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Abstract

While cities are often framed as the domain of humans, they are not, and have never

been, humaionly spaces. Rather, nonhuman animals have always been a part of the

urban environmerit cities are mor¢hanhuman. Increasingly, scholars are working to

di srupt hierarchiheal nthreinmakisrsga ovieh esriegtbuyat ed a
from antdheabroevieat i veliyoshmmadmaraninmalrestl mfr e
this has all owed for new questionsndt,o alse a
a result, chntresasesicaygkelpe @mtlh-bzoenda na sp | meocr ees .

This dissertation explores the current state and the potential of thehaateuman city
using the city of Halifax, Nova Scotia as an example, but with potential utility for
application in similar cities elsewhere. It begins with a discussion of hovead llown
the default privileging of théelite) humaninterestsn the city through an extension of
the right to the city to urban wildlifo think about what the city could be. The
dissertation then shifts towards an exploration of the current-thardhuman city by
examining spatial patterns in three different but complementary wpgtiaSoverlap and
divergence are mapped and assefsefll) morethanthuman interactions collected
through a naturbased app , (2) multiscale human access to urban greenery, and (3)
morethanhuman connectivitybased on landscape structure opportunities for the
movements of humans and nonhumans in the city

A common thread throughout this work is that cities are fundamentally shared, more
thanhuman spaces produced through multispecies entanglements, the legacies of which
can be seen etched throughout the city. The spatial patterns within urban areas deeply
affect life in the city, for both nonhumaamimalsand humans. These patterns are the

result of policies and actions taken in urban planning and design, which can influence the
city and its residents for years and even decades after their implementation.

The overarching goal of -tthAioamawmo mkubim® i tho ad
geography, paving the way -tfholrn man urreel ateiscems
i n urban areas and working towards more eq
speci es.
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Chapter 1: |l nt roduct

1. lIntroducti on

In the face of the egoing climate crises, and with more than half of the global
population now living incitie¢ Uni t ed Nati ons Department of
Af fairs Popul atincreasingitentiors beingrmplacedod ho® Jo make
urban life more environmentalsustainableWhile what specifically constitutes a city
(i.e., how high or how dense the human population ought todvepea matter up for
debatgMclintyre, 2011; Nilon et al., 2003% common framing is that the city, regardless
of how | arge or how small, is aboiclodicngs$ e
and i@akar sh and unwewlt etmieen gn oennbvui unacanxnpeenctt e d

( McDonal d .dhe ado t, a2 &) ved as the domain o

humansnet hevindnphludbcaedbogut t hered, away from
1A city is any |l arge urban settlement, where o6urban
|l arge amount of people |living in relatively dense
be, and how high orndeesdsthe bhemhor papuamae¢aot o col
matter up for debate and i s specitfaihd ctho tthtee dedli inteir
accustomed (Mclntyre, 2011; Nil on et al., 2003). F
an isolated farm in the mountains may consider a pl
wi || | i kelegr endbota beei tcyonbsyi dsomeone who grew up somewh
millions of people. To paraphrase United States Suj
city is when one sees itdé (Jacfobebddenivty Otho owhil®OIp -
was referring, the issue of what constitutes a cit)
the standards of their |l ocal context. This does noi
u ban arreemdaketder ke are plenty of them. For exampl e,
metropolitan area (CMA) as having a total popul ati
in the core area (StatisticsorCaamdcadmy t200e 20ni tThe Neet
with a similar pobut atdisa fdtdsl aadensdi0t PO0OO¢quiremer
square kil ometer (European Union et al ., 2021). 1In
areas as containing at |l east 2, 000shouBumgawni 2662 2)
debate around exactly what scommdt iitmptoesd aamtcittoy,t haors
def i oift itohna rnecetr mseeded. Rat her, the terms city and
the broadest senséd,ummaasnihrmy eamdyewhdrop etdh pter manent s
community, and the reader i & heamcroanr aag edy tnoe acnesn siind €1
of their own |living arramgemdrnty.and conception of

1



peopCeat es, . TIhq%8,l spe.) 3Hdjueaalcihsirn g sanfdrhas eve.l
popul ar medimosttomatxraenpd@cument aries and \
careful to avoid even theipaycepgnenodf hbm
are ed( Aietdc miugon et al ..Th202®2sulJones at cale.
truly etxlpernemlwmadn sweoer Iwdi | dl i fe for who th

humaantdytbehicndy

The reasulst faofamathgies being the realm of t
nonhumanmn,r bwsnl thhriet s een as out of (pluaoé dand
2019; Van PaBuerci 20RP%anpre notonlayn ds phaacvees .n
Beginning withatnhile woeky nfgi ms i ¢ ihned mhmuymatno t
ani mals have al wayé6Gbegana paeoes8; ofThomasst
Morgan, 3606Mm8) were brought to the city by h
entertai nmeentg.p, & ghpoorsseesse r(u s nc aMoanltiruesal ; Ol s o
ot hers were brought in acci dentel.yg,. ,hibtrcownn
(Rattus nornwnegicues all-Soueh eheatver $ 29 e Mg n
there before the citybdés construction and m
t hei r( eh.ogme, west erPrs euuwlaemy dtup rait aindberi{nha; Soan
Lentini ,bSt2i0l119)ot hers came to the city on 1t}
resources of the city, hecl. | iPkreocctyboenn s olit uorm
i n Toronto; PkKanhgetbée atasyi2tO Di3gsi tosnagea |tl hya tt c
positions humans as the sol erumraenatamrismad nsd a
| argely absent from the story, creating an

Urban nonhuman ani mal s ar ec kodgrtewmnd novfi stitbd ec



t he wheanadmmami mal spi gx@ahl vansba | i vi)a f or ma wur
become just another feature of the wurban,
conf(liffart exampl e, that pigeon dares to def
Ashcrof,t ,or2G6b7/met ho gl susasshh @ eocctceudr a fe nac eb al d
eagHeael i(aeetus )l eimcdoemmdloys Baaydeonh2®mad) ai

i n the cityMigohalnfneoltdere,d 2018 ; Newman & Dal

This dissettabubetsh-&Emmarh et ureric Bwhamre ar e
i ncreasingly centering nonhuman ani mal s an

hierarchical t hi mKkieanrpes wdsietr edtye d uanansbhpar at

relevantly snonhamanh@me enath ¢ ulghtii,s 2t0ulrdn) i s
occurring in a wide variety of disciplines
geogr(aep.hgy., Bawaka Country et al., 2016; CI

2020)Whil e there are sulithleetwthiysci pFknnasyodrc
there are some common threads(2824ildgpt i Di
First, there is a focus on material agency
the only actor stamidé $#thseegearbday ity to shape th

t h-Aomahi nrkeecnoggni zes mul tiple ways of knowir

that see KkomwiemankBeias Bwnalbtlghtthere is a f
and processes. Humame ampombbantevemwadepar at
ot her beings. Rat her, humans exi st in rela

Urban geography is ¢thxpheamaebe¢eiugag, | Eseawn
al ., 2022, Houston etamdh.e, b2@Eh&; nYt deolwer aftf

bet ween the human and néw qQquaedhtuimams itso abhed o:



who and what <ci tiisest haarte cfiotri.e sT heer enebeailtg r e
t h-Amman ippllaadcdesst require recogniamomi@fs non
thaegdbgpyame sole consi der(aRiieonw ot haillma,n 2 2z
20180ch an approach ftoredqiménagemdabpudf cnond
ani mals and recognizes that <cities are not
caereated through mu(e. gpecHess.teMmbaedgn & Ime nt

human approaches toowabds gabgy(res.pge.g,i er Kkus

Cel ermajer et al ., ah®2 la;i nil stcoh askueprpto,r t2 OnRudl )t i
(e. g., Hwrmyo lech,hazh@d h)g our wunderstanding of
the Il ens of nonhuman ani mals and by seekin

relationships.

Thinking about < ihthimensa nt i e otisegrhpar ven diraen t
growth occur s i n adrlensaindneenrt st,h abt@ndhmphpomans an c
(Rupprecht. eQi tailes, a2r0e20i)mportant centres fo
economic centr eauu,mhtamerfe tasr, e batl adtheofe are a
associated with |ife in the urban. Compare
genemalt beyat risk fro¢Benerbechaef pobkhdeddbge
pol |l UKhomenko etcfiGihae2®R228§& Sdeprdosieonlane
anxi(eatryebner ,endoarimu,ni ZGb{@ Bh an ysee a& eBhany a,
Many afrtaeliseos i ncreasi ngl-oyh axgdai e dveeaxtthreegimeé ma
evesitclstas Wahl et, aand hCBliTh)ovlavles, etandl ay e?2
projected tionexe@a&se einteclainmate refugees, f

chamgé ated factors,( Wemntelhsst ®@eoxmi&n (R\vatha mnese s 2



based solutions, such as trees, green roof
being a key component of the fight against
(Depi etri & McPhearson,, 28dd;t Hebéiies &g 1Go w
how urban planning and design can be bl end
support all ur ban wheasried ennot{sP, & uirmacal vedi nag .t,h o2
Soanes et ahis R&49)ed to the devel opment
i ntegrating nature and the needs of wildl:i
wi | dinicfleusi (vep fdelshbgank et &l oph@Bd®t Ic2yp,2 @€%0 1 ¢
Beatl ey & Newamad ,bi2®ddi3yer si t(yGaseamgidt iete aur. |
Whil e there are pragmatic reasons to inclu
such as eco$pAbeem egr atHohessmndalnd )appr oach to
planning and design goes ,bemyoorned dinrtehatolpyo caec
the interests andh ndedsidfy (Fomindihaamgs pR2O604&s
202%0ch a shift in how cities are perceive:
mul tispecies entangl ements have produced t

construct the(étlbusesnoktttamorrawlsg)

| n adtda ttilbinnki ng about the theorsepatciadl ar
anal yses cgani mbei russiegdhttso i nt o ntolrtesh-Emmarent dy
ci Ggographic I nformation Sciences and Syst
enhance understanding of where andrboghnon
techniques EMichl easnd dRE&®Ugtssaan & Zi mmer mann,
di stributiaontddr mc#einlgi ngdi vi dual s to identif

movement (@eagt erbMsDuUui e et al. ,Hi290t1®@r i avelrlky e



techniques have been applied in nonurban e
over the | ast few decades has meant that t
of t((een g., Kirk et al ., 2023;. MNInsethaest adls.o, I
used to better understand how people use t
analyzing Isomaalt phosiet Bdpdabg. yst Eamr piGl o et
Rout et aald. ged@2h)ged photde.pgost dd ®©d wbcCi|
& Sil va, Spt@elcBhanli ques can al so be used to be
species inter awtt hwint-ithéenenmapodotigdi ng i nsig

i nhow t lsefruouban space overl|l apgeamd, diLopreg:

al ., Wh02®) several studies in this space ex
additional research exploring diverse aspe
approach, i's warranted.

1.2 Dischegecaives

This dissert atmeotnh oadpsp | ai pepsr ocaa cnhi xteod phi | os
spatdaxadniyne -mhb-aeman city usi ng Nohveaa sS cioyt ioaf
case study. Various means of assessing and
for potential application toTahrbabhhpbkasnin
particularly objectivestbobwoohbrfbutedesecwh
becomet mbmman geographic i nfrardmatail o rc ogmbii enrac
of critical geographibeachndvepahi al pdapass

were pursued:



( ITo e x proctrded mman et hics and urban planning
to t hmeamnist y n tuhreb acno nwielxd! ioffe iawnngoen md of t |

structures of the city

(2No antaHe zepati al d mo & ehtaamsmamft epg asittiiomes r ec
a nabtausreed app (i Natura-usset pntdol anxdmcoeehowr
usage, and how patterns differ amongst dif

groups

( 3No conmduulctti sacal e anal ysis of bhumpat aatkeygs
applying and3@99essilegfobheur bassn af oprreosxty nhaorr

access-ttheaaommmame ur ban spaces

( 4T)o i nttrheed wooen ¢ @ fhth narfa nmacroemnect i vity to ass
structur al connectivity f r(obnotthh eh upnearns paencdt i

nonhumaamn)d how the various networksamder | arg

( 5T)o synt e siczet e f i ndithgoshggeednteiovactseidb @ r @ mt o

schol arship antdh-pomrazn i ciet if ®s. mor e

13St uat e a

The work presented in this dissertation
Nova @scsofainaillustrative example for demons
dynamics -bh-aonmendgymebe applied, with potent

ci tAsest.he capital and tlhaer gneusnti ldcailptiayt &ieny dNbokv sa



across sofoef 5ur%0n,kmural, and undeveloped
approxi mat el y( SAt4alt,i sk O cpsk oCpatnbai dsar ,wioZx0ka, 1a)p at t
I's placed on t(hdee fciinteydd sa su rtbhaen acroerae t hat r ec
wastewater services; Halamaxt Regl amé&ad iMume
adjacent to it, an?wirtela a ohviema m gp capbwluat i7d0m0
(Statistics CanaddjtR06RB1jyo the human popul
mul titude of nonhumbai he@da@eadir| dwg hv iarsg iwrii ¢

racoons, s n@hpepliyndgr at Jusretrdpeatt GBig&E 0 N302 4)

For many thoustantdandf onreamvh scthandhse hca s yb e
of Mi6kmadki, the traditional territory of
0t he greédbrhahbosenbhegs aokayawassa rich | ands
human and nonhuman popul thiocems yjitmolo®meéi ng

(Al ces) ,alacneds Liomér ao&®abDenal.d, Th2e0 la7r)ri val o

Europeans and the settlement of Halifax in
|l and and its original i nhabitants through
ways of Iife, the colonialoi zvatdidoém fef pjpiup @

with many once abundant species (such as t
t odlaMc Donal.d,Eu20olp7e)lan col onists also brough

region, such as (Bomaed oynektbradtwn rRHOSB; Dea

The |l andscapes of Hal i,faax, heé gdélthyewietahi e d
are residenti al nei ghbourhoods of-usari ous
nei ghbour hoods. Numer ous parks and green s

Park) are embedded throughout the wurban co



areas on the outskirts of the wurban-core (

Birch Cove LakeHaWi fdernesal Abpea)coast al C
Atl antic Ocean, with a strong maritime inf
The city also has a |l ong industrial and mi
| andscape, especially in the areas along t

Forces Base HalifagkFi hgpedi.Hb| ©f &xdéeombanl.
mi-sli zed city with a highly varieetuwrdlyar ofro
amorteh-amman approach to urban geography tha

similarly sized cities.
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ChaptArmarhedauman ri ght to
Advancing the case for ur/|
from theory to pract

2. 1lnt roducti on

The influenti al ur ban st udifesmoaiustl hyo rs tan
t higitt i es have the capability of providing s
only when they arddJacedbtsedd®pldevengbodierr
need to have people fromyyl Howmivteise ofande fre
and have nevenl oeepHhcrdamnmsamnd nonhuman anin
space in cities.Nointhaenatnhaer rev ehroyusnfdi risnt acci ctoyu n
framroughaogut amt sgwhérye nonhuman ani mals su
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t hat t hese caanmotnrgi buvthieamshacanorextension of

to nonhuman ani mal s

As noted i n the oinnhturnoadnu catna rnya | csh af pitnedr ,t hne
citlyrough a variety of ways (e.g., I ntenti c
ur bani zati on pr oc erseso,urbcesisn gNfoa tinilareéatcetiret dy hbey rte
f or ptrheesiemnites e ,s entotnihrugman ani mal s have infl
city as we. klhow examplda,y t he need to have \
dwel ling to facilitate services sipehld as em
the design of roadss aind mary I éigtoind sned Lereintt g
c e ntBEwreyn. wdrek ien ga rheo rrsa@ sl o ntgheeri rc oimniolnuence ca
seen on the design and | ayout of the urban

Montreal(,OlGuo@b, e d2h0pleiig)lhaps not as obvious as

car e, ur thaarv ewiall &sloi fleeft their mark on city
exampl e, human health risks associated wit
pl anning and policies. Rabiesodb@i bmanmyss i nn

Canadian cities viewed MVulbmes)wyv ucldfyaodtieesss ¢ h

|l atyanand stMepleidt skumeaphi(iiess to the adopt

2Urban wildlife, by virtue of their | iviljngaorirch/ ci ti e
constitutRPalerhegr wWVA dlliér) amtpleyochesmpteci fi ¢ human or gr oug
for-tdadlay surwibah wildlife are generally reliant on

and are thus dependent to some extent on humans
Species membership alone does n&voaxmarkel amanyoalthdimasn
kept in the city as companion animals, and, because
and have been br ed tfhoery aa rsep encotf iucr bpaunr pwidledvii @ .i mHow
urban parks or remnant patches 8imibaeky, woome meu.
Il i oPhusma( cdnbaliver taken up resi de€2RQeinnlLoist Aeage(leskeN
Par k Ser wiude,ar20Zlo)n,st i waul ¢ et fiuéswi badd chralsasmanvdi | dl i f ¢
others go their entitrhe luirvweasn wi t hout encountering
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regarding companion animals sluazWw€alpilitenc
2017; Tabel ®tmiallarl 1,97c¢¢@ B dhenrnit sa vd weurs ,d it syeahs
pl ageesul ted in policies and systems aiming

popul ations (parRattubarhyprthh@iakto an r @antdu 6

house Mws smu)f)culAlIss early as 1909, there wer
enforcement of municipal ordi namrcesf iam@ unfd
buil di ngs, i Hya lund igrag brawgrei ciopd ecti on system

c 0 d(kastz, 1909; Lee et al., 2022)

Just as nonhumhayadi anat sl dave making t hi
iand i mpacted human |lives, theiwnfbarnltasngs
behaviours .anUdr lpdry swioll dlgiyf e have evolved di
behavioural trai¢censmecifties ico@mpamedndu&al
Mu n sShoiut h, FO®I7) nstance, sijnucsfade wai d@agddaeag t C
t he average wi-enyed ajdwmndomst hige malSiosut her n Cal
cities has become signi-huiclatn t(UQyi esnmeonatd e& Ytehh
2024)a phenomenon that hasspksesbebeennobedrn
European(Ssuanhbs;nghiltgtaon s& . SEhahtberr Wwi0A&S mak
easier for the KiSrwhd dtl e ou iLglk lpw otvalkdei 2dgfOfa )n
advantage in an ur bananed vp rreodhaniemd h ivghreoa eet ovaet
pose a ma@aBoowhh&eBomber.gelri Ba roxwsc,h 2a0sl 3t)hos e
Angcanmldi ol ageenmuesr d,an environmentch amagwes beerd iln
and toe | ength tionpiempvri cowfef udartrafiaicdys aln. , 20

et al,as 2v@EIdW)eas and wharcghe rl esacvael elsess skin e
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evaporative water | oss, an a{dPabhmageewi ah.
201Wi)th regard to behdanowi hEhadapt hAtitonsct
nocturntaegmpogrally separating t,hemffirnadm ntgh e
consistent across mammalMaarma maaxgne(rfe.og.0,8er e
antdi geearnt(hepd) &, t agdi $ n icnie(nGesy non althaoonder201l
to be heard abovsomehedesowskl of at ke theypit
ur ban areas, (Pauals ; ansd ] carbebatk otoir,tns b8 aRekebti ,r d2s0 0
(Turdus; mBdemétah & Bramd, seOdMed pasmpi gws mel odi
Wood & YezeWhinlae am@f®yY & ghieochnasvi our athavé exi bil
contributed to urban wildlifee@®dskBaowe ds, o
exammplce eaised bol dmresscsy dm draomicadred ps thhem obt a
urban, but it wildl al so bring them into mo

human!| dl i fe conflict whichSatagl |haete dle.t ,hal(

The morethanhuman right to the citis a usefulconcepffor articulating the
rights that urban wildlife ought to have in the city anddbeelatedesponsibilities that

humans have towardsthdmS hi ngnkt wORK3$ to di srupt and

i mbal ances in the urban andofgialela dvpoeccimas g
in the construction of the city, thereby w
urban political and governance structures

whet her they be hunhaanbtwerd chso nchru meaxni.-¢ tlHdhngs wor
human urban stulle ewmo-bbymanx prl iog htmgttd et hceo nd ietx)

urban anddtohei dering what it would take 1t
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2. Mo¥teh-amman right to the city

Though a false narrative, the idea that cities are a hhamigmspace persist$he
result being that nonhuman animals are viewed as out of place and as othered in the city.
This othering, as Shingr{g020)discussesoccurs through two primary means: (i)
nonhuman animals being viewed as immigrants who do not belong, and (ii) nonhuman
animals being viewed as tookffectively denyingheir sentience. It is through
counteringthis othering that Shingne grounds her extension of the right to the city to
encompass nonhuman animals, but | argue that this is just a starting place, and that the
concept can also be used to frame humvadilife relationships in the urbamcluding

with thosewhose presence is genkyaccepted in the urban (e.g., songbirds).

In viewing the city as a humammly space, nonhuman animals are painted as
outsiders who have moved into what is not theirs. The categorization of nonhuman
ani mals as unwanted i mmigrants is often us
detrimental tchumanwell-beingor when they disrupt the existing community,
paralleling sentiments often held towatdsnmanimmigrants. For example, Shingne
(2020)points to how the house sparrolRaser domesticlsvas described as a
iprobl emd and acanue brEitedsStates, athoingathe éanglia@e used
to describe human immigrants at the timedenparisorthat still rings true today(Fine
& Christoforides, 1991)This type of language is sometimes even applied to those
nonhuman animals whose presence in a particular place predates the construction of the
urban. For exampl&ateman and Flemmin@012)describe some urban carnivo(esy.,

red foxes, coyoteg s having fAactively i nyweedféetjsd] city

17



the reverse that is actually often trueamy of thesenonhuman animals were on the

landscape first, and had their homes transforwteeh more humans invaded

As mentioned in the introduction, many nonhuman animals are brought into the
urban to be used by humans, either for their labe.gy., horses; Olson, 201G) to be
consumed as food or other produ@sy., cows used for beef and leather; Atkins, 2012)
However, treating nonhuman animals as tools to be ef$ectively denies themoral
significance of thesentience of these beindgdany ronhuman animals have subjective
experiences of the world@hey have the capacity to feel pleasure paith andcan thus
be affectedy external stimulpositively or negatively. This capacity to have experiences
goes beyond the simple response to external stimuli and means that, just like humans,
they have an interest to not suffer and to (iv8 e n t[1v &8rfL,]9,8 3entient
nonhuman animals have a distinct experience of the world that goes beyond merely being
alive, and what happens to them matters because it matters to them. As such, just like
humans, they ought to lwensidered morally relevant aad not merely a means to
human ends ansb must be thought of as more than tapl$ i n g e.MWhile 2ud dwh )
subjective human lens may prevent us from being able to recognize forms of
consciousness that are vastly different from our own, there are still clear cases of
sentiencen nonhuman animals that we can recognizes generally accepted that
vertebrates, cephalopods, and possibly arthropods are séntentr ch et al ., 20
al ., 2012;.APthedist of aanhumahDcbnBijlered to be sentient has been
expanding rapidly over the last decade, the precautionary principle ought to be applied to
guide interactions with nonhumans, and one should err on the side of it being a possibility

when sentiace is uncertaiq Bi r ¢ h, 2017, Knut sson & Munthe
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A basic starting point when thinking about how sentient nonhuman animals ought
to be treated is to ensure that they are treated hunmiatiedy they are not made to suffer
needlessly. However, this approaften permits harm and suffering as long as it results
in some greater good (e.g., medical experimentation on animals to advance critical
medical knowledge) Donal dson & .Kgpwavel, itwe are to ¥edvhrdinyals
as sentient beings in the same way that we view humans as sentient, theonthosean
animals must be considered subjects of justice and the holders of kigbthumans,
they must be affordethose most basic negative rights that cannot be sacrificed for the
greater good (e.g., the right not to be killed or kept in slaer$)i n g e.lfpdo2 01 1)
otherwise is to inject arbitrariness into the distribution and recognition of rights, which
undermines claims to a just society. While some violations are unavoidable (e.g., where
the rights of one being direct contradict the rights of anothwrhught to have a
mechanism to guide decision making in these conflicts that goes beyond simply
defaulting to the protection of human interests over those of nonhuman atiingals.
this regard that traditional animal rights comes up gfixwhaldson & Kymlicka, 2011)

To fill this gap, there is a need for a system, grounded in rights, for guiding the

obligations that we have towards one another and the relational duties between species

living in community. In this chapter, | will argue that the mtranhuman right tahe

city is a useful mechanism for considering these relatibisthroughcountering or
confrontingthest at us of the 6éotherd, through their
the tool to be merely used, that Shinga@20)extends the concept of the right to the city

to nonhuman animal3.0 protect the most vulnerable and marginalized humans in cities,

the right to the city wasr@inally conceived of as a response to the power grab by the
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elite and private interesti aims to shift focus away from property and profit towards the

actual people living in the urban. It aimsmmre justly distributgpower in the urban

towards the oppressed and the subordinated so that they may reshape the city and life
therein in a fundamental and radical mannéiar vey, 2008; Lefebvre,
from French, or i gi n.dahefundamektal potiomisthatdlled i n 19
individuals who live in, experience, and contribute to the city ought tothavability to

fully accesshe resources dhe urbarthey need to thrivand tobe able taontribute to

the decisiommaking processes that shape life therSimngne argue(and | agreethat

because nonhuman animals occupydhgeandare morally relevant in the same ways

that those humans who are afforded the right to the city, they too ought to hold the right.

In fleshing out the concept of the right to the city, Marq2899)asks and
answers three key questions: whose right, what right, and what city. Skd@ftguses
this same approach to develop the miti@rhuman right to the city, extending the
concept to nonhuman animal others in the urban. To answer the first question, and define
who ought to have the right to the city, Marc(@@09)argues that the right to the city is
to be afforded to all who reside in the city, though the focus must be on those who do not
currently have ii those who are oppressed, alienated, excluded, and otherwise
occupying an insecure place in the urban. Sh{g020)contends that this applies to the
nonhuman animals in the city. Through the illustrative example of street dogs in India,
she draws parallels betwetdtose nonhuman animals who are otidkn the urbanand
the humans who experience similar marginalization (in this case those who live in slums)

showing how both groups ought to be holders of the right to the city.
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Regarding the question of o6what righto,
to the city is not a single, definable rigfitie right to the city is also not an explicitly
legal right (though both Marcuse and Shingne concede that legal avenues may be critical
to realizing the right to the citylRather, it isa moral right thatepresentan
amalgamation of multiple rights that together amount to the totality of urban life,
covering both a physical right to the city (the right to occupy the cityegadut an
urban existence) and the right to contribute to the construction and development of the
city (the right to contribute to what Lefebvre referred to athevre the collective work
and life of the city)Attoh, 2011; Marcuse, 2009ror nonhuman animals, Shingne
(2020)suggests that the right to the city is composed of three interlinked (Deatscess
to spaces and resources; (ii) the abilityto-set ent i fy oneds needs and
consideration in urban decision making processes. To hold the right to the city is to be
able to access the physical space that is the urban. In her Paipgmne(2020)discusses
how the demition of Indian slums, without viable alternativessbaen used to deny
othered humans and nonhuman animals (specifically street dogs) the right to the physical
space of city and to push them further to the margfinsin this common experience of
being denied access to urban space that Shingmeres the mor¢ghanrhuman right to
the city. However, access to urban space is only the first step. It is not enough to simply
be able to occupy physical spaces in the urban. To heldght to the city is to use the
spaces and resources of the city in a manner that allows oneself to thrive, rather than
simply occupying and engaging with the city in a manner that is acceptable to those in
power. To illustrate this point, Shing(@020)points to an example involving street dogs

in India. Volunteers will sometimes put out food for the dogs, but they often do so
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without understanding how these animals operate in the urban and how they view urban
space. The result is that food is often pl
of two territories, causing aggression and unintended consequsacksas violence

between packsThe (human) goal of the action was to feed street dogs, but it was done
without an adequate understanding of how they operate in the world, and not in a manner
that allows them to move naturally through the city and to utilize tloeiress of the

urban on their terms. As Shing(®020)points out, this highlights the need for more

thanhuman approaches to urban planning, and the recognition that the needs and

interests of all urban residents may not be the same. For the first two facets of the more
thanhuman right to the city to be ezed for allwho should enjoy such a right

compromise on the part of all urban residents will be necesgang Shingné2020)

adds that there is a third aspfaadvwe to the q
consideration in urban social and political decisioa k i n g p(@p.AxCGnshse s 0

front, herstatedgoal is to soften the humaronhuman animal divide. She focuses on the
language used to describe nonhuman animal in the political and legal system, arguing that
systemic change starts with changing political language, such as updating local

ordinances anthking cases for a shared urban space to court.

Shingne(2020)acknowledges that conflict will be an inevitable part of the
process of realizing the meteanhuman right to the city, and that cohabitation and
conflict are not mutually exclusive states of being. Whikerigpht to the city works to
disrupt power imbalances, it does not mean that all species will have equal
responsibilities in the moranhuman city. As the primary constructors of the urban,

humans play minescapablylisproportionate role in shaping the urban experience, and
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with this role comes duties and responsibilities to the nonhuman members of the urban
community under an interspecific right to the city. Realizing the rttmaehuman right

to the city will also not eliminate all harm and conflict in the urlé2onflict betwea the
interests of actorts part of coexistence, a natural part of sharing space whether the actors
involved are all the same species or not, but the #t@ehuman right to the city is a

useful concept for navigating the challenges of a Atmmehuman city and for finding

just solutions that do not default to privileging human interests.

Finally, as to the question of what city, the right to the city can, and should, be
realized in every city. Howeveas | have implied in what | have said to this pain
not a right to the city as it currently exists, with its inequities and insufficiencies. Rather,
it is the right to some future city, the state of which is curranthgalized but which
would be constructed kgl its residentgMarcuse, 2009)Shingne(2020)contends that
this also applies to the metieanthuman right to the city, and she adds there is ne one
sizefits-all approach to its realization, as each city has a unique assemblage of human
and nonhuman residents who will get to construct their citgdet their unique needs

within their unique context.

As the right to the city is centred around those who are not yet in possession of
the right, ly virtue of their status dseing otheregthe nonhuman animélo t hhatr s 6
Shingne discusses are a logical starting place for an extension of the right to the city
beyond human@Marcuse, 2009; Shingne, 2028)owever explicitly othered nonhuman
animals are not the only ones that ought to be included in this conversation, and the

moretharthuman right to the city is a useful concepttfinking abouthe duties and
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responsibilities that humans have towards urban wildhi@uding those that are not

othered

As Palmer(2011)outlines, the spatial and social relationships that humans have
with nonhuman animals influences what we morally owe them. She contends that these
relationshipscancategoize nonhuman animals as eitlismmestic or wild on the basis of
being entangled with, or separate from, humans (i) spatially (found/not found in close
proximity to humans), (ii) dispositiorigl (having/not havindpeen tameyl and/or (iii)
constitutively (being bred/not bred in a specific manner by humans). Urban wildlife (as
thetermivoei ng used in this chapter), are not
proximity to humans, but they are typically constitutively wild as they were not
intentionally bred by humans. They also represent a mixed bag when it comes to
behaviourallisposition, with some species having more of a behavidiffafence
compared to their less urban conspecifeag] there is even variation amongst individuals
of the same species. This spatial and social proximity to humans means that urban
wildlife have, at last to some extent, a dependence on humans. Said dependence did not
arise serendipitously. Rather, it was brought about by human act{Atéser, 2011)

There thus exists an entanglement between humans and urban wildlife that creates a
moral responsibility based on past and current human a¢tiéha | me rAsth 01 1)
primary constructors of the urban, humans largely responsible for the situation in

which urban wildlife live. In transforming the landscape to create the urban, humans have
impacted which parts of the landscape wildlife are able to use, and many wildlife that

find themselves in the urbamd up dependent on resources created by hurmans.

closingoptions for a nonurban existence, humans have created certain obligations
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towards urban wildlifeBy making urban wildlife vulnerable, humans are responsible for
reducing or eliminating the problems that said vulnerabilities c(atener, 2011)The
morethanthuman right to the city is a way to understand and outline the duties that
humans, as the primary creators of the urban, have towards urban wila¢feethat

S hi n 2020)mnation that the right to the city ought to apply to nonhuman animals
Shingnefocused on othered nonhuman animalgeneralandthis chaptefocuseson

how the morghanhuman right to the city ought to apply to urbaitdlife, to advance
morethanthuman thinking in urbageographyand work towards a state of multispecies
coexistence in the citypubsequently, will consider what the mortharthuman right to

the city might look like in practice. The three Kagetsto the moretharthuman right to

the city identified by Shingng020)(i.e., access to space and resources, the ability to
selfi denti fy oneb6és needs and, active )onsi dei
will be examined in turn to explore what the future state of the city might be wherein the

moretharthuman right to the city is realized.

2. T2he rigbttyomehes access to sp

If urban wildlife are to have the right to the city, they must have the ability to
access the spaces and resources they reaquingve both physically and socially. The

presence and spatial arrangement of resources for urban wildlife needs to be considered

5The focus herédsonnumkkeamgwiiltdloinf @of theamomgstgue r el
nonhuman ani.maOtsh bnaonnthluenaa i myng mal sompani on ani mal s
| aboratories or zoos) ar e al sroeldaetsieornvsihnigp otfo thhuemarni s
urban more broadly differs from that of wurban wil d]l
el sewher e.
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(at both the broad, citkevel scale, and the finer, more s#gecific scale), but for any
design intervention to be effective, there needs to be a willingness on the part of human

residents to cexist with their nonhuman neighbours.

2. Physical access to space and resou

A key part of realizing urban wildlifebo
resources they need to survive and thrive are present in the city. City building processes
over decades or even centuries have produced heterogenous landscapes with various
microenvironments and infrastructures thaeffectsupport urban wildlife through the
provision of food, shelter, and other key resourcess@&tan include greegpaces, such
as patches of remnant habitat thatensurvived the urbanization procg$§aooks et al.,

2004; Soga et al., 2014ardengVan Helden et al., 2020yemeteriegVillasenor &

Escobar, 2019neighbourhood parkKiielsen et al., 20149nd vacant lotéTuro et al.,

2021) but also features of the built environment such as garbagéGuioss et al., 2012)

and building ledgefNatts et al., 2015)The complex interplay of various city producing
forces such as zoning laws, planning policies, development practices, as well as the
natural geography and topography mean that these resources are not evenly distributed
across theity. This heterogeneity is often amplified through inequities in the human
realm created by urban policies fuelled by systemic racisntlasdismand their
legaciegSchell et al., 2020)The result is that some neighbourhoods have both
underserved human and wildlife populations, creating traps where urban residents cannot
find the resources they need to survive and thrive over the londKemas et al., 2020;

Locke et al., 2021; Schell et al., 2020)
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For example, redlining was a discriminatory practice that systematically denied
financial serviceso neighbourhoods with large numbers of racial and ethnic minorities.
Though the practice has not been official policy for alni@stears, neighbourhoods that
were redlined remain, to do this day, poorer, and less served by municipal amenities
( Rot h st erFormerly radiined neighbourhoods are also likely to hesstree
canopy and other vegetation cowshich often coincides with lower levels of species
richness in birds, mammals, and arthroppdBe ni nde et al ., 2015; T.
Thus, the legacy of redlining is neighbourhoods that are tnedeurced for both people
and wildlife( Sc h el |  dhe city &lso Jook diff@rén) through the eyes of
different beings. Different features on the urban landscape can mean different things to
different specied-or example, as Niesner and colleagues 0 @xflgin, cemeteries may
be a place for mourning, a resting place for the dead to many contemporary humans, but
to the coyote the cemetery grounds may serve as a hunting ground or as a place to find
refuge from higkraffic streets. To the kestrdfdlco tinnunculu} the presence of old,
well-established trees may make cemetery grounds a critical nesting place.
Understanding how different specigsderstand andse different parts of the cityscape
and the links between design and experience are cruciabigrstanding the motban

human city(Niesner et al., 2021)

Under an interspecificonceptualization of the right to the gityban wildlife and
their basic interestand preferences must be part of urban planning and design decisions
Over thepast decade, a numberinferventionshave been put forward to help guide the
urban design process to better support wildlife at multiple sCakes g. , Apf el beck

2020; Beatl ey, 2 0 1Hobexam@@e measuresithaecan ba | . |, 2018
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incorporated into urban design to better support songbirds include planting native
vegetation, especially trees which may act as the host plant for the numerous insects that
birds feed or{Narango et al., 2017installing bird friendly glass to help prevent
collisions(Brown et al., 2019)building nesting boxes to provide a safe space for them to
raise youndDulisz et al., 2022)and using directed lighting and other artifidight -
reducingstrategies to avoid interfering withght migrations(Evans Ogden, 2002)
Severalurban design inventions can be employed to support urban wildlife at multiple
spatial scaleéSee Figure 1 for exampled)he intentional provision of heterogeneity

urban design can also be of benefit as it leads to more variety in habitat resources
avail able across a city. This supports wurb
more options te@hooserom as agents who can make their own choices and live on their

own terms.
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Figure 1. Examples of considerations and design interventions to support urban wildlife
at multiple spatial scales.

29



Cities are complex systems and design at one scale (i.e., a single property) affects
patterns and how urban wildlife see the landscape at other scales (i.e., a neighbourhood
rangef/territory. It is thus important to consider spatial patterns of design interventions
and how individual interventions fit into the broader landscape (Figure 1). It is one thing
to ensure that spaces and resources for wfidlife exist, but they also need to be able
to physically access theander an interspecificonceptualization of theght to the city
While what constitutes accessibility is a spe@pscific or even individual nonhuman
animal matter, there are some general guidelines that can be followed for increasing
connectivity amongst resources for urban wildlife and making it easier for them to
navigate the urban. In particular, there is evidence to suggest that even the smallest of
urban spaces or even indivia buildings can work to enhance connectivity and support
urban wildlife in navigating the city if designed propei@GarbéRamirez & Zuria, 2011;
Ignatieva et al., 2011)ncreasing connectivity amongst resources for urban wildlife may
involve working to lessen the effects of a barrier (e.g., building a road crossing structure
over a highway) or targeting underserved neighbourhoods, working to provide supports
where there are few to none at present. However, care must be taken to ensure that it does
not enhance existing social inequities in the human realm and result in the displacement,
exclusion, or further marginalization of people, impacting their right teithdGould &

Lewis, 2017) As Shingng€2020)stresses, the moethanhuman right to the city is not
about setting aside a focus on marginalized humans in favour of nonhuman animals, but
rather about how efforts to improve the lives of one can be used to improve the lives of

the other, finding oppaunities for multispecies solidaritand a more just eexistence
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No matter the scalayith an interspecific right to the ciiyis critical to ensure
thatwildlife-or i ent ed design features do not becom
development projeci&Gedge, 2017)and that they work to support urban wildlife on
their terms, rather than on how humans would like them to fit into the urban environment.

This brings up important issues surrounding how to know what wildlife need and how
they can be considered in urbagcsionrmaking processes, issues which willkdyefly

discussedater in thischapter

2. ZoZzial accesssaowr cscepace and

Even the most well thought out wildlHariented design interventions will fail
without support from the local human commur{gybro, 2019; Monteiro et al., 2020)
Foramorethanhuman right to the city to be realized, it is not enough for the physical
spaces that urban wildlife require to simply exfgildlife must also be able to safely
access them, something tloligeshumans in the city to accept urban wildlife as

legitimate members of the urban community.

Some urban wildlife are alreadyelcomed into the city by humans who find
some benefit to sharing space with them, such as for the labour they provide (e.qg.,
pollinators) or because they bring joy to the people who watch them (e.g., songbirds).
People may also spend considerable timerasdurces aiming to intentionally attract
such wildlife to theiresidential yardsr other properties around the city through features
like pollinator gardens and bhféeding station§Clucas et al., 2015; Wignall et al.,

2019) But not all urban wildlifearewelcomewithin the city. Some are treated with
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indifference, relegated to the background oflifeeof thecity, either because their

contact with humans is minim@d.g., those that are nocturnal in the urban; Gaynor et al.,
2018)or because they are so ubiquitous in the city that humans may view them as simply
part of the urban fabric, rendering them invisi@ey, pigeons Columba livia

domesticg Nagy & Johnson, 2013at least until they do something viewed negatively
(e.g., when pigeondefecate on human property)still others are actively unwanted by
humans, their presence in the urban completdisted Rats Rattus sp.are perhaps the
guintessential example of this, as they have been vilified for centuries for their
associations with disease and uncleanlinessch depending on the disease or public
health threat, is not unreasonafleeuwland & Meijboom, 2021)And just as people

spend a lot of money attracting the species they apprgttiatealso spend a lot of

money trying to eliminate those which they do not. For example, New York City spent
$32 million (USD) on a plan to reduce rat populations in just three neighbour{@iods

of New York, 2017) No matter their current status as welcomed, unwelcomed or
otherwise, all urban wildlife are deservingtbéright to the cityunder an interspecific

right to the cityconceptualizationas it is not tied to any instrumental basis (i.e., if people
were to suddenly no longer value bird watching, songbirds would still be deserving of the
right to the city). However, those who are unwelcomed will require the most attention in
conversationground realizing the right to the city because they present the most

challenges.

Realizing the mor¢hanhuman right to the city involves legitimizing the
presence of all urban wildlife, and viewing them as members of the community, but this

does not mean that there will be an absence of canlliidlife -wildlife conflict, such as
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predation presents a thorny issues those who would become prey have no less of a
right to the city than those who would predate. If we acceptdbdhe primary

constructors of the urban humans have certain duties towards urban wildlife, does that
include an obligation to protect prey and prevent predation? | would argue that it does
not, as even if it were a logical possibility,order to prevent predation, one would have
to prevent the predator from using the resources of the urban in a waljaivatthem to
thrive, a violation of their right to the city. The predator would either need to be confined
or would have to have their very essence altered through an intensive breeding program.
In either caset would require a level of coercion and confinement that would undermine
p r e d aqualrglst to the city In both cases, thayightalso become more, or entirely
dependent on human&dditionally, preventing predation would also infringe upon the
preyodés right t undetmmne their capapiliti@sdo navigatevheiudwil
environment and to address the challenges they face, including from psetiaéomore
thanrhuman right to the city requires allowing all urban residents to make their own
choices about how they navigate life in the url3drat being said, such a framing
highlights the need for urban design to consider connectivity through aspedties lens

to ensure that prey do niimd themselves boxed into a particular area or overly exposed
in ways thaincrease their vulnerabilitieB.onaldson and Kymlické2011)make this
argument in regards to wildlife that live on their ofigovereign territorie® but the
moretharthuman right to the city would have us extend it to unvédlife, who have

either adapted to having their habitat transformed into city through the process of
urbanization or who actively chosenwve intothe urbanor who have turned to the

urban because of a lack of a more viable optiar these reasons, | will focus on the
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issue of humadvildlife conflict here and a reframing or movement towards human

wildlife co-existence

In situations of humawildlife conflict in the urban (e.g., wildlife getting into
food or garbage, wildlife being hit by automobile drivers), the first step ought to be an
interrogation of the situation to understand Hawnan behaviour impacted the situation,
and if there are options for human behavioural changes that would mitigate the situation
without violating the right to the city of the relevant humand nonhumans:or
example, in a situation where raccoons are getting into garbage cans amg) er@agiss,
a solution to the problem would be for humans to stop leaving food out and to secure
garbage cans so that they are not easily accessible. This solution would mitigate the
conflict while respectindpoththe humarsdbandraccoors fght to the city. In cases where
human behaviour cannot be changed to mitigate the conlfiesie may be ber options.
While a common response to humaitdlife conflict is for humans to try to exterminate
the unwanted urban wildlifeor force them to relocatéhiswould be a clear violation of
urban wildlifebds right to the city and und
community. However, while it may not be as intuitive, deterring urban wildlife from
accessing certain spaces under certain circumsavmeld not be a violation of their
right to the city though it may be an infringeménSpecifically, when deterrents are

constructed to protect the health and safety of people and/or urban wildlife it can be

“The rights af-fbhdemdnbyighe moréeéhe city are not abs
in which the right to the city of one being comes |

predation, mice rtehaatt Ipirveisnegnti na ah ehaulntahn thhome) . I n as
making a distinction between a violation and an i nf
wrong action against an inter easnd,t haant iinsf rpirnog eencet netd
action that can |l egitimately override a right. For
di sease, it is justified tBkaapg htabmps e 2&0rilmal s i s ol
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acceptable. For exampliough it may be an infringemeieventing rodents from

accessing food to be consumed by humans would be acceptable as not doing so would
pose a health riskHowever bird spikes constructed to protect property, not people,

would not be an acceptable deterrétawever, they could be considered acceptable if

they are constructed to discourage the accumulation of faeces as that may be a health risk.
Overall in an interspecific right to the cityhe goal should be to work to adds the root

of any conflict and work towards a more permanent solytibteast where they exist

Over the longeterm, building a culture of eexistence, where urban wildlife are viewed

as neighbours and members of tlbancommunity is essential.

A critical part of legitimizing urban wildlife in the urban is considering their place
and role in the social community of the city. As Shin{@@20)argues, a key aspect of
this is reevaluating the language used to define human relationships with urban wildlife
and move beyond | anguage that frames them
A muchdiscussed mechanism for better recognizinggunb wi | d1 i f eds | egi t i
urban community is to grant them some form of citizendhig,, Donaldson &
Kymlicka, 2011) While interspecificcitizenship is nohecessarily grerequisite for
adopting an interspecific right to the gitile model certainly has its benefits, particularly
in identifying members of a community and in deciding who will gain access to decision

making spaces (which will be discussed in a later section oftistey.
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2.T3he right to the city means in
il denti fy their needs

If urban wildlife are to have the right to the city, there must be some way for them
to selfidentify their needs, so that cities may be designitkd them instead of merelpr
them(if they have been considered at .allhis will require looking for new ways for
urban wildlife to participate in city building processes, and for humaapgmach
multispecies urban planning and design from a more informed perspective gained

through careful observation.

While they cannot attend a public meeting and take the microphone to tell us what
they want, urban wildlife reveal their preferences to us on a regular basis. As McKiernan
and Inston€2016, p. 490yvrite in regards to the Australian white ibiEhfeskiornis
moluccg , Ahow are we to know what is best for
spoken Ibis in living-with humans and nonhuman others reveal their desired habitat and
food sources. What is left is for humanstospsaki bi so0 (emphasi s i n or
learning how to speak with urban wildlife, humans can begin to use their lived experience
to shape urban design decisions. Observing how wildlife use the city at various scales can
helpdecison-makersto better understand the linkages between design form and function
and can be an effective starting place for decision making. While design interventions,
such as those discussed in the previous section, are important, they are only the first step.
It is dso important to understand how wildlife respond to the cityscape and whether

designs are functioning as intended.
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One could make the argument that observing urban wildlife to better understand
their preferences and inform design decision is not ideal, as they may be doing what they
mustdo rather than what theyantto do. In other words, the behaviours observed may
be the result of adaptive preferesead reflect what is necessary for survival in the city
as it exists at presemtither than sompossible alternativetatethat may be more
suitable for them or reflective ofthen di vi dual 6 s .ghearbamr r ed exi st
environment itself may beablditptopmake mi si ng non
independent choices about how they navigate life in the whaiiustheir right to the
city. Thus, there is a need to redress compromising structuresestd a cityvhere all
have the opportunityotthrive in the urban environmethis connects to the point made
in the previous section about the need to prokiterogeneity in urban planning and
designunder an interspecific right to the citpnceptualizationTo get a better sense of
what choices urban wildlife might make under different circumstances, one can look to
their conspecifics in more rural settings to inspire urban design choices. However, it must
also be acknowledged that there are differenceshavieurs and preferences of urban
and ruralmembersf the same speci€Ritzel & Gallo, 2020; Sugden et al., 202Thus,
insights gained from the behaviour and habitat choices of rural wildlife should only be
used as inspiration for things to try in urban design. They are not necessarily the end
solution, as those need to come from the urban individuals themsebmg ofrwhom
are stilladaptingto city life. Designing for urban wildlife, much like any other endeavour
in the city, is a neveendingih wo r k i n thagt wilbclgangeoses time, constantly
adapting to new residents arriving to the city and new refsidgning a voice in the

city. Individual preferences may also change over time, further highlighting how this is
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not a ondime onlytask butrather is aecurringone. Finally, as will be discussed in the
next section, jJjust because someone express

up beingaccommodated the morethanrhuman city requires compromise.

2.Tdhe right to the city means ac
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The morethanthuman right to the city will require shifts in both how cities are
physically designed and constructed and how wildlife are viewed in the city. It will

require humans to view wildlifeds presence
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being deserving of consideration in urban planning and design. It will require humans to
see urban wildlife as part of the community and able to themselves contribute to urban
decisionmaking processes, so that we may work towards a place where citiesraye
constructedvith urban wildlife, rather thafor them(if they are considered at pllThe
moretharthuman right to the city ian evolvingprocess, because as new individuals
(whether they be human or not) gain the right and begin contributing tmtistruction

of the city, they change it and prompt new avenues for compromise and change in the
future.While some ideas on how to get there are outlined irctiaptey the reality is

that we cannot know for certain what the mtranhuman right to the city will look like.

If the anthropocentric foundations of urban planning and design are disrupted and
dismantled, there will be major shifts to the physical and social aspects of the city, and
the result may be far beyond what even the most radi¢alagfinations can conceive of

today.
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five kil o(ned rcea potuurfeera wi de-uvbhanet gndscapbas

used as thEi @uudn areabtohdt?7@dih&kmaa

popul ation of appPtaxiwmati elsy Cahadagoz2021)

48



Road and
Natural  ROW
Corridors

NAD83 UTM Zone 20N
Map Created by: Caitlin Cunningham

Figure 2. Map showing the different lanalse classes across the study are¢be Halifax

urban core (those communities which receive municipal water and wastewater services)
plus a fivekilometer buffer. Inset map shows the location of the study area within the
Halifax Regional Municipality (HRM) and the province of Nova Scotia.
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3.

Dadcaqui si ti on

2i Ratturalist

I Natur al i-seased aippsaavbse eep| o aadnap/ h stoawgrdapf
cordings of theirThet eoabumanasrsguettthemat e
entified by the c¢ommabmitlyl ioonn tohbes earpvpa.t i Toon
er the world have been r 8&&noirldleido no nu stehres p
Nat ur al iFsote,h 420G 25 ) research grade ebserva
ar period ending on July 31, 2023 within
re then filtered to oinnltye riancctliuodnes tbheotswee etn
nNhuman( aina mas$ $ hforsregiofamud knownand xvae ravee r e
assified into silk.t@akRendmta weoepbu(Thbl

cl ude dploss d iwintal acbceut(tbecrg. pft Bh€® myptir cal

sociated with the GPS in most smar.tphone
nally, to understand which | andscapes we
er the course of the year, datagpererecay, |

rr-taxonomirea glrboguapt emovi ng recofdanwi ohher

cord made by the same user for the same
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Tablel. Taxonomic groups used to classify humaaldlife interactions recorded in
INaturalist, and the classes contained in each group.

Taxonomic Group Classes Included in Group

Birds Aves

Fish Actinopterygii

Insects, Arachnids, Insecta, Arachnida, Chilopoda, Collembola, Diplopode

ArthropodsandMolluscs  Malacostraca, Maxillopoda, Bivalvia, Gastropoda

Mammals Mammalia

ReptilesandAmphibians  Reptilia, Amphibia

Other Anthozoa, Ascidiacea, Ascidiacea, Clitellata,
Gymnolaemata, Polychaeta, Scyphozoa, Tentaculata

3.2LanmBe

Data from the Nova(Scwvai 8cébirasbDepaveme
and ForestNgvaz28dé)i a Par ks g mMdvRr cStceod ti ead
Department of EnvironmendHl iHreatxkG| iQrdddddl dGdea n
Regi onal Mu n i, c iHma li if tay, UZ damhda)FHhA cargitn gCanopy
Bound@iHaleisf ax Regi onawe rMu nu sca do athasteyr,mai0eoifg
t he study?2ar eSae Webnegloatneds ses were i dentified
and protected areas with mor e (ctohvaenr e5d0 % yn at
forest, wetl andhatormarroanlotbamr erags ks or prot
oriented parks (parks and protected areas
(4) residential (properties zoned as- resid
uses (e. g.l,a-nidrest istuwcthi arsaluni ver sity campuse
commercial/retail areas such as -Wscewvnwaswn) .

defined see Appendi x |
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3. Da3mal ysi s

3. 2UBd&r s tunepati thgr ns

Descriptive statistics were used to und
dataset, and whether the data used in this
contributing a f ew aogeboertdrsi beuata linogosdrsebeyy a f e
common wigememnuase€td owa®kaMakriyannis,, 2011; C
i ncl udi ng( DiNaQeucrcaol jiestt whs ,f @@Rd )t hat more t
points were produced by just 1% of wuser s,
both the full dataset, contributed by all/l
Osuper usersodousempaoprdibeaptdes owimet her t he
we e kenar batalser tiempobhal d&ei¢ansuenads thoawh ¢ ht he ¢
ot her communi t(yCesuwriteenrc eetd adla.s,et 20alp3;e ris G en

user activity by time of day, day of week,

During the period of this study there w
bioblitz is asdicememae nafferititzenr ecord as m:

designated | ocati on (ainNla ttuirneel ipSehrei 02d0 2adasb apnods

iterations of the City Nature Challenge (o0
Hal i)f awver e included, as were the 2021 and 2
(occurring in | ate September on the univer
positive tool for encouraging people to co
t artged | ocation and intense recording effor

analysis. To assess tbaeremphts, ofhéeéehanbli pb
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bel owcwedddwietedn2 @wintdhout the inclusion of da

bi obJlaist ave8dflorag he bioblitz data on its own.

3. 2HB8gpdahal ysi s

For eachlhadedxdagonal tessell ation across
of i Naturalist recorskse swerde tabsxtaestiedpgaesdsit edriqy
foeratlhxonomic group (birdsandalsleccd ss, amamra
and r apamphisbi ans; there were not enough ds
figr oatpos run a robustOran &liygiGelit $sSRkaew@Esat, i s 99
then calcul ated for eacbhEsei.) RO 2metGrl iSc Pr

i denst atestically sigmatfiamhtc dl9P % rotnd | vdlee

values (i.e., those that are very Asfflrera
was | i kely to be spati al-Orhcet@ir* getneetiitst iia v
over t-Oed G6ti jasd atthestmocdi fi er takes i nto acc

to provide a more robust(®Getssré&. O0fdsphadda

3.2l defBtlamgiesimmpdrt ance

To understand the distribution of i Natu
uses, and to determine whether some cl asse
met hods of( Z0%e)ze ebkr cadd! yhbaobhowéey only cc
I n their Sgprealifdical |y, the propcret icdrmsaf wals

cal cul at 2¢ls dtosxeanaocnh ¢ group. The proportion
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each-ulsandl ass was al s @ rcecalogudnmeadtnagal g sa sceefd tol
tessellation cells recorded as b@rdg a hot
anal ysi seexaocttssheffosshe;r . versd) dwenrget 0tolBe ni nu sRe
determine whether the distri bwtsieorr|lamfssobse
di ffered from theugpe oploads oamcrods £ atcthe | emtdi 1
which were determined t-bopa&i rswigma EkiteBt sy w
used to cal c(uAgartees tbid,d s20a0aghé¢i localnads s t o det ern

classes were contributing the most to the

3. RBesul ts

A tot al o f-wi4l, BI5i3f eh uinmatner acti ons recor ded
i n this analysis (Table 2). These interact:
uni que users, who each recorded between 1

itheractions and a medi aneofghlheBeafstep 1 @&f

to as Osuper user so)i npreovaicde d n56 % n( 2t,h6 9s4 )d a
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Table2. Number ofesearchgrade iNaturalistrecords recorded in thgtudy areaover a
two-year period endingn July 31, 2023. The total number of records for each taxonomic
group is shown, as are the number of records contributed by super users and those
produced through a bioblitz.

Taxonomic Group Number of Number of  Number of
iNaturalist Super-User Bioblitz
Records Records Records
Birds 2,417 1,567 712
Fish 22 13 4
Insects, Arachnids, Arthropods 1.862 877 463
andMolluscs
Mammals 299 175 54
ReptilesandAmphibians 219 54 48
Other 34 8 0
Total 4,853 2,694 1,281

3. J.i Imi mggc oorirdtear act i ons

Mo s t

( 62 %)

occurrededtwereing hthe

expected

2021)i t found to 3be. the expect(eod, =
t her e activity on i Naturali st
(Fi gu) ebut det ai ed analysis indicat

Appendi x

recorded

occurr.i

t her e

nteractions

tblyho n and tmovnitthy

hour s

of3a}lo0

bet ween

occurred
bet weenedtairdtear. a @atnido rbs p( 2n%)
Al mhoagt

woul d (b€owar wer kemdalbi,as20h3;

he super

user s. super users were found to

t he wi especially n December, Januar:
compared do®r s egueéapeativel y). Only i n Sept
substanti al more | i kely to contribute
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Noti ceable peaks in the monthly data durin
of bioblitz evénosm oNadatralasgqui tedtotal,

produced t hersonucgl hu dbeido bilni ttzhi2s. sWhhey (1226 %) ntiéd
associ at edeswiet hr eomoovbel di tfzrmumit ehre cadfatdasen, bot

Apr il and B5eptbeymbdreorr earteha3n ) hal f (Figur e
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Figure 3. Number of humawildlife interactions recorded in iNaturalist in the study area
over a tweyear period ending on July 31, 2023, by hour of the day they were recorded
(a), day of the week (b), and month (c). Numbers of records are shown for all records
involved in this analysis (i), with the records produced through a bioblitz excluded (ii),
and only the super users (iii).
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Removing the recor dse s$perdo dtuoc ecdh a nhgreosu gihn by
hot spot swiolfdIhiufm@ani nteractions were occurri:t
were that the hotspot@Gpartiuvaul Dall hostsu &l &wn

the bioblitaend wéhed Bi ttat takeJirda ITi mber | e

di sapgpemut small er dint sap smtusnmbeaelrs o fe meersged en't
Ki nsac, Fairmount) and natur al par kKfs) (e. g.
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produced t hersou e mmosh!| ist gni fi cant of whi ch
Studl ey Campus, and in natur al par ks aroun

Point 49Figure

Hot spots of records from super users we

compared to the rd4deyst ©hey hmalingley sarcét & coghdsr ew i

wildlife in parks, especially in natur al p
plus a handf ul of residenti al nei ghbour hoo
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Figure 4. Hot spots of humawildlife interactions recorded in iNaturalist in the study
area over a tweyear period ending on August 31, 2021. Results are shown for all
wildlife (a), birds (b), mammals (c), reptileasd amphibians (d), insects, arachnids,
arthropods,and molluscs (e), all wildlife withbioblitz records excludeff), all wildlife

records produced through a bioblitz (g), only records contributed by super users (h), and
records contributed by nesuper users (i).

Y.
5

(@) All W

¥ 4

A 4
ildlife

-
@
K [}
(e) Insects

Arthropods &

60



3. 3d&ntlafhgsiersignpdr t ance

T

he distri-bseiohabyg bhnHoth i Naturalist

confidence) were significantusye dcilfafsesreesnthb yt
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ss the study area (p value < 0.05), fo
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red by them for all taxonomic groups.
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nted parks were more important for int
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| mportance of theswhkatahdscapesudepemdsdaos

whet heresbiwebrle (tFzn &;u udeebdl es 3, 4) .

When the i Naturalist records produced t
anal yswamsothiegrei fi cant -udsief fcelraesnscees ionf tihnep d r:
compared to when they were included in the

change slightly (Tables 3, 4), they were g

(p < 0. O&pt.i oithet @ xttchi s were hotspots of int
0.0471). In this case, natural parks were
| ilmcapes were |l ess |likely (Figure 4, Tabl e
Looking at the bioblitz records on thei
parlkst his case natur al parks were found to
i nt eract i oor itehnatne dh upraarnk s, except for- birds,

oriented parks was hi ghliesre.s ™Wmae d&dtstoe rf @ ucnadt
i mportant, aspecisa&lldy aixeecals]l aamadhni ds, a
mol |l uscs. Residenti al areas also emerged a
gr ou pass s(easlsle id rndasmxrea;l amédect s, araamadi ds, art
mol |l uscs) durirmg Damlbdés tZesd) ( FFR@murerome t ax
usel ass distribassessmd mmazbestainddmphi;bi ans

anidnsects, araahmoldlsysas)t hamepohisesegdot axéball
mammal amédects, araahmoldlsysas)t hwempeodsi gni f i
fro biobttihanr tWhlae &dtirtsed rfi blult i dant aset (p < 0. 05

di fferences were found i anddlel usscsecdrsqou@,r a:
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primarily due-use ,chlaiskSeoltyhebredcdwsnaed of t he hi

recoirmdetdhe Dal hoSutsuidelaeByp 0o d |5 FiEgwnhes 3, 4).

Super users were found to have signific

of contributions to i Natwuralist compared t
0.05) . Li ke all users, par ks weumerhnpdernt san
a hi ghert htaenn dbed thoeywrb eu sreercsor di ng i nSepacti ons

usarsxhi bited a highernapruavadl egma e sofc ormgpcaare
oriented parks for every taxom@mpiac eglr ¢ wp e
ot her upeer u,sesg s epxrhe vba lteendc iean ol fohweeer@uostell s r 6 | &

category (TRibd werse 3, 4) .
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Figure 5. Proportion of the area contained in each lamsk class in the study area,
compared to the proportion of iNaturalist observations (a) and their hot spots (b)
recorded over a twqgear period ending on July 31, 2023, for all wildlife, birds,
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Table3.

Odd s

Rat i

0s

from

t he

pairwise

Fi

sher 6

iINaturalist observations found in each lande class to the proportion of area occupied
by each laneuse class in the study area with and without the bioblitz records included in
the analysis, as well as the records produced through a bioblitz and by super users in
isolation.* p < 0.05 **p <0.01 ***p<0.001

All Wildlife Birds
All Bioblitz Bioblitz ~ Super All Bioblitz  Bioblitz Super
Records Excluded Only  Users| Records Excluded Only Users
Land - Use *kk *kk *kk *kk *kk *k*k *k%k *kk
Natural Park 3.41 3.53 2.32 4.13 3.04 3.16 2.68 3.29
Human
Oriented Park 4.41 4.83 2.29 4.41 5.68 6.10 3.56 5.26
Natural 0.25 0.28 0.25 0.30 0.28 0.28 0.32 0.32
Residential 1.32 1.49 0.84 1.24 1.16 1.24 1.08 1.24
Road & ROW 1.79 1.79 148 179 1.64 1.48 2.11 1.48
Corridors
Water 0.39 0.50 0.23 0.50 0.62 0.72 0.17 0.78
Other 1.68 1 4.00 0.71 1.49 1.10 2.65 0.90
Mammals Reptiles& Amphibians
All Bioblitz Bioblitz ~ Super All Bioblitz Bioblitz Super
Records Excluded Only  Users| Records Excluded Only Users
Land - Use *%k%k *k%k *kk *kk *kk *k%k *k%k *kk
Natural Park 4.61 4.37 5.56 4.49 5.68 5.80 5.08 5.20
Human
Oriented Park 2.71 3.14 1.86 1.43 2.29 2.71 1 1
Natural 0.52 0.55 0.46 0.52 0.37 0.30 0.52 0.64
Residential 1.49 1.41 2.30 1.98 1.24 1.24 1.24 1.24
Road& ROW 1 1.16 035 132 1.16 1.32 0 0.68
Corridors
Water 0.12 0.12 0 0.12 0.17 0.17 0.12 0.34
Other 0.61 0.71 0 0.31 0.71 0.61 1.68 0.41
Insects, Arachnids, Arthropods& Molluscs
All Bioblitz ~ Bioblitz ~ Super
Records  Excluded Only  Users
Land-USE *k*k *k*k *k*k *k*k
Natural Park 3.29 3.77 1.36 5.56
Human
Oriented Park 3.56 3.98 0.55 3.14
Natural 0.18 0.21 0.12 0.18
Residential 1.49 1.81 0.12 1.16
Road& ROW 2.27 2.59 068  2.59
Corridors
Water 0.17 0.17 0.28 0.12
Other 2.16 1 6.91 0.51
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Table4.

Odds
INaturalist hot spots (99% Confidence) found in each lase class to the proportion of

Ratios from

t he

pairwise Fi

area occupied by each lange class in the study area with and without the bioblitz
records included in the analysis, as well as the records produced through a bioblitz and
by super users in isolation. * p < 0.05 ** p < 0.01 ***p <0.001

All Wildlife Birds
All Bioblitz Bioblitz ~ Super All Bioblitz Bioblitz Super
Records Excluded Only  Users| Records Exclude Only Users
Land_Use *kk *kk *kk *kk *k*k d *k*k *k%k *kk
Natural Park 1.72 3.29 1 3.16 1.48 1.48 1 1.48
HumanCriented 2.71 2.71 0 0 2.29 2.29 1 1
Park
Natural 0.34 0.41 0.14 0.37 0.12 0.12 0.21 0.12
Residential 2.46 2.71 3.84 1.90 2.38 2.46 2.54 2.54
RoadandROW 0.18 0 0.52 0 0.18 0.18 0.52 0.35
Corridors
Water 0.38 0.34 0.94 1.60 1.22 1.27 1.16 1.38
Other 1.87 1 1.87 0.61 2.46 2.36 2.55 2.16
Mammals Reptilesand Amphibians
All Bioblitz Bioblitz  Super All Bioblitz Bioblitz Super
Records Excluded Only  Users| Records Exclude Only Users
Land-USE *%k%k *k%k * *kk *kk d *kk *% *
Natural Park 2.20 1.96 1.24 2.20 3.16 3.29 2.20 2.32
E;:Eano”emed 1.86 1.43 055 055 1.86 271 0 1.86
Natural 0.34 0.43 0.80 0.52 0.55 0.41 0.62 0.77
Residential 2.30 2.38 2.06 2.14 2.22 2.71 1.81 1.41
RoadandROW 0.18 0.18 018 0.8 0 0 0.35 0.18
Corridors
Water 0.56 0.62 0.56 0.56 0.45 0.34 0.84 0.50
Other 2.36 2.07 1.78 2.07 1 1 1.58 1.58
Insects, Arachnids, Arthropods& Molluscs
All Bioblitz ~ Bioblitz ~ Super
Records  Excluded Only  Users
Land-USE *k*k *k*k *k*k *k*k
Natural Park 1.24 1.48 0 1.60
HumanOriented 3.98 3.98 0o 271
Park
Natural 0.5 0.50 0 0.62
Residential 3.11 2.71 4.73 2.71
RoadandROW 0.18 0.18 1.32 0
Corridors
Water 0.34 0.45 0 0.56
Other 1.29 1.58 3.23 1
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3.4 scussi on

The work presented in this chapter exam
I Natur ahi simlhndé§ éaxow t hese patterns vary betw

user groupstitreroruchedrertad ady n tnfmetehshpomma nt h e

ci.Ggneral patusesnsdenti fandd -wisl dImpfoe tiamtt e if 8
recorded in i Naturalistiwatedthat patksa(b
|l i kely to be the site of a recorded intera
However ereheli € fwrenoesesi wewéi thel madgt i mpo
on which taxonomic group of wildlife was b
were, and whether the records were part of
3. Pax ks: Different taxonomic and use

I n nacdeepep dat a

Parks emerged as i mpewitladnti flea nidnstcearpaecst ifo
the type obrpanke@hamanatural) most i mport
wildlife interactions depended on the taxo
t haepp userosr.i edhutreadn par ks (e.g., sports fiel

found to be very impwitdhtfkeandsteapesi bas
i nsects, araahmoldlsys @as fakasmedg cféclr talxla when c
toget Homierv etrhe @zasetsagpda a4l shoul d be noted t
the records either fell into the amategory

mol | uscs, so thisbyetshwétrecoddkeilly bRrode | w:
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rements of specific species.

per users, those who arieNamousrtaldesdi,c anme
|l i kely to be recording their interact
except whenand tclaeme WwWer éimalrsg | i kel y t
ding interactions. i hherad uarad mareyd sr @als
e the case. 't may be tdhamf crutpaeb!| a siem
ali nareeraesstoerd in outdoor recreation act
ide with natural gpamkeyrescrt timewirmay iH
mer alome mi xSopethaesews) may al so be mo
se they are specifically seaecloiomdg eosut

eryday basi s i(nkKoa &Eeome e loyn., pA2® il7mp cerdt aar
e for futureomdckwsetarhr woamisde dw imghpt rast eurr se
r under st andnatkowmgandewltyhotilteeys drhey do
standing how t hese apwisl dalrief eb @inrtge ruascet

hese apps may bteh-auosneadn twoo rfliadcvi e wt lad ea las
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help to understand the underlying biases I

ecol ogy and conservation science research.

3. Na2 aredist hi outesnghe keaf. The role of a

basapdp use

As al r eahdeyr enovtaesd ,a tst ark diffememee bet v
t h-Aomant eiracti ons recorded in natural areas
wor k. Although only comptiusiahgp@¥%ksesf wehe ¢
t hanqguwaret er of the recor®ed Tihrutset beetl man sv e( :
natur al par ks wersfeohimgédcogr ds kiehayd piedoeicat i loynt |
when maommarlesmedmpbeseswea@asi nvol ved or when rec
UseFi dgurleablCns t3hed)ot her hand, natar B ar ea
cover 44% aorfe a hyeeytsaaodygunted for a little o

recorded i %l eF®gtrens (11

Ot her data sources and expert opinion i
area are iIimportant habitat for( Ailladnltiifce, r
Canada Conservation Data Centre, 2022, Nov

2021)  ust as they arEAionsomaat aaltas 20354 wh

2015; Il ves et al ., 2DHe& ;f iSodinreg KerLe ndfi ntih e
of an i Naturalist record ocdwrersi mgpti nmmeannd
wil dl i f e haorssg mrod | n attéass, that they are | ess
peopl e, and thus |l ess |ikely to be recorde
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site plays a major r owiel dini ftehei nti &kred dthiomrd ¢

natur al areas i n parks tend to be easier t
study area, all/l natur al parks,haae @andilbrs
transit, but there are few trails outside
public spaces and therefore | egally access

may be privately held or puothéicliaceesisnagnad
on Cr own/ pTubbdti cb dtamgdhad esied noit ed t hat | egall

does not meanasomespebpketbaael more barrie

nature, even in parks(Byrome ph3@iZalComrazswmr
Perry et al ., 2021)

Even within natur al p awi K sd,| itfhee ilnitkeerlaicht o
particular | ocation is not equal. The more
l i kely it will-wbd dtl hd esAiitnd saifatd cloummpanm i son
observations in natur al parks to trail net

t wWoFi ®ur eThe combination of being good habi
attract-segkinmgupeopl| e makwisl dleicfbeo dismtgesrraedt |

l i kely, especially if the | ocation is easi
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Figure 6. Humanwildlife interactions recorded in iNaturalist in relation to the trails in
three natural parks in Halifax: Point Pleasant Park, Five Bridge Lakes Wilderness Area
andtheBLT Trail, and Bissett Lake Park.

3. 46€.03 haenade s : |l nstitutional spaces an:i

i Natural i st dat a

The O0o0ot her 0 -wcsaetse,gowhyi colf ilmanlduded i nstitou
uni versity campuses, hospitals), and indus
miliary base), was fowhddtofbei nthmpopatanbnte
during Risoblhiuszésmhdss was quite broad, the
variation within this cltabsbsno man tiemtmesr aodt ii an
Future research may want to further break
Speclilfy,cauni versity campuses (where biobl it
nat-hhaeed appsanmayi oaecyr preas (where civili.

good candi dateesfor their own <cl|l ass
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More than half (57%) of t-hseei olasacwepna
of a bioblitz, of which 94% were on Dal hou
rel ated | edrenigng ddteimviltliees et, adnd R&2dar ¢
(e. g., Brown et al ., 204d®d Eepnt 1¢$%uglik, 83 ol
O6Donnell & Brumkaegani @23ty campuses, I n
Uni ve(rGaistsy et, dlh.e, s2@21)0f frequent i Natur al
for hwinhadn i fe i nteractions on campuses, but
basaepdp use on campus highlights the need to

i n the contexi def tbeoadder | nciehmype concentr a

feature of many datasets pull ed M ragmsdtNatta
some research agendas (e.g., an inventory
ot hete.sg., patterns of phendml dgey;msDiofCaedaa ac

patter nswiolfdlhiufneani nt er ant aeaet #&.hdlyhaeayc haarbeb &
representation of real i nstances and show
of hawmawnl!| i fe interactions, but they also n
Understanding the circumstlhased apperwavdh i @
i's i mportant if 1t i s going to be used in

i mportant t o unndde rtsenapnodr alh eb isapsaetsi ailn at he da

I n this dataset|, most (86%) of the reco
Campus were phuout evema wWwWhebl|lihe,records fr ol
this campus stildl stood out when compared
area (none of which hosted a bioblitz duri

Dal housi e sriedeeoroded hme®uthe ol dd zes, Sai nt Mary
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camptueanf Mount Saifnitaye¥e vnaeta nDal haonudsi eds ot her
campuses (Carl eton anh GlRixit gmt, s riespexan ived
basaepdp use and suggests that Dbioblitzes can
more regul arWhiNlad uasaddsssi nugset.-basmdt appt ueBE
and their introdudteiyomd ttd et e oplyaatpfperarm i wa
toimeline with the(20D,88¢ymnhgsf oodn Meteluast erte arl |
people whose first introduction to i Natur a
on the platform after the eventodos compl eti
a random sampl ez oppr ajsectss,anandipbdilnt out t|
across users and | ocales). Ohers have foun
greater awareness of wildlife in urban env
highlighti nlgathoooM tihre yb wialndi ng a popul ace wi
appreciati-boméaonrr éebedé@®as soktleakn g i & PRyl ;e ,
2014; Pot si kHosweevterag |l .i,t Zthdu)l d be cautioned
still in its infancy, and there is also a

t hemsewhveb i s another i mportant avenue for

3. L£Lohsiderations for urban planning:

Whil e par ks andswetrhegr apsr cetxepcetce ce da-r d anp o r
t h-amman interactions recorded in i Natural./
| mpor t antchean nvorr ei nt eracti ons are occurring
fabric, suggestingvituthdbta nhuvmd rdd i Shearmeo rsep aod

domi nantwoalrd alh a w@g s nbde lnige vséhea.r g.d, bKr eott sheerr
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2008; Ni esnen ets ahtug BMmMPpbrodmmitne i ntentio
urban wildlife to a handful of designated
by the builli.enyviAlanhkpsartts ohcl hesndlean i adt
yaracnsdnsti tut,hanve@l aspatesto pl ay hthm mtalne sup

city.

3.54.i mitations

't is Iimportant to note t hats ubhseetdadfa tuf
human! dl i fe interactions that occurred in
i nteraction would not be recorded in i Natu

who are not active on theeplsatafrer motb uti ke
every interaction they have with wildlife
recorded on i Naturalist, the user must <cap
meaning that they must a&amd/s et me ywomwks tn gh adweer i ¢
us e pier haps the organism | ooks interesting,
they want to know more about-wiiltdl iThel si, ntt dnre
i nvolving i Naturalrd®dudedres moh atv-avaesread sn dtor
app usage ar e | artighee yd eugnrkeneo wno, wshoi ctho t hes e
mo rteh-amman worl dview, thus representing an
Additionally, whibéiisNatdat al osnt ideesiseosop
soci al medi amay ahdeems| nt herems of the age,
soci oeconomi c (sStnattuhs & fAnidtea sbaneg h 206l 8i) s no

knowi ng what .tO¢éeherbbasasesaienpacting the d
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daadebeei ng dLClolueateed et al ., 2013; Kelling et

and what speci es (aAlet riwndil,ud2e020;n DO.heF.d aWaa d

3.8oncl usi on

This chapter examined the spatial and t
how these patterns vary between different
with implicatiucres pfiamenumdgam!| &t anaf t hi s st ucf

parks and recreation areas awiel dmpbetant f

i nteractions, they are not the only wurban
i nstitutional spaces @amuehalasouinmpertsamnty &m@
rloe in building the foundations of strong,
However, these spatial patterns were depen

i nvol vedl so shows maiae amiil mp i todbht tgaetsewa

nat-hha®ed apps and garnering a greater appr ¢

the potential to skew bTrhoiasd eirs dnaotta sneetcse stshaer
but it does mean that any reseababedoapdpst
needs to take these factors i ntloased sdapmdes a

needs to be unidehres thboovd haannwlty na fe xdat a col | e«
being able to discern patterns and to draw
emerging field of research, but darme st hat o
studyghltihmdhnhygy user sonmakebuftavbhacssedoappsurand

usarake many, wi thhavtihneg |tahte repsoptegetnotai pat le ntpoo r a |
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patterns in thendatnaswienstpeerc.i allhliys cont ext i
understand, and future research should aim
using these apps. I n addi ti onorttdobh ppmarnv i di ng
I nt er,acandnwender st and ih#ag mauwmp,v asl duceisomr e sn@a rec h
woul d al so increase the -buatsield tayp posf tdoa teac odleo

conservation science research.
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Chaptemddrstanding spati
human access d$mwmaae:baMampier

3300 rule across Hal i f.

4 llIntroducti on

A key component to understanding the mbr@rhuman city, especially in an
equity-forward approach, is to better understapdtialpatterns of human access to urban
greenery (e.g., parks, trees)d how said patterns vary amongst different secmnomic
factors It is a criticalcomponento betterunderstandingpatial patterns in human
wildlife interactions (Chapter 3), where movement patterns for humans and nonhuman
animals may overlap (Chapter 5), and which humans are more likely to be involved in

these interactions.

Urban greenery (e.g., parks, trees) is recognized as being a key component of
naturebased solutions that céie used to combat some of the key challenges facing
cities today(Depietri & McPhearson, 2017; Hobbie & Grimm, 2020ybanites are at
greater risk of exposure to unhealthy concentratiorsrdBereitschaft & Debbage,
2013)andnoise( Eur opean Envi r o poliuantgandicliesarey, 2020)
susceptible to the impacts of climate change associated with increasingly severe
precipitation and temperature evef\fgahl et al., 2015)such as heat wavéBuholske et
al., 2021) which can be amplified by the urban heat island eflRamamurthy & Bou

Zeid, 2017)However, urban greenerynot distributed evenly across citieseaning
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their benefits are not distributed evenly, and residents of different neighbourhoods
receive unequal benefits, and are exposed to different levels dNtskerous studies
have shown that marginalized populatiofien live in neighbourhoods with lower tree
canopy coverage and fewer green spélceske et al., 2021; Schwarz et al., 2015)
increasing thie health risls to adverse heat effedlitchell & Chakraborty, 2015; Zhou
et al., 2021 pand air pollution(Tessum et al., 2019as well as limiting their morthan

human interactions

Heterogeneity in patterns of urban greenery has led to the development of various
metrics for measuring and mapping access to green (@oeas overview of some of the
most common metrics see Ekkel & De Vries, 20THe 330-300rule, proposedby
Konijnendijk (2022) combineseveraimetrics to guide planning for equitable human
access to urban greenery at multiple spatial scales. The rule has three comfiprents:
minimum of three (ideally well established) trees should be visible from every home,
workplace, and schod(ii) at least 30% treeanopy cover in every neighbourhood; and
(iii) a public green space of at least one hectare within a 300 m walk of every home

(Konijnendijk, 2022; Figurg).

This chapteraddresses two key lines of inquiry related to access to green space
acrosHa l i f ax 6 s Thafirshista undecstanel patterns of access to green space at
multiple scales by mapping the -830-300 rule across the study area. Ebeond line of

inquiry seeks to better understand whmong human residentsgs access to green

SMarginalizedhpmao!| poplmthaée apesi ence social, economi
exclusion based on characteristics s®clhnasnicace at e
disability, or religion. This exclusion results in
communities and | imited access to opportunities an
partici pa(tNeatiinonsaolciGoalyl aborating Centre for Deter mi
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space by examining the relationship between t868-300 rule and socioeconomic
factorg. To my knowledge, this is the first time this rule has been spatially applied and
assessed.

The 3 Component: At least three mature

trees within view of every The 30 Component: A minimum of 30%
home, workplace and school ‘(> canopy cover in every neighbourhood

The 300 Component: Every home within
a 300m walk of a public green space

Figure 7. The 330-300 rule is a multiscale approach for assessing human access to
urban greenery.

4 Met hods

The methods presented her 8&@N0a aridl & wios a
mapped across the study area to identify p
relationshi-pBlO&dt waer tamel 3 oci oeconomic fac

|l o¢aldi cator of spatial autocorrelation (LI

For this analysis, the study area was d
which have their geographic centre within
Census tracts were used as a common geogr a

compatrbiet wese-8BtOMDe rail e and socioeconomic cha
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popul ation obtained f(fomt 29Rilc CaCanada, CR@;
consist of a popul ati(mangde &f 02,0 5@otpadne7 ,0H

aver a2g. ek By fr ab gk Bt @ 9 .kof .
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Data Sources: Statistics|{Canada 2021, Nova Scotia Ggvernment 2022, Esri

Spatial Reference: NADS UTM Zone 20N St u d y A re a
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Figure 8. Census tracts contained within tiedy area. This work was focused on the
urban core of the Halifax Regional Municipality, defined here as the cérsts which
have their geographic centre in the urban corte areawhich receive municipal water
and wastewater servicéblalifax Regional Municipality, 2013)
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4. 2Mazp.pi n@ BtOh0e R3u | e

Each component of the3-300 rule was mapped across the study area and
guantified for eacltensus tractSpatial patterns in these outputs were evaluated using the
uni variate | ocal Morandés | statistic, a sp

that identifies spatial clusters of extreme values for a single att(ogelin, 1995)

4. 2S2ellnge 3t aMelliilshed trees from every home,

For the 030 c30800 wlethenamount bf candpsithirBview of
abuildingwas used as a profgr the number of trees visible fronomes, workplaces,
and schools in the study ar@&iilding footprintsfor homes (those on properties zoned as
residential), workplaces (those on properties zoned as commercial, industrial,
institutional, or military), and schoolgere obtained through the Halifax Open Data
portal (n =64,713 (Halifax Regional Municipality, 2022aYiewsheds were determined
for 10% of buildings in each censwmact(n =6,465. The sample was used because of
computing restraints and was selected using the Create Random Points tool in ArcGIS
Pro (v.3.0.2( E s r i .,For2h@ @irasiruction of the viewsheds, it was assumed that
anywhere along the buildingés peri meter <co
based on a height one metre below the top of the building (i.e., viewshedsasedeon
potential upper floor windowsWhile thisa decision that is in line with similar work in
the relevant literaturé i . e . , C o »t doed meanlthat,the Galzulated viewsheds
are larger than the actual viewsheds as very few buildings have windows all along their
top edge. The Viewshed Tool ArcGIS Pro (v.3.0.2] Es r i and 2 digita2 surface

model (DSM)(1 metre resolution; Halifax Regional Municipality, 2018®re used to
8 2



determine where lines of sight were obstructed and the total viewshed for each building
in the sampléo a maximum 5100 mfrom the building This 100 m cutoffthough
shorter than the distances humans canvgae used to reduce computing times, sind
focus on those trees most in view.
As the 06306 c S3630®ralespecifiesd prefeteree f& well
established treg&onijnendijk, 2022, p. 825Yhe amount of canogydentified using
Planetscop@magery)that was at least six metres above the grantiwithin view
(based on a canopy height model derived from a DSM and digital elevation model
(DEM) obtained through the Halifax Open Data portal; Halifax Regional Municipality,
2018b, 2018ayvas used for this proxy. The individual canopy area of a random sample
of fifty trees across the study aneare calculated s ampl e deri ved from p
dat aset ; Hal i fax Regional Municipality, 20
and points were discarded if theyandii d not
was found that canopy areas were on average?83hms 300 rhcouldreasonablye
used to represent 3 trees, and while this would fit in nicely with-8@300 rule, a
minimum of 600 Miwas used instead because, as was discussed above, the viewsheds in
this analysis were larger than they would be in realihe canopy area within each
viewshed constructed was determined and the mean canopy area within view was
calculated for eachensus tracfThosecensus tractehere the mean was at least 600 m

were considered to have3080@tule.t he 636 compon
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4. 230:2A minimum of 30% forest canopy cove

While there are many ways to define a neighbourhood, hecetiseis tractaere
used to readily compare results to socioec
3-30-300 rule, the percentage of ea@nsus traatovered bytree canopyvas calculated,
and those covered by at least 30% canopy were considered to have met this component.
Tree canopy was identified as vegetation (identified uBlagetscop@nagery) that was
at least one metre above the gro(ioased on a canopy height model derived from a
DSM andDEM obtained through the Halifax Open Data portal; Halifax Regional

Municipality, 2018b, 2018a)

4. 230268 homes shoml| df ba gqui @edim ns B®&Oe t hat
si ze
The final component of the30-3 00 rul e, 63006, stipul ate
should be within 300 pr oxy -monutef walkk aordHedah tlhi ne wi
Organirzadommendat i owofasingl¥grken spale®flablgast one
hectarg Konijnendijk, 2022) A network dataset of roads and trails was generated using
the street centrelines and trails datasets from the Halifax Open Data(pbtiall i f a x
Regi onal Mu ni c i paad used to detePriing thedworkdistaric flom
all residential building (identified as the largest building on properties zoned as
residential)in the study area (n 57,767 to the nearest green spatae network was
constructed to not allow walking anajorhighways butravel along all other roads and
trails waspermitted.Green space asdefined as any space in the parks dataset from the

Halifax Open dataportdl Hal i f ax Regi onalkswdluasang i pal i t vy,
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undeveloped area covered by forest, wetlands or rock bgNera Scotia Department

of Lands and Forestry, 2016jor this analysis, publicly accessible green spaces were
emphasized, so spaces that have highly restricted access (e.g., Ministry of National
Defence lands) or require payment to use (e.g., golf courses) were deleted from the
datasetFor eactcensus tragthe mean distance between homes and green spaces was
calculatedThose census tractghich were found to have a mean distance of 300 m or

| ess were considered to ha3030 roe t the 6300606

4. Red ationshipxxBbetweka &ahd 8ocioeco

For eachcensus tradn the study area, key socioeconomic factors (median
household income, percentage of the population thatdesitifies as a visible minority,
percentage of households that are occupied by homeowners, and the percentage of the
population with a postecadary degree) were obtained from the 2021 census (FXyure
(Statistics Canada, 202Tjhrough both aspatial (ordinary least squares (OLS)) and
spatialregression modelspatial error model (SEM), spatial lag model (SLM), bivariate
Mor an6s I-@cqgnonticHaetorswereoimpared to the meareaof mature
canopy within view of buildings (component 3), the percentage canopy cover (component
30), the mean distance from homes to a green space (component 300), and the number of
components met. All regression models and spatial statistics were ngn@epbDa

v.1.20.0.3¢ Ansel in .et al ., 2022)
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Median Household Income ($10,000)
42.4-62.4

(b)

Visible Minority (%)
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Homeownership (%)
6- 10

11-16
17 -
23 -

34-

(d)

Post Secondary Attainment (%)
6-10

0 10 km

Socioeconomic Factors

Census Tracts, Halifax, Nova Scotia

| | | Spatial Reference: NAD83 UTM Zone 20N Data Source: Statistics Canada 2021

Figure 9. Distribution of socioeconomic factoas the level of census tract from the 2021
Canadian Censuga) median household income, (b) percentage of the population that is
a visible minority, (c) homeownership rates, and (d) the percentage of the population that
has obtained a postecondary degred\ll factors are classified using quintile

classification.
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The analysis began with an exploratory regression to assess all possible
combinations of the candidate explanatory variables using a standard linear regression
methodology (OLS; Equation 1Adjustedr? and Akaike Information Criterion (AIC)
values were used to assess the strength of the models. The KkBasketttest Koenk er
& B a s s e wds usedlt®aBsegses whether the variables have a consistent
relationship across space, and the JaiBpreates{y J ar que & wasasedtp 1987)
assessvhether the residuals were normally distribufed.passing models were found
using this technique, but the methodology assumes the error terms are independent and
random.This assumption is not always satisfied in practice, especially where there are
spatially driven processes in play. Tobl er
related to everything else, but that near things are more related than distant teisgs) m
that the value of a phenomenon observed in one location is influenced by the values

observed in neighbouring locatiofsTo b | e.r , 1970)

U wr R

Equationl. Ordinary least squares (OLS) linear regression, where y is the observed

values of the dependent varialfieean amount of canopy visible from homes,

wor kplaces, and schools (the 0636 component
component), and the mean distance from a h
QT are the sum of the values of the explanatory varialleslian household income,

percentage of the population that is a visible minority, homeownership rate, and

percentage of the populationith a postsecondary degregach multiplied by their

regression coefficients andis the random error.

To assess and account for spatial patterns in the data, two spatial autoregression

methodologies were used, each of which accounts for a different type of spatial
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dependence in the data: §EM, and (ii)) SLM. SEMincorporates the effects of spatially
correlated error terms (indicatis@me unmeasured, spatially correlated explanatory
variable) into the linear regression model (Equation 2). SLM introduces a spatially lagged
dependent variable to the linear regression model. This spatial lag accounts for when the
dependent variable at asgn location is affected by the independent variable(s) at both

the given and neighbouring locations (suggesting a diffusion process where events in one
place increase the likelihood of similar events in neighbouring places) (Equation 3). For
these analyss,a queen contiguity matrix was used. Census traetsconsidered to be
neighbours if any segment or vertex of their spatial boundary coincided with any segment
or vertex of the spatial boundary of the focahsus tractsThe resulting SEM and SLM
models were compared through th&i€ and loglikelihood statistics, with the models

with the higher logikelihood and lower AIC deemed to be the better fit model.
Heteroskedasticity (the variance of the residuals) in the models was assessed using the
Breuxh-Pagantest Br e us c h & . IPtlegeaults werg Significant,
heteroskedasticity is no longer a problem in the model (variance is consistent). The
likelihood ratio test was used to evaluate the impacts of the addition of a spatial factor
into the model. A significant result indicdtéhat adding in a spatial fact improved the

model fit, but it did not completely account for the spatial effect.
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Equation2. Spatial Error Model (SEM) whemis a nx1 vector of observations of the
dependent variable, is a nxK matrix of observations of the explanatory variables,a
Kx1 vector of the regression coefficientss a nx1 vector of spatially autocorrelated
error terms,w - is a spatial lag for the errors, is the autoregressive coefficient, aind
is the remaining error term.

U v7U wr R

Equation3. Spatial Lag Model (SLM) whete wis a nx1 vector of spatial lags for the
dependent variableud, ' is the spatial autoregressive coefficient (a scalar parameter

that indicates the effect that the dependent variable in the neighbouring units have on the
dependent variable in the focal area)] is a nxK matrix of observations on the

exogenous explanatory variables multiplied by a Kx1 vector of regression coefficient

( foreacH ), and- is a nx1 vector of normally distributed random error terms.

Finally, the relationship between the833-300 rule and socioeconomic factors
may not be geographically linear. In fact, it was assumed that significant spatial clusters
of extreme values for both access to green space and socioeconomic factors asist acro
the study area. To identify the location and significance of such clusters, a local indicator
of spatial autocorrelation, bivariate Mor a
uni vari at e (Anmsalirg 1995)batit allows for the identification of spatial
clustering of two variables instead of g@eselin et al., 2002)As was the case with the
spatial autoregression analyses, in this analysis a queen contiguity matrix was used to

define the spatial structure of the data and identify neighbouengus trast
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4 RBesul ts

4. Mappi ng@ BtOhOe R3u | e

Across the study area, a totalfive census tracté/.2%) met the conditions for
all three components of the3®-300 rule.Two census tract®.9%) met none of the
conditions 41 (59.4%) met the minimum conditions for just one of the conditions,2dnd
(30.2%) met the conditions for two out of three components. Of those where only one
component was mea)l only met component 3Vhere two components were met, the
most common combinatiol census tracts, 26,)%as components 3 and 300 (Figure
10). Overall, it was found that the minimum conditions for component 3 was réé&t in
census tracts (97.1%omponent 30 was met @éightcensus tractél1.6%), and

component 300 i&3 census tras (33.3%) (Figurel0).
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Figure 10. Census tracts meeting each component of {88300 rule,as well as the
total number of components where the minimum standard is met
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Spatial patterns in the various components of t88-300 rule, as well as the
overall number of components met, were further elucidated using the univariate local
Morands | st at i silshowwhérétbererar@ ptaisticalty sighifiogqni (p e
< 0.05) clusters of exceptionally high and low access to green space (shown in bright red
and blue respectivelyLlusters of high access to green space were found along the
northwest arm on the Halifax peninsula s{Begure8, C5)( t he 6306 and 06300
components, and overall number of components met), as well as in ClaytaanBark
Bedford (the 636 and 6306 components, and
of low access varied across geographic space depending on which component was being
examined. Clusters of | ow visiblogreenanopy (
spaces (the 03006 component) amwdel ow numbe
concentrated in Dartmouth, fromdoodsideto Eastern Passageigure8, D5). For the
63006 component (neighbourhood tree canopy

Halifax Harbour on both the Halifax and Dartmouth sidegure8, C4)

This analysis also revealed significant (p < 0.05) spatial outliers in these general
trends, highlighted in Figurkl (i.e., where therare census tractgith high access to
green space surrounded ¢Bnsus tractwith low access or vice versa, shown in light red
and light blue respectivelylror example, whileommunities irClayton Park and
Bedford(Figure8, B3, B4)were generally found to have exceptionally high access to
green space, there are some outl isaes, espe
considerede.g., the census tracts covering Fairview, and those between the Mainland
Common and Belchers Marsh PaRigure8, B4). On theother hangdwhile access to

green space wagenerally lover across Dartmouth, especially outside of the
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Circumferential Highway, there are some outliers to this pattern ifeortland Estates

Figure8, D4).

93



(a) Component 3: Mean Area of (b) Component 30: Percentage
- Established Canopy in Viewshed g Covered by Urban Forest

A (c) Component 300: Mean (d) Number of Components Met

Distance to Greenspace I.

Clusters and Spatial Outliers (p < 0.05) Spatial Reference: NAD83 UTM Zone 20N

- ) ) Date Created: August 2, 2024
Not Significant Spatial Outlier: Low

- Cluster: High Access Surrounded y .

I fcosss to Green by High Access Spatial Clusters and Outliers
Space Spatial Outlier: High N
Ciister: Low Access Surrounded ) . Local Morang |
PRl i by Low Access Mapping the 3-30-300 Rule Across Halifax, Nova Scotia
Space

Figure 11. Statistically significant (p < 0.05) local indicators of spatial association
(clusters and outliers) of access to green space across dissemination areas of the urban
core of Halifax Nova Scotia. Clusters of high access to green space represent areas
whetre there is (a) a lot of established canopy within view of homes, workplaces and
schools, (b) a high percentage of the dissemination area covered by the urban forest
canopy, (c) a short distance between homes and green spaces, (d) a high number of the
compaments for the 30-300 rule being met.
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Linear regression modelling (OLS) did n
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based on medi anAppars¢ihie Ida i dictoimen of spati e
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addi fianspatial factor also generally remo
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associated cwimplo nteme @»@0ad@ he overall number
spati al effects remain with thodgeradseci at
multivariate analysis, the san?oRabe®tlobpat i
(component 30 predicted b,asandd otnh emtedideeracne nhtoa
popul at ipms ewiotreltlaiacyeatnidont,he per centage of th

i dentifies asAppemndgiixbllel Imi nority;
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The relationship between t13230-300 rule and socioeconomic factors was not
geographicallyinear, and there were statistically significant (p < 0.05) spatial clusters in
the various combinations of wvariables, as
statistic (Figurel?2). For example, the area around the northwest arm, which was
identified in the univariate analysis above to be a cluster of high access to green space,
was also found to be a cluster of psstondary degree attainment, but it was not found
to have a sigficant pgulation of visible minorities nor exceptionally high
homeownership rates median household income&3n the other end of the spectrum,
the arealong the Halifax side of the harbqiigure8, C4)wasfound to be a significant
cluster of low access to green space as well as low median household iacoiogs
homeownership rates. This metric is also useful in identifying areas that go against
expected trends between access to green space and socioeconomic factors, such as Colby
Village in Cole Harbou(Figure 8, E4/E5) which was characterized by high median

household incomes and homeownership rates, a low visible minority population, but also

low access to green space.
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Comparing the 3-30-300 Rule to Socio-Economic Factors in Halifax, Nova Scotia

Figure 12. Statistically significant (p < 0.09)ivariatelocal indicators of spatial

association for access to green space ((a) amount of established canopy within view of
homes, workplaces and schools, (b) percentage of the dissemination area covered by the
urban forest canopy, (c) distance between homes m@hgpaces, (d) number of the

components for the-30-300 rule being met) and socioeconomic factorsnf@dian

household income, (ii) percentage of the population that is as a visible minority, (iii)
percentage of households that are occupied by homesyaral (iv) the percentage of
the population with a postecondary degreacross the urban core of Halifax Nova

Scotia. Socioeconomic data was obtained from the 2021 Canadian census.
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4 D4 scussi on

This chapter addressed two key lines of inquiry related to pattéatsess to
urban green spagas one proxy for morthan-human relationshipg-irst, itrepresents
the first instance of mapping the3®-300 ruleto examine multiscale access to urban
green spacen this casaising Halifax Regional Municipality (HRM) as a case study.
Secondly, it compared those patterns to socioeconomic factors to better understand who

has access to green spaces, and who does not.

Current urban landscapeéscluding patterns in green spacae the product of
past patterns and processes including development patterns, zoning, and communities.
This phenomenon is well studied@anada and thenited States, where the legacies of
past urban policies alass andacial segregation (e.g., redlinint@ough it should be
noted that many of these practices continue today, they just exist in different fawas
shaped contemporary urban landscape heterogdn&tg h el | a@adwelbasthe 2020)
patterns of urban tree canopy cqwarch aghosedemonstrated itfNew York City
( Grove ejChicagol Faf 0 é& 9 prelToronto( 250 )N e edmormy! ., 20
otherst Sc hwar z .AAtneighbdourhood2n@ylclange (either through gentrification
or decay), but the long lifespan of trees means tmaajttake a long time for patterrms
access to urban greenery to change (especially canopy related metrics such as
components 3 and 30 of the88-300 rule) affecting all urban residents, human and
nonhumanContemporary patternsf access may be a relic of past community
characteristic§Boone et al., 2010; Roman et al., 2Q18)this work, there was a weak fit

between contemporary access to urban green space and socioeconomic factors, a finding
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that was consistent with other research conducted on this theme in Kalgax¥ynn,

2018)

The clusterofhigaccess nei ghbour hoods iand Hal i f a.
along the northwest arm (FiguBeC5)is an area of historic affluence, where much of the
development (mainly singlmily housing) occurred prior to the 193@4alifax
Regional Municipality, 2013)This stability over a long period of tinieolder buildings
with low rates of new development and consistent socioeconomic charactérnsgs
created the conditions where an extensive tree canopy has been able to develop. As the
presence of mature &g leads to a demonstrated increase in property @udgrson &
Cordell, 1988; Donovan & Butry, 2010j is reasonable to conclude that this
exceptionally high access to urban green space may be linked to the elevated property

values in this neighbourhood, a relationship that goes back over a century.

The westend neighbourhood of the Halifax penins(f&gure8, C4)exhibits
similar socioeconomic and zoning characteristics as the south end in the present day, but
unlike the south end, where residents have access to Point Pleasant Park, there is a lack of
publicly accessible green spaces in the west end. These tyftbaarhoods have
different histories, with the west end generally being developed faistWorld War I1)
as a primarily middlelass neighbourhoo@Halifax Regional Municipality, 2013)ut it
is not their different socioeconomic histories that have resulted in different access levels
to green space. Rather, the difference is the product of different development patterns.
Like the south end, the west end has experienced a periodtoferslability for the last
half century, which has allowed the trees in the neighbourhood to develop into an

extensive, mature canopy. However, the neighbourhood does not include large public
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green spaces in its underlying structure, and thus it does not mégd@heomponent of

the 330-300 rule.

The 8005component was a limiting factor to fulfilling the3®-300 rule
throughout the study area. two-thirds (66%) of neighbourhoods, the mean distance to
green space was more than 300 m. In most cases, the underlying development structure of
the neighbourhood will make it difficult (if not impossible) to improve access on this
front. In some cases (like the westledescribed above), there simply are no parks in the
neighbourhood. In others (e.g., Colby Village neighbourhood in Cole Harbour between
Morris ard Bissett LakesFigure8, E4), the presence of numerous-dgsacs and/or
winding roads increases the distances people must walk to green spaces, so that even if
parks are present and they are nearby when measured as the crow ffiz30dhe
component is out of reach. Such development patterns will make it difficult to change
this. However, there are other development patterns whare cofbedt is not
currently met where change may be possible. When only a single component-80the 3
300rulewameti t was al ways t h e indcatidg tratommgeahere nt ( n
are mature trees, they are within view of buildings, but that overall canopy is relatively
low and that there are longer distances between homes and green spaces (if they exist at
all). In such neighbourhoods, there is genersdijne feature keeping the canopy low, like
a commercial area with numerous large parking areas, such as around the Mic Mac Mall
in Dartmouth(Figure 9, D4)and the Bedford CommoriBigure 9, C2) Such areamay
represent good targefisr future tree plantings or for infill development that could

include green space.
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The past and present industrial and military historidalifax is evident in many
(though not allpf the neighbourhoods with the lowest access to urban greenery. Much of
the area along the harbotrigure8, C4) is currently being used for industrial or military
purposes, as it has (feorg.mucthheofc otnhtea icnietry Oysa
Forces Base Halifax, | mp eHowexwdr, sobe ¢f thdse r mi n a |
previously industrial sites have been redeveloped for more resiqanmdses, though
they have retained their low access to urban greenery that one might expect in an area
with an industrial history. For example, although smokestacks of the generating station
still tower over the neighbourhood, much of the rest of Tuftee@eigure8, C4)was
developed as a workinglass neighbourhood in the 1950s (and is still relatively low
income today), including a military housing complex at Shannon (Fagkre8, C4).
While the neighbourhood has not been fully occupied since tearelof the military
housing in 2004, a recently approved redevelopment plan is expected to revitalize the
neighbourhood and includes new green spébesigh there are concerns from a social
justice perspective as affordable housing is beingremdvétin | i f ax Regi onal
Muni ci p al.Edctyof theaeddtf&eamt)types of contemporary urban landscapes
may offer different opportunities to increase access to urban greenery, such as planting
more street trees or converting parking lots into parkst being said, one also must
consider that there is no one right answer to the question of how green a neighbourhood
ought to beFor example, while increasing urban greenery in a residential area currently
lacking access will likely be welcome, adding more trees to industrtadavily

commerciakedareas may be technically possible, but it may not be practicable. Thus,
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urban greenery rules like the3®-300 rule need to be treated more as guidelines rather

than hard rules that must be met in every part of the city.

There is also a temporal aspect to consider with {8@ 300 rule. As discussed
above, neighbourhoods that have experienced extended periods of relative stability have
enabledrees to develop into extensive, mature canopies. In the case of newer
developments, and neighbourhoods where there have been recent changes, trees may be
younger, and thus smaller, with less developed candpee®xamplein the area north
of Kearney Lake in Bedfor(Figure8, B3), there is a newer development on the edge of
aforest (increasing canopy cover anch e congpdnént) which residents can generally
walk to in under five minutes (thus meetingh e  dofibBedt)However, he forest is
not visiblewithin 200 mof most homes, and while the development included street trees,
they are young and small. Thus, timmes in the development dot currently meethe
0 3componentputlikely will in the future once the trees have had time to grow and
mature. On the flip side, there is a need to think about how to maintairs acagban
greenery in neighbourhoods where most of the canopy is nearing the end of its lifespan,
to ensure that neighbourhoods with high access to urban greenery reméairtis®e in

future (Le Roux et al., 2014; Richards, 1983)

Finally, it is important to consider the purpose of different green spacaisolr
a quarter of neighbourhoods (rL8),t h e &6 3 6 compodents \8efe Gnét, but nbe
6 3 Gotponent. These neighbourhoods tended to have similar characteristics to those
that only meet h e cotm@dent (i.e., wherever there are established trees, they tend to
be in view of buildings), but they also tend to be adjacent to a neighbourhood with a

green space (e.g., the neighbourhoods near the Mainland CorRigore8, B4), or they
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contain a greespace without a lot of mature trees (e.g., Gorsebrook Paylre8, C5).

There is aneed to consider how surrounding neighbourhoods influence access to green
space in the target area (i.e., local indices of spatial autocorrelation and multiscale metrics
like the 330-300 rule). Howeverthere arenteresting questions around the purposes of
different urban green spaciat need to be raiseBor example, Gorsebrook Park and

the Halifax CommorgFigure8, C4)are predominantly sports fields and open spaces for
people tarecreate andocialize, which provide benefits and value tohbenan

community,while not containinga lot of treegPalliwoda & Priess, 2021; Roman et al.,

2021) Just as was discussed above in relation to industrial spaces, increasing tree cover is
not necessarily required in every green space to provide benefitshiontize

community that surrounds them and a high quality of urban life. This highlights the need
to provide heterogeneity in the urban environment and to include local perspectives when
planning any urban greening projéGurran & Hamilton, 2012; Kabisch et al., 2022)
Additionally, as discussed in Chapter 2, the provision of heterogeneity in the urban is a
key element to supporting nonhuman animals and allowing them to experience life in the

urban on their own terms.

Mapping the 330-300 rule provided a richer picture lmfimanaccess to urban
green space than could be garnered by simply looking at patterns in canopy cover or any
of the other components on their own. The results of the aspatial and spatial approaches
employed in this study reveal different patterns in accessengpace at multiple
scales. While there is no strong correlation between access to green space and any of the
assessed socioeconomic factors at the level of the entire city (i.e., the regression

analyses), the bivar i atnshipMaoat|meadasross spacd o ws
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There are pockets of the city where there is significant overlap in the extremes, and thus
local level inequities in access to green space. Thidinearity is a function of both

historical and current socdemographic, economic and policy processetshthae

manifested across the urban landscape. Although the methods used in this analysis can
identify where these correlations are occurring in space, it cannot explain how they
developed. The causation of the local patterns of spatial autocorrelatiostiskaly

some factothat is notmeasured in this study. There is something about these spaces that
has contributed to these patterns, and understanding how they developed is essential to
devisingstrategies to reduce inequities and imgragcess to urban greenery at multiple

scales.

4. 4.1 Li miut aasrse@amisc land

This was the first study, to the author
iall three co-mh@BdMentud eofi nt teaendem. While th
assessing green space offers benefits and
one factor in isolation, there dar eavleinmietsat
for i mprovement with future research. Spec

used for the 636 and 630006 components coul

For the 0636 component, computing and da
vi ewsheds were more of an apprnoxpiamatiicoun atrh
vi ewsheds were based on a height of one me

approach produced what would essentially b
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this research. The i nycllsdi an moffr esuvuobhufsactas
access to green space, offering additional
to gredmnurdsmhmecenore, the dataset used to con

only containing odrdofcfaimdi @loraadiglt sa,nds uchaiadss c

and 6goat pathsdé are not included. The inc

measurements of access in certain neighbou
Finally, this chapter was f ocusWhdi Iseol el

a necessary delimitation to manage scope,

access to exptthdéeamainngitlye moséemil ar analy
|l ens would be a worthwhile futurecesdetwvou
the urban through a multiscale approach wa

how human and nonhuman access overlap and

4 . Goncl usi on

This study built on existing literature by developing a method to spatially assess
the 330-300 rule, thus giving insight into spatial patterngiomanaccess to urban green
space at multiple scales. Patterns of access to green space were then compared to
socioeconomic factors using both spatial and aspatial approaches to better understand
who has access. While no significant correlations were four a&ctale of the entire
city, local indicators of spatial autocorrelation indicate there are pockéts oity where
significant overlap and local inequities in access to green space exist. THiiseaoity

Is a function of both historical and contemporary s@gonomic and policy processes
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that have manifested across the urban landscape, and understanding how these patterns
developed is essential to developing strategies for improving access to urban greenery at
multiple scalesa critical factor irbuilding an equitable morhanhuman city. This work
provides a foundation for better understanding spatial patterns intharauman

interactions anthys the groundwork for a mulicale morghanhuman analysis of

access in the urban.
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Chapt Blo rtéhhehmmaa nnect i vi t)
Asse sl eagrnoivaelmeorntr i ddoshf or

hu man nomhd maur baesi dent s

5.1lntroducti on

To address the twin crises of biodiversity loss and climate change, many cities
around the world are turning to natiyased solutionfHobbie & Grimm, 2020; Nilon et
al., 2017) Accordingly,there is a growing interest in the intersections between
biodiversity conservation and urban plannin@ | aust ein, 2013; Soanes
Increasingly, frameworks are being developed that seek to account for nonhuman urban
residents and visitors in urban planning and design (e.g., biophiliccites at | ey, 201
Kel l ert & Cgailodivbrsite seresitive @bard degi¢@arrard et al., 2018and
wildlife inclusive desigrn(Apfelbeck et al., 2019, 2020)Such approaches that frame
cities-thamhudmamme spaces are part of a wider
environmental humanities, where the urban is-areated space, generated by centuries
of multispecies entanglemer{tranklin, 2017; Houston et al., 2018; Sheikh et al., 2022)
Rat her than viewing urban wildlife as #fAthi
human city, morghanthuman approaches to urban planning and design recognize them

as active participants in the built environments @kapter 2of this dissertation for

more on this topic). Such approaches resist the humoahuman binary and the notion
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that humans and nonhumans ought to be separated in space and emphasize design choices
that not only accommodate biodiversity in the urban but celebrate it through recognition

that the human is not the only perspective that matters in urban planning emd des

Cities are heterogenous landscapes with various microenvironments and
infrastructures that support urban nonhuman animals through the provision of food,
shelter, and other important resources. A major source of these resources are urban green
spaces, such as patches of remnant habitat thatérmained intact through the
urbanization proceg€rooks et al., 2004; Soga et al., 2QlggrdengVan Helden et al.,

2020) cemeteriegVillaseior & Escobar, 201$nd neighbourhood parkilielsen et al.,

2014) However, morghanhuman approaches to urban planning and design must not

only consider individual sites, but also the intervening space and how nonhuman animals
move between key sites such as parks and other urban greenisjpaotser wordsthey

need to consider connectivity. While this is increasingly becoming a topic of interest in
urban ecology and conservati@ng., Kirk et al., 2023; Toger et al., 2016; Zhang et al.,
2019) little is known about how these networkserate, and particularly how they

overlap and interact with human patterns of moven#dst of interest is howarious

types and intensities of metlkanrhuman interactions vary across spade other words

there is a growing interest in the intersections between connectivity as a biophysical
concep{ e. g., Crooks & Sanj awndas,asazifcOldical Tay !l or
one(e. g., Pyl e, .20 83Hpdgats 2 G fiuss )i, unticdstadding

connectivity as a mukHilisciplinary concept where its individual, disciplinary

perspectives do not exist in isolation. Rather, they overlap in time and space to strengthen

one another and enhance our understanding of thewddeo d get it s, 2018)
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Thischaptei nt r o d u-thanhumamtonnestiviy a multidimensional
concept concerned with the spatial overlap and divergence between the movements of
human and nonhumans in the cityaims to deepen our understanding of how humans
and nonhumans share space in the urban, and how they exist {thareneman
communities. By mapping the movement patterns of both humans and nonhuman
animals, morghanhuman connectivity aims to identiffilose spaces where humans and
nonhumans are coming into contagth each other, and thushere there is strong
potential formultispecies interactions (both positive and negativean also be used to
identify places of divergence, whiaidicate potential places of refuge for nonhuman

animalsas well aplaces that are wholly unsuitable for tha#hile there are multiple

i nterpretations of connectivity, here the
to which | andscape facilitates ofrTaiynpoerd eest
al . , .AbBr@aétjvewall-to-wall, omnidirectional approach to modelling

connectivity based on the spatial arrangement of landscape features is used. While
functional connectivity, the degree to which individuals actually move across the
landscapd Vo gt e t,is aot taken infPo@dzdunt, this chapter lays the groundwork
for future, more functionally oriented, studi@is chapter aims to put forward a general
model of morgharnhuman connectivity in order to demonstrate how the concept works

and lay the groundwork for future, more specific applications.

Here the concept of motbanhuman connectivity will be illustrateth assess
multispecies patterns connectivity between urban gregpaces in the city of Halifax,
Nova ScotiaWhile the concept of morthanrhuman connectivity in general includes

areas of both convergence and divergence, here the focus will be on those areas of
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convergence as representations of areas wherethmvauman interactions are highly

likely, The human aspect of the analysis will focus on movement patterns using three

modes of travel (walking, cycling, and public transit), and the nonhuman side will look

through the lens of three specidse(common eastern bumblebd&gofmbus impatiens

spring peeperRseudacris crucifgr and black capped chickadd®ogcile atricapillug).

The nonhuman aspect of the analysis was also designed to augment the broad scale
connectivity analysis contained within the Halifax Green Network PI&hG N P ; Hal i f a:
Regi onal Municipal ity & a2 b&teranderstand and De
networks for nonhuman movement within the urban core. While the focus here is on how

the concept applies to the urban landscape, the idea ofth@asreuman connectivity

could be applied to other landscapes to better understarmyénlap between human and

nonhuman movements and the potential for atlbaghuman interactions.

5.Met hods

5. BZtlad g a

This study demonstrates the concept of mthegthuman connectivity acroske
ctyofHal i f ax. Il n t hi s c lidefimad asrthe areatthat recdivesy 6 s u r |
municipal water and wastewater services; Halifax Regional Municipality, 2008)a
five kilometre buffer was used as the primary study area (Figurd @3)inimize map
boundary effect¢Koen et al., 201Q)the connectivity analyses were conducted over an
area that covered the urban core plus a buffer of 20 km, andeitheced in extertb the

primary study area (Figure)L Theboundary, oedge of the study area (i.e., where the
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analysis stops) will always act as a barrier to movement for model organisms, yet it may
or may not be the location of a barrier for real organigfasentially, the edges on that

area created by the boundary of the study area are not edges that occur in the real world,
yet they are treated by the model as if they are Téa&tefore, by extending the antitgal
areabeyond the intended study area, a better sense of potential movement pattezns

study araboundaries can be determined.
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Figure 13. Map showing the study area filte moretharthuman connectivity analysis

the urban core of the Halifax Regional Municipality (HRM) (those areas which receive
municipal water and wastewater services), plus a 5 km buffer. The total area where
analyses were run (the urban core plus a 20 km buffer) to minimize map boundasy effect
is also shown.
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5. 2.2 Ovnertwvioaedw of

Thmet hfodrs huma-humad oonnpercaseaspiedatreel v i

the following sections.FiAMnuroever vi ew i s pro
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Figure 14. Flow chart overviewing the methodsed to demonstrate the conceptnaire

thanthuman connectivity.
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5.3 Humannnecti vity

The human component of metflganrhuman connectivity was examined by
looking at patterns of potential movement between urban gpeoeg o bt ai ned f r on
Hal i fax Regional Municipality, 2017 a; Nova
Cl i mat e Ch an gleBusin@tbree 4differeft mgdasroktravel: walking, cycling,
and public transitTo facilitate connections to the work presented in Chapter 4, green
spaces were included if they were a minimum of 1 ha in size. Additionally, this choice
ensured there were gregpaces throughout the study area in order to mimic thetovall

wall analysis that was used for the nonhuman connectivity analysis.

For each mode of travel, a network dataset was genarsitagl the datasets noted
in Table5 and used to calculate service areas for each gpae, up to an area
approximating one hour of travel for that mode (T&})leService area polygons were
then assigned a connectivity value from 1 (closest to the gpzee) to 0 (beyond one
hour of travel time) based on the distance/time interval they represented. These values
were used to generate a service area raster for eachsgeemrwhich were then adde
together to create a single raster for each travel mode. For public transit, this was done for
each of the four day/time combinatidff@ble5), which were then added together to
create the final layer. The raster for each travel mode was then normalized to a common
scale (0 to 10) and converted to a polyline feature class. To identify key corridors for
human connectivity across the region, tkéaorks for all modes were combined using a
kernel density function with a 200 m search radius. To identify discrete corridors from
this model, the kernel densities were reclassified into two classes (representing high and

low probabilities of being a cador) using a natural breaks (Jenks) classification method.
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The method aims to minimize the variance within each clagse maximizing the
variance between classgenks & Caspall, 1971 he high probability class was then
identified as the key corridors for human connectivity between geaces across the

city.

Table5. Datasets used to generate networks and service area calculation intervals used
in the human connectivity analysis.

Travel Datasets Used to Generate Service Area
Mode Network (all obtained via. Calculation Notes
Halifax Open Data Portal) Intervals
Stregt Centrel!ngéigllfax 300 m Fto Walking was prohibited
Regional Municipality, 2022b) approximate a-b . . :
: . on highways (including
Walking minute walk), up to onfoff ramps) and
Trails (Halifax Regional 3600 m (~ 1 hour collector rcE)ads
Municipality, 2014b) walk)
Network includes existing
bike infrastructure (e.g.,
sharrows, painted bike
lanes, protected bike
lanes, multiuse pathways
and suggested bike route
. based on the Active
1 km (to approximate : .
. . Transportatior{Halifax
Bike Infrastructure and Suggeste 5 minutes of . S
. . . . Regional Municipality,
Cycling Routeg(Halifax Regional cycling), up to 15 km

2014a)and Integrated

Municipality, 2023a) ((:Ttyl) hour cycling in Mobility (Halifax
Regional Municipality,
2017b)Plans.

The topology of the

dataset was manually
fixed to ensure a network
dataset could be
generated.
Transit service areas wer
calculated for both nen
5 minutes of travel  holiday weekday and
time, up to 1 hour of Sunday service schedule:

Generalized Transit Feed
Specification (GTFS]Halifax
Public Regional Municipality, 2023c)

Transit . )
Street Centreline@Halifax travel gurgqgagztgﬁ%zii(é%%
Regional Municipality, 2022b) T '
p.m.) hours.
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5. 4Nonhuamamecti vity

For the nonhuman element of mdéhanhuman connectivity, the potential
movements of three specieegcommon eastern bumblebee, spring peeper, and black
capped chickadee) were considered. The species were chosen for their known abilities to
survive in urban areas and because they favour different types of habitats within urban
ecosystems (open spaces, aedls, and forest respectively). For each species, a
cost/resistance surface was developed at five metre resolution (E&jB8ee Appendix
IV for more details as to how the surfaces were created as well as the specific
cost/resistance values associatetthweach langtover type)which was used to identify a
network of leastost paths between gregpaceg Sawy er eandiaédn. , 2011)
omnidirectional connectivity analysisMc r a e e tFor&dnsisiency, grdeb 9paces
were defined in the same manor for both the human and nonhuman components of this

work.

Omnidirectional patterns of structural connectivity through the lens of the three
study species were assessed using Omnigéa@mtharaman et al., 2028hd the same
five metre resolution cost/resistance surfaces as the analysis describedcahoiseape
is the newest application of the Circuitscape algorithm, which models landscape
connectivity using electric circuit theory, treating the landscape as a resistance surface,
where areas associated with easy movement have low resistance amd baveehigh
resistancéShah & McRae, 2008)he resulting patterns of current flow help to identify
locations with diffuse (low current) and more concentrated (high current) potential for
movement. It is a particularly useful tool for identifying pifbints, where flow

concentrates over a narrarea, and where the loss of even a small amount of habitat
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could compromise larger connectivity netwo(ksckson et al., 2019)lo date,

Omniscape has been applied to lasgale connectivity conservation wdrke . g . Bel ot
al ., 2022; Cameron et ,asWwellasoRasthdlerscdleto Gal | o
assess the connectivity of urban open spéchee & Thorne, 2019)0mniscape builds

on recent efforts to create wadl-wall connectivity mapping techniques which have

relied on a tiling approach and the passing of current through each of the four cardinal
directions, then summing the resuksg., Cunningham et al., 2020; Pelletier et al., 2014)
Instead of a tiling approach, Omniscape employs a moving window, which in this work

was sized based on the dispersal capabilities of the sp&hreescutoff (the maximum

resistance value that can be considered a source cell), was equivalent to the maximum
resistance considered to be the ideal habitat of the species (Appéndtor all three

Omniscape runs, a block size of 25 pixels was used to coarsen the source strength raster

to increase computation speeds without losing accyraegntharaman et al., 2020)

The common eastern bumblebee was included in this analysiefopreference
for open greespaces, such as open fields, residential yards, and road verges. The species
is also known to nest in underground cavities, generally near trees and woody shrubs
(Lanterman et al., 2019 an urban environment, work conducted by Conflitti and
colleague42022)in Toronto indicates that their habitat preferences are associated with
forest edges, city parks and residential neighbourhoods, whereas they typically will avoid
areas with a high density whpervious surfacesd hus, the lowest resistance values used
in this analysis were associated with road verges, parks and open space, residential yards,

and agricultural areas within 25 m of a tree. Highest resistance values were associated
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with water, roads and other impervious surfabes aremore than 10 m wide

(Bhattacharya et al., 200@yigure15a; AppendixIV).

To act as a representative for the wetland environment, the spring peeper was
selected. They breed in woodland ponds and wetlands, and then move to wet, forested
areas where they spend much of the summer in the lea{GRA, 2023, p. 84)The
spring peeper is also sensitive to the presence of roads and other impervious surfaces
(which were assigned the highest resistance values), and are most likely to be associated
with wetlands with less than 30% impervious surfaces in the surroundgiagand thus
given the lowest resistance values in this analykigjto & Barrett, 2021jFigure15b;

AppendixIV).

The blackcapped chickadee was included to represent forestted wildlife, as
the bird will generally not stray more than 25 m from trees, and is rarely found more than
50 m away(St. Clair et al., 1998)They also have a preference for deciduous and mixed
wood forestgdefined in Nova Scotia as those stands with less than 25% coniferous
forests, and between 25 and 75% coniferous forests respectively; Neily et al., 2011)
Roads and other impervious surfaces act as barriers, with resistance increasing with road
width and traffic voluméPerkins, 2017)Thus, the highest resistance values were
associated with impervious surfaces and areas beyond 50 m of trees, and lowest with

forest patches (Figure 15c¢; AppenthX).

120



(c) Black-Capped Chickadee

Used in the other-than-human connectivity analysis
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(b) Spring Peeper

(a) Common Eastern Bumblebee

Cost/Resistance Values

Figure 15. Cost/Resistance surfaces used inrtbeluman connectivity analyses for the
(a) common eastern bumblebee (Bomibysatiens), (b) spring peeper (Pseudacris
crucifer), and (c) black capped chickadee (Poecile atricapill@skst/Resistance values
range from low (€b) to high (5011000), with higher values indicating greater
cost/resistance.
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Usi ng each s petleiOptimd Regiong<Connextions toal o &rcGIS
Pro (v. 3.1.3) was used to identify both the optimal network of-E@tpaths
connecting all greespacesnvolved in this study (the core network) and the least
paths between greapaces with neighbouring cost regiouasifg the connections within
regions functionthe neighbourhood network$jo barrier feature data was used as
barriers were incorporated into the cost surfaces,asnithe analysis was local in scale,
planar distances were us@e., the curvature of Earth was not accounted Tiar)
identify overlap in the networks of leasbst paths for alhonhumarspeciesandto
identify a more general network ftreir movement, a kernel density model (200 m
search radius) was applied. The kernel densities were then reclassified into two classes
(representing high and low probabilities of being a corridoall speciesusing a natural
breaks (Jenks) classification method, where the higher classes were then identified as the
core and neighbourhood networks for nonhuman movement. These corridors were then
overlayed and compared to the ecological corridors identifidueitHGNP(Halifax

Regional Municipality & O2 Planning and Design, 2018)

5.5M.0 rteh-aunmaco n ne c:t iArrietays of Convergence

The key corridors for human connectivity were intersected with the core and
neighbourhood networks for nonhuman connectivity to identify important areas for
potentialmoretharthumaninteractionsn the city. These areas of overlap were compared
to the urban core using a edgquare test of independence in terms ofJase{based on
theclassification generated in ChapterSee Appendix | for details on its delineadion

and tree canopy cov@pased on the tree canopy cover generated in Chapter 4)
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Additionally, the results of the omnidirectional connectivity analyses were compared to
these key areasf overlapto determine whether these areasnorethanthuman
connectivity generally represented pinchpoints or areas of more diffuse flow for

nonhumans.

5. RBesul ts

All three modes of human travel produced similar patterns, with the Halifax
peninsula, particularly the central portion, and downtown Dartmouth producing the
highest values, and the exurbs and industrial areas such as Burnside the lowest values.
Combiningall three modes of travel yielded a similar pattern and identified some key
corridors for human movement along main roads on the Halifax peninsula (e.g., Robie
Street, North Street, Connaught Avenue) and in downtown Dartmouth (e.g., Ochterloney
Street, Plasant Street) (Appendi). The keyareas identified for human connectivity
covered much of the urban core alike the individual modes of travak most
concentrated on the Halifax peninsula and downtown Dartniotité most densely
populated portions of the city and where there are numeoawdls andjreenspaces with
multiple points of entry. The key areas then become patchier as the location becomes

more suburban and exurban, as well as more industrial (Figure
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Key Areas for Areas of High Importance
sl L Halifax Regional Municipality, Nova Scotia
Connectivity

D Urban Core Spatial Reference: NAD83 UTM Zone 20N

Areas of high importance for connectivity via. walking, cycling, and public transit between green spaces

Parks and Data Sources: Street Centrelines (HRM, 2022); Trails (HRM 2014); Bike Infrastructure and
Protected Areas Suggested Routes (HRM 2023); Generalized Transit Feed Specification (GTFS) (HRM 2023)

Figure 16. Areas identified as being of high importance for human connectivity via
walking, cycling and public transit between gresgraces in the Halifax Regional
Municipality. Networks for the individual modes were combined using a kernel density
with a 200 m search radius. The areas of high importance shown here were identified by
reclassifying the kernel density model into two @dagqsepresenting high and low
probabilities of importancéor all three travel modgausing a natural breaks (Jenks)
classificationmethod.
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To complement the HGNP, core and neighbourhood networks oftlestspaths
for threepreviously mentionedonhuman speciethe common eastern bumblebee,
spring peeperand black capped chickadee) were generated and combined using a kernel
density model. The model estimated the probability of corridors across the landscape
based on the density of these leastt paths, producing a surface of probabilities of a
corridor acurrence across the landscape. The highest probabilities were demarcated as
networksfor nonhuman connectivity (Figuder; Core and Neighbourhood Networks for
all species can be found in Appendx The core and neighbourhood networks identify
potential paths for these ntmuman species movemeiitsough the urban core, which
was considered homogenous in the coarser scaled HGNP analysis. Where they exist,
these networks follow narrow, linear gregyaces in the urban core (e.g., the BLT,
Mainland Common and Chain of Lakes trails). Outside of the urban core, there is a fair
amount of alignment between the networks generated in this analysis and the HGNP

(Figurel?).
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Figure 17. Core and neighbourhoadetworks identifieef nonhuman connectivity
compared to the important and essential corridors identified in the Halifax Green
Network Plan. The networks were identified by first identifying the optimal network of
leastcost pathgonnecting all greespaces involved in this study (tbere network and
the leastcost pathdetween greemspaces with neighbouring cost regions (the
neighbourhood network$or common eastern bumblebee (Bombus impatiens), spring
peeper (Pseudacris crucifer), and black capped chickadee (Poecile atricapillus)
(AppendixVl). A kernel density model was then used to identify the overlap in the
networks of all three speci@sth a 200 m search radius (AppenMR. The networks
shown here were identified by reclassifying the kernel density model into two classes
(representing high and low probabilitie$ being a corridorusing a natural breaks
(Jenks) classification metddshown here).
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