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ABSTRACT

This studyexaminedhe impact ohabitat restoration on bee communities
(HymenopteraApidag of the Niagara Region, OntayiGanadaBee abundance and
diversity was studiedn three restored landfill sitetheGlenridge Quarry Naturalization
Site (GQNS) in St. Catharines, EIm Street Naturalization Site in Port Colborne, and
Station Road Naturalization Site in Wainfleletring2011 and 2012GQNS represented
older sites restored from 20@D03. EIm and Statiositesrepresentedewly restored
landfills as 0f2011.Thesesites were compared controlsites at Brock Universitwhere
bee communities are well establislaed agairto other landfills where no stable habitat
was available before restoratidrhe objective of this study to investigatéhe impact of
restoration level on bee abundance and diversity in restored landfill sites of the Niagara
Region Based on the incread disturbance hypothesis (InDH) and the intermediate
disturbance hypothesis (IDH), | hypothesized that bee abundance and diversity will
follow two patterns. First pattern according to InDH suggest that as the disturbance
decrease the bee abundance awmdrdity will increased. Second pattern according to the
IDH bee abundance and diversity will be the highest at the intermediate level of
disturbanceA total of 7173 beesverecollected using pan traps and flower collections,
from May to October 2011 ar012. Bees were classified to five families, 21 genera and
subgeneracontainingat least 78 speciel 2011 kee abundance was not signifidgnt
differentamong restoration levelghile in 2012 bee abundance was significant difference
among restoratiorelvel According to family thergvere no significant differences
Halictidae and Apidae abundance among restoration level while Colletidae and

Megachilidae abundance were varied among restoration IeVeésbee species richness



was highest in the newhestored sites followed by restored control sigexl therthe

control site. The currerstudydemonstratethat habitat restoration results in rapid
increases in bee abundance and divefsitpewly restored sites, anfiirther,that it

takes only 23 years for bee assemblages in newly restored sieasite atthe same

levels ofabundance and diversity as in nearby control sites where bee communities are

well established.
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1. INTRODUCTION AND LITERATURE REVIEW
1.1 Disturbance

Disturbance can be identified as chaigehe environmental conditionsf an
ecosystemwvhich affectthe quantity and quality of resou;evhich ultimately impacthe
biodiversity of the habitatSvenson et al.2012;White et al., 1997)Perturbationgan
createa varietyof environmeral conditionsby refreslimng limited resources and
removing dominangpecies (Levin &aine, 1974)esuling in increasd specis
diversity and abundanceidburbance exposenew areafor colonizationby releasig
natural reources in different patchasdat different tims, which causefeterogeneity
(Sousa, 1984 Disturbance cau fluctuatiorsin ecological patterns and process
1.2 Human impact on ecosysterns

The disturbancecaused by humatontinue to causglobalecological concem
becaus®f how these affect anthange the dynanms@nd stucture of ecosystems
Perturbationsan result in loss of habitat, reductiohhabitat qualiy, and fragmentation
(Kearnset al, 1998;White et al., 1997)The perturbatios causedy modern agricultural
practicespesticides (Kearnst al.,1998), invasions of nenative pants and animals
(Manchesteg& Bullock, 2000), urbanization (McKinney, 2002gcreation, liestock
(Cooper et al.2005), prescribetire, pollution (Mouratov, et al.2008), mining, industry,
harvest, logging, roa{(Vos & Chardon, 1998), anthany othemodifications caused by
humars are associated with negative camsences for biodiversityMora & Sale, 2011
1.3 The importance of arthropods

Arthropods are an ideal model to study human impacts asysters.

Arthropodsare abundangoodrespondesto environmental changandthey have a

12



short generation timgMcintyre et al., 2001)Arthropods havémportantrolesin an
ecosystergs functioning such as pollination, food welectors movement and exchange
of organic and inorganic mattévi¢Intyre etal., 2001).

Insects are the most importardimators in most habitats. It sstimated that
80% of all human food sources depgdidectly or indirectly on insect pollination
(Thomson, 2001). The economies of many communitiesl even whole countriggre
sometimes dependent on how well local pollinators are able to peldireads which
provide food for humans anwvéstock(Kevan, 1999; Williams et al2001). For
example the value of native insects of the United Stagesbeen estimated$87 billion
(Losey &Vaughan, 2006). Insect pollination is essential in the maintenance of
biodiversitybecause of itenportarcein plant reproduction, whicbanrequirespecific
pollinators.Some insectare keystone species that play a critical role in tresgstems
which makes conservati@necessary mission (You et,£005).
1.4. The special value of bees

There are more than 25,000 bee speciedlanhg to sevebee families in the
world (Danforth et al., 2006; Michener, 2000; Williaetsal.,2001).Six familiesare
foundin North America (Grundel et al., 2010)he imporanceof beesas pollinatorss
well knownin many ecosysten&remen et al., 2002Bee communitieare sensitivéo
anthropogenic disturbance, and thegpondjuickly to environmetal changes (Quintero
et al, 2010) Bee assemblages araluable bioindicators dhe environmerit Bealthand
their diversity is representativef the diversitywithin anecosystem as a whole (Duelli &

Obrist, 1998Kevan1999 Richards et al., 2011).

13



Recently, the issue ahfe declineof pollinatorshasreceived considerable
attention within the scientific community and news media. Pollinator decline has been
defined as a decrease in the size of the pollinator popwdtioa particular habitat. Bees
are in declingoartly due tohabitat loss (Winfree et aR009) aresultof losesof nesting
sites and thedeprivation of vegetation thaees rely on for nectar and pollen resosrce
(SteffanDewenter &Tscharntke, 2001¥5lobal agriculturaproductionmay suffernf the
continual decline in pollinator numbesentinueqAizen & Haeder2009). Specialist
specief pollinatorsuffer the most whethere isecosystem damage, but the ecosystem
suffers more when the generalist speaiexiamagd because seval different types of
flowers will be affected(Dxion, 2009).Insect pollinationthereforehas implications for
the economy, food securjtgnd biodiversity.

1.5 Theinfluence of disturbance onabundanceand diversity

Many studies suggebeespeciesabundance, richnessndcomposition change
afterseverdlisturbance. Bee diversity andlmandance are subject to chartigeough
succession agresult of variation irvegetatiortype Speciesichness isised ag
measurement to quantibjodiversity (Svasson et al., 2013ndto trackchanges in

community structure and comgiton (You et al, 2009.

1.5.1. Influence of disturbance on abundance

Generally there is a decrease in abundancar@sult of disturbance, but once the
perturbatiorstops,abundance stastto increase rapidlfHopwood, 2008)Disturbed
habitatsn PatagonigArgentinahavea higher numbers of bees and bpedes than

undisturbed habita{Quintero et al., 2010).
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Hill and hiscolleague$1995) observed a declineabundancef butterfliesin
lowland monsoondrestin Buruy, Indonesia due to clear cuttinisturbances may
actually create new habitats or habitat heterogeneity favourable for more bee species at an
intermediate time after recovery, but while the disturbance lavelstill high, species
are at risk of becomingxtinct(Wimberly, 2006)

1.5.2. Influence of disturbance on diversity

Changes in the diversity of beemmunities during succession after disturbance
may be prdicted by two modelsThe first, he Increasig Disturbance Hypothesis
(InDH) stateghatincreased disturbance will decrease species ricl{teay, 1989).
DeathandWinterbourn (1995jound that invertebrate diversity decredwgth increasd
disturbance in a study in Nexiealand. Wien the effects ajrazing intensity in
grasslandof north Germany erestudied, isect abundance and diversity wéyend to
be higher in the areas of leat grazing intensity (Kruess &scharntke, 2002). Areas
ungrazed over thewngterm had the ighest diversitysuppoting the hypothesis that
disturbance decreasabundance and diversitfnother study done by Simme(1999)
linked arthropod diversity to successidmeyfound that arthropod diversity wéeked
to plant diversitywhichincreased significantly with fid successiomge(Simmons
1999) A study performed by Schwilkt al.(1997) sought tovalidatethe InDH by
studying diversity in African grasslands called fynbos, which are routdisiurbed by
fire. Frequentlyburned sites were compared to sites badiless frequentlyThe InDH
described the species richngsdternsthe highesspecies richness was recovered in the
leastdisturbedsites(Schwilk et al.1997).Also, Ikeda(2003)studied the species richness

of herbaceous plant commuegin Tokyo, Jgan. He found that the disturbance reddce

15



the abundance and diversity arbaceous plant&err and Packef2000) found that
butterfly diversity was stronglynked to bee diversy. SteffanDewenter and scharntke
(1997)studied the early successiontuaftterfly and plant communities on setide fields

in south Germany. They found thattterfly colonization mainly deperedon the
avalability of food plants which changedith the age of the field. Also, they found tha
species diversity of butterfliasas highein the late succession fields than the early
succession and pioneer fields. Thghast diversity of butterflies ithe late succession
fields occurreddue to the highest abundance angersity of flowering plargin these

fields (SteffanDewener & Tscharntke, 1997 After anthropogenic disturbances, species
diversity increaseasaresult of restoration since native species abundance increases and
nontnativespecies decreag&ibson et al., 2000).

The second modgdhe Intermediate DisturbamcHypothesis (ID) stateghat
areasexperiencingntermediate levels of disturbance have the greatest biodiversity
followed byareas witlow disturbance leveJsvhile areas withhe highestdisturbance
levelshave the least biodiversi{Zonnell, 1978)The intermediate disturbance
hypothesis (I1) was introduced by Connell9Z8) to explainthe effectof disturbance
on tropical rain forest and coral reef divershtigth ofwhich ranked as high species
richness ecosysteniBhere were three different memsments of disturbances: frequency
of disturbance, time between disturban@e=l intensityf disturbance (Connell, 1978).
At a high disturbance level, only a few species with a special colonizatiomealsilich
as adaptation to the rapid environmegteinges survived (Connell, 1978). At
intermediate levels of disturbance, a varigtgpecies can survi€onnell, 1978)When

more time is allowed to pass and the site is considered low disturfp@ngaore than
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three yearasRutgersKelly & Richards (2013)suggest the species richness deass
because pioneer spece®removed by latsuccessiowompetitivespeciegConnell,
1978). High diversity can be achieved only wispecies with good dispershlut poor
competitive abilities coexist withighly competitivespeciegConnell, 1978 Succession
can lead to amcrease irtheavailability of newniches that could bvourable to
different speciegherebyallowing more speciepreservatior{Connell 1978)The
intermediate level of disturbanbad thehighestspecies richess as well aspeciefrom
bothlow and high disturbandevels(Connell 1978§. Svensson et al. (200@jguedthat
the highest species richness cdoédfound atnintermediate frequency of disturbance.
The moderate levaf disturbance is generally important for habitat heterogeteeity
ensurethe highestlevelsof biodiversity(Benton et al., 2003)
1.5.3. Influence of disturbance on community composition

Bee community compositias defined aghe proportion of bee spées relative to
total speciesn a given areg@Williams et al., 2001)The degree of disturbance caused by
land use cachangehebee community compositigiBrosi et al., 2008)Disturbancs
affectthe commauity structure located dhe disturbed patchytthangingthe succession
stage an@dbundance (Sousa, 197H.study done by Cardinakt al. (2000suggests
thatperturbations causghanging environmental conditismvhich affeccommunity
composition In thecoastalktreamof southern California,physcal disturbance affected
community compositiofi.e. relative abudance of filter feeding insectgth Simulium
virgatumandHydrosyche oslardlominatingthe castal strearpn(Hemphill & Cooper,
1983).Usually, whenthere isnew space available,i& colonized quickly bySimulium

virgatum When the timérom thelast disturbances increasedhe number oSimulium
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virgatumdecreass while the abundance ¢dydrosyche oslarincreags(Hemphill &
Cooper, 1983).

A studyby Larsen et a2005)tesed howloss ofhabitataffects the community
structureof beetles in tropical forestind bees in temperate agratural landscageThe
beetles were studied ihago Guri, located in Bolivayenezuelawhile the wild bees
were studied from organic and conventiowatermelon farm siteis Yolo County,
California, USA. The beetles were studied in 29 islanidat variedn size. The islands
were disturbed by construction of hydroelecttaans whichwerefloodedin 1986 The
bees were collected fromatural habitatand agricultural areaBee abundance and
diversity decliné as the natural habitdeclined In addition, they found positive
correlation betweeabundance and species nelss in both beetles and bdeascal
extinctionsof dung beetles and bees occurasd result of disturbance. Thextinction
rate of the largesized species wakigher tharfor smalker sized species. In concgion,
they found that abundaneadspecies richness beetle and beeommunities changed in
response to anthropogenic distamice (Larsen et al., 2005).

Disturbance by fire has a positieéfect on arthropod diversitfzerrenberg et al.
(2009 investigatedhe effecs of disturbance cauddyy prescribed fire oarthropod
abundance and diversitlyire canaffect arthropods dirgty by killing them and indirectly
by changing resourceandresulting in anewhabitat (Ferrenérget al, 2006). Overall,
arthropodabundancevaslower in burned treatents than the unburned controls
(Ferrenberget al, 2006). Species richness was geeat burn treatments tham

controk, andthese areasadfewerdominant specie@-errenberg et al., 2006).
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Another studyby Moretti et al.(2004)found evignce to support IDHLhis study
confirmedthatthediversity of bes and wasp# southern Switagand washighest in
sites burned at medium frequencrdsere rare species were present, undikieer
unburredsites orsitesburned at high frequenayhich had lower diversity. Sites with
intermediate levslof disturbanceesulting fromfire supporedhigher species richness
than unburned sites (Moreét al, 2004).

Potts et al(2003a)studied the effestof fire on plantpollinator communitiesn
theMount Carmel National Bserve, Israelfwo yearsafter a burnthey foundvegetation
and species chnessncreasingfollowed byan immediate decreaserichnessThe
intermediate disturbance hypothesis was confirmed that nsmobgpecies and
individuals tend to be higher thefirst few years after fire compared to unburned sites
(Potts et al., 2033). Muona andRutanen (1994) studied three burned sleeatedwithin
Siberian taiga forest in FinlanBire disturbance causeaincrease in abundance and
diversity of boreal coniferous forest best{®uona & Rutanen, 1994)They found that
abundancand diversity of many specieapidlyincreased after fireg. predators living
in litter and mushroomsnd woodboring, soil dwelling, and fire specialist spegies
(Muona & Rutanen, 1994Another study done by Koponen (2005) on the spider
community & Tammela, Riihivalkama, east of the Torronsuo National FPeifinland
found that the spider communitiasthe burned sites were higher in abundance and
diversity thann control sitesAlso, the spider comnmity in the burned sites wa®ry
different han the controlites in the three years followirige (Koponen, 2005)Buddle
et al. (2000) found that spideommunitiesverehigher in abundandellowing tree

harvesthanin control sites in the midboreal mixedwoodforess of Alberta
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Carvell (2002 studied the effect of disturbance created by cattle grazing and
vehicle activityon habitat characteristsavhich influencel theabundance, diversity, and
foraging activityof bumbldees. The study was carried outhe SalisburyPlain training
areaof England A total of 475 speciesf bumbldee were observedrhe most abundant
wereB. lucorum B. lapidarius, andB. terrestris.All wereBombusspecies othe
mainiand found in the distudd sites, but their relative abunuze was different. The
differences in beecommunitiebetween the maland and the distudalsites were due to
thebumble bedabitat availability. The distuga sites had morplentiful vegetatiorand
moreflowering plantspecies than the maamd, two factorshighly linked to bumbleb=
abundancand diversity. Carvel2002)helped teexplainthe important rolef smalt
scale disturbansen increasingoumbldeeabundane and diversity

Liow et al.(2001)studied bee diversity in distuetdsites.They surveyed bee
communities in eighforest sitesranging from undisturbeldwland sites to late
secondary andxoticforest. Theirstudy aimedto discoverwhich site had higher numiser
of beesIn addition, theyaniedto investigate the bee habitat prefereiee, vegetation
structures and microclimats). The IDH was supported by Lioet al.(2001)as they
reportedthat bee species richness and abundancepicad lowland forests of Southeast
Asiawere highest in intermediate disturbandesand lowest inndisturbed sites he
aburdance of stingless bemcreased as the number of big seereasedand flower
abundance increasedth highertemperature. The honey bee was not affected by the
measured variableBoth LipotrichesandLasoglossumabundance increased flower

intersity and temperature increased.
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1.6.Restoration

Restoratiorallowsnewbeecommunities to establish an ecosystenThe
increase in abundancentinues until a certain leveis reachegthenit beginsto decline.

This levelis thecarrying capacityK, or the maximumcapacity of a certain species in a
habitat; this is where the birth rate is equal to the mortality(kda&eArthur & Wilson,
1967).0nce a site has been reclaimed for restoration and disturbance is removed, the
habitat undergoes stagessatondarysuccession and recoveristurbance levels start
highand then grdually drop tdower levels (Smmons, 1998 Also, ecosystems react
differentlyto disturbancedue tothe heterogeneitypf eachecosysten{Fraterrigo&

Rusak, 2008).

Toivanenet d. (2009) sudiedthe effecs of forest restoration treatmesdn the
abundance of bark beetles in Norway spruce forests of southern Finland. Barkdreetles
one of many species dependent on dead wood. The restoration of bark bedties use
method: cortrolled burning and partial harvesting with down wood retention. They
found that the number of bark beetles was positively affected by both treatments. When
both of thetreatments werasedin the same are#he bark bettes reahed their
maximumabundanceattreatmentrea when compared withontrol area. The
restoratiorraisedthe resoure accessibilitywhich increasetbark beetle8 a b uend an c
(Toivanen et a).2009).

SteffanDewenter and Tscharntk2001) investigatedhe succession of bee
communites in southwest Germany. Thrield typeswere studiegwith four sitesfrom
each typel year old fields withPhacelia tanacetifolial- 5 year setaside fields with

naturally developed vegetaticemd orchard meadows over 30 years old. They found that
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bee communities changeak thevegetation changk Also, the plant comomity

exhibitedmajor changes from being dominated by pioneer species to secondary
succession stagavhich is known tacontaina high diversitystage. The changes in plant
communities ld to massive increasef bee abundance and diversity. The species
richness of bees increased with succession age. The abundance of Haghevas
meadowstwo year old setaside field andPhaceliafields. Bee abundance dibt
increasevith succes®n age butwasstrongly related tabundance dilowering plants.

The species richness of bees correlated with the species richness of flower species. The
soil nesting bees decredsgith succession age, while above ground nesting bees
increased (SteffaDewenter& Tscharntke, 2001).

Pollard (197% studied the effestof forest open spaces butterfly abundance
during buildingof roads or pathan Monks Wood National Naturald®erve in England
Pollardd sesuls agreel with Sparks et al{1996 who investigatel the effect of shaglon
plant species and butterflieslowland wood in Englandand foundthat plant and
butterfly abundanceleclined as shade increas®#¢altzand Covington (2004tudied the
effect of ponderosa pine restoration treatments milpmsa pine and gamble oak fosest
located between Mt. Logan and Mt. TrumbuBA. The resut showed that restored
sites had three to five times more butiedin the treatment sitebancontrolsitesdue to
the greatest light intensity and plant elisity (Waltz & Covington,2004)

1.6.1. Influence of restoration on community composition

Plantcommunitieschange during succession stagesrasdltin changes in bee

communites(Rao et al., 19905teffanDewenter& Tscharntke, 2001). Three factors

influence the bee community patteasaresult of succession: colonisation ability,
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habitat quality and biotic interactis(SteffanDewenter& Tscharntke, 2001). Nesting

behaviour is one of many reasdosthechangingof bee communitgomposition. For

example soil nesting beedeclinewith sucession age (SteffaDewenter& Tscharntke,
2001).

Beecommurity composition changesith time asaresult of natural changen
the environmentThehuman use of landreats massive disturbans¢hatradically
transformenvironmerdl conditiors that, in turn, affect an@lterbee communities
(Bommarco et a).2011).

A number ofstudiesspecificallyaddress theffect of habitatestoration on
pollinators andgexaminehow pollinator communitieespond to restotian. Fiedler et al.
(2012)investigated how the removal of an invasive planangula alnusinfluenced
bee, butterf}, and herbaceous plant abundance, diversity, and smecigositionBee
abundance and diversity were influenced by restoration morertaalants The
abundance of bees was affecteddyovaltreatment. The invaded plots had lower bee
abundince than removal and referemdets, whichwere similar inthefirst year after
restoration, but ithesecond year the removal plots had a highendance than the
reference. The invaded plots hbkver species richness in botbears of study when
compared to botremoval and reference plotgshich had the samkevel ofspecies
richnessThis interpretatiorsuggestshat restoration increaddee abbndance and
diversity, and led to changes the composition of communiti€giedler et al., 2012).

Theimpactsof restoratioron wild bees werestudied in the inland sand dune
grassland imorthwestern GermanyEkeler et al.2009). Two type of habitatand two

treatments for each habitat type were used to ilgagstestoration effeston bee
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community succession. The sites were restored sand grassistoded sand dune, and
two old natural reserve sitedose to the restored sites in distance aneétzmpn
coverage. The restoratiavas done byemovingdykes andtoppingcattle grazing
which creatd anew habitatBee communities changedpidly in the few years
following the restoration. Theestoratioraffeced bothoveralland specialized bee
abwndancewhich had higherecordswithin target siteswhile parasitic bees were more
abundanatthe restored siteRestoration had variabkffects indifferent habitat. At the
sand dune target sitadbe overall abundance specialist beg washigherthanin restored
sites,while generalistweremore abundarnh restored sites. In contrast, the sand
grassland restoration sstand target sites had the same bee abundance. The specialist bee
abundance wagreaterin restoredsites while generalist beeveremore abundarin
target sites. The species richness of sand grassland irbvatdseachyear, but bee
species richness in sand demas constant among years. The restdnfirm that in the
few years followingestorationbee communiéschange rpidly. Asaresult Exeler et
al. (2009) concluded that bee species richness was the same in restored and target sites,
but theabundance of bees was different between restored and target sites.
Williams (2011)searched for evidence thagstoratioractualy improves
community diversityoy studyingbee communities in restored sites altimgSacramento
River channein California. Mostly the restoration programs foagslon target beeand
ignorednon-targetbees. Bee and plant communities at restorediaipaitesvere
compared to communitie®ntained in theemnans of riparian habitat withinthe same
region. Five sites ahe same age (misuccasion) were sampledach ondnectare in

size. Each sitevas twimed withneaby remnant riparian habitaif the same size. Bee
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abundance and species richness were the same between the two types of sites. On the
other hand, when beeo mmu n ¢ompostisnévastaken into consideratigthe two

types of sitewere differentin terms ofrelative abundance of beeegpes(Williams,

2011). In the end, restoration had effect orbee abundance and species richysase

bee abundance and diversity increaseeatored siteto the same levels of abundance

and diversity at theontrol sites.

Hanula and Horif2011)investigated the effegbf removing Chinese privet from
riparian foresin the Oconeen River watershed in northeast Georgrabee abundance
and diversity The invasiveshrubs affected the bee diversity and abundance negatively by
reducing sunlight, lowéng temperatureandimpairingnative plant growth. Removing
the Chinese privet led to increddsee abundance and diveysiMulched plots ang@lots
whereprivet was fellechad higher numbsiof bees than the control plots. Hse results
can be linkedo the disturbance level becauke mulched plots facedgaeater amount
of disturbance There wergositiverelationshig between the sunlight quantity and the
plant coverage and the bee abundance, species ricandssiversity (Hanul& Horn,
2011).

1.7. Bees inrestored landfill sites

Humanlandfill sitesexemplifysite disturbance, and thereviedbeen effors to
restoredisturbed landfill sitegn theNiagararegion as a wato recover suitable habitats
for supporing higher biodiversity(Richards etla2011) Restoration efforts mainly focus
on remediatingoxic environmets, removing perturbationsgturningdisturbed

ecosystem to natural functimig, andencouragingpecie diversity. The resbration work
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in landfill sitescan pay an important rolén achiewng conservation goallRahma et al,
2011).
1.8.Carolinian Zone and Niagara Region

TheCarolinian oneis located at the northernmost edge of the Eastern Deciduous
Forestand limited tosouthwestern Ontario (dada et al.2000; Meloche an¥urphy,
2006).TheNiagara escarpment runs through the Carolinian Zeestoratiorbecomes
more valuablen the Carolinian zonbecausenost of the atural cover was lost, while
theremainng coveris highly disturledby human activitiesRestored landfis are
patches of habitat thhees can inhabit and they provelological refuges to pollinators
like beeghroughfood and nestingesourcegRichards et al2011; Roulstor& Goodell,
2011).The Carolinian zone is highly disturbed by human activitytaechatural cover
formsjust 15% (Jalavat al, 2000). The Caratiian zone is not big in sizé&;forms just
1% of Canadian land, but is riamhumanpopulation sinc5% of Canadian residents
live there(Kanter, 2005). Thenportanceof the Caroliniarzonemust be acknowledged
becaus®ne third of Canadian rare speciesidethere. Just 2% of the Carolinian zone is
protectedwhile there is digh percentage apecies at riskhatinhabitunprotected areas
(Meloche &Murphy, 2006). Thesexampledighlight the need forestoratiorasa key
role in species conservation.

TheCarolinianzone haswide range of habitahat is rich inbiodiversity
(Kanter, 2005; Riverie &awrence, 1999). The Carolinian life zone is high in
biodiversity and hostrareandunique endangered spec{@dlen et al, 1990). Also, it
has unique speciglsatarefound nowhere else in the world (Kanter, 2005). The zone

supportdive beefamilies out ofthe six extantin North America (Richards et.aP011)
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1.8.1 Previous sudies on Carolinian zonebee diversity

Grixti and Packe(2006)studiedbee biodiversity north aneast of the Niagara
Escarpment in Ontario favestigate changes wild bee communitieasaresut of
shorttermsuccessionThey studiedchanges in beeoenmunity composition in one place
over twotime periods,19681969(MacKay & Knerer 1979)and20022003 Bees were
sampledn 2003and 2004 using the same method MatKay andKnerer(1979)used
in 1968 and 1969. Ithe firstperiod the tal number obees collected was7 B4
individuals fromsix families,26 genera, and 105 species. In period, avimtal ¢ 10,437
bees from st bee families27 genergand 150 species were collected. A total of 15 bee
speces and 3 genera were restrictegpéniod one A total of 60 species and 4 genera
were unique to period twd herewere differaces in bee relative abundance between
periodsoneandtwo, evenwithin common speciegcross both periogwhich representd
86% of both communities. Overall, bee specielrress, diversifyand evenness were
greater in periotiwo than period one (Gdii & Packer, 2006)When the data from this
study wereexaminedusing the randomisation program performed by Richardson and
Richards (2008)he resultslisagred with Grixti and Packed sonclusion that species
richness was gater in period two. Species richnegas fluctuating beteen years during
both periodsRichards et al(2011)studysuggestedhat 2003 was a good year for bee
abundance and diversity in many locations.
1.9 Previous research on bee diversity in Niagara

Richards et ali2011)publisheda paper based on Rutgefellyd €005)research
describingbee diversity in naturalizing patches of Caroliniaasgland in southern

Ontario. The main focusvasbee @ttens of recolonizatiomvithin newly available
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habitas. Bee communiesweresurveyed at sites representififferent disturbance
levels: low, intermediateand high in naturalizing meadow habitats in southern St.
Catharines, Ontario, Canada.

The four lowdisturbance sites were locateihin theBrock University campus
in St. Catharines. Ehintermediate disturbance sitEscarpment anddgidencesvere
locatedatthe Glenridge Quarry Naturalization Site (GQNS). The high disturbaites
were Pnd and StD a v iwthiéhsverealso located at GQN®Risturbance level and time
since last disturbanagere usedo categorize each of the study sit8sock University
campus sites had lower abundance kegempare to GQNS sitesSpecimens were
collected using tlee different collection methods: pan traps, flower collesfiand
sweep nets. The biodiversity in each disturbance level was measured using species
richness and abundance of individuadsgauges

In Richards et al. (2011)5,733 bee specimens belongto five bee families
(Halictidae, Colletidae, Andrenidae, Apidasd Megachilidaerepresenting 124 species
were collected, while abundanbased diversity estimatosuggested 148 species
Moreover,RutgersKelly (2005) she found that the low disturlcarsite had the most
flower speciesN = 17), followed bytheintermediate level of disturbancl € 15),
followed bythehigh level ofdisturbancgN = 10). The conclusion was that in the
intermediate sites, there were higher numbers of blooming fleaveitable for bees to
forage on, which increased both the abundance and diversity of bees in these sites. Her
study suggested that bee abundance and species richness are highly correlated. Also, she
foundthat large size bees were more abundahtgh digurbance sites than intermediate

and low disturbance sites.
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RutgersKelly and Richards (2013) used a subset of the previous d#taiof
2011study to investigated the effect of anthropogenic disturbance on the abuaddnce
diversity of bees anthvestgate the patterns of bees in three regeneration lewals:
recent, and controllhe new sites were newly planted meadows (age 0), the recent sites
werethreeyears old, while the control sites were more than 40 years old at the time of
study (2003) Bad on the Intermediate Disturbancegpdthesis and previous research
done by Carvell (2002jhey expected that the recent sites would be higher in abundance
and diversity, followed by control sites, then new sites. The result of this study showed
that beesvere more abundant in recent sites, followed by control sites, then new sites. On
the other hand, bee diversity was the highest in the recent sites (82 species), while it was
almost the same in the new (67 species) and control levels (66 spadigsisKelly and
Richards(2013 resuls werein agreement with the IDHThe intermediate level had the
highest number of bedém each bee family. The low disturbance site had lower
numbes of Apidae and Halictidaeompare to Megachilidagwhich was higher #in
expectedIn the high disturbance sjiewer numbers of beasere found for all bee
families RutgersKelly and Richard$2013)suggested that newly restored habitats are
inhabited immediatg by bees, and it tookp to 3 years to turn from pioneer
communities to higher diverse communities with stronger competidversity and
abundancéhendroppedover thenext fiveto tenyears. My study undertook to test the
same bee community at some sites of Rutffedsy and Richardg(2013)studyin
additionto newly restored landfills at two different locations.

Ledn CorderoZ011) studied thesame beeommunityas Rutges-Kelly (2005)in

terms ofthe annual variation in the ph@ogy, abundancend diversity during four
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study years2003, 2004, 200&Gnd2008. He classified bee species as abundant, conmon
or rare. He used bee specimens collectepldmytraps only. His studyascarriedout at
four sites located in GQNS atite Brock University campus, St. Cathariné3ntario A
total of 8139 bee spees kelongng to 26 genera and sgénera, and at least 57 species
werecollected The numbes of bees collected from the low distuemcesites Brockand
BrockNW werehigher than the beeollected from the high distualncesites, Pondand
St.D a v i. Moéesareand new species were faliwvhen the list of 2003 species was
compared tather years. Also, his studypporedthe assertion thahore abundant
genera would occur consistently over years and would not switch to other abundance
categories while common amnare species would changenis studyshowedthe
importarce of restoration becausesttongly supported that bee communities respdnd
remarkablyfastto changes in the ecosystem caused by disturbance. Therefore, bee
assemblages are valued to iratithe biodiversity and the state of theoegstem (Duelli
& Obrist, 1998 Kevan, 199%. Quintero et al(2010 stated that the composition of bee
species positively correlated with habitat change caused by anthropogenic disturbance.
1.10 Objectives and hypoheses

My research focuses on the initial two years of restoration in restored landfill
sites.This workhighlightsthe role oflandfill siterestoration ircreating new habitats that
canberecolonizedn areas where bees had been elimind@ee. abundancand diversity
is compared between new restoration sites, old restorationasigontrol siteto
observehe establishmendf bee communitieg new habitag after massive disturbance.

Based ortheIncreased Disturbanceydothesis (InDH) and the Int@ediate

Disturbance KpothesiqIDH), | predicted two patterns of bee abundarde first
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pattern which is based on the IDk thatbee abundance will increasethatically when
ashortperiod oftime has passedincethelast disturbance because newhasare
available to species to colonjzecreasedesources are availabknd competition is
limitedd Accor di ng t o establishagatzosindee abuddance and
diversity, | expect to see that bee abundance will be higher in disturbedhsitesontrol
sites since | am testing the similaee communityThe second patternabed orthe
InDH, is thatnewly restored sitewill showthelowestnumbes of beeswhile increases
in abundancevill occurin old restoration sitebut themaximumlevel of abundancwiill
occurat the control sitéFigurel.1a). Based on thentermediatedisturbancéypothesisl|
expectedo see the highesbundancat theold restoratiorsites,followed by the control
sites, followed by newly restoredites (Figure 11b).

Regarding bee diversitgccording tdnDH, | predict that control sites will display ever
increasing levels of species richness as time passesné&ais that he catrol site,
Brock South, should have the highest spedamess followed byhe dd restoration
sites Pond and Escarpmg then the nely restoredsitesEm1, En2, andStation Road
(Figure 1.2 The second expectatiasmbased on the IDH, which predicts that the
greatest species richness will be displagkdn intermediate time aftexcovery
Previous studies have shown that bee species richmessasd for at least three years
(RutgersKelly & Richards, 2013). | expect to find the highest bee divegdithe old
restoratiorsites Pond and Residence, whigkpresent the intermeatie level of

disturbance, followed by the control and newly restored sites (Figurg 1.2b
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Abundance

Abundance

New Restoration Old Restoration Control

Restoration level

New Restoration Old Restoration Control
Restoration level

Figure 1.1 The two expected patterns of change in bee abundance among different
restoration levels. a) The Increased Disturbance HypotfieBikl) which shows increased
abundance as the disturbance decreases with restoration time. b) The Intermediate
Disturbance Hypothesis (IDH) which shows greater abundance at the intermediate leve
disturbance at the old restoration sites followed byctrgrol then the newly restored site.
Restoration level refers to the time since the last major disturbance.

32



Diversity

b)

Diversity

. . New Restorat 0ld Restorati Control
New Restoration 0ld Restoration Control e Restoration estoration ontre

. R ration level
Restoration level estoration leve

Figure 1.2 The two expected patterns of change in bee diversity among different restoration
levels. a) Thencreased Disturbance Hypothesis (InDH) which shows increased diversity as 1
disturbance decreases with restoration time. b) The Intermediate Disturbance Hypothesis (|
which shows greater diversity at the intermediate level of disturbance at ttestolcition sites
followed by the control then the newly restored dRestoration level refers to the time since the
last major disturbance.
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2. MATERIALS AND METHODS
2.1. Sampling locations

Bee abundance and diversity weseminedn the meadows of restordahdfill
sites All study sites were located three cities irthe Niagara Regioaf southern
Ontario, CanadéSt. Catharines, Port Colborne, and Wainf(€ggure 2.).

Thefirst site sampled as Brock South (BrS, Figure 2.@n the campus of Brock
Universityi n St . Catharines in southern Ontario
7 9 U1 4.Bi& Bduth is now a meadow after being used as farmland until the1960s.

BrS was chosen as a control site becauseweespresumed to already theere
comparedo other sites where vegetation was not available until restoration. BrS is
vegetated primarily by grass and wildflowers.

Two sites were sampled in the Glenridge Quarry Naturalization Site (GQNS)
adjacent to Brock University (Figure 2.Bond was namedeording to its location on
the slope near the pomithe GONS | at i t ude: N 43007.4366, 1o
The second site vganamed Ecarpmenasit was placed near the edge of the escarpment
(latitude: N 43U07. 40 6 Escarpment gjte was allarge arda 7 9 U 1
of grass with patees of wildflowersOne transect was placed at then@ site, and the
other transect was placed on thec&pment.

The GQNS was used intensively as farmland untill®&0s when it was turned
into a limesbne quarryAfter being a quarry, it becanaemunicipal landfill from
November 1976 to December 20@henthe site was closed amestoration worlbegan
in 2003. GONS is a miof meadow with woodland edges. GQNS was chosen because it

represent®ld restord sitesprior to2011.
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Niagara Region Municipal Boundaries
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Figure 2.1 Locatiors of study sites in St. Catharines, Port Colborne, and Wainfleet,

Ontario, Canada. St. Catharines included three sites: Brock South, Pond, and Escarpment.
Port Colborne includes twotss: Em1, 2. Wainfleet included one site, which is

Station Road. (Brock University Map Library, 2011).
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Figure 2.2 a) An aerial viewshowing thedcation of first study site Brock Sthy in St.

Catharines, OntarifGoogle Maps, 2013p) The arrowsshowing the loation of the pan
trap transec{Niagara Navigator, 2011).
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Figure 2.3 Glenridge Quarry Naturalization site map (GQNS), in St. Catharines,
Ontario, showing the two pan transects Pond and Escarpm@riock University M@

Library, 2005).

37




In 2003, the Pond site was in its first year of restoratidrile the EScarpment
site restored in 2000vasin its third year of restoratiof.hePond site in 2003 was
equivalent to th@ewly restored sites Em1pi2, and StatiolRoadin 2011.
Two sites were sampled at the EIm Street Naturalization Site in Port Colborne,
Ontario. The site size @pproximatel0.5 knf andwas used for domestic and
commercial solid waste, brush, and construction debris from the 1950s until 2009. In
2009 composting operations were terminagelin 201Q the site wa closed and
covered Entire plantingof the sitewas completed in 201Two pan trap transects were
placed at the ElIm Street sisnd they are calledrgEL (| at i t ude: N weU54. 34
W 7901%ndB®Qdé&@) i tude: N 42090.0256, 24)ongi tud
The En sites are a miof naturdization area, meadow, and pondjere native plants and
flowers thrive.The Hm Street e was chosen because it represented nesglpred
landfills.
The last site walocated at the Station Road Naturalization Site (StR) in
Wainfleet, Ontarid | at i t ude: N 42U54. 6 1Thesjze dftbersitei t ud e :
is 73000 nf (approximately0.07knf). Station Road was used as a mipatlandfill site
from the 1956 to 20080ne transect was placed in StR (Fig2#®. StR is a mi of
ponds, wooded area and naturalization area. StR was chosen because it was a newly

restored landfill site in 2011.
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Figure 2.4. EIm Street ge, PortColborne, Ontad, with the two transectsril and
Em2. (Niagara Region, 2009)
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Figure 2.5. Station Roadite, Wainfleet, Ontariehowing the pan tragpansec{Niagara

Region, 2009).
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2.2.Bee collections

Bees were collected using pan trapping andngeftom flowers (flower
collection).The standardizeMSERGCanadian Pollinator Initiative (CANPOLIN)
sampling protocolvas used to collect project dgddSERGCANPOLIN, 2009).In 2011,
thefield seasomegan in the week @5 May and ended 10 Octohdn 2012thefield
season began ih¢ week of 22 March and end2d September. Sites were sampled
approximatelybiweekly. The tweweek periodallows enough time for all sites to be
sampledvithout weathercomplications Weeks were numbered from thgualfir st week
of the spring seaspwhich startedMay 1%, until thelast week of the summer season
which endedatthe end of October (Richards et al. 2011).
2.2.1.Pan trap collection

In 2011, pan tap collections started 25 May @&k 4) and ended 10 October
(Week 24)while in 2012 pan trap collectis started 22 March (Wedh and ended 20
September2012(Week22) (Appendix2.1). Pans were placed out in the morning before
9:00 a.m. and collected after 3:00 p.m. Samples were taken on warm, calm, sunny days
since the cold, windyand rainy days decreasthe foraging activities of bes® in 2011
sampling did not happen in weekgl@ntil the rain stout in 2012 the sampling start
earlierbecause the temperature start to rise and bees activities stanaiickable
Traps were plastic bowls (SOLO R8699, 6 0z.). Thirty bowls were placed along a
straight transect 87m in length, alternating between yellow, ydntkblue, 10 traps of
each colour (white, the original colours of bowilaorescent yellow Kylon paint #3104
and fluorescent blue #3109). Different colours were used to attract different types of bees.

The distance between the pans was 3m as reuerethe CANPOLIN protocol
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(NSERCGCANPOLIN, 2009). Traps were filled % full with soapy water bk of blue
Dawn dish detergent per litre of water). The bees that landed on the water surface
drowned. Pan trap contents were poured into a straindrspecimens were stored in
plastic containers labeled with the trap colour, date site name. Sangd were taken to
the laboratory where they were rinsed with tap water. Specimens were stored in plastic
bags (Nasco Whipak) filled with 70% ethanol and labeled with date, site name,
colour of pans.
2.2.2.Flower collections

The flower collectionsites were the same as the pan trap sites except for the old
restoration level where the two sites were companied to one big sites called GQNS. The
flower collectionswvere done at each of the restoration leaslshe followingBrS which
represented the otrol level, GQNS which pool the two old restoration sites Pon and Esc
andrepresented the old restoratievel,andEm1, Em2, StRwhich representedé new
restoration levelFlower collections were started in week 6 when there were large enough
patchesof flowers. Depending on the weather, flower collecs were done on the same
day agpan trapping or the day after. Bees were collected using nets (folding collapsible
insect nets, Bioquip 7112CP: 30 cm diameter, 12.7 cm aluminum handles). Flower
collections were done in all sites alternating between morning and afternoon. For each
collection, I chose a patch of the same flower type big enough to be sampled for 5
minutes without sampling the same blossoms twice. The flower species patch was
sampled by sdtig a timer for 5 minutes. The flower collection was done by catching
every bee visible in the patchAn orangeflag wasplaced at the start poirdgnd another

orange flag identified the end point. A tape measure was used to measure the distance
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between th start point and the end point to measure the patch size. Specimens were
stored in 50 ml Falcon tubes (Fisher Brand) filled half full with 70% ethanol and labeled
with the date, site, flower name, and patch size. A flower from each patch was collected
andidentified using the ROM Field Guide to Wildflowers of Ontaiibgkinsonet al,
2004)(Appendix2.2).
2.3.ldentification of specimens

Specimens were first separatatb bees and nehees. Bees were dried on paper
towel, with larger bees being drieg fiuffing with pressurized air. Labels were printed
on acid free, 10% linen ledger #36 whitpaperswith site, initials of collector, date,
collection method, flower ID, and patch sindicated Bees from all sites were pinned
using insect pins (Austezlinsect pins: Black Enameled). Depending on the size of the
bees, different sizes of pins were used (size 0, 1, and 2).

Bee specimens were identified using identification gui@kly(s, 2010, 2011,
Laverty & Harder, 1988Michener, McGinley & Danforth1994 Mitchell, 1960, 1962),
for Dialictus, and Rehan an8heffield (2011) foCerating andthe online guide
Discover Life for identification of bees of eastern North America

(http://www.discoverlife.org/mp/209 (Packer et al., 2007Rees were identified by Rola

Kutby, Thomas OnuferkoCory Sheffield and Jason Gibl&pecimens were data based
Microsoft® Excel 2007.

Andrenidae familyspecimens wereemoved from all data anakys. Most of
Andrenidae besbelonged tAAndrenagenus Andrenais avery diversespecies which
makes identification to species lewelry difficult.

2.4. Data analysis

43


http://www.discoverlife.org/mp/209

2.4.1. Community temporal variation

The temporal variatiowasstudied to show whether the number of bees ceitect
in spring (Weeks4 to 11) differed significantly from the number of bees collected in
summer (Weeks 13 to 24h both2011 and 2012The null hypothesis that the number

of bees collected over the flight seasonsdraeven distribution.

2.4.2 Abundance
Data analysis of abundance and family patterns in different levels of restoration

Em1 and n2 dtes were geographically neame aother, both were located at
theElm Street Naturalization siend beesollected from these two sg&ereexpected
to represent the same bee communiitgo not howeverexpectthem to beahesame
becausehey are ecologically differerindl alsoobserved a cleatifference in the
vegetation coverage at getwo sites

Analysis of variance usinGeneral Linear Mod (GLM) was usedn R studio
v0.97with significancep < 0.05. Beesvere used to test if there wasy difference in
bee abundance caused by site effedte. linear model didot find a site differengéout
in 2011, it is very clear that until about weHk, there were far fewer bees in Ema.
fact, there was a big ddfence in the vegetation, anthE had to be replanted in
midsummeiof 2011 Therdore, Em1 and B2 are quite different ecologically, if not
statistically, so they cannot be poaléd a rsult, justthe data fronEm2 was used.

The large number of bees which were sampled in the study suggests that with the
large sample size the normal or4ogrmal distribution is nagéxpectedLog abundance
wasused in the modeThe log transformation mak the nomormal distributed data

more normal.

44



General linear models weperformedo test the effeabf theexplanatory
varialdes: biweekly collection periogyear, family, speciesnd site under restoration
level, on the response variabdedbee abndancewhichwasmeasured as the number of
bees collected paveek per site per morphospecidshiweekly collection period has a
major effect orvariation in bee abundan@@ichards et al. 2013%o0 itwas consistently
the first variablen all modes. This allowed me tsee if there were still significant
restoration and site effects, which are the main intefdbis researchfter variation
amongcollection periodsand species has been accountedlibe model wagsfollows:
Log (Abundance) ~ Biwedk collection period + FamilyJpecie}+ Yea + Restoration
level (Site).The variatio in bee abundance wstiidiedfor each family andletermined
separately by performing GLM test
2.4.3 Bee diversity
Data analyse of species of 2011 and 2012

| measuwed bee diversity as species richness more individuals areollected,
morespecies coultherecordedRichardson and Richards, 2Q08plitting the effect of
abundance from the species richnegmportantto makesure that the differences in
diversity were due to the differences in species richness, not due to differences in
abundance since | had unequal nurabésites in each of the restoration levels. For
example the old restored level had twice as many sites as the control level, but species
richness may not be doublEo determine if species richness was diffel@ttveen the
restoration levelbothrandomisation and rarefaction anaysvere used

Randomisation to compare species richness
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The randomisation analyseereused to test the null ppthess, which holds
thatspecies richness wathe sameamong restoration level$he software(Richardson
and Richards, 2008andomly dispenseach bee to each restoration level with regard to
the number of bedsom each species, and the number ofshealected in each
restoration level. This procedure was repeated 10,000 timegeardated a frequency
distribution of theexpectedspecies richnes$he mean, standard deviati@amdthe
confidence interval of the generated frequency distribatimrecalculatedn Excel The
observed species richness value2fait1 and 201%erecompared to the confidence
interval foe the expectddequency distribution to identify significant differesamong
the restoration level When the observed species rickmegalues felwithin the
confidence interval of frequency distributidhere were no significant differerse
between the observed number of species and the expactechumber of species. On
the other hand, when the observed number of species felii®@tne confidence interval
of frequency distributiojthere were significant differencestween the observed number
of species anthe meanexpectedspecies.

Twenty-two specimens belonging to the gebuslL. (Dialictus) were remoed
from the species ligif 2011because they were badly damaged and unidentifiable to
species levelFour specimenbelongng to thesubgenus.. (Dialictus) and one belonging
to Bombuswvere removed from the012analysis because they were badly damaged and
unidentifiable to spees level.
Rarefaction cuve to comparespecies richness

For both yearghe new restoration sites were higher in species richnesghian

controland old restoration siteslsing individualsbased rarefaction species richness can
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be compared when the saling effort is differentlt is expecédthat greater sampling
effort would yield a larger sample and more species, so species richness cannot be
comparediuntil the sample effort is equamong restoration levelRarefaction curves
wereperformedo compae species richness among restoration levels using the
Rarefaction @lculator software (Krebs & Brzustowski, 200Rgarefactiorwas used to
estimate species richness based orsthallest sample size. Theftware estimator gives
the correct values for thteue richness based on the set of samples.
Rank abundance

Rank abundance plots rank species according toahaimdance. The shapes of
curvesareused toobtain detailednformation about community struces. The sharp
slopeof a curvemeansa higherdegreeof dominancewhile a soft slope mearsdower
degreeof dominancgMurry et al., 1999)
2.4.4 Flower collections

Bees collected on flowers westudied separately for 2011 and 2042 the
flower abundance and diversitiiange with time since rgeration(Weiner et al., 2011
Beckage and stout, 2000; Lavorel et al., )998e flowers were sampled bas&uthe
availability of blossomsThetotal numbers of beeollectiorsin each restoration level
were based on five minute samplir@ges were cadicted from 20 different species of
wildflowers. The availability of each flowerag measured as the total numbkilower
collectionsat each siteThe abundance of bees waisided by the number of samples for
each flower specie¥he number obees persample in each siis divided by the total
number of bees over the number of samplée result ithen comparewith the number

of bees per sampbamong restoration levels. The new restoration level had thregssites
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the mean number of bees of thesthsites was useAttractiveness to bees of each
flower species was calculated as tioenber of bees on flower species divided by the
number of samples taken from that flower spedfesferencevas calculated as the

absolute preference for each plantidiad by the number of individuals.
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3. Results
3.1. Description of the bee community
3.1.1. General description of the structure of the bee community in restorddndfill
sites
A total of 4,023 bees were collected usardy pan traps irP011 and 2012 (Table
3.1.). Specimens belonged to five families (Apidae, Andrenidae, Colletidae, Halictidae,
and Megachilidae), 25 genera and subgenera, and at least 80 specie3.{).alte
most abundant families were Halictidae and Apidae, followellégachilidae,
Colletidae, and Andrenidae. The families Halictidae, Apidae, and Megachilidae were the
highest in generic richness with 7 gendiae number of bees varied among families
(Figure 3.1)thus rejecting the null hypothesis that bee specimens equally
distributed among faniés (Goodness of fit tesk’= 4708.4d.f. = 4,p < 0.0001).
Halictidaewas the highest abundaneéh 2,546 bees, which comprised 61.4% of
all bees collected. Andrenidae were lowastbundance with 34 specimenkich
comprised.8%of the bee abundan¢Eigure 3.). The family Colletidae was the lowest
in generic richness with denus followed by Andrenida which had 2 gener®f the 81
species collected9were represented by a single individual. The most abunéanisg
wasL. (Dialictus) which comprised 32% of all bees collected, followed by
Augochlorella which comprised 21% dhe sampledhdividuals. Halictidae was the
most abundant familwhile the Andrenidae had the lowest abundance in both years
(Figure 3.1) The family Colletidae was the lowest in generic richness with 1 genus,
followed by Andrenidae which had 2 genera. Of the 81 species colléétedere

represented by only singe individual. The most abundagenus was.. (Dialictus)
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Table 3.1.Complete list of specimens captured and identified from pan traps ine2d12012 from six sites, Brock South (BrS) at Brock
University, Pond (Pon), and Escarpment (Esc) at Glenridge Quarry Naturalization Site in St. Catharines, EIm1 (Em1) @gaadBlsités at
the EIm Street Naturalization Site in Port Colborne, and Sté&tiv) at Wainfleet, Ontario.

Genus and Species

Family sulgenus and Author Control  Old Restoration New Restoration
BrS Pon Esc Eml Em2 StR Total
Andrenidae Andrena carlini Cockerell 1 1
cressoniiRobertson 3 3
erigeniaeRobertson 1 1 1 3
nasoniiRobertson 1 3 4
vicina Smith 1 1
sp. 6 5 6 1 3 21
Calliopsis sp. 1 1
Andrenidae Total 11 6 10 1 3 3 34
Apidae Anthophora bomboideKirby 1 1
terminalisCresson 1 1 2
Apis melliferaL. 11 15 19 17 8 9 79
Bombus bimaculatusCreson 1 1 1 3
borealisKirby 1 1 2
fervidusFabricius 2 2
griseocollis(DeGeer) 5 6 1 12
impatiensCresson 4 5 4 3 1 17
rufocinctusCresson 2 3 1 1 1 3 11
sandersonFkin. 1 1
terricola Kirby 1 1
unidentifiable 1 1
Ceratina calcarataSmith 37 17 33 11 19 117
duplalL. 24 2 26
dupla/mikmagqi 64 29 37 66 37 4 237
mikmagiRehan & Sheffield 67 48 18 14 10 2 159
Melissodes despons&mith 2 2
druriella Kirby 2 2
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Table 3.1.(Continued)

Family Genus and Species
subgenus and Author Control Old Restoration New Restoration
BrS Pon Esc Eml Em2 StR Total
Nomada bidentateCockerell 1 1
Xylocopa virginica (L.) 1 1
Apidae Total 212 127 116 118 79 25 677
Colletidae Hylaeus affinis Smith 75 32 17 26 31 11 192
affinis/modestus 2 1 1 2 6
annulatug(L.) 1 3 4
hyalinatusSmith 1 2 3
mesillaeCockerell 1 2 3
modestusay 29 2 4 5 1 5 46
Colletidae Total 107 36 22 35 36 18 254
Halictidae Agapostemon virescengF.) 2 9 3 1 15
Augochlora puraSay 2 3 1 1 1 2 10
Augochlorella aurataSmith 184 264 215 72 114 25 874
Halictus confususSmith 13 10 11 12 8 21 75
ligatus Say 47 14 17 11 6 33 128
rubicundusChrist 4 1 1 2 8
Lasioglossum admirandumSandhouse 60 41 36 14 15 14 180
(Dialictus) atwoodiGibbs 4 1 2 1 8
cressoniiRobertson 3 1 1 5
ellisiae Sandhouse 1 1
ephialtumGibbs 2 4 1 4 11
fattigi Mitchell 1 2 4 1 8
hitchensiGibbs 37 13 9 168 129 324 680
imitatumSmith 12 2 1 3 18
laevissimun&mith 2 1 4 3 19 29
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Table 3.1.(Continued)

Family
Genus and Species
subgenus and Author Control Old Restoration New Restoration Total
BrS Pon Esc Eml Em2 StR

leucocomuntovell 1 1
lineatulumCrawford 1 1 1 3
hitchensGibbs 37 13 9 168 129 324 680
nigroviride Graenicher 1 1
nymphaearuniRobertson 4 2 6
oblongumLovell 1 1 6 8
paradmirandunKnerer & Atwood 3 1 57 11 24 96
perpunctatunkllis 1 1 2
pilosumSmith 2 2
sagaxSandhouse 1 1
VersatumRobertson 52 13 4 18 18 92 197
viridatumLovell 2 1 3 6
weemsMitchell 2 1 2 1 6
zephyrunSmith 1 1 1 3
unidentifiable 3 1 3 11 2 6 26

Lasiglossum leucozoniunSchrank 8 3 5 3 18 37

(Lasioglossum’
zonulumSmith 2 3 4 7 61 77
coriaceumRobertson 3 2 6 7 18

Lasiglossum  cinctipesProvancher

(Evylaeus) 1 1

Sphecodes atlantis Mitchell 1 1 2
dichrousSmith 1 1

Halictidae Total 449 393 309 397 333 665 2546
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Table 3.1.(Continued)

Family Genus and  Species Old
subgenus and Author Control  Restoration New Restoration
BrS Pon Esc Eml Em2 StR Total
Megachilidae Anthidium manicatum(L.) 1 19 10 2 2 34
oblongatumilliger 1 1 2
Coelioxys OctodentateSay 2 1 2 5
rufitarsis Smith 1 2 3
Heriades carinatus Cresson 1 1
1
leavitti Crawford 1 1
variolosaCresson 1 1
Hoplitis pilosifronsCresson 3 2 1 2 1 9
productaCresson 3 3
spoliataProvancher 2 1 8 11
Megachile brevisSay 4 5 14 16 10 10 59
campanula&irby 1 1
ericetorumLepeletier 1 1 2
latimanusSay 1 1
mendicaCresson 1 1
pugnataSay 1 1
relativa Cresson 1 1 2
rotundata(F.) 1 4 1 1 1 8
Osmia atriventrisCresson 2 1 5 5 13
conjunctaCresson 64 65 183 5 5 2 324
pumilaCresson 12 7 2 3 1 2 27
Stelis lateralis Cresson 2 1 3
Megachilidae Total 93 104 231 34 28 22 512
Grand Total 873 666 688 584 479 733 4023
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which comprised 23% of all bees collectetlowed by Augochlorella, which comprised
21% of the sampled individuals. Halictidae was the most abundant famdilyre
Andrenidae had the leaabundance in both years (Figure 3.1).
3.1.2. Description ofthe bee communitiesof the three restoration levels and thie
respective sites

My study sites represented threstoration levels. Brock Soutbpresented the
cortrol level,Pond and Escarpment sitepresented old restoration level, andEnel,
Em2 and Station Road sites represenitednew restoration level
Control site
. Brock South

| caught 873ees from 19 genera and 48 species from the conedBsick
South over the two years (Tallld). Bees were classifigdto five families: Apidae,
Andrenidae, Colletidae, Halictidae, and Megachilidae. The family Halictidae was the
most abundant with 449 specimens, which comprised 51% spedimensThefamily
Andrenidae had the lowest abundance with 11 individuals, which comprised 0.1% of all
individuals. The most abundant genus Wasatinawith 192 specimens. The most
abundant species wasigochlorella auratavith 184 specimens.
Old Restoration Sites

e Pond

| collected 666 bees from the old restoration site Pond. The bees belonged to five

families, 19 genera, and 45 species (T&d¢. The family Halictidae was the most

abundant with 393 specimens, comprising 59% of dividuals. The familyAndrendae
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Figure 3.1.The distribution of the mean number of bees per sample among bee families for both study years. The Hal
had the highest abundance wehihe Andrenidae had the lowest abundance in both years.
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had the lowest abundance with 6 individuals. The most abundant genus and species was
Augochlorellaauratawith 264 specimens.
e Escarpment
| collected 688 bees from the Escarpment site. The bees belonged to five families,
18 genera, and 36 spes (Table3.1). The family Halictidae had the most abundance
with 309 specimens, comprising 45% of all individuals. The family Andrenidae had the
lowest abundance with 10 individuals, which comprised 0.1%. The most abundant
species wagugochlorellaaurata with 215 specimens.
Newly Restored Site
e Eml
A total of 585 bees were collected fronetrestored site,r&l. Bees belonged to
five families, 16 genera, and 40 species (T&8d¢ The most abundant family was
Halictidae with 397 individuaJavhich compised 68% of all individuals collected. The
lowest abundance family was Andrenidae with 1 individual collected. The most abundant
genus was. (Dialictus) with 285 specimensnd the most abundasytecies wak.
(Dialictus) mitchelliwith 168 specimens.
e Em2
| collected 479 beefsom the newly restored sitepi2. The bees belonged to five
families, 16 generaand 32 species over the years (Tablg. The family Halictidae had
the most abundance with 333 specimensprising 69% of all individuals. The fayn
Andrenidae had thiewest abundanceith 3 individuals. The most abundasulgenus
wasLasioglossungDialictus) with 185 specimens. The most abundant specied. was

(Dialictus) mitchelliwith 129 specimens.
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e Station Road

| caught 733 bees from 19 gaa and 43 species from the newly restored site
Station Road (Tabl8.1). Bees were classified thefive families The family Halictidae
had the most abundance with 665 specimemsprising 90% of all individuals. The
family Andrenidae had the lowedbandance with &dividuals. The most abundant
sulgenus and species wias(Dialictus) mitchelliwith 503 specimens.

3.2. Community temporal variation
3.21. Abundance peak®f restored landfill bee communities

In 2011, therewere two peaks of bee abumda(Figure 3.2). The first pak
occurred irthe spring(week 6in the end of May)and he second peak wastime
summerweek 16in the beginning oAugus). There was a decline in the number of bees
collected between weeks 8 and add between weskl8 and22. Figure 32ashowed
that there were two distinct bee season2(d11: springweek 6 to the week 8) and
summer(week 16to week 18.

In 2012 bees were very abundaamidwerefirst collected athe end of March
(week-4) with a second peak #ieend of May (week 6). Thereasa decline in the
number of bees collected after week 6 until the ertexdollection seasoim week 24

The fivebee familiesAndrenidaeApidae, Colletidae, Halictidae and
Megachilidaewvereseparatelystudied for phenolgy. The family Andrenidaén 2011
showed ongek of abundancén the spring Week g, while it showedwo peaksn
2012, the firstn the early spring (week 0 and week 2) and the secoweak6 (Figure

3.2b). The family Apidae in 2011 showddo peaks babundance, thart peak in the
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spring(week 68), and latesummer (week 120) (Figure 3.2). The most abundant apid
species wa€eratina mikmagrepresentin@3% of all Apidae. Te family Colletidae had
two peaks of abundance 2011, duringveeks 6 and 16 while in 2012 it ladtwo peaks
of abundancewveeks- 4 and §(Figure 3.2l). The most abundant species Wy$aeus
affinis with 30% of allColletidae members. The family Halictidere2011showedwo
peaksn weels 6 and 16while in 2012 its peaks were w&eeks- 4 and §(Figure 3.2).
The most abundant bee species Wwagochlorella auratavith 34% of all HalictidaeThe
family Megachilidagn 2011 had tw@eaks in weles - 4 and §while in 2012 it showed
three peaks in weekst, 6, and 14Figure 3.2). Osmia conjunctavasthe most abundant
with 63% of all Megachilidae members.
3.3. Abundance ofthe bee community
3.3.1. Family abundance and patterns in different levels of restoration

Theresuls show thathe explanatory variabldésweekly collection period,
family, year, species, and siteada significant impact omee abundancevhile the
restoration levetlid not hawe a significant impact (GLM test, dble3.2, Model 1) on Log
abundance of overall beds 2011, he diferencein bee abundance among biweekly
collection peiodswas caused btheweek 6and 16collectionperiods, which had higher
abundance #m other periods, and wetie 22 and 24collectionperiod which hadthe
lowest bee abundanci 2012, the difference was causediwyweek-4 and 6period
which hadhigher abundance than other periods, twedveek 22period, which hadhe
lowest bee abundan¢Eigure3.3). Different numbers of bees were caught during

sampling collection period# both yearsHalictidae waghe most abutant family
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Table 3.2 The man and partial effects ofameral linear model on the total abundance of all bee families and for each family

separatelyStatistically significant effects ibold. n.s. means effects not statistically significant.

Model Model Effects d.f. F p R?
Number
1 Log abundance of Overall (number of bees Overall 103 and 813 3.302 <2.2e16 0.2056
per Morphospecies per Site per Biweekly  Biweekly Collectionperiods 18 3.105 1.488e05
Collection period per Year), of 202012 ~ Family 3 2.610 0.050
BiweeklyColl+ Family+ Year+ RestLevel+ Year 1 4.013 0.045
Family/Species+ RestLevel/Site Restoration level 2 0.926 n.s.
Species within Family 77 3.434 <2.2e16
Site within Restoration level 2 3.011 0.050
2 Log abundanceof Halictidae (number of  Overall 55 and 445 4.038 <2.2e16 0.2505
Halictidae bees per Morphospecies per Sitt Biweekly Collection periods 15 2.022 0.013
per Biweekly Collection period per Year), ¢ Species 35 4.888 3.525e16
2011-2012 ~ BiweeklyColl+ Species+ Year- Year 1 13.792 0.0002
RestLevel+ RestLevel/Site Restoration level 2 0.979 n.s.
Site within Restoration level 2 2.451 0.087
Log abundance of Colletidae fumber of ~ Overall 22 and 53 1.798 0.042 0.1897
3 Colletidae bees per Morphosjexper Site  Biweekly Collection eriods 13 1.240 n.s.
per Biweekly Collection period per Year), « Species 4 2.250 0.076
2011-2012 ~ BiweeklyColl+ Species+ Year: Year 1 0.462 ns.
RestLevel+ RestLevel/Site Restoration level 2 6.465 0.003
Site within Restoration level 2 0.524 n.s.
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Table 3.2.Continue

Model Number  Model Effects d.f. F P R°
4 Log abundance of Megachilidae umber of Overal 40 and 95 2.688 4.444e05 0.3334
Megachilidae bees per Morphospecies per S Biweekly Collection periods 16 2.788 0.001
per Biweekly Collection period per Year), of Species 19 2.694 0.0008
20112012 ~BiweeklyColl+ Species+ Year+ Year 1 0.859 n.s.
RestLevel+ RestLevel/Site Restoration level 2 3.753 0.027
Site within Restoration level 2 1.681 n.s.
S Log abundance of Apidae Overall 39 and 164 2911 1.256e06 0.2685
( number of Apidae bees per Morphospecies Biweekly Collection periods 15 4.391 6.785e07
per Site per Biweekly Collection period per  Species 19 2.107 0.006
Year), of 20112012 ~ BiweeklyColl+ Year 1 3.754 0.054
Species+ Year+ RestLevel+ RestLevel/Site Restoration level 2 0.828 n.s.
Site within Restoration level 2 1.109 n.s.
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There were differences in bee abundance among the biweekly collection periods.
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while Colletidae was the least abund@figure 3.4). There were more be@s2012 than
2011in dl families, exceptHalictidae(Figure 3.4. Therewere massive declinés bee
abundance in 201Figure 3.5) Therewas a significant differende the bee abundance
among spees.L. (Dialictus) hitchensiwasthe most abundant speci@fiere were also
different numbes of bees caught in different sitd®.S and Esc sitedsad more bees in
2012 than 201while Pon, Er2 and StR had fewer bees in 2012 than 2(Fidure3.6).
The biggestlecline wasat StR site where the number of bdedined from 511 bees in
2011 to222 bees in 2012. That declimas caused by the subgerugDialictus), which
are mostly underground nedé¢natwere badly affected by the drought2012 (Table
3.3). Thee were no significant differencesbeeabundane amongrestoratiorevels
which meanglifferent restoration levehad the sameumbes of bees (Figure 3.7.)n
other wordsrestoration positively increaséide abundance of bees in the hevegored
sites and the result wa#ference in bee abundambetween control and nwestored
sites.
Halictidae abundance in2011 and 2012

The general lingamodel result showedbiweekly collection periods, specjes
yearand site had a significant impact Halictidae abundang¢eavhile restoration level did
not hawe significant impact (GLM test,able 3.2 Model 2). Different numbers of halictid
bees were caught during the sampling collection periods. In 8t tlifference was

caused by the biweekly collection periods 6 andadich had higheabundance than
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Figure 3.4 The distribution of the mean number of bees per colleetioong bee families of 2011 and 2012. There was a

difference in bee abundance among families.
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Figure 3.5 The distribution of the mean number of bees per collection between years. There were differences in bee a
among bees. In 2011 more bees wenegtit than 2012.
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Figure 3.6. The distribution of the mean number of bees per collection amon@si6%1 and 2012There were a differences
in bee abundance among sites. Pon, Em2, and StR had a lower number of bees in 2012 than 2011.
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Table 3.3. Diffeence in bee genera mean abundance of Station Road (StR) 2011 and 20!

Family Genus Mean number of bees per
collection period
2011 2012
Apidae Anthophora 1 1
Apis 1 1.4
Bombus 1 1.2
Ceratina 1 2.5
Melissodes 2
Colletidae Hylaeus 1.2 4
Halictidae Augochlora
Augochlorda 1.8 1.7
Halictus 2.9 3.7
L. (Dialictus) 19.3 12.2
Lasioglossum 7.3 2.17
Megachilidae Anthidium 1 1
Coelioxys 1 1
Hoplitis 1
Megachile 1 1.8
Osmia 2 1
Stelis 1
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Figure 3.7. The distribution of the mean number of bees per collection among restoration levels of 2011 and 2012. There v
differences in bee abundance among restoration levels.
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