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ABSTRACT
1. Large flowersplantings areftenused to combat negative effects of habitat loss on pollinators,
but whethethese floral additionare effective at smaller scales rensainclear, particularly in
urban settings.
2. To test the effectiveness sihallscalefloral additionson enhancing urban bee populatipas
well as théir.impact from one year to the nektferent quantities of pottesiveet alyssum
(Lobularia“maritimaflowerswere placed across sitesAnn Arbor, Michiganfor two
consecutive'yeamsnd theresultingHalictid bee visitors wereonitored.
3. Overall'wefoundthe number of flowers added at the local level was significamitly
positively correlatedvith small Halictidbee abundance and species densign urban
landscapeAt smallerflower quantitieslynamics were clearly linear, where incremental
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increases imumber of flowershowed significant increases in bee abundance and species
density. At largeguantitiesof floral additions, however, dynamiagere nonlinear in that
incremental increases in flower quantity had no effect on bee abundance and highlg varia
effects on_bee species density

4. When comparinghe change ismall Halictidbeeabundance and species density from one
year to the,next, afound a significant increase in bee species density in the secorad year
smaltscalefloral additionsbut no significant difference in bee abundance.

5. Synthesis and applicatiaOur resultsshow that small flower plantings can have positive
effects on small beeommunities in urban systems even over a short period of time, and
thereforecanfirm thatencouraging citizens to plant flowers can be an effective conservation
strategyforeertainurban pollinator populations. In addition, our finding thiealler flower
plantings may have higher impactssmallpollinators than largeplantingssuggestsasource
managersterested in pollinator conservatishould consider spreadingultiple, smaller floral
plantingsacrosshe urban landscape, rather than poosihgesources into one large flower

patch.

KEYWORDS
biodiversity, flowers Lasioglossunephialtumpatch sizelLobularia maritimaplantingsize,

pollinator,bee urban sweet alyssum

INTRODUCTION
Wildubees are an important group of pollinators that appear to be in dgliedon et
al. 2014; Kohet a/.2016) Given their vital role as pollinators of many wildflowers and crops
(Klein et a/.2007; Ollerton, Winfree & Tarrant 2011), decknia wild bees could have
cascading.effects on both ecosystem function and crop yi&édsns & Inouye 1997; Allen

Wardell e£.a/1998; Vanberge& the Insect Pollinators Initiative 20138eedeclines have been

attributed tesvarious factors includipgsticides, invasive parasites, pathogens, and habitat loss

(Goulsonetal2015);in this studywe focus on habitat loss and the efforts to reverse its negative

effectsthrough the planting aidditionalflowers. Habitat lossoftenthe resulof agricultural
expansionintensification and urbanizatiomgeduce the floral and nesting resources that bees
rely on (Goulsoret a/.2015).
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There is strong evidence that floral resource availability regulates wild bee populations
(Roulston & Goodell 2011 )and increasing floral resource availability has therefore become a
focus of pollinator conservation efforts. Floral res@grare vital for bee survivadroviding both
nectar and pollen (Frankie & Thorp 2009)—and numerous studies confirm the positive link
between floral resourcvailability and bee abundance, richness, and diversity (Roulston &
Goodell 2011; Winfree, Bartomeus & Cariveau 2048 a result, many U.S. federal agencies
and nonprofitsrecommend increasing floral resource to promote pollinator conservation. The
U.S. Department of Transportation’s Federal Highway Administratoentlyreleased roadside
management guidelines encouradingprotection of native vegetation and adjusted mowing
frequencies along roadsides to benefit pollinators (Hopwood, Black & Fleury 2015). In addition,
in response‘ttormer PresidenDbamaés Executive Strategy to “Promote the Health of Honey
Bees andDther Pollinators,” an initiative known as the Milli Pollinator Garden Challengeass
launched to incentivize the spread of pollinator flower habitats across the nat
(millionpollinatorgardens.orgNon-profits such as the Pollinator Partnership and the Xerces
Scaiety forinsect Conservation stress the importance of both floral and nesting resources and
encourage planting pollinatdriendly flowersin gardens and on agricultural lands
(http://mvwwepollinator.org/guides.htm, http://xerces.org/providimitflowers-for-pollinators).

Although the link between floral resources &eess clear, the contexts in which floral
additions effectively increadsee abundance awliversity are less clear, particularly for urban
landscapedJrban gardens can provide bees with both floral and nesting res(Ravesieket
al. 2009; Matteson & Langellotto 2010; Garbuzov & Ratnieks 2014), and given the trend toward
increasing urbanization, urban gardens could become an important tool for pollinator
conservation (Goddard, Dougill & Benton 2010). The impact of floral additions on pollinators
has been welstudied in agricultural contextwhere the impact is generally positi{t¢aaland,
Naisbit & Bersier 2011Hut sedNood, Holland & Goulson 2015but fewer studies have been
conducted.irtities, where the scales of floral additions are smaller and overall trends aren’t
clear. Two studies, for example, found clear increases in pollinatarsurban areas as a result
of floral additiensin one main flowerich gardenPaweleker a/.2009; Garbuzov & Ratnieks
2014). In contrast, an experiment that placed patches of native flowers within exibtng

community gardens (Matteson & Langellotto 2011a), and twemxents that planted floral
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patches of varying sizes in urban sites found no significant differences in polisation
(Yurlina 1998; per unit area, Garbuzdadsen & Ratniek2015).

Several factorthat are difficult to contraiayhave contributetb the differences seen
across studies. First is the issuénofependent sampleSome studies place experimeritatal
patches withimshort distances of each other (dlgwer patches plante2in apart, oB0-50m
apar), whichmayinadvertentlyact as one large patch of flowers to pollinators not limited by
such distanceGarbuzoy Madsen & Ratniek8015; Yurlina 1998). Second is the issue of
landscape“context for both floral and nesting resources. If floral @aaksliire placed in areas
already weHlpopulated with flavers, such as community gardethge effectof floral additions
may be negligible (Matteson & Langellotto 20114 the same timeif the amount of nesting
resources available throughout a landsgéafimited, pollinators limited by distance wilemain
unable to reach floral additiom® matter their sizéMatteson & Langellotto 2011aRelated to
the second Issue of landscape context is the third isquegeritially saturating relationships.
There is no reason to expect thia relationship between floral additions and pollinator
communitiesris'lineawhere pollinatorincreaseproportionally to the increase floral quantity
Insteadit is'poessible that a saturatinglationship existsyhere aftea saturatiorpoint is
reached additional floral resources have little to no impact on pollinatddsr{#&e 2006;
Ebelingeta”.2008) If this is the case, floral additions will only be beneficial to polliratontil
this saturation poinis reachedpotentially explaining whgomestudiesPaweleket. a/. 2009,
Garbuzov & Ratnieks 2014, Blackmore & Goulson 2014) fiochl additions to be effective
(systems before saturation point of flowers) whbilleer studies do noMatteson& Langellotto
2011a)(systems after saturation pgint

Our study seeks to understamtdetherdifferentsizesof small local floral additions
affectsmallHalictid bee communitiesand triego controlfor the aforementioned confounding
factors Our.research questions are:

1. Doesthe number of flowers added the local level affecmall Halictidbee abundance
andspecies densityand what is the shajé this relationkip (e.g linear or saturating)?
2. Do flower additions at the local level affexshall Halictidbee abundance asgecies
densityover a temporal scalée. from one year to the next)?
While we are unable toontrol all factorsn our field experiment, we attempt to account for
issuesof independent samples, landscape context, and potentiéiheanty by: selecting sites
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separated by distances larger than the foraging rartgegetpollinators (addressing the issue of
independensample}, placing our floral additions adjacent to parking latspace where floral
and nesting resource availability should be uniformly low-stilitdocumenting landscape floral
and nesting resource levétsaccountfor potential effect¢addressing thissue of landscape
context), and-focusing our experiment on small pollinators, in the hopes of providing a full
gradient of.floral resourcefom too little to too much (to explore the possibilitiya nondinear

or saturatingrelationshippver two summers, we manipulated floral resources aecndmn and
suburban‘areas in Ann Arbor, southeastern Michigan, U.S.And monitored the locamall

Halictid beeresponse.

MATERIALS AND METHODS

Sampling Locations

This study was conducted tihe summer of 2015 and 2016 at 16 sites in Ann Arbor,
Michigan U.S.A. {Fig.1, Table S1 in Supporting Information In an effort to make sites more
comparablewwithin a heterogeneous urban landscape, all selected sites borderpdnbaveg
lots, which*previde little to no floral and nesting resources for I&itss were distanced more
than 200meapart (mean 818, range 23%n - 3,182m) to minimize interactions between small
Halictid beepopulations, whiclare estimated to have foragirpngeso greater than 200 m
(pers. commlason GibbSreenleafer a/.2007). Further details on site selection can be found

in Appendix S1 in Supporting Information

Flower Treatments

The number oivhite sweetalyssum flowers Lobularia maritimaEaster Bonnet
Lemonade variety clones from C. Raker & Sons Inc., Litchfield, MI, USA) waspukatéed
across the landscape to test effects on smaltd@@enunitiesSweet alyssum is a perennial plant
introduced.to. North America from the Meglitaneanand can bloom from late spring to nialt
(Pic6 & Retana 2001; gardening.cornell.ed@yed alyssum was chosen becauddts common
use in landscaping, long flowering period and small flower size, which attnastyy small
pollinators such as Halictid beespecially in the genukasioglossuriBosch, Retana & Cerda
1997).Our field observationand past studies confirthat sweet alyssurftowers providenectar
resourcegDavis ef a/.1998), but v were unable to observe or find informationtmes also
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utilizing sweet alyssurpollen.We wantedour flower choicdo targetLasioglossurbees
becausef thediversity of Lasioglossurspeciedound in urban areas; targetitigs genus
ensured we would be ableggamineboth beaichnessand abundancas a responde floral
additions. Restricting the study to small pollinators increased the likelihood of ouimesipie
simulating the,full spectrum of nectar required by the observed pollinator comnitonty—
potentially:not.enough nectar to more than enoagbuming their small body size translates to
ingesting afew'microliters of nectar per d&pcusing on small pollators also increased the
likelihood 'of'sampling independent communities across our sites, thigesmall pollinators are
assumed to have smaller foraging distances (Greeatesf2007).
Tengpots of soil (Sun Gro Horticulture Professional Growing Mix, Agawam, MA, USA,
NSI Blow Molded Container Pots, 11” wide, A.M. Leonard, amleo.com) were placadtat e
sitein a 2 by 5 pot configuration, with either 0, 3, 6, or all 10 pots filled withe sweet
alyssum flowers. Sites that hadts withO sweet alyssum flowers in 2015 (our control) were
changed to have 1 pot of sweet alyssum flowers in 288d&use after establishing t@gbots
lead b 0 beesHin 201%ye wanted to understand hdieral quantities even smaller than 3 pots of
flowers affectedHalictid bees There were four replicates of each treatmfmir sites had 10
pots filledwithsweetalyssum flowers, four sites had 6 pots, four sites had 3, and the remaining
four siteshad O or Ipot filled with flowers The number of soil-containing pots was kept
constant across all sites to keep potegiiledhesting habitat equal across all treatiseas
Lasioglossumpp. can be ground-nesting and have been shown to nest in potted plants (Tonietto
etal. 2011y This minimizedthe possibility of confounding the effect of floral additions with the
effect of nesting resource additions. Howegarce pots of sweet alyssum were discarded at the
end of 2015 and replaced with new pots of flowers for the summer of 2018estsycreated in
pots in 2015 did not influence tlsenall bee almdance or richness observied2016.Each
flower pot.was watered with Blumat watering probes (Blumat 23308 Bottle Adapter f
Automatic Plant Watering, Austria, amazon.catiached to 1.5L clear plastic bottles.
Sincesweetayssum flower vitality varied across sites throughout the seaisdn
between yeagsan estimate of the actual numberwestalyssum flowers available was
calculated eacimstancepollinators were sample&or further detailsincludinghow this

estimate was calculated, s&ppendix S1.
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185  Pollinator Measurements

186 Pollinators were sampled at each &mel5-minute intervals once a monifittom June to

187  Augusteach yearEach montlpollinators from all sites were sampled on the saay and by

188 the same collectdretween 10 a.m. and 6 p.mwhen bees were observed to be most acheta

189  werecollected,on mostly sunny or partly-sunny days, with a few observations on mostly cloudy
190 days. One limitation of the study design was the non-randoreeagieence of site observations

191  due to traveland time constraintge therefore recordeshmpling times (hh:mnfpr each site

192  To samplepollinators, all inseatatering the perimeter of potgerecollectedusing a 1-gal

193  Ziploc bag. EBe specimens weréentifiedto specieby Jason Gibbll specimensbees and

194  non-beesarestored in the Insect Division afiversity of Michigan’s Museum of Zoology

195

196  Surrounding landscape floral and nesting measurements

197 Floral surveys of the surrounding landscape were conducted within a day of pollinator
198  sampling to.measure surrounding floral resource availability. At each site three 100m transects
199  were extepded; starting from the cendf the sveetalyssum flaver pot locatiorand extending

200 in either a'north, southeast, or and southwest direction. At the Om, 50m and 100m points on each
201  transect, the area within a 20m radius of each point was surveyed for fldwgpisr(ert) To

202  survey flowers, the number 8dwer morphospecies (richness) aheé proportion of space

203 covered by flowers (abundancegre estimatedlhe proportion of space covered by flowers

204  within the'20 m area wagiartified in increments of 5%tthe lower rangef floral cover

205 (where thesmajority of the data fell) and then 2is&sementsat the higher rangé-or specific

206 details se&ppendix S1.

207 The amount of suitable nesting habitat in the landscape was estimated within 120m of
208 each site. This scale was selected to match the extent of area covered by floral surveys, and
209 because of.its.relevance to the smaller scale at veietl Halictid beesbserved are assumed

210 to operatdGreenleafer a/.2007). Within each 120m radius, a grid of 2.5m cells was created

211 atop an aerial'image base layer in ArcMap software (ESRI 2011. Ad€d8op: Release 10.

212  Redlands, CA: Environmental Systems Research Instifite3ence of nesting resourgess

213  recorded for each cell in the field. The nesting resources considered in each cell included: bare
214  soil exmpsed to light for at least part of tday, dead wood, slogeecorded as presence of an

215 inclined surface)rock ‘mulch (aggregations of rocks greater than approximately 1 cm), and
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216  areas of herbaceous plarid®ad wood andigpewere considered becauseth have been cited
217  asfactorsin nesthg preferencefor certainHalictid beeg(Sakagami & Michener 1962Rock

218  ‘mulch’ was considered becauska study findingHalictus rubicundusees preferred to nest in
219  areas betweelandscapegebbles rather than bare di@ane 2015)To calculate each site’s

220 nesting habitat availability, each cell marked with the presence of nesting resources was given a
221  value of 1 per nesting resource available (with a few excepserappendix S1), and values
222  were summed-across all cells within the grid.

223

224  Analysis

225 In our @analyses we treatedhallHalictid bee abundanandbee species densftyumber
226  of speciesfound across equal unit areasGseelli & Colwell 2011)as our response variables,
227  andnumber of seetalyssum flowerslandscape nesting availability, idstape floral

228  availlability, ime (hh:mm) of samplingnonth,and yearas predictor variablesSifewas included
229 as arandom effect. Neither bee richness nor bee diversity rarefaction curves were constructed
230 because mestssites had fewer than 20 individuals per sample, and therefore did not meet
231 minimum requirements for rarefaction analysis (N. Gotgh¥;s. comny.

232 Forexploratory analysis, wiirst plotted each response variable against each predictor
233 variableandran simple regressions to test for correlated predictor varigfgdben usec

234  paired ttestin R (R Core Team 2015) to compasieeetalyssum flowerbetween yearOne

235 data point'proved to be an extreme outlier in numbewegtalyssum flowers antieavily

236 skewedsubsequent models (causing a third of trend line to be based on one datanuowwe)s
237 therefore exeludefiom subsequerdnalyses

238 Bothresearchlguestions 1. and 2vere answeredsing a generaled additive modeWwith
239 the mgcv package in R generalized additive model is very similar tgeneral linear model or
240 generalized linear moddut canincorporde nonlinear forms opredictor variable¢Clark

241 2016} making.itiidealfor ourresearch question, where geestion the linear assumpticofsthe
242  flower predietorvariable In eachgeneralized additive modeaditherbee abundance or species

243  density was'chosen as thiesponseariable number of sweet alyssum flowers asthe nonlinear

244  predictor,landscape nesting availability, landscape floral availability, time (hh:mm) of

245  sampling, month andyear aslinearpredictos, andsite asarandomvariable.Since all three

246  measures diandscape floral availability (total landscape floral area, floral area of small flowers,
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247  and floral richness) were highly correlated, three separate syvded run, each including one
248  of thelandscape floral availability measures, antié model with the lowest AIC valweas

249  selected.

250 For research question 1 we focused on the effect of the nonlinear preudictber of

251  sweet alyssum flowerand observed the shape of the modelled curve. Watweber of sweet

252  alyssumfiowersproved to be a significant predictor variable in the generalized additive model
253 and the‘resulting trend line showed semblance of a saturating relationship edddegirther

254  evidence of‘a'positive saturating relationship by first identifying a patesaiuration poirior

255  point of transition from linear to nonlinear relationshipthe trend line, and second testing for a
256 linear relationship before and after the perceived saturation point with a linear mixed Toodel.
257  better scale‘variables within theear mixed model, values of sweet alyssum flowers were

258 divided by 10,000. If the linear mixed model was significant before the saturation point but not
259  after, we interpreted this as further suppalthough not complete confirmation—of a saturating
260 reldionship.

261 Forsresearch questiddwe focused on the effect of threarpredictor variablen the

262 generalized additive modeb determine whether there was a significdr@ngen bee

263 abundance.or species denditym 2015 to 2016, given the effect of tlemaining predictor

264  variablesin"addition, we re-ran each generalized additive masie thesame predictor and

265 response variables, but excludisigta fromthe four ‘control’sites(which had 0 and 1 pots

266 flowers in'2015 and 2016, respectively)ase the changa number of flower potbiased

267 trends seenbetween years. Wiend no differences ipearly trendsfrom original modes$ using

268 the full datassetand therfore proceeded with original modelssults

269

270 RESULTS

271 Overall beecommunityand sweet alyssuftower trends

272 In 2015,/194 bees weoellectedand identified to 11 unique species. In 2016, 147 bees

273  were collecte@nd identified to 15 unique speci&gF2). In both years, thdominantspecies

274  wasLlasioglessum ephialtymomprising 86% of all bees captured in 2015 artd 582016

275  (Fig.2). Most bees collected were groundsters and nativé&ig. 2.

276 Despite planting the same quantities of sweet alyssum flowers each year at eteh site,
277  summer of 2016 was unusualarmer and weobservedncreasedgweet alyssummortality. In
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2015 the mean number of sweet alyssum flowers estimated across sites was 10,479 + 14,661 s.d.,
while in 2016 the mean number was 4,666 + 5,é8red ttestt = 3.125p= 0.003.

1. Does the number of flowers added at the local level affect small Halictid bee abundance and
species density;,and what is the shape of this relationship, e.g. linear or saturating?

In thebestfit generalized additive model, the number of swheisam flowers
significantly“affectedoth overall bee abundan@€3.214, 3.915) = 3.18&= 0.019) andee
species densitfF(7.733, 8.522) = 5.34 < 0.001;Htg. 3, Table 1). Upon visual inspectioof
eachmodel’s trend linesmeither showed a clean and perfectly distgattrating function;
however, bothemodebsppeared téollow a similar pattern whereat low floral densitieshe bee
responsehoweda positive andinear trendyetat midrange and higher floral densitidse
responsshowed mordlat or variabletrends. V& thereforedentifiedthe point oftransition-
betweerinear increase andck ofclear,linearincreasefor each modehs11,000sweet
alyssum floewers for bee abundance and 4{000ee species densitfig. 3). For both bee
abundancerand bee species density, we fosgh#icantlinear positive relationship before the
point of transitionabundance, 3.985 + 1.48%, t = 2.692 0= 0.009; species density, 4.266 *
1.306s.e;t=3.265pp= 0.002), and no significant relationship with sweet alyssum flowers was
found afterthe point of transition (abundance, 0.436 + Os/G = 0.574,p= 0.577; species
density, 0.007 £ 0.175.e,t = 0.041,0= 0.967)

2. Do flowerradditions at the local level affect small Halictid bee abundance and species density
over a temporal‘scale, i.e. from one year to the next?

In the generalized additive mod&dr bee abundance there was not a significant effect of
year(-0.775 £ 0,956, t = -0.8]p= 0.421), bufor bee species density, there was a significant
effect of year(0.636 + 0.316, t = 2.0p= 0.049;Hg. 4, Table 1).

Additional indings

A few oef theadditional predictor variables included in our modd$oproduced notable
results. For bee abundancthe variation between sites was signific@iféble 1). This may be
explained by one sit@ith particularly high bee abundance value®(RH inFigure S2 in
Supporting Information), and the four sites with 0 or 1 pot of sweet alyssum flowersdhat ha
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consistently low bee abundances (sites ARB, NC53, OSEH, and Wabla S1). For species
density, both time (hh:mm) of sampling and mon#resignificant effectsTime showed a
slightly negative effect, meanirgjghtly fewer bees were collected later in afternoon, as
compared.to the morning. Sampling month had the expected significanfeffieee
abundancegin.that more bees were collected in the warmer noddtilg and August as
compared to Jun&Ve also verified thafor both bee abundance and bee species densitigen
floral or'nésting resources at the landscape level were significant €ffabte 1, Fgure Sl in

Supporting Infermation

DISCUSSION

Overall aur resultsare encouraginfpr urban plannerand conservationistaterested in
green infrastructurelemonstrating thatven oveshort time scake(one year)smaltscalefloral
additionscanmake effective contributions small,urbanbeeconservationTo summarizeur
findings, ourranalysis of the relationship between floral additionsaradl Halictidbees showed
suggestiversignals of a saturating relationship, with significant linear increases at smaller scales
of floral additions, but not at larger scales. From one year to thesneai;scaleurbanfloral
additions.significantlyncreasedalictid beedensitybutdid not have aignificant effect on
Halictid beeabundanceNeither of thdandscapdevel measures afesting orfloral resources
significantly correlatedo beeresponss.

Lasioglossunephialturdominated the bee communitigsiting sweet alyssum flowers in
Ann Arbor;"Miehigan they aresmaltbodied groundiestersiative to North Americandare
expected to be primitively eusoci@ibbset a/.2012), butas with many native bedgtle has
been documented dheir behaviar, life history, and preferred habitats. Omigcently described
(Gibbs 2010)jt.is commonly found in urban areas—even on green idéslvor ef a/.2015)

Our.results on the functional relationship between floral additionslahictid bees
suggest thesrelationship is nuanced, but has important implications for decisiofectwneef
patch sizes*or pollinator conservation. Past studies have explored simgaoqsi®f saturating
relationships between floral resources and pollinators, with varying results. One study, for
example, tested whether flat, linear, saturating, or sigmoidal models best fit the relationship

between plant density and pollinator visits, and found pollinator visits were besinexjpivith a
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saturating function model (Feldman 2006). In Matteson’s study of bees in New York City
gardens, however, he found a linear—not saturating—relationship between garden #aatlare

bee richnes@Matteson 2007). Yet, another experimental study done near Jena, Germany, found
bee species richness followed a saturation curve with blossom cover, while beenabunda
increased linarly (Ebelinget a/.2008) We found evidence of direct linear increases in bee
abundance and species density at smaller ranges of floral additions, but less of a linear and more
of a variable'response at higher ranges of floral additions. In other words, in the obotaxt

field experiment with small Halictidees, adding 3,000 sweet alyssum flowers showed more
significant effects on bee species density than adding 1,000 sweet alyssum flowers, but at the
higher endsofsithe scale, adding 15,000 sweet alyssum flowers attracted roughly thpesamse s
density as40,000 flowers. Our result suggests that, at least for small bees in urban landscapes,
there is a semblance of a saturating relationship where additiordepkmdently spaced,

smaller patches of flowers may have greater overall impacts than planting one large patch of
flowers.

In thersecond year of floral additions we found no significant change in bee abundance
from the previeus yeat his finding contradicts the widely accepted direct relationship between
floral resources and bee communitiBsulston & Goodell 2011), bumatchesomeprevious
studieswherefloral additionshad naosignificantimpact on bee visitation (Yurlina 1998;

Matteson & Langellotto 2011bYhese past studissiggestedhe lack of impact might have
stemmed froniloral additionsthatwere either too close togethartoo smallin size orthat

other limiting*factorsuch as nesting availabilityere not addresse@®ur studymade an efforto
address thedactorsby explicitly spreaihg sitesout beyond the foraging range of target
pollinators, providing range othousands of flowers, and incorporating both nesting and floral
landscape, resourcdatainto our models. We believe the lack of impact found in our study was
associated,with, problems in flower mortality in the second, ydaere roughly half of the

flowers placed.across sites died in 20A6n Arbor—like much of the U.S.Aexperienced

“much aboveraveraggémperatures from June to August of 2QU®AA). Sweet alyssum
flowers prefer,cooler sumer temperatures, and the ab@awerage heatligned withincreased
mortality of sweet alyssum flowers the second yeaExtending this type of study across larger
time scales would reduce the impact of unique years, or at least allow more confidence in the

patterns that emerge over time. Floral additions placed next to blueberryfbeltstance, only
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371 showed significanthanges in wild bee visitturing the third year of samplif@laauw & lsaacs
372  2014a).

373 Despitecollecting24%fewer bees in 2016, we were surprisefind a significant

374  increase in bee richnebstween yeardn 2016 we collected five new bee species, in addition to
375 nearly all of.the species seen the previous yd#roughlittle is knownabout the behaviour and
376  preferences ofimany of the species collected here, we assume the patterns seen here are rooted in
377 the distribution"okachspecies across the landscape. Species seen in both years of sarapling
378 havealreadybeenestablishedn nestswithin flying range of our floral addition#; newly

379 emerged reproductive females of those species exhibit preferences to nest near or in their natal
380 nestwe assume the existence of adequate floral resources in the lardspapelly

381  supplementedrby our floral additions—would encourage them to revitain range of our sites
382 The speciesewly collectedin 2016 howeverwith the exception ofpois mellifera whose

383 distribution is likely more influenced by human activityay have originated in nests slightly

384  outside the foraging range distance of our floral additions, but upon emerging in thersoying
385 have woupdpumesing and reproducingt a location within range of our floral additions.

386 Knowledge'ofithe nesting behavicand distribution of these bees remaimgap in the literature,
387  but is vitakinformation if we are to understand the mechanisms behind bee dynamics across
388 urban landscapes.

389 Themainimplications of our results are that 1) small scale flower plantmgsban

390 areascan be effectivén attractingsmall Halictidbees even over short time periods, ahdt?2)

391 for targeted pollinator species or grathere may be optimal rangefsflower additionsizes

392 that maximizepollinator response. These results contradict previous findings suggesting that
393 only largerareas of floral plantings are effective in increasing pollinator diveiBigauw &

394 Isaacs 2014bpndsuggesinsteadthat actions taken in smaller areag.at theindividual scale

395 of an urbarhomegarden€an be effectiveA study examining pollinator services throughout the
396 city of Chicagareported a similar resyitinding thatwhenmodelssimulatedncreasedlower

397 plantings byresidents in their home gardens, pollination sersigesicantly increased

398 throughout'the cityDavis et a/.2017). A study in Chicago, IL, documented the benefits of

399 individual flower gardens in urban areas, finding that more densely populated neighbourhoods
400 had a greater diversity of flowering plants, which correlated to increased beeraimynda

401  richness, and visitation (Lowenstema/2014). We recommend tharban natural resource
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402 managers focus on spreading multiple, Bendlower plantings out across urban landscapes,

403 rather than concentrating resources into one large floral.patch

404 While our results are encouraging, they are most relevant to small Halictids in temperate
405 urban areadlollinatorspeciesn this regionhowever, include more than just Halictid beesl

406 canbe active.from laté\pril to October(Wilson & Carril 2016) To reach the full suite of

407  pollinators,floral additionsmustinclude a diversity ofiower speciesnd nesting habitats that

408 matchthe range of pollinatgoreferenceshroughout thgollinatorcommunity’s active season.

409 The urbanpollinator ecology field woulkdereforebenefit from similar additional studiegth

410 different species with different natural history trautarying floral speciewith earlier or later

411 blooming periods, and studies focusedanger temporatlynamics.
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547 TABLES

548 Table 1. Results of the two generalized additive medesled to anake trends in bee abundance
549  and bee species density. Each model included the same linear predlictbles @ndscape

550 nesting availabilitylandscape floral availabilitgime of sampling, monttyear), one nonlinear
551  predictor variables (hnumber of sweet alyssum flowers), and one random effect (site). A *
552 indicates asignificant effect.

Response variable Predictor variables Estimate  Std.Error t p-value
Bee abundance (Intercept) 1567.000 1927.000 0.813 0.420
Landscape nesting availability  -0.004 0.007 -0.589 0.558
Landscapdloral area -0.001 0.001 -0.979 0.332
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553
554
555

Time (hh:mm) of sampling -0.020 0.018 -1.118 0.268
Month (Juy) 0.844 1.147 0.736 0.465
Month (August) 2.296 1.329 1.728 0.090
Year -0.775 0.956 -0.811 0.421
Nonlinear Predictor variables edf Ref.df F p-value
Number of sweet alyssum
flowers 3.214 3.915 3.188  0.019*
Site,random effect 8.584 14 1.846  0.001*
Responsevariable Predictor variables Estimate  Std.Error t p-value
Bee species densit' (Intercept) -1281.000 637.700 -2.008 0.049*
Landscape nesting availability  <0.00L 0.002 0.103 0.918
Landscape floral area of small
flowers <0.00L <0.00L 0.895 0.374
Time (hh:mm) of sampling -0.014 0.006 -2.437  0.018*
Month (Juy) 1.142 0.395 2.896  0.005*
Month (August) 1.500 0.444 3.378 0.001*
Year 0.636 0.316 2.011  0.049*
Nonlinear Predictor variables edf Ref.df F p-value
Number of sweet alyssum
flowers 7.733 8.522 5.347 <0.001*
Site,random effect 3.125 14 0.33 0.144
FIGURES
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Figure 1. Locatiors of sites where floral additions were placeithin Ann Arbor, Michigan.

Inset map shows one sampling site in detail, where potted sweet alyssum flowers were placed in
the cente (black dotand landscape floweesourcedatawere takerwithin 20 m (white circle

area$ of sampling points spaced &9(blue dotsalong threl00 mtransectdrom the centre.

Source of:base'layeEsri, HERE, DeLormdylapmylindia, © OpenStreetMap contributors, and

the GIS user community.
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Figure 2. Total bee abundance found across sites in 2015 and 2016 with associated natural

history of each specietasioglossum ephialtudpminatedhe bee community captured each

year, although.other species saw slight increases from 2015 to 2016. Most bees captured ar

considered native in Michigan aadeground nesters, and one parasitic species was found. In

bee speciesnatural history descriptios'siefers to solitary‘e’ to eusocial, and ‘pgod

primitively eusocial.
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Figure 3. Partial residual plots of generalized additive model results, showing the fitted trend
line in theelationship betwedlowering sweet alyssum quantity ®ee abundancgop) and

bee species.densifigottom) Graphs do not show raw data, but instead show data given other
independentvariables in the data. Visually estimated points of transition between linear and

nonlinear portion of the trend line are also shown.
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Figure 4. Differences in small bee abundance and species density between years. Abundance did
not differ significantly between years, but bee species density significantly increased.

SUPPORTING INFORMATION
Additionalssupporting informationanbe found in online version of this article.
Table Sl. Flower treatments and geographic coordinates of sampling sites.
Appendix S1. Details onstudy site selectioriandscapédloral, andlandscapeesting
measurements
Figure SL. Frequency distributions of floral and nesting resources at the landscape level.
Figure 2. Variation in bee abundane@d species densifcross sites
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