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ASBTRACT

Thisthesiswasdesignedtoassesstheeffectanorganism’senvironmenthasonitsbehavior.

Specifically,theeffectofairtemperatureonvigilancebehaviorwasexaminedduringthewinter
of2016-2017.Thisstudywascompletedbyobservingforagingwoodpeckersremotelyoverhigh
definitionwebcamsaswellasbyhandfilming.ThestudytookplaceinIthaca,NewYorkas
wellasWaterloo,Ontariowherefilmingwascompletedbyahandcamera.Oncethefilmwas
obtained,itwasreviewedandvigilanceratesweredetermined.Thesewereobtainedby

measuringhowmanytimesanindividualengagedinsidetosideheadmovementthatwas
distinctlydifferentfromforagingandthendividingthatbythetotalnumberofsecondsspentat
thefeedertogetarateofvigilancepersecond.Thiswasthencomparedwithairtemperatureand
alinearregressionwasthencompletedtoassesscorrelation.Theresultsofthisstudywere
inconclusive.Duetoconflictingresults,onecannotsayconclusivelywhichhypothesisiscorrect.

Alternatively,thisstudydoeslayastrongfoundationforfutureworkaswellasforusing
webcamsaswildlifemonitoringtechnology.Movingforwardinthisfieldofstudy,amore
controlledhabitatsuchasanaviarywouldallowformoreaccuratemeasurementastherewere
manyvariablesthatcouldnotbecontrolledinthisstudy,
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INTRODUCTIONANDOBJECTIVE

Optimalforagingtheorystatesthatallanimalswillfeedinanoptimalway(orascloseto

optimalaspossible)tomaximizetheirnutritionalgainsandminimizetheirnutritionallosses

(Pyke1984).Thistopic,althoughwellstudied,isfundamentaltounderstandingthebehaviorof

birdsespeciallyinthecoldandharshwinterenvironmentoftheborealforestofnorthwestern

Ontario.Theoptimaldecisionruleormoresimply,anorganism’sbestforagingstrategy,will

changeastheconditionsofitsenvironmentmanipulatesit.Thiswillcomeintoplayinthisstudy

asenvironmentalchangesshouldbefrequentandshouldalternormalforagingbehavior.

Inadditiontooptimalforagingtheory,socialforagingtheory,thetheorythatanimals

willforagemoreefficientlyingroups,playsakeypartinthisstudy(GiraldeauandCaraco2000).

Itwillnotbedirectlymeasuredinthisstudybutathoroughunderstandingofthesubjectis

critical.Thisisinpartduetothereducedvigilancebehaviorthatoccursinbirdsforagingin

groups.Oneofthestudyanimals,thedownywoodpecker(Picoidespubescens),canbe

especiallypronetothistypeofsamplingerrorasitisawell-knownsocialforagerandisoften

foundinbothheterospecificandhomospecificforaginggroups,.Thischaracteristicmustalsobe

considered.

Woodpeckersmakeforanidealstudysubjectbecausetheyarecommon,easilystudied

andtheirlarge(comparedtobodysize)billmakessidetosideheadcocking(usedtomeasure

vigilancebehavior)veryobservable.Downy,hairyandred-belliedwoodpeckers,thethree

speciesusedinthisstudy(picturedatendofsection)arepredatedonbypredatorymammals

suchasweasels,catsandfoxesaswellasotherbirdssuchasaccipitersandowls.Duringthe

winterinthestudyarea,theprimarypredatorswillbecats,foxes,accipitersandtheoccasional

owl.Althoughnopredatorswereseenduringfilming,itissafetoassumethatthereweremany

aroundduringtheseveralweeksoffilming.
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Theliteratureonthistopicisverylimitedwithonlyahandfulofpapersdiscussinghow

temperaturerelatestovigilancebehavior.Intheliteraturereview,thesestudieswillbediscussed

aswellastheconceptsofoptimalforagingtheory,socialforagingandbirdbehaviorinresponse

toweatherevents.Thesetopicswillshedlightonthebackgroundtheoryofthisresearchandwill

allowforaclearerunderstandingoftheresults.

Thenullhypothesisisthatthereisnosignificant(alpha=0.05)correlationbetweenvigilance

behavior(asmeasuredbyheadcockingmovementversusregularfeedingmovement)with

averagedailyairtemperature.Thealternatehypothesisisthatvigilancebehaviorwhileforaging

willcorrelatewithairtemperature.Thiswillbetestedbymeasuringvigilancebehaviorat

feedingstationsandfilmingthebirdswhiledetermininghowmanytimestheystopforagingand

lookforpredators.ThisstudywilltakeplaceinIthaca,NewYork(referredtoasSapsucker

WoodsFieldSite)aswellasinWaterloo,Ontario(referredtoasWaterloofieldsite).Ifthenull

hypothesisisrejectedthenthealternativehypothesisthatairtemperatureaffectsvigilance

behaviorwillassumed.Thisrealizationwouldbeofimportancebecauseitisanunderstudied

aspectofforagingtheoryandcouldprovideinsightintothewintersurvivalofbirdsaswellas

testthemeritsofthisnewmethodology.
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Figure1.DownyWoodpecker(Left),HairyWoodpecker(Middle),Red-BelliedWoodpecker
(Right)Imagesretrievedfromhttps://www.allaboutbirds.org/search/?q=woodpecker.

LITERATUREREVIEW

FORAGING

OptimalThermalRegime

Oneofthemostimportantaspectsofthisstudyisobviouslytheimportanceof

thehowtemperatureeffectsthebehavioroforganisms.Thisisstronglydisplayedwhen

discussingoptimalthermalregime.Theoptimalthermalregimeissimplytherangeof

temperatureinwhichanorganismcanforageoptimally(Kingmaetal2011).Asan

organismreachesatemperaturethatiseithertoohighortoolowtheywillnotbeableto

forageoptimally.
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Onecriticalaspectofoptimalthermalregimesisthethermoneutralzone.The

thermoneautralzoneisdefinedbykingmaetalastherangeofambienttemperatures

withoutaregulatorychangesinmetabolicheatproductionorevaporativeheatlossof

anyorganism.Insimperterms,thisistherangeoftemperaturesthatdonotaffectthe

behaviorofanorganism.Thiszoneisaffectedbymanythingssuchasinsulation

qualities(fur,feathers,fat,clothingetc),bodysize,shelterandmetabolism(Kingmaet

al2011).Interestingly,anorganismslocationgreatlyeffectstheirthermoneautralzone

astropicalspeciesandarcticspeciesareeffectedverydifferentlybychangesin

temperature.Thiswasexaminedin1950byScholanderetalanditwasfoundthatlarge

arcticmammalshadincrediblylargethermoneautralzoneswithlittletonochangein

metabolismattemperaturesaslowasnegative40degreesCelsiusandashighaspositive

30degrees(Scholanderetal1950).Smallarcticmammalsandarcticbirdsalsohad

increasedresiliencetometabolicchangesbutnotnearlyasmuchasthelargearctic

mammals.Inthetropics,evenafewdegreesoftemperaturechangecandrastically

impactanorganismsmetabolism.Itwasshownthateveniftheairtemperature

decreased10degreesCelsiusitwouldgreatlyimpacttheirmetabolism(Scholanderetal

1950).Inthelocationsofthisstudy,theseeffectsshouldbesomewhereinbetweenthese

twoextremesbutasbirdsarestillsmallorganismsandhaverelativelyhighmetabolisms

thereshouldbeastrongcorrelationbetweentheirneedforforagingandtheirair

temperature.

Trade-offs
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Allorganismsspendalargeportionoftheirlivessearchingforthenecessitiesof

life:food,water,andshelter.Duringforaging,organismsarefacedwithacriticaltrade-

off:stayhiddenandremainrelativelysafe;orventureintotheopenandriskbeing

predatedupon.Thistrade-offwasstudiedingreatdetailbyLima(1985)whofoundthat

organismsmustultimatelyleaveshelteratmanypointsthroughouttheirlivesinorderto

forageandbreed.Lima(1985)outlinedtwodifferentmethodsofforagingbytheblack-

cappedchickadee.Thefirst,ischaracterizedasfeedingatamaximumratewhileinthe

openinordertominimizetotaltimespentexposedtopredators;thesecondisgathering

foodandthenretreatingbacktosafetybeforeconsumingittominimizeexposureto

predators.Theeffectivenessofthesestrategiesdependsonthetotaldistancefromthe

foodsourcetothecover,asthefartherthedistance,thelessfoodisconsumedifthe

chickadeeisflyingbackandforthbetweencoverandfood.Inthisstudy,whenthe

feederwasclosetonearbycovertheycarriedtheseedsfromthefeedertothecover

(Lima1985).Converselywhenthefeederwasfartherawaytheystayedatthefeederand

atemorerapidly.Thistopicrelatestothestudybecauseitprovidesabasic

understandingofthetrade-offbetweenforagingandvigilancethatistheessenceofthis

researchproject.

OptimalForagingTheory

Optimalforagingisthecentraltheoryofthisstudyandplaysacrucialpartin

understandingforaging.Themostimportantpartofthistheoryrelevanttothisthesisis

theoptimaldecisionrule(Sinervo2006).Thisrulestatesthatananimalmakesdecisions

thatwillmaximizeitscurrency(whateveritistryingtoobtain)underthegiven

environmentalconstraints.Thisiswhatinitiallycreatedoptimalforagingtheory(OFT).
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Animalswillforageinwaysthataremostbeneficialtothemandwillmaximizetheir

gainswhileminimizingtheirlosses.Inthisstudy,itisexpectedthatinorderfor

woodpeckerstoforageoptimallyandefficientlyonthecoldestdaystheyaregoingto

sacrificevigilancebehaviorforgreaterforagingintensityinordertomaintaintheir

metabolism.

Anotherkeypartofoptimalforagingtheoryistheprey-sizethresholdwhich

statesthatorganismswillnotforageonpreyobjectsthattaketoolongforthemto

captureandeat(Sinervo2006).AstudybyRichardsonandVerbeek(1986)examined

howcrowswereconstrainedbysizeofpotentialclamsaswellasenergyrequiredto

opentheclamsbydroppingthemfromshortflights.Ofcourse,iftherewasnotan

abundanceofclamsthiswouldnotbeaconcernbutinthisscenariothecrowscanafford

tobesomewhatpicky.Thecrowsinthisscenariochooseclamsthatareaslargeasthey

cangetwithoutrunningintoprocessingconstraints.Thisthresholdisshowninthestudy

whereitwasseenthatasclamsapproach30mminsizetherateofenergygainsquickly

declinestoalmost0atgreaterthan35mm(Sinervo2006).Butifthecrowsaretoopicky

theywastetoomuchtimesearchingforfoodandnotenoughtimeconsumingtheclams.

Theoptimalforagingruleforthesecrowsistoacceptallclamsabove28.5mmbecause

clamsat28.55mmhavethehighestenergygain.Althoughthelargestclams(>35mm)

representaverysmallenergygaintheyarerelativelyrareandmostclamswillrepresent

highenergygainsandsomewillbeoptimal(Sinervo2006).Asimilarstudydoneby

MeireandErvynck(1986)wascompletedonoystercatchersandtheresultswere

essentiallyduplicated(Sinervo2006).Alsointhisstudy,itwasshownthatforaging

techniquewastaughtbyparentstotheiryoungsothattheirindividualforagingstrategy
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waspasseddown.Thesestrategiesweresplitintothreecategories:dorsalhammerers,

ventralhammerers,andstabbers.Eachstrategyworkedbetterfordifferenttypesand

sizesofmusselsandwereallprofitable.

Thefinalaspectofoptimalforagingtheorythatwillbediscussedinthis

literaturereviewismarginalvaluetheorywhichspecifieswhenanorganismshould

leaveapatchthatitisforagingin.Althoughthisdoesnotdirectlyapplytothisstudyit

wouldbenegligenttocompletelyignoreasitplaysaveryimportantroleinoptimal

foragingtheory.TheexamplegivenintheSinervotextisEuropeanstarlingsforagingin

astudydonebyKacelnik(1984).Inthisstudystarlingsflyfromtheirnesttoforaging

sitesandthenbacktothenesttofeedtheyoungbeforeforagingagain.Thisisreferred

toasaroundtrip.Starlingsarecapableofholdingseverallarvaeintheirbillsatonetime

butastheyholdmore,theirforagingbecomeslessefficient.Sowhenshouldtheystop?

IntheKacelnik(1984)studyanartificialfeederwasusedandthefeederprovidedfewer

andfewermealwormsovertimetosimulateadepletingfeedingsite.Thefeederwas

movedtodeterminewhetherornotstarlingswouldadjusttheirlarvaeloadwithdistance

anditwasshownthattheyinfactdid.Thismeansthatstarlingswillleaveatripwith

lesslarvaewhenthetripisshortbutwhentheroundtriptimeislongertheywillleave

withsignificantlymorelarvae.Thisshowsmarginalvaluetheoryatworkbecausethe

starlingsleavewhenitisnolongeroptimalforthemtobethere.

Understandingthesefundamentalaspectsofoptimalforagingtheoryprovidesthe

groundworkforlookingathowvigilancebehaviorcanplayaroleinforaging.Ifthe

crowsforexamplewerefacingariskofpredation,theywouldnotbeabletoso

efficientlyharvestclams.Vigilancebehaviorisinfactaconstraintonforagingasthe
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constantriskofpredationrequiresbirdstoforageandbeonthelookoutforpredatorsat

thesametime.Itisbecauseofthisconstantneedtobeonthelookoutforpredatorsthat

birdsforagetogetherwhichiswhatwillbediscussedinthenextsection.

SocialForaging

Socialforagingisthetheorythatbirdsforagetogetherinordertomaximize

individualgainsduetothedecreasedriskofpredationandincreasedchancesoffinding

food.Oneofthestudyanimalsforthisthesis,thedownywoodpeckerisawell-known

socialforagerandunderstandingthistendencyisimportanttounderstandinghowdowny

woodpeckersforage.Theothertwowoodpeckerspeciesdonotengageinsocialforaging

asmuchasthedownybutallbirdsbenefitfromsocialforagingtoatleastsomedegree.

Thedownywoodpeckers’proclivitytowardssocialforagingwasexaminedbyKimberly

Sullivanin1984inastudyentitled“theadvantagesofsocialforagingindowny

woodpeckers”(Sullivan1984).Inthisstudywoodpeckerswereobservedbothwhen

foragingaloneandwhenforaginginmulti-speciesflocks.Whenforagingalone,

woodpeckersshowedhighlevelsofvigilanceasmeasuredbyheadcockingrates,and

lowfeedingrates.Thisisduetothehigherrateofpredationwhenforagingalonewhich

wasseenbyPageandWhitacre(1975)onraptorspredatingshorebirds.Whenforaging

inmulti-speciesgroupswoodpeckerswerelessvigilantandhadhigherfeedingrates.

Thereasonforthiswascitedas“downywoodpeckersspendlesstimeonvigilance,they

devotemoretimetoforaging,therebyincreasingtheirforagingefficiency”(Sullivan

1984).Socialforagingisnotadirectpartofthisstudybutitisimportanttonoteit

becauseifwoodpeckersareforagingwithotherbirdsthenthevigilancerateswillbe

lowerthanforagingalone,potentiallyskewingthedata
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VIGILANCE

Measurement

Vigilancebehavioristheprimarybehaviorbeingmeasuredinthisstudyandas

such,apropermethodofmeasuringitmustbedetermined.Therearemanywaysof

doingthisbutthemosteffectivemethodistousesidetosideheadmovementanderect

posturedistinctlydifferentfromfeeding.ThisisbasedontheliteraturebySullivan

(1986),PravosudovandGrubb(1995),Fernández-Juricicetal.(2011)andWatsonetal.

(2007).InSullivan(1986)andPravosudovandGrubb(1995),headcockingmovement

wasusedtomeasurevigilancewhereasWatsonetal.(2007)vigilancewasdefinedas

beingintheuprightposturewithneckoutstretched,scanningthesurroundings.

Fernandez-Juricicetal.(2011)measuredvigilancesimplywithscanningbehavior.For

thisthesis,headcockingbehaviorwasselectedasthebestmethodofaccurately

assessingvigilancebehavior.Thiswasbecauseitprovidesaneasilyobservedmotionas

opposedtogeneralscanningbehavior.Typically,vigilancebehaviorwasmeasuredas

headcocks(orscans)pertimeunitresultinginaneasilyinterpretedrelativemeasureof

vigilance.

AirTemperatureandVigilance

Theliteratureonthistopicislimitedbutthereareseveralstudiesthathave

examineditwithvaryingresults.WardandLow(1997)examinedcrows’vigilance

behaviorinurbanareasandusedmanydifferentvariablesincludingairtemperaturebut

foundthatitwasnotamajorfactoreffectingvigilancebehavior.BeveridgeandDeag

(1987)alsoexaminedsex,temperatureandcompanionsonlooking-upandfeedingin



x

singleandmixedspeciesflocksofhousesparrows(Passerdomesticus),chaffinches

(Fringillacoelebs),andstarlings(Sturnusvulgaris)in1987.Theirresultsshowedthat

lookingupbehavior(vigilance)inhousesparrowsandstarlingsincreasedwith

temperatureduetoreproductivereasons(searchingforanddefendingamate).Onthe

otherhandchaffinchesscanmoreatlowertemperaturesinordertofindotherbirds

foraginginbetterlocations.Thisstudywasdonewithflocksofbirds,inawarm

environmentandnotdoneinthewintersotheresultsshoulddifferfromthehypothesis

ofourstudy.

Inaslightlymorecomparablestudy,vigilancebehaviorwascompareddirectly

toairtemperaturebyPravosudovandGrubbbyusingtuftedtitmiceinthedeciduous

forestsofOhioanditwasfoundthattemperaturehadanegativecorrelationwith

vigilancebehaviorduetotheincreasedneedforenergygainsatlowtemperatures.Itis

importanttonotetherangeintemperatureinthisstudywasalowof-23Celsiustoa

highof+14degreesCelsiusandittookplacefromDecembertoFebruary.Anadditional

studywasdonebyCondeandVidalin2007lookingatvigilancebehavioringodwits

anditwasfoundthatairtemperatureaswellaspresenceofapredator(black-headed

gull)werethetwogreatestfactorseffectingvigilancebehavior.Interestingly,thisstudy

alsofoundthattheheadmovementassociatedwithvigilancebehaviormayalsobeused

forthermoregulationingodwits.Thisstudywasdoneinthesummerduringthewarmest

timesoftheyearinSpain.
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METHODS

Vigilancebehaviorwasmeasuredassidetosideheadmovementwhichis

distinctlydifferentfromroutineforagingbehavior.Inordertoassurethatthisisproperly

measuredthewoodpeckerswillbefilmedandthenumberofheadcockspersecondwill

thenbedetermined.Thefilmingwasdoneprimarilyoverhighdefinitionwebcamsas

wellasafewobservationsfilmedbyhandwithhighqualitycameras.Temperature

valueswillbeobtainedwithonlinetemperatureinformation.Temperatureswillbe
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averagedoutfor12hoursprevioustotimeofobservation.Thiswasdoneinordertoget

amoreaccuratemeasurementoftheconditionsthatthebirdsarefacing.Thebirdswere

toldapartbyaseriesofindicators:location,band,sex,physicalcharacteristicsand

species.ThetwobirdsfromtheWaterloofeedersweredifferentiatedbysexandwere

theonlyregularlyoccurringwoodpeckersinthearea.TheSapsuckerWoods

woodpeckersweretoldapartbyspeciesandgenderbuttherewerealsoseveralthatwere

bandedandseveralthatwerenot.Additionally,somebirdshadparticularphysical

characteristicssuchasaneyeinfection(birdnotusedduetothis).Oncethebirdswere

identifiedandtheirbehaviorwasobserved,avigilanceratemustbedetermined.This

wasdonebydeterminingthenumberofvigilancemovementspersecond.Theresults

weregraphedwithtemperatureonastandardscatterplotandaregressionanalysiswas

completed.InordertodeterminethesignificanceofthesescatterplotsthePvaluewas

comparedwiththealpha(0.05).Theresultsoftheregression,theequationofthe

regressionlineandtheassociatedpvalueareallincludedonthegraph.

RESULTS

Sixofeightbirdsshowedthattheirvigilanceratesincreasedalongwith

temperatureasdemonstratedbyapositivetrendline(Figure2-5).Butuponcloser

inspection,thedataisnotstronglycorrelated.Additionally,thepvaluesforallbirds

withtheexceptionofthefemaledownyfromWaterloo(DOWO-F-W)werebelowthe

desiredvalueof0.05indicatingthatthefindingsarenotsignificant.Thesevaluescanbe

seenonthebelowgraphs.Thebirdswerealsogroupedtogetherinfigure5which
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resultedinanotherinsignificantpvalueandlowR2valuebutinterestingly,whenall

birdswerecombineditwassignificantlyclosertobeingsignificantthanmost.

Additionally,thedatawasalsocomparedbyspeciesandbysex.Therewaslittle

differencebetweensexwithvaluesofonly0.057vigilancemovementspersecondfor

malesand0.055vigilancemovementspersecondforfemales.Furthermore,therewas

somedifferencebetweenspecies.Downywoodpeckers,weretheleastvigilantspecies

withanaveragevigilancerateof0.044vigilancemovementsperseconds,thiswas

followedbyhairywoodpeckerswitharateof0.061vigilancemovementsperseconds

andlastly,byred-belliedwoodpeckerswhohadaforagingrateof0.08vigilance

movementsperseconds.Inthefollowingdiscussionsection,thepossibleimplicationsof

thesefindingswillbediscussedaswellasasectiononinterestinganddistinctbehaviors

observed.
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Figure2.AirTemperatureComparedtoVigilanceRatesofDownyWoodpeckersFrom
WaterlooFieldSite

Figure3.VigilanceRatesComparedWithTemperaturesofDownyWoodpeckersFrom
SapsuckerWoodsFieldSite
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Figure4.VigilanceRatesComparedWithTemperaturesofHairyWoodpeckersFrom
SapsuckerWoodsFieldSite

Figure5.AirTemperatureComparedtoVigilanceRatesofRed-BelliedWoodpeckers
(Combined)FromSapsuckerWoodsFieldSiteandAllBirdsTogether
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DISCUSSION

Theresultsofthisstudyultimatelyprovedtobeinconclusive.Asawhole,thelinear

regressionshowedthattherewasnotsignificantcorrelationbetweenairtemperatureand

vigilance.Althoughtherewasonebird(DOWO-F-W)thatshowedastrongcorrelation

(bothhighR2andsignificantPvalue),therestofthebirdsdidnot;withverylowr

squaredvaluesandinsignificantpvalues.Oneofthemajorproblemswiththestudywas

thatthereweretoomanyuncontrolledvariables.Therecouldhavebeenunknown

predatorspresent,windcouldhaveplayedalargefactorinforagingbehaviorandsocial

foragingcouldhaveskewedtheresults.Ifthisstudyweretoberepeated,thebirdswould

beinacontrolledenvironmentlikeanaviarywherethevariableswouldbemoreeasily

controlled.Perhapsaddingafakepredatorperiodicallyandlookingatthebirds

associatedvigilancebehaviorwouldaddanotherimportantleveltothestudy.Inaddition

tothis,thesamplesizemayhavebeentoosmall.Initially,therewere11individualbirds

inthestudiesbutthreewereremovedasoutliers.Onehadavisibleeyedeformity,one

onlyshoweduptothefeederonceandanotherfromtheAlgonquinparkfeederdidnot

havehighenoughvideoresolutiontodetermineanaccuratemeasureofvigilance.

Althoughtheprimarypurposeofthisstudywasnottodeterminethedifferences

offoragingratebetweenspeciesandsex,theresultswillnonethelessstillbediscussed

here.Whencomparingtheforagingratesbetweenthetwosexes,therewasonlya0.002

differencebetweenmalesandfemales.Thisistobeexpectedasthereissimilar

pressuresforbothgendersduringthewinter,butperhapsthiswouldbedifferentduring

thebreedingseason.Additionally,thedifferentwoodpeckerspecieswerealsocompared,

whichproducedthemostinterestingresultsofthestudy.Thedownywoodpeckerhad
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thelowestvigilancerateofanyofthespeciesexamined.Thisispotentiallyduetotheir

smallbodysizeandincreasednutritionalneedswhenfacedwithcoldtemperatures.

Whenspeciesbodysizeincreasedfromdownytohairyandlastlytored-bellied,

vigilanceactuallyincreased.Thiswasunexpectedassomemightbelievethatasmall

bodysizewouldresultinalargeamounttimebeingspentvigilant.Otherpossible

explanationsforthisarethatthedownywoodpeckerpracticedsocialforagingmorethan

theotherswhichhasbeenwelldocumentedintheliterature.Itcouldhavealsosimply

beenacoincidencebutnonetheless,itisaninterestingobservationthatcouldleadto

futurestudyontherelationshipbetweenbodysizeandvigilanceofbirds.Whenallbirds

wereexaminedtogether,thecorrelationwasmarginallystronger,butwasstillnot

significantenoughtodrawanyconclusions.

Outsideoftheactualstudyitself,thereweremanyinterestingbehaviorsobserved

whichareworthdiscussing.Firstly,certainindividualbirdsforageddifferentlythan

othersofthesamespecies.Forexample,thefemalehairywoodpeckerfromthe

SapsuckerWoodsfieldsiteforagedonthefeedingtraybeneaththefeederfarmore

frequentlythananyotherbird.Conversely,themalehairyalmostalwaysflewdirectly

ontothesuetfeederasdidmostofthedownywoodpeckers.Themaleandfemalered-

belliedwoodpeckeralsobehavedverydifferentlyfromeachother.Themalered-bellied

woodpeckerwasthemostaggressivebirdinthestudyfrequentlychasingotherbirdsoff

thefeederwhereasthefemalewasfairlydocileandtypicallyonlyforagedwhennoother

birdswerepresentwhichresultedinitappearingveryfewtimes.Thedowny

woodpeckersproclivitytowardssocialforagingwasalsoseeninthisstudy,frequently

foragingwithotherbirdsonthesamefeederasthemaswellasbeingsurroundedby
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otherbirdsontheplatform.Oneofthemostinterestingaspectsofobservinglarge

amountsofbirdforagingwasseeingtheoryinmotion.Themostobviousexampleofthis

waspreyhandlingtime.Typically,birdswouldforageforaperiodoftimebutwhena

particularlylargemorseloffoodwasfound,thebirdsalmostinvariablyleftthefeeder.

Thiswasmostlydonebyhairyandred-belliedwoodpeckerswhichcantakelargerfood

itemsthanthedownywoodpeckers.Theseobservations,ifquantifiedwouldalsoprovide

interestingresearchquestionsmovingforward.
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CONCLUSION

Althoughtheresultsofthisstudywerenotconclusive,webelievethattherewas

stillvaluableknowledgeandexperiencegainedfromthisstudy.Theresultsdidnot

conclusivelyratifythehypothesisbuttheyalsodidnotcompletelydisproveit.Manyof

thebirdsdidfollowtheexpectedtrendsothereiscertainlymeritforfuturestudyonthe

topic.Ifmorevariableswerecontrolledforandtherewasalargerstudygroup,the

relationshipbetweenforagingbehaviorandairtemperaturecouldbecomemoreclearly

illuminated.

Additionally,thevalidityofusinghighqualitywebcamstoobserveavian

behaviorwasalsoexaminedandproventobequiteeffective.Theonlymajor

shortcomingofthewebcamsistheirnarrowfieldofview.Thiscouldbealleviatedby

settingupanarrayofwebcamsorusingmoreexpensive360degreeviewcameras.This

wouldallowforpredatorstobeviewedandsubsequentstudyobservationsmarkedas

havingapredatorpresent.Furthermore,webcamsproviderelativelylowlevelsof

intrusionintoorganism’slivesandarefairlycosteffective.Webelievethata

combinationofbirdfeedersandwebcamsprovidenotonlyacosteffectivemethodof

observingwildlifebutalsoanaccuratemethod.Astechnologyallowsformoreandmore

accurateobservationofwildlife,studiessuchasthispavethewayforfuturestudiesdone

byremotecameras.

Theinconclusiveresults,arenonethelessstillresultsandshowthatthereis

potentialforfurtherstudiesonthistopicandperhapsareaderwillfindthatthe



x

methodologyandrecommendationsfromthisstudywillassisttheminsettinguptheir

ownstudy.



x
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