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ABSTRACT
Top predators are knomto regulatefreshwater, mane, and terrestrial
ecosystems. However, few studies have demonstitatglic cascades in
productiveandbiologically diverse taestrial ecosystemg&lk Island National
Park and surrounding protected areas have a wide range in the intensity of use by
ungulates (IUV) (2.3 to 53.4 units/Rjrdue to the functional loss of top predators,
management for high unigle numbers and variable hunting pressure. To
evaluate whether high IUU results in a trophic cascade, | examagedation
characteristics and the abundance of stiegpendent yellow warbler®éndroica
petechig and Canadian tiger swallowtaiBgpilio canadensis Areas withhigh
IUU resulted in loss of horizontal shrub cover that resulted in reductions of
yellow warblers Abundance oCanadiartiger swallowtail wasrelated to
reductions in larval host plant densiparticularly chokecherryPfunus
virginiana). This study provides evidence of a spede&l trophic cascade,
initiated by a combined effect of the loss of top predators and management for

high ungulate densities.



ACKNOWLEDG MENTS

| would like to thank my supervisors, Drs. Scott Nielsen and Jens Roland. This
project would not have been possible without them and | am very grateful to have
had their mentorship throughout this program. A special thanks to Scott who
provided his vast kmwledge in conservation, ecology, and statistics. | also thank
Scott for his generous guidance and assistance with fundraising and his editorial
comments on multiple drafts of this work. Most importantly, | valued his
enthusiastic nature towards sciencd eesearchl would alsolike to thank my
committee membemdrs. Glynnis Hood and Erin Bayne for reviewing my thesis
and providing necessary feedback. Also, thgol to Glynnis for her crash

course on plant identification and browse impact assessments.

For financial support ¢ratefullyacknowledge th&CA Grants in Biodiversity
(supported by the Alberta Conservation Association), Alberta Sport, Recreation,
Parks & Wildlife Foundation, University of AlbertaGraduate Teaching
Assistantships)ueen Elizhethll Graduate Scholarship and Natural Sciences
and Engineering Research ColiflSERC). Ithank Elk Island National Park
(Parks Canada) for valuablekind accommodation and vehicular fuel.

Field work for this project could not have been completeétowit the help of
field technicians and volunteeiMdany thanks to Sonya Odsen, Mirelle Martel,
Christina Buelow, Brittany Bert, Ross Mielke, Hans Otto, Deitrich ESphmidt,
and Antje Bohnfor their dedication and enthiasm to field data collection.

| thank Bogdan Cristescu for his enduring emotional support and generous
consultations. He went above and beyond what | ever could have expected of
anyone.

There are several people who have helped in small but very valuable ways during
this MSc program ahe University of Alberta. Thanriou to Shannon White for

her SEM expertise, Bronwyn Williams for
breaks, Charlene Nielsen for GIS support
numer ous Oover tead fdrcosgankd sité andhtsagkingPet e Kn

days, Kyle Knopff and Jeremy Banfield for cougar capture adventures, Ted
Allison for his thoughtful comments, Kimberley Teichman for sisterly support,
Leo and Ana Balanean for valuable discussions, and Michael, Gidgeth&is,
Chewy, and Squigen for consistent everyday support.

| thank Kelvin Ludbrook for his sound advice and interesting scientific
conversations. Finally, thanks to my mom, Barabara Teichman, for her
unwavering confidence in me to achieve whatever hputmind to. | most
valued our ethical discussions on the inherent value of all creatures.

(0]

a

u

m



TABLE OF CONTENTS

CHAPTER L ..ottt e e e e e e e e annnreneees 1
GENERAL INTRODUCTION ....iiiiiiiiiiiiiiiiiiiiieeseeesieeeeeeeeeeee e e e e e e e smmmee e 1
LITERATURE CITED .....cci oot eeee st ennsssnenneeenanae e 6
CHAPTER 2.ttt e e e e e e e annnrenne e 8
HABITAT USE BY UNGULATES IN THE COOKING LAKE MORAINE
ABSTRACT ettt eanannaa 8
INTRODUCTION. ..ccttiiiiiiiiteee et 9
METHODS ... eree e enens e e e e e e e e e e eeeeeeemeeees 11
Y 110 ) A = T SUURRRRPP 11
SIE SRIECHON.....o e 13
Intensity of Ungulate Use (IUU).............uiiiiiiiiiii e 13
UNQUIAEE BIOWSE......oiiiiiiiiieeeeei e 15
Site-level Vegetation PatternsGrass, shrub and forest zones............... 16
StatistiCal APrOACK........coviii e 17
RESULT S ...ttt eeee e e e e e e e s emer et e e e et e e e eaaaeaeeeeeesammmraeaens 18
Ungulate Distribution Generalized Linear Models.............ccccvvvvvieeee.. 19
Relationship betweeu Ungulates and Browse Imgact......................... 21
D IS O 1535 [ 21
LITERATURE CITED .....ci oo ceceeee s seens e 28
(O o Y e Iy USRS 37
TROPHIC CASCADES IN A MIXED -WOOD BOREAL FOREST:
EFFECTS OF OVERABUNDANT UNGULATES ON VEGETATION AND
SHRUB-DEPENDENT BIRD AND BUTTERFLY SPECIES
ABSTRACT ettt anan—— 37
INTRODUCTION. ...cetiiiiiiiiieeee et ee e 38
METHODS ... .o eree e eenens e ereaeaaeeeeeeamameeees 42
Y (00 | =T T PUPPRRRPP 42
Y | (SRS Y= [T o 1o USRS 44
Abundanceof Canadian tiger swallowtail...................ccooviieeeiiiiiinee e 45
Abundance of yellow warbIer...............cuuuiiiiiiieeeiiiiiee e 46
Intenisty of Ungulate Use (IUU)...........cooorimiiiiiiiieeee e 46
Vegetation SUIVEYS........ooiiiiiiiiiiiieees s eesrsnsreeeeeeeeeeee . A8
Grassland, shrub and forest zones.............coiiiiiiccciiiii e 51
Statistical APProaCh..........ooovviiiiiiii 52
Hypothesizeadtascade affectingellow warbles .............cccccoeiiiiiiiiieeenns 53
Hypothesizeatascade affectinGanadian tiger swallowtail..................... 54
RESULT S ...t eeee e e e e e s emmr et e e e e e e e e aaaeeeeaaeesammnaaeeas 56
Model Performaceyellow warbles .............cooooeiiiiiiiiicceiiie e 56
Model Performae Canadian tiger swallowtalls...............cccccoiiiieennnnnnn. 57



DISCUSSION... ..ottt e e e e e e e 58

Yellow Warbler CASCAR. ... ..o 58
Canadian tiger swallowtail cascade...............covvviiiieemiiiiiiiiiiiiiieeeeeee 60
CONCIUSION. e e ettt e e e eanaes 64
LITERATURE CITED ... oo 66
CHAPTER 4 ..o e ettt aeaee e 83
GENERAL CONCLUSIONS ..ot 33
LITERATURE CITED ...t eaa e 88
PN = 1N 15 ] ) G IR 91

Table of esults from a literature review of defecation rate8loés alces
(moose)Odocoileus spdeer),Cervus elaphuéelk) andBison bison(bison).

APPENDIX I oottt 92

A priori candidate model selection explanations and tabl@spoiori
Generalized Linear Modgpredictingintensity of use fomoose, deer, elk, and
bison. Model description, number of estimated parameters (K), model log

|l i keli hood (LL), Aroa(Al€)esinall sdmplé si,e mat i on

corrected AIC (AlCc), AlCc differenceyAlCc), AIC weight (w) and %
deviance explained are SHOMN...............ooviiiiiicee i 92

Cri

1



LIST OF TABLES

Table 2.1Estimates ofntensity of ungulate ugguU) for north Elk Island

National Park (NEINP), south Elk Island National Park (SEINP), burned areas in
Elk Island National Park (BEINP) and outside Elk Island Nationdt FREINP).
Table includes mean use (unitsrand standard error for moose, deer, elk,

bison and all ungulates pooled.............iiiiiiieeci 31

Table 2.2Top DAICc Generalized Lingr Models (GLM)describingntensity of

use formoose, deer, elkand bisonModel description, number of estimated
parameters (K), modédg-l i kel i hood (LL), Akaikeos
small sample size corrected AIC (AICc), AlCc differenbalCc), AIC weight

(w) and % deviance explained are ShOWN................vvvviiicccreveeeieiiie, 32

Table 2.3Coefficients, standard®rs, andP-values for the top ranRAICc
Generalized Linear Model&(Ms) predicing lUU .............oooviviiiiiiiemeenenns 33

Table 31 Expected and observed outcomes includiogfficients fordirect,
indirect and total effect for hypothesized causal relationships in the SEM for
yellow warblersand Canadian tigem&llowtails * = P <0.1, ** = P <0.05;A
represents paths where the expected outcome ésettffrom the observed

(o0 ({011 0 [T PR UPPPPTT 75

Table 32 Yellow warbler Structural Equation Model unstandardized and
standardized direct path coefficients, standard error of the unstandardized
coefficients and test results. The paths are represented from the dependent
variables (lower case) to the independent variatd&ojzed)................coeeeeee... 76

Table 3.3 Canadian tigernsallowtail Structural Equation Model unstandardized
and standardized direct path coefficients, the standard error of the undizeuia
coefficients and test results. The paths are represented frordependent
variable (ower casgto theindependentariable(italicized). ........................... 77

|l nf or |



LIST OF FIGURES

Figure 2.1 Location of study area in the Beaver Hills region of Alberta, Canada
including Elk Island National ParkZooking LakeBlackfoot Provincial

Recreation Area, Edgar T. Jones Natural Area and Miquelon Lake Provincial
Park. Elk Island is divided by a major highway iatoorth and south section.
Gray represents water DOAIES..........oooviiiiiiiiieeee e 34

Figure 2.2Ungulate pelletsverequantified at 70 sites usirigree 100 x 2 m belt
transectsunning perpendicular to the wetlarahd thuscrossing grass, shrub and
forest zonesvegetation zones were quantified tmgasuring distance along pellet
transects é € é 6 éecéecééééeééeéeéeécéeéeéée. 53

Figure 2.3 Comparing IUU(by species) and browse impact at 70 sites in and
around Elk Island National Park. NateatMiquelon Lake Provincial Park is
shown to bavest of Elk Islandor illustration purposewhen in fact it is located
~100 KmSOUth Of the Park...........cc.uuiiiiiiiiiiiieeeiiiii e 36

Figure 3.1 Location of study area in the Beaver Hills region of Alberta, Canada
including Elk Island National ParkZooking LakeBlackfootProvincial

Recreation Area, Edgar T. Jones Natural Area and Miquelon Lake Provincial
Park. Elk Island is divided by a major highway into north and south sections.
Gray represents the lakes and other water bodieS...........cccoeeiveeecinnnnn. 78

Figure 32a-b Photos from the south part of Elk Island National Park illustrating
change in shrub structure and composition after 13 years (since 1999) of ungulate
23 ( 111 (o o S 79

Figure 3.3 Ungulate pellet, vegetation charactstics,and relative abundance of
yellow warblerand Canadian tigemallowtail were quantified at 59 siteRellet
transectsvereperpendicular to the wetlariduscrossing grass, shruénd forest
zones. Vegetation surveys were conducted in the shrub and forest areas for a
maximum 6 surveys per site. Yellow warbler playbacks were performed in the
middle of the shrub zone while butterfly transects occurred parallel to the wetland
along the grassshrub iNterface. ... 80

Figure 3.4a-b Average IUUfor a) study area ani) by study sites for north Elk
Island National Park (NEINP), south Elk Island National Park (SEINP) and
outside Elk Island National Park (OEINR)............cuvviiiiiiiiiieeniiiiiiiiieeeeeeee, 81

Figure 3.5 Structural Equation Model for a) yellow warbl&éendroica petechia
and b) Canadian tiger swallowtai®dpilio canadensjs Thickness of the solid
(direct effect) line represents the strength ofsfaadardized path coefficients. A
dotted line represents naignificant results* = P <0.1, ** = P <0.05............ 82



CHAPTER 1

GENERAL INTRODUCTION

An ecosystem is composed of multiple organisms and abiotic factors that are
inextricably linked into a community. The multitude of predaioey
interactionswithin a community are often described usfagd webtheory
Trophiccascades occum food websvhen changes in the size of populations
of a speciest one trophic levategatively affecpopulations at lower trophic

levels(Polis 1999)

During European settlement, cougars were reduced or eradicated in eastern
North America McCullough 1997 and wolves eradicated south of the North
American borealorests Boitani 1995, Paquet & Carbyn 2008)pss of top

level carnivores has led to an increase and @afteoverabundance of ungulates
in some area®\ldo Leopold (Leopolcet al 1947)first noticedtheseungulate
irruptions andootentialnegativeimpacts on ecosystems in areas where
predators no longer persist&ince then, extensive research has attempted to
undersand the intricacies of predatpreyinteractionsand their effects on

food webgo help make informed management decisions for the conservation

of ecosystems.

Some of the most vivid examples of tropic cascades have been demonstrated in

aguatic systems (Paine 1966, EsteBuggins 1995; Carpentet al 2001).A



classic example is the sea ottenliydra lutrig, sea urchin
(Strongylocentrotuspp.) and kelpL@minariaspp.) food web in Alaska (Estes
& Duggins 1995). Removal of predatory sea otters increased sea urchins
(prey), thusresulting inlarge scale losses of kelp. The loss of kelp forests
resulted in drastic reductions in ecosystem functioning byifigphfish and

invertebrate habitat.

Although most terrestrial trophic cascades have been simofwod webs
involving invertebrate top predators (Schmitz 2000), cascades had been
demonstrated involving large mammalian predators (Hebbleehiék2005;
Ripple & Beschta 2006}or instance,ncreassin humanactivity in Zion
National Parkhavereduced cougar abundanesulting inlocally high
populations ofleer(Rippleet al 2001) Thishasled to increasein browsng
by ungulatesndsubsequent failure of recruitment in riparian cottonwood
trees.Loss of cottonwood trees has resulted indeflowering plants,
amphibians, lizards and butterfliéRippleet al.2001) Yellowstone National
Park also provides an excellent example of the consequences of overgrazing
and browsing on vegetatiavhereoverabundant ungulate populations
following wolf eradicatiorresulted in failure to recruit cottonwood trees

(Beschta 20083

Like Yellowstone, the Beaver Hills region in easintral Alberta, Canada lost

its wolves due to human eradicatidoss of wolves combined with a policy to



maximize ungulateehsities provideanideal settingor studyng the effects

of ungulates on lower tropic levels. Ungulate densities are further influemced
the aredy humans throughitherhunting in provincial recreational areas
management strategigsthe national parkimedat maintainng high ungulate

numbers

In this thesisl examine whether trophic cascades occur in a mixeod
boreal ecosystemif eastcentral Albertdby examininghow theintensity of use
of elk (Cervus canadensismoose Alces alce} plains bisonBison bison
bison), wood bisonBison bisoi), white-tailed deer @docoileus virginianus
and mule deer@docoileus hemionjisiffectits vegetation antivo shrub
dependenspeciesyellow warbler Dendroica petechipand Canadiatiger
swallowtail Papilio canadensis | also examine the relationship between
broadscale vegetation patterns and intensity of ungulate use (AsWyell as

browsing pressure in relation to ungulate species.

In chapter 2] testa priori candidate models (GLMpr moose, deer, elk and
bisonto asseswhether location and/or broatale vegetation patterns

influence IUU. | quantify vegetation patterns in categories of grassland, shrub
and forest zones hyeasuring distancaong transectsf@ach vegetation type.

| use linear regression telate browse level tmdividual ungulate species

(IUU).



In Chapter 3, | quantify ITUU using pellet group couautsl the relative
abundance ofellow warbles using call playbackandCanadian tiger
swalowtail using Pollard walksVegetation characteristiagacluding shrub
density, horizontal shrub cover and canopy cowere also measured at each
site Initially, | aimed to examine a communiligvel trophic cascades by
quantifying the shrulmesting lrd community including, but not limited to,
yellow warbler, warbling vireo\(ireo gilvug, common yellowthroat
(Geothlypis trichay alder flycatcherEmpidonax alnorum chipping sparrow
(Spizella passerinaand song sparrowelospiza melodia Furthermore, |
planned to quantify the butterfly community that is dependent on shrubs that
are relevant to my study system during their larval stages. However, due to
logistical constraints and rarity of sorfteal species | was limited to
examininga specieslevel trophic cascadehere Ifocusdontwo relatively

common specieyellow warblers and Canadian tiger swallowtails.

Yellow warblers were selected to test the indirect effects of high IUU because
they are commonly found along riparian zones @@t site selection is driven

by horizontal shrub understory patterns in areas with large shrub stands
(Stauffer & Best 1980; Knopf & Sedgwick 199Both of these factorare
influenced by ungulates. Canadian tiger swallowtaitsthe other hanavyere
chosen based on their larval host plant requirements, wikaxspp.), aspen
(Populustremuloide$, andcherry Prunusspp.), all of which are found within

the study systerandareextensively browsed~urthermore, both yellow



warblers and Canadian tiger swallowtailsreeasily identifiablemaking field
sampling by technicians feasibleusel Structural Equation Modeling @ssess
the direct and indirect effects of ungulates on shrubs and-glepgndent bird
and butterfly spaes. In Chapter 4, | summarize the main findings of this

study.



LITERATURE CITED

Beschta, R.L. (2003) Catbwoods, elk, and wolves in thamar Valley of
Yellowstone National ParkEcological Applications13, 12951309.

Boitani, L. (1995)Ecological and cultural diversities in the evolution of wolf

human r el a Edologyg antd Copservation aof Wélves in a Changing

Wor | d: Proceedings of the Second North Ame
(Carbyn, L.N, Fritts, S.H. & Seip, D.R. ed€)ccasional Publication number

35. Canadian Circumpolar Ingtie: Edmonton, Alberta, Canada3p11.

Carpenter, S.R., Cole, J.J., Hodgson, J.R., Kitchell, J.F., Pace, M.L., Bade, D.,
Cottingham, D.L., Essington, T.E., Houser, J.N.& Schindler, D.E.1(R0fphic
cascades, nutrients, and lake productivity: whake experimentg€cological
Monographs71, 163 86.

Estes, J.A. & Duggins, D.O. (1995) Sea otters and kelp forests in Alaska:
generality and variation in a community ecological paradigoological
Monographs 65, 75 100.

Hebblewhite, M., White, C.ANietvelt, C.G., McKenzie, J.AHurd, T.E.,
Fryxell, JM., Bayley, S.E. & Paquet, P.2005) Human activity medias a
trophic cascade caused Wwylves.Ecology 86, 21352144.

Knopf, F.L. & Sedgewick, J.A. (1992) An experimental study of 1sgst
selection by yellow warbler€ondor, 94, 734742.

Leopold, A., Sowls, L.K. & Spencer, D.L. (1947) A survey of overpopulated
deer range in the United Stat@surnal of Wildlife Management1, 16277.

McCullough, D.R. (1997) tuptive behavior in ungulates. Trhe science of
overabundance: deer ecology and population manage(iv&hea, WJ.,
Underwood, H.B. & Rappole, J.H. eds.). Smithsonian Institution Press,
Washington, D.Cp. 69 98.

Paquet, P.C. & Carbyn, L.N. (200@/olf, Canis lupus and allietn Wild
Mammals of North America: Biology, Management, and Conservation
(Feldhamer, G.A., Thompson, B.C. & Chapman, J.A. eds). Johns Hopkins



University Press: Baltimore, MD, USA. 482510.

Paine, R.T. (1966) Food web complexity and species divefgitgrican
Naturalist 100, 6575.

Polis, G.A. (1999) Why are parts of the worldgreen? Multiple factors control
productivity and the distribution of bioma$3ikos 86, 3 15.

Ripple, W.J., Bschta, R.L. (2006) Linking a cougar decline, trophic cascade, and
catastrophic regime shift in Zion National PaBkological Conservation33,
397408

Schmitz, O.J., Hamback, P.A.Beckerman, A.P. (2000) Trophtascades in
terrestrial systems: a rew of the effects of carnivore removals on plants.
American Naturalist155, 141153.



CHAPTER 2

HABITAT USE BY UNGULATES IN THE COOKING LAKE
MORAINE

ABSTRACT

Managers of national parks have the challenge of preservingtégity of
natural areasDverabundant ungulates can threaten ecosystem structure and
function through excessive browsirihe objectives of this study weie@ (1)
identify vegetation patterns that relate best to local measuneteo$ity of
ungulateuse (IUU) and (2assess the relationship betwessasuredrowse
pressure antheintensity of habitat use liyjoose, deer, elk and bisdrused
Generalized Linear Models to test hypothesdsted to factorsxplairing the
distribution of ungulates. Linear regressions were useadgess relationships
between browse impact afidU. IUU wasestimated a23.1urits’km? in Elk
Island National Parknd half that use (11.6 units/Rnin thesurrounding
provincial and recreainal protected arealn Elk Island,bison and elkise

was highest ithe southunit and burned areas tife parkwhile moose and
deeruseweremarginally higher outside of Ellsland.Bison use was highest in
areas dominated by gréesds while moose andlk use were highest in areas
dominated by shrub and fordsdbitat respectivelyTotal [IUU was positive,

but weakly related to measures of browse with elk being the only species
significantlyrelated to browsing pressutaterspecific competition betvea
bison and ellkmay account for high elk use fufrested areas, thereby

increasing their winter browsing pressure on vegetation.



INTRODUCTION

Managers of national parks have the challenge of preserving the integrity of

natural systems. In¢h1970s Park€anadea d o pt ed an Ofercol ogi cal et
management of parkshereby plans to maintaineceasy e ms i n an O&6unalter
state wagprioritized (Blyth & Hudson 198Y. This approach requires

knowledge of baseline or reference conditions from which to establish

management targets. In many case$igble historical datare unavailable

makingit difficult to discern human impact on the integrity of ecosystems

The Beaver Hillof eastcentral Alberta e pr esent s a forested 06i sl
habitats(mixed-wood boreal drest)locatedwithin the transition zone from
prairie to boreal forest (Moss 193P¥ior to European settlemertis claimed
thatthe region flourished with bison, elk, deer and moose (Blyth & Hudson
1987). Also present were top predators including vgulzzly bear, cougar and
aboriginals The role of natural fires af prescribed firesetby aboriginals is
controversial because of the lackdoicumentedhistorical fires (Bork et al.
1997). Fire may have maintained predominantly open grasslandpotibts

of aspen and sprucehich supporédlarge ungulate populations (Blyth &
Hudson 1987). On the other hand, the@agnay have originally been
dominated by forestgrior to a large fire in 1895 (Parks Canada, unpublished

report, 1977).



After European settlement, much of the region was transformed to agriculture
and infrastructure (Blyth & Hudson 198&j)th excessive hunting reducing
ungulate populations aride eradication of top predatasch as wolves,
cougars and grizzly bearn 1906, Elk Ishnd National Park was establishad
the north end of the Beaver Hik®id managed to protect ungulates from
poacherga fence was installe@ndto maintainforess throughfire
suppressionWith successfulire suppression, vegetation convertedaspen
forests with small grassland openipgssisting This limitedforage for
grazingungulats. Because of the fenced perimeded small size oElk Island
(196km?), overabundant ungulatesvereducedvegetatiorbiomasgBishoff
1981)resulting n starvation of ungulates times As a result park
managementedued ungulatepopulations by slaughter or trapping (Blyth &

Hudson 1987).

To increase forage and reduce forest encroachment of grassland opelkings,
Island began using prescribed finel979(Blyth & Hudson 1987)Sincethat
time over 51 % of Elk Island has bebarnedat least once witprescribedire
(Hood & Bayley 2007)resulting in mordorage for ungulate Despite cyclical
ungulate populations due to natural and managecdesses,ngulate density in
Elk Island is consideretb besome of the highest in Canad&lyth & Hudson
1987;Hood & Bayley 2008). Although many plant species have evolved with
herbivory, browsing and grazing by multiple herbivores can disrupt plant

communities (Hood & Bayley 2009). Furthermore, excessive browsing by any

10



one species camegatively impact vegetation structure and composition by

reducing plant cover and diversity (McLaren & Peterson 1@884¢2004).

Understanding how larggammalian hibivoresinteractwith vegetation helps
provideinformationfor management of mixedrood boreakcosysters The
objectives of this study wethereforeto: (1) estimatentensity ofungulateuse
(IUV) inside and outside Elk Island National PafX deternme whether
location and/owegetation patternaffect the distributiorf ungulate species
and(3) examine relationships between browsing pressurénéenisity of

moose, deer, elk and bisare

METHODS

Study area

The study area is located in tBeaver Hills Regiomf eastcentral Alberta
approximately 45 km east of Edmonton Alberta. This region includes Elk
Island National ParkCooking LakeBlackfoot Provincial Recreation Area,
Edgar T. Jones Natural Area and Miquelon Lake Provincial (Fagkre 21). |
sampled within these parks order to represent environments wdifferent
ungulate densities and hertm®wsing pressureglk Island National Park is a
196kmz2fenced enclosure (ungulapeoof fence) that iglivided irto anorth
and south sgion by a major highwagY ellowhead Highway 16)There are no
resident togredators in the park with ungulassnsideredo beat high

densitiegelative to the surrounding aredingulate species Elk Island

11



include elk Cervus canadengismoose Alces alcel plains bisonBison
bison biso, wood bison Bison bisoi), white-tailed deer ©Qdocoileus

virginianug and mule deerddocoileus hemionjis

Areas outside of Elk Islancbntain allungulate species excdmson havenot
been managed witbrescribel burning,nor have highfences that restrict
ungulate movemen€ooking LakeBlackfoot Provincial Recreation Area is a
98.8 knf public areaconsisting of designated areas $easonatattle grazing
and huntingAlthough forested,n the late 1950s thousands of hectares of
upland deciduous forests were loggedncreaseattle grazingln 1987 a
fence was builto limit grazing to 28.75 krhof pastures seedevith
agriculturalgrassesAreas with attle grazing were not used in tisisidy. The
remaining study sites includéiquelon LakeProvincial Park€13km?) and

Edgar T Jones Natural Area (0.92%m

Elk Island and surrounding sample sitesararacterized by having knob and
kettle topography with pockets smallwater bodiesvithin a matrix ofaspen
(Populustremuloide$ and balsam poplaPfpulus balsamifepaforests and
sporadigpatchesf black and white spruc®icea marianaandP. glauca
respectively). Shrub understorymstlydominated by beaked hazelnut
(Coryluscornutg andother shrub species includisgskatoon Amelanchier
alnifolia), chokecherryRrunus virginiana) willow (Salixspp.), roseRosa

spp.) pirtherry Prunus pensylvanigared raspberryRubus idaeyshigh

12



bushcranberry(Viburnum edulg redoser dogwoodCornus stoloniferg
western snowberrgSymphoricarpogccidentalis) currant Ribesspp),

honeysucklgLoniceraspp) and buffaloberry$hegerdia canadensis

Site Selection

Shrub and forest communities with riparigie characteristics wertargeted

for this study anddentified from an Alberta land cover classification (Canada

Forest Services 2007)r the Beaver Hills regiorEach site was adjacent to a

wetland andvaschaacterized by having three distirmnalvegetation

communities: grasand shrub and forestLand coverclasses wereeclassified

to edge and watercourses (Natural Resources Canadaaz@R)erlaid with

forested areas tdentify riparian edgefor sampling. Resulting edge polylines

0300 m in length were buffered by 10 m
in aGIS with no more thand locationper 300 mength Seventyrandom

points were selecteas samm locations.

Intensity of Ungulate Use

Pellet grouptransecsurveyswere usedo index intensity oingulateuse
(IUVU). Using pigtail markers and GPS route plann@narked pellet transects
in September and October of 20df@dremoved all pelletgithin 1 m of
transects. In May 201lefiettransects were revisiteéd count pellet groups by

species in order tmdexintensity ofwinter ungulataise from pellet group
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counts.Winter intensity of use was used sirmewsing of shrubs occurs most

during winter.

Pellet counts were carried outif0 x 2 m belt transects perpendicutathe

to the wetlangcrossing grasand shrub and forestabitas (Figure 2.2) Three
transects 100 m apart were completedach site for a total search area of 600
m2 or 0.06 ha. Pellstwere distinguished byscies andlassifiedas large (>5)

or small © pellet groupgHood & Bayley 2008)l noted thevegetation class
where pellets were found (gréesd shrub or forest) and pooled pellets across
vegetation types to ¢din a per site sampling un@nly large(>5) pellet

groups were used for these analyses to prevent overestimation of animals
defecating on the movAlthough | used a density formula, pellet conversions

shouldbe considered IUU due the small spatial scale being assessed

VU= T
whereX is the number of pellet groups,s the area of the ploE is the
defecation rate ands the time of pellets to accumulate at a site (Skaiskl
2005). Defecation rates vary due to diet, season, location, recording
methodology ad whether animals were free ranging or penned (see Appendix
). Because speciespecific defecation rates were unknowntfox Beaver
Hills, | used the average defecation rates for each species (moose, deer, elk and

bison) based on estimates from the mh#d literature (see Appendix I). These
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included 15.9 pellet groups/day for moose, 18.3 pellet groups/day for deer, 14

pellet groups/day for elk and 9 plops/day for bison.

Ungulate browse

| estimatedungulate browisig usingpercent browse arfibrowseseverityd

indicessimilar to Hood & Bayley (2009). Using a poicéntered quarter

method, browse levels were assessed for the closest stems to the center point of

each plot. Percent browse was estimated as the ratio of the number of browsed

branches to tal number of branches off the main stem and recorded in 1 of 5

categories including, 0% (0);3% (1), 620% (2), 2-50% (3) and 51.00%

(4). Browse severityon the other hanavas estimated using qualitative visual

assessments of individual shrubs basedhe amount of leader and secondary

growth, hedging and amount of dead woBrbwse severity was categorized

into 6énoned (0), low (1), medium (2) and h
browsed branch with no dead wood and some healthy leader growth was

cosi dered o6l owd browse severity while a br a
growth (hedging) and excessive deadwood wa
severity. When there were diflsrcesof browse severity on the branches of an

individual, the median value wascorded. For example, if 6 stems were

browsed and the browse severity equated to 1, 2, 2, 2, 3, 3 then a median (2)

browse severity was recorded.
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Browse Impact Index (Bl indexyas estimated as the multiplicativepsrcent
browse and browse severity (btb& Bayley 2009). That is, if a shrub had a
percent browse of 80% (4) with a medium browse severity (2) then the Browse
Impact index would be 8.used this index to quantify the impact of browsing

on multiple shrub species and to determine the relatipmstween quantified

ungulate densities (via pellet group counts) and browse impact.

Grasdand, shrub and forest zones

At every sitel measurd the width of vegetation zonatongeach of the 3

meter pellet transects. Grémsd habitats were characterized by having less

than 50% emergent grasses closest to the water and less than 50% shrub in the

uplands at the grassid-shrub interface. Shrub habitat was identifie¢chaging

O50% shr ub cthan éve treasnithin af 5m vadius(78.5 nf plot).

Forests were defined as O5 trees within a
density >636 trees per hectare. All species were considered shrubs if their

DBH (di ameter at b Totabwsdths ofieachgdydtationwas O5 ¢ m.
layerwere averagetb estimate for each site tipeoportion of gradand shrub

and forest. For example, if the shrub widths were 30 m, 40 m and 20 m along
each100 m pellet transettecorded the proportion of shrub layer as 0.30.
Estimates of proportion gjrassand shruband forest are based on sites
bordering water bodies and do not estimate the totallgrasshrub and forest

acrosgheentirestudy area.
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Statistical Approach

PredictinglUU using location and broastale vegetation

To assess what variables best preldical ungulateuse,| testeda priori

candidate radels(GLMs) that describednoose, deer, el&and bison use based

on site conditiongsee Appendix Il for list of all models considered for each
speciesanda priori modéd selection explanationsAll variables were screened

for correlations > |0.7]) and onlyariablesvhenr < [0.7] were used within

the same modelt necessary, dependerdnables in the models were log
transformed to normalize datadependent variables included location (i.e.
south Elk Island, north Elk Island, burned Elk Island and outside the park) and
the amount of differentegetatiortypes(i.e. proportion grasand shrub and
forest)/ cal cul at ed Ak ai koorpestedlfonsmallsamplé i on Cr it e
sizes (AICc) for each model and used the difference from the null model

(eAl Cc) and Aktaranktiemodeisght s ( w)

Comparindgorowse impact anohtensity of moose, deer, elk ahsonuse

| used linear regression to ass relationships between browse impact and
intensity of use foeach ungulate speciekhe cependent variabjdrowse
impact, wasexamined for normality by histograms wherapproximatd a

Gaussian distribution artlus used without transformation
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RESULTS

Areas outside of Elk Island National Park had lower total ddbhpared to

inside the parkf{ =-1.82, SE = 0.36? = <0.01) AveragelUU in Elk Island

was 23.1units perkm?, while areas outside of Elk Islandere ~50% of that

inside Elk Islandat 11.6unitskm?. Related to individual speciesitensity of

elk use was higher in Elk Island compared to outsideéhex (b = 0. 31, SE
0.13,P = 0.02) while moose and deeisewere marginally higher outside Elk

| s 1 an-@d.24 FE =6.1F =0.07% b0.2%, SE=0.1/=0.10,

respectively)lUU by species varied between areas inside EINP and outside

the mark (Table2.1).

Within sample siteggrassand habitatwas more abundairt burned areas

within Elk Island compared to outside the park=(0.12, SE =0.05, p = 0.02)

Even wnburna areas in south Elk Islardd, howeverhigher proportion of
grasslandvhencompared to outside tipark @ = 0. 18 ,P<®0H). = 0. 05,
South Elk Islandalsohada higher proportion of shrub compared both the

northern and burned areas oftheptbk = 0. 18 P<®E042;0b0%, 0. 17,
SE = 0.06P < 0.01, respective)y The proportion of grassland in north and

south Elk Island did not differ from burned arefas-¢ 0.70, SE = 0.0 =

0.31;b =5, 8E =00.07P = 0.44 respectively.
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Predicting ungulate distribigin using location and vegetation patterns

Moose
Nine a priori models were tested to examine factors affeatitensity ofmoose
use(Appendix I). Th e t o p maoaAsidi@ecedrom the null modelTable

2.2).

The topaAlCc-rankedmoose model had 4 parameters, includaaablesof
location only, an AlCc weight of 0.21 and explained 10.7% of the dewvianc
(Table 22). Moose were lessbundant in the nortlb &7 0.34, SE 0.15P = 0.02)
andwithin burned aread(=1 0.42, SE = 0.17R = 0.01) of Elk Island compared
to outside the park (Table® with intensity of nmoseuse being similain south

Elk Island andbutside the park(= 0.03, SE = 0.1& = 0.87).

Deer

Of the ninea priori candidate models testéar deer (Appendix 1), the most
supportednodels did not differ significdly from the nullmodel (Table 2).
Thereforejntensity of deer use was similar among locations (inside vs. outside

Elk Island) and dferent habitats sampled.

Elk
Fifteena priori models wee examinedor intensity ofelk use(Appendix Il). The
t o pICamodels differed significantly from the null model and included

covariates ofocation and vegetation (Table2p
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The topaAlCc-rankedelk model had 5 parameters, an AICc weight of 0.41 and
explainel 24.7% of the deviance (TableR Elk were moreabundant in forested
areasfy=1.59, SE = 0.3 = <0.01) andn the southernf(= 0.86, SE = 0.1&
=<0.01) and burned areds= 0.37, SE = 0.12P = 0.03) of Elkisland National
Park tharareasoutsideof the park (Table 3). There waso difference in

intensity of elk use between north Elk Island anglasoutside the parkh(= 0.10,

SE = 0.15P = 0.52).

Bison

Nine a priori models were tested &xplainpatterns obisonuse(Appendix II).
The t o pnodeladiff€ed significantly from the null model and included
covariates ofocation and vegetation (TableZp Because bison are absent from

areaoutsideof Elk Island,thosesiteswere not considered the model

T h e AlGgbhisae modehad 5 parameters, an AlCc weight of 0.36 and
explained 30.8% of the deviance Pl@22). Bisonwere moreabundant in areas
with moregrasgand (b = 3.28, SE = 0.7F = <0.01) Bison were also more
abundantn the southff = 0.86, SE = 0.1& = <0.01) andn burned aread(=
0.366, SE = 0.1R = 0.03) of the prk compared toaorth Elk Island (Table.3).
Proportion Brubwithin a sitewas notrelated tantensity ofbisonuse(b = 1.41,

SE =0.83P =0.88).
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Relatingbrowse impact anghtensity of moose, deer, elk ahdonuse

Intensity of é& useand browse impaatere positively, but weakly relatedf
0.08,P = 0.03 (Figure 2.3. Moose, deer and bisarse were not related to
browse impactr = 0.02,P = 0.24;r> = 0.00,P= 0.86;r* = 0.01,P = 0.37,
respectively). However, vém intensity of moose, deer and elk useenmoled
there wasa weak positive relationship with browse impaét0.08,P=0.08) and
a stronger relationship when examining browse impact only in the shrub layer of
each siterf = 0.13,P= 0.01). Although generally grazetsisondo browse in Elk
Island (Holsworth 1960+Ho0d & Bayley 2008Teichman personal observatign
Thereforel pooled all ungulate species to assess the relationsHifdJobn
browsing pressuréit the site levelliere was a weak pitive relationship
between total IUland browse impact{=0.05,P = 0.09)with a stronger
relationshipevidentwhen examining breseimpactwithin the shrub zonef each

site (= 0.10,P = 0.03).

DISCUSSION

IUU in Elk Island National Park is higielativeto areas outside of the pafkik
Islandcontainssome of the highest yeaound ungulate densitiesportedn
CanadaBlyth & Hudson 198; Hood & Bayley2008). High IUU in the park js
in part, a result of bisoand the ungulatproof fencethat surrounds the park
which preventglispersabndhuntingmortality. Despite the historic ungulate

culling program in Elk Island,grk managementrpmotes increasaghgulate
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food supplyand generally more open or early seral stage haliasgh

prescribed burng (Blyth & Hudson 1987).

Intensity of nooseusewas highest in south Elk Island and outside of the park and
lowestin the noth and burned areas withitik Island (Table 21). Elk Island
management includes prescribed burns to maigtaisslangystems and to
increase forage for ungulaté8lyth & Hudson 198Y. Burn treatments can result

in increased shrub density, particulaflipurns are managed at a low intensity
(Bork, Hudson & Baileyl997). The lack of shrub forage for moose in the burned
areas may btheresult of high intensity buswhich leads to shruimortality,

therefore limitingwinter forage for ungulate browsers.

Therewasmoregrasandhabitatin burned areas withiklk Islard compared

to outside the parwhich may, in part, contribute to reducethter browse for
moose However, unburned areas in south Elk Island also hewegrasslad
compared t@areasoutside the parpossibly due to high bisamse(27.6units
/km?) preventingorest regeneratiorthis pattern is similar to that in Africa
wherelarge herds of wildebeest and elephants maintain open savannah and
preclude the growth of trees (Dubbktal 1990).The proportion of grassland

in north and south Elk Island did not differ from the burned andash further
suggests that high herbivory by unguldtethe park particularlyby bison, are
responsible for maintaining grasslands, irrespectiveexquibed burning.

Regardless, there are more moose in south Elk Island likely due to the high
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proportion of shrub compared both thenorthern and burned areas of the
park However, this model explained only 10.7% of the deviance®use
distribution mg be largely random asther variables likely influence moose
habitat useFor example, moose mortalitirave been higtue to liver fluke
in north Elk Islandesulting indramaticdeclines irmoose populationdRoss
Chapman, Parks Canagiersonalcommunicatioh This might obscure

observedatterns of IUU of certaisegetation

For deer, the model selected a single estimait@@fsity ofdeeruse(null
model)which suggests that broadale vegetation patterns do not influence
deerhabitat user that deer are randomly distributed across the landscape.
Indeed, he fence barrieof Elk Islanddoes nopreventdeer frommoving

inside to outside the padk vise versdBlyth and Hudson 1987%yhich may

explain therandom distribution of deer across the study area.

Elk and bison weré&oth abundann the south and burned ared<lk Island
whencompared to other are@sorth Elk Island and outside of Elk Island)s
grassland increased so, too, thd intensity b bisonuse Intensity of bison use
was higrestin both the south and burned areas and therefore bison may be
creatingmoregras$andhabitat due to overgrazir{@ublin et al 1990.
Interestingly, elk were found mostly in the forested areas. Previousimviik
Island showed thalk select habitatseasonally. & example, during the calving

season cow elk and calves were rarely seen in open areas and arere oft
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encountered in fores{glolsworth 1960). Holsworth (1960) showed thating

the winterelk preferred gradandmeadows, thereby reducing their overall browse
pressur e. However, during Holworthoés (1960
most other age classes were baited onto feedlots after the first snow fall. Elk
Island no longer manages bison herds this waynlase free roaming within the
park boundaries year round (Blyth & Hudson 19&ith the exception of a
biannual cull (Glynnis Hoodhersonal communicationTherefore, bison may be
directly or indirectlyoutcompeting elk (Holsworth 1960; Stewattal. 20(2).

When food resources are more limg during the winter months behavioural

shift of elk to forested habitat may occur. Indesihin the parkjntensity ofelk
useincreased in forested arefis<(1.12, SE = 0.4 = <0.01) buthere wasio
relationship between elkseand brestoutside the park, where bison are absknt (

= 0.84, SE = 0.59 = 0.13).

Browse levelsvere correlatedhostto intensity ofelk use Although often

considered a grazerkehave been shown to browse in maygtems (Bakest al.

1996; Beyer 2007, Ripple & Behta 20001; Hebblewnhitt al.2005. In Elk

Island br owse made up approximately 25% of th
the winter diebased on rumen content analy@dslsworth 1960) Although not

directly addressed ithis study, it is likely that browsmaterialwould make up

more ofthee | lcudrentdiet due tahe increasegotentialof yearround

compettion with bison.

24



Intensity of moose and deer use weoasiderably lowr compared to elk an
bisonin all locationssuggesting moose and deer may be less d@akde?2.1).

This may account for the lack of relationship between individual spesiesnd
browse pressurélthough bison are predominantly grazeébtson alsdorowseon
shrubs Holsworth (1960) used rumen contents to show that browse made up
approximately 10% of bison winter dietElk Island a percentage estimated
when bison herds wesmultaneouslyed hay duringhe winter In my study

there was no statistical significanoetweenntensity ofbisonuseand browse
impact. However, Elk Island supports high intensity of bison use (Pablso

the impact of bison on vegetation magverthelesbe biologically significant.
Whenall ungulate speciesere pooledthere was a wé&goositive elationship

with browse levelsThe influence of browse on plant species occurs over a long
period of time and is therefore dependent on ungulate distribution over multiple
years or decadegkstimates of IUU were fahewinter 2011 and may ricdhave
been reflective ofjeneral yearoundbrowsing pressurer pressure in different

years

This study attempted to assess whether vegetation paittefiparianareascould
provide insight into the distribution of ungulates in Elk Island and sudiagn
areas Because thistudy focused dg on riparianzones| did not consider other
habitat that was available to ungulates in the study Boraexampletheresults
show that there are no differenceaimount ofgrasslandear wetlands the

north, south and burned areas of the park. However, this assessment does not
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includedistinct uplandgras$and pocketsoundthroughout aspestands that

would provide forage for bison and elkereby affecting totdlUU. Furthermore,
Elk Island Mational Park has a lorfgstory ofmanaging ungulates and therefore
human intervention plays a major role in the density of ungutdtesrvedn the
park.Because of high ungulate density/lmg and live trapping of elk has
occuredthroughouthe pashalf century(Blyth & Hudson 1987). Historically
bison have been managed through culling as well as live trapping for
reintroduction purposes. In addition, over half of the park has beeeaddtan
increase forage quality and palatabifity ungulategHood et al.2007) The

effect of fire on vegetation structure and composition is complex and depends on
multiple factors including burfrequencyseverity and intensity (Turnet al

1994). The spatial distribution of burned and unburned areas may &lsmoe
succession on burned sites, resulting in various levels of forage quality. Future
work should onsider differences in the typé prescribed fire and should also
guantify biological diversity and forage qualy gramnoidsand shrubsn

burned arasand how thesenay influence habitat use by ungulates.

Elk Island National Park uses prescribed fire to maintain grasslands. Current
management practices are largely devoted to a single, yet critical, ungulate
species, bisonlhe intensity of use fdsoth moose and deer were marginally
higher outside of Elk Island which may be attributed to more forest and less
grassland compared to inside the pditeresults suggest that moose, elk and

bison occupyr exploitdifferent haitats within the samarea.Bisonabundance
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increass with grasgand habitat,while elk increasswith forestcover and moose
with shrub coverBecause elk are primarily grazers, interspecéimpetition

between bison and elk may be occurrjHglsworth 1960)

Because of a liméd historical record of ecological conditions (range of reference
conditions) in the Beaver Hills region, it is unclear whether the goal of
maintaining ecosystem function and diversity is currently being met.

Historically, it is suggested that bison ged the area only during wint@lyth &
Hudson 1987)Therefore, managing bison at lower densities may provide more
forage for other ungulate species that historically persisted in the regien year

round.
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Table 2.1Estimates of intensity of ungulate use (IUU) for north Elk Island
National Park (NEINP), south Elk Island National Park (SEINP), burned areas in
Elk Island National Park (BEINP) and outside Elk Island National Park (OEINP).
Table includes mean use (unitsArand standard error for moose, deer, elk,

bison and all ungulas pooled

Location n Moose Deer Elk Bison All Ungulates
Mean SE Mean SE Mean SE Mean SE Mean SE
NEINP 16 | 0.3 0.11 18 043 | 7.0 1.07 4.5 1.71 13.5 1.73
SEINP 13 | 1.2 0.21 25 0.62 | 84 0.91 15.5 3.63 27.6 3.87
OEINP 30 | 1.2 0.28 2.8 0.52 | 53 0.54 - - 9.3 0.77
BEINP 11 | 0.3 0.22 0.9 0.19 | 7.9 1.46 15.3 2.92 245 3.84
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Table 2.2Top DAICc Generalized Lingr Models (GLM) describing intensity of
use formoose, deer, elk, arflison Model description, number of estimated

parameters (K), modelldgi kel i hood
small sample size corrected AIC (AICc), AlCc differenbAlCc), AIC weight
(w) and % deviance explained are shown

(LL),

Akai keods

% Dev.

Model Descrigtion K LL AIC AlCc qAICc  Exp(-1/2Ai) w Expl.
Moose

null model 1 -50.17 102.30 102.4 3.8 0.15 0.03 0.0

location 4 -44.79  97.58 98.7 0.0 1.00 0.21 10.7

Elk

null model 1 -5955 12110 121.2 19.8 0.00 0.00 0.0

prop_forestocation 5 -44.87 99.74 1014 0.0 1.00 0.41 24.7
Bison

null model 1 -5793 11786 118.0 23.2 0.00 0.00 0.0

prop_grass prop_shrub locatio 5 -40.13 90.25 92.0 0.0 1.00 0.36 30.8

NEINP = North Elk Island National Park, SEINP = South ElendNational Park, BEINP = Burned areas in Elk Island
National ParkNote Moose and Elk models compared to OEINP while bison model compared to NEINP
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Table 2.3Coefficients, standard errors, anedv&ues for the top rantpAlCc
Generalized.inear Models (GLMs) predicting IUU

Variable Coefficient Standard Error P-value
Moose

SEINP 0.028 0.157 0.865
BEINP -0.418 0.167 0.012
NEINP -0.341 0.146 0.020
Elk

prop forest 1.588 0.324 0.000
SEINP 0.859 0.178 0.000
BEINP 0.366 0.117 0.030
NEINP 0.096 0.148 0.518
Bison

prop gasshabitat 3.280 0.732 0.000
prop $rrubhabitat 1.410 0.826 0.880
SEINP 0.578 0.329 0.079
BEINP 1.035 0.281 0.000
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Figure 2.1 Location of study area in tHgeaver Hills region of Alberta, Canada
including Elk Island National Park, Cooking LaBéackfoot Provincial
Recreation Area, Edgar T. Jones Natural Area and Miquelon Lake Provincial
Park. Elk Island is divided by a major highway into a north and soutioisec
Gray represents water bodies
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Figure 2.2Ungulate pellets were quantified at 70 sites using three 100 x 2 m belt
transects running perpendicular to the wetland and thus crossing grass, shrub and
forest zones. Vegetation zones were quantifiechbgsuring distance along pellet
transects
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Figure 2.3 Comparing IUU by species) and browse impact at 70 sites in and

around Elk Island National Park. Note that Miquelon Lake Provincial Park is

shown to be west of Elk Island for illusti@t purposes when in fact it is located
~100 km south of the park
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CHAPTER 3

TROPHIC CASCADES IN A MIXED BOREAL FOREST:
OVERABUNDANT UNGULATES, VEGETATION AND SHRUB -
DEPENDENT BIRD AND BUTTERFLY SPECIES

ABSTRACT

Few sudieshavedemonstradd trophic cascades in productisaddiverse
terrestrial ecosystenmslative to low biologically diverse systeni$he Beaver
Hills region in Alberta, Canada is a mixed boreal forest that cordaingerse
gradientof intensity of ungulate use (IUU) duettee loss of togpredators and
management practicéisat striveto maintain high ungulate densifio examine
the cascadingffects ofhigh IUU on vegetation and shralependent bird and
butterfly species, quantified vegetatiooharacteristicand abundace of yellow
warbler(Dendroicapetechid and Canadiatiger swallowtail (Papilio
canadensisin and around Elk Island National Patksing Structural Equation
Models | found thatUU was inversely related to horizontal shrub cowéh
shrub cover positively related yellow warbler abundanc&loreover
chokecherryPrunus virginiand abundance was inversely related to browse
impact and positively related Canadiartiger swallowtail abundancelhese
results demonstrate a cascading@&fof highlUU on yellow warblers through
reductions in shrub cover and Caizadtiger swallowtail numbers through
reductions in larval h&t plant density. Theoks of top predators conjunction
with managindgor high ungulatelensities can result imegative indirect effects
on shrubdependent specieven withn productiveand seemingly resilient

ecosystemske EIk Island
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INTRODUCTION

Predators are knawto regulatgpopulations and communitiessn  ad aw ro§
manneracrosdreshwater, marine and terrestrial ecosystems (Estds2011).
Biologically diverse ecosystems aséienassociated witlareas having
functional populations of apex predators (Bergfesl 2001;Hebblewhiteet al
2005;Ripple & Beschta 2006; Serget al 2009. However, a growingumber

of studies have shown no association betwepipredators and biodiversity
suggesting loss of top level predators does not always alter ecosystem structure
(Kerr 1997; Careet al. 2004; Ozaket al 2006; Cabeza, Aonen & Teeffelen
2008).An important challengen managing biodiversity is to understaite

role of trophic interactionand the potential consequencesitdiversity

caused by losing particulinkages

Trophic cascades occur when changes in the size of one population in the web
results in changes in populations at lower levels of the food web (Polis 1999).
Studies have shown that multiple factors influence the strength and occurrence
of trophic cascadedf resources are highly edibte are dominated by few

species it is more likely that a trophic cascade will o¢Strong 1992; Polis

1999) Self-regulation of guilds through intraguild predation (Polis and Holt
1992) orterritoriality (Sullivan & Sullivan 1982) or the regulation across

trophic levels through omnivory (Fagan 1997), may liimé extent of

cascads Food web complexity and species diversityoplay a role in the
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regulation of ppulations across trophic levedadthuswhether arophic

cascade will occufPaceet al. 1999.

The interaction strength between trophic levels influsecesystem stability
Many weak interactions may limit the destabilizing effect of strong consumer
resouce interactions (McCann 200@or simpleeccsystens with low diversity,
such as the tidal pools examingglPaine (1966)theremonal of a top predator in
a 3tiered food chairfi.e. sea staPisasterochraceuyresulted in therosionof
species diversityHow a cascade manifestswever, can depend orethumber

of trophic levels in a food chain.

Althoughthe classic trophic cascade is based otiar8d system consisting of
predators, herbivores and plants (Hairstbal 1966) top down forcegan
manifest themselvesirough 4 levels in the food chain (Power 198@streich
1999 Carpenteet al. 2001). Carpentest al (2001) demonstrated that
largemouth bass, an apex predator, reduced zooplanktivorous fishes which
subsequently lead to an increase in zooplankton aledr@ase in
phytoplankton. Thus top predators can indirectly reduce the abundance and
production of primary producers or, more commonly, reduce herbivory thus

increagng primary prodution (Estesetal. 2011).

Trophic cascades have baegularly repatied inaquatic systems (Carpenter &

Kithell 1988 Strong 1992; Estes & Duggins 1995; Polis 1)9®9terrestrial
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ecosystems predators generally have dagsteffect on plant biomass
Trophic cascadeshérefore may bdesscommonin terrestrialthanaquatic
systems (Shuriet al.2002). However, st trophic cascades in terrestrial
ecosystems have been repofftesn small scale experiments involving
invertebrate predatsincluding spiders, beetles and a(Raceet al 1999;
Schmitz, Hamback &eckerman 2000; Persson 2009gensurative tudies
assessing trophic cascadesed omarge mammalarefewerdue to logistical
constraints andifficulties associated with experimentally manipulating large
carnivore populationfRipple & Beschta 2006However those studies done
involving large toppredators in terrestrial ecosystehas/e often shown that
loss of topdown regulation byhe removal or reduction of predators can result
in increased herbivory which affects ecosystem structure and stability
(McLaren & Peterson 199Rippleet al 2001;Terborghet al 2001; Sergiet
al. 2008). Mammalian carnivoresn increase plant biomass indirectly by
reducing herbivorous prey populationkich is referred to asdensity
dependentascad®r by alteringherbivore behaviouwhich is referred to as a

trait-mediateccascadé€Terborghet al 2001).

A densitydependent cascadeZion National Parkvas associated with
reduction in cougar abundamaich indirectly limited cottonwood
recruitment due to increased deer herbivory along riparian éRgesdeet al
2006. Loss of cottonwood treessulted in fewer flowering plants,

amphibians, lizards and butterflids.some instances, it is difficult to desrn
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the mechanism of ophic cascadeTfussell, Ewanchuk& Bertness, 2002
Kauffmann, Brodie & Jules 20)0A study that examined the effects of green
crabs as predators of herbivorous snails and their effects on the algae food web
(Lubchenco 1978; Treell, Ewanchuk, & Bertness 200&)owed that what

was initially assumed to medensity dependent response of herbivores was, in
fact, a traitmediated response to perceived predatory th&eailarly, a
behaviourallymediated mechanism was demonstratedellowstone National

Park following the reintroduction of wolves whexgpen recruitment increased
due, in part, to elk becoming increasingly vigilara 61 andscape of
respons€Ripple & Larsen 2000Fortin et al. 2005. More recent workor the

same wokelk-aspen cascade showédweverno differences in aspen

recruitment in areas with low versus high predation risk, which suggests a lack
of a behaviourallymediated trophic cascade (Kauffmann, Brodie & Jules

2010).

Research on trophic cascades involvirggbivoreshasmostlyfocused on
cascadethroughdirectpredator prey ineractiongMcLaren and Peterson

1994 Bergeret al 2001; Terborglel al. 2001).I investigated the potential
indirect effects ohigh ungulatelensity, mediated by both the historic loss of
wolves, cougars and grizzly bears aadentmanagement strategigeared
towards maintaining high ungulate density. The study area includes Elk Island
National Park, an area delineatgdam ungulateroof fenceandconsidered to

have some of the highest ungulate densities in Cardgh & Hudson1987;
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Hood & Bayley 2008 The study system isharacterized by beingsilientdue
to the fact that dominant woody spedmsevegetatve reproductive strategies
that facilitate rapid recovery from disturbar{@®rk, Hudson & Bailey 1997
White, Olmsted® Kay 1998. The objective of this studyas to test a density
dependent, specidsvel trophic cascader a forested ecosystem in east
central Alberta that is chacterized as being resilielny evaluating thelirect
impacts of intensity of ungulate use (IUth vegetatiorand the indirect
effects of [UUon shrubdependent bird and butterfly speci®kderate
browsing pressure may benefit shimssting birds by ceding nest sites (Erin
Bayne,personalcommunicatioh or butterfly larval performance through
increasing plant carbon and nitrogeantent (Scriber 1991However, due to
the historic and current high ungulate densities within the study syistem,
predicted thatdespite having evolved an ability to recover rapidly from
disturbancehigh IUU and/or browse impastould result instructural and
compositionathanges in vegetatiadghatwould limit nestsites foryellow
warblers and larval host plarfte Canadiartiger swallowtailsand thus reduce

thar abundance.

METHODS

Study area

The study was conducted in the Beaver Hiigion approximately 45 km east
of Edmonton, Alberta. This region includes Elk Island National Raokking

LakeBlackfoot Provincial Recreation Area, Edgar T. Jones Natural Area and
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Miguelon Lake Provincial ParfEigure 31). 1 sampled within these parks
represent a broad gradientttiU andthusbrowsing pressures (Figure23.

Elk Island National Brk is a 19&m? reserve that was fenced immediately
after its establishment in 190Bhere are no resident apex predators in the park
and ungulates occur at high densities. Ungulate species includeeglki$
canadensis moose Alces alcey plains bisa (Bison bison bison wood bison
(Bison bisoi, white-tailed deer @docoileus virginianysand mule deer
(Odocoileus hemionyisAll other reserves in the Beaver Hileck apex
predators andontain thessameungulate species with the exception of bison
that occur only in Elk Island National Park. Elk Island actively manages
ungulatehabitat through the use of prescribed fires and so to avoid
confounding effects associated with pbist responses in vegetatidoe to
different successional states, numbkburns and intensity of burthe burned
areaswith the parkwere not included in th analysis Of the areas outside of
Elk Island,Cooking LakeBlackfoot Provincial Recreation Area is@ther
large(98.8 knf) reservethat supports ungulate hunting amddesignated
areasjs used foriseasonal livestock grazing. In the late 1958ds ofthe
upland deciduous forests the Cooking La&Blackfootreservewvere logged
to enhancdivestock grazing. In 1987 a fence was btaltimit grazing toa
28.75 knf areaof pastureshat wereseeded with agricultural species. These
areas were not used in this study. Miquelon Lake Provincial Pag&m?)
and Edgar T Jones Natural Area (0.92kare designated protected araas

were also sampled for this studyrepresent different ungulate densities
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All study sites are characterizada mosaic of wetlands surrounded by aspen
(Populus tremuloidgsand balsam poplaPopulus balsamifeneforests with
sporadic patches of black and white spriRiega marianaandP. glauca
respectively). Shrub understory is dominated by beaked haz€lontiis
cornutg with other shrub species includisgskatoon Amelanchier alnifolig,
chokecherryRrunus virginiang, willow (Salixspp.), roseRosaspp.) pin
cherry Prunuspensylvanicy red raspberryRubus idaeysbushcranberry
(Viburnumspp.), redosier dogwoodCornus stolonifery western snowberry
(Symphoricarpos occidentaligjurrant Ribesspp), honeysuckl€Lonicera

spp) and buffaloberry$hepherdia canadensis

Site selection

Shrub and forest communities with riparigice characteristics were identified

from an Alberta land cover classification (Canada Forest Services HiZh).

site was adjacent to a wetland amalscharacterized by having three distinct

vegetation communities: graasd, shrub and forestand cover waslassified

asedges and watercourses (Natural Resources Canada 20d®)asoverlan

with forested areas tefineriparian edgefor sampling. Redlting edge

polylines O300 m i n laedrandomspatialyr e buf f er ed
referenced points in Gl&eated1 per 300 mjo identify sample locations

Fifty ninelocationswere randomly selecteahd useds sampling locations.
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Abundance of buttellies

| assessed the relative abundance of Candiderswallowtail using Pollard

Walk surveygqPollard & Yates 1993; Royer, Austen & Newtb898).Pollard
transects were 300 m long and ran parallel to wetlands along thegshash
interface (Figure 3). Focal butterfly species were chosen based on larval host
plants, population status in Alberta (common or rare) and habitat preferences.
Pollard Walks were conduct@a 2011during peak flight times and suitable
temperature and wind conditioffRollard&Yates 1993)with the observer
recording focal butterfly species seen within 5 m of the transect and in front of
and above the observ@&utterflies that could not be easily distinguished in flight
were captured using a sweep net for further identificatidrand and then
immediately release(Royeret al 1998) If butterflies escaped capture, an in
flight description was recorded. Focal species inclDdeadiartiger swallowtail,
gray commaolygonia progng giantsulfur (Colias giganteqandfritillary
species. Fritillary species includ8dloria bellona(meadow fritillary), Boloria
selengsilver-bordered frittillary) Boloria eunomigbog fritillary), Speyeria
atlantis (Atlantis fritillary), Speyeria mormoni@Mormon fritillary), Speyeria
aphrodite(Aphrodite fritillary), andSpeyeria hesperigorthwestern fritillary)
Gray commaPRolygonia progngandgiant sulfur (Colias giganteawere too
uncommon to assess furthBue to difficulty in differentiating between fritillary
species in flight, | po@dall fritillaries. However thiswas problematic due to
variations in peak flight timesritillary specieswvere therefore not considered

further.Canadiartiger swallowtails were the only species used and relative
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abundancewereestimated from survey®nducted between June and July 1 of

2011.

Abundance of yellow warblers

In May and Junef 2011 the relative abundanceyaflow warblerswvere
estimated ab9 sitesusing call playbacksCall playbacksverelocated at the
cenerof each 300 m transect and within the middle of the shrub community
(i.e., the ecotone between the forest and open wetland communitiesk(Fig
3.3). Call playbacks wereonductedyy playing a oneninute callfollowed by
oneminute of silenceluring whichtime the observer recorded any yellow
warbles visible or audibleCall playbacksccurred between half an hour
before surrise and 10 am providdgtatweather conditions were favouralile
no precipitation and <2 on the Beaufort Wind Scale (Alberta Beodity
Monitoring Institute 2007)AIl counts were made kiyo observers with both
observers recordinglayback observatiora 30 sites prior to independent
observations. To eliminate double counting of yellow warblers, any bird

believed to be previouslyetected was not recorded.

Intensity of Ungulate Us€lUU)
| used pellet group surveys along transectadex intensity oingulateuse
(IUU) (Figure 3.3).In Septembeto October 2010using pigtail markers and

GPS route planner, pellet transestre marked and run temove all pellets

46



within 1 m oftransects. In May 2011lefiet transects were revisitéalindex

intensity ofwinter ungulateuse from pellet group counts.

Pellet counts were carried out in 100 x 2 m belt transects perpendathiar

300 m butterfly transects rumg parallel to the wetland (FiguB3). Three
transects 100 m apart were completedach site for a total search area of 600
m2 or 0.06 ha. Pellstwere distinguished by species atatsifiedas large (>5)

or small © pellet groupgHood & Bayley 2008)l noted thevegetation class
where pellets were found (grass, shrub or forest) and pooled pellets across
vegetation types to ¢din a per site sampling un@nly large(>5) pellet

groups were used for these analyteegrevent overestimation of animals
defecating on the movAlthough | used the following density formula, pellet
conversionshouldbe considered IUU due the small spatial scale being

assessed:

IUU =

T |X
e
~—+

whereX is the number of pellet groups,s the area of the ploE is the
defecation rate ands the time of pellets to accumulate at a site (Skaiskl
2005). Defecation rates vary due to diet, season, location, recording
methodology and whether animalgre free ranging or pennedidpendix I).
Because speciespecific defecation rates were unknownroy study system,

used the average defecation rates for each species (moose, deer, elk and bison)
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based on estimates frothe published literaturédppendx I). These included
15.9 pellet groups/day for moose, 18.3 pellet groups/day for deer, 14 pellet

groups/day for elk and 9 plops/day for big&ppendix I)

Increased browsing redusavailability of herbaceous forage due to snow
accumulation and to the energetic costs associated with foraging in snow
(Parker, Robbins, & Hanlel©84; Fancy & White 1985). All ungulate species,
including bison, have been shown to browse (Holsworth 19@@jicularly

during the winter months. Therefore, onidéJ wascalculated for each

species] summeduseacrossall species to acquire a tot&lU estimate for

each siteFor the entire study arelbestimatedcanaveragdUU by speciesl
alsoconpared IW by partitioning data intdlorth Elk Island National Park
(NEINP), South Elk Island National Park (SEINP) and outside Edintsl
National Park (OEINR)North and south Elk Island are fenced areas that were

expected to have highBJU than outside Elk Iskad.

Vegetation surveys

In 2010 and 2011, vegetation surveyere conductedt 100 m increments

along the established 300 m butterfly transects at each site. Plot®oatesl

in the middle of the shrub zone and at a 15 meter distance into the forast, for
maximum of three shrub plots and three forest getssite (Figure.3).

Shrubs were considered to be any species with a DBH < 5.
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Because all statistical modeling was performed at the scale of a site (i.e.
maximum 6 plots per site) shrub variablesre first quantifiedat the plot level

and then averaged the plots to estimate a single site value.

Shrub density

A variation of the pointentered quarter metheeas usedo estimate shrub

and tree densities (Y. Ferdniversity of Albert, unpublished) | restricted

the plot radius to 3 m because it was impractical to do a limitless search for
each species. As a ressitime plaos hadfewer than bbservedlistances for

each of the focal specidsaccounted for quadrants absent of a species by using

the equation:

ag t..+al +(4- kr?

e

wherea is the distance from the center point to the closest individual skrub,
is the number of quadrants with a plant amlthe search radius (3 m). This
equation calculates an area per plant, from whisgtimate plants per unit
area. The dsest stem to the center poivas used to estimate total shrub
density,particularly focusing owlensities fotarget plants of willow, aspen and

chokecherry

Ungulate browse
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| estimatedungulate browsusingpercent browse and browse seveiriyices

similar to Hood & Bayley (2009)Chokecherrywillow and aspemere all

examinedoecause these are known to be host plantsGanadian tiger

swallowtail Browse levels were assessed for the closestssto the enter

point ofaplot for each selected shrub speciesrcent browse was estimated as

the ratio of the number of browsed branches to total number of branaimes

the main stem and recordadl of 5ordinal browsecategoriesepresenting

0% (0), 25% (1), 6-20% (2), 2650% (3) and 51100% (4). Browse severity

on the other handyas estimated using qualitative visual assessments of

individual shrubs based on the amount of leader and secondary growth,

hedging and amount of dead wo&lowse severity wasategorized into

6nonedé (0), low (1), medium (2) and high (
branch with no dead wood and some healthy leader growth was considered

6l owd browse severity while a branch with
(hedging) and excessie deadwood was classified as O0hi
When there were differences of browse severity on the branches of an

individual, the median value was recorded. For example, if 6 stems were

browsed and the browse severity equated to 1, 2, 2, 2h8n3& median (2

browse severity was recorded.

A Browse Impact Index (Bl indexyas estimated abe multiplicative ofthe
percent browse and browse severity (Hood & Bayley 2009). That is, if a shrub

had a percent browse of 80% (4) with a medium browsergy (2) then the
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Browse Impact index would be 8his indexwas usedo quantify tke impact

of browsing orbutterfly larval host plargpecies.

Horizontal cover

At each plotthe percent horizontal shrub cowveas estimatedsing a

modified Rokel pole(Robelet al 1970) or checkerboaat 0.5 m increments

up to 2 metersStanding at a 5 m distance from the checkerbohedolbserver
recorded horizontal cover in the four cardinal directions and the average cover
at each height claskthen aveaged horizontal cover across plots and height
clasesto estimate sitéevel horizontal cover at 0.5 m, 1 m, 1.5mand 2 m
heights. To estimate total sikevel horizontal cover (i.e. all height classes

combined)the percent cover of all height classese averaged

Canopy cover

To estimate canopy cover feachsite, a single observer used a spherical
densiometer (Lemmon 1956) witthstructedshrubsmovedto the side of the
observer in order tobservecanopy (tree) cover. Canopy cover was averaged

across plots to estimagesinglesite-level canopy cover.

Grasdand, shrub and forest zones
At eachsitethe width ofeachvegetation zonavas measured faach of the
3x100 meter pellet transec@rassandhabitats were characterized by having

less than 50% emergent grasses closest to the water and less than 50% shrub in
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the uplands at the grashrub interface. Shrub habitat was identified as having

O50% shrub cover and Imealias(78.5nd.MI f i ve

species were considered trees i f theli

cm. Forestsweredefined asireas havin@5 trees within a 5
representing a stem density >636 trees per heé&téen radiusvas used

because lmad vegetation patterns (i.e. glass, shrub, and forest nes along

water bodies) refleetidiscrete edges rather than gradual transtion

designated vegetation typd®tal width of each vegetation layeas then

usedto estimateproportion gradand, shrub and foresor each sitas the

amount of each habitat varied among siieshould be noted that estimates of
proportion gradand shruband forest are based on sites bordering water

bodies andhus arenotrepresentative of all areastime stidy area.

Statistical approach

| used Structural Equation Models (SEMSs) in STATA/&Eto examine direct

and indirect relationships between ungulates, shrubs, butterflies antyirds
using a path analysis framework. Prior to analysis, bivariate relationships were
examined betweetependent and independemariables using Generalized

Linear Models (GLMs) in order to identify potentially nonlinear relationships
(Grace 2006)Non-linearmodels included a squared term of the independent
variable.Linear model fit was compared to nonlinear model fit by comparing
AIC values. If the difference in AIC values that was ¢ @nsidered there to

be no difference in model fit between a linear and-linear model and thus

used linear models.
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Dependent variabldbat were nomormally distributed based on histograms

were logtransformedvith a constant (value of 1p approximate a normal
distribution. Structure of variables and relationshiph&$EMs were based

on theoretical causal relationships between variables and then altered according
to the modification indices to improve the fit between the model andldata.

tested combinations of vegetation and ungulate variables without altering the
overall structure of the model and used variables that resulted in the best

overall model fit. Modifications were only considered if they were ecologically
relevant. A 6] test was used to deter mine
significant result® > 0.05) is a good indication of whether the data and model

fit is adequate (Grace 2006).

Standardized path coefficients adalues were used to assess significance of
individual variables within the model. Due to the small sample sizes and the
exploratoy nature of the analysesoefficients withP < 0.1 were considered

significant.

Hypothesizeadascade affecting yellow warblers

Thehypothesizegellow warblermodelincluded a direct path fromyU to
horizontal shrub covein this casdUU was used aa surrogate for brovirsg
intensitywhere it would be expectddat increases in I[UU would result in
reducel horizontal shrub covéBaker, Peinettk Coughenou2005). |

hypothesized that the proportion of shrub habitat would be reduced by IUU
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because ovgrazing alonghe grassshiub interfacemay limit shrub seedling
recruitmentand establishment of young shrutieereby limiting the proportion
of shrub zone[jublin et al. 199Q. Furthermorepverbrowsing of shrubs by
moose andleer may limitshrubhabitat by reducing shrutensity(Prins &

Van der Jeugd 1993Bi-directional relationshipbetween horizontal shrub
cover and IUU and proportion of shrub habitat and IlUU were not used because
SEM cannot correlate endogenous and exogenous var{phbegam
STATA/SE-64). Direct patls from bothhorizontal shrub coveand the
proportion of shrub habitat teejfow warblerabundancevere selectetecause
yellow warblers prefer thick shrub understamareaswith high proportion of
shrub habitat toeduce risk from predation and brood parasite®pf &
Sedgwick 199 A direct path from canopy cover to yellow warbler
abundance was also selected due to yellow weslgreference for opem
non-forestedshrubhabitat(Hanski,Fenske & Niemil996. | also included
direct paths from horizontal shrub cover and proportion of shrub habitat to
canopy cover because canopy cover limits precipitation and light to shrub

understory Anderson, Loucks & Swain 19%3hereby limiting plant growth.

Hypothesized cscade affectin€anadiantiger swallowtails

Thehypothesized Canadidiger swallowtail model had dect paths from 1UU
and browse impact ahokecherryasperand willow to their corresponding
shrub densityith the expectation that increased IUU and browsing pressure

would limit shrubdensity Bailey, Irving& Fitzgerald199Q Singer & Renkin
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1995).The effects of herbivory on shrubs can enhance plant quality, thereby
increasing butterfly performance (S@iil991)or, alternatively, limit foliage

for butterfly larva, limiting larval developmef(®uellet, Boutin, & Heard

1994). Basedon the expected heavy browsing pressure of Canadian tiger
swal | owt ai | 0 s |hypathesizedhat hakecherryadpernand s |,
willow (Layberry, Hall & Lafontainel998)densitywould be positivdy relaed

to Canadian tiger swallowtail abundandéhypothesized a positive direct
relationship between Canadian tiger swallowtail abundance and proportion of
shrub habitabecaisemoreshrub habitashouldincrease larval host plant
density.A path from the proportion of grdasdto Canadianiger swallowtail
abundance was included because avian predation rates of adult butterflies are
expected to be higher in open grasslandgared to areas with shrub and

forest cover. Although a general response of flying butterflies to predation is to
erratically shift flight patterns to unpredictable changes in direction (Marden &
Chai 1991)]) expected butterflies to have greater success of escaping avian
insectivores irareaswvith more shrub or foresk hypothesized that IUU and
browse i mpact of Canadian tiger swall owt ai
affecteach other so #lirectionalpahs were used for [IUU and browse impact
Similarly, | expected grakmdand shrub habitats to influenas well ade
influenced by IUU A bi-directionalpath was therefore used between IUU and

grassland/shrub habitats
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RESULTS

Patterns ofntensity ofUnqulateUse (IUU)

IUU varied substantially among sites with bison andhelking a larger

presence than moose and deer (Figu#a). TotallUU ranged from 2.3 to 53.4
unitskm?with an average of 19.2 unitsn®. Overall, south Elk Island National
Parkhad a higher IUU suggesting there were margulates than either north
El k | sl and Nat iPeth04d)lor obtside Elk I¢lamd NatioBal 6 4
Par k ( B°<G01)0 No&OEIk Island National Park also had grelaer
than did outside Elk IslandaNt i o n a | P &r Q07 (Bigurs.4lf).. 2 6,
The ntensity of bison use increasasl the proportion of grdssdincreased b

= 4.48 P < 0.01) whiletheintensity ofmooseuseincreased with increased
shrubhabitat(b = 1.02, SE = 0.5 = 0.05). Ceer showed no preference for
either gradaind (b = 0.04, SE = 0.61R = 0.95), shrubf{=-0.77, SE = 0.6 7R
=0.79) or forest areab € 0.78, SE = 0.4F = 0.86), while elk were found

more often imareas with moréorest = 0.68, SE = 0.3@ = 0.06).

Yellow warblercascade

Thehypothesizedellow warblermodelrequired no modifications to improve
model fit G J= 1.79,P = 0.41)andwas therefore acceptet@igble3.1; Figure
3.5a) Overall model fitwas excellenfr® = 0.52).Based orthis model
structure JUU was inversely related toorizontd ¢ o v €0r29 B =00.0%)
with a positive relationship between horizontal cover and abundaryeti@i/

warblers( b =, P 6 0.09))Table3.2). There waslsoa positive, direct
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effect betveen proportion of shrulabitatand abundance gkllow warblers

( b =,P60.®¥an inverse relationship between canopy cover and
proportion of -0%8R<0.01), And bniinvease relatibnship
between canopy cover and yellow warblerb - 0:28,P =0.05) Not all
hypothesized relationships wesepported (Tabl8.2). There was a positive

direct effect of canopycove on hori zontR40.02)andeor ( b
significant effecof the proportion of shrubabitatand UU {0804 =

0.63.

Canadiantiger swallowtail cascade

The hypothesize@anadiartiger swallowtail modelhada d e q u a 19214189 t

P = 0.7 with no recommended modihtionsandwasthereforeacceptedTable

3.1; Figure3.5b). Overall model fitwas excellen¢r?=0.64). Of thelarval host

plants examinedonly chokecherryensity was negatively affectég browse

impact( b - 079 P <0.01)(Table3.3). As chokecherrydensity increased, so too

did Canadian tiger swallowtadlbundanc¢ b = P& 0.09)%6There wasan

indirect negative effect of chokecherry browse impact on abundance of Canadian
tigers wal | o w+t021 R=0(0).1UB was positively related tboth
chokecherryf§ = 0.53,P <0.01) and aspen browse impdut 0.71,P <0.01).The
proportion of gradandwasalsopositively relatedté UU ( b,P=<0.@). 0 5

All other hypothesized relationshipgereinsignificart.
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DISCUSSION

The vellow warbler cascade

Theresultsof this studyillustrate a cascading effect areas otingulate usen
yellow warblerabundancéy ungulateinduced reductions ihorizontalshrub
cover.lUU was inversely related to horizontal cover with shrub cover

positively related tyellow warblerabundance.

High ungulate densitigas been shown teegdively impact neotropical bird
density, including yellow warblers, where vegetation structure is altered by
browsing(Bergeret al 2001; Olechnowskand DebinskP008) However,
moderatdUU mayfacilitate nesting opportunitietor yellow warblerdbecause
short branches with overhead leaf comerate more suitable nest sitemlt,
Fuller & Doman2011 Erin Bayne personal communicatignin general

dense understory is considered favourabigeitow warblers by reducing
detectability of nest sites byguators and brood parasites (Knopf & Sedgwick
1992 Thompson 2007hereby increasing birproductivity. However yellow
warblers select nest siteaded on vegetation patterns at many scale snake
decisions based on more than just information at the nesting shrub level
(Stauffer & Best 1980; Knopf & Sedgwick 1992).this study ungulates
reduced horizontal shrub cover due to heavy browsing and, bduanimantal
shrub patterns and densfiyrrounding nestare critical tonest site selection
by yellow warblers $tauffer & Best 1980Knopf & Sedgwick 1992)it is

likely that theoverallreduction in shrub cover at a patch scale supessete
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local beneficialeffectsassociated witlthe creabn of individual shrubsvith

more stable nest substrate

As would beexpected, there was an inverse relationship between canopy cover
andamountof shrub habitafCollins, Jameg& Rixxer 1982) Because gllow
warblers select fashrub habitawvith open canopy coveHanski,Fenske &

Niemi 1996, the expectethverse relationship between yellow warbler
abundéince and canopy was demonstratekewise, apositive relationship

between amount of shruiabitatandyellow warbler abundanogas foundand

is supported by the findings of Knopf & Sedgwick (1992) wheléow

warblers selected for areas with laegeaof shrubsThe yellow warbler SEM
showed a positive relationship between canopy cover and horizontal cover and
horizontal cover and yellowarbler abundance. If these effects were transitive,
one would expect canopy cover to have a positive relationship with yellow
warblerabundance, when in fact, a ra¢ige relationship was demonstrated. It

is likely that, when holding horizontal cover caarst areas with higher canopy
cover would have fewer yellow warblers. That is, a range of percent canopy
cover will support 60% horizontal cover. Based on my SEM, yellow warblers
will use areas of 60% horizontal cover that have the least amount of canopy

cover.

It is widely recognized that canopy cover limits both light and moisture to

understory plants thereby limiting understory development through bottom up
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processes. Increasing light intensity to forest floors increases herbaceous
understory cover (Argtson, Loucks & Swain 1969) through photosynthesis.
Thehypothesized inverse relationship between canopy cover and horizontal
cover was ngthowever supported. In fact, as canopy cover increased,
horizontal cover also increasddneof the most dominantsubs for manyof

the study sites wdseaked hazelnwthich isshadetolerant.Light intensityin

the relatively open aspen forests seem to be high enough to not limit hazel
growth and thus horizontal covelthough light intensitywas not directly
measued at each sitghe average canopy cover wbs7% (range between 5.5
and 85.4%Wwith 8 to 17% of full sunlight considered necessary for understory
plant growth (Swain 1964; Anderson, Loucks & Swain 196@jht therefore

may not be a limiting understosprubdevelopment ithe Beaver Hills area

The Canadian tiger swallowtail cascade

Browse impact on chokecherry had a negagivect onCanadiartiger

swallowtail abundance through reduction in chokechdawsity.Herbivary can
alter forage quality bincreasing nitrogeand carbortontenf chemicas that can
enhance growth rates of Canadian tigerlewadails (Scriber 199}, thereby
increasing butterfly survival rateBrowsing may reduceénoweverfoliage
available to leakating caterpillars, which restricts carbon and nitroggnand
thuscaterpillar developmerfDuellet Boutin,& Heard 1994. In this study there
wasn Ganindirect positive relationship between browse impact and Canadian

tiger swallowtail abundancéredudionsin chokecherryoliageare therefora
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more likely explanation for reductions in Canadian tiger swallowtail abundance.
Chokecherry is highly palatable to ungulates (Holsworth 1966t &eal 2003)
and wasexpected to beeverely impacted bintense and frequegearround

herbivory.

Browsing intensity and frequency, the type of herbivory, and the time of year
vegetation is browsed all influence plant morphology and physioDgg«ll,
Bergstrom & Edenius 1994; DandiussDanell & Bergstrom 1985 Many

shrub species respond to moderate defoliation due to herbivory by the
development of new shoots and stems (Crawley 1983) which may contribute to
the lack of relationship between willow and aspen browse and corresponding
shrub densities. Furthermore, in response to herbivory, studies have
demonstrated that resprouting juveniles of cottonw&mpylusspp.) and

willow contained high levels of compounds that deter mammalian herbivores,
which may alssuggestimited effectsof browsing on specific shrub species
(Tahvanaineret al. 1985;Martinsen, Driebe & Whitham 1998). Wéw and
asperstems are highly resilietd disturbance (vegetative resproutiagy can
thereforerapidly increase when released from intensive brow@adser,

Peinetti & Coughenour 20050 his supports the lack of ralionshis observed

between IUU andhrubdensityfor willow and aspen

Beaked hazelnutasa high tolerance to browsing (Best e2803 Hood &

Bayley 2009. Becauséeaked hazelnus the dominant undstory shrubat most
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sites within the study area, it malsorb the negative effects of intebssewsing
on other shrub specieBlyth et al (1994)demonstratethat annual winter twig
use of beaked hazelnut by ungulateglk Islandranged from 46855%, which
makes up a large portion tifeir winter diet Because the effects of browsing on
shrubs accumulates over multiple years, shrub demsisured during a single
year in summetrparticularlyfor aspen and willow, may nbke reflectiveof

general yearoundbrowsing pressurer pressure in different years.

The lack of relationship between willow and aspen density and Canagban ti
swallowtail abundance may metnat, @ a smallspatialscale asgen and

willow host plantsareubiquitousand thus not limitingCanadiartiger

swallowtails (Rausher 1979b)t should be noted that Canaditger

swallowtails were measured theiradult stage and because adults forage on a
variety of flowering plants, habitat selection may shiftdtherlife stages.

Adults may have flown from their larval habitats to nearby areas containing
high density of nectar plants. Future research should estimate adult butterfly
flight distances or density estimates of Canadtligar swallowtail caterpillars
Regardless, areas with a higher abundance of larval food plants would be
expected on average to have higher local populations of dependent butterflies.
Alternatively,howeverchokecherry may act as a preferred larval host plant for
Canadiartiger swallowtail thatresuledin lower dependence or use of aspen

and willow. Currently host preference hierarchy for most butterfly species in
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Alberta is unclearThisresearch suggests that Canadiger swallowtail may

depend more on chokechedyring their laval stages than other host plants.

The positive relationship demonstrated between the proportion ofagrass

habitat and intensity of ungulate use is likalyesult othigh bison numbers.

The hypothesized inverse relationshgtween proportion of shruiabitatand
Canadiartiger swallowtail abundancevas not supported@wallowtail species

lay eggs in sunny open habitats (Rauscher 1979b) and vegetation structure and
composition surrounding host plants significantly influenbewat t er f | y 6 s
to locate host plants (Tahvanainen & Root 1,9%att & O'Dowd 1976).

Butterflies use chemical cues to locate host plantgramgin areas witthigh

plant diversitythe mixing of chemicals can breakdown patterns of orientation,
making it difficult to locate host plant3.herefore more open areas may result

in greater number of eggs. Other factors that influence butterfly search ability,
such as host plant abundance or competition for oviposition sites (Rausher
1979Db), are likely moranportant than theamountof shrubhabitatin an area

with highdiversty of shrub species.

Although| demonstrated that chokecherry density influences swallowtail
abundancethe methodused toquantify chokecherry abundancelikely at too
large of a scale to answer questions about host plant and butterfly larval
behaviour. Many larva of butterfly species move relatively short distances

when searching for suitable forage and host plants that provide sufficient
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foliagethatlimit larval movement to the host plant where oviposition occurred

(Rausher 1979a).

Conclusion

Cascading effects across trophic levels are most common in systems with low
diversity, food web complexity and productivity (Polis & Strong 1996; Schmitz,
Hambak & Beckerman 2000High productivitymay weaken the interactions
between species, tledyy limiting cascading effects. The Beaver Hdtosystem

is considered productive and biologically diverse (Bork, Hudson & Bailey 1997)
relative to other welknownterrestrial ecosystems in western North America
where trophic cascades have been reported (e.g. Yellowstone and Zion National
Parks) However, umgulate exclosures that have been in place in Elk Island since
1999 illustrate that even in this productive g@dsmcharacterized by wood
species with vegetative resprouting capabiliiesgst structure (succession) is
limited by ungulate browsinghrub structure, however, often still persists albeit

at low heights (Figure 3.2a).

Despite the theoretically logusceptibiliy to cascading effects this ecosystem
dominated by aspehprovide evidence of gpeciedevel cascade wherein high
intensityof ungulate uselecreasgyellow warblerabundancdkely through nest
site limitationsor increased predation é@timits butterfly abundancef Canadian
tiger swalbwtails through reduction of larval host plant densitiBlsis study

provides evidence of a trophic cascade, initiated by a combined effect of the loss
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of top predators and human management of ecosysteansd towards

maintaning high ungulate densities.
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Table 3.1Expected and observed outcomes including coefficients for direct,
indirect and total effect for hypothesized causal relationships in the SEM for
yellow warblers and Canadian tiger swallowtails.

Expected outcomes Observed outcomes
yellow warbler SEM Direct Indirect paths Total
paths effects
High IUU will decrease horizontal cover - 0.294** None -0.294
decrease proportion of shrub - 0.040A None -0.040
habitat
reduce yellow warbler abundance  None -0.072A -0.072
Reduced horizontal cover will decrease yellow warbler relative 0.196* None 0.196
abundance
Increasectanopy cover will reduce horizontal cover 0.269**A None 0.269
reduce proportion of shrub habitat - 0.630** None -0.630
reduce yellow warbler relative -0.279* -0.163 -0.442
abundance
Increased proportion of shrub increaseyellow warbler relative 0.342** None 0.342
habitat will abundance

Canadian tiger swallowtail SEM

Increase browse impact of decrease chokechergensity -0.792* None -0.792

chokecherrywill reduce Canadian tiger swallowtail None -0.207 -0.207
abundance

Increase browse impact of willov decreasewillow spp. density -0.186A None -0.186

spp. will reduce Canadian tiger swallowtail None -0.036 -0.036
abundance

Increase browse impact of asper decrease aspen density -0.123A None -0.123

will reduceCanadian tiger swallowtail None 0.008 0.008
abundance

High IUU will decrease chokecherry density 0.100A None 0.100
decrease willow density 0.171A None 0.171
decrease aspen density 0.255A None 0.255

High proportion of shrub will increase Canadian tiger swallowtail ~ 0.084A None 0.084
abundance

High proportion of grass will reduce Canadian tiger swallowtail 0.214A None 0.214
abundance

Reduced willowspp. density will decreas€anadian tiger swallowtail 0.1947A None 0.194
abundance

Reduced chokecherdensity will decrease Canadian tiger swallowtail 0.262* None 0.262
abundance

Reduced aspettensity will decrease Canadian tiger swallowtail - 0.061A None -0.061
abundance

* = P <0.1, ** = Pwher@theleSpectedoutccenp is differem ftoms the abdelvesl outcome.
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Table 3.2Yellow warbler Structural Equation Model unstandardized and
standardized direct path coefficients, standard error of the unstandardized
coefficients and z test results. Tigths are represented from the dependent
variables (lower case) to the independent variataddfzed).

Unstandardized Standard  zvalue P-value  Standardized
path coefficients error path
coefficients
proportion of shrub habitat
IUU -0.010 0.025 -0.39 0.70 -0.040
canopy cover - 0.005 0.001 -6.11 <0.01 - 0.630
horizontal cover
IUU -0.068 0.028 -2.47 0.01 -0.294
canopy cover 0.002 0.001 2.25 0.02 0.269
yellow warbler abundance
horizontal cover 0.786 0.463 1.70 0.09 0.196
canopy cover -0.009 0.004 -1.93 0.05 -0.279
proportion of shrub habitat 1.322 0.542 2.44 0.02 0.342
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Table 3.3Canadian tiger swallowtail Structural Equatidodel unstandardized

and standardized direct path coefficients, the standard error of the unstandardized
coefficients and z test results. The paths are represented from the dependent
variable (lower case) to the independent variaitddicized).

Unstandadized Standard zvalue P-value  Standardized
Path Coefficients  Error Path Coefficients

chokecherry density

chokecherry browse impact -0.064 0.009 -7.18 <0.01 -0.792

1UU 0.028 0.031 0.92 0.36 0.101
willow spp. density

willow spp. browse impact -0.012 0.011 -1.20 0.23 -0.186

IUU 0.047 0.043 1.10 0.27 0.171
aspen density

aspen browse impact -0.017 0.023 -0.72 0.47 -0.123

IUU 0.084 0.056 1.50 0.14 0.255
Canadian tigerswallowtail
abundance

chokecherry density 0.723 0.435 1.67 0.09 0.262

willow spp. density 0.554 0.438 1.27 0.21 0.194

aspen density -0.147 0.367 -0.40 0.69 -0.061

proportion of shrub habitat 0.004 0.001 0.55 0.59 0.084

proportion of grass habitat 0.683 0.507 1.35 0.18 0.214
IUU i chokecherry Bl covariance 0.425 0.143 2.97 <0.01 0.343
IUU i salix Bl covariance 0.098 0.180 0.55 0.59 0.069
IUU i aspen BI covariance 0.347 0.094 3.70 <0.01 0.409
IUU 1 proportion shrub habitat 0.530 0.759 0.70 0.49 0.088
covariance
IUU i proportion grass habitat 0.034 0.010 3.51 <0.01 0.392
covariance
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Figure 3.1Location of study area in tHgeaver Hills region of Alberta, Canada
including Elk Island National Park, Cooking LaBéackfoot Provincial
Recreation Area, Edgar T. Jones Natural Area and Miquelon Lake Provincial
Park. Elk Island is divided by a major highway into north and souttosescti
Gray represents the lakes and other water bodies.

78



b)

Figure 3.2ab Photos from the south part of Elk Island National Park illustrating
change in shrub structure and composition after 13 years (since 1999) of ungulate
exclusion
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Figure 3.3Ungulate pellets, vegetation characteristics, and relative abundance of
yellow warbler and Canadian tiger swallowtail were quantified at 59 sites. Pellet
transects were perpendicular to the wetland thus crossing grass, shridoesind
zones. Vegetation surveys were conducted in the shrub and forest areas for a
maximum 6 surveys per site. Yellow warbler playbacks were performed in the
middle of the shrub zone while butterfly transects occurred parallel to the wetland
along the grssshrub interface.
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