable.
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Model Three Reclassification

Least Suitable to Most Suitable
Preparation for Sum Function

Model 3 Reclass
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Figure 32. Map illustrating the reclassification of pixehles in Model 3. 100, least suitable, 500, most suitable.
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: 3 AR

7
i Least Suitable to Most Suitable
' Preparation for Sum Function

Model Four Reclassification

Model 4 Reclass
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Figure 33. Map illustrating the reclassification of pixel values in Model 4. 10,000 least suitable, 50,000, most suitable.
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Model Five Reclassification

Least Suitable to Most Suitable
Preparation for Sum Function

Modd S Reclass
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Figure 34 Map illustrating the reclassification of pixel valuesMiodel 5. 1000 least suitable, 5000, most suitable.
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Master Habitat Suitability Model
| For All Species Within The Study

Most to Least Suitable
- High : 555550
-' Low: 111110
N
0 5 10
I Kilometers '
Figure 35 Map illustrating the reclassified pixel valuesin Modéd1 summed i n the raster calcul ator

Suitability Model.: 111,110 least suitable, 555,550, most suitable.
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Y,B‘lgr;; za g *%'?@ Master Habitat Suitability Model
5 Z,ﬁaw g}f}& : j§‘?" For All Species Within The Study

-
-
-

Most to Least Suitable
-— High : §55350
- Low: 111110

Figure 36. lllustration of the sum function. Modets Were reclassified so that pixels in 11

categories wreregrouped and consolidated into 5 categories of suitability. The reclassifiec
model s were added together to create one
pixels representing most to least suitable (555,550,110) pollinator habitats afteall 5 layers

were summed and consolidated.
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4.5 Least Cost Path Analysis

Examining the least cost path analysis, the best route to develop tallgrass prairie corridors
through, are farms lands, woodlots, and-l@ed areasFigure 37 andFigure 38illustrate that
majority of the leastost pattruns through existing conservation areas owned by the NCC (ten
sites) and other conservation organizations (five sites). The path also runs through eight
properties which are classified as ASignifica
Statemen2 005. The eight ASignificant Natural Area
significant marsh, swamp, bog, deciduous and mixed treed areas. Five other properties are
privately owned, four of which are farmland and one which is a rural residplotial he least
cost path analysis also runs through two major road ways, Highway 59 and County Road 60.
When developing the tallgrass prairie corridor, plans to mitigate the impacts of roadways and

other anthropogenic developments and activities shaultbbsidered.

Figure 37. Types of properties included in the least cost path analysis.

‘ - - ancy ivately Ow Signifi

Properties Properties Areas
1.2,7.8,10,19,20,23.24.28 3.6,15,22.25 11,14.16.,18.21 4,5.9,12,13,17.26,27
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Least Cost Path Properties
NCC Property Other Conservancy Properties Privately Owned Properties Significant Natrural Areas| Least Cost
1,2,7,8,10,19,20,23,24,28 3,6,15,22,25 11,14,16,18,21 4,59,12,13,17,26,27 -
: : = A Path Analysis
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Figure 38 The least cost path analysis identifying the best route for tallgrass prairie corridor development to connect an NCC
property in the southwest to a EQroperty in the northeast corner of the map.
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CHAPTER FIVE: DISCUSSION

5.1 Farming Properties Least Cost Path

Majority of the least cost path runs through existing natural areas and conserved spaces,
but five properties are farmland used for agricultpraboses: lot 11, 14, 16, 18 and 21,
(Figures1land1?2). It will be the duty of the NCC to partner with Norfolk County land owners
where the corridor runs through private propelscch of the private farmland properties are

considered below.

5.11Llot1

The least cost path runs through lot 11 but the path could be moved higher on lot 11 so
that the path would run through dAclear open w
interrupting farming activities. Wetlands are important to larger spsaiEsas the Louisiana
waterthrush and Prothonotary warbler. However, it is also extremely important for tHeewnegll
of small invertebrate species like the RuséychedBumblebee, KarneBlue and Monarch
butterfly. The wetland area on lot 11 is surrded by a thin outline of trees which leave the
space exposed to sunlight for most of the year. Unshaded areas in wetland habitats tend to flower
through the entirety of spring, summer and autumn, providing resources for many pollinators
(Buglife, 2011). Wide open spaces in direct sunlight can be beneficial to the growth of a variety
of plants required bgeveral speciesummer heat can be unbearable and deadly. Shaded areas
are crucial for providing shelter and refuge from harsh environmental factonsnéiety, the
unshaded wetland area on lot 11 is directly adjacent to a wood lot. If the least cost path ran
around the exterior of the wetland and into the woodlot, lot 11 would encompass the

requirements for a suitable pathway and habitable space.
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5.1.2Lot 14

The path runs through the middle of lot 14 where there is very limited natural space available.
The current proposed tallgrass prairie corridor would divide this property through the centre
which would cost farmers productive farmland and impedie ffwening activities while

reducing farming profit. For the time being, the NCC could negotiate moving the least cost path
to the bottom of lot 14 so that it would eventually connect with the small woodlot located on the
right bottom corner of this lot. {@ourse, this option would require that the path be moved closer
to Highway 59, which would reduce species habitation, mobility and survival. Nevertheless, it is
extremely important to include lot 14 in the development of the tallgrass prairie corridmskee

the exclusion of this space would reduce connectivity between conservancy properties and
natural areas. Since lot 14 is the property which would cause the most difficulty in the
implementation of the tallgrass prairie pathway, the NCC should p@atquiring this lot if

the opportunity should arise.

5.1.3 Lot 16

A small portion of lot 16 contains a protected site owned by a conservation organization other
than the NCC. The remainder of the lot is predominantly farmland. According to the land
classifications Figure 38 and google imagd-{gure 39), the lot is mowed and planted with crop
rows on either side of the conservation site. While the lot is shown as one large and continuous
property inFigure 38 the site where the conservation propertgtsxdivides the space into two
sections separating the top and bottom Hafure 39). Ideally, the NCC would partner with

farmers and the owners of the conservation site on lot 16 to develop an extension of the

conserved space.
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5.1.410t18
Lot 18 is smilar to lot 11 in that there are natural boundaries around the entirety of the property.
Instead of the least cost path running through farmland, as depidtgpine 40, the path should
act as an extension or buffetraedandntdhédémad
treedo | and categories existing on | ot 18. Wh
valuable field space for crop production, Acr
woodland edge often grow poorly because adjatteatrootsout o mpet e crops for n
(Judd, Schwartz, Peterson, & Elli@018. On lot 18, the development of woodland edges will
be used for corridor development and provide wildlife habitat with little to no crop loss. The
perimeter area usedrfthe corridor development will remain uncultivated and unmown till the
end of autumn when wildlife has migrated (Quinlan, 2005).

Wildlife corridors do not need to be exceptionally wide and a corridor width of
approximately 3m should suffice (Nhijhuis,2Q CWF, 2018). Minimal space is required for
prairie development and connectivity of pathways can be easily maintained (Nhijhuis, 2017,
CWEF, 2018) to allowspeciesnovement, protect wildlife and reduce the possibility of
intermittent threats (Nhijhuis, 2@). Of course, some species like the Louisiana Waterthrush
(Robbins, 1979) and Acadian flycatcher (Woolfenden & Stutchbury, 2004) require larger spaces
to reside within, however, narrow passages still function as transitionary routes and encourage
safe me@ement betweehabitats (de Lima and Gascon, 1999; Nhijhuis, 2017; CWF, 2018).
Thus, the dividing boundary between farms on lot 18 should be transformed into a tallgrass

passageway connecting the conservation property and the tree lot to the right.
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5.1.5Lo0t 21

The least cost path model places high importance on treed/natural spaces and the low cost of
farming properties. The proposed path most often runs along wooded edges located on farming
properties which connect to large expanses of forest. Spac@agrbes specific criterion are

ideal for the development of the tall grass prairie corridor. They are low cost, transitionary

spaces, progressing into mature natural areas, and provide a variety of habitat elements useful for
a diverse range of specidést 21 is similar to lots 11, 14, 16 and 18, in that it is categorized as
AAgricul tur al and Undifferentiated Lando but
rural residential properties. The lot mainly consists of residential properties aadisplly

growing deciduous treefigure 40). Lot 21 contains a wooded area at the southern end of the
property, but the path does not run along the forest edge and does not follow the trend set
according to the model criteria. The path runs throughadl swetland area, connects to the

deciduous trees through the residential properties, and then to the woodlot on the upper right
hand corner. While this may be the most @ffitient way to develop the path, it is not the most
ecologically viable and sushable option. The easiest and most effective solution to connect the

path from lot 21 to lot 22 is to run the corridor on the edge of the woodlot existing on lot 21.
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Figure 39. Lots 11, 14, 16 Google Earth Vidstrating the route of the Least €oPath (blue line) on private
agricultural/residential properties.




Figure 40. Lots 18 and 21 Google EarViewillustrating the route of the Least Cost Path (blue line) on private
agricultural/residential properties.
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