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Abstract

The western toadAfaxyrus boreas, formerlyBufo boreas) is one of many
amphibian species considered to be at risk of etitin (COSEWIC status is
Special Concern). | examined habitat use pattefrtiseovestern toad using
several methods to gain a better understandinig dfbitat requirements. |
examined the relationship between relative aburelahthe western toad and
two sympatric amphibian species (wood frbihobates sylvaticus; and boreal
chorus frogPseudacris maculata) and habitat features at eight scales of spatial
extent at 24 wetlands in the Lake Utikuma regioAlbkerta, Canada. | radio-
tracked adult western toads in three study aretiweihspen Parkland and Boreal
regions of north-central Alberta to examine 1) vileetpatterns of habitat
selection change with different scales of spati&tet, spatial resolution, habitat
composition, temporal period, and between maledamdles during the active
period, 2) habitat used for hibernation, and 3)deinfluencing the timing and
nature of movements to hibernation sites.

| found that the abundance of the three amphilp&ciss was best
described at different spatial extents and waseelt the biology of each
species. Resource Selection Function (RSF) modelated using radio-telemetry
data, indicated that habitat selection was scapeuldent for western toads;
differences in selection were observed among stiedigns, study areas, time
periods, and sexes. Predictive ability did notatiBignificantly among study
designs. However, models that were created usfimgagrained map and home-

range spatial extent generally produced models gvigater predictive ability than



models using a coarse-grained map or populatiogerantent. During the active
season toads selected open habitat types such abnub, disturbed grass, and
crop/hay fields. Western toads hibernated teradhtiin pre-existing tunnels and
the majority of toads hibernated in forest stanaimitdated by spruce. Toads used
hibernation sites 146-1936 m from breeding pondis6&8%6 of hibernacula were
communal. Arrival at and entry into hibernatioresitvas influenced by
temperature and/or day length; larger toads mowéibernation sites later in the
year. My research results can be used to idemiflypotect habitat for western

toads in Canada.
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Chapter 1. General Introduction

Significant alteration of most ecosystems on Ehe occurred directly or
indirectly as a result of increasing human popafstiand their overexploitation
of resources. Alterations have resulted in the édsaiitable habitat for many
species, causing population declines to the polmrermany species are now
considered to be at risk of extinction (Baillie]tdn-Taylor & Stuart, 2004). Most
amphibians require both aquatic and terrestriaithato complete their life cycle
(Trenham & Shaffer, 2005); therefore, this group@ttebrates may be
particularly susceptible to habitat alteration sitice degradation of either
component could result in population declines. @laeclines of amphibian
populations have been well documented (Houlahah,e2000) and habitat loss
and degradation are thought to be major causdwesétdeclines (Stuart et al.,
2004).

The field of conservation biology has explodedha past 20 years, with
its goals being to 1) investigate and describeitedity, 2) understand the
effects of human activities on species, communitiesl ecosystems, and 3)
develop approaches to protect and restore biodiy€Primack, 2000). Habitat
destruction (change in a habitat resulting fromuytan or other habitat
alterations that makes the habitat unsuitableferarganism), fragmentation
(change in landscape structure that results inlem@atch sizes and more edge
habitat; Reed et al., 1996), and degradation (chém@ habitat that makes it less
suitable for an organism even if the dominant $tmecof the community does not

change; Primack, 2000) are major threats to endbiodiversity (Baillie, Hilton-



Taylor & Stuart, 2004). As a result, investigatiaisabitat use and critical
habitat (defined as habitat that is vital to thevsial or recovery of wildlife
species; Government of Canada, 2008) have beefoa foeus for the
conservation of species (e.g., Blouin-Demers, Bjor§ Weatherhead, 2007; Li,
Litvak & Clarke, 2007; Gregr et al., 2008).

The western toadMpaxyrus boreas, formerlyBufo boreas) is considered
to be Near Threatened by the World Conservatiomt@UCN) because drastic
population declines have occurred in Colorado, WipgmCalifornia, and
elsewhere (Hammerson, Santos-Barrera & Muths, 2004anada, declines
have been reported from the south coast area p$lBColumbia (Wind &
Dupuis, 2002). The western toad has been assitpeestdtus of Special Concern
in Canada (COSEWIC, 2009) and Sensitive in Alb@®@aneral Status, Alberta
Sustainable Resource Development, 2005), largedymscautionary measure
because of the severe and rapid declines in thietUSitates and lack of
information about Canadian populations (Wind & Digp@002).

These status listings may change in the near fltecause the taxonomy
of the western toad is currently under review. étistl classifications of the
boreas species group recognized four species (westet) fgodoreas, Yosemite
toad,A. canorus; black toadA. exsul; and Amargosa toad,. nelsoni). The
Yosemite, black, and Amargosa toads each havesveayl distributions in the
southwestern US (Davidson & Fellers, 2005; Fell2@95; Goebel et al., 2005).
The western toad is broadly distributed acrossevestiorth America (Figure 1-

1) and is comprised of two subspecies, the boozal @. b. boreas) and the



California toad A. b. halophilus, Muths & Nanjappa, 2005). However, new
phylogenetic analyses, based on mtDNA 12S rDNAgaytome oxidase |,
control region, and restriction sites data, idésdithree major haplotype clades:
northwest, east, and southwest (Goebel et al.,)200@ Northwest clade
includesA. b. boreas, A. b. halophilus, andA. canorus from the middle Rocky
Mountains, coastal, and central regions of the wedtPacific Northwest. The
Southwest clade includés b. halophilus, A. canorus, A. exsul, andA. nelsoni

from California and Nevada. The Eastern clade nhesé\. b. boreas from
southern Utah, the southern Rocky Mountains, amthrad the Great Basin at the
border of Utah and Nevada (Goebel et al., 2009ndhes were not collected
from Alberta, but it is assumed that toads fromekth would fall into the
Northwest clade. If thboreas species group taxonomy is revised to reflect this
new classification, then the status of western fm@ullations may be changed to
provide higher levels of protection for the Eastelade, for which declines have
been most severe (Goebel et al., 2009), and weistads in Alberta may be
reassessed to a lower risk category.

The cause of western toad population declinestikmmyn with certainty.
Disease appears to be responsible for the drastimés in the southern Rockies
(e.g., chytrid fungus infections, Muths et al., 2D0Carey (1993) suggested that
some environmental factors or synergistic effedgghtrbe stressing toads,
causing suppression of the immune system and makérg unable to fight
disease. Other suggested threats include spraad phthogei®aprolegnia ferax

during fish stocking (Kiesecker, Blaustein & Mill&001), ultraviolet radiation



(Blaustein et al., 1994), habitat destruction aegrddation (e.g., water retention
projects), predation by and competition with exspecies and native species that
may be better adapted to altered landscapes, stmehfi management activities
(Hammerson, Santos-Barrera & Muths, 2004). Urbahaagricultural
development threaten western toad populationsarsoluth coast of British
Columbia through increased road traffic, habitaederation, isolation,
pesticides, disease, predation or competition @&stsatwith exotic bullfrogs
(Lithobates catesbeianus), and the pathogens and activities of stocked(igimd
& Dupuis, 2002).

Alberta Sustainable Resource Development is deiredaguidelines to
protect the critical habitat of western toads inpaf Alberta (Boreal/Foothills
Sensitive Species Guidelines, unpubl.). Howevestare toads are very cryptic
after they leave breeding congregations at lakasgg, and wetlands in late
spring and very little is known about their habitae in Alberta, so identifying
critical terrestrial habitat to protect is diffituTo identify habitat that is vital for
the survival of a species we must understand t#dtause patterns, fitness
associated with different habitat types, and moverabilities. Investigating all
of these topics is beyond the scope of this thasiever, | have taken the first
step towards identifying critical habitat for thestern toad in Alberta. The goal
of my doctoral research was to investigate habgatof the western toad in
north-central Alberta. My research was conductest tiee northeastern edge of
the western toad’s range. Populations near the efdeir range often have

lower population sizes, higher extinction rates] lnwer adaptability (Bahn,



O’Connor & Krohn, 2006); therefore, these populasi@re more likely to be in
need of protection. While examining the patternbatfitat use by western toads,
| also examined questions relevant to all ecolsgidying the habitat use of an
organism: How do spatial and temporal scales, ahbimposition, sex of the
individual, and method of analysis influence theeted patterns of habitat use.

A common problem with investigating patterns obbitet use is that
patterns often change with different scales ofiapaktent (Turner, 1989; Wiens,
1989), grain/resolution of the analysis (Hobbs,20&wler et al., 2004),
differing habitat availability (Johnson, 1980; Mgrid & Ims, 1998), and seasons
(Schooley, 1994; Arthur et al., 1996), and canediffetween males and females
(Muths, 2003; Bartelt, Peterson & Klaver, 2004)between individuals of
different age classes (Stamps, 1983; Imansyah, &0418). Therefore, it is
important that the scales of study are chosen aidyébd match the study goals
and species of interest. Generalizations aboutffieet that scale has on habitat
selection are few, because of enormous variatidandscapes and patterns of
processes influencing resource selection (Boyc@gRMy research examined
western toad habitat use across several spatiaksssaudy locations, seasons, and
between males and females, to try to define pateroadly in an effort to see
how patterns of habitat use change.

Johnson (1980) suggested that habitat selectiatigrarchical process in
which our observation of relationships can charigegaa continuum of spatial
scales. One of the basic principles of hierarclepti is that habitat selection is

constrained by the level above and clarified bylével below (Allen & Starr,



1982). Johnson (1980) describes four orders ofasale at which habitat
selection could be investigated. First-order sedads the geographical range of a
species. Second-order selection is the home rarmge iadividual or social group
within the geographical range. Third-order seleti®the use of various habitat
components within the home range by an individuaroup. Fourth-order
selection is micro-habitat selection, such as #iection of locations with a
specific temperature range. In addition, Wiens @3&iggested that there may be
domains of scale, regions of the spatial spectruen which patterns either do not
change or change monotonically. In turn, domaiesd@marcated by relatively
sharp transitions from dominance by one set obfadib dominance by other sets
(Wiens 1989). Since habitat selection is oftenesc@pendent (O’Neill, 1989;
Boyce, 2006; Mayor et al., 2009), | investigatedita selection by western toads
across several spatial and temporal scales toagl@tter understanding of how
they respond to their environment. | investigateose and third order habitat
selection of western toads in chapters 2-4, arefliprdiscuss first order selection
here.

Western toads (as the species is currently defioeclur along the Pacific
coast from southeastern Alaska to the northwegtans of Mexico (i.e., Yukon,
British Columbia, Washington, Oregon, and Califajrand east into Alberta,
Montana, Wyoming, Idaho, Nevada, Utah, and Coloradd formerly occurred
in northern New Mexico (Hammerson, Santos-Barretduhs, 2004; Figure 1-
1). They occur at elevations from sea level to 384QLivo & Yeakley, 1997) and

occupy a variety of habitats, including boreal &tyéemperate forest, shrubland,



grassland, desert, montane, arable land, pastwledad a wide variety of aquatic
habitats (Hammerson, Santos-Barrera & Muths, 200stern toads are largely
terrestrial; they hibernate and forage in terraktrabitats, but require standing
water for the development of eggs and larvae. Tiagige may be limited in part
by precipitation levels and temperature. Westeads$aare absent from most of
the desert in southwestern U.S. (Stebbins, 198&mmmerson, Santos-Barrera &
Muths, 2004) and also from the arid regions of@ladumbia Basin in Washington
and the Willamette Valley in Oregon (Leonard et B93 in Wind & Dupuis,
2002). Their eastern range ends approximately wiher&reat Plains — Palouse
Dry Steppe Ecosystem Province begins (Bailey, 1985he Yukon, western
toads only occur in the southeastern region. Tiheyestricted to valleys with
high snowfall and geothermal activity, in which gnal freezing is limited and
they can burrow below the frost line (Cook, 197&rviell, 1997; Smith, Meikle
& Roots, 2004).

Western toads occur in the Boreal Forest, FooflRtecky Mountain, and
Parkland regions of Alberta, but do not occur i@ @rasslands or Canadian
Shield regions (Alberta Government, 2005; Albemtat8inable Resource
Development (SRD) Fish and Wildlife Management infation System
(FWMIS) data). Their range appears to be expandasgwards in the Boreal
Forest and Parkland regions (Alberta SRD FWMIS )data they can now be
found near Cold Lake, Alberta, near the Saskatchdweader (Browne, 2009).
The Grassland and Canadian Shield regions areigns th Alberta (mean annual

precipitation 374 mm and 380 mm, respectively ¥§-298 mm in other



regions), but they differ in that the Grasslandgae is the hottest region whereas
the Canadian Shield is the coldest (mean annugldeature = 4 degrees C and -
2.6 degrees C, respectively) in Alberta (NaturagiBles Committee, 2006).
Precipitation may play a role in the western toati&ribution in Alberta, but a
number of other factors could also be contributfgy. example, western toads
may compete (e.g., for food, or inadvertently fates) with Canadian toadA. (
hemiophrys), which overlap in distribution along the eastedge of the western
toad’s range in Alberta (Russell & Bauer, 2000)n&#an toads may be better
adapted to drier landscapes (e.g., prairies) trestesn toads.

In Chapter 2 | investigate second-order habitacsn (selection of the
home range within the geographical range) by exexgitihe relationship between
the relative abundance of the western toad (andsywgpatric anuran species) and
environmental variables at 24 wetlands in the egmiixed-wood subregion of
the Boreal Forest region (Alberta Government, 2006ith of Utikuma Lake, AB
(Figure 1-2). In that chapter | examine these i@hahips at a local pond scale, a
landscape scale with seven different scales ofadattent (proportional cover of
different vegetation-types within 50-5000 m frone tleetland), and relative to
geologic landform, to determine how relationshipargye at differing spatial
scales. Inclusion of the wood frogithobates sylvaticus) and boreal chorus frog
(Pseudacris maculata) in this analysis allowed me to compare respoasasng
species and formulate hypotheses as to what baabfgatures influence the
strength of the relationship between each spatiainé and anuran abundance for

the entire assemblage. Although few studies hasenged relationships between



amphibian abundance and geologic landform, sigmtficelationships have been
found in the US (Wilkins & Peterson, 2000; Rusddiabee, & Cole, 2004). This
variable may be a useful predictor of patternshafralance for some species that
can easily be obtained from maps for most aressletcted two study areas within
the central mixed-wood subregion of the Boreal Biose that | could compare
the results between study areas (Utikuma and andesrea farther east near Lac
La Biche, termed “Boreal”; Figure 1-2) and identifgbitat features that are
consistently selected between sites across therrelgthose the Utikuma area
specifically because | was able to take part inHiidrology, Ecology, and
Disturbance (HEAD) research project.

In Chapter 3, | examine second- and third-ordertatbelection
(selection of various habitat components withinlibene range) of adult western
toads during the active season (May-October) & reift scales of spatial extent,
scales of spatial resolution, habitat compositian,(proportions of different land-
cover type), temporal periods, and between maldgemales using resource
selection function (RSF) models. | radio-trackeald®to determine locations used
on the landscape, and generated random locatiaghswa Geographic
Information System (GIS) to determine availableitebocations. | investigate
the influence of spatial extent by comparing RSKet®that measured available
habitat within the population range (second-oraédecion) and within a 300 m-
radius buffer surrounding each location (third-ersielection). | compare a third
study design that examines third-order selectidrdifters in resolution of

vegetation types to determine how changing theapasolution of the GIS



habitat map influenced the results and to assessapplicable this publicly
available land-cover map is for anuran habitatingestigations.

Conclusions regarding whether a particular halidatponent is selected,
avoided, or used proportional to its compositiom @itically dependent upon the
array of habitat components that are availablé¢écanimal (Johnson, 1980). For
this reason, | chose to conduct my radio-telemetsgarch (Chapters 3 to 5) at
three study areas that differed in land-use androed in two eco-regions, so that
the composition of available habitat types diffe(Edyure 1-2). | radio-tracked
toads at two areas in patches of dry mixed-wooédddorest in the Parkland
region (Alberta Government, 2005); one area idixaly pristine and located in
Elk Island National Park, the other is in an adtioal landscape influenced by
cattle grazing, cultivation of crops/hay, and rurausing. The third area is in the
central mixed-wood subregion of the Boreal Foregtan (Alberta Government,
2005) and is influenced by the forestry and oil/gaiistries. By choosing a range
of study areas, | sought to identify habitat eleta¢hat are consistently selected
by western toads, and are therefore more liketjeftne critical habitat for the
species in the mixed-wood boreal forest.

Temporal scale is another major considerationendisign of habitat
selection studies because selection often chanigles®ason or biological events
(Schooley, 1994; Arthur et al., 1996). | expecteat tvestern toad habitat
selection would differ over the year to meet thedseof reproduction, foraging,
and hibernation. In Chapter 3, | divide the acgeason into three periods for my

RSF analyses: May-June, July-August, and Septe@btrber, which correspond
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to the breeding, foraging, and pre-hibernation @essrespectively. | also
examine differences in habitat selection betweelesnand females. | create an
RSF model for each study design (n = 3), study @rea3), season (n = 3), and
sex (n = 2) for a total of 54 RSF models that alloe/to directly compare
differences among these factors.

Chapters 2 and 3 focus on the active season, abdapters 4 and 5 |
examine habitat selection and questions relat&ibernation. Winter is a critical
time period for amphibians and reptiles in coldngtes and survival of western
toads has been found to be influenced by minimuihy dénter air temperatures,
snow depth and winter environmental moisture lef@therer, Muths &
Lambert, 2008). Western toads spend over halfey#dar in hibernation sites
(October to May), so the selection of a good hibgom site is important. Little is
known about western toad hibernation sites (butddélly, 1952; Campbell,
1970; Jones et al., 1998; Bull, 2006) and no studae been published on
western toad hibernation in Canada. In Chaptedétdrmine (1) locations and
describe the physical features of hibernation s{sf western toads hibernate
communally; (3) if temperatures at hibernationsdéfer from reference sites;
(4) whether the distance between breeding pondsigednation sites differs
between study areas (same as Chapter 3) or besegen, (5) whether
government guidelines for buffers around wateroesisgould encompass core
terrestrial habitat for hibernation; and (6) whiahd-cover types are selected for

hibernation using RSF analyses. My RSF analyselib@rnation habitat

11



examine second-order selection and are simildrdset used to examine second
order selection during the active season (see F&BRn in Chapter 3).

In Chapter 5, | examine factors affecting the tignamd nature of
movements to hibernation sites by western toaoedicted that larger western
toads would move to their hibernation sites lat@ntdo smaller toads, and move
to these sites more directly, along straighter qad8traight paths indicate oriented
movements, while more tortuous movements indicatdom search or directed
movements with less efficient orientation (Benhapi04). Remaining at
foraging grounds later in the year may provide fieef increased growth, but
would also come with increased risk of being trapaeay from hibernacula
when temperatures drop. In this chapter, | 1) dater if arrival date in the
hibernation vicinity or entry date to the hiberpatsite differs among study areas
(same areas as Chapter 3 and 4), years, sex,lotoad size, 2) examine
evidence supporting my proposition that largerefljkolder) toads are familiar
with their landscape and remain at their foragirgugds later in the year than do
smaller (likely younger) toads, and 3) determinghé timing of the arrival of
toads at and entry into hibernation sites is moangly correlated with
temperature or date (indicating whether physicabdmns or innate mechanisms
initiate movements). Understanding these kindsebfalvior patterns offer insight
into the mechanisms behind larger scale patterhaotat selection and could
either be causes or effects of the patterns obdetreng the pre-hibernation
season as documented in Chapter 3. These aspdshadfioral ecology have not

been previously investigated for toads.
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The overall goal of my doctoral research was t@stigate habitat use of
the western toad, primarily for conservation apgilans. However, while
investigating the habitat use of the western tbatso examined general
ecological questions on the influence of spatial mporal scales applicable to
anuran habitat selection research. | used differalytical techniques to search
for underlying patterns, and | sought mechanisrasdbuld explain the patterns
observed. The present thesis is in paper formdtt that Chapters 2-5 represent
manuscripts that have been published in, are aeddpt publication by, or will
be submitted to peer-reviewed journals in the fafldcology, conservation, or
amphibian biology. Chapters 2-5 are co-authore@sapherefore, | have used
‘we/our’ throughout these chapters. Chapter 6 sunzesfindings reported in

Chapters 2-5.
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Figure 1-1. North American distribution of the wast toad Anaxyrus boreas,
indicating the range of the two subspecies, thedldoad A. b. boreas) and the
California toad A. b. halophilus). Modified from Wind and Dupuis (2002).
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Figure 1-2. Habitat use of western toads was iny&std at four study areas in
Alberta, Canada. Amphibian relative abundance sisrveere conducted at 24
ponds in the Utikuma study area for analyses inp@hre2. Western toads were
radio-tracked at the Park, Pasture, and Borealsitehs for analyses in Chapters
3to5.
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Chapter 2. The Relationship of Amphibian Abundanceto
Habitat Features Across Spatial Scalesin the Bor eal
Plains'

2.1 Introduction

Global declines of amphibian populations have heelhdocumented
(Houlahan et al., 2000) and habitat alteratioroisstdered to be a major cause of
decline (Stuart et al., 2004). Most amphibians megooth aquatic and terrestrial
habitat to complete their life cycle (Trenham & 8&g 2005); therefore,
degradation of either habitat component could tesylopulation declines.
Understanding the relationship of a species thatstat is a prerequisite for
making realistic predictions about its responskatge- and small-scale habitat
change. A common problem with investigating pagevhhabitat use is that the
perceived patterns often change with differentiapatales of study (Turner,
1989). Several studies examining relationships eetwichness/abundance of
temperate pond-breeding amphibian species andoemeéntal variables at
multiple spatial scales have suggested 200 m tariltb be appropriate scales for
examining relationships between these species alitbh features (e.g., Gibbs,
Whiteleather & Schueler, 2005; Herrmann et al.,53)08uggested spatial scales
vary widely among studies, a result that is likeée to differences among species
or geographical areas.

We examined the relationship between habitat featand amphibian

abundance in boreal Alberta. The boreal plain ecezwmvers a vast area of

1 A version of this chapter has been published. BenC. L., C. A. Paszkowski, A. L. Foote, A.
E. Moenting & S. M. Boss, 2009. The relationshigofphibian abundance to habitat features
across spatial scales in the Boreal Plains. Ecosejel6:209-223
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western Canada (650 000 Rirhowever, relatively little research has examined
relationships between amphibians and their habéeg (but see Roberts &
Lewin, 1979; Constible, Gregory & Anholt, 2001; hiam et al., 2002). This
region is lightly disturbed, yet is poised for mugieater industrial development
over the next 20 years (Foote & Krogman, 2006) efth Sustainable Resource
Development is currently creating industrial depah@nt setback distance
guidelines so critical habitat for western toAddxyrus boreas, formerly Bufo
boreas) is buffered from disturbances in the boreal radiBoreal/Foothills
Sensitive Species Guidelines, unpubl.). Howevany iigtle is known about
western toad habitat use in the boreal, so idengfgritical habitat is difficult.
Knowledge of habitat factors that influence anumbondance over multiple
spatial scales may help guide approaches to hadvdtection in the near future.
Our objectives were to 1) determine the relativeralance of three anuran
species at 24 ponds in boreal Alberta, 2) iderhig/spatial scale most
appropriate for predicting abundance patterns,3rekamine relationships
between anuran relative abundance and habitatrésaflio meet these objectives,
we investigated relevant habitat features fortakké¢ anuran species present at our
sites in the boreal region of west-central Albe@anada: wood frod_(thobates
gylvaticus, formerlyRana sylvatica), boreal chorus frogPseudacris maculata),
and western toad. Knowledge of the life-historypofeal amphibians is relatively
scanty in comparison to amphibians from more salythegions (Elmberg,
1993). Our study of boreal populations is also hbeeause we synthesized

information across various spatial scales colleaetegart of a wider ecological
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and hydrological study of our study area: the Hiayg, Ecology, And
Disturbance (HEAD) project. Participating in thioject gave us access to an
extensive collection of environmental variabled thare collected by the group

at the 24 study ponds.

2.2 Methods

STUDY SITES

The Hydrology, Ecology, And Disturbance (HEAD) rassh group is a
multi-disciplinary project that collected data &5lwetlands in the Lake Utikuma
region of Alberta, Canada. The goal of HEAD wabéaable to predict the
response of individual wetlands to disturbancesiidog, 2003). The wetland
sites were approximately 20 km north of Utikuma ¢4%6 degrees 00’ — 56
degrees 20’ N, and 115 degrees 20’ — 115 degrédd’%vithin the central
mixed-wood subregion of the boreal forest regiolbéta Government, 2005).
For extensive study of geomorphology, hydrologynology, submersed
vegetation, amphibian and waterfowl habitat quatihg HEAD group selected 24
focal wetlands in a 30-km by 20-km study area. €&t wetlands were selected
from 125 candidate sites because they were deemagirepresentative of water-
bodies in this region; they varied in size (Tabl&)2and occurred in
approximately equal numbers in moraine, outwast ghaciolacustrine landform
types, representative of the region.

Grey luvisols and deep organic peat deposits weredminant substrate

types. All wetlands were relatively shallow, paraséd, associated with
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established floating peat beds, and all had fleagubottoms (substrate is loosely
deposited at the bottom of the wetland and easspanded; Hornung & Foote,
2006). Common tree species around the 24 wetlaeds trembling aspen
(Populus tremuloides), balsam poplarRopulus balsamifera), white spruceHicea
glauca), jack pine Pinus banksiana), black spruceRicea mariana), tamarack
(Larix laricina), and paper birchBgtula papyrifera).
STUDY SPECIES

Wood frog and boreal chorus frog are widespreadadnahdant
throughout most of Alberta and are considered ttsbeure” (Alberta
Government, 2000). The western toad is much legsddant and has a patchy
distribution in western and central Alberta (Rusaatl Bauer, 2000); provincially
the species has the general status of “sensitAMbe(ta Government, 2000).
These three species are widely distributed in wested northern North America
(Stebbins 1985) and are the only amphibians thairda northwestern Alberta
(Russell and Bauer, 2000).
AMPHIBIAN SAMPLING

We conducted seven sets (~every 2 weeks) of viuakys for
amphibians at each of the 24 HEAD research wetl&ods May to August 2004.
This time period encompassed the peak breedingseasd periods of
metamorph emergence for all three species. Visuakygs were conducted by
walking slowly along the wetland perimeter and skig for amphibians within
1 m of each side of the observer. Surveys werewtiad for a two-hour period or

until the entire perimeter was surveyed. We attechpd capture every amphibian
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seen. At a few ponds we did not see any chorus foogvestern toads, but heard
them calling. To account for their presence, weeddahe animal to the count for
each wetland during each of the first three surviegse or more individuals were
heard calling at that site. We standardized owatiked abundance data to numbers
of individuals caugh10h* for each of the three species over the courskeof t
summer (rounded to whole numbers). Each wetlandswagyed regularly
throughout the summer, and each was surveyed gqluaihg the breeding and
young-of-the-year (YOY) emergence periods.

For all species, we found that the number of castéor a visit to each
wetland was related to air temperature (which rdrfgem 2-29 degrees C, and is
also associated with weather and time of day; gg¢fieear mixed model
(GLMM); R Development Core Team, 2007; P < 0.05dach temperature
coefficient). We checked whether mean temperatuee all visits varied
significantly among wetlands. We found that meangeratures (range of means
=13-19 degrees C) did not vary significantly amergglands, indicating that
each wetland was sampled equally over the rangengferatures we experienced
that summer (one-way ANOVA; SPSS Inc., 1989-20Q43:/= 0.616, P =
0.912). Thus, we did not include air temperaturarig further analyses. We did
not compare relative abundance among species loépstential differences in

our ability to detect and capture the three spegiesurans.
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ENVIRONMENTAL VARIABLES COLLECTION

Local environmental variables

We collected and acquired data for 24 local envirental variables for
each wetland (Table 2-1). First, we calculated arehperimeter of each wetland
using aerial photographs and Sigma Scan Pro (Syefaware Inc., 1999). Photos
from 2000 were used for 21 of the wetlands if atdé and if they clearly
showed wetland edges, otherwise we defaulted t6 pB8tos. The wetland edge
was considered to be where thick vegetation met eyzer; this edge was
clearly visible from photos and was comparable ssxeears.

We acquired local water chemistry and aquatic flord fauna data from
the HEAD project. The University of Alberta Biogdmenical Analytical
Laboratory analyzed water samples (collected 9 amde30 June 2004) for total
nitrogen (TN) and total phosphorus (TP). The averagding from the two
sample dates was used for estimates of TN and fT&afth wetland. Turbidity,
chlorophyll-a (CHL-a), conductivity, water temparad (degrees C), dissolved
oxygen (DO), pH, total dissolved solids (TDS), s@bsed aquatic vegetation
(SAV), secchi depth, and wetland depth were rang@ampled at five locations
within the open water of each wetland in June 2@ measurement was taken
from each of the five random locations for eachalde except turbidity, which
had multiple readings (1-4) for each location; drerage of these multiple
readings was used as the value for that locatioturh, we used the average of
the five random points to achieve one value fohaagiable per wetland for our

analyses. SAV was recorded as a categorical coomtdne to five, one being
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scant vegetation and five being dense vegetatemBsiyley & Prather, 2003 for
details). SAV was collected visually from a smaibh

Aquatic plant density is the proportion of plantwoe in an aquatic
guadrat sampled. Aquatic plant density could sametibe > 1 because the full
height of emergent vegetation was recorded butrgiadlume was calculated
using only water volume. This measure of aquatget&tion was more detailed
than the SAV variable and was collected within ®fithe wetland edge (where
tadpoles are more likely to be), but was colledte®001 (rather than 2004). Even
though this variable was not collected in the sgeae that we sampled
amphibians, we felt that previous pond characiesstere relevant (e.g., Piha,
Luoto & Merila, 2007). Please see Hornung & Fo@@0g) for a detailed
description of the methods of sampling aquatic tptiemsity.

Invertebrates can be competitors of, or predatoyamphibian larvae
(Chivers et al., 1999; Mokany, 2007), so we inctlitlgo estimates of aquatic
invertebrate biomass for each wetland: total ireldtes, and predatory
invertebrates. Invertebrate biomass was estimateallf24 wetlands during four
systematic surveys conducted between 10 May arepte®ber 2001. Three sub-
sampling locations were established at each wetlaimd) a stratified random
design that was randomly selected along a tratisattan parallel to the wetland
shore and was one-third the entire shoreline lendik transect at each wetland
was set away from confounding factors such as railsmic lines, or oil-well
locations. The aquatic/terrestrial interface zamergent vegetation zone, and

submergent vegetation zone were swept verticaliit@in-up) with two sweeps

30



from each aquatic zone (total of six sweeps) uaistandard D-shaped
invertebrate dip net (net opening 640%rwWater depth was measured at each
sweep location to calculate the volume of water@ad Invertebrates were
identified to the lowest possible taxonomic resolutwhich was usually genus,
but was sometimes family or species. Biomass was&ed by assigning each
individual to a size class and then averaging tivethree sampling locations to
give an estimate of invertebrate biomaskime®-wetland"-sampling round (see
Hornung & Foote, 2006).

We collected data on terrestrial vegetation usingadrat every 5 m along
a 100 m-transect parallel to each wetland’s edgehuadrat was a 1 m10 m
rectangle oriented perpendicular to the shorelhkabutting the wetland’s edge.
We visually estimated percent total vegetation coaed percent cover and
height for the three most dominant plants for eqddrat, then calculated an
average percent vegetation cover and median higighach wetland. Dominant
vegetation type was categorized into five groupsiaéic plants (e.gCarex,
Typha), grasses and wildflowers (e.§ga, Gypsophila), shrubs (e.g.,
Rhododendron, Salix), conifers (e.g.Picea), and deciduous trees (e.Bgpulus).
We calculated the percent cover of each of thegetaéon types for each
guadrat, then calculated an average percent coveath category from the 20
samples for each wetland. The vegetation typelthdithe greatest percent cover
average was assigned as the dominant vegetatierfdyphe wetland.

The length and width of all terrestrial woody dshsiithin 10 m of the

wetland edge was recorded and proportion of coaleutated. However, we had
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to estimate the total woody debris for two wetlar@sly one-quarter of the edge
was surveyed for one wetland; we assumed the piopaf woody debris was
similar around the remainder. The other wetlandtbadnuch woody debris to
measure. We conservatively assigned this wetlamdaaly debris proportion
cover of 0.01 (twice the amount of the next grdatekie). Finally, we recorded
the presence or absence of beaver dams or beageslgusually abandoned) on
land within 10 m of the entire wetland perimetere Wcluded this variable
because beaver structures are used as hibernagisig western toad (Chapter
4) and the channels cut by beavers into pond eoigetde wet access to forested
edges and are used by tadpoles.

Presence of fish was not included as a variablausefish (brook
stickleback Culaea inconstans) were only present in two wetlands. Preliminary
analysis of our data indicated that the inclusibfigh presence/absence did not
increase the explanatory power of our models. Aigothe abundance of small-
bodied fish has previously been found to influeti@eabundance of anuran
amphibians in small boreal lakes in Alberta (Eabal. 2005), fish presence did
not lead to the exclusion of any amphibian speftas these systems or from our
wetlands.

Landscape environmental variables

We used a land-cover classification geographidalimation system
(GIS) layer to determine the proportion of covevarious land-class categories
within 50, 100, 200, 500, 1000, 2000, and 5000 ffebsifrom the perimeter of

each wetland (Environmental Systems Researchutestit999-2004). We chose
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the seven landscape buffer sizes based on preliyninavement results from
radio-tracking western toads in the aspen parkéanttboreal regions of Alberta
(C. Browne, unpubl. data) and estimates from tieediure of dispersal distances
for anurans (e.g., Muths, 2003).

The initial land-cover classification was a raséser (cell size 25 mx 25
m) of 26 land classes created from a Landsat 7 &hieapper (TM) satellite
scene taken September 9, 1999 (Ducks Unlimited32Me created buffers
around each of the wetlands and used the thenaatierrsummary to calculate the
number of cells of each land class within eachdyudfea (Beyer, 2004). Because
some of our sites were less than 1 km apart, weoliadapping buffers for some
sites at the larger landscape scale of spatiahexte assess the potential effect
of compromised independence or spatial autocomelatve included our UTM
northings and eastings as factors in a curve-jttagression analysis against the
relative abundance data for each species (SPSSL.889-2007; P > 0.5 for all).
We found these variables were not significant aralueled them from further
analysis.

We identified 15 land classes (consolidated frono&@inal classes)
within the 5000-m wetland buffers (see Table 2-d9dd on those delineated by
Ducks Unlimited (2003). We were not able to deteetlands or other landscape
features smaller than the raster layer cell siz25ai x 25 m.

Landform
We identified the landform type of each site ussngficial geology maps

created by the Alberta Geological Survey (e.g.|érglPawlowicz & Fenton,
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2004). Three geological landform types were reprieskat our 24 wetlands:
outwash plains (n = 7), moraine (n = 10), and glacustrine sites (n = 7).
Outwash plains are relatively flat and consistaofds and other fine sediments.
Moraines are piles of rocks, silts and sands leffiifdd during glacial retreat. They
contain more depressions than the other two lantdfoGlaciolacustrine sites are
flat areas with clay and extensive peatlands.
DATA ANALYSIS

Our data analysis included two steps for both dleallscale and each of
the seven landscape scales. Firstly, we incorpobtatenvironmental variables
into a Principal Components Analysis (PCA; McCun#&fford, 1999). Our
PCAs accomplished multiple tasks. The analyseslsameously ran 999 PCAs
using randomized data and determined whether tloaiaihof variance explained
by the real data for each PC explained signifigamtbre variation than the
randomized data (to determine how well the PCsaetl the variation in the
environmental variable dataset). To help interpekttionships between
amphibians and landform type, we also performecuétiNResponse Permutation
Procedure (MRPP) on the variables used for eatectight PCAs with pairwise
comparisons to determine whether environmentabbées distinguished among
the three landform types at each landscape scaigatital extent. Finally we
noted environmental variables showing high corietet (R >= 0.5) with the PC
axes, so that we could later relate them back foh@sran occurrence data during

our second step.
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Secondly, for each amphibian species and at eath stspatial extent,
we used the first three PC axis scores as indepérndgables in a generalized
linear model regression analysis (GzLM testing n&dfacts only; R
Development Core Team, 2007) against relative adnuceldata for each wetland.
There are two main reasons why we chose our PCroapbp rather than directly
entering the raw variables in a GzLM. First, mafhgpuar variables were
correlated and could not be included together@zbM, and we did not want to
make subjective decisions about which variablegwaore “important” than
others. Second, there were many independent vesidiivht we wanted to test, but
only 24 ponds were sampled; therefore, we werddias to how many variables
we could include in our GzLM. By using PCA we redddhe variables to three
main axes and, therefore, were able to examingf #lle variables simultaneously
in one GzLM. Wood frog captures were normally dmtted over wetlands, so
the regressions assumed a Gaussian distributionsedlan identity link
function. However, the boreal chorus frog and westead data included more
zeros and small capture values than larger vatisga;for these species
approximated negative binomial distributions. Thus, regressions for these two
species assumed this distribution and used a ihdgilinction. We then compared
delta Akaike’s Information Criteria (delta AIC; Buram & Anderson, 2002)
values among spatial scales within each specidstesmine which set of
environmental factors best-explained amphibiartikedabundance.

To help us interpret our results we used Pearsmiiglations between

abundance data and each of the raw environmerniables. We also created
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partial plots for each significant variable to \aliy assess our statistical models.
We used Cook’s distance to determine if any oul@nts exhibited a large
degree of influence on the parameters for eachuofmmdels. We used ANOVA
with an LSD post-hoc test (SPSS Inc. 1989-200 determine whether
differences in amphibian abundances occurred ardamuform types. Kruskall
Wallis tests were used instead of ANOVA when abuedalistributions were not

normally distributed (SPSS Inc. 1989-2007).

2.3 Resaults

RELATIVE ABUNDANCE

We caught wood frogs at all 24 wetlands, borealafidrogs at 22 sites,
and western toads at 20 sites. Mean captures gaeour8 (range) of searching
were 26.79 (4 — 60) for wood frog, 9.29 (0 — 70)doreal chorus frog, and 8.38
(0 — 66) for western toad.
ENVIRONMENTAL VARIABLES AND PCAs

At the local scale, the first PC axis (PC1) wastpasy correlated with
wetland depth, secchi depth, and negatively cageélaith DO. PC2 was
positively correlated with conductivity, aquati@pt density, and TDS. PC3 was
not significant at the local scale (Table 2-2). @ landscape environmental
variables, both closed deciduous vegetation andslowb cover were important
environmental variables explaining landscape vianan PC1s of each spatial
scale (except the 5000 m scale), mesic herbacemes was important in PC2s,

and urban cover was important in either PC2s orsH€&e Table 2-2 for the
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breakdown of influential environmental variables e PCs at each spatial
scale).

Land cover occurring on the three landform typesabge more distinct as
the scale of measurement increased (Table 2-2h0A00 m scales, the moraine
sites could be differentiated from the glacioladustsites. At 200-500 m scales,
moraine sites were also differentiated from outwsig#s. At the 1000 m-scale
and larger, all the sites could be grouped by lamdf(See MRPP results in Table
2-2).

RELATIONSHIPS BETWEEN AMPHBIANS AND ENVIRONMENTAL VARIABLES

We used delta AICs to compare among the regressonfels: if delta AIC
of a model is less than 2, then there is substantidence supporting the validity
of that model compared to others (Burnham & Ander2002). For wood frog,
the best model was decidedly the local one (del@-A0; Table 2-3). The first
two factors (PC1 and PC2) had significantly negatigefficients, meaning that
wood frogs were more abundant in shallower wetlawitis higher DO, and lower
conductivity, TDS, and aquatic plant density (Tal®2e2 and 2-3). However, if we
compare only among the nested landscape-scale sytigelmodel that best
explains the relative abundance of wood frog isad@ m-scale model (only PC1
was significant; delta AICs = 7.14; Table 2-3). §hesult indicates that wood
frogs are associated with closed deciduous anddriotest, and are negatively
associated with open conifer or low shrub habifab(es 2-2 and 2-3). The 1000

m-scale model produced similar results but hadgaty higher AIC value
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(Figure 2-1), suggesting that noise, rather tham inéormation, was added at this
larger spatial scale.

For boreal chorus frog, the best models described ®00 and 2000 m
scales (PC1 and PC3 were significant; delta Al@sand 1.15 respectively;
Table 2-3; Figure 2-1). High relative abundancebakal chorus frog are
therefore associated with closed deciduous fongiged forest, and urban habitat.
Relative abundances were lower at sites that rgttehiproportions of open
conifer and low shrub habitat (Tables 2-2 and 2-3).

The relative abundance of western toad was besaiergd by using
habitat data representing the 100 m (PC1 signifjcésllowed by 50 m (PC1
significant), and 5000 m-scales (PC1 and PC2 sagmif; delta AICs = 0, 0.85,
and 1.01 respectively; Table 2-3; Figure 2-1).h#% smaller landscape scales,
western toads were associated with closed decidauodisnixed forest. Relative
abundance was positively associated with tall shalitat, but showed a
negative relationship with low shrub habitat (Takke2 and 2-3). At the 5000 m-
scale, relative abundance was again associatectlogbhd deciduous forest, tall
shrub habitat, mesic herbaceous cover, and mossisiwere less abundant at
wetlands with higher proportions of surroundingseld or open conifer stands,
recently burned sites, pine, low shrubs, and ssirgly, higher coverage by
wetlands on the landscape (Tables 2-2 and 2-3).

Based on Pearson correlations, wood frog and wettad abundance and
DO were very weakly correlated compared to abunglanth pond depth or

secchi depth (Table 2-4); therefore, depth wadyidaving the relationship
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between abundance and PC1. Of the local PC2 vasialvbod frog abundance
showed the strongest correlation with conductiwityle chorus frog abundance
was more correlated with total dissolved solidghispecies were least correlated
with aquatic plant density (Table 2-4). At the laodpe level, closed deciduous
forest showed the strongest correlation with abnodaf the PC1 variables for
all three species (at the significant spatial scalable 2-4).
Partial plots for each of the wood frog models sleorelatively even spread of
data points (Figure 2-2), suggesting that our =ioms did not violate any
analytical assumptions. Outliers appear to exighénchorus frog and western
toad partial plots (Figure 2-2), but Cook’s distanalues for the data points were
all less than one, indicating that each of thesetpaoes not exhibit a large
degree of influence on the parameters, and therstoould be retained in the
analysis. The only models with Cook’s distance galgreater than one were the
200 m wood frog, 200 m western toad, and 1000 ntesresoad models; we did
not change our methodology to adjust these modslause we wanted our
models to be comparable and consistently analyzed.
RELATIONSHIPS BETWEEN AMPHIBIANS AND LANDFORM

We caught all species at wetlands within each larmdffrom May through
August. However, all species displayed higher netaibundances at moraine
sites. Wood frogs had greater abundance in mositee and lowest abundance in
glaciolacustrine sites, but the difference wasstatistically significant (f2; =
2.614, n =24, P = 0.097). Boreal chorus frogs veggeificantly more abundant

at moraine sites than in either of the other lamd&(chi-square= 7.55, n = 24, P
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= 0.023), and western toads had significantly highkative abundances at
moraine than outwash sites but not glaciolacustrieands (chi-squage= 6.24,

n = 24, P = 0.044; pairwise differences confirmeth\a parametric ANOVA
using LSD post-hoc tests). The two frog speciesewaught more often in
outwash sites than in glaciolacustrine plains,tbatreverse was true for western

toad (Figure 2-3).

2.4 Discussion

RELATIVE ABUNDANCE

Capture rates of amphibians (27 wood frogs, 9 batearus frogs, and 8
western toads captured per 10 h of searching) emrgarable to those at other
sites in our region. Stevens, Paszkowski & Stri{8606) observed amphibians
at comparable rates of 30 wood frogs, 1 chorus fiod 3 western toads per 10
hours of searching in the boreal foothills regidéberta. Surveys at 239
wetlands in the Aspen Parkland ecoregion in/nelaidhnd National Park,
Alberta from May to August 2003 resulted in captaf@amphibians at rates of 25
wood frogs, 17 boreal chorus frogs, and 8 westmaidg per 10 h of searching (C.
Browne, unpubl. data). Paszkowski et al. (2002)jwapd wood frogs at rates of
40 frogs per 10 h of searching along streams ifbtheal region of Alberta north
of Wandering River; chorus frogs were not obsered western toads were only

heard calling at these sites.
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SPATIAL SCALE

Our findings support the view that factors at nplétispatial scales
influence interpretation of patterns of anuran alainte. The abundance of wood
frogs was more strongly related to local varialthes to landscape variables, but
the reverse was true for boreal chorus frogs arslese toads. This suggests that
wood frog abundance is more strongly determinethbyhabitat features of
breeding ponds than by the terrestrial habitat bggdveniles and adults for
most of the year. Other studies have also fountttigaquality of breeding habitat
was more influential than landscape variableshHentood frog (e.g., Herrmann
et al., 2005). The reverse is likely true for cleofmogs and western toads. All
three species showed stronger correlations (snfalelues) with both local and
landscape scale PC-axis variables than with landf@he relationship between
anuran abundance and landform is interesting beaassggests that we may be
able to predict patterns of abundance to some ektsed on a very coarse and
easy-to-measure environmental variable. Relati@sskith landform likely
reflect correlations between landform type and fadlviariables at smaller scales
(e.g., deciduous forest cover, conductivity of wetls) to which amphibians
respond directly.

Each of the anuran species in our study resporaedvironmental
variables at different spatial scales among therséandscape scales that we
examined. The wood frog responded most stronglhatiables at the 500 m

scale, boreal chorus frog at 1000 m, and westeth &b the 100 m scale. This
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result is consistent with the fact that patterngeafestrial habitat use differ among
species (Rittenhouse & Semlitsch, 2007).

The pattern among AIC values and scale of spatieh for the western
toad was different from that of the two frog speci€or the most part, frogs
responded most strongly to a particular scale afigpextent (lowest AIC value)
and then each larger/smaller spatial scale reléivieat focal scale showed a
weaker relationship (higher AIC value). Westerrdiazan the other hand, showed
strong relationships to both very small (50 and d)@nd very large spatial
scales (5000 m). We believe this pattern refldetsfact that western toads move
between patches of essential habitat for breeftangging, and hibernation in
their annual cycle, rather than using terrestradditat equally radiating from the
breeding pond. The area within 100 m of a breeditagis likely important for
adult amphibians during the breeding season, YO¥nithey emerge, and for
tadpoles because the immediate landscape influémcaized conditions (e.qg.,
shade from canopy, runoff, etc) in nursery wetlahttsvever, after breeding,
adult western toads may move long distances tdrpaeferred habitat patches
(e.g., Muths, 2003: 2324 m). Rittenhouse and Seahli{2007) examined the
distribution of amphibians during the non-breedsegson using kernel density
estimation and found that kernel estimates for @estoad did not peak near the
breeding site; a pattern that also suggests thstewetoads travel to specific
resources that are not evenly distributed on thédeape and not necessarily

located near the breeding site.
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Wood frog relative abundance was best describetidipcal scale
variables in our study, but of the landscape spsti@es, the model for the 500 m
scale was most parsimonious. Wood frog abundansdikely most strongly
related to this landscape scale because wood fieogsto use terrestrial habitat
within 500 m of their breeding site (e.g., Rittenke & Semlitsch, 2007: 394 m).
Boreal chorus frogs in this study responded maoshgty to the 1000 m scale.
Little is known about the movement abilities/patteof boreal chorus frogs, but
Spencer (1964) examined boreal chorus frog movesniiemhontane Colorado
and found that they moved up to 750 m from breegimuds. Our results suggest
that the most explanatory spatial scales identifigchodels of anuran abundance
may be related to the amount of habitat surrountdnegding ponds used during
the annual cycle of particular species.

Our results are comparable to other multi-scaldistuthat have
investigated ecologically similar species. The lssof Price et al. (2004) for the
American toadA. americanus) were similar to our findings for western toad,
American toad occurrences were best predicted bgiblas at the 100 and 3000
m spatial scales (vs. 500 and 1000 m) along thehd$es of Lake Michigan and
Lake Huron. Price et al. (2004) found that the BO8cale was best for predicting
patterns of abundance for western chorus fregauflacristriseriata). This
spatial scale was smaller than those identifiedurymodels for boreal chorus
frog; however, the greatest recorded distance fadreeding pond is smaller for
the western chorus frog (Kramer, 1973: 213 m) thameal chorus frog (Spencer,

1964: 750 m) so this disagreement may reflect giffees in movement patterns

43



between these two species. Gibbs, WhiteleatheSahdeler (2005) found
surprisingly large spatial scales (5-10 km) to lstsignificant for amphibians in
New York. Their methodology differed from ours hrat they examined changes
in presence/absence of amphibians at wetlandsao2&+29 year period.
Therefore, extinction-recolonization dynamics woli&Ve influenced their
dependent variables, whereas our relative abundaaiges reflected
contemporary population dynamics and habitat canst

HABITAT RELATIONSHIPS

Local environmental variables

All three species showed significant relationshyith local wetland
variables (Table 2-3). Wood frog and western tdadhdances were negatively
related to wetland depth and positively relatedissolved oxygen (Tables 2-2
and 2-3). Shallower wetlands tend to be warmemduthie day (Barandun &
Reyer, 1997), and both warm temperatures and higbem levels facilitate
tadpole growth (Collins, 1979; Feder & Moran 198%)r the western toad,
Holland (2002) investigated breeding site prefeeencColorado and found that
water temperature and depth were key variableslation to site selection, with
toads preferring warmer temperatures and waté@ cm deep for egg
deposition. Conversely, Petranka, Kennedy and My2603) and Skidds et al.
(2007) found wood frogs to be positively associatéti pond depth in North
Carolina and Rhode Island, respectively; however nhajority of their ponds
were temporary, whereas our ponds were permanensudpect that wood frogs

prefer shallower wetlands provided that wetlandrbgériod is sufficient for
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larval development. Previous studies have alsodqasitive relationships
between dissolved oxygen and presence/abundanaié dathdpole) or tadpole
growth for wood frogs (e.g., Stevens, PaszkowsEBaimgeour, 2006) and toads
of the genugé\naxyrus (e.g., Noland & Ultsch, 1981), but others havenbmo
relationship (e.g., Schiesari, 2006).

The relative abundances of wood frog and borealushfvog were
negatively correlated with conductivity, total dibged solids, and aquatic plant
density (Tables 2-2 and 2-3). Conductivity is oftemrelated with total dissolved
solids, dissolved organic particles, mineral p&ticor eutrophication (Pellet,
Hoehn & Perrin, 2004). High conductivity could I tresult of local soil
gualities (e.qg., alkaline soils), disturbance, ffjnar increasing concentrations of
solutes as water seasonally evaporates and igplaced (Welch & MacMahon,
2005). Significant negative relationships betweandeictivity and anuran species
richness have also been reported in other studigs Hecnar & M’'Closkey,
1996). Western toads may be more tolerant of waitérhigh ion concentrations
than are wood frogs and boreal chorus frogs (tbaslse been observed to swim
across brackish water; Taylor, 1983), which mayl&rpwvhy this species did not
show the same negative relationships with local R&i& 2. We found a negative
relationship between frog abundance and aquatit geensity, but others have
found positive relationships for the wood frog (eSfevens, Paszkowski &
Scrimgeour, 2006). This unexplained result mayrbaréfact if conductivity is

actually driving the relationship between frog atbaimce and PCA axis 2
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(correlations between frog abundance and condticawe higher than
correlations between abundance and aquatic plasitge

Landscape environmental variables

For the spatial scales that most successfully predliabundance for each
species, wood frog, boreal chorus frog, and westexd were positively
associated with closed deciduous forest cover agdtively associated with low
shrub cover (Tables 2-2 and 2-3). Wood frog andwhérog also showed a
positive relationship with mixed forest and a negatelationship with open
conifer cover. Constible, Gregory and Anholt (20@isp found wood frog, but
not boreal chorus frog, to be associated with demxid forest in the boreal region
of northeastern Alberta. Other, positive relatiopstwith deciduous and mixed
forest cover have been reported for the wood fAegerican toad, and spring
peeper . crucifer) in New York State (Gibbs, Whiteleather & SchugRkH05)
and New Brunswick (Waldick, Freedman & Wassers@§9).

Terrestrial invertebrate density is positively tetato density of
understory vegetation, and understory is greatdeaduous than coniferous
stands (Willson & Comet, 1996; Ferguson & Beruli)4). Ferguson and Berube
(2004) found that shrub habitat had lower inveébabundance than deciduous
forest (but still higher than coniferous forest}he boreal region of northwestern
Ontario. Invertebrates are food for frogs and tp#urefore, density of
understory vegetation and invertebrates can exfi@patterns we observed. If
invertebrate abundance in shrub stands is inteatetetween that of deciduous

and coniferous stands, then shrub stands mayafiabitat of intermediate
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quality for foraging by amphibians. Furthermorebiket types with a greater
density of understory vegetation could provide nureer to protect amphibians
from predation and desiccation.

Chorus frogs showed a positive relationship to mrd@ver (roads and
well pads) at the 1000 m landscape scale (Tablkeard 2-3). We expected either
a negative or no relationship with urban habitataibthree amphibian species
since increasing traffic volumes can be a seribtesat to amphibian populations
(Fahrig et al., 1995). However, traffic volumes eefatively low in our study
region. The positive relationship between chorogdrand roads and wells could
simply reflect the species’ preference for opentlaglor ditching around
construction may provide breeding habitat. Eigedlabal. (2008) found a
similar unexplained positive relationship betwesdfic density and abundance
for wood frog in Ontario, and speculated that fesdlassociated with roads, such
as ditches, attracted frogs. Alternatively, urbamer may have been related to
other variables that influence chorus frog abundafar example, urban cover
was absent from all glaciolacustrine sites andl#mdform appears to offer poor
habitat for the species (i.e., pond conductivitiigh and deciduous forest cover
is low; Appendix A).

We were surprised that the amount of wetland ceugounding our
ponds was not a significant factor influencing atamce, and in fact, was
negatively associated with western toad relativendance at the 5000 m scale,
since wetland connectivity is important for amphibdispersal (e.g., ElImberg,

1993). We suspect that amphibian abundance in tikerda landscape is not
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limited by the simple number of wetlands, but bgaloppond conditions and the
amount of suitable terrestrial habitat for foragargl hibernation.
Landform

Johnson (1980) suggested that habitat selectiaiisrarchical process in
which observation of relationships can change abbogntinuum of spatial
scales. One of the basic principles of hierarclepti is that habitat selection is
constrained by the level above and clarified byl¢vel below (Allen & Starr
1982). Based on the hierarchy concept, we belieatthe relationships we
observed between anuran abundance and landforthearesult of correlations
with landform and environmental variables at smagatial scales (e.g., our local
or landscape scale variables) that directly infageanuran abundance. The most
parsimonious explanation of why wood frogs and aldrogs are most abundant
at moraine sites and least abundant at glaciolacagites is that deciduous
forest cover is significantly more abundant at m@aites and least abundant at
glaciolacustrine sites (Appendix A), and this vhalgais positively related to frog
abundance (Tables 2-2, 2-3, and 2-4). In contvasijing western toad
abundance in light of associations between ourmreniiental variables and
landform types (Appendix A) does not offer a simdiear explanation for why
this species should be least abundant at outweesh si
CONCLUSIONS

We found that environmental variables measuredffarent spatial scales
differ in their ability to predict anuran abundarmethe Boreal Plain and that

each of three species of anurans responded differarterms of which spatial
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scale best predicted abundance. Many researclemnaghat most anuran
activity occurs within 1 km of wetlands and setitlspatial scale of study to this
distance (e.g., Knutson et al., 1999). A spatialesof 1 km would have produced
significant models for two of the species in owdst, but variables measured at a
1 km scale were not significant for the westerrdtd@esearchers and managers
must have knowledge of the biology of species oiceon in order to study or
conserve populations and communities of these gually sensitive animals
(Hopkins, 2007). Even in a simple amphibian comrnynvhich was
characterized by widespread, generalist speciesiosemented very different
responses among species regarding the spatias sehieh affected abundances;
presumably in a richer community with habitat spksis, these patterns would

be even more obvious.
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Table 2-1. Local and landscape environmental virsakelected for PCA analysis
and their means and ranges over all 24 Hydrologg|dfy, and Disturbance
research group (HEAD) study wetlands near Lakeuusti&a, Alberta, Canada in
2004.

LOCAL VARIABLES MEAN (RANGE)

Turbidity 6.2 (2.95 - 9.11) NTU (Nephelometric
Turbidity Units)

Chlorophyll-a 12.91 (2.93 — 39.09)g/L

Conductivity 0.138 (0.039 — 0.318) mS/cm

Dissolved oxygen 9.26 (1.36 — 15.48) mg/L

pH 8.94 (7.27 — 9.43)

Water temperature 21 (18 — 25) degrees C

Submersed aquatic vegetation (SAV) 2.55 (1.0 - 3.8)

Wetland depth 67.5(29.0 - 128.4) cm

Secchi depth 66.8 (29.0 — 128.4) cm

Secchi depth: wetland depth 1.0(0.9-1.0)

Total nitrogen 1993 (923 — 4137W)g/L

Total dissolved solids (TDS) 0.1(0-0.2)g/L

Total phosphorus 72 (29 — 371ug/L

Invertebrate biomass/volume 8.8 (1.6 — 26.1) mg/L

Predatory invertebrate 2.6 (0.24 - 9.6) mg/L

biomass/volume

Aquatic plant density 0.54 (0.20 — 1.07) proportdmplant
volume

Woody debris 7.44 x 1H(0 — 0.01) proportion cover

Dominant vegetation type aguatic, conifer, decidyou
grass/wildflower, shrub

Beaver structures 0.83 (0 = absent, or 1 = present)

Percent vegetation cover 91.5 (80 — 100) %

Median vegetation height 162.8 (30 — 800) cm

Wetland area 91403 (6 312 — 367774 m

Wetland perimeter 1423 (315 —-3070) m
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Table 2-1 Continued...

LANDSCAPE VARIABLES MEAN (RANGE) % COVER WITHIN A5000M

(LAND-COVER TYPE9 RADIUS OF EACH WETLAND

Closed conifer 8(4-14)

Open conifer 26 (12 - 41)

Pine 0.1 (0-0.8)

Closed deciduous 26 (10 — 46)

Open deciduous 3.9% 10* (0 - 5.0x 10%)

Mixed forest 9 (7-10)

Low shrub 5(2-9)

Tall shrub 8(4-12)

Moss 0.3(0.1-0.6)

Mesic herbaceous 5(2-9)

Wet herbaceous 0.2 (0.05-0.3)

Urban (roads and well pads) 05(0.1-1.2)

Agricultural areas 9.8x 10° (0 — 0.03)

Young stands (burnt) 0.22 (0.04 — 0.44)

Wetlands 12 (2 — 24)

Landform (number of sites) glaciolacustrine (7),raioe (10), or outwash
plain (7)
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Table 2-2. Principal Components Analysis using llacal landscape scale
environmental variables. The variables surroundtBdy wetlands at 8 increasing
scales of spatial extent (radii, excluding the lacale). The variables listed have
a high correlation (R> 0.5) with each principal component (PC), andehav
positive correlations unless marked with a negatiga (-). We also present the
amount of variation explained by that PC (% vad arP-value describing
whether the PC explains significantly more variatiban 999 PCs using
randomized data. Finally, our Multi Response Peatmut Procedure (MRPP)
shows that when the wetlands were labeled withr taedform type, the ability to
detect separate landform groups in the PCA scpltiis positively correlated
with increasing scale of measurement (T-value). MIRPPP pairwise comparison
results demonstrate which groups can be detectetiah spatial scale. * denotes
statistical significance at the alpha = 0.05 level.

Scale PC1 variables % P PC2 variables %P PC3 % P

(m) var var variables var

Local «Depth 20 0.001<Conductivity 14 0.008NA 11 0.146
*Secchi * *Aquatic plant *
*DO(-) density

*TDS

50  eLow shrub(-) 32 0.001<Open conifer(-) 21 0.00RA 11 0.994
*Closed deciduous * *
*Mixed forest
*Tall shrub

100 <Closed deciduous(28 0.001<Mesic herbaceous 24 0.001INA 12 0.863
sLow shrub * *

200 <Closed deciduous(7 0.002«Mesic herbaceous 23 0.00MA 14 0.238
*Open conifer * *
sLow shrub
*Mixed forest(-)

500 <Closed deciduous 33 0.001<Urban(-) 16 0.16NA 14 0.113

*

eLow shrub(-)
*Open conifer(-)
*Mixed forest

1000 <Closed deciduous 33 0.001<Wetlands(-) 19 0.00=Urban 14 0.038
sLow shrub(-) * * *
*Open conifer(-)
*Mixed forest

2000 <Closed deciduous 32 0.001+Mesic herbaceous 28 0.0edrban 13 0.375

sLow shrub(-) *
5000 <Wetlands(-) 43 0.001<Closed deciduous(-28 0.001¢Open 10 0.987
*Moss * *Closed coniferous * deciduous
*Mesic herbaceous *Open coniferous
*Burnt(-) eLow shrub
Tall shrub
*Pine(-)
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Table 2-2 Continued...

Scale (m) Landform MRPP T (P)

Local -0.384 (0.288) landform label does netate groups

50 -1.681 (0.065) moraine vs. glaciolacustrine

100 -4.658 (0.002*) moraine vs. glaciolacustrine

200 -5.829 (<0.001*) moraine vs. glaciolacustrind anoraine vs. outwash
500 -6.384 (<0.001*) moraine vs. glaciolacustrind anoraine vs. outwash
1000 -6.321 (<0.001*) all pairwise comparisons

2000 -6.339 (<0.001%*) all pairwise comparisons

5000 -5.806 (<0.001*) all pairwise comparisons
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Table 2-3. Generalized Linear model regressionfberhts using the first three
principal components (PCs) of a Principal Composnémtalysis (PCA,
environmental variables at 24 study wetlands aic8asing scales of spatial
extents) as independent variables against relabuadance of the three
amphibian species. If the coefficient was signiificat the alpha = 0.05 level
(denoted by a * next to the PC coefficient P-valtie@n we note the direction of
the coefficient’s correlation with the relative aolance data, otherwise ‘NA’. We
used this information to relate the important emwinental variables that describe
the PCs to the amphibian relative abundance d&®compared AIC and delta
AIC values to determine the spatial extent at whinghenvironmental data best
describes the relative abundance for each spdtesmodels for which there is
substantial evidence have their delta AIC markeati ¥&'. A ‘=" indicates the best
models of the landscape models for the wood frog.

S eciesScale PC1 Coef. PC2 Coef. PC3 Coef. AlC Delta
P (m) coef. P directioncoef. Pdirection coef. P direction AlC
Local 0.033* - 0.004* - 0.222 NA 19448 0 8§

50 0.853 NA 0.088 NA 0.341 NA 204.8510.36
100 0.216 NA 0.288 NA  0.109 NA 203.45 8.97
Wood 200 0.072 NA 0.862 NA 0473 NA 204.8710.39
frog 500 0.015* + 0.521 NA 0.701 NA 201.63 7.15=
1000  0.043* + 0.876 NA  0.135 NA 202.12 7.64a
2000 0.089 NA 0.716 NA  0.353 NA 204.8110.33
5000 0.998 NA 0.205 NA  0.390 NA 206.6012.12

Local 0.223 NA 0.002* - 0.019 NA 151.67 6.86
50 0.987 NA 0.001* + 0.499 NA 159.2514.44
100 0.005* - 0.003* + 0.357 NA 155.9211.11

Chorus 200 0.002* - 0.082 NA <0.001* + 150.84 6.03

frog 500 <0.001* + 0.004* - 0.575 NA  148.42 3.61
1000 <0.001* + 0.296 NA <0.001* + 14481 0 §
2000 <0.001* + 0.649 NA 0.002* + 14596 1.158

+

5000  0.049* 0.027* - 0.010* + 154.8310.02
Local 0.029* - 0.166 NA  0.319 NA 153.84 5.48
50 <0.001* + 0.343 NA  0.235 NA 149.21 0.858§
100 <0.001* - 0.052 NA  0.105 NA 14836 0 §
Westerr 200 0.040* - 0.032* - 0.996 NA 154.00 5.64

toad 500 0.023* + 0.001* + 0.496 NA 150.71 2.35
1000  0.095 NA 0.138 NA 0.333 NA 157.88 9.52
2000 0.003* + 0.026* + 0.634 NA 153.31 4.95
5000 0.009* + 0.001* - 0.343 NA 149.37 1.018
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Table 2-4. Pearson correlations between amphilpaciass abundance and raw
environmental variables. Landscape variables werasnred at 500 m for the
wood frog, 1000 m for the chorus frog, and 100 mfie western toad, the spatial
scales at which our anuran abundance data is bsstilded by the environmental
variables.

LOCAL VARIABLES Wood Chorus Western
frog frog toad

Turbidity -0.047 0.077 0.149
Chlorophyll-a 0.370 0.085 0.456
Conductivity -0.548 -0.393 0.200
Dissolved oxygen 0.083 -0.204 0.067
PH -0.225 -0.421 0.102
Water temperature 0.070 0.091 0.299
Submersed aquatic vegetation (SAV) 0.216 -0.300 0.068
Wetland depth -0.408 0.011 -0.317
Secchi depth -0.442  -0.062 -0.316
Secchi depth: wetland depth -0.146 -0.618 0.116
Total nitrogen 0.087 -0.067 0.584
Total dissolved solids (TDS) -0.450 -0.559 0.038
Total phosphorus 0.103 0.120 -0.151
Invertebrate biomass/volume 0.047 -0.015 0.016
Predatory invertebrate biomass/volume 0.484 0.381 0.295
Aquatic plant density -0.465  -0.282 0.245
Woody debris -0.254 -0.078 -0.063
Beaver structures -0.506 -0.116 0.071
Percent vegetation cover 0.016 0.349 0.236
Median vegetation height -0.343 -0.265 -0.033
Wetland area -0.298  -0.168 -0.092
Wetland perimeter -0.231  -0.185 -0.175
LANDSCAPE VARIABLES

Closed conifer -0.505 -0.366 -0.112
Open conifer -0.385 -0.344 -0.095
Closed deciduous 0.492 0.417 0.517
Mixed forest 0.422 0.148 0.105
Low shrub -0.481 -0.304 -0.441
Tall shrub 0.055 0.202 0.044
Moss 0.100 -0.008 -0.241
Mesic herbaceous -0.189 -0.009 -0.309
Wet herbaceous 0.128 0.315 -0.103
Urban (roads and well pads) 0.137 0.405 -0.077
Agricultural areas -0.130  -0.163 N/A
Young stands (burnt) -0.001 0.017 -0.216
Wetlands -0.275 -0.269 -0.015
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Figure 2-1. Model fit as described by Akaike’s Imf@tion Criterion (AIC) score
for each landscape spatial scale examined.
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Figure 2-2. Partial plots for significant variabfesm our Generalized Linear
Model analyses. The variable of interest is onxtaais. The y-axis is (Res +
Bi*X;), where Res = the model residualssBhe coefficient value for the variable
of interest and X= is the variable of interest. Partial plots afé&pWood frog

local PC1, B) Wood frog local PC2, C) Wood frog 580andscape PC1, D)
Chorus frog local PC2, E) Chorus frog 1000 m laagsecPC1, F) Chorus frog
1000 m landscape PC3, G) Western toad local PG@iLHaWestern toad 100 m
landscape PC1.
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Figure 2-3. Differences among landforms in meaatne¢ abundance of each
species.
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Chapter 3. Habitat Selection by Western Toadsis Scale
Dependent

3.1 Introduction

Understanding patterns of habitat use by animaiecgssary for making
land management decisions that protect criticaithbtor species at risk.
However, a common problem with investigating hahite is that perceived
patterns often change with scales of spatial eXfeuntner 1989, Wiens 1989),
grain or resolution of the analysis (Hobbs 2003ylea et al. 2004), habitat
composition (Johnson 1980, Mysterud and Ims 198&son (Schooley 1994,
Arthur et al. 1996), sex (Muths 2003, Bartelt et28l04), or age classes (Stamps
1983, Imansyah et al. 2008). Therefore, it is ingoatrthat spatial and temporal
frameworks are chosen carefully to match the sgahls and species of interest.
Generalizations about how scale affects habitactieh are few because of the
enormous variation in landscapes, patterns, anckpses influencing resource
selection (Boyce 2006).

Johnson (1980) proposed that habitat selectiorhisrarchical process in
which perceived relationships change along a contmof spatial scales. Habitat
selection observed at a given level is constraimethe level above and clarified
by the level below (Allen and Starr 1982). John&B880) described four orders
of spatial scale at which habitat selection codnvestigated, ranging from the
selection of the geographical range of the spdirss-order selection) to micro-
habitat selection (fourth-order selection). Meyed & huiller (2006) examined the

predictive ability of 1070 resource selection fumet(RSF, defined as any
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statistical model that is proportional to the praoibty of use by a species, Manly
et al. 2002) models from 123 published papers aterohined that RSFs
conducted at the geographical range scale (fidgraselection) have had the
greatest predictive accuracy, while selection atsitale of the population range
(second-order selection) and patches within homgeas (third-order selection) is
more difficult to predict.

Studies conducted over large spatial extentsecessary for certain
applications, for example, land management; howenereases in extent often
require reduction in resolution simply for logisticeasons (Wiens 1989). Coarse
map resolution may be adequate for studies ofdirdér selection, but second or
third-order selection may require finer resolutibor example, studies of bird
distributions have found that bioclimatic variabpgsdict bird locations well at
coarse resolutions (e.g., bird observations recbettegrid maps >= 40 ki)
whereas land-cover and vegetation variables areriiapt at finer resolutions
(e.g., grid maps <= 20 KinLuoto et al. 2007, Bussche et al. 2008). Few
ecological models have tested the relative predicccuracy of variables
measured at different map resolutions (Betts €G06).

Conclusions regarding whether a particular halobatponent is selected,
avoided, or used in proportion relative to its &iaility are critically dependent
upon the array of habitat options available to@imal and its ability to
comprehend its options (Johnson 1980). Also, osyasitypically require a
mixture of habitat types to fulfill essential neddsy., food occurs in a different

habitat type than does shelter), thus selection difesr among sites depending
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on which essential habitat is limited (Mysterud &md 1998). The configuration
of the landscape can influence home-range sizelagple, as individuals must
travel farther and with different trajectories deg@img on the distribution of
essential resources (Mysterud and Ims 1998). Likeweeds change seasonally,
with age, and with sex; studies of habitat selectiwt liberally pool data may
conceal or confound patterns of habitat use aretseh actually experienced by
individual animals (Schooley 1994).

RSF analyses are commonly used to examine hakeitttion by
mammals (e.g., Bleich et al. 2009, Long et al. 2@vyer et al. 2009);
however, studies of amphibians and reptiles ugirgystatistical approach are
much less common (e.g., a search for the topiolne® selection function” in
Web of Science produced 70 articles that were fedas follows: mammals n =
43, birds n = 7, fish n = 5, and statistical methlody n = 15). Amphibian habitat
selection studies have commonly examined the osistiip between amphibian
relative abundance at aquatic breeding sites (shveecan be easily detected
during this period) and habitat variables measatest surrounding the wetland
(e.g., Waldick et al. 1999, Herrmann et al. 2005eRbrod et al. 2008). Although
this approach provides insight into the relatiopstbetween amphibians and
habitat, many patterns may be masked for temppaatd-breeding amphibians
because they have complex life cycles and theitdtaiieeds change year-round
(Trenham and Shaffer 2005). Locations recorded-y@mand are needed to
examine seasonal changes in habitat selection. Axapis tend to be cryptic and

difficult to locate in terrestrial environments,tlnodern radio-transmitters are
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small enough to be fitted to many amphibian speeied thus allow long-range
and temporally extensive tracking.

Our objective was to determine whether perceivetepss of habitat
selection change when different scales of spatigne are employed, scales of
spatial resolution differ, habitat composition diff, temporal period changes, and
between males and females for a temperate pondihgeamphibian, the western
toad @Anaxyrus boreas, formerlyBufo boreas). Western toad was an ideal species
for our study. Adults are large enough to carrgd@io-transmitter (length = 5.1-
12.7 cm, Stebbins 2003), so detailed habitat usea be collected. Western
toads have complex life cycles that require aguaiut terrestrial habitat and their
habitat use likely changes temporally to meet #eds of breeding, foraging, and
hibernation. Female western toads have been faunde locations significantly
farther from breeding ponds than have male toadsglthe foraging period
(Muths 2003, Bartelt et al. 2004, Bull 2006, Goateal. 2007), which suggests
that habitat selection may differ between the sekks western toad occurs
across western North America (Stebbins 2003), sonéxing how habitat
selection changes with changes in land-cover coitiposvill aid in predicting
habitat use in other landscapes. Western toagdpeeies at risk of extinction
(COSEWIC status = Special Concern, COSEWIC 2008)hape our research
will identify patterns of habitat selection by wesst toad so that land managers
have better information to apply to protection abhat for this species.

We use a study approach similar to that of Cialmiet al. (2007). They

used RSF analyses to examine habitat selectiomitlygbears (Jrsus arctos)
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and compared models that varied among (1) threeabspatents for the area of
available habitat measured (within the study-siiéhin the home-range, and
within predetermined-movement-buffers), (2) twodstsites, and (3) between
sexes. They found that results were scale-depeaentaried among spatial
extents, study sites, and sexes. Although theydcoot discern one spatial extent
to be a consistently better predictor than anotherause support for a model was
dependent upon the bears’ sex and the study ls@&eyithin-study-site spatial-
extent models had, on average, better predictiitieyab

We compared habitat selection at two scales ofadpattent, the
population range and buffered-home-range, whicltsiandar to Ciarniello et al.’s
(2007) within-study-site and within predeterminedvement-buffers spatial-
extents, respectively. Our fine-grained populatiange design (FGPR) examined
habitat selection within each study site and wdaddaconsidered a population
level design (second-order selection, Johnson 198€guse the extent of each
study site was defined using the locations ofaats tracked in this population.
Our fine-grained buffered-home-range design (FGe¥&mined habitat selection
by toads within a predetermined-movement-bufferwodld be considered a
home-range-level design (third-order selectionn3oh 1980) because toad
locations were compared to available habitat locatiselected from within
individual home ranges. We chose to examine secamdithird-order habitat
selection because studies conducted at theselsaties tend to have low
predictive accuracy (Meyer and Thuiller 2006), amefefore, are in greater need

of research.
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We predicted that the FGHR would produce modelk gieater
predictive ability than the FGPR because Comptal.€2002) suggest that this
study design is more appropriate than traditioeehmniques (i.e., the population-
range design) for species with low mobility andy@home ranges. We included a
third design to examine how changing the spat=dltgion of analysis would
influence the results. The coarse-grained buffér@tte-range design (CGHR)
had the same objectives as the FGHR, but usedex l@solution land-cover map
(25 nt pixel size vs. 0.5 Arthat is publicly available and covers the fordsieea
of Canada. We predicted that the FGHR would prodocdels with greater
predictive ability than the CGHR because toadssarall and sensitive to a
variety of abiotic gradients, and thus likely renizg several different habitat
types within 25 rhareas. Our goal for the CGHR was to access tleetaféness
of a lower resolution land-cover map that is puplevailable and covers a large
geographic area for investigating habitat seleabiba temperate pond-breeding
amphibian.

Within each of the three designs we created sep&&Fs for each of
three study sites, three time periods, and for snatel females. We sought to
identify habitat elements that are consistentlgateld for by western toads, and
are therefore more likely to define critical habftar the species in at least part of
its large range. We conducted our radio-telemetsgarch at three study locations
that differed in land-use and occurred in two esgions to examine habitat
selection under varying habitat composition chai®®s predicted that habitat

types selected by toads would vary greatly amondyssites, but that certain
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habitat types would be consistently selected anadingree-study sites. We
predicted that western toad habitat selection wobkhge over the year, with
toads selecting locations close to breeding poady & the year, locations close
to hibernation sites late in the year, and locatiwith abundant prey in mid-
summer. Therefore, we divided the active perioddads into three different
periods: breeding (May-June), foraging (July-Augusihd pre-hibernation
(September-October). We predicted that habitatgetewould differ between
male and female toads because (1) males remareedibg ponds longer than do
females in the spring, (2) females have been faarsgtlect foraging habitat
farther from breeding ponds than do males duriegsttmmer (Muths 2003,
Bartelt et al. 2004, Bull 2006, and Goates et@07}, and (3) western toads are
sexually dimorphic in size and we found that lat@gds move to hibernation sites
later in the year than small toads (Chapter 5).p/éelicted that female toads
would select open habitat types more often tharesyand that males would
select habitat types associated with water moendfian females, because these
relationships have been observed for western tioatthe USA (Bartelt et al.

2004, Bull 2006).

3.2 Methods

Study sites
The three study sites were located in north-cedtita¢rta, Canada. The

“park site” is an isolated patch of dry mixed-wdaateal forest embedded within
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the Aspen Parkland natural region and within El&rid National Park (EINP)
(Alberta Government 2005). This site is undeveloged comprised of forested
uplands surrounding shallow lakes and marshesstocensist primarily of
trembling aspenRopulus tremuloides), balsam poplarR. balsamifera), and white
spruce Picea glauca), with a hazelnut understorZ@rylus cornuta). This study
site was centered on two shallow lakes (10-20 kajl by Western Toads for
breeding.

The “pasture site”, located 3.5 km west of EINE &0 km from our park
site, consists of dry mixed-wood boreal forest @yited to agriculture. It supports
cattle grazing, cultivation of hay and crops (ewheat, barley, oats, canola,
timothy, alfalfa), and rural housing. It contairetghes of woods and peatland.
Common tree species are trembling aspen, balsatarpamite spruce, black
spruce Picea mariana), paper birchBetula papyrifera), tamarackl{arix
laricina), and jack pineRinus banksiana). This study site was centered on four
naturalized man-made ponds (0.09-0.4 ha) that axegenally created during
sand extraction, are currently surrounded by pasamnd are used by western
toads for breeding.

The “boreal site” is in the central mixed-wood sgion of the Boreal
Forest natural region (Alberta Government 2005)ated near Lac La Biche,
approximately 150 km north of our park site. Thagion is influenced by the
forestry and oil/gas industries (e.g., seismicdjn@pelines) and comprised
mostly of shrub swamps, peatland, upland boreakdiixood forest, and forestry

cut blocks. Common tree/shrub species are tremblspgn, balsam poplar, white
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spruce, black spruce, paper birch, tamarack, jauk pvillow (Salix spp.), and
dwarf birch 8. nana). This study site was centered on a small shatiomd (0.07
ha) that is used by western toads for breedingsalatated next to a gravel road
and in a major utility corridor. A small permaneatrieam feeds this pond.

We used toad locations (points where toads wesaéad via telemetry) to
define the size of the study site at each of theetkites. A circle of available
habitat was created for each study site that cetiten the main breeding pond or
on the midpoint between multiple breeding ponds 3inaight-line distance from
the breeding pond center to each toad locationcatsilated. The maximum
distance moved by any individual toad in each efttiree sites was used as the
radius for a circle of available habitat. The maximdistance moved by a toad
(and thus the radius of the site) was 983 m foipt& site, 1145 m for the
pasture, and 2239 m for the boreal site. The regustudy sites encompassed 3.0,

4.1, and 15.7 ki respectively.

Radio-telemetry

We captured toads during the active period (Ma@d¢tober) in 2004,
2005, and 2006 either at breeding ponds or oppigtically while tracking other
individuals. We worked at the park and pasturessiie2004, the boreal site in
2005, and the pasture site in 2006. We measuredeandded the snout-urostyle
length (SUL to nearest mm), mass (to nearest g)sar of each toad at the time
of capture. Toads captured between May and Augest voe-clipped for future
identification of recaptured toads that had losirtiransmitters and to determine

age via skeletochronology (Garrett 2005, Mark 2007)
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We followed methods described by Bartelt and Pete(2000) for
attaching radio-transmitters. BD-2, BD-2T, and PBahsmitters, weighing 1.0
to 2.3 g, with a minimum battery life of 28 d tor® (Holohil Systems Ltd., Carp,
Ontario, Canada), were attached using waist bedtdenof soft surgical-grade
polyethylene tubing (outside diameter = 0.965 m®:63018-667, VWR
International, Edmonton, Alberta, Canada) and gelaize flyline eyelet (size 9).
Transmitters plus belts were always less than 10Body weight, and mostly
less than 5%. We located toads 2-4 times per w@edr the 3 years we radio-
tracked a total of 116 Western Toads (54 malesb@rgmales).

For data analysis, we divided the active periody{@atober) into three
sequential periods: breeding, foraging, and presmiation. We considered the
breeding period to be from May-June, when toad®wengregated around
breeding ponds. July-August was set as the forggenigd, when toads had their
greatest annual food intake. Toads moved to thiearhation sites from late
August to early October (Chapter 5) and used umdergl micro-sites more often

in September and October, so we considered tlie the pre-hibernation period.

Scales of analysis

We used three different methodologies to compdferdint spatial scales
of analysis. For all spatial scales, the origin@ssof toad capture were excluded
from analysis because such locations may be biaseatds sites with greater
visibility (e.g., open areas). We excluded poiftse were not sure that the toad

used the location (e.g., points where only tranemstwere found, but toads had
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escaped, were excluded because a predator or geavauld have moved the
transmitter). Telemetry locations for toads that batered hibernation sites were
not included (we continued to monitor toads foresal’days to weeks into
hibernation). Individual toads that had fewer tlfi@ur data points were not
included. Separate resource selection function [R&Felels were calculated for
each study site, time period, and sex. Toad telgnmtations were the “used
sites” (1), and randomly generated locations weeg'available sites” (0) in our
RSF models. All statistics were conducted usingSSsion 15 (SPSS Inc.
1989-2006).

RSF fine-grained population-range design (FGPR)

One goal was to examine patterns of habitat selectn the landscape by
toads, so we used a population-level design sintol#nat of Ciarniello et al.’s
(2007) design A. We compared characteristics dsatsed by toads to available
points drawn throughout each study site. We obskitvat toads moved up to 391
m/day (straight-line displacement) across landhsoretically, an individual was
able to move from the study site center to anywiretbe study site within 3 days
(park and pasture sites) to 6 days (boreal site)w@ located toads approximately
every 2-5 days, our assumption that any locatighiwiour study site was
accessible to each toad may not always be validusecour tracking schedule
was too frequent to give toads enough time to namwsvhere within the study
site. Random locations were generated at a measitge 1 location/1000 M
(i.e., 3062 locations in the park, 4119 in the piastand 15770 in the boreal site)

using Hawth'’s Tools (Beyer 2004. Hawth’s Analysmols for ArcGIS. Available
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online: http://www.spatialecology.com/htools [Accessed DHDB]) in ArcGIS

9.1 (ESRI 1999-2004). All toad locations were pddiar analysis within each
RSF analysis. An assumption of our statistical ysed is that all data points are
independent; however, several locations were recbfor each toad, so these
points cannot be considered independent. To cofureariation among
individuals, toad locations were weighted to eqaeaample sizes among
animals. A weight value was assigned to each datd py dividing the number
of sample points available for the individual witte least number of sample
points by the number of sample points availableterindividual of interest. For
example, if the toad with the fewest data poinid 4#ocations recorded, each of
these locations would be assigned a weight valde Bbor a toad with 10
locations recorded, each of these locations woelddsigned a weight value of
0.4 (4/10).

RSF fine-grained buffered-home-range design (FGHR)

The assumption that a toad was able to move tgaimy within the study
site between tracking dates may be unreasonablago et al. 2002), so we
created a second set of models using a design gimglsmaller areas of
available habitat, similar to Ciarniello et al.2007) design C. We drew available
points from an area within a fixed-size buffer suimrding each location where a
toad was recorded. Buffer size was determined lnyleding the distance moved
between all consecutive locations and taking thamwé the longest 5% of
movements for all toads (mean = 300 m +/- 15 SE2443). We paired each

toad location with 10 random points selected witn800 m-radius buffer from
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the toad'’s previous location. Random locations vgemerated using Hawth’s
Tools in ArcGIS 9.1. We used conditional logistgression (paired) to compare
habitat used to habitat available (Compton et@G022.
RSF coarse-grained buffered-home-range design (CGHR

The CGHR used the same methods as the FGHR, ekegpte used a
coarser-grained land-cover map (see descriptiomdb assign habitat type to
used and random points. We used the publicly availBarth Observation for
Sustainable Development (EOSD) of forest land-covap sheets to determine

land-cover type for each point.

Geographic information systems data

We created a land-cover geographic informationesyst(GIS) map of 22
land-cover types (Appendix B) from black and wiaegial photographs (taken in
2004 and 2006 for the boreal site, 2005 for théypasite, and 2001 for EINP) of
each of the study sites using ArcGIS 9.2 for théR@nd FGHR designs. We
digitized these at a resolution of 1:1890 (a psiee of 0.5 mwhen converted to
raster). In addition to land-cover, we includedalise to nearest breeding pond
and distance to nearest hibernation site in ouretsad case selection of land-
cover type was dependent on the distance from egsantial habitat patches. We
created a polygon layer for toad breeding ponddigiizing all known breeding
ponds at each study site. A point layer for todmmation sites was also created
using all known toad hibernation sites (39 siteSfd radio-tracked toads) at each

study site. We are fairly confident that all brewgsites were digitized, but some
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hibernation sites were likely missed. ArcGIS 9.4 #me habitat maps we created
were used to determine the land-cover type, disttambreeding pond, and
distance to hibernation site for all toad locatiansl random points.

We used a map created by Earth Observation faaBable Development
of forest (EOSD) for our coarse-grained land-canap (CGHR). This raster
layer has 22 land-cover classes, a pixel size ofi2%Bnd was created using
Landsat-7 ETM+ data from the year 2000. This magerothe forested areas of
Canada, and is free to download (Natural Resoeesda. 2009. Earth
Observation for Sustainable Development of forESQD). Available online:

http://cfs.nrcan.gc.ca/subsite/eosd/mappmeressed 22 July 2009]). Ten of the

22 land-cover types occurred in our study sitesdw@xposed land, shrub tall,
wetland-treed, wetland-shrub, wetland-herb, heshijferous dense, broadleaf
dense, mixed-wood dense). Appendix C compares@ablese categories to the
land-cover types in our fine-grained map. We corabithe categories “wetland-
treed” and “wetland-shrub” from the coarse-grainep to make it more
comparable to our category “wet shrub” in the fgrained map.

We used ArcGIS 9.1 to determine the land-cover ek distances to
essential resources for each point using the capespeed map. Because our goal
with the CGHR was to determine how applicable oadeats might be if easily
accessible but coarser-grained data were usedsegedistance to nearest water
and distance to nearest conifer stand insteadstdrttie to nearest breeding pond
and distance to nearest hibernation site. Westaatstbreed in ponds and lakes

(Holland 2002), so distance to nearest water wbald reasonable substitute for
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distance to nearest breeding pond if areas wergroand-truthed to determine
breeding sites. Western toads use a variety oftaneér types for hibernation, but
the majority of toads at our study sites selectadfer stands (Chapter 4), so we
believe that distance to nearest conifer standdcactl as a substitute for distance

to nearest documented hibernation site.

Model creation and evaluation

We conducted RSF analyses to determine which lamdrdypes were
significantly selected by toads among used landcoxpes (Manly et al. 2002).
We define the word “selected” as the process bykwhn animal chose a land-
cover type more than would be proportionally expddiased on availability,
“avoided” as the process in which a animal chokad-cover type less than
would be proportionally expected based on availgbénd “used” as when an
animal location was recorded in a land-cover typegpective of availability).
We used generalized linear models (GzLM) with ahiral distribution and logit
link function for FGPR and conditional logistic regsions for FGHR and CGHR
(SPSS Inc. 1989-2006, Chan 2005).

Land-cover types that were used by toads were dered for entry into
the models as binary variables (0 = absent, 1 sgot¢ unless they were only
used once for the category of interest (study 8ites period, and sex). Deciduous
forest was used as the reference land-cover typalfpark and pasture models,
and conifer forest for the boreal models (unlesewtise noted). The continuous

variables “distance to nearest breeding pond” a@stdnce to nearest hibernation
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site” were included in all FGPR and FGHR models ‘a@hstance to nearest

water” and “distance to nearest conifer stand” wectuded in all CGHR models.
The maximum number of step-halvings was set tcoB8@lf models; we increased
this from the default setting of 5 to avoid separatn the data set, which can be a
problem with samples that have a high number ddpaters relative to sample
size (Heinze and Ploner 2003). We tested for aadiiity between predictor
variables in each model and considered it not ta bencern if correlations
between predictor variables were < 0.6. We useldlaadp0.05 to determine
statistical significance.

We used five-fold cross-validation to compare titerinal consistency of
each model following the methods described in Johret al. (2006). We used an
equal-interval classification to reclassify our R@&ps into 10 equal-interval bins
ranked from low- to high-suitability. We then udettar regression to assess fit
for each model. Generalized linear models were tsesamine adjusted’R
values for differences in predictive power amongigtdesigns, study sites, time

periods, and sexes.

3.3 Reaults

Influence of Spatial Extent

Toads used 17 of the 22 land-cover types that oedwn our fine-grained
map; only land-cover types that were inaccesslndding) or provided no
overhead cover (railroad, gravel road, paved raad,exposed land) were not

used. We could not discern one study design thatoeasistently a better
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predictor of selection than another; acceptablewsratceptable models were
produced using both designs (Table 3-1). OverallRGielded more highest-
ranked models (Table 3-2) and better predictivétatnased on mean adjusted R
values; however, the difference was not signifiq@iatble 3-3).

Patterns of habitat selection were the same betwé&R and FGHR for
most variables (Tables 3-4 and 3-5). However, io tases we observed an
opposite pattern between the FGPR and FGHR faartist measures: 1) foraging
boreal males occurred at locations closer to breggonds than to random
locations in the FGPR model, but occurred at lacetifarther from breeding
ponds than from random locations in the FGHR maaiad, 2) breeding boreal
males occurred at locations closer to hibernatitas shan to random locations in
the FGPR model, but occurred at locations fartr@ntfhibernation sites than
from random locations in the FGHR model (Appendjx D

Several models detected selection of certain laveictypes over the
reference land-cover using the FGHR (e.g., allygasind boreal models),
whereas these same land-cover types were notisagmtify selected over the
reference land-cover when the FGPR was used (T8bleasnd 3-5). In four
models, habitat selection was detected using FGRé&eas the same variables
were not significantly selected over the referdaoel-cover using FGHR.
Foraging park females and breeding pasture malestsé sites closer to
hibernation sites, pre-hibernation boreal fematdscsed wet shrub and sites
closer to breeding ponds, and foraging boreal femsglected tree-dominated

cutblocks using the FGPR but not the FGHR.
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Distance to nearest breeding pond was a significamdble in 30 of the
36 fine-grained models (Tables 3-4 and 3-5). Sieleatas greater for locations
closer to breeding ponds in all of the significanddels except for the FGHR
boreal foraging male model (Appendix D). Distanz@&¢arest hibernation site
was a significant variable in all FGPR models, wighds selecting locations
closer to hibernation sites (Table 3-4; Appendix T)ads also selected locations
closer to hibernation sites in all but three FGH8erls (Table 3-5; Appendix D).
In total, five models had a reverse trend or ngmificant results for the distance

to nearest breeding/hibernation variable in the RGHable 3-5).

Influence of Map Resolution

Predictive power did not differ significantly amostyudy designs;
however, models that used the coarse-grained ndhjfpher predictive power on
average (Table 3-3). In six cases the CGHR modedtperformed the FGHR
models: breeding park female, pre-hibernation paale, breeding boreal male,
foraging boreal male, pre-hibernation boreal maitel pre-hibernation boreal
female (Table 3-2).

All nine land-cover types from the coarse-graineaprwere used by
toads. Although some land-cover types were repbasetected for (e.g., wet
shrub, tall shrub, exposed land) or avoided (ewxed-wood), most showed
inconsistent results (Appendix E). Distance to estwater (surrogate for
breeding site) was a significant variable in 13h&f 18 CGHR models (Table 3-

6). Toads selected locations closer to water iaighificant models (Appendix
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D). The five models in which distance to water wassignificant were all from
the boreal site (Table 3-6). Distance to nearesifeostand (surrogate for
hibernating site) was a significant variable inenof the 18 CGHR models (Table
3-6). Of the nine significant models, toads sel@dbeations farther from conifer
stands in all but the foraging boreal female anddg boreal male models

(Appendix D).

Influence of Habitat Composition

Habitat composition differed greatly among studgsi The three most
abundant land-cover types were deciduous foresgshmand water at the park
site; crop/hay field, pasture, and deciduous faaesite pasture site; and conifer
forest, deciduous forest, and mixed-wood foresthatoreal site (Appendix F).
Moss, burn, grass dominated clear-cut, and treardded cutblock only occurred
at the boreal site, and mowed, crop/hay, and pasiully occurred at the pasture
site, so these variables could not be compared gy sites. Most land-cover
types were used infrequently (Appendix E). Onlyidecus forest, conifer forest,
wet shrub, and disturbed grass (herbaceous co@GHR) occurred in more
than half of the models. Some land-cover typeswleae extensive on the
landscape were used frequently (e.g., marsh giaHesite, conifer at the boreal
site, Appendix G). However, significant selection & land-cover type occurred
more often when it was rare on the landscape amh\aliernate habitat choices
were poor (e.g., conifer forest, marsh, emergegétation, and water were

selected for in the pasture site). For exampl&GhR at the pasture site, conifer

85



forest was selected by toads in two models, avollédo models, and not
significant in one model compared to deciduousdipiieut at the boreal site,
where conifer forest was common, it was avoidetvim models and not
significant in one model compared to deciduoussiore

Although selection for many land-cover types degehohn the spatial or
temporal scale, some types were repeatedly selémted avoided among study
sites (Appendix E). For example, toads significastlected for wet shrub habitat
in 25 of the 34 models in which it occurred, antiyame model showed
avoidance of wet shrub (CGHR, boreal pre-hibermatiale). Crop/hay fields and
pasture habitat only occurred at the pasturelsitetoads selected for crop/hay
fields in all 10 models in which it occurred andaled pasture in 6 of the 10
models in which it occurred (Tables 3-4 and 3-5).

There was a significant difference in predictivaver among models
across study sites (Table 3-3). The park modelddwaer mean adjusted’R

values than the pasture or boreal models (Table 3-3

Temporal Differences

We detected temporal differences in habitat selactn FGPR and
FGHR, wet shrub occurred in 10 of the 12 foragiagqr models, but only
occurred in 6 breeding period models and 6 forageripd models (Tables 3-4
and 3-5). Toads selected for wet shrub in 9 ofithéoraging period models in
which it occurred. The three foraging period modelghich wet shrub was not

used or selected for were for pasture females (F&RR-GHR) and pasture
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males (FGPR). These toads foraged in crop/haysfigiinales and males),
disturbed grass (females), mowed lawn (males) eamergent vegetation (males).
Toads only used water and emergent vegetationdiahiting the breeding
season, except for foraging pasture males (Tabtear®l 3-5). The six models in
which distance to nearest breeding pond was noifsignt were all from the pre-
hibernation period (Tables 3-4 and 3-5). For FGR&BGHR, all foraging period
models contained a greater or equal number offggni land-cover variables
compared to the corresponding pre-hibernation mgdddles 3-4 and 3-5).
Model predictive power did not differ significantiymong time periods (Table 3-

3).

Differences between Sexes

We detected differences in habitat selection betweales and females
for some variables. Disturbed grass was selecteid fi2 models, all involving
female toads exclusively (park foraging; pastueeding, foraging, and pre-
hibernation; and boreal breeding and foraging).riale toads, disturbed grass
was either avoided (two models) or not significdatir models) compared to the
reference variable (Tables 3-4 and 3-5). The lamcectype, pasture was not
significant in any FGPR models except for foragnagture females (Table 3-4).
Only foraging pasture males used water and emexggtation habitat outside
of the breeding period (Tables 3-4 and 3-5). Mgutetictive power was

significantly greater for females than males (T&b!®).
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3.4 Discussion

Influence of Spatial Extent

Habitat selection studies are abundant in ecolaggl,it is clear that
animals often select different habitat componenhtifeerent spatial scales
(Mayor et al. 2009). We compared two study destbasdiffered in spatial
extent and could not discern one spatial exteritvtiag consistently a better
predictor than the other since mean adjusteddRies produced from the cross-
validation analysis were not significantly diffeteamong study designs. The
FGHR did have better predictive power (based onmaegusted Rvalues),
which suggests that toads primarily selected fod{eover types based on choices
available locally. This outcome agrees with tha€Compton et al. (2002) who
proposed that paired (conditional) logistic regi@sss a more appropriate
technique than traditional methods (e.g., FGPRXtmine habitat selection for
animals with low mobility but relatively large homanges, such as the wood
turtles Clemmysinsculpta) that they studied. The FGPR may encompass too
large an extent to consider all locations witlia study site to be accessible for
use between successive observations under mostioasd

We observed patterns that suggest that westerrhedaitht selection is
scale-dependent and follows the principles of h@main that habitat selection is
constrained by the level above (FGPR) and clarifigthe level below (FGHR)
(Allen and Starr 1982). At the larger spatial s¢@&PR) toads must select a
home range that contains essential resources lfeegding ponds, hibernation

sites) and their habitat selection at this sca®rsstrained by distance to nearest
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breeding pond and hibernation site. The smalletiapscale (FGHR) clarifies
patterns of habitat selection; stronger relatigoshwvith the land-cover variables
were observed at this scale. For example, seleofitotations closer to breeding
ponds by pre-hibernation boreal females, and @tlons closer to hibernation
sites by foraging park females and breeding pastaies based on the FGPR, but
not the FGHR, suggests that toads are not infliiebgehese seasonally critical
locations as they select habitat within activitgas on a day to day basis, but are
constrained by which habitat they can use on thédeape because it must
ultimately be within range of these essential fe=guln turn, land-cover variables
appear to be important in a toad’s daily selectibhabitat because 23 land-cover
variables that were not significant based on th®RGhowed significant
selection or avoidance based on the FGHR, whemrdggdwo land-cover

variables that were significant based on the FGIRRewot significant based on
the FGHR. The five models that had a reverse toembn-significant results for
the distance to breeding or hibernation site véggm the FGHR were also the
five models that had higher predictive power ushgFGPR rather than FGHR
(Table 3-2). Locations close to essential resounogst be important for western
toads, since models that do not show this pattemmod perform well.

Our results show that the scale of spatial extdapted for analysis can
influence the outcomes of habitat selection. In bases we observed a variable
change from significant selection to avoidance eetwthe FGPR and FGHR. In
both cases, the reverse trend was observed farablea(distance to breeding

pond or hibernation site) that would be very impottfor certain periods of the
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year, but not necessarily important in the dailgat#on of locations throughout
the active period. Boreal males selected habiteteclto breeding ponds and
hibernation sites compared to random locations drigmoughout the study site
(as shown using the FGPR). However, at the smatiale (FGHR) the reverse
pattern was observed because boreal males madédirmovements to reach
their foraging and hibernation sites, and theseennts were away from (likely
incidentally) the nearest breeding pond and neaibstnation site, so toads were
selecting locations farther from the breeding pbimbrnation site in the 300 m
radius circle of available habitat, whereas pargestiom locations did not display
a movement trajectory. We conclude that the FGHfRase appropriate for
variables that play a role in the selection of tmras within the home range, but
that the FGPR is more appropriate for variablesitifuence the location of the
home range on the landscape. Our understandingstew toad habitat selection

would be poorer if we had not examined both scalepatial extent.

Influence of Map Resolution

The fine-grained map (FGHR) produced models wighér predictive
power on average than the coarse-grained map (CONM&Expected this result
because toads are small and sensitive to a vafietyiotic gradients, e.g., light,
temperature, humidity, stem density, and thusikedylto recognize several
different habitat types within 25Tareas (the pixel size of the coarse-grained
map). The coarse-grained map homogenizes featndededines each pixel as the

land-cover type that covers the greatest areamittdt pixel. As a result, small
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discontinuities that are important for toads ass liikely to be documented by
this map. For example, in the boreal site the bregplonds and all water bodies
within the study site were too small to be detectedhe coarse-grained map and
the variable, “distance to nearest water” was igtiicant in five of the six
models. The model for breeding boreal females kahssignificant selection for
locations closer to water; however, this resultiddoe misleading because the
pattern was created by female toads moving awawy theeir undetected breeding
pond (where tracking began) to foraging and hibnasites and incidentally
towards large water bodies located outside of tihayssite (well beyond the
farthest locations visited by those females).

Breeding ponds in the park and pasture sites laeger than in the boreal
site, and most were detected on the coarse-granagd All of the CGHR park
and pasture models showed that toads exhibit signif selection for locations
closer to water, suggesting that “distance to retavater” was a good substitute
for the variable, “distance to nearest breedingdevhen breeding ponds were
large enough to be detected. “Distance to neaosster stand” did not appear to
be a reliable variable to predict toad habitatt@a based on hibernation needs;
this variable was not significant in nine of 18 CBlmodels. Conifer forest may
not be as diagnostic of hibernation habitat as matef breeding habitat because
toads can hibernate in other land-cover types (&n&). Of the nine models in
which distance to nearest conifer stand was siganifi only the models for
foraging boreal female and foraging boreal malécawed selection for locations

closer to conifers. A greater percentage of toadtsguconifer stands for
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hibernation in the boreal site (79%) than in thstpae (53%) or park (0%) sites
(Chapter 4) may explain why only boreal models stabwelection for locations
closer to conifer forest. Surprisingly, selection bocations closer to conifer
stands did not occur during the pre-hibernatiomnogethis variable was not
significant for boreal males and showed the reveesal for boreal females.
Similar to the FGHR, the CGHR models detect pastefrdirected movement.
Many toads in the boreal area made directed moviesmewards their hibernation
sites during the foraging period (C. Browne, unmh#d data), which may
explain the pattern we observed for forging bofealales and males. By the pre-
hibernation period, toads were near hibernatioasa(€. Browne, unpublished
data) and boreal males selected conifer foreshduhis period. However,
females selected patches of more open habitaf fexpaceous cover).

Another issue with the coarse-grained map wasaittehat fewer land-
cover types were defined at our study site, so-znwekr types that toads use
differently were combined, which could distort oask patterns. For example, the
land-cover type herbaceous cover (from the coaraged map) included the
land-cover types marsh, meadow, disturbed grasseehdéawn, crop/hay, and
pasture (from the fine-grained map). In FGHR modaigp/hay and disturbed
grass tended to be selected for, but pasture wadex/(Table 3-5). This could
explain the inconsistent patterns we observedi®herbaceous cover type in the
coarse-grained models. On the other hand, brealong land-cover types too
finely into categories could also make the reddliffscult to interpret. Meadow,

burn, grass-dominated clear-cuts, tree-dominatdalanks, and mowed lawn
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(from the fine-grained map) were rare on the laageq< 6.3% cover each) and
were occasionally used by toads. Since these lanerdypes were under-
represented, statistically significant selectionldaccur with a small amount of
use, regardless of biological importance.

Although the fine-grained map tended to producéebeesults, the CGHR
actually out-performed the FGHR models in six cgses park and four boreal
models). The park models that had higher predigiow@er with the coarse-
grained map may simply have been the result ofdample size in the FGHR
breeding park female and pre-hibernation park mmaddels, causing poor model
performance. These two models had sample sizes @0fen the FGHR,
whereas the CGHR had over 100 additional data paarthe corresponding
models (Tables 3-5 and 3-6). Toads moved farthéarboreal forest and our
boreal study site was much larger than either #rk pr pasture site. We believe
that the CGHR performed better than the FGHR far fioreal models because
toads were selecting habitat over a larger andseoapatial scale. The patterns of
habitat selection were often different betweenR@#R and CGHR, indicating
that small patches of certain habitat types magabected/avoided within larger
patches. For example, in the boreal site, pixedatified as wet herbaceous
(moss) and wet shrub habitat on the coarse-grairegmoften contained patches
of both of these land-cover types on the fine-grdimap. At the coarse-grained
scale foraging boreal males selected for wet hexdnzs(moss) and wet shrub

habitat, but within these habitat types toads Vilsdlected for wet shrub habitat
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and avoided moss patches because the FGHR sholgetisefor wet shrub and
avoidance of moss.

Although the predictive power of the coarse-graimextiels was low on
average (adjusted’Ralues < 0.6), acceptable models were producedlifbut
two cases. This result is of interest becausedhese-grained map is publicly
available and covers the forested area of Canadaedmmend that researchers
take advantage of publicly available land-cover spdyut be aware that these
maps may not be at the most appropriate resolédiothe study organism or
study questions. For western toads, it appears tmportant that land-cover
types that show opposite patterns (selection w@dawnce), such as crop/hay
fields and pasture, be distinguished as separtggardes. We suspect that land-
cover maps with fine resolutions (<25 pixel size) would produce models with

greater predictive ability for most amphibian spsci

Influence of Habitat Composition

The park models had poor predictive ability compacethe pasture and
boreal models, most likely caused by low samplessia park models (Table 3-
4). We did not have a large enough sample sizedpeply perform the K-fold
cross validation analysis. We chose to includeptimi site in our analyses,
despite the low predictive ability of park modeéchuse information on habitat
selection by western toads is limited and this tholail study site provides useful

information.
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Land-cover composition differed greatly among staigs (Appendix F).
The different choices available to toads at eaehpayed a large role in the land-
cover types used. We expected selection to chamge@study sites because
preference may be conditional upon availabilitypaganisms may have to select
for areas that contain a limited resource if fabt@acombinations of essential
habitat patches do not exist (Orians and Witterdret§91, Mysterud and Ims
1998). Land-cover types tended to be used more ofteen abundant on the
landscape (e.g., marsh was represented in allrpadels). This suggests that
western toads are somewhat flexible in their habise.

Selection or avoidance of deciduous and coniferstodiffered among
models. Conifer forest appears to be selecteddimpared to deciduous forest in
landscapes where it is relatively rare (e.g., pasiiie), but otherwise seems to be
avoided by toads during the active period. At a sithorthwestern Alberta, we
documented a negative relationship between wetiathabundance at breeding
ponds and percent coverage of conifer stands sutiog these ponds (Browne et
al. 2009; Chapter 2). Deciduous forest may be s=demver coniferous forest
during the active period because deciduous folests greater understory
vegetation and invertebrate densities (Willson @odhet 1996, Ferguson and
Berube 2004), which provide cover and food for toddowever, conifer stands
are important for toads because they often hibertinetre (Chapter 4). Conifer
forest may also provide resources not found inagedeciduous forest patches,
such as sources of standing water (many conifadstat our study sites were

poorly drained and dominated by black spruce) ahage (e.g., red-squirrel,
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Tamiasciurus hudsonicus, tunnels), which could explain why toads seledted
conifer forest at the pasture site where it was aar the landscape.

Despite differences in habitat composition amotgssithere were some
land-cover types that were repeatedly selected.shetb was the most frequently
selected land-cover type and it was selected fatl ithree-study sites. Western
toads in Idaho also selected for shrub habitatt@aet al. 2004). Bartelt et al.
(2004) found that western toads used terrestriaikdtain ways that allowed them
to conserve body water. The low dense structushafb and large accumulations
of litter and woody debris in shrub habitat mayilfeate water conservation in
toads, and breaks in the shrub canopy would cezxates warmed by the sun
(Bartelt et al. 2004). Therefore, shrub habitat \dqarovide the warm, moist
conditions preferred by most amphibians (Tracyl.e1203). Bull (2006) also
examined habitat selection by western toads, hurtddhat toads in Oregon used
all vegetation types in proportion to their occae; however, Bull apparently
combined data from five study sites in analysesclwmay have masked patterns
of selection.

Crop/hay fields and pasture were the most aburldadtcover types at
our pasture study site. Toads selected for cropieéds but avoided pasture. The
pasture at our study site was heavily grazed aodghed little cover for toads, or
their invertebrate prey. Invertebrate abundan@iapasture study-site was
significantly greater in crop/hay fields comparedieciduous or conifer forest,
and cattle pasture had lower invertebrate abundéracedid deciduous forest

(Thompson 2007). Toads likely selected for crop/ftelgs because prey was
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abundant and temperatures would be warmer in ¢hgsfcompared to the forest,
which would facilitate growth (Lilywhite et al. 18Y. We do not know whether
the toads that used crop/hay fields obtained safftanoisture from dew or below
ground sources, or whether they traveled to waterces from the crop/hay fields
regularly. If they had to leave crop/hay fieldsukegly to obtain water, then the
interiors of large crop/hay fields are likely oevalue as toad habitat.
Emergent vegetation appears to be selected fondepgon the
availability of other habitat choices. Emergentetatjon occurred along the
edges of breeding ponds at both the park and gasities. It was more abundant
at the park site (5.1% cover) than pasture sig2fCcover), but was used more
often in the pasture site (e.g., 22% vs. 5% ofdireemale locations) and
selected for in several pasture models but no pardels. The breeding ponds in
the park site were surrounded by marsh habitatre@sethe ponds at the pasture
site were surrounded by pasture habitat. Pastuniéalhaontained less vegetative
cover, soil moisture, and invertebrate prey (Thoon2007; C. Browne,
unpublished data) than did marsh habitat and appedre an inferior habitat
choice for male toads during the breeding periedalise toads at the park site
significantly selected marsh but not emergent \eget, and toads at the pasture

site significantly selected emergent vegetationnmitpasture.

Temporal Differences

Throughout the active period, toads tended to s&eevarm, open

habitat (i.e., no canopy cover) with abundant pghey should facilitate growth,
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energy, and fat accumulation for gamete produdaiwhover-wintering. This
pattern was the most evident during the foragiragsee; every foraging period
model for FGPR and FGHR showed selection for ogzdritat (e.g., wet shrub,
disturbed grass, crop/hay). California toaflsia halophilus) prefer temperatures
between 26-27 degrees C when food is availabléyytiite et al. 1973);
assuming that western toads from Alberta preferl@irtemperatures, then the
selection of habitat types that allow toads to et increase their body
temperature would be important for growth becahseaverage mean daily air
temperatures at our study sites were much cocder pneferred body
temperatures (range: breeding = 11-14 degrees&jifig = 15-17 degrees C,
pre-hibernation = 6-7 degrees C; Environment Can2@a8. National Climate
Data and Information Archive. Available online:

http://www.climate.weatheroffice.ec.gc.ca/climatédleanada_e.htnjAccessed

7 August 2009]). As expected, temporal differeriodsabitat selection were
detected. During the breeding period, toads saldotelocations that were close
to breeding ponds (distance to nearest breedind pas always significant
during the breeding period) and they used wateremnergent vegetation while
they congregated at ponds, but not later in the. y&2aing the pre-hibernation
period distance to nearest breeding pond was siginéicant variable in six
models, indicating that hibernation sites are $etemdependent of the location
of breeding ponds in some circumstances. Seleofigertain habitat types

became less significant (larger P-values) in séyeeahibernation period models
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compared to foraging period models, likely becaedection of locations close to

hibernation sites became more important.

Differences between Sexes

In Colorado, Idaho, Oregon, and Utah, female wadtgads have been
found to travel farther than males to reach the@mmmer foraging grounds from
breeding sites (Muths 2003, Bartelt et al. 2004] B206, and Goates et al. 2007,
respectively). Johnson et al. (2007) found thisesgattern for gray treefrogs
(Hyla versicolor). For amphibians, males may remain near breedingpto gain
a competitive advantage when females arrive tocbireéhe spring (Bartelt et al.
2004) and females may travel farther than malesdoh superior foraging
grounds because they require more food and enengotuce eggs (Muths
2003). Johnson et al. (2007) suggest that evere¥f gensities are uniform, it still
may be advantageous for females to move farther lheeding ponds to reduce
conspecific competition. Habitat selection diffezea between males and females
may be caused by size differences in sexually dpmorspecies. Small
individuals may be at greater risk of predatiomlenhydration, and this can
influence the types of habitat they choose or hawitiey are able to move to
reach preferred habitat types (Bartelt et al. 2004)

Bull (2006) radio-tracked western toads duringrtlaetive period and
found that female toads selected more open hdabdatmales, whereas males
were more closely associated with water. We obskpagterns consistent with

this; for example, disturbed grass was selectethfd? models for female toads.
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When models for male toads included disturbed gtagas either avoided or not
significant compared to the reference variable. difference in habitat selection
could be 1) because female toads are more attraxtebitats that facilitate
growth than males are, 2) because males are smaliemh might make them
more susceptible to desiccation and restrict @giity to use open habitat, or 3)
to reduce conspecific competition (Muths 2003, 8lagt al. 2004, Johnson et al.
2007).

Pasture habitat was clearly avoided by all toadseasmaller scale of
spatial extent (FGHR), but at the larger scale (Riéhly by females during the
foraging period. This difference may be driven bgnale toads avoiding a habitat
type with low prey abundance (Thompson 2007), ordie toads using habitat
farther from breeding ponds than males (pasturédiakas adjacent to the
breeding ponds at this study site). Males seleftteldabitat close to breeding
ponds for a longer period than female toads dithepasture site male toads
continued to use water and emergent vegetatidreatlireeding ponds in the
foraging period, whereas female toads had all mayxand.

It is not surprising that habitat selection difigéteetween the sexes, since
male and female toads have different strategieméoeasing reproductive output.
Female toads must select habitat that promotesthrogcause they can produce
more eggs if they obtain more energy. Also, lafgarales are more attractive to
male toads than smaller females (Marco et al. 19@8)e toads, however, must

balance time spent foraging and attending breechioguses because both
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increased size and number of nights spent at brgethoruses increase their
chance of reproduction (Gatz 1981; Olson et al6).98

The difference in the predictive ability of mosiébr females and males
cannot be explained by a difference in sample sieeause sample sizes for the
total number of observations (among study sitestamgboral periods) were
similar between females (n = 910) and males (n6).92abitat selection by
males may occur at a coarser scale than for fepsitese the CGHR out-
performed the FGHR for all boreal male models. gieater predictive ability of
models for female toads may be the result of fenwds showing stronger, more
consistent patterns of habitat selection, which imaye been because female
toads often travel farther to reach specific fongggrounds (Muths 2003, Bartelt
et al. 2004, Bull 2006, and Goates et al. 2008y thove to foraging grounds
sooner than male toads (C. Browne, unpublished,datd stay at foraging

grounds later in the year (Chapter 5).

Conclusions

Western toads used a variety of habitat types; lamigl-cover types that
were inaccessible or provided no cover were neseduThroughout the active
period, toads selected for habitat that would itaté growth (warm, open habitat
with abundant prey) and/or habitat that providezkasal resources (e.qg.,
moisture, shelter, breeding locations). Wet shral the most highly selected
land-cover type during the active period. This laoster type was relatively

open, so it likely had warm temperatures duringdag in the summer, but also
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had high levels of soil moisture and sources okwttat are important for
amphibians to avoid desiccation. Habitat selectvas scale-dependent and
differences in selection were observed among stiedigns, study sites, time
periods, and sexes.

The FGHR produced the best models (highest adjitedlues),
suggesting that toads are primarily selecting lalih a small spatial scale (< 25
m?) based on the choices available to them in thaily dather than population
range. However, the predictive ability of modeld dot differ significantly
among the three study designs; all provided insightthe habitat selection of
western toads. The underlying patterns of hab#sicsion were similar among
study designs for most cases. However, oppositerpat(indicating selection vs.
avoidance) occurred between FGPR and FGHR in twescand between the
CGHR and fine-grained models several times. Theselts show that habitat
selection patterns are critically dependent upersitatial scales used for
analysis. Changes in resolution (both pixel siz#the number of land-cover
types identified) had a greater impact on percehedultat selection choices than
changes in spatial extent in our study. The pradiability of the CGHR was
relatively low (R = 0.584) and therefore likely of little use foepicting western
toad locations. However, by conducting our analygesifferent spatial extents,
spatial resolutions, study areas, time periods batdeen sexes we gained an
understanding of how these differences affect peedeselection results. We

expect that future studies conducted at additiscales and with additional
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variables will aid in developing models that canused over large landscapes to
predict high-quality habitat for amphibians.

Our study highlights the importance of scale ibite selection studies.
The study design should be chosen carefully to Imsearch questions and
researchers should be sensitive to factors thatafiegt selection such as habitat
composition, season, and sex of the organism. \W@mmend conducting habitat
selection studies at multiple scales to gain eebeittderstanding of how

organisms are using their environment.
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Table 3-1. Average results from five-fold validatioonducted for each model.
Linear regression was used to assess model fitliHetal. (2004) was followed
to assign each model’'s predictive ability as “Gqd@&cceptable”, or
“Unacceptable”. A good model should h&&ge= 0 andB; = 1.

A. Fine-grained population-range design (FGPR)

Adjusted

Site Period Sex Byg P B: P Validation
Park Breeding Female 0.055 0.429 0.456 0.250 0.294 Unacceptable
Male  0.0530.260 0.466 0.159 0.279 Acceptable
Foraging Female 0.040 0.188 0.598 0.008 0.750 Acceptable
Male  0.0620.195 0.374 0.216 0.368 Unacceptable

Pre-

hibernation Male

Female 0.029 0.265 0.848
0.0870.241 0.130

0.001 0.872 Acceptable
0.391 0.005 Unacceptable

PastureBreeding Female 0.038 0.144 0.620

Foraging

Pre-

hibernation Male

Male  0.0470.052 0.527
Female 0.035 0.372 0.649
Male  0.0300.240 0.704
Female 0.049 0.191 0.510
0.0460.178 0.540

0.004 0.825 Acceptable

<0.001 0.853 Acceptable

0.002 0.760 Acceptable
0.002 0.831 Acceptable
0.016 0.644 Acceptable
0.018 0.711 Acceptable

Boreal

Breeding Female 0.057 0.093 0.434

0.016 0.653 Acceptable

Male  0.0680.029 0.316 0.040 0.551 Acceptable
Foraging Female 0.047 0.172 0.526 0.075 0.644 Acceptable
Male  0.0190.491 0.813 0.001 0.805 Acceptable

Pre-

hibernation Male

Female 0.042 0.190 0.578
0.0490.240 0.507

0.002 0.799 Acceptable
0.024 0.498 Acceptable
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B. Fine-grained buffered-home-range design (FGHR)

Site Period

Sex Bo P B,

P Adi;ged Validation

Park  Breeding
Foraging

Pre-

hibernation Male

0.001 0.823 0.991
0.0020.503 0.976
0.042 0.462 0.583
0.0660.167 0.337
0.003 0.422 0.971
0.0850.168 0.146

Female
Male
Female
Male
Female

0.009 0.648 Good
0.049 0.690 Good
0.120 0.380 Unacceptable
0.255 0.372 Unacceptable
0.001 0.908 Good
0.388 0.119 Unacceptable

PastureBreeding
Foraging

Pre-

hibernation Male

Female
Male
Female
Male
Female

0.0390.184 0.575
0.031 0.329 0.692

0.028 0.082 0.705 <0.001 0.937 Acceptable

0.001 0.773 Acceptable
0.002 0.765 Acceptable

0.0120.548 0.884 <0.001 0.945 Acceptable
0.017 0.284 0.829 <0.001 0.967 Acceptable
0.0260.181 0.742 <0.001 0.940 Acceptable

Boreal Breeding
Foraging

Pre-

hibernation Male

0.012 0.727 0.877
0.0690.049 0.306
Female 0.029 0.294 0.708
Male -0.0640.248 1.637
Female 0.028 0.445 0.719
0.0200.285 0.800

Female
Male

0.001 0.851 Good

0.161 0.272 Unacceptable
0.002 0.795 Acceptable
0.001 0.766 Good

0.042 0.582 Acceptable
0.030 0.591 Acceptable

C. Coarse-grained buffered-home-range design (CGHR)

Adjusted

Site Period Sex Bp P B: P R Validation
Park Breeding Female-0.014 0.382 1.136<0.001 0.983Acceptable
Male 0.0200.535 0.796 0.060 0.635Acceptable
Foraging Female -0.045 0.542 1.448 0.080 0.369Acceptable
Male -0.0580.483 1.585 0.114 0.355Unacceptable
Pre- Female 0.012 0.560 0.876 0.166 0.495Acceptable
hibernationMale  -0.0030.352 1.029 0.167 0.490Acceptable
PastureBreeding Female 0.029 0.326 0.716 0.084 0.617 Acceptable
Male 0.0630.335 0.374 0.465 -0.040Unacceptable
Foraging Female 0.034 0.324 0.662 0.039 0.488Acceptable
Male 0.0200.541 0.802 0.031 0.570Good
Pre- Female 0.015 0.486 0.849 0.121 0.317Acceptable
hibernation Male 0.0150.615 0.850 0.004 0.695Good
Boreal Breeding Female -0.062 0.256 1.627 0.003 0.763Good
Male -0.0100.468 1.106 0.025 0.607 Acceptable
Foraging Female -0.021 0.654 1.209 0.009 0.618Good
Male 0.0220.300 0.779 0.001 0.781Acceptable
Pre- Female -0.028 0.351 1.277 0.001 0.872Acceptable

hibernationMale

-0.0130.594 1.129<0.001

0.895Good
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Table 3-2. Best design of the fine-grained popatatiange (FGPR), fine-grained
buffered-home-range (FGHR), and coarse-grainecelbedthome-range (CGHR),
based on adjuste®f values (1 = highest, 3 = lowest) from five-foldidation.

Site Period Sex FGPR FGHR CGHR
Park Breeding Female 3 2 1
Male 3 1 2
Foraging Female 1 2 3
Male 2 1 3
Pre- Female 2 1 3
hibernation Male 3 2 1
Pasture Breeding Female 2 1 3
Male 1 2 3
Foraging Female 2 1 3
Male 2 1 3
Pre- Female 2 1 3
hibernation Male 2 1 3
Boreal Breeding Female 3 1 2
Male 2 3 1
Foraging Female 2 1 3
Male 1 3 2
Pre- Female 2 3 1
hibernation Male 3 2 1
Total 38 29 41
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Table 3-3. Mean adjusted Ralues from our cross validation analysis cal@dat
for each study design, study site, time period, sd(A). A generalized linear
model indicated that differences in model prediepower (adjusted Rralues)
were significant among study sites and between aradefemale models but were

not significant among study designs or time peri@)s

A.
Category Sub-category Mean SE
Study Design FGPR 0.619 0.057
FGHR 0.683 0.060
CGHR 0.584 0.058
Study Site Park 0.501 0.064
Pasture 0.700 0.059
Boreal 0.686 0.037
Period Breeding 0.622 0.063
Foraging 0.631 0.046
Pre-hibernation 0.633 0.066
Sex Female 0.689 0.038
Male 0.569 0.053
B.
Category Wald Chi-Square  df P-value
(Intercept) 468.157 1 <0.001
Study Design 2.010 2 0.366
Study Site 9.755 2 0.008
Period 0.030 2 0.985
Sex 4.260 1 0.039
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Table 3-4. Resource Selection Functions (RSF)feffine-grained population-
range design (FGPR) were created using generdirest models in SPSS. Toad
presence/absence was the dependent variable. &\uaks than 0.05 for land-
cover variables indicate significant selection (pes coefficient) or avoidance
(negative coefficient) in relation to deciduous park and pasture sites and to
conifer for the boreal site. Pre-Hib. = pre-hibeioma

A. FGPR - Park site.

Period Sex Toad Random Predictor variables Beta SE P-
n n value
Breeding Female 30 1892 (Constant) -2.23¥.865 0.010

Distance to breeding  -0.018.006 0.021
Distance to hibernation0.007 0.002 0.002
Marsh 0.9130.717 0.203

Breeding Male* 55 1449 (Constant) -3.870.766 <0.001
Distance to breeding  -0.022.008 0.004
Distance to hibernation0.004 0.001 0.014

Marsh 2.5250.743 0.001
Emergent vegetation 1.849.236 0.135
Foraging Female 68 2009 (Constant) -0.561410 0.171

Distance to breeding  -0.006.003 0.031
Distance to hibernation0.009 0.002 <0.001

Wet shrub 1.6420.418 <0.001
Marsh -3.3151.092 0.002
Disturbed grass 2.470.850 0.004
Foraging Male 38 1973 (Constant) -2.254.687 0.182

Distance to breeding  -0.030.016 0.013
Distance to hibernation0.005 0.002 0.016

Wet shrub 4.0021.407 0.004
Marsh 0.4311.522 0.777
Pre-Hib. Female 27 2023 (Constant) -3.586729 <0.001

Distance to breeding 0.000.003 0.962
Distance to hibernation0.008 0.003 0.004

Wet shrub 2.5840.773 0.001
Marsh -0.0050.850 0.995
Meadow 3.0440.982 0.002
Pre-Hib. Male** 26 718 (Constant) 0.11®.568 0.839

Distance to breeding  -0.059.021 0.009
Distance to hibernation0.009 0.003 <0.001

*Water was used as the reference variable becaug®pe toad observation
occurred in deciduous habitat for the park breednate model.

** Land-cover types were not examined for pre-hita¢ton males because all
used locations were in marsh habitat except forlocegion in wet shrub. Only
used and random locations within marsh habitat welected for analysis.
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B. FGPR - Pasture site.

Period Sex T?‘ad Rar;]dom

P-

Predictor variables Beta SE
value

Breeding Female 210 4047

-1.280.479 0.008
-0.008001 <0.001
-0.005:001 <0.001

(Constant)
Distance to breeding
Distance to hibernation

Conifer 1.2120.684 0.076
Mixed-wood 0.3570.517 0.490
Dry shrub 0.3680.957 0.700
Wet shrub 2.388.680 <0.001
Marsh 2.2941.089 0.035
Disturbed grass 2.428.635 <0.001
Crop/hay 1.6130.638 0.011
Pasture 0.059.487 0.910
Emergent vegetation 3.211.561 <0.001
Water 2.6040.612 <0.001
Breeding Male 235 3851 (Constant) -1.097.653 0.093

-0.01@003 <0.001
-0.002.001 <0.001

Distance to breeding
Distance to hibernation

Conifer 2.1640.910 0.017
Mixed-wood 0.5030.742 0.498
Dry shrub 2.3410.918 0.011
Crop/hay 1.9321.035 0.062
Pasture 0.90D.639 0.159
Emergent vegetation 3.0241719 <0.001
Water 2.9470.724 <0.001
Foraging Female 234 3823 (Constant) -0.728.357 0.043

-0.002001 0.035
-0.01@001 <0.001

Distance to breeding
Distance to hibernation

Conifer -0.2260.601 0.707
Mixed-wood -0.2370.354 0.503
Disturbed Grass 1.460.488 0.003
Crop/Hay 1.1490.417 0.006
Pasture -0.14D.497 0.007
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B. FGPR - Pasture site. Continued...

Toad Random

Period
n n

Sex

Predictor variables

P-

Beta SE
value

Foraging Male 194 3962

(Constant)
Distance to breeding
Distance to hibernation

-1.649367 <0.001
-0.002.001 <0.001
-0.002.001 <0.001

Mixed-wood 0.2380.392 0.543
Dry shrub 1.0030.584 0.086
Wet shrub 1.1610.773 0.133
Disturbed grass 0.20@.907 0.822
Mowed lawn 1.9850.867 0.022
Crop/hay 0.8650.439 0.049
Pasture -0.6390.420 0.131
Emergent vegetation 1.37618 0.026
Water 0.9000.827 0.277
Pre-Hib. Femalel00 3871 (Constant) -0.240.507 0.635
Distance to breeding -0.002002 0.004
Distance to hibernation -0.01®003 <0.001
Conifer 0.0130.672 0.985
Mixed-wood 0.6830.411 0.096
Dry shrub -0.1170.821 0.887
Disturbed grass 1.500.675 0.026
Crop/hay 1.615.680 0.018
Pasture -1.380.818 0.090
Pre-Hib. Male 59 1168 (Constant) 2.621935 0.005
Distance to breeding -0.00003 0.108
Distance to hibernation -0.102.019 <0.001
Conifer -0.5010.744 0.500
Mixed-wood -0.4430.583 0.447
Dry shrub -0.4890.888 0.582
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C. FGPR - Boreal site.

Period Sex Toad Random Predictor variables Beta SE P-
n n value
BreedingFemale93 15097 (Constant) -2.246.584 <0.001

Distance to breeding  -0.002.001 <0.001
Distance to hibernation0.008 0.001 <0.001

Deciduous 1.8949.722 0.009
Mixed-wood 1.1680.862 0.175
Wet shrub 2.759.568 <0.001
Moss 2.6730.558 <0.001
Burn 1.5560.887 0.079
Cutblock (treed) 3.524.047 0.001
Disturbed grass 1.916.597 0.001
BreedingMale 143 8784 (Constant) -1.138415 0.006

Distance to breeding  -0.01@001 <0.001
Distance to hibernation0.002 0.001 0.005

Wet shrub 2.189.380 <0.001
Moss 2.5000.413 <0.001
Clear-cut (grass) 3.13@.675 <0.001
Disturbed grass -0.140.534 0.783
Water 1.2641.051 0.229
Foraging Female84 13482 (Constant) -2.768.583 <0.001

Distance to breeding  -0.000.000 0.002
Distance to hibernation0.013 0.002 <0.001

Deciduous 2.568.545 <0.001
Wet shrub 2.908).507 <0.001
Moss 0.3121.269 0.806
Cutblock (treed) 3.052.964 0.002
Disturbed grass 2.22@.564 <0.001
ForagingMale 117 10305 (Constant) -2.036311 <0.001

Distance to breeding  -0.002000 <0.001
Distance to hibernatior0.003 0.001 <0.001

Mixed-wood -0.0970.426 0.820
Wet shrub 0.873.317 0.006
Moss -0.9560.768 0.213
Burn 0.1970.553 0.722
Clear-cut (grass) 1.020.618 0.098
Disturbed grass -1.106.624 0.076
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C. FGPR - Boreal site. Continued...

Period Sex Toad Random Predictor variables Beta SE P-
n n value
Pre-Hib. Female64 12825 (Constant) -1.286.415 0.002
Distance to breeding  -0.00.000 0.002
Distance to hibernation0.015 0.002 <0.001
Deciduous 0.5449.501 0.277
Wet shrub 0.9610.417 0.021
Moss 0.0050.779 0.995
Burn -0.7460.801 0.352
Disturbed grass -0.290.684 0.671
Pre-Hib. Male 59 7782 (Constant) -2.094417 <0.001

Distance to breeding  -0.00@000 0.909
Distance to hibernation0.012 0.002 <0.001

Wet shrub -1.329.836 0.113
Moss -0.2680.832 0.748
Clear-cut (grass) 1.476.643 0.022
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Table 3-5. Resource Selection Functions (RSF)Herfine-grained buffered-
home-range design (FGHR) were created using conditiogistic regression
models in SPSS. P-values less than 0.05 for lamdra@riables indicate
significant selection (positive coefficient) or adance (negative coefficient) in
relation to deciduous for park and pasture sitestarconifer for the boreal site.

Pre-Hib. = pre-hibernation.

A. FGHR — Park site.

Period Sex N Predictor variables Beta SE  P-value
Breeding Female 191 Distance to breeding -0.009.003 0.001
Distance to hibernation -0.0120.002 <0.001
Marsh 0.358 0.311 0.251
Breeding Male* 348 Distance to breeding -0.0260.004 <0.001
Distance to hibernation -0.0060.001 <0.001
Marsh 2.598 0.322 <0.001
Emergent vegetation 0.7340.466  0.115
Foraging Female 489 Distance to breeding -0.011002 <0.001
Distance to hibernation -0.0030.002  0.082
Wet shrub 1.013 0.278 <0.001
Marsh -3.351 0.371 <0.001
Disturbed grass 1.6520.562 0.003
Foraging Male 239 Distance to breeding -0.040.014 0.001
Distance to hibernation -0.0070.003 0.015
Wet shrub 2.318 0.849 0.006
Marsh -0.926 0.794 0.243
Pre-Hib. Female 182 Distance to breeding -0.008003 0.003
Distance to hibernation -0.0080.002 <0.001
Wet shrub 3.079 0.977 0.002
Marsh -0.121 0.296 0.682
Meadow 1.892 0.833 0.023
Pre-Hib. Male** 89 Distance to breeding -0.099.042 0.020
Distance to hibernation -0.0150.005 0.004

*Water was used as the reference variable becang®oe toad observation
occurred in deciduous habitat for the park breediate model.
** Land-cover types were not examined in the prigehnation male model

because all used locations were in marsh habitapxor one location in wet
shrub. Only used and random locations within maedbitat were selected for

analysis.
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B. FGHR — Pasture site.

Period Sex N Predictor variables Beta SE  P-value
Breeding Female 2078 Distance to breeding -0.0@06001 <0.001
Distance to hibernation -0.003 0.001 <0.001
Conifer 0.607 0.212 0.004
Mixed-wood -0.171 0.147 0.245
Dry shrub 0.327 0.360 0.363
Wet shrub 2.410 0.368 <0.001
Marsh 2.487 0.435 <0.001
Disturbed grass 1.8450.270 <0.001
Crop/hay 0.799 0.179 <0.001
Pasture -0.659 0.155 <0.001
Emergent vegetation 2.7710.295 <0.001
Water 1.710 0.263 <0.001
Breeding Male 2258 Distance to breeding -0.018.001 <0.001
Distance to hibernation 0.000 0.001 0.506
Conifer 1.685 0.295 <0.001
Mixed-wood 0.176 0.224 0.433
Dry shrub 3.307 0.446 <0.001
Crop/hay 1.975 0.317 <0.001
Pasture -0.924 0.225 <0.001
Emergent vegetation 2.0100.354 <0.001
Water 1.506 0.317 <0.001
Foraging Female 2232 Distance to breeding -0.0@e001 <0.001
Distance to hibernation -0.006 0.001 <0.001
Conifer -0.427 0.162 0.008
Mixed-wood -0.188 0.118 0.109
Disturbed grass 1.1120.194 <0.001
Crop/hay 1.080 0.140 <0.001
Pasture -1.592 0.162 <0.001
Foraging Male 1803 Distance to breeding -0.000.001 <0.001
Distance to hibernation -0.008 0.001 <0.001
Mixed-wood -0.721 0.139 <0.001
Dry shrub 1.202 0.249 <0.001
Wet shrub 2.674 0.443 <0.001
Disturbed grass -0.4560.284 0.108
Mowed lawn 2.295 0.502 <0.001
Crop/hay 0.952 0.184 <0.001
Pasture -1.003 0.168 <0.001
Emergent vegetation 0.8850.308 0.004
Water 0.307 0.339 0.366
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B. FGHR — Pasture site. Continued...

Period Sex N Predictor variables Beta SE P-value

Pre-Hib. Female 949 Distance to breeding -0.009.001 <0.001
Distance to hibernation -0.0220.002 <0.001
Conifer 0.165 0.308 0.592
Mixed-wood 0.560 0.226 0.013
Dry shrub 0.242 0.658 0.713
Disturbed grass 1.679 0.430 <0.001
Crop/hay 1.848 0.341 <0.001
Pasture -1.962 0.374 <0.001

Pre-Hib. Male 292 Distance to breeding -0.002.005 0.651
Distance to hibernation -0.2040.056 <0.001
Conifer -2.295 1.032 0.026
Mixed-wood -2.419 1.026 0.018
Dry shrub 1.87514.894 0.900
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C. FGHR — Boreal site.

Period Sex n Predictor variables Beta SE P-value
Breeding Female 893 Distance to breeding -0.00R.001 <0.001
Distance to hibernation-0.006 0.001 <0.001
Deciduous 0.992 0.241 <0.001
Mixed-wood 0.784 0.281 0.005
Wet shrub 2.419 0.239 <0.001
Moss 2.984 0.276 <0.001
Burn 4.321 0.503 <0.001
Cutblock (treed) 2.929 0.561 <0.001
Disturbed grass 1.7230.226 <0.001
Breeding Male 1158 Distance to breeding -0.0120.001 <0.001
Distance to hibernation 0.006 0.001 <0.001
Wet shrub 0.651 0.179 <0.001
Moss 1.569 0.189 <0.001
Clear-cut (grass) 2.1240.397 <0.001
Disturbed grass -0.8940.229 <0.001
Water 0.452 0.517 0.382
Foraging Female 692 Distance to breeding -0.0@001 0.020
Distance to hibernation-0.011 0.001 <0.001
Deciduous 1.376 0.261 <0.001
Wet shrub 2.746 0.272 <0.001
Moss 1.032 0.432 0.017
Cutblock (treed) 0.285 0.555 0.608
Disturbed grass 2.1960.290 <0.001
Foraging Male 980 Distance to breeding 0.000.000 0.005
Distance to hibernation-0.004 0.001 <0.001
Mixed-wood 1.303 0.269 <0.001
Wet shrub 1.210 0.175 <0.001
Moss -1.271 0.246 <0.001
Burn -0.460 0.253 0.069
Clear-cut (grass) 0.6010.301 0.046
Disturbed grass -0.6630.210 0.002
Pre-Hib. Female 550 Distance to breeding 0.00m001 0.647
Distance to hibernation-0.019 0.002 <0.001
Deciduous 0.362 0.363 0.319
Wet shrub 0.514 0.317 0.105
Moss -0.238 0.573 0.678
Burn -2.797 0.698 <0.001
Disturbed grass -0.3910.386  0.311
Pre-Hib. Male 430 Distance to breeding 0.000.001 0.630
Distance to hibernation-0.011 0.001 <0.001
Wet shrub 0.313 0.403 0.438
Moss -1.352 0.497 0.006
Clear-cut (grass) 1.3100.659 0.047
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Table 3-6. Resource Selection Functions (RSF)hercbarse-grained buffered-
home-range design (CGHR) were created using conditiogistic regression
models in SPSS. P-values less than 0.05 for lamdra@riables indicate
significant selection (positive coefficient) or adance (negative coefficient) in
relation to deciduous for park and pasture sitestarconifer for the boreal site.

Pre-Hib. = pre-hibernation.

A. CGHR - Park site.

Period Sex N Predictor variables Beta SE P-value
Breeding Female 294 Distance to water -0.024.004 <0.001
Distance to conifer -0.003 0.002 0.151
Water -2.690 0.498 <0.001
Herbaceous cover -0.6580.382  0.085
Conifer 1.833 0.602 0.002
Breeding Male* 389 Distance to water -0.0160.005 0.002
Distance to conifer -0.001 0.001 0.333
Herbaceous cover -0.8370.298 0.005
Foraging Female 592 Distance to water -0.000.002 <0.001
Distance to conifer 0.007 0.001 <0.001
Water -0.621 0.186 0.001
Herbaceous cover -1.3250.187 <0.001
Foraging Male 278 Distance to water -0.06D.015 <0.001
Distance to conifer 0.010 0.002 <0.001
Watefr] -0.362 0.480 0.451
Pre-hib. Female 145 Distance to water -0.012.003 <0.001
Distance to conifer 0.013 0.003 <0.001
Herbaceous cover -1.2820.373  0.001
Pre-hib. Male* 196 Distance to water -0.1130.041 0.005
Distance to conifer 0.001 0.002 0.683
Herbaceous cover 0.3370.537 0.531

*Water was used as the reference variable becang®oe toad observation
occurred in deciduous habitat for the park breedia¢e model and none for the
pre-hibernation male model.
(OThe variables “water” and “distance to water” weoerelated in this model (r =
-0.729). If the variable “distance to water” weraitied, the variable “water”
would show a significant positive relationship wittad presence. Dropping the
variable “water” from the model does not signifidgnnfluence the results for

the other two variables.
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B. CGHR - Pasture site.

Period Sex n Predictor variables Beta SE P-value
Breeding Female 2129 Distance to water -0.009.000 <0.001
Distance to conifer -0.001 0.001 0.151
Water 0.749 0.270 0.006
Wet shrub 0.210 0.171 0.219
Herbaceous cover -0.4520.102 <0.001
Conifer -0.296 0.143 0.039
Breeding Male 2360 Distance to water -0.0080.000 <0.001
Distance to conifer 0.009 0.001 <0.001
Water -0.118 0.379 0.756
Wet shrub -0.439 0.284 0.122
Herbaceous cover 0.3880.164 0.018
Conifer 1.087 0.194 <0.001
Foraging Female 2380 Distance to water -0.003.000 <0.001
Distance to conifer -0.001 0.001 0.271
Water -0.090 0.363 0.805
Wet shrub 0.718 0.152 <0.001
Herbaceous cover -0.3590.091 <0.001
Conifer 0.314 0.109 0.004
Foraging Male 1928 Distance to water -0.00®.000 <0.001
Distance to conifer 0.002 0.001 0.004
Wet shrub 0.544 0.158 0.001
Herbaceous cover -0.4120.095 <0.001
Conifer -0.150 0.133 0.261
Pre-Hib. Female 987 Distance to water -0.000.001 0.021
Distance to conifer -0.001 0.001 0.292
Wet shrub 0.538 0.256 0.035
Herbaceous cover -1.4950.167 <0.001
Conifer 0.785 0.177 <0.001
Pre-Hib. Male 592 Distance to water -0.000.001 <0.001
Distance to conifer -0.003 0.001 0.051
Wet shrub 1.156 0.294 <0.001
Herbaceous cover -0.7270.189 <0.001
Conifer -0.802 0.241 0.001
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C. CGHR - Boreal site.

Period Sex N Predictor variables Beta SE P-value
Breeding Female 932 Distance to water -0.0010.000 <0.001
Distance to conifer 0.002 0.002 0.235
Exposed land 1.138 0.184 <0.001
Tall shrub 0.929 0.414 0.025
Wet shrub -0.003 0.159 0.984
Wet herbaceous -0.0440.196 0.824
Deciduous 0.031 0.208 0.880
Mixed-wood 0.219 0.238 0.358
Breeding Male 1407 Distance to water 0.0000.000 0.710
Distance to conifer 0.005 0.002 <0.001
Exposed land 1.545 0.161 <0.001
Tall shrub 1.872 0.239 <0.001
Wet shrub 0.675 0.150 <0.001
Wet herbaceous -0.8480.260 0.001
Herbaceous cover 0.9410.327 0.004
Deciduous 0.861 0.173 <0.001
Foraging Female 728 Distance to water 0.000.001 0.636
Distance to conifer -0.006 0.002 0.010
Wet shrub 0.121 0.173 0.482
Deciduous 1.396 0.237 <0.001
Mixed-wood -0.984 0.263 <0.001
Foraging Male 1039 Distance to water 0.00@.000 0.674
Distance to conifer -0.012 0.002 <0.001
Tall shrub 0.614 0.316 0.052
Wet shrub 0.428 0.134 0.001
Wet herbaceous 1.1540.187 <0.001
Deciduous 0.354 0.211 0.094
Mixed-wood -0.209 0.247 0.398
Pre-hib. Female 584 Distance to water 0.00@.001 0.343
Distance to conifer 0.010 0.003 0.001
Wet shrub 0.512 0.172 0.003
Herbaceous cover 1.7520.671  0.009
Deciduous 0.489 0.269 0.068
Mixed-wood -0.745 0.330 0.024
Pre-hib. Male 547  Distance to water 0.00@.001 0.483
Distance to conifer 0.011 0.006  0.058
Wet shrub -1.818 0.268 <0.001
Deciduous -2.302 0.410 <0.001
Mixed-wood -0.610 0.337 0.070
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Chapter 4. Hibernation Sites of Western Toads (Anaxyrus
boreay: Characterization and Management Implications®

4.1 Introduction

The western toadMpaxyrus boreas, formerlyBufo boreas) was common
historically throughout much of the western Uniftdtes and Canada (Wind and
Dupuis 2002; Corn et al. 2005). Recently, popufateclines of this species in
parts of the U.S. and Canada have warranted itssion on the World
Conservation Union’s (IUCN) Red List of Threatergukcies, being accorded
near-threatened status (Hammerson, G., G. SantoerBaand E. Muths. 2004.

Bufo boreas. Available fromhttp://www.iucnredlist.org/details/3179/[Accessed

2 July 2008]) and by COSEWIC as being of speciateon (COSEWIC 2009).
The major threats to this species are believee tdifease (e.g., Kiesecker et al.
2001; Muths et al. 2003), habitat and environmetiéglradation (e.g., Blaustein
et al. 1994; Wind and Dupuis 2002; Hammerson, GS&htos-Barrera, and E.
Muths. 2004 0p. cit.), and synergistic effects between these factoerevh
environmental degradation causes stress, immurgresgion, and susceptibility
to disease (Carey 1993).

Protection of amphibian habitat has focused trawldily on the creation of
buffers around breeding ponds or waterways protgd¢tiem from disturbance
(e.g., Semlitsch and Bodie 2003; Goates et al. R@0dwever, buffers are rarely

more extensive than 100 m (Lee et al. 2004) arehreh investigating western

2 A version of this chapter has been accepted fbligation. Browne, C.L., and C.A. Paszkowski.
Hibernation sites of western toadséxyrus boreas): characterization and management
implications. Herpetological Conservation and Bgpto
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toad movement patterns indicates that toads useahatuch farther than 100 m
from breeding ponds (e.g., mean distance = 652 uth$/12003; 814 m, Bartelt et
al. 2004; 1968 m, Bull 2006). Research in northesesAlberta has suggested
that western toad abundance in wetland areasaeceimore strongly to land-
cover types surrounding wetlands at a landscaps tean the physical or habitat
characteristics of the wetland itself (Browne e2&l09). Terrestrial habitat (for
foraging and hibernation) is clearly important ¥egstern toads, but wetland
buffers are unlikely to protect core habitat (defiras the area that is used by 95%
of the population by Crawford and Semlitsch 2007).

Winter is a critical time period for amphibians amegtiles in cold
climates, yet current understanding of hibernatemuirements for most species
is, at best, fragmentarnj. boreas is no exception. Survival probability of western
toads in Colorado is known to be influenced by munn daily winter air
temperatures, snow depth and winter environmentétore levels (Scherer et al.
2008). Suitable habitat for hibernation is likelyiting for western toads in the
north and at high elevations; for example, in thikdh the species has only been
reported from valleys that receive high snowfahieh prevents deep frost
penetration (Cook 1977). The western toad is rficdeze-tolerant species
(Mullally 1952; Holzwart and Hall 1984), unlike teood frog Lithobates
gylvaticus; Storey and Storey 1984) and chorus fiBggdacris spp.; Swanson et
al. 1996) that also occur at high latitudes; thenesftoads must find suitable sites
below the frost-line for hibernation. Mullally (12bfound western toads in

California overwintering in golden-mantled grourgiigrel (Spermophilus
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lateralis) tunnels at depths of 10-60 cm in October. Cangh8lr0) found that
western toads in Colorado hibernated communally ribtiin physical contact
with each other) in underground cavities situatedrra spring seep of
continuously flowing ground water, and insulatediigk snow cover. At another
area in Colorado, Jones et al. (1998) radio-tragkestern toads from the active
state to entry into hibernation and found that nusstd golden-mantled ground
squirrel burrows, but some individuals used sitesr spring seeps, under
Engelmann sprucd’{cea engelmannii), or in clumps of willows &alix spp.). The
most northerly study of western toad hibernacula fxam Oregon, where Bull
(2006) tracked 26 western toads to their hibernagites and found that they
overwintered underground in rodent burrows (redrseju Tamiasciurus
hudsonicus, and possibly ground squirreBermophilus spp.), under large rocks,
logs or root wads, and in banks adjacent to stréakes. Data on hibernation
sites for the western toad in Canada are lacking.

We examined habitat selection for hibernacula bgtera toads at three
localities in Alberta, Canada. Our objectives wierdetermine (1) locations and
describe the physical features of hibernation s{sf western toads hibernate
communally; (3) if temperatures at hibernationssdéfer from those of nearby
reference sites; (4) whether the distance betwesgding ponds and hibernation
sites differs between study areas or between s@esahether government
guidelines for buffers around watercourses woultberpass core terrestrial
habitat for hibernation; and (6) which land-cowgres are selected for

hibernation using resource selection function (R8Hlyses.
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Our study was exploratory in nature, so we didfaohulatea priori
hypotheses; however, we did make several pred&tife predicted that western
toads in Alberta would select rodent burrows orittew in terrestrial habitat for
hibernation, similar to hibernacula described far $pecies elsewhere, further
south in its range (Mullally 1952; Campbell 19706nds et al. 1998; Bull 2006).
We predicted that the distance between breedindgand hibernation sites
would differ among study areas located in differecaregions in Alberta in
response to both habitat used locally by toads|amiscape configuration. In
Colorado, Idaho, Oregon, and Utah, female westadg have been found to
select foraging habitat significantly farther frdmeeding ponds than do male
toads (Muths 2003; Bartelt et al. 2004; Bull 20G®&ates et al. 2007); so we
predicted that female toads in Alberta would sefhdogrnation sites farther from
breeding ponds than did males, if they select higon sites near foraging
grounds. Finally, we predicted that buffers desthtoeprotect watercourses
would not protect core habitat needed by westeadddor hibernation because
the most extensive protective buffers are set @tm@n the province (Alberta
Government. 2008. Alberta timber harvest planninmd @perating ground rules
framework for Renewal. Available from

http://www.srd.gov.ab.ca/forests/pdf/Annex 4 drddin 15 0O8Final.pdf

[Accessed 2 July 2009]) and previous research hasrs that western toads
hibernate much farther than 100 m from breedinglpqrange = 180-6230 m,

Bull 20086).
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4.2 M ethods

Study Area.—Our research took place at three study areagindhth-central
region of Alberta, Canada; we have designated thgske park area, pasture
area, and boreal area. The park area is an isgdatet of dry mixed-wood boreal
forest embedded within the Aspen Parkland nategibn and located in Elk
Island National Park (EINP) (Alberta Government0202005 natural regions
and subregions of Alberta. Available from

http://tpr.alberta.ca/parks/heritageinfocentre/doe005 final letter.pdf

[Accessed 2 July 2009]). This area is undevelopedcamprised mostly of
upland forest surrounding shallow lakes and masdiitéit. Forests consist
primarily of trembling asperPopulus tremuloides), balsam poplarR.
balsamifera), and white sprucdP{cea glauca), with a hazelnut understory
(Corylus cornuta). This study area was centered on two shallowslgk6-20 ha)
used by western toads for breeding.

The pasture area consists of dry mixed-wood bdoeest that has been
converted to agriculture and is located 3.5 km wé&INP. This area supports
cattle grazing, cultivation of hay and crops (ewheat, barley, oats, canola,
timothy, alfalfa), and rural housing. It also cangarelatively undisturbed
woodlots and peatland. Common tree species ardlirggraspen, balsam poplar,
white spruce, black sprucBitea mariana), paper birchBetula papyrifera),
tamarack l(arix laricina), and jack pineRinus banksiana). This study area was

centered on four naturalized man-made ponds (009 that were created
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during sand extraction and are used by westerrstimadreeding; the
surrounding land is used for cattle grazing.

The boreal area is in the central mixed-wood ggibreof the Boreal
Forest natural region (Alberta Government. 2@fbcit.), located north of Lac
La Biche approximately 150 km north of our parkaar€his region is influenced
by the forestry and oil/gas industries (e.g., sadmes, pipelines) and is
comprised mostly of shrub swamps, peatland, uptemmdal mixed-wood forest,
and forestry cut blocks. Common tree/shrub spemesrembling aspen, balsam
poplar, white spruce, black spruce, paper birahatack, jack pine, willow, and
dwarf birch 8. nana). This study site was centered on a small shatiomd (0.07
ha) that is used by western toads for breedingsalatated next to a gravel road
and in a major utility corridor. A small permaneatrieam feeds this pond.

Land-cover features were measured using ArcGISESRI, Redlands
California, USA) within a 2 km radius of the centdéreach study area (the main
breeding pond, or the midpoint between the maiedirgy ponds), encompassing

an area of 12.56 khper study area (Fig. 4-1).

Radio-telemetry.-We captured toads during the active season (May to
October) in 2004, 2005, and 2006 while they wesebding at ponds or
opportunistically while tracking other individual/e radio-tagged the majority
of female toads encountered at breeding pondseliaugbers of males
congregated to breed (e.g., we observed 28 mathe abreal area on 21 May
2005 and 41 males at the pasture area on 15 Ma&) 28@dfewer than half of the

males observed were radio-tagged. We measureceaacted the snout-urostyle
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length (SUL) to nearest mm, mass to nearest gsaxaf each toad at the time of
capture. Toads captured between May and Augusivesteoe-clips for
identification of recaptured toads that lost thensmitters. Clipped toes were
also used by other researchers to determine ageliatochronology (Garrett
2005; Mark 2007).

We radio-tracked adult toads for 1 w to 5 mo ptahibernation to locate
hibernation sites. We followed methods describe@éantelt and Peterson (2000)
for attaching radio-transmitters. BD-2, BD-2T, dpid-2 transmitters, weighing
1.0 to 2.3 g and having minimum battery life of@& 3 mo (Holohil Systems
Ltd., Carp, Ontario, Canada), were attached usivgiat belt made of soft
surgical-grade polyethylene tubing (outside diamet@.965 mm; CA-63018-
667, VWR International, Edmonton, Alberta, Canaala] a large size flyline
eyelet (size 9). All transmitters/belts were ldsat 10% of body weight and most
were less than 5%. We located toads 2-4 times pekwbDuring the 3 years, we
radio-tracked a total of 116 western toads (54 safel 62 females) and followed

50 to their hibernation sites (21 males and 29 fes)d able 4-1).

Physical features of hibernation sites.WWe measured physical features of each
hibernaculum located, and assigned each a catégary peat hummock, natural
crevasses, sandy soil). We excavated each hibennsite between 3-23 October
in each year of the study to measure the physéediifes in the hibernaculum and
to capture the toad to remove its transmitter. @@rmded soil texture, soil percent

organic composition, soil percent moisture, soi| pahopy cover, toad depth
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below surface, depth to water table (if encountevbdn excavating the toad),
tunnel width, and dominant plant taxa surroundirsif@ (See Appendices H and |
for details). After excavation, the site was restbas closely as possible to its
original condition. Each hibernaculum excavatiod agstoration was completed

within 1 day.

Communal use of hibernation sites.\e recorded the number of toads
encountered in each hibernation site. Sites wemérored to be communal
hibernacula if more than one toad was observed niinger of communal
hibernacula were likely underestimated becauseidvaat disturb hibernation
sites more than necessary to remove the tracked toa

We used a Kruskal-Wallis test (SPSS Inc., Chicélioois, USA) to
determine if the number of toads per hibernaculiffered among study areas.
We compared the distribution of the number of tgaglshibernaculum to a
Poisson distribution using a Kolmogorov-Smirnoweatt(SPSS Inc., Chicago,
lllinois, USA) to determine if the distribution tdads was random among
hibernating sites. We used alpha = 0.05 to estabignificance for all statistical

tests.

Temperature loggers in hibernation sites Atthe boreal study area in fall
2005, we placed temperature data loggers (HOBO Eestyre (degrees C) 1996
Onset Computer Corp., Bourne, MA, USA) in four tdaldernation sites and four

reference sites (paired with hibernation sitesg @ctober; data loggers recorded

134



temperatures every 3.5 h until 28 May 2006. Wecsetereference sites that
appeared visually similar to the hibernation s#tg( peat mounds of similar size,
similar soil types) and that were located in clpeximity to the corresponding
hibernation site (average = 23 m between hibermnatia paired reference site,
range = 12-31 m). We buried data loggers to theesgepth that the toads
occupied in their hibernaculum at the paired hiagom site (Table 4-2). The
maximum number of consecutive days below 0, -1n#,-&.2 degrees C were
tallied. We examined the days below -1.5 and -B@rees C because this is the
temperature range that Swanson et al. (1996) regodrystallization to occur in
the tissues of other toad specidsdognatus andA. woodhousei). We used a
pairedt-test (SPSS Inc., Chicago, lllinois, USA) to detgrenf minimum winter
temperatures were significantly different betwdwssfour paired hibernation and
reference sites. We used a Kolmogorov-Smirnovttedetermine if data were

normally distributed for all parametric tests.

Distances moved from breeding ponds to hibernatsites.—¥We compared
distances moved from breeding pond to hibernatitenbetween the pasture area
and boreal area and between males and femalesgesiegal linear models
(GLMs; SPSS Inc., Chicago, lllinois, USA). We defthdistances moved from
breeding pond to hibernation site as the straiigiet-distance between the two
points. The park area was not included in thisymmmbecause only one toad was

tracked from breeding to hibernation site.
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Watercourse protective buffers.\We determined the distance between each
hibernation site and the closest open water bothgusrcGIS 9.1, aerial
photographs, and ground-truthing. We then assessgdpoint to determine
which ones would be protected based on the Alldéntdoer Harvest Ground

Rules (Alberta Government. 20G&. cit.).

Resource Selection Functions.¥e created a land-cover geographic
information systems (GIS) map of 22 land-cover $y/fsem aerial photographs of
each study area using ArcGIS 9.2. We digitizeddtssa resolution of 1:1890,
which was the finest resolution possible from thailable aerial photographs.
We determined the number of toad hibernation sitesich land-cover type using
the land-cover map and UTM coordinates for eackrificulum, and calculated
the proportion of use for each land-cover type.dAleulated available habitat for
each area using ArcGIS 9.2. We considered availaibgat to be any habitat
within 2 km of the study-area center. Selectionided for each land-cover type
were calculated by dividing the proportion of toadeng the land-cover type for
hibernation in a study area (humber of toads indhd-cover type divided by the
total number of toads) by the proportion of avdediabitat (area of land-cover
type divided by the total area for the study a(&&gnly et al. 2002).

We conducted a Resource Selection Function (RSHysia to determine
whether the land-cover types with the highest sieledindices were selected
significantly more often for hibernation than otlemd-cover types used by

western toads. Random locations were generateshfdr study area at a mean
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density of 1 location/1000 Tusing Hawth’s Tools (Beyer H.L. 2004. Hawth’s
Analysis Tools for ArcGIS. Available from

http://www.spatialecology.com/htoolAccessed 2 July 2009]) in ArcGIS 9.2.

Random locations that fell within land-cover typesed by toads for hibernation
(7765, 2622, and 6266 locations for the park, pastnd boreal areas,
respectively) were used as available habitat poilfes used logistic regression
(SPSS Inc., Chicago, lllinois, USA) to determineiathof the designated land-
cover types were most strongly selected by toads(iet al. 2002). Land-cover
types that were used by toads were considerechfoy mto the models as binary
variables (0 = absent, 1 = present). Three laneictypes were used for
hibernation in the park area, three in the boresd,aand four at the pasture area
(Table 4-3). Deciduous forest was used as theaweberland-cover type for all
park and pasture models and conifer forest fobtireal models; therefore, these

were withheld from the respective models.

4.3 Results

Physical features of hibernation sites.As predicted, all toads selected pre-
existing tunnels or cavities for hibernation. Setgres of hibernation sites were
used (Table 4-4) and all were terrestrial. Howewgr cannot be certain that toads
did not enter the ground water later in the witiecause the water table was as
little as 33 cm below surface (3 cm below recortted! locations) at some

hibernation sites (Appendix H).
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Peat hummocks consisted of mounds of peat and n@egties in these
hummocks appeared to originate as rotted tree stuAlppeat hummocks were
found in treed peatlands and one site was in atlwged peatland. Dominant tree
species were black spruce and white spruce ata$ieie area and black spruce
and tamarack at the boreal area.

Toads used both abandoned and active red squilddens, as well as
squirrel tunnels. Locations associated with sglgrirethe boreal area occurred in
treed peatland habitat with black spruce and tackaaia the dominant tree
species. Pasture locations associated with sqaimeurred in coniferous or
mixed forest with black spruce or white sprucetesdominant tree; trembling
aspen, balsam poplar, and tamarack occurred at lematgons. Red squirrel
tunnels were distinguished from Richardson groundreel (Spermophilus
richardsonii) tunnels based on the habitat type in which theepoed (coniferous
or mixed forests vs. pasture or agricultural figlalsd observations of red
squirrels around the sites.

Underground crevasses were used by eight toadsaites, one in the
park and the other in the pasture area. Theseagfesared to be ponds that had
dried and the bed cracked, forming crevasses. €segavere more than 2 m
deep, 2-5 cm wide, and extended many meters hdathpnThe surface layer of
the crevasse soil was hard, dark brown, organlasti an underlying layer of
grey Gleysol. The park site was located in an upgrassy meadow and the
pasture site was located within an open deciduotest stand with an extensive

shrub layer.
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Three toads hibernated in cavities under white@ptrees and three under
black spruce trees. These locations were all withénpasture area and were
situated in treed peatlands, coniferous forestsnaimed forests which could
include tamarack dPopulus species.

Root channels were cavities left by rotted treggodhese occurred in
deciduous or mixed forests (pasture area) and irsiweb habitat (boreal area),
with the dominant tree/shrub species in both apeasy paper birch and white
spruce. Aspen and aldeX fus spp.) were also present at some sites.

Abandoned American beaveZgstor canadensis) lodges used for
hibernation were adjacent to streams (pasture ardakes (park area). The two
lodges along streams were located in the bank areldbundant shrub cover
(e.g., trembling aspen; red-osier dogwoOd;nus stolonifera; rose,Rosa
acicularis). The lodge adjacent to the lake was a log piteosunded by marsh.

Muskrat Ondatra zibethicus) tunnels used for hibernation were at the
edges of shallow lakes in the park area. Theseetsman from deciduous forest,
through marsh, and into lakes. One toad'’s hibevnagite was in aspen forest 20

m from the lake, the other two were in the marsi130n from the lake.

Communal use of hibernation sites.Sommunal hibernation was confirmed
for 68% of the radio-tracked toads across the thregy areas. Communal
hibernacula contained up to 29 toads; howevers sitth two to five toads were
most common (Fig. 4-2). The number of toads peermiaculum did not differ

significantly among study areas (Kruskal-Wallis-shuare = 2.396, df =2, P =
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0.302). The distribution of the number of additibimads per hibernaculum was
significantly different from a Poisson distributi¢n = 2.529, n = 50, P < 0.001;
Fig. 4-2), indicating that toads were not distrémitandomly amongst appropriate
hibernation sites.

Males and females, and adults and juveniles (imetugoung-of-the-
year), were found together. We found toads cludtarg@hysical contact with
each other at some sites, but at other sites ohalid$ were not touching. Inactive
toads aroused quickly when disturbed. In threes;dsads that we captured at a
particular breeding pond in the spring enteredstiiae hibernation site. Of the
toads captured at the breeding pond in the boreal &vo pairs of males each
shared a communal hibernaculum; these hibernaceda bwcated 1020 m and
661 m from the breeding pond. A male and two fes&lem the pasture area

moved 368 m from their breeding pond to a commabermation site.

Temperature loggers in hibernation sitesFemperatures varied little
throughout the day at some sites, but at othes #itetuations occurred in
response to above ground-temperatures (Fig. 48 nfinimum temperatures in
the hibernation sites examined all fell below -defgrees C at some point during
winter (Table 4-2). Only two hibernation sites ame reference site experienced
temperatures below —5.2 degrees C (Table 4-2)didtebution of minimum
temperatures from all monitored sites was not Sigamtly different from a

normal distribution (Z = 0.689, n = 8, P = 0.728),parametric statistics could be
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used. Minimum temperatures were not significaniffecent between hibernation

and reference sites (t = 1.572, df = 3, P = 0.214).

Distances moved from breeding ponds to hibernatgies.—We tracked 28
individuals (15 males and 13 females) for the &ctigason, from breeding ponds
to hibernation sites (Table 4-1). Toads moved &arbetween breeding and
hibernation sites in the boreal area (mean = 1086-rh28 SE, 95% CI = 835-
1337 m, range = 220-1936 m, n = 14) than theynlithé pasture area (mean =
373 m +/- 39 SE, 95% CI = 297-449 m, range = 14B488n = 13). Parametric
statistics were used because the distributionsthdces moved was not
significantly different from a normal distributiq@ = 0.922, n = 27, P = 0.363).
There was a significant difference in distances edovetween the pasture and

boreal areas but not between sexes (Table 4-5).

Watercourse protective buffers.All toad hibernation sites at the park area
were located within 100 m of a lake. At the bora@a&a, one hibernation site was
located within 30 m of a small permanent streanarfdlel width 0.7-5 m) and
another was located within 60 m of a large permasieeam (channel width > 5
m), whereas all other hibernation sites (90% ofisasacked) were located
beyond the watercourse protective buffer. At thetyo® area, three toads
hibernated within 30 m of a small permanent strdauhall other hibernation

sites (84% of toads tracked) were located overrh@Gbm water.
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Resource Selection Functions.Feads first captured in September or October
within 25 m of another radio-tracked toad with whtbey eventually hibernated
(two from the boreal area in 2005 and five from plaek area in 2004) were
excluded from analyses because these observatenesnet independent; i.e.,
these late-season toads were encountered onlydeetteay congregated near
hibernacula which we had already located via radioked toads. All land-cover
types used for hibernation had selection indexeslyreater than one, indicating
that they were selected at rates greater thanrlaiive availability, except for
deciduous forest in the park area, which was usknher rates than its
occurrence on the landscape (Table 4-3).

Of the land-cover types used for hibernation inghek area, dry meadow
was significantly selected compared to deciduousstqthe reference land-cover;
Table 4-6). Conifer forest and dry shrubland wegeificantly selected compared
to deciduous forest in the pasture area (Table ©Bdhe land-cover types used
for hibernation in the boreal area, none showexlifstgint selection or avoidance

compared to conifer forest (Table 4-6).

4.4 Discussion

Physical features of hibernation sites.©ur study is the first known to locate
and describe, in detail, hibernation sites fontiestern toad in Canada, or any
amphibian at these latitudes in North America. \&iestoads in our study areas
hibernated terrestrially and selected pre-exidtimgels or cavities. This is

consistent with observations from other parts efgspecies’ range (Mullally
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1952; Campbell 1970; Jones et al. 1998; Bull 208&hdy patches were common
at our study areas, but none of our toads dugtir@sand or loose soil, unlike the
situation for Canadian toada.(hemiophrys; Breckenridge and Tester 1961; Kuyt
1991) and natterjack toadspjdalea calamita; Denton and Beebee 1993; Bosman
et al. 1996). The tubercles on the hind-feet (dsedigging) of the western toad
are much smaller and softer than those of the Ganadad (\Wayne Roberts,
pers. comm.); therefore, western toads are likesg kffective at burrowing.

Unlike western toads from Colorado (Jones et @8)@nd California
(Mullally 1952), toads in Alberta did not use grausquirrel tunnels for
hibernation, even though ground squirrel tunnelseevedundant at our pasture site
and were commonly used by toads during the spmagsammer (~15% of all
locations during radio-tracking). One toad occumegtound squirrel tunnel 25 m
from his breeding pond for the entire foraging seavut moved 446 mto a
coniferous forest in early September to hibernliest of the ground squirrel
tunnels were located in open areas with sandysmiherhaps these areas were
too cold, dry, or poorly insulated for toad hibdroa.

Some of the toads in our study were found hibengati locations where
the water table was close to the surface (e.gcn33 Since some species of toads
are known to continue to burrow throughout the @inb stay below the frost line
(Tester and Breckenridge 1964a) we cannot be batddads did not enter
ground water later in the season. We did not meason deep the frost-line
penetrated the substrate at these sites, butgmedd-In northern Alberta can

freeze up to 80 cm deep (Kevin Devito, pers. comwigstern toads have never
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been observed hibernating in water, but some o$ites where we observed
toads appeared likely to freeze down to the watglet Cavities were present in
the ground at some of these sites, which would lafleeved toads to easily move
deeper, if they were able to hibernate in wateGweden, Hagstrom (1982)
discovered that common toad&ifo bufo; typically a terrestrial hibernator)
hibernate on land or in water, with the prefer@chtion being dependent on local
conditions. Therefore, toads from northern climabesy have different

adaptations for hibernation than do populationth&rsouth.

Communal use of hibernation sites.Feads may hibernate communally
because suitable hibernation sites are limitedeonbse there are benefits to
aggregation (e.g., predator defense, as a preaapisample only one individual
in a group of toads, as this genus is known toketLicht and Low 1968). We
propose that suitable sites for communal toad hdteyn are uncommon across
the study landscapes, as toads traveled long desdnom their breeding ponds
to reach hibernacula (range = 146-1936 m). Alsios jpdi radio-tracked toads
shared hibernation sites on three occasions, stiggeisat sites are locally
limited and that communal hibernation is not simpllyy-product of large
population size. Tester and Breckenridge (19644 aslispected that
communally-hibernating Canadian toads were selgdiites based on physical
characteristics, independent of the presence ef atiads. Although an earlier
study of hibernacula in Oregon did not documentmomal hibernation (Bull

2006), communal hibernacula occurred at all ofstudy areas.
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Temperature loggers in hibernation sites.Fhe temperature loggers that were
placed in hibernation and reference sites in thedd@rea from 8 October 2005 to
28 May 2006 showed that hibernation sites weresigotificantly warmer in
winter than the paired references sites. Refersites were in close proximity to
the paired hibernation site (range 12-31 m betweleernation site and paired
reference site) and appeared similar based onlegaanination (e.g., peat
mounds of similar size, similar soil types). Theref other variables (e.g., soil
moisture, water-table level, presence of tunnelsitg size) may also play a role
in the selection of hibernacula. Toads are notzidelerant and have been
reported to die at temperatures between —1.5 @dégrees C (Swanson et al.
1996). The tissue crystallization temperature ddpem substrate moisture; toads
freeze at higher sub-zero temperatures on wetrstbdtecause inoculative
freezing occurs (Swanson et al. 1996). Temperaatrego of our hibernation
sites fell well below this range (—8.38 and —9.4§mes C). These hibernacula
were below —5.2 degrees C for over 0.5 d (Tabl¢; 4h2refore, any toads that
remained at this location likely did not survivence Mullally (1952) observeA.

b. halophilus to freeze overnight at —2 degrees C. We suspatttib toads in
these sites dug into the soft organic soil to Keglpw the frost line; however, we
did not attempt to relocate toads, so we cannetaut mortality. AlternativelyA.
b. boreas may have greater tolerance to freezing tempemtiivie are not aware
of any studies that have examined temperatureatoderof western toads in the

northern part of their range.
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Distances moved from breeding ponds to hibernat&tes.— oads from the
boreal area moved significantly farther from bregdbonds to reach hibernation
sites compared to toads from the pasture areahvgluiggests that toad
movements are not fixed, but are labile in respdogke configuration of the
landscape. The majority (16 of 19) of toads atgasture area hibernated in a
woodlot located relatively close to breeding po(E-900 m depending on the
location within woodlot and breeding ponds). Thediscape of the pasture area
was dominated by agriculture (67%), which was nesed by toads for
hibernation and presumably was unsuitable. BulD@@lso examined distances
toads moved between breeding ponds and hibernsitemin Oregon; toads at her
sites, which were located in mountainous, coniferimuest, moved much farther
than ours (mean = 1968 m, range = 180-6230 m, &) =\2artin (2008) radio-
tracked the closely related Yosemite toAdognorus) in the Sierra Nevada
Mountains of California; the mean distance betweeeding ponds and
hibernation sites for these toads (mean = 194 ngaa 142-235 m, n = 3) was
less than ours (mean = 717 m, range = 13-1936+18).

We found no difference in distances moved from diregeponds to
hibernation sites between males and females, sitoilduste et al.’s (2006)
results for the natterjack toad. Female westerdgdmve been found to travel
farther than males to reach their summer foraginogrmgs from breeding sites in
the western US (Muths 2003; Bartelt et al. 2004 B006; Goates et al. 2007).

Muths (2003) suggested that females travel fattheen males to reach foraging
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grounds because they require more food and enengrpotuce eggs. We suspect
that the reason we found no difference betweesékes in distances moved to
reach hibernation sites from breeding ponds wasntlaées and females require
similar, specific conditions for overwintering aagpropriate sites are uncommon
and unrelated to foraging habitat. Consistent Witk hypothesis, Johnson et al.
(2007) found that overwintering sites of male agsohéle gray treefrogHyla
versicolor) were located similar distances from the breegioigd, but during the
foraging season females moved significantly farthen the breeding pond than

did males.

Watercourse protective buffers.Hibernation sites of western toads are very
difficult to locate in the field, so hibernaculunmopection depends on protecting
suitable habitat near water-bodies or known bregedonds. Small permanent
streams (channel width 0.7-5 m), large permaneeasts (channel width > 5 m),
and lakes are present in our study areas; thesramatses are assigned
protective forested buffers of 30, 60, and 100espectively (Alberta
Government. 200&p. cit.). All toad hibernation sites at the park area ingaxbde
facto protection because they are located in a NatiBagt; however, they were
also located within the range of 100 m watercobrgéers. In contrast, at the
boreal and pasture areas, 90% and 84% of toadettaespectively, hibernated
outside of buffers. Thus, current regulations priegay watercourse buffers in
Alberta do not protect the core terrestrial habigjuired for hibernation at our

boreal or pasture areas.
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A wetland-based approach of protecting a buffaeokstrial habitat
surrounding all breeding ponds is also unrealfstithe western toad because
very wide buffers of 449 m and 1337 m (95% uppefidence limits for the
distance between breeding pond and hibernatiopwsdeld be needed to protect
core terrestrial habitat for the pasture and baxesds, respectively. These
distances are larger than the mean maximum dist288 m recommended by
Semlitsch and Bodie (2003) for core terrestrialitsdtof anurans. A different
approach to managing habitat is clearly needethiwestern toad (e.qg.,

identification of critical habitat patches for peotion of a population).

Resource Selection Functions.Feads were found to hibernate in a variety of
natural land-cover types, but did not hibernatarig human-altered land-cover
types (e.g., agricultural fields, forestry cut-tkecresidential yards, roadsides).
Human-altered land-cover occurred in all of ouiaarand dominated the pasture
area (4.3% of park, 73.2% of pasture, 12.5% ofddpr&latural sites have less
bare ground and more vegetative structure (higaesities of vegetative stems in
the understory, trees in the canopy, and woodyiglebvhich provides insulation
from wind and low temperatures (Dolby and Grubb2)9and traps blowing
snow to provide further insulation (Ross et al.8)96

Deciduous forest was the only land-cover type, Wed used for
hibernation by toads, that had selection indicegirdicating that it was used but
less than proportionately available); deciduousgbwas weakly selected at the

pasture area, used below proportional availakditihe park area, and not used at
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all at the boreal area. Therefore, deciduous fappears to be poor habitat for
hibernation in these areas. Structures selectbamation sites by toads (Table
4-4) were uncommon in deciduous stands (dominagetrémbling Aspen);
aspen forest also tends to be less insulated faddwvanter temperatures than do
spruce stands (Balland et al. 2006). However, tozalg select deciduous forest
for hibernation in landscapes dominated by landecoypes completely
unsuitable for hibernation, such as those fourttiénpasture area.

Conifer forest was the most strongly selected efiimd-cover types used
for hibernation at the pasture area. Fifty-three@et of tracked toads in this area
hibernated in coniferous forest, dominated by bkgmkice or white spruce,
despite its scarcity on the landscape (0.9%). VEpesxtt that toads selected
conifer forests for hibernation because of diffeesnin frost depth and
availability of suitable microhabitat (e.g., tunslelBalland et al. (2006) compared
winter frost depth among jack pine, black sprucel @aspen stands in central
Saskatchewan. They showed that frost depth wateddla the amount of thermal
insulation (from plants and peat) on the ground thadl frost penetrated deepest
in jack pine stands and least in black spruce staPeat hummocks, red squirrel
tunnels, and cavities under spruce trees (thetategused by 71% of toads at the
pasture area) were associated with conifer forests.

Dry shrubland was the other land-cover type thed selected compared
to deciduous forest at the pasture area. The g&leclue for dry shrubland was
large, even though only two hibernation sites ommlim it, because this land-

cover type was rare (0.8% cover). Similar to thestrubland habitat at the
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pasture area, dry meadow habitat at the park &eaesl selection because it was
rare and one hibernaculum occurred in a meadowlé #aB).

Conifer forest, wet shrubland, and a patch of bforest (originally black
spruce/tamarack stands) were the land-cover tygped in the boreal area. The
wet shrubland and burn land-covers had higher sefegalues than conifer
forest because they were rare on the landscapseladtion of these land-cover
types was not significantly greater than conifeefh because the vast majority of

toads (79%) hibernated in black spruce/tamaracidsta

Conclusions.—Our results suggest that hibernation sites for evagbads are
limited in their availability in two ecoregions \uin its Canadian range: RSF
analyses showed significant selection of certamddeover types, toads moved
long distances to reach hibernation sites, and aamairhibernation was common.
The destruction or degradation of small patchdsméstrial habitat could
translate into large negative impacts on populat®ren if breeding wetlands
remained intact. Our research also highlights tiq@ortance of conducting
species-specific, region-specific studies to marredmtat for species at risk,
since general guidelines (e.g., Semlitsch and Bad@3) will not adequately
protect all species at all localities. As it is ealistic to institute prescriptive
procedures to create protective buffers surroundorgls that are large enough to
encompass hibernation sites for the western toadope that land managers will
use our results to identify habitat that is likelyitable for hibernation. We

suggest that patches of spruce-dominated conifestiowith complex habitat
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structure that creates subterranean spaces ardtioswon the ground, be
protected for western toads in north-central Albe@ther habitat types should be
recognized as providing suitable conditions forehiation if appropriate
microhabitat features are present (e.g., crevasseamt systems, beaver and

muskrat structures).
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Table 4-1. The number of western toaélsakyrus boreas) radio-tracked to
hibernation sites at each area per year and thé&wai toads tracked the entire
season (from breeding pond to hibernation sites).

Tracked to hibernation Located breeding and hi@n sites

Year/Area Male Female Male Female
2004 park 5 5 1 0
2004 pasture 0 2 0 2
2005 boreal 10 11 8 6
2006 pasture 6 11 6 5
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Table 4-3. Proportional use of each land-cover bgripied by 43 hibernating
western toadsApaxyrus boreas), available land-cover (proportion within 2 km of
the breeding site), and selection indices for edigtly area, A) Park (n = 5), B)
Pasture (n = 19), and C) Boreal (n = 19). Largduasafor the selection index
indicate land-cover types that were selected ntosngly relative to availability.
Selection index values between 0 and 1 indicaté-taiver types that were used
but less than proportionately available.

A) Park (n = 5)

Standardized

Land-cover type Available  Used S(Ialectlon Selection
ndex

Index
Dry meadow 0.015 0.2 13.00 0.76
Marsh/wet meadow 0.165 0.6 3.63 0.21
Deciduous forest 0.440 0.2 0.45 0.03
Mowed lawn <0.001 0 0 0
Building <0.001 0 0 0
Paved surface 0.001 0 0 0
Gravel road 0.004 0 0 0
Conifer forest 0.013 0 0 0
Pasture/sparsely vegetated 0.018 0 0 0
Disturbed grassland 0.020 0 0 0
Wet shrubland 0.039 0 0 0
Dry shrubland 0.040 0 0 0
Emergent vegetation 0.052 0 0 0
Mixed-wood forest 0.092 0 0 0
Water 0.100 0 0 0
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B) Pasture (n = 19)

Standardized

Land-cover type Available  Used Selection Selection
Index

Index
Conifer forest 0.009 0.53 58.89 0.76
Dry shrubland 0.008 0.11 13.41 0.17
Mixed-wood forest 0.037 0.16 4.32 0.06
Deciduous forest 0.154 0.21 1.36 0.02
Building 0.002 0 0 0
Paved surface 0.004 0 0 0
Dry meadow 0.006 0 0 0
Exposed soll 0.006 0 0 0
Mowed lawn 0.008 0 0 0
Gravel road 0.009 0 0 0
Water 0.009 0 0 0
Emergent vegetation 0.010 0 0 0
Wet shrubland 0.011 0 0 0
Marsh/wet meadow 0.024 0 0 0
Disturbed grassland 0.035 0 0 0
Pasture/sparsely vegetated 0.140 0 0 0
Crop field/ hay field 0.528 0 0 0
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C) Boreal (n = 19)

: Selection Standargized
Land-cover type Available  Used Selection
Index

Index
Burn 0.015 0.05 3.62 0.42
Wet shrubland 0.048 0.16 3.27 0.38
Conifer forest 0.435 0.79 1.82 0.21
Dry meadow 0.001 0 0 0
Mixed-wood forest 0.002 0 0
Railway 0.002 0 0 0
Gravel road 0.005 0 0 0
Clear-cut (grass dominated) 0.006 0 0 0
Water 0.006 0 0 0
Dry shrubland 0.007 0 0 0
Marsh/wet meadow 0.015 0 0 0
Moss/peat wetland 0.033 0 0 0
Cut-block (tree/shrub) 0.051 0 0 0
Disturbed grassland 0.061 0 0 0
Mixed-wood forest 0.098 0 0 0
Deciduous forest t 0.216 0 0 0

T Deciduous forests were defined as having > 80€@deus trees.
T Coniferous forests have > 80% conifer trees.

£ Mixed-wood forest have > 20% of both deciduous emmiferous trees.
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Table 4-4. Hibernation sites used by western t¢adaxyrus boreas) in north-
central Alberta.

Hibernation structure type 2004 2004 2005 2006
Park Pasture Boreal Pasture
Cauvities in peat hummocks 0 0 14 1
Red squirrel middens 0 2 4 3
Natural crevasses 6 0 0 2
Cavities under spruce trees 0 0 0 6
Decayed root channels 0 0 3 2
Abandoned beaver lodges 1 0 0 3
Muskrat tunnels 3 0 0 0
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Table 4-5. Results of a general linear model exargithe influence of study area
and sex on the straight-line distances moved byene$oads between breeding

ponds and hibernation sites.

Source df F P-value
Model 3 8.625 0.001
Intercept 1 102.715 <0.001
Study area 1 23.974 <0.001
Sex 1 0.460 0.504
Study area * Sex 1 0.209 0.652
Total 27
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Table 4-6. Resource Selection Function models examwhether land-cover
types were significantly selected by western tqéasxyrus boreas) compared to
reference land-cover types: deciduous forest irptrk (n = 5) and pasture (n =
19) areas, and conifer forest in the boreal areal8). P-values less than 0.05
indicate significant selection (positive coeffidiear avoidance (negative
coefficient) in relation to the reference land-covariable.

Study Area Variable Coefficient SE Odds ratio P-value
Park (Constant) -8.616 1.000 <0.001
Dry meadow 3.541 1.416 34.5 0.012
Marsh 2.071 1.155 7.9 0.073
Pasture (Constant) -6.185 0.501 <0.001
Conifer forest 3.708 0.599 40.8 <0.001
Dry shrubland 2.233 0.872 9.3 0.010
Mixed-wood forest 1.156 0.766 3.2 0.131
Boreal (Constant) -5.904 0.259 <0.001
Wet shrubland 0.622 0.634 1.9 0.326
Burn 0.705 1.036 2.0 0.496
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Figure 4-1. Land-cover maps created in ArcGIS #mheof our study areas: (A)
Park; (B) Pasture; and (C) Boreal. Land-cover tygres 1 = conifer forest; 5 =
deciduous forest; 9 = mixed-wood forest; 13 = dmubland; 14 = wet shrubland;
15 = moss; 16 = marsh; 17 = dry meadow; 18 = bl@r% clear-cut (grass
dominated); 20 = cut-block (tree dominated); 2listutbed grassland; 22 =
railway; 23 = gravel road; 24 = paved surface; 26ewed lawn; 26 = building;
27 = crop field/ hay field; 28 = pasture; 29 = es@d soil; 30 = emergent
vegetation; and 31 = water.
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Chapter 5. Factors Affecting the Timing of M ovementsto
Hiber nation Sites by Western Toads’

5.1 Introduction

In northern localities, toads (family Bufonidaegsp up to 7 months in
hibernation. Site selection and factors affectirgyements to hibernation sites
are likely very important for overwinter surviv8urprisingly, little research has
investigated behavior associated with hibernatmmmared to breeding, and the
factors influencing timing of movements to hiberoatsites by toads have not
been investigated. Changes in temperature are @oriamt cue for reptiles to
move into hibernation sites (Nussear et al., 2@&kton and Hunt, 1980).
Photoperiod is also an important cue for ectotheemd unlike temperature,
which can fluctuate dramatically, photoperiod reljereflects seasonal changes
(Lutterschmidt et al., 2006). Reduced foraging opputies and precipitation
events have also been proposed as cues that mggrthibernation in reptiles
(Gregory, 1982).

The western toadAaxyrus boreas, formerlyBufo boreas) is a wide-
ranging North American species, occurring from foatiia to southern Alaska
(Hammerson et al., 2004). Mullally (1952) reportiedt western toads in
California were very sensitive to light levels aaldo temperature; he noted that
western toads became active at the same time ganing and if temperatures

fell below 3 degrees C, toads took shelter. Canhpb®¥70) noted that western

3 A version of this chapter has been accepted fbligation. Browne, C. L., and C. A.
Paszkowski. Factors affecting the timing and movasieo hibernation sites by western toads.
Herpetologica.
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toads in Colorado began to move to their hiberratulate August and early
September and most had entered their hibernaculixctpber. We suspect that
toads generally use temperature and/or photopesaules for the initiation of
movement to hibernation sites.

Kelleher and Tester (1969) found that Canadiaddda hemiophrys) in
Minnesota hibernated communally and displayed itigeb hibernation sites.
Adults may have greater site fidelity or homingli&gthan do juveniles, as
97.1% of adult toads returned to their specifiehiation site compared to only
89.8% of juveniles (Kelleher and Tester, 1969).dRemridge and Tester (1961)
studied Canadian toads at this same area and edgbet large adults tended to
hibernate earlier, and adult toads entered hibeftaaarlier than young of the
year; however, they did not investigate what inficed these differences in
hibernation timing. One of us (C.L.B.) suspecteat targer western toads moved
to their hibernation sites later than smaller toaad moved to these sites more
directly, along straighter paths (based on obsematfrom radio-telemetry). We
hypothesized that older (larger) toads are familigin their landscape and
locations of suitable hibernacula and may maxirthegr fithess by remaining at
good foraging grounds as late in the year as plessib

Our objectives were to 1) determine if arrival dat¢he hibernation
vicinity or entry date to the hibernation site difamong study areas, years, sex,
or with toad size, 2) examine evidence supportinghypothesis that larger
(likely older) toads are familiar with their landgie and remain at their foraging

grounds later in the year than do smaller (likedyryger) toads, and 3) determine

173



if the timing of the arrival of toads at and enitm{o hibernation sites is more
strongly correlated with temperature or date. Quadis unique because it is the

first detailed investigation to examine these goestfor any amphibian.

5.2 Methods

Study Area

Our research took place at three study areas indtth-central region of
Alberta, Canada. The “park” area was located inl&lknd National Park (53.675
N, -112.792 W) in an isolated patch of dry mixededdoreal forest in the Aspen
Parkland natural region (Alberta Government, 2006)s area was relatively
pristine and mostly comprised of upland forest@unding shallow lakes and
marsh habitat. Western toads bred in these lakeests consisted primarily of
aspen Populus tremuloides), balsam poplarRopulus balsamifera), and white
spruce Picea glauca), with a hazelnut understorZdrylus cornuta).

The “pasture” area was located adjacent to Ednl$INational Park
(53.704 N, -112.931 W) and consisted of dry mixezbd/boreal forest that had
been converted to agriculture. This area suppaatite grazing, cultivation of
crops and hay (e.g., wheat, barley, oats, caniolathy, alfalfa), and rural
housing. It also contained relatively undisturbembdlots and peatland. Western
toads bred in naturalized man-made ponds that erggmally created during
sand extraction; the surrounding land was useddtilte grazing. Common tree

species were trembling aspen, balsam poplar, spitéece, black spruc®icea
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mariana), paper birchBetula papyrifera), tamarackl(arix laricina), and jack
pine Pinus banksiana).

The “boreal” area was located north of Lac La Bi¢55.052 N, -111.704
W) in the central mixed-wood subregion of the Bbfeaest natural region
(Alberta Government, 2005). This region was modgyadltered by the forestry
and oil/gas industries, and mostly comprised ofislswamps, peatland, upland
boreal mixed-wood forest, and forestry cut blodkestern toads bred in a small
shallow pond that formed next to a gravel roadiaredmajor utility corridor. A
small permanent stream fed this pond. Common tradiésspecies were trembling
aspen, balsam poplar, white spruce, black sprugeerirch, tamarack, jack

pine, willow (Salix spp.), and dwarf birchB. nana).

Radio-telemetry

We captured toads during the active season (M&ctober) in 2004,
2005, and 2006 either while they were breedingbatlp or opportunistically
while tracking other individuals. We measured asxbrded the snout-urostyle
length (SUL to nearest mm), weight (to nearesagyl sex of each toad at the
time of capture. Toads captured between May andugtugere toe-clipped for
future identification of recaptured toads that kesd their transmitters.

We radio-tracked adult toads for 1 wk to 5 monthisrggo hibernation to
enable location of their hibernation sites. Wedakd the methods described by
Bartelt and Peterson (2000) for attaching radiagnaitters. Holohil BD-2, BD-

2T, and PD-2 transmitters (Holohil Systems Ltd.rgC®ntario, Canada),
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weighing 1.0-2.3 g (minimum battery life 28 d ton®nths), were attached using
a waist belt made of soft surgical grade polyethglaubing (outside diameter =
0.965 mm; VWR International, CA-63018-667) andrgdssize flyline eyelet
(size 9; the Fishin’ Hole, Edmonton, Alberta, Camad\ll transmitters/belts were
less than 10% of body weight, and most were lems 8. We located toads 2-4
times/wk.

Over 3 years, we radio-tracked a total of 116 wedtgads and were able
to follow 49 to hibernation sites (Table 5-1). Teadoved up to 2239 m (straight-
line distance) from their initial capture point. \Mespected a toad was in its
hibernation site if it remained underground in slaene site for over 1 week (in
September or October), or if it was found undergobwith other toads
(communal hibernacula). Toads were often activitheéir hibernation sites and
would move up to 7 m through tunnels undergrounaeifdisturbed the ground by
digging. However, it was rare (only four toadsptuserve a toad above ground
again after it had entered its eventual hibernatiten We continued to track
individuals until we were confident that all toadere in their hibernation sites.
We concluded that all individuals were in theirdribation sites by 14 October in
2004; a heavy snow fell on 15 October 2004 thaeththrough the winter. In
2005, all toads were in hibernation sites by 3 ©et@nd the ground was
beginning to freeze by this time. In 2006, all tvacktre in hibernation sites by 10

October.
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Timing of Hibernation

We examined the date of arrival at the hibernaticmity and date of
entry into the hibernation site in relation to stadlea, year, sex, and size of toads.
We considered the date of arrival to be when a veasllocated within 25 m of its
eventual hibernation site and remained within 2&ntry date was when a toad
entered its eventual hibernation site and remdistolw ground. Because exact
arrival/entry dates would have fallen between wiverfirst observed a toad in the
vicinity/below ground and the previous tracking emater, we estimated all
arrival/entry dates as the mid-point between the dénen the toad was found in
the vicinity of, or within, its hibernaculum ancetiate of the previous sighting.

We tested all data for normality using Kolmogorawifhov one-sample
tests for normality. We then used general lineades(GLM) to test whether
dependent variables (date of arrival, date of emlistance between mid-
September location and hibernation site, and s$ttaggs of movements) differed
among study areas and years, if so, we ran anagpesately by area or year,
respectively, for that dependent variable.

We used GLMs to determine if there were any diffess in arrival or
entry dates for toads of different sex or SUL. Skensfze was slightly smaller for
the arrival data than entry data (Table 5-1) bez@asne of the toads were caught
< 25 m from their hibernation site so arrival dais not known. SUL was not
recorded for one male toad from the park areahisdridividual was dropped

from analyses involving SUL.
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To determine if larger toads made longer, straigm@vements late in the
season in traveling from foraging grounds to hibéon sites, we compared SUL
to the straight-line distance between a toad’stionan mid-September
(September 15, or the closest date to Septembemtbits hibernation site
(assuming that large distances were associatedeodtls that remained at
foraging grounds and small distances were assdorath toads already moving
towards hibernacula). Mid-September was chosenusedhis date captured a
range of behaviors; 32% of toads had arrived irvibiaity of their hibernacula,
but many were moving or still at foraging ground#e also compared SUL to the
straightness of movements to hibernation sitesith®eptember (assuming that
straighter paths indicate directed movements tavknlocations). We quantified
straightness of movements using a straightnesx if®teaightness = D/L; D =
beeline distance, L = sum of move lengths), wheralae of 1 indicates a
completely straight line and values close to 0 hagay turns (Benhamou, 2004).
In both cases we examined relationships with GLMs.

We obtained data on temperature from Environmeng@a from the Elk
Island National Park (2004 and 2006) and Lac L&1&i005) weather stations
(Environment Canada, 2082 Mean minimum temperature was calculated for
each week using daily minimum temperature values.udéd a generalized linear
model to examine the relationship between cumwdativmber of toads having
arrived at/entered into hibernation sites and wadake year (a surrogate for day
length) and mean minimum temperature for each wakkused the Akaike

information criterion (AIC) to determine whetheetbumulative number of toads
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arrived/entered was best predicted by date or mimrtemperature. Correlations
between week of the year and temperature were eeanuising Pearson
correlations.

All statistical analyses were computed using SP&Sion 16 (SPSS Inc.,

1989-2007).

5.3 Reaults

The dependent variables (date of arrival, datentof/edistance between
mid-September location and hibernation site, araigiitness of movements) did
not differ significantly from a normal distributigiiKolmogorov-Smirnov: Z =
1.037,n=41,P =0.233; Z=0.751,n =49, P62Y; 2 =1.210,n =41, P =
0.107; Z=1.163, n =41, P = 0.134, respectively).

Mean date of arrival at the hibernation site dit differ significantly
among study areas or years {f= 1.902, P = 0.146; Table 5-2). However, the
timing of entry was significantly different amoniydy area-years gz9 = 9.050,

P < 0.001; Table 5-2). Toads entered hibernatias siignificantly earlier at the
boreal area in 2005 than at the park and pastessan 2004, and pasture area in
2006 (Tukey post hoc test: P < 0.05). We found ifference among area-years
for distance between mid-September location andrhadion site (k41 = 1.752, P
= 0.173) and straightness of movements{E 1.811, P = 0.162).

Males arrived in the vicinity of their hibernacwdarlier than females
(mean Julian day = 256 +/- 3.12 SE, range = 239-27#616 vs. mean Julian day

= 267 +/- 2.48 SE, range = 240-283, n = 25). Howegwads are sexually
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dimorphic with respect to body size (females lathan males) and a GLM
indicated that arrival date was significantly rethto SUL and not sex when both
were considered simultaneously gr= 11.7, P < 0.001, SUL: P = 0.001, Sex: P
= 0.138; Figure 5-1). Sex and SUL did not influeeotry dates in 2004 §k; =
1.346, P = 0.313), 20054F = 0.681, P = 0.519), or 2006,(F = 0.136, P =
0.874).

For all areas combined, large toads were locaggdfgiantly farther from
their hibernation sites in mid-Septembey {F= 7.206, P = 0.011; Figure 5-2) and
moved along straighter paths to reach their hikemaites (F4; = 10.414, P =
0.003; Figure 5-3).

Minimum and maximum temperatures were comparek antval and
entry dates for each year (Figure 5-4). Averageptatures in September were
lowest in 2004 and highest in 2006 (Table 5-32004, week of the year was a
better predictor than temperature for both arrarad entry date at the two Aspen
Parkland areas (Table 5-4). Temperature and wethleofear were correlated in
2004 at the Aspen Parkland areas (r = -0.771)ldsstso than in other years. In
2005 at the boreal area, temperature was sligetlgibthan week of the year at
predicting arrival date (Table 5-4), but the twoiahles were highly correlated (r
=-0.991). The best model for entry date at thealoarea in 2005 was the model
that included both temperature and week of the (/Eatle 5-4). In 2006 at the
pasture area, temperature and week of the yearhighly correlated with each
other (r = -0.966) and both produced significantgls for arrival and entry dates

with similar AIC scores (Table 5-4).
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5.4 Discussion

Toads arrived in their hibernation vicinity gradydrom 27 August to 10
October and arrival dates did not differ among su@ayears. This date range was
very similar to that reported by Campbell (1970)@stern toads in Colorado;
Campbell reported that toads began moving to thibernation sites in the last
week of August and first two weeks of Septembed, lanOctober most had
entered hibernacula. In Oregon, western toadseat@ overwintering sites
between 16 September and 10 November in 2002-Z81§ 2006).

Entry into hibernation sites was significantly &arin 2005 at the boreal
area (beginning 31 August) than in the Aspen Padkkreas in either 2004 or
2006 (beginning 26 and 15 September, respectiviédslier hibernation at the
boreal area was expected because this locatiantigef north than the other two
areas and tends to be colder in September (Envenh@anada, 20@2. Average
temperatures in September were actually lower 0¥24 the Aspen Parkland
areas than 2005 in the boreal, but a warm peredpératures above 20 degrees
C) occurred during the last week of September 2a®¥;h likely delayed
hibernation. Although temperature appears to berthi@ factor controlling the
timing of entry into hibernation sites, we cannderout a role for photoperiod in
triggering hibernation.

If photoperiod plays a large role in timing of neowents to hibernacula,
this could potentially be a future conservationaan if global climate change

continues; if fall temperatures change significarthen toads may arrive at their
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hibernation sites too early (missing out on forggmpportunities) or too late (risk
of freezing). Extra foraging time may be especiatiportant in mild years, since
energy reserves are depleted more rapidly durihdemivinters, which can cause
higher rates of overwinter mortality (Reading, 2D0Ne attempted to determine
whether arrival and entry dates at hibernacula weyee tightly related to
temperature or week of the year; however, thesevariables were highly
correlated and we could not determine which wasrttester factor”.

Male toads arrived at their hibernation vicinigrlger than female toads;
however, when SUL was taken into consideratioreddme clear that this pattern
was an artifact of females being larger on avethge males. Smaller toads
arrived in their hibernation vicinity earlier théarge toads, regardless of sex. This
pattern is the reverse of that observed by Breattgarand Tester (1961) for
Canadian toads in Minnesota, they reported thgeladults tend to hibernate
earlier, and adult toads enter hibernacula edahem young of the year.
Breckenridge and Tester (1961) do not offer anangion for their observation.
However, as noted earlier, Kelleher and Tester g1 8&ported that adult
Canadian toads from this same area accurately htortedir hibernation sites
more frequently than juveniles, so perhaps it tdéeger for young toads to select
a hibernation site than more experienced indivsiualternatively, additional
foraging time may be more critical for small toailsce their reserves are smaller,
which could also result in smaller toads enteriitgginacula later than large

toads.
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Western toads at our Aspen Parkland areas haveftveed to live up to 8
years, and large toads tend to be older (Gar@d52 We suspect that at our
study areas, larger western toads are older ingigcthat are familiar with their
landscape and locations of suitable hibernaculalztdthese individuals choose
to move to their hibernation vicinity later in teeason so they can maximize their
fithess by remaining at good foraging grounds tesilathe year as possible. It is
not known when in the year western toads stop fegtdi prepare for winter;
however, Lillywhite et al. (1973) found that you@glifornia toadsA. b.
hal ophilus) were still feeding in early September becausmatd contents of 50
individuals contained partially digested invertébraaterial. California toads in
lab experiments stop feeding when held at low teatpees (14 degrees C) for
prolonged periods (Lillywhite et al., 1973). Preasstt Pough (1989) reported
body temperatures between 16.4-29 degrees C foeatierican toadsA.
americanus) in New York State. Maximum daily temperatures eveften above
16 degrees C in September at our study area (Fgdjeso toads were likely still
able to forage, at least during the warmer peraddbe month. We found that
larger toads were significantly farther from theiipernation sites in mid-
September and larger toads moved along straighaths ppo their hibernation sites,
which supports our initial predictions based onligai@ve observations. In
addition to knowledge of their landscape, largad®may be able to remain at
foraging grounds later in the season becauseltrgir bodies lose heat more
slowly and protect them if they are caught awawyrfitbeir hibernacula during a

cold snap.
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Conclusions

Efficient timing of movements to hibernation siteay be critical for
toads to maximize time spent on good foraging gusurut also ensure arrival at
hibernation locations before temperatures becomeatd for movement. Arrival
date in the hibernation vicinity was similar amatgdy areas, separated by up to
170 km, but smaller toads arrived earlier. Entriedato hibernation sites was
similar for toads of all sizes, but was signifidgrgarlier at our most northern
area and was significantly related to temperatacéa the highly correlated
variable: week of the year. Our data show thatda(tkely older) toads move to
hibernation sites later in the year and move akirgjghter paths to reach these

sites, suggesting that these individuals know tlasidscape.
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Table 5-1. The number of toads radio-tracked temehe date of arrival at the
hibernation vicinity, hibernation entry date, ahd humber of individuals tracked
from mid-September to hibernation.

Male Female Male Female Male Female

Year/study area arrival arrival  entry entry mid-Sept mid-Sept

2004 pasture 0 2 0 2 0 2
2004 park 2 2 5 5 2 2
2005 boreal 8 10 9 11 9 9
2006 pasture 6 11 6 11 6 11
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Table 5-2. Julian dates of the arrival of toadarat their entry into hibernation
sites.

Arrival Entry

n Mean SE Range n Mean SE Range

Pasture 2004 2 280 3.00 277-283 2 284 650 277-290
Park 2004 4 254 8.68 244-280 10 278 254 260-289
Boreal 2005 18 261 2.35 239-276 20 265 1.83 243-276
Pasture 2006 17 264 3.62 241-283 17 274 157 288-28
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Table 5-3. Average mean, minimum, and maximum deityperatures for
September at Aspen Parkland areas in 2004 and&@Dboreal area in 2005.

Temperature (degrees C)

vear Mean (SE) Minimum (SE) Maximum (SE)
2004 9.0 (0.68) 3.0 (0.60) 14.9 (0.94)
2005 9.5 (0.51) 3.8 (0.55) 15.3 (0.71)
2006 11.7 (0.93) 5.0 (0.54) 18.2 (1.49)
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Table 5-4. Results of Generalized Linear Modelsw@rang the influence of mean
minimum temperature and week of the year on theutatiae number of toads A)
arriving at hibernation sites, and B) entering hila¢ion sites.

A) Arrival

Year Independent AIC Wald chi- P-value
variables square

2004  Temperature 27.622 2.336 0.126
Week 19.593 22.400 <0.001
Temperature and 19.025 3.102 0.078
Week 24.812 <0.001

2005  Temperature 29.585 80.928 <0.001
Week 31.656 55.560 <0.001
Temperature and 31.366 2.789 0.095
Week 0.224 0.636

2006  Temperature 33.687 46.460 <0.001
Week 33.778 45.771 <0.001
Temperature and 34.875 0.964 0.326
Week 0.862 0.353

B) Entry

Year Independent AIC Wald chi- P-value
variables square

2004  Temperature 43.544 4.430 0.035
Week 32.682 46.950 <0.001
Temperature and 33.329 1.492 0.222
Week 33.084 <0.001

2005  Temperature 29.991 75.713 <0.001
Week 34.042 35.601 <0.001
Temperature and 25.226 30.392 <0.001
Week 12.528 <0.001

2006  Temperature 40.040 28.298 <0.001
Week 41.036 23.617 <0.001
Temperature and 41.942 1.185 0.276
Week 0.099 0.752
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Figure 5-1. Large western toads arrived at theniticiof hibernation sites
significantly later than small toads. A linear reggion trendline was fitted
through the data using SPSS (SPSS Inc. 1989-2007).
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Figure 5-3. Large toads moving to hibernation ditesh their locations in mid-
September followed straighter paths than did stoalls. A linear regression
trendline was fitted through the data using SPFS&Inc. 1989-2007).
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Figure 5-4. Minimum and
maximum daily temperatures
(degrees C) from August to
October. Solid circles indicate
minimum daily temperatures and
hollow circles are maximum daily
temperatures. Solid vertical lines
indicate earliest, mean, and latest
arrival dates. Dashed lines
indicate earliest, mean, and latest
entry dates (note: latest arrival
and entry dates overlap in 2005
and 2006). Toads were tracked
until day 297 in park and pasture
areas in 2004 (A), 276 in boreal
area in 2005 (B), and 285 in
pasture area in 2006 (C).
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Chapter 6. General Conclusions

Habitat alteration has been identified as a maotdr responsible for the
global declines of amphibian populations (Stuaglgt2004). Amphibians may
be more susceptible to habitat alteration thanrotegebrates because they
require both aquatic and terrestrial habitat to glete their life cycle (Trenham &
Shaffer, 2005). The western toahéxyrus boreas) is one of many amphibian
species at risk of extinction (status = Specialcon in Canada; COSEWIC,
2009). Habitat use by western toads had not prelydieen investigated in
Alberta, Canada. Determining the habitat requirdseha species is
fundamental to effective conservation (Luck, 2002).

My doctoral research focused on the general questihat habitat types
are selected by western toads in north-centralrfdBelo gain a better
understanding of underlying habitat selection bgtem toads, | examined this
guestion across several different spatial and teahgcales, employing different
analytical techniques, and looked for mechanisrasdbuld explain the patterns
that | observed. My observations of the influentspatial and temporal scales,
and different analytical techniques are likely aggidle to many amphibian
species.

In Chapter 2, | investigated the relationship betmvanuran relative
abundance at wetlands and environmental variabéssuned both at wetland
sites and in the surrounding landscape. In Chaptarg 4, | reported results
from radio-tracking toads and used Resource Seleé&tiinctions (RSF) to

determine habitat types selected by animals duhegctive period and for
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hibernation, respectively. Although | examined lanoder types associated with
western toad use in all three of these chapteligl, mot necessarily expect to find
the same result among chapters. Relative abundtadChapter 2) likely
reflects the health of a population and the ovdrallitat quality of the landscape
for the population. However, correlations betweaative abundance and
landscape patterns do not necessarily mean thatdodls use the land-cover
types that are highly correlated with abundancelidrxacking reveals which
land-cover types are actually used by individuBRISF models can be created
using radio-telemetry data and random points catéérom a defined area of
available habitat to determine which habitat typesselected. | assume that
habitat types selected are high-quality habitatrfmting survival and growth)
because preferences for environments should plattadie quality (i.e., organisms
should respond positively to environments in witlodir fitness is good; Orians
& Wittenberger, 1991). For example, toads seletdedvarm, open habitat types
that would facilitate growth during the active seaand selected for spruce
stands for hibernation, which likely provide gobértmal insulation that would
facilitate survival through the winter. However, @ayalyses do not measure
fitness associated with each habitat type, so hatdistinguish high-quality
habitat from habitat types that are attractive sifilabitat types preferred by
individuals that result in low survival or reprodive success; Delibes, Gaona &
Ferraras, 2001). However, by comparing the resuitsng my analyses | was
able to compare patterns and determine what fesatuestern toads consistently

select. For example, western toads were positas$pciated with deciduous
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forest during the active season in the central diiweod subregion of the Boreal
Forest. Relative abundance of western toads wasvebg associated with
deciduous forest cover at the Utikuma study ardefer 2) and RSF models
showed that female toads selected deciduous fduestg the breeding and
foraging period at my boreal study area north af La Biche (Chapter 3). Wet
shrub habitat was selected by radio-tracked taa@$ iof 34 RSF models during
the active season (Chapter 3) and was also ushibesnating toads at the boreal
area (Chapter 4). At my pasture study area in $geA Parkland, toads selected
for crop/hay fields but avoided pasture for aletitemporal periods during the
active season (Chapter 3). My thesis research adgayur current knowledge of

the habitat use patterns of western toads.

The Influence of Scale

Research investigating relationships between aetaatures and the
abundance and distribution of species has beerja foaus in ecology (Orians
& Wittenberger, 1991; Rosenzweig, 1991; Luck, 206&bitat selection research
is extremely complicated because perceived seleofien changes with scales of
spatial extent (Turner, 1989; Wiens, 1989), grairesolution of the analysis
(Hobbs, 2003; Lawler et al., 2004), habitat compasi(Johnson, 1980; Mysterud
& Ims, 1998), season (Schooley, 1994; Arthur etl#196), sex (Muths, 2003;
Bartelt, Peterson & Klaver, 2004), or age clasarfts, 1983; Imansyah et al.,
2008). The possible scales across which ecologystéms may be investigated

form a continuum (Morris, 1987; Wiens, Rotenberry/&n Horn, 1987). Because
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changes in scale can influence the patterns rettiesonclusions about habitat
selection may only be valid at the scale at whigytare examined (Mayor et al.,
2009). Interpreting differences in an organism’bited selection among studies is
complex because many components (e.g., spatia, shalation, methodology,
sample sizes, or analytical procedures) can infle¢he results (Wiens,
Rotenberry & Van Horn, 1987). | examined the inflae of spatial scale in
Chapters 2 and 3.

In Chapter 2, | examined the relationship betwéernrélative abundance
of the western toad (and two sympatric anuran sgg¢end environmental
variables at 24 wetlands north of Utikuma Lake, édng 23 pond variables and
15 landscape variables at seven scales of spataitg50, 100, 200, 500, 1000,
2000, and 5000 m). For the most part, the wood fcapobates sylvaticus) and
boreal chorus frogRseudacris maculata) responded most strongly to a particular
scale of spatial extent and then each subsequaletlacger or smaller than the
focal scale showed a weaker relationship. Westexd, ton the other hand,
showed strong relationships to variables measurbdth very small (50 and 100
m) and very large (5000 m) spatial extents. Thisdalal pattern observed with
western toads may reflect the fact that westerdsmaove between patches of
essential habitat for breeding, foraging, and magon in their annual cycle,
rather than using terrestrial habitat surroundirglireeding pond equitably.
Rittenhouse and Semlitsch (2007) examined theiloigion of amphibians during
the non-breeding season using kernel density estimand found that kernel

estimates for western toad did not peak near theding site; a pattern that also
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suggests that western toads travel to specifiauress that are not evenly
distributed on the landscape and not necessadatéd near the breeding site.

| found that the abundance of each species waslbsstibed by different
scales of spatial extent (Chapter 2). The wood fesgponded most strongly
overall to local pond variables, but at the langsclevel, responded most
strongly to variables measured at the 500 m s@ale boreal chorus frog
responded strongest to landscape variables meaauiteel 1000 m scale, and
western toads at the 100 m scale. Wood frogs tendd terrestrial habitat within
500 m of their breeding site (e.g., Rittenhouseednfitsch, 2007 reported
maximum movements of 394 m). Only one publishedystias examined boreal
chorus frog movements; Spencer (1964) found thagabahorus frogs moved up
to 750 m from breeding ponds. My results suggestttie spatial scales identified
by models of anuran abundance that are most explgnaay be related to the
extent of habitat surrounding breeding ponds usethg the annual cycle of a
particular species.

In Chapter 3, | compared differences in habitad&en among three
study designs that varied in spatial extent andluésn, three study areas, three
temporal periods within the active period for tqaaisd between males and
females by creating separate RSF models for edeary. Differences in
selection were observed among study designs, stedg, time periods, and
sexes, indicating that habitat selection for westeads is dependent on the
spatial and temporal scale, composition of vegatadind other landscape

features, and also differs between males and femBlevious research has
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suggested that patterns of habitat selection are fik@ly to change among
spatial scales in heterogeneous landscapes (egtane landscapes) where
organisms perceive differences among patches caupahomogeneous
landscapes (e.g., tundra landscape) (Kotliar & \&/ié®990; Boyce, 2006). |
would consider my landscapes to be heterogeneaustume, since more than one
land-cover type on the fine-grained map would ofieaur within one pixel of the
coarse-grained map (e.g., patches of both wet sdirdbmoss habitat on the fine-
grained map were often contained within pixels osmhabitat on the coarse-
grained map), which may explain why | observededéht patterns of habitat
selection among spatial scales.

| used five-fold cross-validation to determine gredictive performance
of each RSF model in Chapter 3. Although pattefrisabitat selection differed,
the predictive ability of the model did not diffeignificantly among study designs
(fine-grained population range, FGPR; fine-graibeffered-home-range, FGHR,;
and coarse-grained buffered-home-range, CGHR)nmpdeal periods (breeding,
foraging, and pre-hibernation) indicating that eatthese spatial and temporal
scales provided information on habitat selectiomiegtern toads at the scale
examined. Predictive ability differed among studges and sexes. Models for
habitat in Elk Island National Park had poor pradecability compared to those
for the pasture area in the Aspen Parkland anddheal study area. The park
models had low sample sizes, so the differencéylilelects a weakness in my
study rather than regional differences. The diffegein the predictive ability of

the model between females and males cannot beiegglas easily; sample sizes
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were similar between females and males. Femaleshans/ shown stronger,
more consistent patterns of habitat selection tmxémale toads often travel
farther to reach specific foraging grounds (Mu2@03; Bartelt, Peterson &
Klaver, 2004; Bull, 2006, Goates, Hatch & Egge®0?2, and C. Browne, unpubl.
data), they move to foraging grounds sooner thade toads (C. Browne, unpubl.
data), and stay at foraging grounds later in treg y€hapter 5).

Although predictive ability did not differ signifeatly among study
designs, the FGHR had the greatest predictivetpbifid the CGHR had the least.
This suggests that toads recognize several difféaitat types within 25 f
areas (the pixel size of the coarse-grained mapti#er factor that may have
contributed to the lower predictive ability of te&HR design is that different
land-cover types recognized on the fine-grained wa@ often amalgamated into
one land-cover type on the coarse-grained map (a@agsh, meadow, disturbed
grass, mowed lawn, crop/hay, and pasture fromitieegrained map were
combined into herbaceous cover). Toads tendeddotder some of these habitat
types (e.g., crop/hay) and avoid others (e.g. up@jstwhich could explain why
the land-cover herbaceous cover showed inconsigggterns of selection and
avoidance by western toads among models using @t¢RC

| recommend that land-managers or researchersngisbiidentify high-
quality habitat for amphibians be cautious aboutgipublicly available land-
cover maps since these may not provide sufficieslution. | agree with other
researchers that studies examining habitat setestiould be conducted at

several spatial scales, preferably structuredrasted hierarchy (Allen & Starr,
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1982; Maurer, 1985; Wiens, Rotenberry & Van Ho®87). It is believed that
habitat selection is constrained by the level alanet clarified by the level below,
so examining the level above and below the spstile of interest may reveal
mechanisms that explain or constrain the pattefrhaluitat selection observed

(Allen & Starr, 1982).

Habitat Use and Conservation

Adult western toads congregate at breeding pantis/ttheir eggs from
April to June in Alberta, but spend the majoritytioéir life in terrestrial habitat
(Russell & Bauer, 2000; personal observation). Anyresence/absence surveys
typically focus on wetlands because breeding veatiins and high densities of
individuals make detection easier (e.g., Crump &t6d994; Shirose et al.,
1997). Toads are very cryptic during their foragoegiod and move underground
for hibernation, which makes detection very difftaar impossible. Alberta
Sustainable Resources Development recommends ketlistéances of 50 m and
100 m from breeding pond edges for low and mediigtubance activities,
respectively, during the breeding period (May 15unre 15) and during
metamorph dispersal (July 15 — August 15), andrB@@ar-round for high
disturbance activities (Boreal/Foothills Sensitsgecies Guidelines, unpubl.).
They also recommend setback distance of 50 m adanlfdom hibernation sites
for medium and high disturbance activities, respett, from September-April,
and 50 m year-round for high disturbances (Borealiffills Sensitive Species

Guidelines, unpubl.). However, hibernation sitesragarly impossible to locate in
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the field, so they likely receive no protectionrfrahis guideline. My research
indicates that most toads hibernate more than 3@@mtheir breeding ponds
(Chapter 4), so an alternative method for protgotwestern toad hibernation sites
in Alberta is clearly needed. | suggest locatirgdtpopulations using visual and
call surveys around wetlands during the breedimgg@ethen protecting patches
of habitat surrounding breeding ponds based onaytdt selection results
(Chapter 4).

My research strongly suggests that hibernati@s site limited for
western toads in Alberta: RSF analyses showedfgignt selection for certain
land-cover types (and selection differed from fangghabitat), toads moved long
distances to reach hibernation sites (range = 86 in), and communal
hibernation was common (Chapter 4). Toads usedieswn peat hummocks, red-
squirrel middens, natural crevasses, decayed hawtnels, cavities under spruce
trees, abandoned beaver lodges, and muskrat tulondlbernation. These
micro-sites occurred in deciduous forest, conifeest, mixed-wood forest, dry
shrubland, wet shrubland, marsh, dry meadow, anueoiuforest. Habitat
selection depended on the array of habitat compgeraailable to the animal and
differed among study areas. Overall, toads showedg selection for conifer
stands for hibernation. Toads moved farther tolrdsigernation sites at the
boreal area (mean = 1086 m +/- 128 SE) compar#tktpasture area (mean =
373 m +/- 39 SE). Differences in movement distaweexe likely the result of
differences in landscape configuration (the arramg@ of habitat patches on the

landscape); however, it is not clear whether toadsged farther in the boreal area
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because hibernation sites were limited close tdteeding pond or because the
boreal landscape facilitated movement by toads, (eigher levels of soil
moisture, more small water bodies).

The importance of ponds for reproduction, and behiation sites for
surviving the harsh Canadian winters is clear forgtging habitat for western
toads has received less attention. Habitat useéldeowestern toad during the
foraging period is not currently protected in Altaerso my first goal in Chapter 3
was to determine if toads selected certain lanaictypes during the foraging
season or if they simply used habitat in proportoits availability in an area that
encompassed breeding ponds and hibernation silesf. Ay RSF models
describing toad occurrence during the foraging@eabtowed selection for
certain land-cover types (Chapter 3). Toads saldcteopen habitat types (e.g.,
wet shrub, disturbed grass, crop/hay) that likebvmled warm temperatures (in
the summer) and abundant prey that would facilgatevth. Female toads
showed a stronger selection for open habitat coaap@ males (Chapter 3).
Females may require greater caloric intake in ora@roduce a clutch of eggs
(Muths, 2003), males may be restricted in theilitglio use open habitat because
their smaller size may make them more suscepitibtiesiccation (Bartelt,
Peterson & Klaver, 2004), or males and females sedgct different habitat types
to reduce conspecific competition (Johnson, Kn&u@emlitsch, 2007).

Results from Chapter 5 also indicate that foragiraunds are important
for western toads. | found that larger toads moveibernation sites later in the

year and move along straighter paths to reach sitggothesize that larger toads
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are remaining at their foraging grounds as latdéyear as possible in order to
maximize their growth, and are able to stay in¢hm®as longer than are small
toads because they are older individuals thataargliir with their landscape and
locations of suitable hibernacula. In addition tmwledge of their landscape,
larger toads may be able to remain at foragingmpiediater in the season because
their larger bodies lose heat more slowly and wdwiffer them if they were
caught away from their hibernacula during a colasn

Toads selected for warm, open habitat with abunhplisy that would
facilitate growth during the breeding season amdiplbernation season; however,
habitat selection differed slightly from that digpéd in the foraging season
(Chapter 3). During the breeding season, toadsglyselected for locations that
were close to breeding ponds and they used wateemergent vegetation while
they congregated at ponds for breeding, but net latthe year (Chapter 3).
During the pre-hibernation season selection obgetabitat types became less
significant (e.g., deciduous forest, wet shrub, snasd disturbed grass all had
larger P-values during the pre-hibernation seasampared to the foraging season
for boreal females using the FGHR design) as gelecf locations close to
hibernation sites became the driving factor (Chap}e

At my Utikuma study area, | found that westerrdtoalative abundance
was positively associated with deciduous foresec@nd negatively associated
with low shrub cover on PC1 in an ordination | cocieédd at the 100 m scale
(Chapter 2). At the 5000 m scale, western toad @duce was positively

associated with moss, mesic herbaceous, and talh eim PC1, and deciduous
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forest on PC2, and negatively associated with wddaburned areas, and pine
stands on PC1, and coniferous forest and low stoubr on PC2 (Chapter 2).
Patterns were consistent between Chapters 2 amds@veral land-cover types;
for example, toads were generally associated \alttsthrub, moss, and mesic
herbaceous cover (i.e., dry meadow, disturbed ggaass-dominated clear-cut).
The selection or avoidance of deciduous forestifeoforest, and
wetlands changed seasonally and differed among stgds in Chapters 3 and 4.
Western toads selected conifer forest for hibeondtiabitat in the pasture study
area, used it proportionally to its availabilitythre boreal area, and did not use
conifer forest in the park area (Chapter 4). R®FsHe breeding period often
show selection of wetland habitat types (e.g., mamergent vegetation, water)
for the park and pasture study areas, but nohbbreal area (Chapter 3).
Deciduous forest was selected over coniferous fah@sng the active season for
several models in the boreal study area, but onlyrb-hibernation pasture males
in the Aspen Parkland (Chapter 3). In Chapter Zteva toad relative abundance
was positively associated with deciduous forestraemhtively associated with
conifer forest and wetlands. The results from Céaptare similar to those |
found at the boreal study area from radio-trackedl$, which suggests that
habitat selection differs between the central miwedd Boreal Forest and Aspen
Parkland regions. Deciduous forest may be selemtedconiferous forest during
the active period because deciduous forests have mmalerstory vegetation and
support greater invertebrate densities (Willson@@t, 1996; Ferguson &

Berube, 2004), which provide, respectively, covat #ood for toads. Conifer
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forest is important for hibernation (Chapter 4) avetlands are important for
breeding, but these habitat types were not pogitagsociated with toad
abundance/occurrence in the Boreal Forest (Chapi&sand 4), so they must
not be limiting. Comparing the results from Chaeo those of Chapters 3 and
4, the relative abundance of western toads at4hee?lands in the Utikuma area
appears to reflect abundant foraging habitat, whiggests that high-quality
foraging habitat is important for western toadhia Utikuma region.
Alternatively, differences in habitat use patteasseported in Chapter 2, and
Chapters 3 and 4 may reflect differences in habgatbetween adult and juvenile
toads because toads of all age classes were inkcindee relative abundance
counts in the Utikuma area, but only adult toadddabe radio-tracked.

Habitat use of the western toad changes year-rtmnteet the needs of
reproduction, foraging, and hibernation. Specibitat types were selected for
during each of these periods, which show that toggtsiguish among habitat
patches and do not use terrestrial habitat in pettdnat reflect simple
availability. | recommend that land-managers wigtim protect habitat for the
western toad in Alberta protect a mixture of land«er types that provide habitat
for the breeding season (e.g., ponds, emergentatege marsh), foraging season
(e.g., grasslands, shrub), and hibernation (eogifer forest).

For an example of specific recommendations forsthdy areas at which |
radio-tracked toads, | would suggest that land marsavoid adding habitat
types that provide no overhead cover (railroadvgreoad, paved road, and

exposed land) and restore these areas to otha@ahiipies, if possible. Pasture
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habitat was avoided by toads and covered a laggesarrrounding the breeding
ponds at my pasture study area in the Aspen Patkl&ygetation was sparse in
pasture habitat and likely did not provide enougérbead cover for toads and/or
their prey. Vegetation was sparse in the pastubédtébecause the soil was sandy
and cattle were allowed to graze during the suneaeh year. To improve the
habitat quality of this pasture for toads, | wotddommend that cattle grazing be
reduced (e.g., not permitted until September wbads are beginning to move to

hibernation sites).

Future Research

My research provides new information on habitaesy/pelected during the
active season and for hibernation by western toaderth-central Alberta.
However, habitat selection differed among my staas, so the applicability of
my models for predicting western toad habitat ugside of my study areas is
likely limited. Development of a model that canus®d to predict high-quality
habitat for western toads beyond the study areasich it was created would be
a very useful tool for land-managers; thereforefemesearch at additional study
areas to test and refine my models would be a Lieatieavor for future research.
Inclusion of a function in these models that actsdior the relative abundance of
each land-cover type on the landscape, and thas gigiditional weight to
essential habitat types that may be limited, mawbethy of exploration.
Determining individual fitness (survival, growtmdireproductive success of the

individual) associated with use of different larmirer types would be useful for
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determining high-quality habitat for western toafléhough it is often assumed
that individuals will select habitat types that nmaize their fitness, there is a
wide range of ecological processes that may preweitiduals from always
using the highest-quality habitat (McLoughlin et @D06). For example, toads
may select crop/hay habitat because it providesmtamperatures and abundant
prey, but are insensitive to the mortality riskttbecurs during crop/hay harvest.
Determining individual fitness associated with ei#nt habitat types will
facilitate understanding the patterns of habitatarsd will help managers protect

the correct habitat types to maintain healthy westead populations.
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Appendices

Appendix A. Mean (SE) of local and landscape (messat the 500 m scale)

environmental variables and dependent variablagéanabundance) among the
landform types glaciolacustrine (n = 7), moraine=(00), and outwash (n = 7) for
24 wetlands at the Utikuma area in Chapter 2. Unitgach variable are listed in

Table 2-1. Kruskal-Wallis tests were conducteddtednine if significant
differences existed among landform types for eacfable. Significant
differences were not found unless indicated byR ¥ 0.05), ** (P < 0.01), or

*+ (P < 0.001).

LOCAL VARIABLES Glaciolacustrine  Moraine Outwash
Turbidity 5.23 (0.55) 6.15 (0.62) 7.24 (0.30)
Chlorophyll-a 11.35 (3.52) 16.48 (3.80) 9.37 (2.79)
Conductivity* 0.20 (0.03) 0.12(0.02) 0.11 (0.02)
Dissolved oxygen 7.37 (2.06) 10.00 (1.47) 10.09 (1.45)
PH 9.01(0.16) 9.02(0.16 8.77 (0.31)
Water temperature 20.78 (0.86) 21.52 (0.43) 20.08 (0.55)
Submersed aquatic

vegetation (SAV) 2.33 (0.39) 2.50 (0.26) 2.86 (0.33)
Wetland depth 72.19 (5.97) 59.40 (9.72) 74.43 (11.7)
Secchi depth 72.19 (5.97) 58.24 (9.25) 73.49 (11.4)
g:gtchh' depth: wetland 1.00(0.00) 0.99 (0.01)  0.99 (0.01)
Total nitrogen 2272 (157) 2032 (187) 1656 (169)
(TTOEt)aS')d'SSO'V‘Ed solids 0.13(0.02) 0.09(0.01)  0.09 (0.01)
Total phosphorus 73.01 (10.7)81.72 (32.29) 58.01 (11.5)
Invertebrate

biomass/volume* 11.22 (2.67) 9.80 (1.91) 4.81 (0.83)
Predatory invertebrate

biomass/volume** 1.43 (0.18) 4.16 (0.78) 1.72 (0.53)
Aquatic plant density** 0.74 (0.09) 0.52 (0.05) 0.36 (0.05)
Woody debris 0.75(0.21) 155.7 (106]  32.10 (14.35)
Beaver structures 0.86 (0.14) 0.70 (0.15) 1.00 (0.00)
Percent vegetation cover 88.61 (2.73)94.55 (1.76) 90.14 (3.06)
Median vegetation height 150.0 (39.0) 175.5 (74.9) 157.5 (82.9)

Wetland area
Wetland perimeter

88177 (1804453083 (20084) 135086 (59563)

1282 (101) 1228 (201)

1841 (394)
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Appendix A Continued...

LANDSCAPE VARIABLES

Glaciolacustrine

Moraine Outwash

Closed conifer*
Open conifer**
Closed deciduous**
Mixed forest

Low shrub*

Tall shrub

Moss

Mesic herbaceous
Wet herbaceous
Urban (roads and well pads)
Agricultural areas
Young stands (burnt)

0.081 (0.022) 0.035 (0.007)
0.443 (0.050) 0.142 (0.017)
0.099 (0.031) 0.484 (0.035)
0.061 (0.010) 0.102 (0.009)
0.090 (0.013) 0.031 (0.005)
0.113 (0.021) 0.113 (0.013)
0.006 (0.002) 0.005 (0.001) 0.003 (0.001)
0.062 (0.012) 0.033 (0.005) 0.058 (0.018)
0.001 (0.000) 0.004 (0.002) 0.001 (<0.001)
0  0.008 (0.004) 0.011 (0.004)

0<0.001 (<0.001) 0.001 (<0.001)

0.002 (0.001) 0.003 (0.001) 0.005 (0.001)

0.062 (0.012)
0.279 (0.055)
0.256 (0.085)
0.079 (0.020)
0.077 (0.022)
0.092 (0.020)

Wetlands 0.043 (0.018) 0.040 (0.012) 0.076 (0.033)
DEPENDENT VARIABLES

Wood frog 19.43 (5.86) 34.80 (5.16) 22.71 (4.17)
Chorus frog* 2.86 (0.67) 17.20(6.34)  4.43 (1.91)
Western toad* 8.43 (2.66) 12.70(6.21)  2.14 (1.50)
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Appendix B. Descriptions of each land-cover tymerfrthe fine-grained map used

in Chapters 3 and 4.

Land-cover type

Description

Conifer
Deciduous
Mixed-wood
Dry shrub
Wet shrub
Moss

Marsh

Dry meadow

Burn

Clear-cut grass dominated

Tree cover of 6-100% crown closure with
over 80% of trees being conifer.

Tree cover of 6-100% crown closure with
over 80% of trees being deciduous.

Tree cover of 6-100% crown closure with
over 20% of both conifer and deciduous trees.
Shrub cover of 6-100% with a dry to
moderately well drained substratum.

Shrub cover of 6-100% with a poorly dedin
to flooded substratum.

Less than 6% tree/shrub cover. Ground is
predominately covered by mosses/bryophytes.
Less than 6% tree/shrub cover. Ground is
predominately covered by graminoids.
Substratum is poorly drained.

Less than 6% tree/shrub cover. Ground is
predominately covered by graminoids.
Substratum is dry to moderately well drained.
Burn/partial burn.

Clearcut/partial cut.uBdois predominately
covered by graminoids.

Cutblock tree/shrub dominated Clearcut/partial @round is predominately

Disturbed grass

Railway
Gravel surface
Paved surface
Mowed lawn

Building
Crop/hay field
Pasture
Exposed soll

Emergent vegetation
Water

covered by shrubs or young trees.
Roadsides, cutlines, pipelineltyuti
corridors, or any other human modified
landscape with the ground predominately
covered by graminoids.
Railway.
Gravel surface.
Paved surface.
Graminoid surface cover that is mowed
several times/year.
Building.
Cultivated farmland growing hay oofgs.
Cattle pasture.
Non-vegetated soil (e.g., roads thidagn-
fields)
Aquatic habitat with emergewgtetation.
Water with submersed or no vegetation.
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Appendix C. Land-cover categories in the fine-gedimap and the equivalent
categories in the coarse-grained map used in Ghapte

Fine-grained map

Coarse-grained map

Conifer

Deciduous
Mixed-wood

Dry shrub

Wet shrub

Moss

Marsh

Dry meadow

Burn

Clear-cut grass dominated
Cutblock tree/shrub dominated
Disturbed grass
Railway

Gravel surface
Paved surface
Mowed lawn
Building

Crop/hay field
Pasture

Exposed soill
Emergent vegetation
Water

Coniferous dense
Broadleaf dense
Mixed-wood dense
Shrub tall
Wetland-treed; Wetland-shrub
Wetland-herb
Herbaceous cover
Herbaceous cover
Exposed land
Exposed land; Herbacsmues; other
Exposed land; other
Herbaceous cover
Exposed land
Exposed land
Exposed land
Herbaceous cover
Exposed land
Herbaceous cover
Herbaceous cover
Exposed land
Water; Herbaceous cover; other
Water
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Appendix D. Mean distance (m) +/- 95% CI of westirad Anaxyrus boreas)
locations to nearest breeding pond and hibernaiteror to nearest water and
conifer stand were compared to random locatior@hapter 3. Western toad
locations were collected using radio-telemetryhagé study sites (Park, Pasture,
and Boreal) in north-central Alberta. Random lomagi were drawn from
throughout the study area for the fine-grained pettan-range design (FGPR)
models. Within the FGPR, one set of random locatiwas drawn for each study
area and compared to the six sets of use locatathsaried among seasons and
sex. For the fine-grained buffered-home-range ae@t@GHR) and coarse-grained
buffered-home-range design (CGHR) models, 10 randecations were drawn
from within a 300 m-radius buffer from the toadi®yious location, for each use
location. Locations used by toads (U) were comptmedndomly generated
locations that represented available choices (R}hib. = Pre-hibernation.

A. Park FGPR

500— O Distance to breeding pond
® Distance to hibernation site é

400—

300+

[T
200— +
100 +

Mean distance {m) +/- 95% CI

1 2 [T
0 T | | |
Breeding Foraging Pre-hib. Random
Female Female Female
Breeding Foraging Pre-hib.
Male Male Male
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B. Pasture FGPR

Mean distance {m) +i- 95% CI

500+

400

00—

200—

100 —

O Distance to breeding pond
® Distance to hibernation site ®

®
T | | |
Breeding Foraging Pre-hih. ‘ Random
Female Female Female
Breeding Foraging Pre-hibh.
Male Male Male
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C. Boreal FGPR

1.200— 0O Distance to breeding pond
@ Distance to hibernation site
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D. Park FGHR

Mean distance (m) +/- 95% CI

3004
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1004

O Distance to breeding @ Distance to hibernation
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E. Pasture FGHR
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F. Boreal FGHR

1 2004 O Distance to breeding pond
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G. Park CGHR

Mean distance {m) +/- 95% CI
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H. Pasture CGHR

Mean distance (m) +/- 95% CI

200- M

3004 @® Distance to conifer stand

(] Distance to water
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|. Boreal CGHR
a) Mean distance to water

2,200+
2,000 m

i, m
1,800+
1,600+
1,400

4} i
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|. Boreal CGHR
b) Mean distance to conifer stand
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Appendix E. Summary of the number of Resource 8ele&unction (RSF)
models in Chapter 3 that each land-cover varialale selected for, used but
avoided, not significantly different from the redece variable, used as the
reference variable, or not used (either becausktitecover type was not
available or it was avoided) by western toadisakyrus boreas) that were radio-
tracked at three study sites (Park, Pasture, angladBdn north-central Alberta.

A. Fine-grained population-range design (FGPR)

Selected Usepl but . th Reference Not used
Avoided significant by toads

Conifer 1 4 6 7
Deciduous 2 1 11 4
Mixed-wood 8 10
Dry shrub 1 4 13
Wet shrub 9 2 7
Moss 2 4 12
Marsh 2 1 3 1 11
Dry meadow 1 17
Burn 3 15
Clear-cut grass dominated 2 1 15
Cutblock tree/shrub

: 2 16
dominated
Disturbed grass 6 4 8
Mowed lawn 1 17
Crop/hay field 4 1 13
Pasture 1 4 13
Emergent vegetation 3 1 14
Water 2 2 14
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B. Fine-grained buffered-home-range design (FGHR)

Selecteduse.d but . th ReferenceNOt used
Avoided significant by toads

Conifer 2 2 1 6 7
Deciduous 2 1 11 4
Mixed-wood 3 2 3 10
Dry shrub 2 3 13
Wet shrub 9 2 7
Moss 3 2 1 12
Marsh 2 1 3 1 11
Dry meadow 1 17
Burn 1 1 1 15
Clear-cut grass dominated 3 15
Cutb_lock tree/shrub 1 1 16
dominated
Disturbed grass 6 2 2 8
Mowed lawn 1 1 16
Crop/hay field 5 13
Pasture 5 13
Emergent vegetation 3 1 14
Water 2 2 14

C. Coarse-grained buffered-home-range design (CGHR)

Selected Usepl but . N.Qt Reference Not used
Avoided significant by toads
Conifer 4 2 1 6 5
Deciduous 2 1 3 10 2
Mixed-wood 2 3 13
Tall shrub 2 1 15
Wet shrub 7 1 4 6
Wet herbaceous 1 1 1 15
Herbaceous cover 3 8 2 5
Exposed land 2 16
Water 1 2 3 2 10
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Appendix F. Proportion of each land-cover typeaathestudy site (Park, Pasture,
and Boreal) that western toadséxyrus boreas) were radio-tracked at in north-
central Alberta for the fine-grained populationgardesign (FGPR) models in
Chapter 3.

Land-cover type Park Pasture Boreal
Conifer 0.016 0.016 0.412
Deciduous 0.397 0.158 0.249
Mixed-wood 0.052 0.099 0.089
Dry shrub 0.015 0.012 0.006
Wet shrub 0.032 0.010 0.047
Moss 0 0 0.026
Marsh 0.224 0.014 0.015
Dry meadow 0.017 0.003 0.001
Burn 0 0 0.017
Clear-cut grass dominated 0 0 0.005
Cutblock tree/shrub dominated 0 0 0.062
Disturbed grass 0.010 0.028 0.055
Railway 0 0 0.001
Gravel surface 0.003 0.004 0.006
Paved surface 0 0.003 0
Mowed lawn 0 0.004 0
Building 0 0.001 <0.001
Crop/hay field 0 0.411 0
Pasture/sparsely vegetated 0 0.213 <0.001
Exposed soll 0 0.004 0
Emergent vegetation 0.051 0.008 <0.001
Water 0.182 0.011 0.007
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Appendix G. Proportion of locations used by westeads Anaxyrus boreas)
radio-tracked at the Park, Pasture, and Boreal/ stitiels in north-central Alberta
and proportion available for each land-cover typ€hapter 3. Proportion of
available land-cover was calculated from throughbeatstudy area for the fine-
grained population-range design (FGPR) modelsth®fine-grained buffered-
home-range design (FGHR) and coarse-grained bdfeoene-range design
(CGHR) models, proportion of available land-covesvealculated from random
locations drawn from within a 300 m-radius buffearh the toad’s previous
location; 10 random locations were drawn for easdlacation. Pre-hib. = Pre-
hibernation.
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