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Abstract

The majorityref humanity now lives in cities mwns, with this proportion expected to continue
increasing forthe foreseeable future. As novel ecosystems, urban areas offat apgddunity

to examine.multscalar processes involved in community assembly as well asléhef human
activities.im'nodulating environmental drives biodiversity Although ecologists have made
great strides imecent decades at documenting ecological relationships in urban areas, much
remains unknowrand we still need to identify the major ecological factors, aside from habitat
loss, behind'the persistence or extinction of species and guilds of spediies irsiven this
paucity of knewledge, there is an immediate need to facilitate collaborative, interdisciplinary
research on the patterns and drivers of biodiversity igscit multiple spatial scalds. this

review, we introduce a nesonceptuaframeworkfor understanding the filtering processes that
mold diversity.of urban floras and faun&ge hypothesize that the following hierarchical series
of filters influence species distributions in cities: 1) regional climatic and biogeographical
factors; 2) huma facilitation; 3) urban form and development history; 4) socioeconomic and
cultural factoers; and Speciesnteractions. In addition to these filters, life history &mictional
traits of species are important in determincognmunity assembly and adtraultiple spatial
scales. Umg these filters as a conceptual framework can help frame future research needed to
elucidateprocesses of community assembly in urban atg¢agerstanding how humans
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influence community structure and processes will aid in the management, dedigfgraning

of our cities to best support biodiversity.

Key words, biodiversity; city; community assembly; filters, human-dominated landscapes; urban
ecology; UrBieNet.

INTRODUCTION

Today aver50% of the human population lives in urban areas, resulting in the rapid expansion of

urban landseapes around the world (Martine 2007). Because the majohnigvadrid’s citiesare

in areas of igh biodiversity (Kuhn andlotz 2004, Pautasso 2007, Rebetal.2011), the rapid
urbanization efithe world has a profound effect on global biodiversity. Despite recognitien of
importancerof urban biodiversity by the Convention of Biological Diversity through the Curitiba
Declaration of Cities anBiodiversity (United Nations Environment Programme 2007) and a
growing bodyof sciencanvestigating the biodiversity of urban areas (Pickeal.2001), a

general synthesis on urban biodiverséynains in a fledgling state (McDonnald Hahs 2013).
Only a broader.comparative approach addressing biodiversity at multiple spdtsaco-

political scales‘across different kinds of cities will allow for an understanding of the patterns and
processessstructuring biotic communities in urban areas (Grirmh2€08, Warreret al.2010,
McDonnellkand Hahs 2013 Citiesare novel ecosystentisat providenatural laboratories for
examining processes of colonization, primary succession, and community assemblyirigvaluat
such processes in cities is critical as much of ecologieahledge and theory has been derived
from pristine“or,norurban systems whiamay function quite differeit (Hahs andevans 2015).

In a'reeent analysis of 110 cities with complete floras and 55 cities with complete bird
lists across six biogeographic realms, ékaminedcities were shown to support 20% of the
world’s bird speciesand ~5% of the world’s plant species. The majority of urban bird (94%) and
plant (70%).species in cities are native and cities do support populati@me ahd endangered
plant and bird species (Aronsehal.2014). However, on averaggties have l0s74% of the
predictedprestirban density of plant species and 92% of prediptedirban bird species density.
The species remaining in these cities were found to be primarily driven by anthrigpoge
features of the cities, such as land cover and cityratfesr than biogeographic anéhtatic
features of the citie.heseanalysesitilized the largest urban biodiversity database to date,
showing that large, globally comparative studies can inform management and pvébiice
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91 cities, butalso that westill have a limited understanding of how humans influence community
92 assembly processgzarticularly at finer scales
93 It may seem tautological to asstivat humans have an influence on urban biotic
94 communities, because humans by definition are the dorhspecies in urban settings. However,
95 the bioregional context, climatic conditions, and local biophysical variabteain important
96 factors in determining species distributions, even in cities (Aroesah2014). Quantitative
97 evaluationis'needed of the relative influences of anthropogenic factors, such asahistori
98 settement'patterngyrban growth forms, management, and human culture and socioeconomics
99 versus the usual biophysical drivers of biodiverditgderstanding the relative roles of abiptic
100  biotic, andsanthropogenfdters that shape local communiti@sll provide a deeper
101 understanding‘of community assemtitgory and lead to practices that ensure the future of
102  sustainable and biodiverse citiésthis paper, we introduce a new conceptual framework for
103  understanding the filtering processes that mold diversity of urban floras and faunas, brief
104  discuss these filters, and provide new directions for future research.

105
106 HIERARCHICAL FILTERS DETERMINE SPECIESCOMPOSTION
107 We:employ a commonly used framework in community assembly theory, that of

108 hierarchically imposed filterthrough which species must have @ppropriate traitgo pass in

109  order to colonize or persist in a community (Poff 1997, Ackerly and Cornw@T, 28illiamset

110 al. 2009, Morin 2011). A key difference between urban biotic communities and non-urban ones,
111  however, isthatirban communities are shaped in complex ways by human values, preferences,
112 and activities«{(Williamst al.2009, Warreret al.2010, Swaret al.2011). Consequently, we

113 hypothesize that the biota of cities are shaped by a hierarchical series of envirgrivaidal

114  andanthropogenic filters that determine species composition at different spatial scales (Fig. 1),
115  and that thetrength and direction of the inflneeof these filters is different acrossxonomic

116  groups. V¢ hypothesize that the following hierarchical series of filtéig. ) influence species

117  distributionsdn cities: 1) regional climgtiogeography, and land use; 2) humaediatediotic

118 interchange; 3) urban form and development history; 4) socioeconomic and d¢oftuesdces

119  5) local human facilitationand, § species interactions. Aside frahrese filters, life historand

120 functionaltraits of speciesra important in determining community assembly (Morin 2011) and
121 act at multiple spatial scaléa/e build upon a framework designed for analyzingfiltering
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effects of urbanization on emergent flor&éiliams et al.2009) by includingadditional scales

of analysis, taxonomic groups, and anthropogenic processes. Comparing thetidiffferen
influence of these filteramong cities and geographic regions will help identify global patterns
and processeass well as theelative contributions of environmental and anthropogenic filters to
species compositiotdse of this framework will provide new insights into the ways that humans
modulate community assembly in urban areas as well as identifying key points obentry f

managing ‘urban biodiversity.

Soecies pools
All communities are assembled based upon the species pools available. In our model we have
identified three’main species pools that are affected by urbanizag@anal, city, and local.
The regional pool conssbf the species that exist within the bioregion and represents all
potential species that could have the opportunity to exist in a city, including bivih avad non-
native specieslhe city pool represents the poolspiecies that have been filtered from the
regional peelrand other species that have been introducadmian activitieseither
intentionally orunintentionally, and exist within the city. Finally, the local pootlaose species
that are filtered from withithe city pool and exist at a discrete location within the city, such as a
park, roadside, or residential yard. The local pe@rimarily where species interactiomscur.

FILTERS OFCOMMUNITY ASSEMBLY IN CITIES
Regional climate, geography, and land use

At thesglobal scale, spatial variation in species richness correlates with a number of
interrelated geographic and climatic factors, such as climate, latikggathents, energy, and
water availability (Gaston 2000, Hawkiasal.2003).Within this framework speciesenergy
theory suggests that local to global climate patterns result in the spatial distribution of energy
availability, which in turn influences the potential capacity of ecosystemgppmg the number
of individuals/and their variety. Although relationships between energy avajiaill species
richness are eften compleMittelbach et al. 2007), the consensus indicates that potential energy
is the main driver of species richnébansen et al. 2011).

However, this current framework of understanding species distributions and atesida
may be overly simplistic and based on system potential and average effects that neglect
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anthropogenic drivers and urban ecosystémfact, these relationshipsay be modified by

global climate change and lamdver, particularly fragmentation of natural habitats and built

land covers. For example, cities are well known to be urban heat islands, affectiag spec
distributions and biotic interactions (Parris and Hazell 2005, Youngsteadt et al. 28d #any

plant and animal species have been documented in cities outside of their natural climatic range.
By expanding. the currespeciesnergyframework to evaluatbow human influences on the
landscape affect geographic and climatioehs ofregional biodiversityywe can refine a core
concept in“ecology and provide needed information for conservation.

At the regional scaldyuman history and land use practi¢gvea strong influence on
modernspecies,compositioffFoster et al. 2003). Throughout history, people have manipulated
disturbances analtered land coveinfluencing not only thepecies presenbut also ecosystem
structure and function for subsequent decades or centuries (Foster et al. 2003)sBantd pa
present land ugeractices within the region therefore influences the regional species pool, and in
turn thepool of possiblespecieghat can béound in the cityFor example, past agricultural
practicesnsthesregioninfluences archaeophyte distribution in citiea Sate et al. 2014).

Regional species pools are also the product of contemporary landscapeastchgtpbal
climate clange These two sources of change are expected to drastically alter regional species
pools intosnGanalog communities, as suggested withdels of future North American bird
distributions Gtralberget al. 2009). Thus, whilemebirdsmay be more resilient to climate
change, particularly warming, in fragmented and built areas than those comnfounitie$n
contiguousrhahitats (Jarzyna et al. 2015), others may not be as resilient. On thenother ha
biodiversitysin«Cities may be more vulnerablectionate change with interacting effects of the
urban heat island and reductiansir quality (rban forestsOrdéfiez and Duinker 2014Jities
can act as natural laboratories for examining the effects of global climate change on ecological,

ecosystem (Youngsteadt et al. 2014), and evolutionary processes.

Global scale human facilitation filter
City species pools armot only affected by human mediated biotic interchange operating
regionally but als@cross broad geographic exter@$obal uman mediated dispersal of species
has resulted in the introduction and establishment oinatine speciefi_a Sorte et al2007). In
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184  cities this proces#$as led to the assembly of novel communities consisting of native and non-
185  native speciesAs such, ve need to understand historic and current global connectivity via global
186  tradeof cities as driving factors in the biotic interchange of species. Although contyect

187 among cities, particularly trade routes, has been well studied in the human geogeaptuydi

188  (Guimera et.al2005, WoolleyMeza et al201]), it has not beewidely incorporated into

189  analyses of urban biodiversity. Previous analyses have suggested that humatedacilita

190 movementofplantias beemprimarily unidirectional from Ewasiato the rest of the worl@with

191 few exceptionsand that species introduced from Eurdpegarticular act as homogenizing

192  sourceamaong cities, indicating the importance of European settleamehtommercen patterns
193  of global biodiversity (a Sorteet al.2007,La Sorteet al.2014. However, these homogenizing
194 forceshavewet'to bstudied acrostaxonomic groupeterminingthe importance of human-

195 mediated bioticlinterchange on biodiversity within and among d#tisportant forbiological

196  conservation as well as natural resources management

197

198 Urban morphology and history filter

199 A recent global'scale analysis found that species richness of birds and plants is predicted
200 primarily"by.anthropogenic features related to city age and the percentage ofndlvamaant

201  vegetatiopsland cover (Aronsat al 2014). In this study, birdpecies loss wageater in cities

202  with a greater proportion of urban land cover surrounding the city center. However, fer plant
203  species loss is ameliorated in older cities with more remnant vegetatiarirctive surrounding
204 landscapeAronson et al2014). Because the analysisAronson et al. 2014as applied

205  primarily tordeveloped cities in temperate realms, it is not known whether these patterns hold for
206 developing cities in subropical and tropical realms. Studies from cities in Latin America

207  provide mixed evidence, with some patterns matching those in temperate regions i@nd othe
208  being distinct (Ortegd\lvarezandMacGregosFors 2011).

209 Urban areas typically consist of a matrix of built surfaces with interspersed habitat

210 patches of green (parkgardens, remnant habitats) and blue (rivers, lakes, ponds) spaees.
211  amalgamatiomf these components gives each city its characteristic morphologieterchine

212 the space availabfer biodiversity (Sanders 1984l)iteratureon biotic homogenization suggests
213 that the common features of citiesmpervious surface, fragmentation of green space, high rates
214  of disturbance from human activitiemea dedicated to lawncreate conditionthatpromote the
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215  selecion of species with similar traits and life histories. Yet, each city is unique because of its
216  development history, demographicsltural attributestypes and density of infrastructure, and
217  the amount andonnectednessf green spacéMcKinney 2006 Groffmanet al. 2014,Parker

218  2015).While unigue, comparative analyses of cities allow ecologists to discern the influence of
219 each of these,attributes on species asse(algly Aronson et al. 2014). The interaction and

220 spatial arrangement these components leatsdistinct urban biotic communities with

221  sectorsof‘a‘city with differintand use and land cover (Nilehal.2009). Additionally, the same
222 land use/land"cover type across the city may support different biotic commurotiesarmple,
223  low densityresidential areas typically contain a mixturebaflt structures, intensively managed
224  green spaeeand unmanaged green dpadeng to distinct assemblages of plants and animals
225  within each(Threlfall et al. 2015).

226 Species responses to habitats alfferdbased on thepatialarrangement of land use and
227  cover (e.g., Pautassb al.2011, Harrison an@Vinfree 2015). For examplenammal diversity in
228 urban areas is heavily influenced by the dispersal potential of the species and dgroptbei

229 urban hndseape. Various speciesgobund-dwelling rodentsome species afciurids, and

230 lagomorphs have limited dispersal in urban areas. Populations of these apeoisn isolated
231 in green space patchbscaus¢hey cannot inhabit or travertige adjacenurbanlandscape

232 (Munshi-Seuth 2012)Thisrenderssmall mammals witfow dispersal potential especially

233 sensitive to locaéxtinction due to the intensity and type of human activities and poor

234  connectivity because sfructures and roadssociated witlhirbanization Baker and Harris

235 2007,Crocietal.2008b).The dispersalimitation of small mammalss in contrasto larger

236  species sueh-as whitailed deer Qdocoileus virginianus), coyote Canis latrans), or redfox

237 (Vulpesvulpes) that have a greater dispersapacity due teheir size and mobility (Bakemd

238  Timm 1998 Nielsonet al. 2003, Warren 2011). T¢eespecies often reach elevated densities
239  when compared to their namwban conspecifics (Parkand Nilon 2008). While certaispecies
240 may thrive in individual patchesyeralldiversity within those patches can greatlyreduced

241  because of.eompetition, predation, a@halchastievents such as disturbances and habitat

242  degradatiorfParkerand Nilon 2012).

243 Many unanswered questions remain as to what are the finer scale patterns as@fdriver
244  urban biodiversity and how cities affect plant and animal community assemiBo(iell and
245  Hahs 2013, Chown and Duffy 201Sakssor2015). Quantitative evaluation is needed of the
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relative influences of urban morphologgd historical settlement patterns on species
distributions as there is some initial evidence that these factors may infliGraiglant species
extirpationrates (Hahgtal. 2009) and the homogenization of tree cover (Bigsby et al. 2014).
Global comparative analyses of urban morphology are essential nab dhéytify the urban
forms that best support multiple elements of native biodivebsityalsoto inform decisions
related to urban planning and tenservatiorof biological diversity

Socioeconomic and cultural filter
Humanactivities,conditioned by soceconomic statysnstitutional influencesand cultural
preferences, @act as a fine scale filter for species compoatt@mighborhood and parcel scales
(Lepczyketsal.2004a Warrenet al.2010,Swanet al.2011). Social scientists have generated
rich, and sometimes conflicting, bodies of knowledge and thetated tchumansocial
dynamics and environmental qualitycities(reviewed in Warrert al.2010). One key process,
social stratification, links wealth and environmental quality, predicting thguahelistribution
of resourcesrinlifferentregions of a city, partly due to differential access to power by residents
of higher secieeconomic status (Waredral.2010). Direct tests in a handful of studies show
evidencefer.the predicted pattern of environmental quatityecological gality following
economic.wealth foa variety of taxa, includingirds mammalsherpetofauna, aquatic
invertebratesandplants (WhitneyandAdams1980, NilonandHuckstep 1998, Hopet al.2003,
Kinzig et al.2005, Overmyeet al.2005, Lubbeet al.2010, Smallbonet al.2011,Lepczyket
al. 2012).While,it is tempting tayeneralizaherelationships between local scale biodiversity and
wealth fromsthiS growing body of examples, we highlight here several challenges to thi
generalization. First, ther@eacurrently no quantitative comparisons of socioeconomic-
biodiversity relationships across cities globally. Second, most studies to dateckeave
conducted.in temperate regions of the northern hemisphere with few studiedriopscdd-and
tropicalsystemsgthe southern hemisphere, and developing countries (but see éddl2010,
MacGregosforset al.2010,Cilliers et al 2012,Cilliers et al.2013, Gatease et al.2014).
Finally, studies conducted to date are strongly biased taxonomically,awithorework on
plants and passerine biraompared to other taxonomic groupatare ofterrepresented by

only a single study (Warrest al.2010).
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276 A number ofexamplesexist that fail to demonstmthe predicted increase in biodiversity
277  with increasing socioeconomic stafi@sg., Los®t al.2009, Kendaét al.2012b,Mattesonret al.
278  2013,MeléndezAckermanet al.2014) These counter examples pdiata need for a more

279  sophisticated understanding of the interactions of time lag effects), land use, and soaald
280  cultural attributegWarrenet al.2010). For example, in South Afridargeresidential house

281 yards in pooareas on tharban fringegprovide important ecosystem servicke to the

282  retention of'many native plant speciesluding medicinal and native food plariGilliers et al

283  2012). Within‘more densely developed portions of South African cities, howewer, plant

284  species richness is found in poorer areas (Leblad 2010), dugo smalleryardsizeswith lower
285  vegetation,cover anihelegacyof racial segregatioduring apartheidCilliers et al.2013).

286  Similarlegacyeffects of racially driven policiesan be found in U.Kities, such as Baltimoye
287 MD, New York,)NY, and New Haven, CT (Booeé&al.2009, Grove et al. 2014, Locke and

288  Baine 2014), buthese studieBave only examined the relationships between neighborhood
289  social conditions and woody placver. Thelegacy effects of sociahange such asacial or

290 ethnic segregratigrand the time lag between social change and biotic compositional change
291 remains greatly understudied in both developed and developing countries.

292 Methodological challengesalie contributed tthe lack ofglobal comparative studies

293  across cities that examinelationships between socioeconomics and biodiversity. Median
294  household income is often used to characterize socioeconomic statuddpeget al.2003,

295 Losset al.2009,Lermanand Warren 2011). In developing countries, howetes,information
296 either does'notexist @ not always reliableProperty value, increasingly available from

297 commerciakreal estate databases and tracked at a finer temporal resolution than cemsag data
298 be an effective alternative measure that can shed light on how biodiversityimithstin

299 relation to,socioeconomics (Reid 2011). Furthermore, aspecktsas unemployment rate,

300 schooling,status (% individuals with no schooling), household aimkaccess to basic services
301 to characterize/the socioeconomic status of residevsbeen successfully uséd South

302  African cities(Lubbe et al2010). Thus, an important component of a global research agenda on
303 biodiversityiliers in citis is developing protocols amablsto reconcile socioeconomic data
304  within and across different countries.

305

306 Local-scale human facilitation filter
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Peopledesign and manage landscapethatscale oindividual land parcelfLepczyket al.
2004a, Gaston et al. 2005, Goddatal.2010) therebycontrolling many characteristics of
community assembly at finer scal&gnatures of individual human values can be detected in
some features of individual yards (Kendal et al. 2012a), asistore pro-environmentally
oriented residents haag more structurally complex gardens (Van Heezik et al. 2013) or
reflecting the native landscap8dddard et al. 2013), comparedsimplistic gardens of large
swaths 'of turgrass lawn with few trees andrghs. Howevera variety of social processes,
interacting across scalesfluence human decisiemaking atthe parcel scale. Aesthetics,
cultural traditions, and social norms are importimnters of yard and garden management
decisions. Citysand neighborhood scale proceskgsvernance (e.g., wa&x-metering city
ordinancesHome Owner Associatioregulationsalsoshape or constrain the actions taken by
individuals (Martin et al. 2003, Lermaat al.2012). Likewisebroader scalecononic
conditions (recessions aledgrowth periods) and market availability (plant species in nurseries
Pincetl et al. 2013; garden technologegrbicides/pesticideduratet and Fontaine 20)1&lso
affect theoptions available to individual$gnatieva 2011). Thusayd management decisions are
driven by interactionamong individual homeownersopmmunities landscaping/gardening
service providers, and local nurseries, and control the dominant features of urlaitst=fer
scalegLerman et al. 2012, Goddart al.2013).

Human landscaping decisions tlaneateand maintain the basic elementswadsturban
habitats both in terms of physical structure and composition of vegetation. Haratul
plantings are‘the primary means of introducing non-native species into urban enatsonme
(ReichardandWhite 2001). Spontaneous growth of plant spec&sics in the interstices of
thesemanaged landscapelepending on the degree of control exercised by human management.
The gradient in Intensity of human control produces a highly heterogeneous urbaagandsc
with individual parcels varying between highly manicured lawn-gardens (with heaesivga
frequent mowingfertilization and trimming, removal déaf litter, and more non-native
horticulturalspecies) towild’ gardensléss lawn, more native plantings, wildflowers, and water-
wise gardens),, Species composition is further influenced by the usebadiies and physical
removal of unwante{weed’) speciesThis finescale filter therefore has a markiefluence on

the assembly of plant communities across urban scales.
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The occurrence of native animal species depends on avajlatieposition, and
configuration ofhabitatresourceshuman tolerance of animals, competition and predation from
non-ative species, ariddividual speciestolerancesHumans deliberately remove undesirable
animal species (e.godentsjnsect “pest” species), and also deliberately attract desirable species
(e.g., birds,butterflied)y supplementing resources, such as water, shelter, and-mod.
example, supplementary bird feeding in yards is widespread in many countries and can
restructure urban bird communities (Galitin et al. 2015) and influence bird abundance at
regional scale@Fuller et al.2008, Zuckerberg et al 201Aulleret al. 212). Bird feeding may
also relate to socioeconomic status, although the degree to whishdvas mixed results as
feeding has been related to socioeconomic status in sose (Eadler et al2008), but not others
(Davies etal2012.Lepczyk et al2012, Goddaret al.2013). Understanding the relationship
between wildlifeoriented activities in gardens and yards and socioeconomic, demographic, and
culturalfactors is vital for understanay both basic ecological phenomesach as altered
trophic dynamics (Faeth et al. 2005, Fischer et al. 2@k2)dl as for enhancing humamidlife
interactionssireities.

The'localscale human facilitation filtesialsodynamic, reflecting potentially sudden
changesin.aesthetic preferengadicies, economic conditions, and markéts.such, this filter
can changethe suitability of habitat for particular species over very short time scales, altering
both the distribubn and abundance of species at the local habitat $t@lexample, in Phoenix,
AZ, plant communities reflect the dynamic nature of human decishotsent plant
communities at,archeological sites in Phoesfigmwdistinct spatial variation in species
compositionsin‘relation to human settlement patterns hundreds of yeatdadiget @l. 2013
More recent human decisions, such as regulations on water caaged a radical
transformation of the urban residentehdscape whereby lawns across the city disappeared and
were replaced.by xeric plant species in both Phoenix and Tucson, AZ (Zube et aHdj886¢
al. 20069. Sudden changes in human landscaping or management can have profound and lasting
effects on theuccess iofailure of different species in the urban landscape.

Soecies interactions filter

At the local scalespecies interactions are an important filter on the composition of species

However, in urban areas, novel associations of introduced and native plants, herbivores,
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pollinators,insectivores, detritivores, and carnivoolmnge how these specieteractand
therefore what species will be found in any given local hal@ities are epicenters of species
introductions(PySek 1998 and have been shown to support higher non-napeeies richness
than surrounding rurareas (Mcknney 2008, Aronsoet al.2015). Interactions amorngvasive
and native _specigdays a strong role in filtering species and their distribstiGompetitive
effects of Invasive plant species often resulieiduced growth of coecurringnative plant
speciesrandeductions idocal plant species diversity/ila et al.2011). Nonrnative species
plantings cause changes in insect community composition (Burghardt and Tallamy 2013), which
may affect higher trophic levelslew interactiondetweenntroduced and nativenimal
disperserandsplantalsoinfluencethe composition of plant communities. For example in south-
eastern Australian citiesative (Pied Currawong Srepa graculina) and introduced (Blackbird
— Turdus merula) bird species disperse the flesinyited invasive native shruBittosporum
undulatum, which changes urban bushland soil nutrient levels and plant composition to be
dominated.by more mesic, shade-tolerant and introduced species, parteipath edges
(GleadowandAshton 1981, Gleadow 1982, Rose and Fairweathgr 1997

Ecological network studiesuch as plarpollinators networks, have d®nstrated shifts
in networksstructure with urbanization for a range of t&m@instancea comparison of plant-
pollinator.networks across UK habitats found that pollinator communitiebanwareas had
higher generality (i.ethey visited a greater mber of plant species) but also higher
specialization (i.ethey visited dower proportion of available plant species) compared to
pollinator gemmunities in non-urban habitats, due to the higher species richness ofiven-na
plants in citiegBaldocket al.2015). The higher generality of pollinators in urban habitats could
reduce pollinator efficiency with negative consequences for plant fifa&sslinet al.2013,
Irwin et al.2014,but see Verboveat al.2014).0Other trophic interactions can also break down
in urban habitats, such as between hosts, parasitmidgarasites (Calegakdarquesand
Amato 2015, Nelson and Forbes 2Q1#Btween engbirds and nest predatgRodewald et al.
2011, Fischeret al. 2012), and between birds and their arthropofFaeth et al2005, but see
Bang et al."2012). Human activities for encouraging wildlife can alsoihdivect effects on
nontarget specieg-or instancesupplementary bird feeding has been associated with decreased
population size and survivorship of arthropods in gardens via increased préQatamand
Fellowes 2012).
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Interactions between domestic and wild species, such as those between predator and prey,
are also important determinantsnosdmmaliarand avian diversity in urban setting$e
domesticated catglis catus) has been identified as a magamtributor to the decline of
biodiversity in urban areas throughdrth America (Lepczylet al.2004b, Loss et al. 2013),
South Africa«(Tennent and Downs 2008), Europe (HiiodCuthbert 2010), islands of the
Pacific Ocear{Duffy andCapeece 201Medinaet al. 201}, and Australia (Calveet al.2011).
In all regionsdomestic cat, whether pets let out to roam at night or free living and feral, pose
serious threats'to the diversity of various groups of urban fawss @t al2013, Lepczyk et al.
2015). Glabally'comparative studies are needed to understanthéssgpecies interactiorere
affected by:higher-level filters and influence community assembly.

Speciestraits

Species traits govern how theferementionedilters determime species poolElucidationof
thetraits of.species that succeed in cigesblesis to understand how cities filter sp=cat the
regional cityy(ive., urban speies vs. norurban speciesgnd local scakg which govern
community*assembly and composition in different urban land use ayyeintensitiesA better
understanding of life history arfdnctional traitsand their underlying adaptedness or adaptive
potential.improves process-based understanding on how species and communities@espond t
strong environmental gradients and high disturbance frequencies — both of whiclvalenpie
urban landscapgdcDonnell andHahs 2015). While the evolutionary responses of species in
cities is a pewsarea of research, studies suggest that some species are capable of rapidly adapting
over only a:few generations to the resources, stressors, and habitats in ka@sEt al. 2008,
Harris et al. 2013)Cities share common featursschas fragmented natural habitats and a high
proportion, of impervious surfaces. Consequently, cities maxpected to harbor assemblages
of species.that. share common traits or life history charactetisitgcrease their fitness in
urban aread.ife history and functional traits determine hepecies response tize unique
abiotic conditiongresent in citiesuch as air, water and soil pollution, soil compaction, and the
urban heat'island.

Plant survival, growth, reproduction, and dispersal within specific environments ar
largely determined by thélife history andfunctional traits $hipley et al. 2006 Manyplant
traits show inconsisi# responses to urbanizatidrraits associated with plants growing in

This article is protected by copyright. All rights reserved



430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460

human settlements include being biennial or perenniatr&egists (competitorsyind-
pollinated,flowering in midsummeryepralucing by seed and vegetativedyspersingoy wind

or humans, and having a high demand for light and nutrients (Lososova et al.Q2ib@®)
studies have found that urban plants exhriitssuch asion-native origin tolerance of fertile
dry and alkalinesoils, heavierseed massndozoochorygreater plant heightind annual lifespan
(Aronsonet.al.2007, Thompson and McCarthy 20@8)jncan et al2011). few clear patterns
have emergedfrom existingdividual city or urban habitat plant trait studies due to the
complexity of plant-environment interactions in urban systems and limitationsstihgxiata
and methods (Williamst al.2015). Others, including those commonly reported in plant
functiond traitrecology studigsuch as specific leaf area (SLA), have not been examined
frequently'enough inrban areas to permit generalion. Thereis evidence that there is no
single urban syndrome (i.€ombination of traitsphat accounts for all the kinds of species that
thrive in cities, but rather a suite of related syndroridéflia@ms et al.2015) Natural history and
basic ecology of urban species is needed to identify and undetisésedsyndromes.

Ommnivory, sedentariness, and a broad geographic range are important for urban birds
(Crociet ali2008a Evans et al2011). A number of studies have supported broad separation
betweerbird,species that persist in urban landscapes and those which decline, generally through
the use_ofsmultiple trait groups or correlatiofsdci et al.2008a, Conole and Kirkpatrick 2011).
Importantly, single traits have rarely been found that offer consistent sepdretweerspecies
that are well adapted to urban environments, and thomd whrform poorlyKark et al.2007,
Crociet al,2008a). For instance, large birds with low frequency vocalizations may be excluded
from noisy‘urban areas whereas smaller birds with high frequeneajizaions mg persist
(Franciset al.2011). Furthermre, some birds fall into neitheategorybut differ from both
groups based on traits (Lepczgkal 2008).Whether consistent trait based relationships extend
across multiple.urban areas in different biomes remains unknown.

Particular life history anduhctional traits govern species response to filters across
multiple spatial scales. For example, dispersal traits enable species to pass from the regional
species pool to the city pool to habitat unii&ny bird dispersed plants move successfully
across than landscapes and within cities (Robinson and Handel 1993, Aronson et al. 2007). On
the other hand, at the local scale, éowispesal ability in plantsnay be highly selected for
(Cheptou et al. 2008But for carabid beetles, flightless species are more common in rural
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environments and species capable of flight are found more commonly in urban environments
(Niemek and Klotze 2009). Similar results have been found for other ground dwelling
arthropods (Vergnes et al. 2014), indicating that the urban environment may seleatiés spe
with greater dispersal ability. Dispersal traits ultimately determine the ability of a species to
arrive within.a,habitat and therefore deserve more attention to understandimnassembly
rules in urban landscapes.

To 'understand how traits govern filters, globally comparative trait databaseseale.
Global databases of life history traits currently do not exist for most taxa and theresigly
only a global trait datase available foplants €.g, TRY; Kattgeet al.2011). Regional
databases.alsoexist for plantish, birds, bees, and bats, but not all are in the public domain.

Initiatives and funding to compile these existing trait databaseseaessary.

CONCLUSIONS
Humanity ispoised at a critical window for defining the form of future urban environn{Set®
et al.2012)+Cities are surprisingly biodiverse (Aronseinal.2014, lves et al. 2016put with
continuing rapid urbanization we need a better understandihg pirocesses assemblihg
biotic communities we find in cities. Understanding whetttenmunity assembly is similar
across taxa‘and among cities is critical for both ecologieakyhand successful scieribased
planning and management decisiddewever, there is a strong taxonomic bias in the published
literature on species communities in cities. Further studies on underrepresented groups may
elucidate hewthese filters act ainteract to determine urban communities.

To understand the role of environmental and anthropogenic filtering in urban biotic
communities, comparative, global collaborations are necessary. For insfaBio®et: A global
network faor urban biodiversity search and practiqattp://urbionet.weebly.corjy/funded by the
U.S. National Science Foundation, has been established to develop a network that brimgls toge
researchers, practitioners, and students with an interest in biodiversity in cities. The network
provides a.forum for discussion, data sharing, and collaboration on topics relevanhto urba
biodiversity'research, management, design, and planning. These collaborations provide
opportunities to builglobal dataseten: 1) key variables for each filter; 2) regional, citywide,
and local species pools; and 3) life histand functionatraits for gecies in these databases.
Furthermore, most of our understanding of urban biodiversity comes from citiesnorthern
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hemisphere. There is an immediate need for better compilation and monitoring of othan bi
areas of high regional biodiversity,ctuas tropical cities. The majtyr of new urbarareaswill

be in developing countries, many of which are in tropical regiondiéMandWerner 2010Seto
et al.2012.

Our coneeptual framework proposes that community assembly in urban ecosystems is
affeded by,a series of filters, each of whighsa substantidghumandrivencomponent. Cities
areunusuain‘the degree to whichuman facilitation has a strong influence on what species
make up lecal"communities and are ideal for studying contemporary ecologicalgattern
processedUnderstanding how humans influence commusiityicture angbrocesses will aid in
the management, design, and planning of our citibestsupport biodiversity.
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Figure 1. Community assembly of urban species pools is determined by a series of hierarchical
filters (modified from Morin 2011). Green boxes represent the filters hypothesized to be
important determinants of species distributions at different sd&lleige circles represent species

pools. Species/life history and functional tfdiers are represented in blue boxes.
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