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ABSTRACT

There is a paucity of information concerning Aroan badgerTaxidea taxus)
ecology across the geographic range of this mesoae. Virtually no research has
addressed the ecology of the badger east of theiddippi River, particularly in a highly
fragmented agricultural landscape typical of tiegion. Therefore, | conducted a study
to assess certain aspects of badger ecology is doeainated by agricultural use in Ohio
and west central lllinois.

| evaluated the state-wide badger distributio®imo through the collection of
badger observations using a state-wide publicitgpagn. Overall, 387 badger
observations were collected: unconfirmed reportseweost numerous (43%), followed
by probable (32%), and confirmed (25%). Relativiely observations were recorded
until the early 1990’s when they began to increasd, sharply increased during the 3-
year study period. Badgers were recorded in 5@t but most (>99%) of
observations were found in 53 counties above taeiglline.

| determined multi-scale spatial ecology and tehise using radiotelemetry data
for badgers in Ohio (n = 5) and lllinois (n = 14)daan independent set of badger
observations in Ohio. Mean 95% FK annual homeeamg lllinois were larger than in
Ohio, but mean 50% FK annual home ranges did filer dietween states. Mean 95%
FK annual home ranges for males were larger indi$i than in Ohio; however, male

50% FK and both female annual home ranges did iffet hetween states. Both male



home range sizes did not differ from females ind@but 95% and 50% FK were larger
for males than females in lllinois over annual pdsi and during the rearing season; the
95% FK was also larger for males than femaledlimois during the breeding season.
Badgers in both states selected agricultural hiaithin their home ranges, and linear
grassland and wetland-associated habitats witleistindy area landscape. Ohio badger
observations showed badger occurrence was assbwadlteinterspersed blocks of
agriculture and linear grassland habitats.

The spatially explicit habitat-relative abundaotéadgers in Ohio was
determined through an independent set of badgemaditsons and core home range
habitat use. Badger occurrence was associatedntétspersed small blocks of
agriculture and linear grassland habitats. Theehdétermined that 51% of the state
contained likely badger occurrence, 13% intermediaturrence, and 36% unlikely
occurrence. The greatest likelihood of occurremas mainly in the northwest,
southwest, and north central regions of the stBtedicted relative abundance was
relatively uniform in the northwest and north cahtegions of the state, with a uniform
pocket of likely occurrence in the south centrgioa. The remainder of the state was
interspersed with likely to unlikely badger occue.

| evaluated population demography and diet thrabghcollection and necropsy
of badger carcasses (n = 46) from 2005 to 200&t data from 25 badgers showed small
mammals were predominately the main prey itemsarivege of 38 badgers was 1.63
years and categorically consisted of 34% youngeary16% sub-adults, and 50% adults.
Fecundity was estimated as 0.302 with a mean 8ty of 2.17 and 31.6% occurrence of

parous females, which included 2 known age youngeaf. The base population model



with a starting population of 500 females increa@ed 1.032) gradually after 20 years.
Badger young-of-year survival appeared to be arortapt factor for influencing
population growth rate, as lower estimates caugbdtantial population declines over a
20-year time period. A simulated 4.5% populatianviest also showed sharp population
declines over the same period.

Deforestation and agricultural practices haveyiletlowed the population
expansion of badgers into areas of the state betymnkistorical distribution that was
presumably restricted to prairie pockets of théestd he spatial ecology of badgers in
agricultural landscapes appears to be contingetti@habitat composition in the
respective landscape. Badgers use the landscapdtgile spatial scales and
management of grassland habitats and ripariandovsriappear to be important to the
conservation of this species. In addition, therfetrend of this low-density population is
highly dependent on the survival and reproductibfemale badgers, particularly

younger animals.
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CHAPTER 1

DISTRIBUTION OF THE BADGER (TAXIDEA TAXUS) IN OHIO

INTRODUCTION

Investigating the spatial distribution of a pogigla, monitoring spatiotemporal
trends, and understanding factors that influenesdhrends can provide essential
information for a species adaptive conservatioatstry (Apps et al. 2004). Knowledge
of species distribution and relationship to envinemtal variables can also help provide
detailed information for the management of biodsitgr species protection, species
reintroduction, and prediction of possible impaxfttand use or climate change (Aspinall
et al. 1998). The distribution of a species idipdy determined from the physical and
biotic variables found in the environment, and ¢fere distribution is not commonly
uniform (Warrick and Cypher 1998). Environmentatiables (e.g. road density and
prey abundance) play direct and indirect rolesatednining the distribution of many
mammalian carnivores, such as the bohgak rufus (Wolff et al. 2002), which
frequently do not possess a uniform distributi@mvironmental changes have caused
some mammalian carnivore species (e.g. cogates latrans) to expand their range,

whereas some have been greatly reduced (e.g. griéanis lupus) (Ray 2000).
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Range fluctuations have resulted from many enviremtal pressures (e.g. climate
change); however anthropogenic habitat modificatias played an immense role in
determining the present range of many mammaliamvaaies. Mammalian carnivores
are commonly considered sensitive indicators ofrenmental change (Zielinski et al.
2005) and therefore may serve as umbrella speziassess habitat suitability for many
species not found in this guild.

Because mammalian carnivore populations can lelgraffected by
anthropogenic land use, knowledge of their rangeraotions and expansions, and
underlying causes, is important for future conseoveefforts (Laliberte and Ripple
2004). Comparing the contemporary and historicdtiutions of populations and
habitats can lead to knowledge about the populatiatus of wildlife species (Zielinski
et al. 2005). If this comparison spans a time awleich humans have had significant
influences on habitat or populations, then it dédmwaan understanding of the effects of
anthropogenic change on populations. This comgaiss particularly useful for
grassland carnivores as they have direct and ictdeféects on vertebrate community
structure (Crooks 2002, Zielinski et al. 2005).

The temperate grassland biome has lost moreespgw@n any other North
American biome and prairies have declined by ameaeeof 79% since the early 1800’s
(Laliberte and Ripple 2004). This loss has affédte native range of grassland species
in different ways and major range contractions Hasen documented in swift fox
(Vulpes velox; Kamler et al. 2003), black footed prairie do@gr{omys ludovicianus;
Daley 1992), lesser prairie chickegrpanuchus pallidicinctus; Fuhlendorf et al.

2002, and bisonBison bison; Freese et al. 2007), while coyot&afis latrans) have
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greatly expanded their range (Gosselink et al. ROOifferences in range dynamics have
largely resulted from the critical habitat requikams of each species, with habitat
generalists such as the coyote more able to addmdscape fragmentation and
conversion to agriculture (Kamler et al. 2003)miar to the coyote, the American
badger Taxidea taxus) is another grassland associated carnivore thdodidve
experienced a range expansion due to anthropolgerdaise practices.

The badger is a fossorial mesocarnivore nativédxdh American grassland
habitats and is considered an important indicattine quantity and quality of prairies
(Warner and Ver Steeg 1995). The badger has equetl an estimated geographic
range increase of 17% from the species’ histormade (Laliberte and Ripple 2004).

The historical distribution of the badger is coeset the western and north central
United States and south central Mexico, with pojporte extending into British

Columbia and across Ontario (Hoodicoff 2003, Liktand Voigt 1983). However,
several authors have reported increased badgerrence in less abundant areas such as
southeast Kansas (Cleveland 1985), southeast Qkkabumlison and Bastarache
2007), northern Minnesota (Jannett et al. 200&teea Indiana (Lyon 1932, Berkley and
Johnson 1998), and across lllinois (Gremillion-3ni®85, Warner and Ver Steeg 1995).
Moreover, several authors have proposed an extdmatliger range expansion in Ohio,
the presumed eastern extent of their distributMageley 1934, Nugent and Choate
1970, Leedy 1947, Berkley and Johnson 1998).

Although badger range expansion has been documensederal states east of
the Mississippi River, the statewide populationiugtand distribution of the badger is

unknown in Ohio. Historically, badgers have bessspmed to be rare in Ohio (Smith et
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al. 1973). The rare nature and unknown populatatus of the badger led the Ohio
Division of Wildlife (ODOW) to fully protect the lwger state-wide as3pecies of
Concernin 1990. Badgers are a native species to Ohigasslimably endemic to the
historical prairie regions of the state (Mosele®4p but the influence of anthropogenic
land use on the distribution of this populationiisually unknown.

Before European settlement, land cover in Ohio apgsoximately 95% forested
(Gordon 1966), but deforestation practices, larfehagriculture, during the early 19
century reduced the forest cover to roughly 10%i¢@hvision of Forestry 2008). Land
clearance gave way to a fragmented landscape nwdtpisimarily agriculture, possibly
providing greater suitable habitat for badgers sagchedgerows and pastures. In
addition, pre-settlement Ohio contained 3 mainvegprairie pocket regions, including
the Oak Opening and Sandusky Plains in the northneggon and Darby Plains in the
west central region of the state (Figure 1.1).td¢tisal accounts suggest that native
badger populations may have persisted in thesemegirior to the ensuing deforestation
(Hine 1906, Moseley 1934). Successive deforestaround these existing prairie
populations, commonly converted to agriculture, rhaye additionally provided badgers
increased habitat and travel corridors allowingdotential population expansion.

Although badgers are considered uncommon in Ghpypportionally greater
number of observation reports have been reportdtet®@ DOW in the past decade
compared to years past. The factors attributedese increased observation reports are
unknown. However, assessing the spatial distobubf these observations may provide
insights into factors that have potentially ledhiese increased reports. In addition, the

assessment badger observations over time can pravigkans to record changes in

4



distribution over a state-wide scale. This appinda&s been used as a form of monitoring
for species that are rare on the basis of abundaewause these species are usually also
rare on the basis of geographic distribution (Gastad Lawton 1990, Zielinski 1997).
With these considerations the following objectivese to: 1) determine the distribution
of the badger in Ohio based on reported badgemadtsens, and 2) evaluate the status of
the badger in Ohio based on the abundance of cdismmg and overall distribution.
METHODS

Study Area

The study encompassed all 88 counties in Ohio 88° 24'N to 41° 59°'N and
80° 32° W to 84° 49° W. State-wide land cover w&pproximately 60% agriculture,
35% woodland/shrub, 3% urban, <1% open water, <E#awd, and <1% barren (Ohio
Department of Development 2000). The glaciatedrag western, and northwestern
regions of the state were characterized by a hifgaymented matrix of agriculture, with
minimal topographical variation. The remaindetlef state was largely interspersed
with forest and agriculture, but was predominafdhgsted in the southeastern region.
The geology and associated landscape largely cddrnga glaciated alluvial soils to
unglaciated soils of sandstone and shale as defipélse Wisconsinan glacial line. The
glaciated region covered approximately 66% of théesand the unglaciated
approximately 34%. Elevations gradually decredssd north to south and range from
472 mto 139 m.
Observation Data

For each badger observation | attempted to galdt@iled information on the

observation location, date, observer name and cbimfarmation, associated observer
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comments, and a Geographic Positioning System (G&3}linate if available. 1
classified each observation for validity basedlenavidence provided from the
information and my personal contact with obseryer(s

Observation Collection

As badgers are presumed to be uncommon in thes $&ttively and
opportunistically collected observation data usmgtiple methods from January 2005 to
January 2008. Active collection methods includddrmational presentations,
observation posters, and a fur harvester mail mpquialso made efforts to glean records
of badgers from extant scientific literature ankdesthistorical records from museum
specimens and the Ohio Natural Heritage database.

Over the course of the study 204 large posterpéAgdix A) describing basic
badger characteristics and ecology were sent queirtinent wildlife and natural resource
related offices and the Ohio Department of Transpion (ODOT) offices, respectively.
These posters included tear-off badger observagipart cards that provided pre-paid
postage that were addressed directly to researchitese posters were modified from
designs successfully used by Warner and Ver SEX35] in lllinois and John Messick
(pers. comm.) in Missouri. Badger images wereiabthby permission from Schwartz
and Schwartz (1981). In addition, smaller versiohthese posters, without report cards,
were placed opportunistically at locations whewe ghblic would commonly view these
postings (e.g. fueling stations).

Throughout the study, several forms of mass medr@ used to gather public
observations. In the winter of 2006 an informagildoadger web page was designed in

collaboration with ODOW staff. This web page caméal a navigation link to an
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additional web page where persons could reportdraplgservations to researchers.
Furthermore, | published numerous informationalioots in several Ohio popular media
and gave presentations explaining the study aneestopg badger observations at
wildlife agency workshops and conferences and egble public and private interest
gatherings.

In addition, a fur harvester mail inquiry was diaited to 1,500 randomly-
selected individuals during the last week of Fely@®06 (Appendix B). This inquiry
was directed at individuals who stated they wowd/ast furbearers in the 2005-2006
season, as these persons are commonly outdoomoasithly have an increased
probability of identifying and observing badgei&he inquiry was intended to gather
both first and second hand badger observationshendssociated date, type of sign, and
status (dead or alive) of badger. All collecteddrex observations were classified into 1
of 3 classifications based on the strength of théemce: confirmed (e.g. definitive
evidence like a road-kill or photograph), probafaleservations from wildlife-related
professionals), or unconfirmed (public report, positively confirmed).

To determine the state-wide distribution of thdde, | used a Geographic
Information System (GIS) to map collected badgeseotations on a county scale. A
Topologically Integrated Geographic Encoding anteRacing (TIGER) system county
boundary files (United States Bureau of the Ce28@®) were obtained for Ohio. | then
joined pertinent observation data tables with théo' IGER file table using respective
Ohio counties as the join field. Finally, | usé& symbology tool to classify and display
the number of badger observations per county adddsaobservations by validity

classification. ArcGIS 9.1 (ESRI 2005) was useddlbgeospatial analyses.
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RESULTS

| obtained 387 badger observations, of which uficoed reports being most
numerous (43%), followed by probable (32%), andicored (25%). Observation
records were obtained from the following sourceport cards (7%), ODOW website
(7%), fur harvest inquiry (19%), trapped (4%), emses (10%), historical records (5%),
creditable sources (19%), and public relations (R9@bservation reports from popular
media and presentations were most common (29%)wietl by reports from creditable
wildlife-related professionals (19%).

The number of observations was consistently lotit thre early 1990’s when they
began to gradually increase and sharply increasadgithe 3-year study period (Figure
1.2). Badgers were recorded in 56 counties, bugwind in 53 counties above the
glacial line accounting for >99% of all observasamnd 3 counties below the glacial line
accounting for <1% of all observations (Figure 1.Byidence of badgers was confirmed
in 39 counties, probable in 37 counties, and uriooed in 52 counties (Figure 1.4).
Prior to the state-wide protection of the badget980, badgers were observed in only 22
counties, but increased to 56 counties theredfigute 1.2). The 4 counties with the
highest number of observations were located imtrthwest and west central regions of
the state (Figure 1.3) and accounted for approxaip@6% of all observations.

DISCUSSION

Overall distribution records occurred in nearlggvcounty in the glaciated
region of the state. This constitutes an extensinge expansion for the badger in Ohio
compared to their presumed historical distributiothe native prairie pockets found in

the northwest and central regions of the statéhotigh, counties with the highest

8



number of recorded observations remained in theral prairie pocket regions. The
core areas of the badger distribution in Ohio app®he centered on the historical

prairie regions of the state. These areas stitune prairie remnants and friable soils that
may likely provide badgers with the greatest amadsuitable habitat in the state. From
these historical regions, the population appeamat@ expanded into numerous counties
found in the northeast and southern regions ostae. However, only 3 badger
observations were recorded below the glacial Imefarther range expansion may be
largely limited by the flora and soil change in theglaciated region.

Similar range expansions have been documentethiey studies in the
Midwestern states of lllinois (Gremillion-Smith 1®8Narner and Ver Steeg 1995) and
Indiana (Berkely and Johnson 1998). lllinois berdcare thought to have expanded into
the southern region of state, possibly due to amed suitable habitat and prey
abundance resulting from increased row crop prestand strip mining converted to
fallow fields (Gremillion-Smith 1985, Warner and Meteeg 1995). Similar to the
lllinois population, badger range expansion intoteern Indiana was attributed to
reduced harvest pressure and increased suitahtathabch as the conversion of
agriculture to grassland and railroad right-of-w#yat may have increased foraging and
movement through the landscape (Mumford and WhitaR82, Berkley and Johnson
1998). Badgers in Ohio have also likely explosedilar anthropogenic land use
practices, particularly deforestation.

The expansion of badgers Ohio has likely been ekated by increased
agricultural land practices and travel corridorg (bedgerows) in the historically

forested regions of the state, allowing the poputeto expand similar to those in other
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states. The influence of agricultural land useficas is quite evident in that almost all
counties found in the glaciated region of the state at least 1 badger observation.
However, in the glaciated region, only 3 reportsemecorded, which were all reported
before 1970 when less forest cover existed inrdgggon. Forest cover in Ohio has
increased from 15% in 1940 to 31% in 1994 (Ohioifdn of Forestry 2008), but
regeneration has mainly been in the unglaciateidmeghere unfavorable terrain and soll
conditions limit badger expansion. However, foregfeneration, at least in the glaciated
region, does not appear to have restricted popul@&xpansion during this period.
Counties with the highest number of badger obsemsitwere concentrated
around the historical prairie pockets; however ¢hesnaining prairie habitats have been
threatened by anthropogenic land use. These aneascomprised approximately 2% of
the landscape vegetation in Ohio (Ohio DivisiorNatural Areas and Preserves 2008)
but have largely been lost to intensive large-sagkecultural practices. Badgers use
agricultural habitat (Chapter 2) but are a knowasgland carnivore and grasslands
provide optimal habitat for the species. Despdssible habitat limitations, badgers in
this landscape appear to have endured anthropolgeniaise practices of the 1900’s and
expanded their populations beyond the historicairigr pockets. This expansion may
also have been facilitated by habitat corridor arsé the extensive mobility of badgers.
Badgers are a vagile species and young can mosgédjstances during dispersal.
Male badgers have been shown to disperse up t&rhldhd females 52 km (Messick et
al. 1981). Young badgers may have largely takemmidhge of increased suitable habitat
and habitat corridors possibly allowing new regiohthe state to be populated. Also,

badgers are opportunistic carnivores that maindy mpon small mammals (Lampe
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1982). Human land use practices, particularlycadfiire, may have provided a greater
breadth of prey (e.g. rodents) for badgers aclusstate. Moseley (1934) drew
particular attention to the equivalent range exmemef the 13-lined ground squirrel
(Spermophilus tridecemlineatus) and other rodents in Ohio, which may have partly
assisted in allowing badgers to increase theirgdhgugh increased prey availability.
Badgers in Ohio appear to have exploited anthraopicdand use changes,
particularly agriculture, over the past 70 yearkere is a possibility that increased
observations after the protection of the badgdi9@0 was a result of increased public
awareness of the species due to an observatiattioh campaign by the ODOW.
However the number of counties where badgers weaserged began to rise 30 years
prior to protection and followed the same genemid as observations. Therefore public
awareness of badgers may be reflected in the nuaifldrservations collected, which is
evident by the sharp increase during the studywever, the badger population appears
to be expanding prior to protection based on theegse in the number of counties with
observations. Based on the distribution of obgs@mwms, badger density is still likely
higher is historical areas, but appear to havenibdal non-historical areas of the state.
Badgers are considered uncommon in Ohio and fatmeervation of this
population will be extremely dependent on the pret@n and possibly establishment of
suitable habitat (Chapter 2). Increased foresecawvay limit suitable habitat for the
badger and greater establishment of grasslandsvpoalide needed habitat for
sustaining this population, particularly in theayded central, western, and northwestern
regions of the state. Badgers are distributed owest of the glaciated region in Ohio,

but are concentrated around the historical pramieket regions. Therefore, future
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management efforts (e.g. population surveys) fisrgpecies should be focused around
these areas. Nevertheless, the continued coltecfibadger observations would likely

prove useful to assess long-term population trawcdsss the state.
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CHAPTER 2

SPATIAL ECOLOGY AND HABITAT USE OF BADGERS (TAXIDEATAXUS) IN
AGRICULTURAL LANDSCAPES

INTRODUCTION

Mammalian carnivore populations are greatly a#ddty human land use
practices and natural resource exploitation. Madale degradation and isolation of
native vegetation is typical of the Midwest regafrthe United States, where agricultural
practices dominate much of the landscape. Mammahanivores have been shown to
be sensitive to landscape fragmentation, partigueith respect to agriculturally
induced fragmentation. In an agricultural regidmnaliana, long-tailed weaselM(stela
frenata) used more edge and corridor type habitats foramnt and foraging compared
to other habitats (Gehring and Swihart 2004). Siwies {/ulpes velox) monitored in a
fragmented landscape in northwestern Texas werenads to almost exclusively use
shortgrass prairie habitats and almost avoideafidey-land agricultural fields (Kamler
et al. 2003). Due to their sensitivity to landss&@mgmentation, mammalian carnivores
may serve as functional indicators of environmemtiggrity and a tool to study

ecological disturbance and conservation plannimggks 2002). However, the public
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often views mammalian carnivores as threats tstoek and competition for game
species (Kellert et al. 1996, Hoodicoff 2003). 3@attitudes, combined with relatively
large ranges, low numbers, and direct persecutam humans have altered many
carnivore distributions and diminished many natigenivore populations to near
extinction (Crooks 2002, Hoodicoff 2003). In retémes, this persecution has become
a major management and conservation issue forubkcpand wildlife practitioners

alike.

Research and conservation efforts have focusedamy of the large mammalian
carnivores (Weber and Rabinowitz 1996, Kellertle1 896, Pyare et al. 2004), but have
been overlooked or neglected many mesocarnivoralgtpns (Hoodicoff 2003). The
paucity of baseline ecological knowledge in thisnosore guild may come as a result of
their historic reputation as pests (Minta and Mdr888) and possibly the cryptic,
nocturnal, and low density characteristics that entlese species difficult to monitor
(Warner and Ver Steeg 1995). In the agriculturatrir found throughout much of the
Midwestern United States, some mesocarnivores reretatively understudied despite
their ecological and cultural niches (e.g. fur ety and conservation concerns.

The narrow scope of mesocarnivore research anglkdge in various
landscapes and biomes is especially true for therfoan badgerTaxidea taxus). This
fossorial and cryptic mustelid (Family Mustelidd&)s been the recipient of direct
persecution throughout much of its native rangen(®land Marsh 1988, Messick 1999,
Newhouse and Kinley 2000, Apps et al. 2002, Hodd2003). Direct persecution has
been primarily based upon consumptive harvestdtis @and predominantly nuisance

control for reducing burrow diggings resulting frdheir foraging and denning habits. In
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addition, habitat loss and prey eradication hawenlatributed to population declines
across the continent (Warner and Ver Steeg 199%hbNease and Kinley 2000, Hoodicoff
2003).

The badger is a species native to the prairie nsgod the midwestern United
States and appears to have persisted in this lapestespite drastic alterations and
reductions of its habitat (Warner and Ver Steegb)l9Badgers are not commonly
recognized as a species vulnerable to range-widel@ion extinction and are
categorically listed as a species of least riskheninternational Union for Conservation
of Nature (IUCN) Red List (IUCN 2008). Howevergtpopulation status of the badger
varies widely across its geographic range, angpleeies is presumed to exist at low
densities toward the eastern edge of its distiibudind is protected asSpecies of
Concernin Ohio. Badgers have been considered an imparidigtor of the quantity
and quality of prairie habitat (Warner and Ver §t&895). Therefore estimates of
badger home range size and habitat selection ntayder key insights into the
availability of suitable prairie habitat acrossaadscape.

Home ranges are commonly used to determine theaacteesources needed by
animals for feeding, mating, and rearing offspr{Bgrt 1943). In addition, habitat use
and movements by animals also provide fundamemiiaimation for determining the
guality, quantity, and juxtaposition of availablegbitat and resources in the landscape.
Differences in the size of home ranges dependait) py the metabolic requirements of
the animals concerned (Gittleman and Harvey 198#jividuals likely forage in habitats
where the return of fitness is maximized, and meaguhe exploitation of these habitat

patches may help to determine the density of ressuavailable to the focal species
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(Morris 1987). In fragmented landscapes, individumay respond to habitat patches and
structures at different spatial scales becausaldaihabitat patches, prey density, and
mates may found in clumped distributions and atenoiighly disjunct. As a result,
conservationists have stressed the importancetefrdming the spatial scale(s) (Johnson
1980, Levin 1992, Manly et al. 2002) at which ansrfarage and exploit habitat patches
across the landscape.

The effects of habitat fragmentation can be dbedras a hierarchy of spatial
scales which individuals, metapopulations, andreqopulations respond to different
landscape patch sizes, edges, and structural campd8owers and Dooley 1999).
Understanding how individuals respond to landsdeggmentation may assist in
providing a mechanistic basis for determining papah responses to larger-scale patch
and landscape composition (Wiens et al. 1985)ividdial use of the landscape at
different spatial scales was defined explicitlydmhnson (1980) into 1 of 3 categorical
orders. Within the landscape individuals may delely establish home ranges based
upon particular resources, deem88dder selection. Further, individuals may select
specific resources within their respective homeyesn deemed®order selection. Such
a multi-scale approach is critical in assessinglv@-habitat relationships (Aebischer et.
al. 1993, Katnik and Wielgus 2005), particularlythwiespect to a highly mobile and
cryptic carnivore like the badger. Therefore atiradale analysis is vital in evaluating
badger habitat and patch structure selection aerbsghly fragmented landscape.

| report on home range size and multi-scale lamoisawse for badgers in lllinois
and Ohio, where landscapes consist of a fragmegadultural landscape matrix. Data

from lllinois were obtained from a 5-year study dooted by Warner and Ver Steeg
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(1995), in addition to field data | collected in i@kluring 2005-2007. | used
radiotelemetry locations and geographic informatigstem (GIS) analysis to describe
badger home range habitat and patch structuretegiet 2 spatial scales. In addition, |
conducted a GIS analysis of badger observatiodstiermine habitat associations in
Ohio on 3 spatial scales. My objectives for Omd #linois were to determine: 1) mean
100% minimum convex polygon and 95% and 50% fixexh&l badger home range
sizes, 2) ¥ order badger habitat and patch structure selecip@’ order habitat
selection within badger home ranges, and 4) halgtadbles associated with badger
occurrence state-wide in Ohio utilizing a multiHecanodeling approach with an
independent set of badger observations.
METHODS

Study Areas

Ohio

Badgers in Ohio were presumed to be uncommon xastie low densities,
therefore | used the entire state, encompassingQ@Bsknt, as the study area to
opportunistically collect data (Figure 2.1). Statiele land cover was approximately
52% agriculture, 37% woodland/shrub, 9% developéd&p open water, 1% wetland, and
<1% barren (Ohio Department of Development 2000)e geology and associated
landscape largely changed from glaciated alluvodsgo unglaciated soils of sandstone
and shale in the southeastern region as defingdebWisconsinan glacial line (Figure
2.1). The glaciated region was characterized biglly fragmented matrix of row crop
agriculture with minimal topography. The unglaethtegion was mainly interspersed

with forest and agriculture, but was predominafhested in the southeastern region of
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the state. Elevations gradually decreased frorthrtorsouth and range from 472 m to
139 m.

[llinois

In lllinois, trapping occurred in Mason Countytltie area was expanded to
Tazewell County for analyses because badger hongesaeextended into this county
(Figure 2.2), totaling 3,163 Km The combined area was approximately 66% agtice)lt
9% woodland/shrub, 13% grassland, 3% developed@8a water, 5% wetland, and
<1% barren (lllinois Department of Natural Resogrt896). The terrain of the area
consisted of rolling hills with primarily sandy $&and a dominant mixture of sand
prairie and scrub oak plant communities. Row @&gpculture, often supported by
irrigation, dominated the landscape with intermixedigerows, fence lines, and small
hay or fallow fields. Elevation ranged from 163@140 m above sea level.
Capture and Radiotelemetry

Ohio

| used a combination of both padded #3 colil spfargholds and steel cable
restraints with a relaxing lock to capture badgddadgers were also opportunistically
live-captured by fur trappers during the regulateegson and by registered nuisance
trappers throughout the year. Traps were primaglyat burrow entrances and
occasionally on grassland edges and hedgerowsgeBadiere restrained using a noose
pole at trap sites and transported to the univelalt where they were immobilized with
an intramuscular injection of 100 mg/kg tiletamarel zolazepam (TelaZdlin order to
fit a radiotransmitter, take basic standard weggit length measurements, and

potentially obtain a scat sample. | individuallyed each animal with a nylon harness
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style ATS (Advanced Telemetry Systems, Isanti, M&iotransmitter. Additionally, |
attached 2 uniquely numbered metal ear tags (#B0@&-each badger (Hasco Tag
Company, Dayton, KY). Each animal was release# bathe site of capturel2 hours
from the time of capture. Capture and handlindgquaol was approved by The Ohio State
University Institutional Animal Care and Use Comiext

I located animals using both aerial and groundbtatemetry from 2005 to 2007.
For ground telemetry | used a 3 or 5-element Yatgrena and an ATS receiver. A
telemetry-equipped Partenavia (P-68) fixed wingraiit and a Bell 206B3 helicopter
were used when badgers could not be located fremgribund. | located animals at
burrow location$2 times per week during both diurnal and noctuhmalrs. Locations
were considered independent if | knew badgers haxedhfrom the burrow between
successive locations (Minta 1993), which | commdabted by placing a stick over the
burrow. | also obtained locatior2 hours apart in order to allow animals time to
potentially move to new habitats and reduce autetated locations (Swihart and Slade
1985).

lllinois

Badger capture and handling were conducted by &vaummd Ver Steeg (1995)
from 1990 to 1995. Badgers were captured usingeadé3 coil spring foothold traps set
in badger den entrances. At trap sites badgers kgstrained with a noose pole and
immobilized with a mixture of xylazine, ketaminedngchloride, and atropine sulfate.
Animals were then transported to a local veteriradfige where an ATS (Advanced
Telemetry Systems, Isanti, MN) two-stage radiogmaitter with coiled antennas was

implanted in the peritoneal cavity of each animahch badger received a uniquely
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identifiable plastic ear tag.

Telemetry locations were obtained by Warner andSteeg (1995) from both a
vehicle mounted system using a 4-element antenatelescoping mast and a telemetry
equipped fixed-wing aircraft. Locations of impladtbadgers were attempted daily and
primarily tracked to burrows during diurnal hourgedo large movements and signal
fluctuations that hindered nocturnal locations.

Landscape Data

| used the raster-based Ohio GAP land cover ddta (Ohio State University,
Center for Mapping 2005) and the lllinois GAP lasayer data (lllinois Natural History
Survey 2003) for spatial analysis. Both sets pnfllaover data used a 30 m pixel
resolution. | reclassified the Ohio GAP data framoriginal set of 40 land cover classes
to 7 classes (Appendix C), which included open wagriculture, grassland, developed,
mixed woodland, barren/savanna, and wetland adswtialhe lllinois GAP data were
reclassified from 29 original classes to the saaet®&7 classes (Appendix D). | then
obtained linear water (i.e. stream and river) avatlway Topologically Integrated
Geographic Encoding and Referencing (TIGER) systiers (United States Bureau of
the Census 2000). Finally, | obtained STATSGO ¢dtated Department of Agriculture
1994) to quantify soil texture and slope data.

| then used the raster calculator in the Spatralyst extension in ArcGIS 9.1
(ESRI 2005) to merge linear water and roadway ttaiacrease the accuracy of the land
cover data in both state land cover data sets.t,Nextracted the glaciated region of
Ohio from the remainder of the state using theaextoy mask tool in the Spatial Analyst

extension in ArcGIS 9.1. For the lllinois coverag@rst merged Mason and Tazewell
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County polygon files, which was used as the maskhie extraction of the study area. |
then used the raster calculator to merge lineaemaatd roadway data into the existing
land coverage data.
Home Range Estimation

Home ranges (100% MCP) wifB0 independent locations (Seaman et al. 1999)
were plotted in ArcGIS 9.1 (ESRI 2005) using Honang&e Tools for ArcGIS, Version
1.1 (Rodgers et al. 2007). Badger locations frath Istates were screened for
independence by removing a location(s) if a badggenot move from the burrow
location recorded in the previous radiolocatiorestimated badger home ranges using a
100% minimum convex polygon estimator (MCP) (MoB4T) and a 95% and 50%
fixed kernel estimator (FK) using least squaregiation as the smoothing parameter
(Kernohan et al. 1998). The 100% MCP estimator etasen for all habitat use analyses
because individual home ranges were commonly dyhigiear polygon and to maximize
the use of all radiolocation points. | used theddtimator to account for largely
clumped locations and the MCP estimator to makepawisons to other badger home
range studies. Core 50% fixed kernel home rantymates were calculated to delineate
areas which may provide badgers with dependabteiress, such as den sites or
consistent prey. However, 95% fixed kernel estesatere used to statistically compare
badger home ranges annually and seasonally betteysapproximate home range size
more accurately and precisely (Worton 1989).

| estimated mean badger home ranges over seasdmsaual periods. | defined
3 biological seasons that were based upon theydt of female badgers (Warner and

Ver Steeg 1995). | defined the rearing (springssa from March 1 to June 30 and
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represents a period when movements by breedingdsraee commonly restricted by
parturition and rearing young (Messick and Hornt®®B1). The breeding (summer)
season was defined as July 1 to October 30 anaotfirdreeding (winter) season from
November 1 to February 28, during which badgegelgrrestrict their activity and home
range sizes shrink considerably (Lindzey 1978, M&sE999).

| compared badger home ranges annually and sdbsbetwveen study areas and
between sexes in each respective study area, wsir@y05 to define significance. | used
parametric statistics when data met parametricraggBans. When necessary | used a
natural logarithmic transformation to attempt toetn@ssumptions of data normality;
however, if transformation was not successful dusen-parametric statistics. All
statistical analyses were conducted using R fordévs version 2.4.1 (R Development
Core Team. 2006).
2" Order Habitat and Patch Structure Selection

Monte Carlo simulations were used in order to ssséhether badgers were
selecting spatially explicit home ranges within ghedy area in proportion to the
available habitat and patch structure. | used Hawiools (Beyer 2004) to plot 1000
randomly distributed points in each respective wtr@a in Ohio and lllinois. | chose
1000 random points because this number has begesteg to adequately sample habitat
variability while reducing simulation time (Katndgnd Wielgus 2005). Each random
point was then circularly buffered with the mea®#MCP home range size for all
badgers in Ohio (9.52 Kinand lllinois (29.55 kif), respectively. Individual buffers
were then clipped from the respective study ared tmver data using Hawth’s Tools.

To evaluate % order habitat selection | compared habitat propestof badger

30



home ranges and simulated Monte Carlo home rargetsacted home ranges were
imported into program FRAGSTATS (McGarigal and Mafl©95) and habitat
proportions were calculated with an 8 cell neighiomd and standard window for each
home range using the total habitat class area (@&} level metric. Habitat proportions
for badger home ranges were attained from the gfl@rder selection analysis. |
excluded the developed and open water classesthemnalyses in both states because
badgers were not presumed to use these habitat typether | excluded the
barren/savanna class from the analyses becausairised <1% (OH) and <5% (IL) of
the land cover in all pooled home ranges and wassed by badgers in either state.
Program PREFER (version 16 July 1997; Northernrier&cience Center 1994) was then
used by comparing habitat proportions within badgene ranges to those in Monte
Carlo home ranges. Program PREFER uses Johnsett®dof habitat selection
(Johnson 1980) which determines whether habitatselectively used by comparing
ranks of used versus available habitat proportisnsg the Waller-Duncan test.

| chose 9 habitat patch structure metrics to datex if badgers established
spatially explicit home ranges in the landscap@tas habitat patch structure. | chose
these metrics based on those | deemed biologirafigrtant to badgers based on
information in the literature and from my locatibabitat selection analysis. At the patch
level | calculated the patch perimeter (PERIM) neadefined as the perimeter of a patch
in meters. At the class level | calculated théofwing metrics: habitat class proportion
(PROP) measured as the percent of a habitat clasgiven area; patch density (PD)
defined as the number of patches per 100 ha; pagarweighted mean (AREAAM)

defined as the total area (ha) of patches multdhiethe proportional abundance of the
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patch; shape area-weighted mean (SHPAM) givesativelmeasure of patch shape
multiplied by the proportional abundance of thechatvhich increases without limit

from 1 as a patch deviates from a square block&rspersion and juxtaposition index (1J1)
defined as the percentage of a habitat patch lagjagent to 1 other habitat patch type (0O
percent) or all other habitat patch types (100 gati¢ patch cohesion (COH) defined as
the proportion (0-100) of habitat patch connectednvehere a value of 100 would be
complete focal habitat patch connectedness; retatedmscribing circle (CIRCLE)

gives a relative measure (0-1) of patch elongatidrere 1 equals a highly elongated
linear patch; and Euclidean nearest neighbor distanea-weighted mean (ENNAM)
defined as the distance in meters to nearest nefgigopatch of the same habitat type. |
calculated the 9 metrics for badger home rangesamdlated Monte Carlo home ranges
in program FRAGSTATS (McGarigal and Marks 1995ngsan 8 cell neighborhood and
standard window. In each state | excluded the opaer, developed, and
barren/savanna habitat classes. |then pooledatabetric data for all badger home
ranges and for Monte Carlo home ranges in eaclecésp state.

For statistical evaluation I first conducted a &pean Rank correlation to identify
multicollinearity between variables and removedagable from a collinear set {R0.6)
that | determined was less biologically importanbadgers (e.g. wetland association
patch density was removed over grassland patchtgenBinary logistic regression was
then used to determine univariate significance 0.10) for the remaining set of
variables. If a variable was found significant #ign of the coefficient and the Hosmer-
Lemeshow statistic were evaluated to identify #latronship of the variable and check

the fit of the model. Standardized residual vefgtesd value plots of significant
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variables were further evaluated for model fit andliers. All statistical analyses were
conducted using R for Windows version 2.4.1 (R Dgw@ent Core Team. 2006).
3 Order Habitat Selection

A raster version of each 100% MCP home range wiiaated using the extract
by mask tool and a spatial join between radiol@cagoints and home range land cover
data to obtain estimates of habitat use. Extrdobtede ranges were then imported into
program FRAGSTATS (McGarigal and Marks 1995) anbiitaé proportions were
calculated with an 8 cell neighborhood and standandow for each home range using
the total habitat class area (CA) class level metrlabitat class proportions were then
pooled for home ranges and location points for egate. Similar to™ order selection,
| excluded the developed, open water, and barresiise classes from the analyses in
both states. Program PREFER (version 16 July 196®thern Prairie Science Center
1994) was then used to assess habitat preferemgelasation habitat proportions as
used habitat and home range habitat proportioasa@itable habitat in the home range.
Ohio Landscape Scale Analysis

An independent set of collected badger observatizere used to supplement
badger radiolocation data in Ohio. Observatiomdaéspite limitations, has been
successfully used to provide a valuable sourcefofmation for rare species (Hoving et
al. 2005, Palma et al. 1999).

Observation Collection

From May 2005 to January 2008 | collected statevii@dger observations
through multiple methods. | solicited observatifnasn wildlife professionals and the

public through an extensive educational campaigchwvimcluded presentations,
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observation posters with tear-off report cards hlanvester mail inquiry, and web-based
discussion forums. | also made efforts to glesords of badgers from the existing
literature, historical records from museum specisn€hio Division of Wildlife records,
and the Ohio Natural Heritage database. All ctliédadger observations were
classified into 1 of 3 classifications based ondtiength of the evidence: confirmed (e.g.
definitive evidence like a road-kill or photograppjobable (observations from wildlife-
related professionals), or unconfirmed (public rgpaot positively confirmed).

Predictor Variable Selection

A multi-scale approach was used to determinedfjeas were using habitats and
patch structures at 3 spatial scales. This appreas used because although | could
infer what habitats badgers were using, | lackelitation of the spatial scale(s) at which
badgers used the landscape (Johnson 1980). Dhe toulti-scale nature and multitude
of potential predictor variables, | used an infotimratheoretic modeling approach using
multi-model inference (Burnham and Anderson 2002)dtermine and rank variable
subset models.

| first selected a subset of 134 confirmed andabte badger observations from
1990 to 2007 that were separated by at least 1.w€k&se were chosen provided my
assumptions that they were independent observadiothéand use was not different from
time of observation and that in the land cover disted in analysis. These points were
then geo-referenced and plotted on the study aeealaciated region). Individual
points were circularly buffered for a local (0.08%, home range (13.00 K and
landscape (44.00 Kinscale using the buffer tool in ArcGIS 9.1 (ESRDS). | used the

mean female and male home ranges sizes estabbgitad a priori home range
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estimates of Warner and Ver Steeg (1995) to reptése home range and landscape
scales, respectively. | acknowledge these homgerastimates are larger than those
reported for Ohio but were used to make comparismbadgers in lllinois.

An equal set of 134 points was then randomly etbtising Hawth’s Tools (Beyer
2004) on the study area, but were not allowed ltarfside or within 3742 meters (radius
of landscape scale buffer) of observation landstaiiers. This allowed the analysis to
take a detection or non-detection approach, wheesam point landscape (largest)
buffers were not allowed to overlap with the badgeservation landscape scale buffers.
| then used Hawth’s Tools to individually clip baatgpbservation and random point
buffers from the 3 spatial scales.

The 9 habitat metrics from th&rder analysis were calculated for both
observation and random buffers at all scales usingram FRAGSTATS (McGarigal
and Marks 1995). A 4 cell neighborhood and stash@#andow were used at the local
scale and an 8 cell neighborhood and standard windere used at the home range and
landscape scale. | additionally measured soiltex{SOIL), percent slope (SLOPE),
depth to bedrock (DBR), mean distance to lineaewg&@TRMDIST), and mean distance
to road (RDDIST). | measured RDDIST because oladgiems could have been
inherently closer to roads than by chance becaasy mbservations resulted from road-
killed badgers. | used STATSGO soil data and &iagain in ArcGIS 9.1 to attain
associated soil texture and percent slope at dasdreation and random point; these
variables were then coded in a binary manner bggteemined cut values. The variables
STRMDIST and RDDIST were measured at the landssegplke by conducting a spatial

join between linear water and roadway attributéemland observation and random points
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attribute tables, respectively. Linear water sseblway distance variables were not
measured at the home range or local scale bedaexg@ere nested within the landscape
scale.

For statistical analysis a Spearman Rank coraglanalysis was performed to
account for multicollinearity between variable$a pair of variables was found to be
highly correlated (R>0.6) | removed one of the variables | thought vess Ibiologically
important to badgers. | then univariately condddimary logistic regression to
determine if badger observation buffer data weffer@int than random buffer data at
each spatial scale. Badger observation buffere wtistically compared to random
buffers for each variable at all 3 spatial scalleetained variables that were found to be
significant @ = 0.10) and were supported by the Hosmer-Lemegjumgness of fit
statistic. All statistical analyses were conduaieohg R for Windows version 2.4.1 (R
Development Core Team 2006).

Modeling Approach

Due to a large number of significant variables aodsequently large number of
potential candidate models best subsets regressismused to initially select a
manageable number of candidate models. Best suteggession has been suggested to
select linear variable subsets similar to AIC mdth{Cherkassky and Ma 2003) and
therefore | deemed suitable for initial candidatedel selection. However, at the
landscape scale all variables were able to be atedun comparison to all other
combinations as a result of fewer significant Valea. Multiple logistic regression was
then used to evaluate models at each spatial scale.

| evaluated the fit of models using Kappa to testorrect classification of model
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and further used K-fold cross validation to asslkessrror in model fit, using 5 folds. |
then used Akaike Information Criterion correcteddmall sample size (AICc) to
determine model ranks (Burnham and Anderson 2002).
RESULTS

Home Range Estimation

In Ohio, 8 badgers were radioharnessed durin@ear study (Appendix E),
and sufficient radiolocation data for annual homrege estimates were obtained from 5
of those animals (Appendix F). Over the 5-yeadgttonducted in lllinois, 42 badgers
were captured and radioimplanted (Appendix G), sufticient radiolocation data for
annual home range estimates were obtained fronf tbse animals (Appendix H).
Badgers in lllinois exhibited larger annual 95% Rké#me ranges (Table 2.1) than those in
Ohio (H=7.21, df =19, P =0.007). However, aari0% FK core home ranges (Table
2.1) did not differ between states (H = 2.01, df6s P = 0.157). Female badgers did not
differ between states in either mean 95% FK (F59.1df = 1,9, P = 0.239) or 50% FK (F
=0.15,df = 1,9, P = 0.706) home ranges. Malgbeglin lllinois exhibited larger mean
95% FK (F = 8.56, df = 1,6, P = 0.026) and 50% FK=(17.47, df = 1,6, P = 0.025)
home ranges than males in Ohio. Limited Ohio hoamge data (Table 2.2) did not
allow for seasonal statistical comparisons betwstates.

Ohio

Mean home range size for males did not differ ffemales for both annual 95%
FK (t=1.08, df =2, P = 0.393) and 50% FK coreneaanges (t=0.78,df =2, P =
0.517). Comparisons of seasonal home ranges (Alpp@hwere not able to be

evaluated due to limited data over seasons.

37



llinois

Annual male 95% FK home ranges were larger thasetlof females (H = 6.08,
df = 1, P = 0.014) and an individual male range mmmly overlapped 2-3 female ranges.
Annual core 50% FK home ranges were also largemfdes than for females (H = 4.50,
df =1, P =0.034). Badger 95% FK home ranges|€ral?) differed by season (H =
14.54, df = 2, P = 0.001) and exhibited their latgaean home range size in the rearing
season. Core 50% FK home ranges (Table 2.2) #dfeoed seasonally (H = 9.03, df = 2,
P =0.011). Male badgers had larger 95% FK homgesthan females during the
rearing (H = 6.00, df =1, P = 0.014) and breedig 6.50, df = 1, P = 0.011) season;
however did not differ in the non-breeding seadé(0.21, df = 1, P = 0.644)
(Appendix K). Core 50% FK home ranges were lafgemales than females during the
rearing season (H = 4.86, df = 1, P = 0.027), linhdt differ in the breeding (H = 0.23,
df =1, P = 0.634) or non-breeding (H = 1.44, df,# = 0.229) season (Appendix K).
2" Order Habitat and Patch Structure Selection

Ohio

Badgers selectively established home ranges lmsagtland associated habitat
(F=17.33, df = 3,2, P <0.05). Pair-wise habitat pansons found 1 significant
difference, where wetland association > mixed waondIl(W = 3.91, P <0.05). Overall
habitat ranking showed top selection for wetlarsbamted habitat followed by
agriculture, mixed woodland, and grassland in desirgy order of selection rank. None

of the patch structure metrics were found significa
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lllinois

Badgers selectively established home ranges msgdassland habitat 6
97.05, df = 3,13, P <0.05). There were 4 signifiqaair-wise differences found, where
grassland > agriculture, mixed woodland > agriaeltgrassland > mixed woodland,
grassland > wetland association, and mixed woodtawetland association (W = 1.97, P
<0.05). Overall, habitat ranking showed top sébector grassland habitat followed by
mixed woodland, wetland association, and agriceltnrdecreasing order of selection
rank. Several patch structure metrics significadiffered between badger home ranges
and simulated Monte Carlo home ranges. Habitasgbatch area-weighted shape
(SHP.AM) indicated (G =5.369, df = 1, P = 0.024ylgers avoided largely blocked
patches, especially agriculture (Figure 2.3). ldhpatch interspersion and juxtaposition
index (I1J1) indicated (G = 3.522, df = 1, P = 0.p6Ahdgers selected home ranges with
habitat patches that were minimally adjacent t@tiler habitat patch types (Figure 2.4).
Habitat patch cohesion (COH) indicated (G = 3.884; 1, P = 0.048) that badger home
ranges contained less cohesive patches of hataatwas available, with possibly the
exception of agriculture (Figure 2.5). Although smnificant, habitat area-weighted
area (AREA.AM) did approach significance (G = 1.@7= 1, P = 0.180).
3 Order Habitat Selection

Ohio

Badgers selected agricultural habitat over aléotrabitat types (£ 3.16, df =
3,2, P <0.05). The difference between agriculturé grassland was the only significant
(W = 3.25, P <0.05) difference in all pair-wise tabcomparisons. Overall habitat

rankings showed top selection for agricultural tetifollowed by wetland association,
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mixed woodland, and grassland habitats in decrgasuber of selection rank. These
results were supported by the proportion of badagéiolocations in each habitat type
(Figure 2-6).

lllinois

Agricultural habitat was selected by badgers @lesther habitat types
89.64, df= 3,13, P <0.05) and 4 significant paisevdifferences were found, where
agriculture > wetland association = mixed woodlargrassland (W = 1.97, P <0.05).
Like Ohio, habitat rankings showed top selectianaigricultural habitat followed by
wetland association, mixed woodland, and grasdfatdtats in decreasing order of
selection rank. Habitat selection was supportethbyproportion of badger
radiolocations in each habitat type (Figure 2.6).
Ohio Statewide Analysis

Local Scale

Variables associated with badger observationsealoical scale were not
significantly different from those associated wiéimdom points.

Home Range Scale

At the home range scale 7 predictor variables \welected that statistically
discriminated between badger observations and mnponts. A total of 29 potential
candidate models were evaluated and ranked acgatiaiheirAAICc weights; only
models withAAICc <2 are presenteable 2.3). The global model with 8 predictor
variables, including the constant, was chosenasojhn model in the model selection

analysis.
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Landscape Scale

At the landscape scale 4 predictor variables welected that discriminated
between badger observations and random pointetahdf 16 potential candidate
models were evaluated and ranked according to NAdiCc weights, only models with
AAICc <2 are presente@able 2.4). Based omAICc weights the top 2 models (Table
2-4) were chosen as competing “best” models bedhasewere<2A weights apart
(Burnham and Anderson 2002), and contained nelinyegght over all candidate
models.

DISCUSSION

Estimates of badger habitat use and home rangéaiuzepredominately come
from research conducted in the western United Staiedzey 1978, Todd 1980,
Messick and Hornocker 1981, Minta 1993, Goodricth Baskirk 1998) where suitable
habitat (e.g. shrub-steppe) is abundant. Howewdnghly fragmented agricultural
landscapes badgers exhibited larger home rangedtbae previously reported in the
west. Similarly, in east central Minnesota a feartzdger home range was estimated
nearly 10 times larger than those reported prelyansvestern states (Lampe and
Sovada 1981). In addition, Hoodicoff (2003) fouhdt badgers on the western extent of
their range in British Columbia had home rangesipda’ times larger than the largest
ranges reported in the existing literature. Hoargge size in mammalian carnivores has
been shown to be directly related to body massdandity of food resources (Gittleman
and Harvey 1982, Lindstedt et al. 1986). Regi®aalation in badger home range size
may possibly be a response to habitat and, inquéati, to prey availability (Lampe and

Sovada 1981). Badgers found in these fragmentecuétgral landscapes likely exhibit
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comparatively larger home ranges because suitabligah patches are commonly
extensively disjunct and therefore badgers areiredtio move greater distances for
foraging and mating opportunities.

The mean annual 95% FK home range size for badgdimois was larger than
in Ohio for males, females, and both sexes combameldthose reported in western states
(Table 2.1). These home range differences may bage a result of differences in the
landscape composition and structure between thesst®adgers in Ohio were captured
in high intensive agricultural areas which wer@iapersed with many relatively small
woodland patches, wooded riparian corridors, amadgand buffer strips. These habitats
were frequently used by badgers in Ohio for forggind movement through the
landscape. Burrow radiolocations were commonlpmed in no-till agricultural fields
and minimally in chisel-plowed fields, which couidve restricted badger home ranges,
particularly during the growing season. Badgergehaeen reported to avoid cultivated
areas (Messick and Hornocker 1981, Messick etS@1)land home range sizes in Idaho
were smaller in an extensively farmed study areapared to another with minimal
farming (Messick et al. 1981). Comparatively, tiiaois study area landscape
contained relatively small and highly disjunct wtadl and grassland patches, and many
riparian areas. Therefore it is possible that kaslgn lllinois exhibited larger home
ranges than in Ohio due to the availability anddtire of habitat in the landscape.

Badger home range estimates in lllinois could Haeen greater due to reduced
prey availability and greater intraspecific intrageessure compared to badgers in Ohio.
Past research has shown that the size and ovértsuiger home ranges increases with

decreased prey availability (Hoodicoff 2003) anck@ased intruder pressure (Minta

42



1993, Goodrich and Buskirk 1998). Prey availapivias an unlikely factor in home
range differences as landscapes were similar, &thprey abundance could have
fluctuated between years. However, intruder pressould have been a factor in badger
home ranges between states. Populations in katdssire presumably low density, but
the population density in Ohio is possibly lowec&ese badgers are considered
uncommon and found on the eastern edge of thegrgpbic distribution. Higher
species abundance occurs near the center of tiddii®n range, and population density
declines toward most peripheral range boundariesNB 1984). Therefore, intruder
pressure may have been higher in lllinois as dtre§greater population density
compared to Ohio. Plots of lllinois home rangesvgdd males commonly overlapped 2-
3 females, which may have been a large factor imtaiaing larger home ranges.

Badgers exhibit a polygynous mating structure wteemale home range will
overlap several females and home ranges and movem@enusually greatest during the
breeding season (Messick 1999). However, homeeraaggimates for male and female
badgers did not differ in Ohio. This is likely artifact of limited radiolocation data,
particularly with adult males during the breediegson. Adult male badgers typically
exhibit their largest home range sizes during tieethng season (Warner and Ver Steeg
1995) which can inflate home range estimates.

Male badgers in lllinois had larger 95% FK homeges than females annually
and during the breeding and rearing seasons. iaddity, male 50% FK core home
ranges were larger than females annually and ddnmgearing season. However, male
core home ranges were not significantly differensize than females during the breeding

period. This may suggest males used habitat pattla¢ maximized foraging and mating
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opportunities with females, predominantly during threeding season when male
movements would be expected to be larger than shle to mate searching.
Additionally, reproductive status may have accodrite potentially larger home ranges
by non-reproductive females because they wereastticted by young, principally
during the rearing season (Lampe and Sovada 1981).

In both states grassland ranked last out of &lithes used for selection analyses,
which could have been a function of the landscagimtat composition in the study area
and the nature of the radiolocation data. Agrim@ltdominated the study areas which
may have masked the detection of use in otherdtabivhile small linear habitats (e.qg.
hedgerows) and woodland edges commonly used fositksimay have been
misclassified as agriculture in the land cover ghaiar to use. Also, the majority of
badger locations were collected at den sites wivigte frequently located in or
contiguous to agricultural habitat and despiterisige nocturnal location efforts in Ohio,
true proportional use in grasslands was not dedecdthough badgers used den sites
predominantly in agricultural habitats, particwafield edges, | suspect they used
grasslands largely for foraging based upon the mousediggings that were observed in
grassland patch edges. Badgers also frequenttifabew or uncultivated fields in both
states, which possibly resemble native prairidn@sé landscapes. These areas
potentially provide badgers with greater foragipgaortunities and burrow cover
compared to cultivated areas.

Badgers established home ranges in each studyased on different habitats.
In Ohio badgers used wetland associated habitas than any other habitat measured,

while grassland habitat was ranked last. Conwerbaldgers in lllinois used grassland
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habitat over all other habitats measured, and altmi@l habitat was ranked last. These
differences may result from what suitable habitas@vailable to badgers in each
respective study area. Suitable habitat for reatiobssed badgers in Ohio was mainly
located along riparian stream corridors and woatlkesiges and grassland habitat was
sparse and commonly occurred as linear buffersstaipng agricultural ditches. Also,
Ohio badger use of wetland habitat may have betatie because wetlands
occasionally contained fallow type habitats resgltfirom unsuitable soil for adjacent
agriculture practices. Whereas in lllinois, thexkésted a greater availability of upland
linear corridors (e.g. hedgerows) and grasslancheatwhich provided badgers with
greater potential use of these associated habitats.

Similar to the 2 and ¥ order selection analyses, badger observations were
associated with several habitats and patch stestalr2 different spatial scales state-
wide in Ohio. Although these data were derivednfr@bservations rather than
radiotelemetry data, they showed comparable sele&dr agricultural and grassland
habitats, with some proclivity for wetland assoethhabitat. There were no predictors of
badger occurrence from observations at the lo@éscrhis may be an artifact of the
small buffer size (0.03 kfnthat did not allow detection habitat patches attr shape
metrics that badgers may use at this scale, bujdsagmay simply not use the landscape
at this fine of a scale.

Specifically, badger observations at both the hoenge and landscape scales
were associated with interspersed blocks of agtoeiland increasing density of linear
grassland patches. Mean distance to road wadisantisuggesting that badger

observations were closer to roads than by randanagh This association may largely
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result from the numerous badger observations tlea¢ woad-killed animals, but I believe
the scale of analysis allowed the detection of ipteséabitats and structures adjacent or
contiguous to the respective roadways that badgagshave used prior to mortality.
However, badgers in British Columbia, Canada haenbreported to use roadways for
foraging and travel corridors (Newhouse and Kir2890) and also may represent used
habitat in Ohio. Additionally mean distance teeatn was significant, suggesting
badgers were observed closer to linear water tlgasthénce alone. Radiolocation data
support the significance of this relationship bessabadger burrows and radioharnessed
badgers were often located along riparian corridétsrthermore, this significance is
supported by wetland associated habitat rankingrebn the 3 order analysis in both
states. Packham and Hoodicoff (2004) found thdgées in British Columbia, Canada,
commonly used burrows or were sighted within 15Qan of a wetland or lake.

My home range scale habitat modeling results shbeltaken with caution
because the global model was chosen as the topdesmanodel (Burnham and
Anderson 2002). However, | believe the global medes the “best” model in the
analysis because a priori of analysis | selectditdteand patch structure variables that
were similar to badger habitat use in west ceiitrabis (Warner and Ver Steeg 1995)
and Idaho (Messick and Hornocker 1981). AlsoJeécted variables based on personal
field observations of habitat types and patch stines where badger observations were
reported in Ohio. In addition, | used a multi-&agatistical analysis to determine non-
collinear variables that were significantly asstemiawith badger occurrence compared to
the landscape. Therefore, | believe the globalehoepresents habitat variables that are

associated with badger occurrence.
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Fragmentation and loss of suitable habitat, pagrty grasslands, may largely
influence the conservation of the badger in thewdistern region. As landscape
fragmentation increases habitat patches become insukar and potentially lost
altogether. Crooks (2002) found that badgers wensitive to landscape fragmentation
and had a lower probability of occurrence and netaibundance per unit area in smaller
and more isolated habitat patches. In additioad mensity and road type have been
shown to largely affect the movements and be a&laagise of mortality in American
badgers (Newhouse and Kinley 2000) and in Europedgers Meles meles) (Clarke et.
al. 1998). Increased road density is closely eelab increases in housing development,
land use intensity, and recreation (Radeloff e2@05). Badgers in both states of this
study heavily relied on undisturbed (e.qg. falloelds) and corridor habitats for their vital
requirements and therefore fragmentation or logkesfe critical habitats could pose a
large threat to these badger populations.

Furthermore, urban sprawl may potentially resuthe loss of suitable habitat
patches and corridor habitats (e.g. grassland ) ffie many areas. Alike badgers in this
study, a suite of mammalian predators in Califomxtensively used riparian corridors
for movement and to secure prey (Hilty and Meretdgr2004). The effects of corridor
use depend on the size of the corridor relatiilecscale at which a species perceives
the landscape (Haddad et al. 2003) and therefonetanang these corridors is essential
for the sustainability of these populations. Statge landscape analysis suggested that
badgers use habitat and patch structures, pantigliteear grasslands, in their
environment at multiple spatial scales. As theagrhented agricultural landscapes

currently possess potentially limited suitable ketifior badgers, any loss of travel
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corridors and other suitable habitat would liketyrgpromise badger populations.
While a highly fragmented landscape may not previtkal habitat conditions,
badgers appear to utilize what suitable habitav&lable to them in their environment.
Badgers use this fragmented landscape at mulfpaitad scales and select a matrix of
habitats and patch structures that both potentmafiximize prey availability and
movement through the landscape matrix. Mainlyséhgatches are relics of suitable
habitat that have remained after the vast agrillttansformation across these
landscapes. Several authors have suggested ¢heletdirance of woodland for
agriculture have assisted badgers in expanding disgribution in the Midwest (Lyon
1932, Moseley 1934, Leedy 1947, Nugent and Chaai@,1Gremillion-Smith 1985,
Berkley and Johnson 1998). Although badgers mag bapanded their range across
this highly fragmented landscape, the managemesuitdble habitat and travel corridors

are key factors in sustaining and managing these@dy low density populations.

48



LITERATURE CITED
Aebischer, N.J., P.A. Robertson, and R.E. Kenwd@P3. Compositional analysis of
habitat use from animal radio-tracking data. 1&gy 74: 1313-1323.

Apps, C.D., N.J. Newhouse, and T.A. Kinley. 20@2abitat associations of American
badgers in southeastern British Columbia.

Berkley, K.A., and S.A. Johnson. 1998. Range egjoe of the badgeil éxidea taxus)
in Indiana. Proceedings of the Indiana Academ8aénce 107: 141-150.

Beyer, H. L. 2004. Hawth's Analysis Tools for SiS.
<http://www.spatialecology.com/htools>. Accesdé&dSep 2006.

Bowers, M.A., and J.L. Dooley, Jr. 1999. A cotigd, hierarchical study of habitat
fragmentation: responses at the individual, paol, landscape scale. Landscape
Ecology 14: 381-389.

Brown, J.H. 1984. On the relationship betweemadihnce and distribution of species.
American Naturalist 124: 255-279.

Burnham, K.P., and D.R. Anderson. 2002. Modatc@n and multimodel inference.
Second edition. Springer, New York, USA.

Burt, W.H. 1943. Territoriality and home rangencepts as applies to mammals.
Journal of Mammalogy 24: 346-352.

Cherkassky, V., and Y. Ma. 2003. Comparison oflehgelection for regression.
Neural Computation 15: 1691-1714.

Clarke, G.P., P.C.L. White, and S. Harris. 198&8fects of roads on badghteles meles
populations in south-west England. Biological Senvation 86: 117-124.

Crooks, K.R. 2002. Relative sensitivities of maatian carnivores to habitat
fragmentation. Conservation Biology 16: 488-502.

Environmental Systems Research Institute, Inc.5208cGIS 9.1. Redlands, CA.

49



Gehring, T.M., and R.K. Swihart. 2004. Home rangd movements of long-tailed
weasels in a landscape fragmented by agricultloernal of Mammalogy 85: 79-
86.

Gittleman, J.L., and P.H. Harvey. 1982. Carnivooee-range size, metabolic needs
and ecology. Behavioral Ecology and SociobioloQy37-63.

Goodrich, J.M., and S.W. Buskirk. 1998. Spacind acology of North American
badgersTaxidea taxus) in a prairie-dog Qynomys leucurus) complex. Journal of
Mammalogy 79: 171-179.

Gremillion-Smith, C. 1985. Range extension ofltheger (axidea taxus) in southern
lllinois. Transactions of the lllinois Academy $€ience 78: 111-114.

Haddad, N.M., D.R. Bowne, A. Cunningham, B.J. Diae, D.J. Levey, S. Sargent, and
T. Spira. 2003. Corridor use by diverse taxaolégy 84: 609-615.

Hilty, J.A., and A.M. Merenlender. 2004. Use ipiarian corridors and vineyards by
mammalian predators in northern California. Cowvestion Biology 18: 126-135.

Hoodicoff, C.S. 2003. Ecology of the badg&a{dea taxus jeffersoni) in the Thompson
region of British Columbia: implications for comgation. M.S. Thesis.
University of Victoria, Victoria. 111pp.

Hoving, C.L., D.J. Harrison, W.B. Krohn, R.A. Jokepnd M. O’'Brien. 2005. Broad-
scale predictors of Canada lynx occurrence inreeasiorth America. Journal of
Wildlife Management 69: 739-751.

lllinois Department of Natural Resources. 199ndis Natural Resources Geospatial
Data Clearinghouse.

lllinois Natural History Survey. 2003. lllinoisA® program data.

IUCN 2008. 2008 IUCN Red List of Threatened Speciewww.iucnredlist.org>.
Accessed 11 August 2008.

Johnson, D.H. 1980. The comparison of usage aaithhility measurements for
evaluating resource preference. Ecology 61: 65-71

Kamler, J.F., W.B. Ballard, E.B. Fish, P.R. LemadfsMote, and C.C. Perchellet. 2003.

Habitat use, home ranges, and survival of swiKefoin a fragmented landscape:
conservation implications.

50



Katnik, D.D., and R.B. Wielgus. 2005. Landscapapprtions versus monte carlo
simulated home ranges for estimating habitat aledity. Journal of Wildlife
Management 69: 20-32.

Kellert, S.R., M. Black, C.R. Rush, and A.J. Bafl®96. Human culture and large
carnivore conservation in North America. ConsgovaBiology 10: 977-990.

Kernohan, B.J., J. J. Millspaugh, J. A. Jenks an&t.INaugle. 1998. Use of an adaptive
kernel home-range estimator in a GIS environmegttculate habitat use.
Journal of Environmental Management 53: 83-89.

Lampe, R.P., and M.A. Sovada. 1981. Seasonati@miin home range of a female
badger Taxidea taxus). The Prairie Naturalist 13: 55-58.

Leedy, D.L. 1947. Spermophiles and badgers masemard in Ohio. Journal of
Mammalogy 28: 290-292.

Levin, S.A. 1992. The problem of pattern and saalecology: The Robert H.
MacArthur Award Lecture. Ecology 73: 1943-1967.

Lindstedt, S.L., B.J. Miller, and S.W. Buskirk. Home range, time, and body size
in mammals. Ecology 67: 413-418.

Lindzey, F.G. 1978. Movement patterns of badgerorthwestern Utah. Journal of
Wildlife Management 42: 418-422.

Lyon, M.\W., Jr. 1932. The badger Taxidea taxuh(&ber), in Indiana.
American Midland Naturalist 13: 124-129.

Manly, B.F., J.L.L. McDonald, D.L. Thomas, T.L. Mobald, and W.P. Erickson. 2002.
Resource selection by animals: statistical deaighanalysis for field studies.
Second edition. Kluwer Academic Publishers, BosMassachusetts, USA.

McGarigal, K., and B.J. Marks. 1995. FRAGSTATPRatal pattern analysis program
for quantifying landscape structure. Version 3Uhited States Forest Service
General Technical Report PNW-GTR-351, Portlaneéagon, USA.

Messick, J.P. 1999. North American Badger. P&§6&s597 in Wild Furbearer
Management and Conservation in North America.

Messick, J.P., and M.G. Hornocker. 1981. Ecolobthe badger in southwestern Idaho.
Wildlife Monographs 76. 56pp.

Messick, J.P., M.C. Todd, and M.G. Hornocker. 198bmparative ecology of two
badger populations. Pp. 1290-1304, in Proceedlitige worldwide furbearer
conference (J. Chapman and D. Pursley, edggrniational Association of Fish
and Wildlife Agencies, Washington, D.C. 1451 pp.

51



Minta, S.C. 1993. Sexual differences in spatigteral interaction among badgers.
Oecologia 96: 402-409.

Minta, S.C., and R.E. Marsh. 1988. Badgdexidea taxus) as occasional pests in
agriculture. Proceedings of the Vertebrate Pestfé&ence 13: 199-208.

Mohr, C.O. 1947. Table of equivalent populatiohdlorth American small mammals.
American Midland Naturalist 37: 223-249.

Morris, D.W. 1987. Ecological scale and habitse¢.uEcology 68: 362-369.
Moseley, E.L. 1934. Increase of badger in norgtem Ohio. Journal of Mammalogy
15: 156-158.

Newhouse, N.J., and T.A. Kinley. 2000. EcologyAaferican badgers near their range
limit in southeastern British Columbia. UnpubbkshReport. Columbia Basin
Fish and Wildlife Compensation Program, Nelsom Barks Canada, Radium
Hot Springs, British Columbia.

Northern Prairie Science Center. 1994. ProgramaFHER. Version 5.1.
<http://www.npwrc.usgs.gov/resource/methods/preféex.htm>. Accessed 1
Dec 2006.

Nugent, R.F., and J.R. Choate. 1970. Eastwapkmial of the badgefaxidea taxus,
into the northeastern United States. Journal afmvhalogy 51: 626-627.

Ohio Department of Development, Office of Stratdgasearch. 2000. Ohio County
Profiles. Appendix B: Sources. Land Cover.

Packham, R.M., and C.S. Hoodicoff. 2004. Badgetagy in the Cariboo region of
British Columbia, Canada. Proceedings of thec®seat Risk 2004 Pathways to
Recovery Conference. Victoria, British Columbia.

Palma, L., P. Beja, and M. Rodrigues. 1999. Tdeaf sighting data to analyse Iberian
lynx habitat and distribution. Journal of AppliEdology 36: 812-824.

Pyare, S., S. Cain, D. Moody, C. Schwartz, ancedg&. 2004. Carnivore re-
colonization: reality, possibility and a non-eguilum century for grizzly bears
in the southern yellowstone ecosystem. Animalgeomtion 7: 71-77.

Radeloff, V.C., R.B. Hammer, and S.I. Stewart. 20&ural and surburban sprawl in the
U.S. midwest from 1940 to 2000 and its relatiofot@st fragmentation.
Conservation Biology 19: 793-805.

Rodgers, A.R., A.P. Carr, H.L. Beyer, L. Smith, an@. Kie. 2007. HRT: Home Range

Tools for ArcGIS. Version 1.1. Ontario Ministry bifatural Resources, Centre for
Northern Forest Ecosystem Research, Thunder Batario, Canada.

52



R Development Core Team. 2006. R: a languagesavidonment for statistical
computing. R Foundation for Statistical Computi¥gnna, Austria.

Seaman, D. E., J.J. Millspaugh, B.J. Kernohan, BrGndige, K.J. Raedeke, and R.A.
Gitzen. 1999. Effects of sample size on keroehé range estimates. Journal
of Wildlife Management 63: 739-747.

Swihart, R.K., and N.A. Slade. 1985. Testingifatependence of observations in
animal movements. Ecology 66: 1176-1184.

The Ohio State University, Center for Mapping. 20@hio GAP program land cover
data.

Todd, M. 1980. Ecology of badgers in southcerttaho, with additional notes on
raptors. M.S. Thesis. University of Idaho, Moscal64pp.

United States Bureau of the Census. 2000. Topmatyg Integrated Geographic
Encoding and Referencing (TIGER) system files.
<http://www.census.gov/geo/www/tiger/>. Accesd€dOct 2005.

United States Department of Agriculture, Naturat&eces Conservation Service,
National Soil Survey Center. 1994. Stat Soil @aphic Database (STATSGO).

Warner, R.E., and B. Ver Steeg. 1995. lllinoigl§er Studies. Division of Wildlife
Resources. Department of Natural Resources amddamental Sciences.
Springfield, lllinois. 161pp.

Weber, W., and A. Rabinowitz. 1996. A global pexgive on large carnivore
conservation. Conservation Biology 10: 1046-1054

Wiens, J.A., C.S. Crawford, and J.R. Gosz. 19&undary dynamics: a conceptual
framework for studying landscape ecosystems. ©#o 421-427.

Worton, B.J. 1989. Kernel methods for estimathmgutilization distribution in home-
range studies. Ecology 70: 164-168.

53



n 100 MCP (SD) (k) 95 FK (SD) (ki) 50 FK (SD) (km)

Ohio  Female 2 4.91 (1.22) 7.05 (2.22) 1.37 (0.27)
Male 3 3.24 (2.88) 3.57 (4.86) 0.80 (1.21)

Both 5 3.91 (2.32) 4.96 (4.09) 1.02 (0.92)

lllinois Female 9 17.71 (9.80) 16.35 (8.42) 1.84 (1.31)
Male 5 35.59 (18.14) 49.35 (25.79) 7.24 (5.25)

Both 14 33.00 (24.39) 28.01 (26.36) 4.30 (5.37)

Table 2.1. Annual 100% minimum convex polygon (MOP), 95% fixed kernel (95
FK), and 50% fixed kernel (50 FK) home range estemand standard deviations (SD)
for badgers in Ohio (2005-2007) and west centlialoils (1990-1995).
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95 FK (SD) (krf)

50 FK (SD) (km)

Rearing
Ohio
Female 1 6.18 1.07
Male 0 - -
Both 1 - -
lllinois
Female 5 12.21 (6.15) 1.87 (0.93)
Male 4 49.76 (27.97) 7.39 (4.12)
Both 9 28.90 (26.53) 4.32 (3.91)
Breeding
Ohio
Female 2 4.61 (5.68) 0.81 (1.07)
Male 1 9.19 2.20
Both 3 6.13 (4.81) 1.27 (1.10)
lllinois
Female 11 17.60 (12.64) 4.59 (6.32)
Male 5 84.01 (62.08) 9.05 (14.89)
Both 16 43.38 (46.31) 6.54 (10.73)
Non-breeding
Ohio
Female 0 - -
Male 2 0.77 (0.05) 0.10 (0.01)
Both 2 - -
lllinois
Female 9 5.36 (3.55) 1.47 (1.71)
Male 3 12.51 (15.69) 0.55 (0.14)
Both 12 8.11 (8.03) 1.25 (1.51)

Table 2.2. Seasonal home range estimates forandléemale badgers in Ohio (2005-
2007) and west central lllinois (1990-1995). Esiies are 95% fixed kernel (95 FK)
home range and 50% (50 FK) home range and stadeardtions (SD).
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Models log(L) K AIG AAIC, o CVE HL

1(-), 2(+), 3(#), 4(+), 5(+), 6(-), 7(-) -110.72 8 238 0.00 0.57 0.15 0.64
1(-), 3(+), 4(+), 5(+), 6(-), 7(-) -112.88 7 240 19. 0.19 0.15 0.36
1(-), 2(+), 3(+), 4(+), 5(+), 6(-) -113.49 7 241 3.40 0.10 0.15 0.00

9G

Table 2.3. Top 3 models for significant prediotariables, at the home range scale (13)kestablished from the multiple
logistic regression analysis of badger observatand random points. Models are ranked by AlCcehsdpport and weight.
Log likelihood (log(L)), number of parameters (lkaike’s Information Criterion adjusted for smaimple size (AICc),
difference in AlCc AAICc ), Akaike weightsd;), K-fold cross validation error (CVE), and Hosmesmeshow statistic (HL)
are reportedvariable codes are: 1) Agriculture area-weightegm 2) Agriculture interspersion and juxtaposiiioaex, 3)
Grassland interspersion and juxtaposition indgxGrassland patch density, 5) grassland shapevaeggited mean, 6) Mean
distance to road, and 7) Mean distance to linedew Signs indicate direction of effect: (+) isased likelihood of badger
occurrence with higher increased values of thaakke, (0) no effect and (-) decreased likelihebdadger occurrence with
higher increased values of that variable.



Models logl) K AIG AAIC o CVE HL

2(+), 3(+), 4(+) 13058 4 269 0.00 056 0.16 0.09
1(+), 2(+), 3(+), 4(+) -129.78 5 270 048 044 0.17.46
1(+), 3(+), 4(+) 14325 4 295 2534 000 0.18 0.39

Table 2.4. Top 3 models for significant predictariables, at the landscape scale (44
km?), established from the multiple logistic regressimalysis of badger observations
and random points. Models are ranked by AICc medpport and weightLog
likelihood (log(L)), number of parameters (K), Akals Information Criterion adjusted
for small sample size (AlCc), difference in AICEAICc), Akaike weightsd);), K-fold
cross validation error (CVE), and Kappa classifaraticcuracyx). Variable codes are:
1) Agriculture interspersion and juxtaposition ird2) Grassland patch density, 3)
Grassland shape area-weighted mean, 4) Grasslangparsion and juxtaposition index.
Signs indicate direction of effect: (+) increas#elihood of badger occurrence with
higher increased values of that variable, (0) iectfand (-) decreased likelihood of
badger occurrence with higher increased valueksatfariable.
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Figure 2.2.The study area encompassing Tazewell and Masontiésun west central
lllinois. Study area was used to assess home mymamics and habitat selection of 15
badgers captured and radiolocated in Illinois fr®80 to 1995.
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Figure 2.6. Proportions of radiolocations withngtard error bars in 4 used habitat types
for 5 badgers in Ohio (OH) from 2005-2007 and lddaas in lllinois (IL) from 1990-
1995. Habitats are agriculture (AG), grassland)(@&tixed woodland (MW), and
wetland association (WA).
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CHAPTER 3

BADGER (TAXIDEA TAXUS) HABITAT-RELATIVE ABUNDANCE IN OHIO

INTRODUCTION

Mammalian carnivores exhibit several charactessteg. territorial behavior,
large home range sizes, and low population deskitieat may make these species
particularly vulnerable to habitat fragmentatiorhese species are commonly considered
sensitive indicators of environmental change (diki et al. 2005) and therefore may
serve as umbrella species in which to assess hahitability for species not found in
this guild. Mammalian carnivore sensitivity to titape fragmentation can result in
varied abundance and a non-uniform distributiomssthe landscape, particularly
related to prey availability and patch isolatiom@@ks 2002). Within the mammalian
carnivore guild, mesocarnivores (e.g. medium-sadivores) vary in abundance based
on their habitat and dietary requirements. Halaitat dietary requirements, along with
territoriality, may greatly restrict the abundaméesome mesocarnivore species, but not
others. Habitat and dietary generalist speciel asdhe raccoorP(ocyon lotor) are
more able to exploit a variety of habitat types prely items compared to more specialist

species such as the American martdares americana). Therefore, determining the
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abundance of mesocarnivores across a given areadiagte wildlife responses to
habitat fragmentation and provide an understandirige amount of suitable habitat and
prey in the area.

Mesocarnivore abundance over broad spatial sbakebeen investigated to better
understand the relationship between species, n&abéats, and human disturbances,
but is rarely estimated because of their low desssiuse of large areas, and shy nature
(Kays et al. 2008). Mid-sized and small mammapeedators may be drivers of
ecosystem processes (e.g. regulating rodent pagmaaidespite their relative rarity
across landscapes (Gompper et al. 2006). Howmassarch efforts have been
overlooked or neglected in several mesocarnivopladions (Ray 2000, Hoodicoff
2003), and may additionally come as a result af thetoric reputation as pests (Minta
and Marsh 1988). Many mesocarnivores found idalgely fragmented agricultural
matrix of the Midwestern United States remain re&y unstudied despite their role as
top predators in these landscapes. The Americdgdndlaxidea taxus) is one such
species that has remained relatively unstudieditdelsping a top predator and native to
the prairie habitat regions of the Midwest.

Badgers greatly vary in abundance across theitiNlamerican range (Messick
and Hornocker 1981, Goodrich and Buskirk 1998, Waeand Ver Steeg 1995). Badger
density was reported as high as 5 badgersiira steppe/shrub landscape in Idaho
(Messick and Hornocker 1981), but was estimate@l B badgers/kfrin a highly
fragmented agricultural landscape in west cenliiabls (Warner and Ver Steeg 1995).
In states east of the Mississippi River no estisatdbadger abundance are available,

with the exception of Illinois (Warner and Ver S3€995). Moreover, estimates of
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badger abundance and habitat requirements arentpoki the eastern edge of their
geographic distribution in Ohio. Species abundascemmonly higher near the center
of the distribution range, and population dens#glohes toward most peripheral range
boundaries (Brown 1984). Therefore, badger demsi@hio is potentially lower than
estimates in other states toward the focal ceritdreobadger range, which commonly
possess more favorable habitats (e.g. shrub-stépgeYhat in Ohio. In addition,
badgers in Ohio are uncommon and listed stateva@Sgecies of Concern; however,
badger reports have proportionally increased inptst decade compared to past years
(Chapter 1). This recent increase in reports édsd an emphasis by the Ohio Division
of Wildlife (ODOW) to determine the habitat requitents and abundance of badgers in
Ohio. However, coupled with their uncommon statu®hio, badgers are nocturnal and
cryptic, and therefore confound estimation of baddmindance.

Determining the abundance of a species occurgngsa a landscape, particularly
an uncommon and cryptic species such as the bgugsents a difficult task. To assess
badger abundance on a landscape scale, a relat@sune must be utilized, as sample
plot counts or absolute counts would likely beléutor these cryptic carnivores. Several
authors have used known habitat requirements ame mange estimates for respective
species to determine spatially explicit probalastof that species occurring within a
large scale area (Clark et al. 1993, Dettmers artl 2999, Woolf et al. 2002, Twedt et
al. 2006, Preuss and Gehring 2007). Establistpagjaly explicit probabilities for a
species across a landscape then allows for avelaieasure of species abundance in the
study area. Further, this method has performezt@fely using carnivore observation

and habitat use-availability data (e.g. Nielsen Afablf 2002).
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With known badger habitat requirements and homgeastimates (Chapter 2)
this method provides a practical approach to ptedjche habitat-relative abundance of
badgers in Ohio. Thus, | used badger observatidmabitat use data, remotely sensed
land cover data, multivariate statistics, and agggehic information system (GIS) to
model the habitat-relative abundance and habittlslity of badgers in Ohio.

METHODS
Study Area

The study encompassed all 88 counties in Ohiop 88° 24'N to 41° 59°'N and
80° 32° W to 84° 49° W. State-wide land cover @pproximately 60% agriculture,
35% woodland/shrub, 3% urban, <1% open water, <E#awd, and <1% barren (Ohio
Department of Development 2000). The glaciatedrag western, and northwestern
regions of the state were characterized by a hifsghymented matrix of agriculture with
minimal topography. The remainder of the state laagely interspersed with forest and
agriculture, but was predominantly forested ingbatheastern region. The geology and
associated landscape largely changed from glacalievdlal soils to unglaciated soils of
sandstone and shale as defined by the Wisconslaaialdine. Elevations gradually
decreased from north to south and range from 47@ 139 m.

Badger Observations

From May 2005 to January 2008 | collected badpseovations in the state-wide
study area with several methods. | solicited oleg@yns from wildlife professionals and
the public through an educational campaign whiciuthed presentations, observation
posters with tear-off report cards, fur harvestail imquiry, and web-based discussion

forums. Records of badgers were also derived trarexisting literature, historical
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records from museum specimens, Ohio Division oft\ifé (ODOW) records, and the
Ohio Natural Heritage database. All badger obsema were classified into 1 of 3
classifications based on the strength of evideoaefirmed (e.g. definitive evidence like
a road-kill or photograph), probable (observatitsom wildlife-related practitioners), or
unconfirmed (public report not positively confirmed
Landscape Data

ArcGIS 9.1 (ESRI 2005) was used to perform allggaphic information system
operations. | used the raster-based Ohio GAPdandr data (Center for Mapping, The
Ohio State University 2005) with a 30 m pixel regimin for spatial analysis. |
reclassified the Ohio GAP data from an originalafetO land cover classes to 7 classes
(Appendix C), which included open water, agricudtugrassliand, developed, mixed
woodland, barren/savanna, and wetland associaRaelassification was conducted in
order to reduce the number of potential paramatetfse analysis. Finally, | used the
raster calculator in the Spatial Analyst in Arc®3 to merge linear water and roadway
data to increase the accuracy of the land coveridahe study area.
Habitat Variable Selection

In order to select habitat variables that predittadger occurrence | used a set of
badger observations and a multi-stage modelingoagpr | first selected a subset of 134
confirmed and probable badger observations fron® 182007 that were separated by at
least 1 week. These were chosen provided my aggmapghat they were independent
observations and land use was not different frone tof observation and that in the land
cover data used in analysis. These points weredghe-referenced and plotted on the

study area. Observation points were then ciroulauffered using the mean 100% MCP
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home rangeX = 13.00 kn) size of female badgers in lllinois (Warner and Beeeg
1995) using the buffer tool in ArcGIS 9.1 (ESRI 8D01 acknowledge this home range
estimate is larger than those reported for Ohia{@ér 2), but was used due to limited
home range estimates in Ohio.

An equal set of 134 points were then randomlytptbtising Hawth’s Tools
(Beyer 2004) on the study area, but were not akibteefall inside or within 2034 m (i.e
radius of observation buffer) of observation laragschbuffers. This allowed the analysis
to take a detection or non-detection approach, evhe@rdom point buffers were
presumed to be areas where badgers were not dktddteen used Hawth’s Tools to
individually clip badger observation and randomnpdiuffers from the reclassified land
cover.

| selected 10 landscape habitat and patch steiatetrics that were similar to
reported badger habitat use from lllinois (Warneat &er Steeg 1995) and Idaho
(Messick and Hornocker 1981). These metrics weea talculated for badger
observation and random point buffers using progf@®@AGSTATS (McGarigal and
Marks 1995). At the patch level | calculated tlaéch perimeter (PERIM) metric defined
as the perimeter of a patch in meters. At thesdiagel | calculated the following
metrics: patch density (PD) defined as the numbeatches per 100 ha; patch area-
weighted mean (AREAAM) defined as the total ares (f patches multiplied by the
proportional abundance of the patch; shape areghtezl mean (SHPAM) gives a
relative measure of patch shape multiplied by ttopgrtional abundance of the patch,
which increases without limit from 1 as a patchid@s from a square block;

interspersion and juxtaposition index (1J1) defireedthe percentage of a habitat patch
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being adjacent to 1 other habitat patch type (@que) or all other habitat patch types
(100 percent); patch cohesion (COH) defined aptbportion (0-100) of habitat patch
connectedness where a value of 100 would be coenfdeal habitat patch
connectedness; related circumscribing circle (CIECgives a relative measure (0-1) of
patch elongation, where 1 equals a highly elonglitedr patch; and Euclidean nearest
neighbor distance area-weighted mean (ENNAM) ddfiethe distance in meters to
nearest neighboring patch of the same habitat tyehe landscape level | calculated
Simpson’s Diversity Index (SIDI) which gives a riele@ measure (0-1) of patch richness
in an area where SIDI of 1 equals maximal patdmn@éss; and Simpson’s Evenness
Index (SIEI) which gives a relative measure (Oflpatich distribution across an area
where SIEI of 1 equals proportional distributionpaftch types across an area.

In order to reduce the number of potential halwgaiables | first conducted a
Spearman Rank correlation analysis to account fdticollinearity between variables. If
a pair of variables was found to be highly coretaiR >0.6) | removed 1 of the
variables believed to be less biologically impott@anbadgers. | then univariately
conducted binary logistic regression to determiradger observation buffer data were
different than random buffer data. | retained a&lles that were significant € 0.10)
and were supported by the Hosmer-Lemeshow goodridéi$statistic. Because of
multiple potential predictor variables an infornoatitheoretic modeling approach using
multimodel inference corrected for small sample ¢&ICc) (Burnham and Anderson
2002) was used to determine the best model ofMarombinations (Table 3.1). |
additionally evaluated the fit of models using Kegppa statistic to test for correct

classification of model and further used K-fold €saalidation to assess the error in
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model fit, using 5 folds. All statistical analysiss conducted using R for Windows
version 2.4.1 (R Development Core Team 2006).
Abundance Estimation

| produced a continuous coverage of 3,861 nonlapping hexagons of 13.0 Km
(i.e., X size of female MCP home ranges; Warner and VexgSt€95) that covered the
entire state-wide study area, but did not oveltegpstate boundaries. This hexagon
coverage was then overlaid on the reclassified tmveér and significant variables (Table
3.1) were calculated for each hexagon using thehPanalyst Grid 3.0 extension to
ArcView GIS 3.2. Further analysis required datenmality and therefore | used the
natural log transformation for agriculture areagited mean and grassland patch
density. All other variables followed approximat@mal distributions.

| then developed a model of habitat similarityhe state-wide study area based
on the significant habitat variables from badgesesbations (Table 3.1). | calculated the
mean habitat vector as the mean values of significariables in hexagons which
contained the 134 badger observations (Figure 3 i Penrose distance (PD) statistic
was then used to measure habitat similarity betvileemean vector from badger
observation buffers and habitat characteristichiwieach hexagon of the study area. |

calculated the Penrose distance as,

p
Pij=) [(uki—ukj)”/ pVk

k=1
where population represented badger observation buffers, populatiepresented study
area hexagong,was the number of habitat variables evaluatedlas the variable value,

k was each observation, axdvas variance (Manly 2005). Hexagons with valleser
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to 0 were most similar to areas of associated brdulatat based on collected
observations, whereas increasing values indicat@ased dissimilarity to associated
habitat. | used a spreadsheet for all calculatemtsappended the final Penrose distance
output to the hexagon grid in ArcMap GIS 9.1 toateea map of Penrose distance
throughout the state-wide study area.
Model Classification

A set of core home range areas and capture losatio= 9) were used to classify
hexagons for likelihood of badger occurrence actiosstate. | plotted 50% MCP core
home ranges or capture sites of badgers in Ohiaftéh 2) on the Penrose hexagon
coverage. |then selected each hexagon that cedta badger core home range or
capture site and recorded the PD for those hexagbims mean PD for badger core home
ranges was then calculated and was used as tipeiotifor the likelihood of having at
least 1 badger in a respective hexagon. | uselitfinest Penrose value of all badger
core areas or capture sites as the middle cut pooetermine an intermediate likelihood
classification. Hexagons with Penrose values allowéntermediate classification were
those with unlikely badger occurrence.

RESULTS

Comparisons of badger observation buffers andtilnty area showed distinct
differences in the mean area of agriculture patathessity and shape of grassland
patches, and overall evenness and diversity otdialypes. Badger observation buffers
contained one-fourth the mean patch size of aduallhabitat, twice the grassland patch
density, had more interspersed block-like grasspatdhes compared to the study area.

Also, badger buffer areas contained a more evegrsity of habitat types than the study
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area. Although significant, the number of diffaraabitat types was not markedly
different between badger buffers and the study. #eassland area-weighted shape and
agriculture interspersion and juxtaposition indeetevmost correlated to PD (Table 3.1).
The mean PD for badger observation buffers was6®1&E = 48.00, range =
0.00-4953.40, and for the study area was 280.86; SE30, range = 0.00-79508.50.
Mean Penrose distance for badger core home rasgesta classify the likelihood of
badger occurrence was 7.35, SE = 2.93, range =AB@Y. Across the study area, 83%
of hexagons were less than or equal to the mea(2 PAD60) of badger observations,
suggesting the majority of the state possessely ldalger occurrence based on habitat
metrics evaluated. However, a priori | assumedtllthdgers were uncommon in the state
and habitat and patch structure metrics of raditdsged badger core home ranges
reduced the likelihood of badger occurrence acsessral regions of the state. Mean PD
of badger core home ranges determined 51% hexagenes<7.4 (i.e. those with likely
badger occurrence), 13% hexagons were >7.42810 (i.e. those with intermediate
badger occurrence), and 36% hexagons were >28.9Hase with unlikely badger
occurrence). Least average PD (i.e. those modsita badger core home ranges)
mainly occurred in the northwest, southwest, amthneentral regions of the state
(Figure 3.2). Penrose distance was greatest isdhtheast region of the state-wide study
area and in the major metropolitan areas. Preatireiative abundance was relatively
uniform in the northwest and north central regiohthe state, with a uniform pocket of
likely occurrence in the south central region (Feg8.3). The remainder of the state was

interspersed with likely to unlikely badger occue.
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DISCUSSION

Overall agriculture and grassland habitats wese@ated with badger occurrence
across the study area. Grassland shape area-ecigi@an was most important in
determining PD across the study area and indidzadder observation buffers contained
more block shaped grassland patches than didukdg atea. In addition, agriculture
area-weighted mean, grassland patch density, andsén’s evenness index were
significantly different on their respective scabetween badger observations buffers and
the study area. These differences suggest thgebaensity is likely highest where
interspersed small even area blocks of agricuegrassland occur. Although their
means were not largely different from study arbe,agriculture and grassland
interspersion and juxtaposition indexes were sigait in analyses. These also help to
support the importance of these interspersed Hal@tathey possessed larger values for
badger observation buffers than the study area.

The model was intended to provide an estimatedfbr habitat-relative
abundance in Ohio. Badgers in Ohio are presuméd ttncommon and highly cryptic,
therefore hindering absolute abundance estimaflancircumvent these limitations, use
of the PD statistic to measure the spatially expdienilarity between badger habitat
associations and the state-wide study area wasdevad an appropriate method to
model badger relative abundance. Similarly, theshad has been used to model the
habitat-relative abundance of bobcatgnk rufus) in lllinois (Nielsen and Woolf 2002)
and Michigan (Preuss and Gehring 2007). Howevmrpsite of those authors, | used
observational data to first obtain habitat varigliteat predicted badger occurrence and

then classified the model with known badger conméoange PD values. Although
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habitat variables important to badgers at the haange scale were used to develop the
habitat-relative abundance, this estimate shoulcbinsidered cautiously. Badgers use a
range of habitats and patch structures in the stwely at multiple spatial scales (Chapter
2) and therefore badger density may varying depegnolin the availability of habitat
across this highly fragmented study area. In agdidue to limited sample size in Ohio,
abundance estimates were based on the mean featglerthome range size reported in
lllinois (Warner and Ver Steeg 1995). As a redhk, scale (e.g. mean lllinois female
home range) at which the model is represented reajifferent from that at which
badgers in Ohio use the landscape, however hongesamere thought to be similar to
those in lllinois due to similar study site chaeaistics in Ohio. Finally, habitat variables
thought to be important to badgers were derivethfobservations and therefore may not
truly represent actual habitat use by badgers iw.Obespite this inherent limitation in
habitat use data, | used a recent (i.e. 1990 t@)28 of observations that were screened
for valid badger characteristics and known badgee bome ranges in Ohio to establish
and classify density in the study area. ThusJiefe this model is a suitable
representation of badger habitat-relative abundanGaio.

The model is largely representative and closdlgyies the state-wide distribution
of badgers established from collected observai{@hspter 1). The distribution (Figure
1.3) fundamentally supports the model as hexagatinshigher probabilities of badger
density (i.e. 0.75-1.00) are generally clusteredauanties with higher counts of badger
observations. These counties are mainly foundembrthwest, southwest, and north
central regions of the state, which are relativaliform regions of high predicted badger

abundance. In addition, the abundance model (€igL8) shows a general pattern of
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discerning higher badger density above the gldicialin Ohio; which is also shown on
the state-wide distribution map. Above this lixéses a highly fragmented matrix of
agriculture with relatively minimal topography aaltivial glacial till soils, whereas
below the glacial line topography consists of |&yderested hills with stone or shale
soils. Badger habitat and therefore abundancékatg limited in most areas found
below the glacial line.

The spatially explicit model has applicabilityftdure population survey efforts
in Ohio. Although the model was developed to itigade the habitat-relative abundance
of badgers, it only provides explicit areas of véhbadger occurrence is more likely than
compared to others. However, areas (i.e. hexagamsie badger occurrence was likely
possess habitats that badgers are associatednglitknawn to use in the state. Therefore
this model can provide a useful tool to identifgas where badger habitat is lacking and

where conservation efforts should be focused.
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Correlation

Badger Study between study

Variable Hexagons Area area and PD
Agriculture area-weighted mean 162.9 £ 18768.1 +12.5 -0.086 (S)
Agriculture interspersion and juxtaposition 73.0.5 68.5+£0.3 -0.092 (S)
Grassland interspersion and juxtaposition 59.B8+1.51.5+0.2 -0.010
Grassland patch density 58+0.2 24+£0.0 -0.076 (S)
Grassland shape area-weighted mean 21+£0.04.7+0.0 -0.110 (9
Simpson’s diversity index 0.5+0.0 05%0.0 0.020
Simpson’s evenness index 1.2+0.0 0.6+0.0 0.043 (S)

Table 3.1. Mean values (x SE) of 7 habitat vagahlsed to model badger habitat in
Ohio and correlations between each variable andoBerlistance (PDY: Significant (P
<0.05) correlations are denoted as (S).
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Figure 3.1. Hexagons that contained badger obsemnsa(1990-2007) used for habitat-
relative abundance modeling for badgers in Ohio.
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Figure 3.2. Penrose distance map depicting habitatarity between badger
observations and Ohio. Lesser Penrose distandesia greater habitat similarity to
badger observations.
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Figure 3.3. Badger relative abundance in Ohiodbasea habitat-relative abundance
relationship.
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CHAPTER 4

POPULATION DEMOGRAPHY AND DIET OF BADGERS (TAXIDEA'AXUS) IN
OHIO

INTRODUCTION

Carnivores are generally considered members odahee guild but are
heterogeneous in their sensitivities to landscapel@cal fragmentation (Crooks 2002).
This heterogeneity can lead to varied responsearimvore abundance, persistence, and
interactions among species (Ryall and Fahrig 20Qénhdscape fragmentation can lead
to changes in the physical environment as welli@gdographical changes (Saunders et
al. 1991). These changes can affect wildlife imyn&ays but can result in species edge
effects (Heske 1995, Dijak and Thompson 2000) andmially the isolation and local
extinction of carnivores (Crooks 2002). The ef$eat landscape fragmentation can in
turn have large influences on the vital rates efcgs because habitat patches may, for
example, become more isolated or disconnected @mgkequently hindering movement
of individuals. The survival and reproduction afmivores may be affected by landscape
fragmentation because individuals are forced toergreater distances to meet their

biological requirements. Due to their environmeésgasitivity and trophic position,
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some carnivores may serve as indicators of ecanyisitegrity (Noss et al. 1996)
Therefore estimates of carnivore population denuyanay be important for
understanding how these species respond to hunramdted landscapes and
fragmentation.

Estimates of abundance, survival, reproductiod,sex ratios are intrinsic to both
population models and management actions dealitigfactors such as harvest,
endangered species, and control of exotics (MOB7. In addition, population and
morphometeric information are necessary to undedssgecies function and interactions
at the community and ecosystem levels (Rosalira. &005). This information can then
be used to assess the population status and tfenspecies, potentially over a long time
period. If the population indicates an increasingleclining trend then rates of
fecundity, survival, immigration, and emigratiorathnfluence the persistence of a
carnivore population must be known (Gese 2001}alVates of many carnivore species
have been included in demographic population madedssess the population status and
trend (Carroll et al. 2003). However, populatidatss is basically unknown for many
mesocarnivore species because of their secrethieshbmited research support, and low
economic value (Ray 2000). As such, the poputatiatus of the American badger
(Taxidea taxus) is relatively unknown across its geographic range

Estimation of demographic parameters and diet ositipn is essential in the
management of a top predator like the badger. ¢samates of many furbearers are
frequently modeled with vital rate estimates toj@cbthe future population trend of a
species (Mills 2007). However, the populationisaif the badger largely varies

geographically with density and landscape habitaability, and caution should be taken
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with extrapolation of vital rate parameters acr$®rent landscapes. In addition,
badgers are known to exhibit disparate prey chpateerns and rely upon a prey base
that is both diverse and spatio-temporally varigBleevedo et al. 2006). Thus,
identifying the diet composition of badgers coutdypde inferences to food availability
in the environment and present insights into tkey foraging habitats.

Estimates of vital rates and diet informationldadgers have primarily come
from the western and plain regions of the Unitemt&®t where population densities are
relatively high and suitable habitat is abunddastimates of badger vital rates are not
totally comparable because they have been estinratitferent ways, but are useful for
a basic understanding of badger biology. In soastern Idaho, the proportion of
breeding females was shown to range from 0.3358 &nd average litter size was 1.7
(Messick and Hornocker 1981). In Utah and Idaineean of 2.2 corpora lutea were
counted in 27 badgers (Lindzey 1971) and similarfydd (1980) estimated average litter
size to be 2.2 from counts of corpora lutea, pltadestars, and field counts of litters in
southern Idaho. Wright (1966) suggested that nehgit #male badgers breed, but few
breed during their first summer (i.e. at 4-5 mordlth. This was also supported by
Messick et al. (1981) who found the proportion afqus or pregnant females in all age
classes in southwestern and south central Idah®2fas(N = 167) and 72% (N = 62)
respectively. Messick et al. (1981) also repotted in Idaho the proportion of females
that bred during their first summer and gave katth2 months old ranged from 40% (N
=50) to 52% (N = 27).

Several studies have also documented badgerymiarposition in several

regions of the species’ rangeciuridae species were the most common prey item in
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lowa (Errington 1937, Snead and Hendrickson 1948)@outh Dakota (Jense 1968). In
east central Minnesota, pocket goph&sofnys bursarius) were the primary prey
species; however, 14 other mammal species wera foudiet contents (Lampe 1982).
Microtine and cricetine rodents had the highesjdemcy of occurrence, followed by
lagomorphs, in Utah and Idaho (Lindzey 1971). ®wadtbadgers in west central
Minnesota and southeastern North Dakota primadhsested of small mammals from
Muridae or Geomyidae, but also contained remains of insects, birdgjlesp amphibians,
and mollusks (Sovada et al. 1999). This breadthehwas also observed in badger
carcasses collected from 2000 to 2001 in Saskatnhe@anada (Azevedo et al. 2006).

Badger diets typically vary seasonally in respasgrey availability. Diet
contents of badgers collected during summer mdmakie shown a greater diversity of
small mammal species (Lampe 1976) and alternate (@.g. reptiles and birds)
(Sovada et al. 1999) compared to other seasonssitkeand Hornocker (1981) observed
seasonal and yearly changes in badger diets tha&sponded to shifts in prey
availability; where badgers consequently shiftedeno lagomorphs and other rodents in
response to declines in Townsend ground squirgpks fiophilus townsendii). Also,
sub-adult badgers have been observed to eat ntbre@rds and birds and fewer
mammals than adults. This sub-optimal diet mayehagulted from undeveloped
predatory skills and dispersal (Messick 1999).

Past studies have provided various parameter &stsof badger demography
and dietary information, but were conducted in Eoaghes dissimilar to that in Ohio.
These data are useful for badger population manaxgeim those regions but are limited

for extrapolation to areas east of the Mississiiper where virtually no information
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exists on badger demography and diet. Howevern&f/and Ver Steeg (1995) shed
some light on badger demography and diet in a ®ifyfpgmented agricultural landscape
in west central lllinois. lllinois badgers existlaw density, estimated at 0.14
badgers/krhand fecundity was estimated as 0.32 young/femmaia i mean litter size of
1.67 and a 0.27 sub-adult survival rate. Alsogeasl consumed mainly small
mammalian prey, but also contained 21% reptileangphibians. Estimates of adult
fecundity and survival of young badgers in westtia@nllinois are lower than those
reported in western states with greater suitablgtéta These estimates from lllinois
provide some inference to badger demography eddississippi River in a fragmented
agricultural landscape. However, badger populadiemography remains highly
equivocal on the eastern fridge of their geograpdnge in Ohio.

Badgers are uncommon and likely exist at low dgnisiOhio, making
population demography and diet composition difficaldetermine. The species is native
to the historical prairie regions of Ohio and wasaavestable furbearer in Ohio until
1990, when it was protected statewide &pexies of Concern. This protection was
afforded mainly as a result of their uncommon statnd unknown ecology in the state.
In the past 10 to 20 years, reports of badger obiens have been increasing (Chapter
1), yet it is unknown if these increased reporésthe result of an increase in population
size, range expansion, increased human developoremt;ombination of several factors.
Badgers have presumably expanded their range adsitwine Midwestern United States
with large scale deforestation practices, chiaftydgricultural use (Lyon 1932, Moseley
1934, Leedy 1947, Nugent and Choate 1970, Gremiimith 1985, Warner and Ver

Steeg 1995, Berkley and Johnson 1998). Land ws#ipes over the past 2 centuries

87



have now transformed Ohio from its historical matf forest and native prairie pockets
into primarily a highly fragmented agriculture lacdpe. Badgers are fossorial
mesocarnivores which are commonly associated wéhi@, open grasslands, and other
treeless habitats (Messick 1999) and thereforerdstation has likely provided these
mustelids with greater suitable habitat (Chapter\While the eastern range extension of
badgers has been documented, there remains ayafugsearch on the population
status and demography of badgers in this highlynfrented agricultural region.
Demography and diet data are essential to furthderstanding badger ecology
and establishing management initiatives for theiggan Ohio. Due to the species
uncommon status and low density population, fereatgival and reproduction are
especially important to estimate given that femati@ rates can dramatically alter
population viability. In addition, badger survivahd fecundity vary with human activity
and badger density (Messick and Hornocker 198 husTprojecting the population with
differential parameters would likely prove usefuletvaluate different population
scenarios, which could incorporate simulated harveééth these considerations in mind
a population projection matrix provides a usefal to incorporate female vital rates and
evaluate several population scenarios. To prostdte wildlife practitioners with
population information for future management of ltlaglger in Ohio, my objectives were
to determine: 1) diet composition, 2) sex ratioad¢ structure, 4) body and skull
morphometrics, 5) reproductive status, and 6) et projections using a Leslie

population matrix.
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METHODS

Carcass Collection and Necropsy

Badger carcasses were collected state-wide from2@85 to June 2008. Basic
necropsies and evaluations were conducted to obé&atnointestinal contents, sex, age
structure, morphometrics, and reproductive staius collection date, location, age, sex,
cause of mortality, reproductive status, and baadkngth and weight of each carcass
was recorded (Appendix K). To determine mortabyyseason | defined 3 biological
seasons that were based upon the life cycle ofleebzaigers. | defined 3 biological
seasons that were based upon the life cycle ofleebzalgers (Warner and Ver Steeg
1995). | defined the rearing (spring) season fidanch 1 to June 30 and represents a
period when movements by breeding females are corymestricted by parturition and
rearing young (Messick and Hornock 1981). The direge(summer) season was defined
from July 1 to October 30 and the non-breeding {gvinseason from November 1 to
February 28, during which badgers largely resthetr activity and home range sizes
shrink considerably (Lindzey 1978, Messick 1999).
Diet Composition

Badger gastrointestinal contents were extracteidam through a 1.0 mm and 0.5
mm sieve to separate contents. Contents were irigaper bags forb5 days and
separated into broad categories based on typenaiing (e.g. hair and bone). Hair was
fixed to a glass slide and identified under a conmgbmicroscope to a species or genus
level using known species hair samples and a tiaitification guide. Bone remains
were identified to the species specific or genusllasing a bone identification guide.

Other contents could be identified by basic evabmate.g. plant material). | assumed
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that badger hair found in remains was a resulroediging and was not quantified.
Presence of prey items were recorded individualtyebich badger and then summed over
all badgers. Total occurrence for each prey iteas then divided by the total number of
prey items found overall and by season to deriperaentage of total occurrence in diet.
Sex

Badger sex was determined through external evatuédr the presence of testes
and penal opening (males) or presence of teatvagidal opening (females). However,
in some cases carcasses were depredated or chiatestéo identify sex were missing,
and sex was then recorded as unknown.
Age Structure

Badger age was determined through cementum asalf/spllected teeth (Crowe
and Strickland 1975). If available, the lower tighnine was extracted, but another
canine or second premolar was taken if canine stpvesent or broken. Teeth were
then sent to Matson’s Laboratory LLC (Milltown, MIgr cementum aging. Age classes
were defined as Y¥1 year of age, sub-adults 1-2 years of age, anlisaefliyears of
age.
Morphometrics

Basic morphometric data were collected on the Bedgth and weight, right hind
foot, right ear, tail, and skull. Body length wagasured from the tip of the nose to the
last vertebrae of the tail. Body weight was takaranimals that contained all organs and
tissues, pelted animals were corrected by mulmglgkinned body weight by 1.2 to give
an approximate estimate of original weight withtpdlhe right hind foot was measured

from the tip of the front pads to the rear tiploé hind pad. The right ear was measured
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from the tip of the ear to the bottom of the earata The tail was measured from the first
tail vertebrae to the last tail vertebrae. Skulisevcleaned and boiled in water and
acetone for approximately 60 min to remove flesth @ihand then dried for10 days.

Skull measurements followed Long (1972) and inctuthes greatest length of skull,
zygomatic breadth, postorbital breadth, palatajtlenalveolar length maxillary

toothrow, carnassial length, and cranial depth.

Male YY morphometrics were compared to those ofdle YY and male badgers
>1 year of age were compared to those of femelegear of age. Also, male YY were
compared to malesl year of age and female YY were compared to fesxdle/ear of
age. For comparisons, a 2-sample t-test with ecarédnces was used. All statistical
analysis was done in R for Windows version 2.4. D@Relopment Core Team 2006).
Reproductive Status

Female badger carcasses were externally evalt@tsins of potential or
realized fecundity. Potential fecundity was reeat@s presence of lactation or
blastocysts. Realized fecundity was recorded@sence of placental scars or embryos.
Bacula in males were cleaned and boiled in watdraametone for approximately 30 min
to remove oil and were then dried ft0 days. Bacula were then measured after the
drying period from the top tip to the bottom tipdameighed using an electronic scale.
Female uterine tracts were extracted and evaldatgutesence of blatocysts or placental
scars. | looked for blastocysts first by injectargd thoroughly flushing each uterine
horn 3 times with saline water into a clear glasiglish. |then linearly cut each uterine
horn and looked for presence of placental scarsuadissecting microscope and naked

eye. The number of blastocyts and embryos weaded for potential fecundity and
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placental scars and presence of lactation wergdedas realized fecundity. Mean litter
size and fecundity were then calculated for colddemales.
Population Modeling

An age-structured Leslie matrix population modabwleveloped to identify the
annual population growth ratg)(of badgers and to examine the effect of potential
harvest on the population. All models were evadatith a starting population of 500
badgers. The base (no harvest) model was develgpeg both published and
unpublished data on badger survival and reprodudtit@al rates (Table 4.1) with data
reported for Idaho (Messick and Hornocker 1981, didset. al. 1981) and lllinois
(Warner and Ver Steeg 1995). Adult fecundity waseased 0.05 at each consecutive
age class starting from 0.52 at the 2 year-oldcéags because badger fecundity has been
shown to increase with age (Wright 1966, Messickl.€1981). Badger immigration was

not incorporated in any models evaluated. Thestigestured projection matrix,

Fl FZ F3 I:4 FS FG nl
S 0 0 0 0 O n,
a0 S 0 0 0 0| o In
0 0S 0 0 O n,
0 0 0S 0 O N
0 0 0 0 S S N

was comprised of elements for fecundityfKfemale kits per female) x (proportion of
breeding females) x (YY survival)] in the first raamd survival [§= age-specific

survival (YY, 2 - 6+ years of age)] on subsequemts, for age class i. Using the
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projection matrix, variations in population sizelage structure (N) can be calculated

between times t and t + 1 from the equation:

Ni.y = AN

The base model was constructed using only the fepwtion of the population
(assuming a 1:1 sex ratio) using a density indepetichodel with a yearly time step.
Stable age distribution (XY for the population was calculated from the rigigienvector
associated with the dominant eigenvalle (Reproductive value (M for individuals in
each age group is the left eigenvector and givegxipected relative contribution of a
female currently in a given age group to futureyagon growth.

To assess the effect of a simulated populationdsaan estimated harvest rate of
0.045 was applied to each age class using therhadel. This estimate was used by
Warner and Ver Steeg (1995) to assess a simulatedst on a low density badger
population in west central lllinois. | also credte population models that described 4
different scenarios based on different rates ofb¥&eding and survival. These models
were created because YY breeding and survival as shown to vary locally and
regionally between geographic study areas acresgited States (Messick and
Hornocker 1981, Messick et al. 1981, Warner andSteeg 1995), which may largely
affect future population trends. In addition, pptation models were created to describe
4 different scenarios based on differential fem@febreeding and survival and a
fecundity increase of 0.05 at each consecutived@gadults. Fecundity was increased

0.05 per adult year to approximate fecundity esidman western states (Messick and
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Hornocker 1981).
RESULTS

| collected 46 badger carcasses during May 20Q%bine@ 2008. Carcasses
consisted of 18 males, 24 females, and 4 with uwkngex. The male to female sex ratio
did not differ from 1:1 (t = -0.78, df = 41, P 4@2). Known age data were available for
38 badgers and the overall mean age was 1.63, Eb75range 0 — 6 years (Figure 4.1),
with females 1.47, SD = 1.71, range = 0 — 6 yaars19, and males 1.88, SD = 1.45,
range = 0 — 5 years, n = 17 (Table 4.2). The o¢loadger recovered was a 6 year-old
female (B35). Age categories consisted of 34% Y&% sub-adults, and 50% adults.
Males consisted of 18% Y'Y, 29% sub-adults, 53%tacaid females had 47% YY, 6%
sub-adults, 47% adults. Mortality (Table 4.3) te=siifrom road kill (74%), unknown
(13%), fur trapper (11%), and shot (2%).

Male YY were heavier (t =-3.35, df = 8, P = 0.p46d had a longer foot (t = -
2.58, df =9, P = 0.030) than female YY, but did have a longer body (t =-0.97, df =9,
P =0.358), ear (t= 1.51, df =9, P = 0.164)adlr(t = 1.10, df = 9, P = 0.302) (Table
4.4). Male badgersl year old did not differ from femaled year old in body length (t
=-1.17, df = 19, P = 0.256), body weight (t = 8,.df = 19, P = 0.097), foot length (t = -
0.63, df =19, P = 0.537), ear length (t = 0.36:d8, P = 0.726) or tail length (t = -1.88,
df =18, P =0.076) (Table 4-4). MorphometricsflEmale badgersl year old did not
differ from those of female YY. Male badgers year old had longer bodies than those
of male YY (t = 2.62, df = 13, P = 0.021), but didt differ in any other morphometrics.
Limited sample size did not allow for comparisofiskull measurements (Appendix L)

between males and females or age classes.
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Evidence of potential or realized fecundity wasspre in 25% of female
carcasses and was seen in 22% of YY and 11% ofsadith known ages. Additionally,
3 females without known ages had signs of poteantiatalized fecundity. Overall
fecundity was estimated as 0.302 with a mean iteg of 2.17.

Diet Composition

The gastrointestinal contents were obtained frérngeé8casses and 25 contained
remains that were classified based on broad cagsgobDiet contents from badgers with
known ages were available from 8 YY, 4 sub-adaltg] 9 adults. Remains of bones
were found in 13 and hair in 21 of the 25 availa@mples. Small mammals were
predominately the main food item in addition toa3tern cottontail rabbitSflvilagus
floridanus) and 1 woodchuckarmota monax). Deer mice R. maniculatus) (28%) and
White-footed micePR. leucopus) (25%) were the most commonly selected prey specie
Altogether 9 prey items could be identified to Hpecies specific level, 2 prey items to
the genus level, and 1 unknown (Table 4.5). Raaiter was often found in remains, but
was not quantified because plant matter was thotogbé indirectly ingested during
capture or feeding of target prey. Also, badgeriwas commonly found in remains, but
was thought to be an artifact of individual groogin
Population Models

The base parameters (no harvest) mddel 1.032) resulted in a gradual badger
population increase after a 20-year period (Figu2g. With a starting population of 500
badgers and a 1:1 sex ratio the base model indieald 0% population increase after 20
years. When a 4.5% harvest is applied to all badge classes.(= 0.813) resulted in a

40% population decline after 20 years. The basgeiestimated the badger population
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consisted of 34.8% YY, 15.2% sub-adults, 13.1% &yeds, 11.3% 3 year-olds, 9.8% 4
year-olds, 8.5% 5 year-olds, and 7.3% 6+ year-ol€iantribution to reproductive value
was greatest in 2 year-olds (20.2%), followed dy-adults (20.1%), 3 year-olds
(18.1%), 4 year-olds (15.2%), 5 year-olds (11.3%),(8.8%), and 6+ year-olds (6.3%).
Elasticity analysis showeédwas most sensitive to YY survival, followed by sadult

and adult survival in the 2 through 5-year agesdas However, adult fecundity in the 2
through 5 age classes had greatsensitivity than did 6+ age class survival. Thea§e
class survival and fecundity had the same sensitmwihile sub-adult fecundity was least
sensitive.

The 4 population models with differential femal¥ ¥reeding and survival all
showed population declines from an original 500vitials after 20 years (Figure 4.3).
The model with YY breeding and maximum surviviak0.904) indicated an 88%
population decline. The model with no YY breedargl maximum survival(= 0.768)
indicated a 50% population decline. The model& WiY breeding and mean survival (
=0.522) and no YY breeding and mean survi¥at 0.471) indicated population
declines of 89% and 92%, respectively.

The 4 population models developed with differdrfeanale YY breeding and
survival and increased adult fecundity with agevggtbvaried population trends from an
original 500 individuals after 20 years (Figure)4.Zhe only model with a positive trend
had YY breeding and maximum survival£ 1.032) and indicated a population increase
of 110%. The model with no YY breeding and maximsumvival ¢ = 0.895) indicated a
38% population decline. The models with YY bregdamd mean survival (= 0.601)

and no YY breeding and mean surviviaH0.549) indicated 86% and 89% population

96



declines, respectively.
DISCUSSION

Demographic parameter estimates for badgers in ®@are similar to those
observed in other populations across North Ameridae even sex ratio observed in my
sample has also been documented in lllinois (WaandrVer Steeg 1995), Idaho
(Messick and Hornocker 1981, Messick et al. 198ty Wyoming (Crowe and
Strickland 1975). Badgers in the YY and sub-adgk classes contributed 50% of all
collected carcasses, which may have resulted fispetsal and use of less favorable
habitats by young individuals, commonly resultingead mortality. Further the mean
age of all badgers fell within the sub-adult (1€as) age class, which was comparable to
Warner and Ver Steeg (1995) who found the vast ntgjof 123 badger carcasses
collected in lllinois were of3 years of age. The oldest badger was 6 yearfoWdever
older badgers likely exist in the state as wildvitlals have been documented as old as
13 in Indiana (Duquette and Gehrt unpubl. data) Bhgears in Idaho (Messick and
Hornocker 1981). Age distributions were similatvieen sexes, but YY females
exhibited reasonably higher mortality than YY mgJ€able 4.3) which may largely be
an artifact of sample size. The high occurrencmaitality in younger individuals,
particularly females, has immense implicationshengdustainability of this population
because the population trend was most sensitisalieadult badger survival.

Road-killed badgers accounted for 74% of carcasdeshich 48% werel year
of age. Vehicle-related mortality may have impottaplications for population growth
rate, as relatively high YY and sub-adult surviaeg crucial in the sustainability of

badgers in the state. Roadways have been shobendanajor cause of badger mortality
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in different regions of the species’ North Americdange. For example, vehicle
mortality accounted for 85% of 137 carcasses c@tem lllinois (Warner and Ver Steeg
1995), and road kill mortality exceeded naturalioknown causes of 157 marked and
unmarked badgers in Idaho (Messick et al. 19813%0,/86% of radiotagged badgers in a
low density population in British Columbia, Canatled of either road or rail-way
mortality (Weir et al. 2004). In addition, roadgiwhigh traffic volumes have been
suggested to discourage European badddekes meles) from attempting to cross major
roads in England (Clarke et al. 1998).

Roads may pose a threat to the survival of badgedhio and possibly hinder
the movements and consequently reproductive oppitigs of this low density
population. Although road kill was the highest m@uof mortality in Ohio, these results
should be interpreted with caution. Carcasses w@tected opportunistically, which
resulted in mainly road killed animals. It is pibés that other forms of mortality (e.qg.
disease) can be as equally or more prevalent, bytnot be detected due to the
opportunistic collection of carcasses and crypéture of the badger.

Although several significant differences were fdumorphometric data did not
exhibit sex and age class dimorphism as commordymented in badgers. | believe
this was possibly a result from a limited numbecafcasses. Also, limited skull sample
size did not allow for statistical comparisons mgasurements did not show distinct
differences between males and females or betwezglagses. Sample size and
measurements were limited because badgers arecamaoron species in the state and
skulls were commonly destroyed from mortality. Hmer, sexual dimorphism was seen

in a sample of approximately 900 badger skullshwniles having larger mean
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measurements than females in all measurements te&eg 1972). Sexual and age class
dimorphism is likely present in Ohio badger skalsswell because males were larger
than females and badgers >1 year were larger tivanliY addition, the sagittal crest and
postorbital processes were highly pronounced iercddlult badgers, but the
basiooccipital-basisphenoid suture was seen pdttHioopen in younger badgers.

Badger diet was composed entirely of mammaliag, et predominately mice
(Peromyscus spp.). Badgers primarily feed on small mammals (Azevetal. 2006) but
have been shown to shift their diet seasonallydifegon birds, reptiles, insects,
amphibians and occasionally carrion (Lampe 1982a8a et al. 1999). However, Ohio
badger diet contents did not exhibit this diversityood items despite carcasses
collected over all seasons. Additionally, despégeral (n = 8) sub-adult samples no
non-mammalian food items were found, but may bealetl with increased samples,
particularly across seasons. Sub-adult badgers h@en shown to proportionally select
more non-mammalian prey than adults, which maylrésum their inexperience to catch
mammalian prey (Messick and Hornocker 1981, Erandt937). These results suggest
badgers did not select these alternative food itéimsever badgers in Idaho increased
the diversity and intake of alternate prey in res@oto a decline in Townsend ground
squirrels §oermophilus townsendii) (Messick and Hornocker 1981). Therefore, small
mammal prey abundance in Ohio may have been ampleyé that badgers did not have
to diversify or shift their diet to alternate preRegardless, analysis of carcass diet
contents only provided a small time frame in whiclbase dietary inferences.

Prey species found in diet remains use a diveasibabitats, but are commonly

found in old field, grassland, and woodland eddathts (Snyder and Best 1988,
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Kaufman et al. 1990) which are frequently used &gders (Chapter 2). Badgers are
opportunistic feeders (Lampe 1982) and therefoeeldrgely depends on local prey
abundance or presence. Extensive predation onmagehave resulted from badgers
feeding opportunistically, as these species’ arermon and found in many habitat types.
Also, remains from individuals commonly containederal prey items of the same
species and stage of decomposition, suggestingitéeqpodn of a locally clumped prey
resource. Small mammal diversity and abundancéé&eas shown to be greater near
mown roadsides compared to agricultural croplanduMer et al. 1999). Although
badgers were mainly collected along road sidesr@a kill) | believe they had ample
opportunities to forage in areas away from roadsatel therefore diet does not simply
reflect species found near roads.

Eastern cottontail rabbigylvilagus floridanus) was detected in the diet remains
of 2 badgers recovered during the winter. Ralitate been a documented prey item for
badgers in lowa (Snead and Hendrickson 1942) antikedy key prey during winter
months when other prey items (e.g. mice) are dstiyamainly given that rabbits
actively use burrows during this period. In adunitiwoodchuckNlarmota monax)
remains were detected in a single badger, whictbbas documented in badgers in west
central lllinois (Warner and Ver Steeg 1995) anst eantral Minnesota (Lampe 1982).
Badgers likely prey upon younger and smaller wooadkhk but it is unknown if they
would actively prey upon larger adults. Althougbmparable in size to woodchucks,
predation on marmot$/armota spp.) has been reported in British Columbia, Canada
(Packham and Hoodicoff 2004).

My fecundity estimate was similar to an estimataT a low density (0.14
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badger/km) population in lllinois (Warner and Ver Steeg 1986d reproduction was
seenin 2 YY females. Although male YY badgersraecapable of breeding, female
YY have been shown to breed within 4-5 months dhkjwright 1966, Todd 1980,
Messick and Hornocker 1981), but this is rareOmo, female YY may be more prone
to breed as a result of a low density populatioarger to augment potentially low adult
fecundity. Messick and Hornocker (1981) stated blaalger fecundity in Idaho increased
from 0.3 to 0.7 in response to a decline in popaatiensity. However, female carcasses
did not indicate this elevated rate of fecunditgdzhon a presumed low density
population in Ohio. Estimates of sub-adult surlvavad proportion of breeding females
from west central lllinois (Warner and Ver Stee@3pPwere combined with mean litter
size from Ohio to calculate an estimated mean féityin Therefore, it is possible that
sub-adult survival as well as proportion of bregdemales is higher in Ohio than

lllinois, leading to a higher estimate of fecundatyd hence recruitment of young in the
state. Fecundity of coyoteSgnislatrans) has been reported to be highly variable and
dependent on exploitation, food resources, andlpigsanbient stress levels (Sacks
2005). Thus, it is possible that badger fecundayld likely be differential depending on
these factors as well.

Female badgers have been suggested to be induskedars (Wright 1963) and
may require several different male encountersdade ovulation. Thus, it is plausible
that badgers in Ohio exist below a minimum thredla@nsity whereby mating
opportunities are limited and therefore females matyhave adequate mate encounters to
induce ovulation and reproduce. Fecundity estimatere potentially hampered because

badger placental scars have been shown to faden2tB months after parturition
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(Wright 1966, Messick and Hornocker 1981). Sonreasses were recovered several
months after suspected parturition or several dégs mortality, which may have
reduced detection of placental scars and blastecy3verall, fecundity appears to play a
vital role in the sustainability of this populatiand had a large influence in the future
population trend in the state.

The future of the Ohio badger population is higtdytingent on female survival
and reproduction rates. Long and Killingley (198&jted that female mortality is
especially important among badgers because yoypmendeon females for approximately
1 year. The population appears to be highly depeinoin the survival of younger female
individuals, mainly YY. The base (no harvest) mdde= 1.032) indicated a 110%
population increase over a 20 year period. Theealhwds set up to reflect the most
likely scenario of female survival and reproductiothe state and was the only model
that displayed a positive population trend. Basel@hparameters were taken from
populations in Idaho, lllinois, and Ohio (Table Yahd therefore it is possible that the
Ohio population may deviate from population estesatalculated with these parameters.
However, several parameters were presumed to blausas most were derived from a
low density population in a highly fragmented agltiaral landscape in west central
lllinois.

The importance of badger survival was explicitipwn in the harvest model
(Figure 4.2) where a simulated 4.5% harvest wasexpo all age class survival
estimates. This simulated harvest had a negatwel ieffect on the population
estimating. = 0.813 over a 20 year period. Similarly, Waraed Ver Steeg (1995)

showed a simulated 4.5% harvest of 100 badger®gt @entral lllinois caused an initial
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decline and then moderately stabilized at approteim&®0 badgers over a 20 year period.
The harvest model in Ohio did not appear to stabitiver a 20 year period, likely
resulting from YY harvest and therefore decreasedridity over time. Fecundity rates,
particularly in young (i.e. <2 years) badgers, hiavge implications for this population
because survival has been shown to decrease dlmessty with age (Messick and
Hornocker 1981). In addition, young badgers apuwad more frequently than other
age classes (Messick et al. 1981) and increasedstan these critical ages would show
an even greater population decline. Overall thredst model shows a 4.5% harvest
season would be detrimental to this low densityyatpon, which does not account for
additional natural or other mortality factors, sashroad Kkills.

Badger YY survival appears to be an importantdiact the future trend of this
population. To fully explore the importance of ¥¥rvival, several models were
developed to show scenarios using differential ;p@tar combinations. Following the
recommendations of Warner and Ver Steeg (1995) thetlestimated and maximal YY
survival were modeled with or without YY breedingdaequal adult fecundity (Figure 4-
3) and also with differential adult fecundity inased with age (Figure 4.4). Models that
incorporated equal adult fecundity all showed niggdatends over a 20 year period, but
estimated YY survival models showed sharper deslindodels that incorporated
increased adult fecundity by age were variable sittvival rate. The model integrating
maximum YY survival and YY breeding was the onlydabto show a population
increase over time, which was the a priori baseh@west) model. All other models
showed declines over time, but maximum YY survelawed the least drastic decline

compared to those using estimated YY survivalerigtingly, both the models

103



incorporating estimated YY survival closely mirrdreach other, with the YY breeding
model being slightly higher over the 20 year peridthese models show that not only is
maximal YY survival vital to sustaining the popudet, but fecundity must increase in
order to sustain the population over time. Howeites plausible that base adult
fecundity could be higher than used in these mesinates but remain constant or
increase over time. Many combinations of modeapwaters could be evaluated, but
logical combinations of parameters were used ttuat@ potential population scenarios.

Models were also created using differential corabans evaluated previously
which additionally incorporated decreased (0.1Qjtegurvival by age. However, all
drastically dropped to <10 individuals within ay€ar period. Research has
demonstrated the importance of adult survival ar@adult breeding in sustaining a
badger population in west central lllinois (see Wéarand Ver Steeg 1995). Although
decreased adult survival with age has been rep{vtedsick and Hornocker 1981), the
scenarios evaluated are unlikely as badgers aativgerspecies in Ohio and have likely
persisted in this landscape for greater than aucgntf adult survival truly decreases
linearly with age then either overall fecunditybsadult survival, or both must be
sufficient to offset decreasing adult survival sate

The base model shows that the badger populati@hia is stable to slightly
increasing. Despite a relatively limited sampleesthe population exhibited population
characteristics commonly reported in other poparetj such as a 1:1 sex ratio, typical
age distribution, and mean litter size. In additioo alternative food items (e.g. insects
and reptiles) were found in badger diet remainggesting that ample mammalian prey

may exist and badgers may be largely keying irhese clumped resources. The base
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model showed that the population is increasingvaoidld remain relatively stable if YY
survival were to fall between the estimated andimar rate. This is a likely scenario
because badger observations have been increasenghavpast decade and badgers have
likely expanded from historical areas of the s{@tkapter 1). The base population model
may largely reflect the expansion and increaseémbsions of the badgers in Ohio. If
badgers are increasing according to the modeldbsarvations will feasibly increase

and natural expansion from dispersing animals imen. Nevertheless mortality is
remains a large factor in the overall subsisteri¢his population, particularly resulting
from anthropogenic causes. Harvest would likelgégimental to the population, even
over a relatively short 20 year time period. Yoamgmals play a vital role in the outlook
of this low density population and changes in théal rates will have a large cascade
effect on the entire population over time. Curnemttected status is warranted for future
management considerations as badgers are uncommdaxist at low densities. Further
collection and evaluation of badger carcasses wididty shed more light on the

population demography, diet, and trend of badgef3hio.
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Parameter Estimate Source
Initial population 500 This study
Female cubs per female 1.67 (Warner and Ver Steeg)1
Proportion breeding females

(Messick et al. 1981,

<1yr 0.42 Messick and Hornocker 1981)
lyr 0.71 (Warner and Ver Steeg 1995)
2yr 0.71 (Warner and Ver Steeg 1995)
3yr 0.71 (Warner and Ver Steeg 1995)
4yr 0.71 (Warner and Ver Steeg 1995)
>5yr 0.71 (Warner and Ver Steeg 1995)
Female age-specific survival

<1yr? 0.27 (Warner and Ver Steeg 1995)
<1yr® 0.44 (Warner and Ver Steeg 1995)
lyr 0.87 (Warner and Ver Steeg 1995)
2 yr 0.87 (Warner and Ver Steeg 1995)
3yr 0.87 (Warner and Ver Steeg 1995)
4 yr 0.87 (Warner and Ver Steeg 1995)
5yr 0.87 (Warner and Ver Steeg 1995)
>6yr 0.87 (Warner and Ver Steeg 1995)
Harvest pressure 0.045 (Warner and Ver Steeg 1995)

Table 4.1. Population parameters used to modeDttie badger populatiorf:A mean
estimate of young-of-year survivdl.A maximum estimate of young-of-year survival.
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Males Females Unknown Total

Age n % n % n % n %
<1 3 18 9 47 1 50 13 34
1 5 29 1 5 6 16
2 3 18 3 16 1 50 7 18
3 4 23 5 27 9 23
4 1 6 1 3
5 1 6 1 3
6 1 5 1 3
Total 17 19 2 38

Table 4.2. Ages (in years) for male, female, amkhown badger carcasses collected
during 2005-2008 in Ohio.
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Age Class

Cause Young-of-year Sub-adult Adult Unknown Total Tétal
Road killed 9 5 15 5 34 74
Fur trapper 1 2 2 5 11
Shot 1 1 2
Unknown 3 2 1 6 13
Total 13 6 19 8 46

Table 4.3. Age class, cause of mortality, and remolb badger carcasses collected
during 2005-2008 in Ohio.
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Males Females

Age Class n Mean + SD Mean + SD
Total length (cm)
Young-of-year 3 72.93+1.91 70.66 + 3.79
Sub-adult 3 75.83+1.61
Adult 9 76.72 £2.33 71.06 £6.10
Body weight (kg)
Young-of-year 3 7.88 £0.33 5.91+0.96
Sub-adult 3 9.33+£1.13
Adult 9 897+151 7.31+1.67
Hind foot (cm)
Young-of-year 3 9.33+0.15 8.87 £0.29
Sub-adult 3 9.00 + 0.66
Adult 9 9.41 +0.37 8.90 + 0.59
Ear (cm)
Young-of-year 3 4.02 +0.45 4.30 +0.20
Sub-adult 3 413 +0.55
Adult 9 4.09£0.42 418 £0.51
Tail (cm)
Young-of-year 3 11.05+0.93 12.02£1.40
Sub-adult 3 11.93 £ 0.59
Adult 9 12.61+£1.13 11.33+1.62

Table 4.4. Morphometrics for male and female besig age class collected during
2005-2008 in Ohio.
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Common Scientific

Name Name Spring Summer Winter  Unknown Total % Total
Deer Mouse P. maniculatus 3 6 2 11 28.2
White-footed Mouse P. leucopus 2 4 2 2 10 25.6
House Mouse M. musculus 1 1 2 51
E. Harvest Mouse R. humulis 1 1 2.6
Meadow Vole M. pennsylvanicus 1 2 1 4 10.3
Short-tailed shrew B. brevicauda 1 1 2 5.1
E. Cottontail Rabbit S floridanus 2 2 51
E. Chipmunk T. striatus 1 1 2.6
Woodchuck M. monax 1 1 2.6
Mouse spp. 1 1 2 51
s Vole spp. Microtus spp. 1 1 2 5.1
= Unknown spp. 1 1 2.6
Season Total 9 16 11 3 39
% Total 23 41 28 8

Table 4.5. Diet composition of badger carcassrgaméstinal contents (n = 25) collected during 2@008 in Ohio.



14

12

Badger Carcasses

<1 1 2 3 4 5 6

Age (years)

Figure 4.1. Age distribution (in years) of badgarcasses (n = 38) collected during
2005-2008 in Ohio.
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Figure 4.2. Ohio badger population under 2 managestrategies with female young-
of-year and adults breeding, with increased fedyr(ei 0.05) at each consecutive adult
age class. A simulated harvest of 4.5% is showalldmadger age classes.
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Figure 4.3. Ohio badger population under 4 scesamth modified female young-of-
year (YY) breeding and survival.
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Figure 4.4. Ohio badger population under 4 scesamth modified female young-of-
year (YY) breeding and survival and adult femalufedity increased by 0.05 at each
consecutive age. Adult female mortality is equeabas years.
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WANTED

Reports on Observations of the

Badger

"\ L l.lll.m.'r TiLrinfoe fevas)

The North American Badger is a stocky, medium-sized member of the weasel
family of mammals. Look for these characteristics:

¥ Gray to yellowish-brown in color with black patches on the cheeks and a conspisuous white stripe on top
of the head. The stripe extends nearly to the nose and runs down the neck and back.

+  Adults weigh 12-28 pounds and have a total body length of 20-30 inches,

* The lege and tail are short, and the front feet have long, curved claws.

+ ary active digger. The conspicuous oval shaped burrows often measure a foot in diameter, and usually

have a large mound of soil at the entrance.

+ Most often seen above gwnd at dawn or dusk. Due to thelr shaggy fur, loose skin, and short legs,
badgers appear to along the ground.

& may be mi: far as a result of their digging behavior, and gimilar coat; however
woodchucks range from 5-10 pounds and are 16-20 inches long.

Please report the exact location of all sightings and/ or badger digging activity to:

. y e gk Jared Duguette
Otiio Badger Report == @ School of Natural Resources
1. What type of chservaticeds] are you reporting? hm“‘ The Ohio State U““"GVSW
Ohserved alive Observed dead Drigging activity'dens | 2021 Coffey Rd
: | Columbus, OH 43210-1085
Z, What was the locatios of the ehservatoos)? | (614) 553_42;59 or
Coumty_____ Nearest Town o | duguette. B@osu.aedu

Danection and Distance from Nearest Read Junction: !

1. Date of (hservabion:

4, If we nesd o contact ta you for furtber informaton, please inchude the following:

Name: Phoie:

- —— Nhastratian mprinted Tres The Wikl Mammals
Address: - | of Missouri by Charles W, and ElizaBbeth R.

- i r:mﬂz,br rmission of the Unhversity of
. | {?tl right 19841 by the Curaines
5. Comments: . o o . | orm Urivarsity isscur,

Appendix A. Badger observation poster, origindlly X 14”, used to opportunistically
collect badger reports in Ohio from 2005-2008 wko left corner of poster shows image

of pre-paid tear-off cards placed on posters whithwed observers to send in their
report.
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Ohio Badger Observation Survey

Reporting Date: / / Name & Address:

Phone/Email:

1) Have you seen a badger and/or badger sign in Ohio in the past? Yes / No
+ How many and/or what kind of sign?
+ What was the approximate time frame?
*  Where was the animal(s) and/or sign seen? (may include county, township, landmarks,
GPS coordinates, etc. for each respective observation)

* Was the animal(s) Dead or Alive
« If applicable, was the carcass(es) collected? Yes / No
Current Carcass Location:

2) Have you heard of badger observation reports second-hand? Yes / No
+ How many?
+ Where was the observation(s)?

* Was the animal(s}) Dead or Alive or Unknown Carcass(es) Collected? Y / N

+ Current Carcass Location?

+ Do you have contact information for your first and/or second-hand reports? If possible,
please provide that information below:

name: date observation:
address: phone number:
email:
name: date observation:
address: phone number.
email:
Comments:

Contact Jared Duguette (The Ohio State University) (989) 798-6619, dugquette.6@osu.edu or the Ohio
Division of Wildlife (740) 747-2525 to arrange for pick-up of carcass.

Thank You for participating in our Ohio badger observation survey. Ve greatly appreciate your time and
consideration and value any information you have given us. This survey will help to learn more about
the status and distribution of the American badger in Ohio.

Appendix B. Fur harvester inquiry used in 2006bdain reports of badger observations
and captures in Ohio.
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ID# Original Land cover Class Reclassification
1 Open Water Open Water
2 Row Crop Agriculture
3 Grassland (including pasture, old field) Grasdlan
4  Developed - High Density (including commericiata
transportation) Developed
5 Developed - Low Density Developed
6 Urban and Park Lawn Developed
7  Urban Forested Developed
8 Evergreen Forest Mixed Woodland
9  Mixed forest Mixed Woodland
10 Barren Barren/Savanna
11 Great Lakes Dune Barren/Savanna
12 Great Lakes Wet-Mesic Lakeplain Prairie Wetlasdociation
13 Laurentian-Acadian Wet Meadow-Shrub Swamp and
Marsh Wetland Association
14  Great Lakes Alvar Barren/Savanna
15 Great Lakes Dune and Swale Wetland Association
16 Great Lakes Freshwater Estuary and Delta Wetasdciation
17 North-Central Interior Dry-Mesic Oak Forest and
Woodland Mixed Woodland
18 North-Central Interior Dry Oak Forest and Woodla Mixed Woodland
19 Western Highland Rim Seepage Fen Wetland Associa
20 Allegheny-Cumberland Sandstone Box Canyon and
Rockhouse Barren/Savanna
21 Allegheny-Cumberland Dry Oak Forest and WoodlandMixed Woodland
22 Northeastern Interior Dry Oak Forest Mixed Weod
23 Appalachian Hemlock-Hardwood Forest Mixed Woadla
24  North-Central Appalachian Acidic Cliff and Talus Barren/Savanna
25 Central Appalachian Alkaline Glade and Woodland  Barren/Savanna
26  North-Central Interior and Appalachian Rich Swam  Wetland Association
27 North-Central Interior and Appalachian Acid Paad Wetland Association
28 Central Appalachian Floodplain Wetland Assoorati
29 Central Appalachian Riparian Wetland Association
30 Central Interior Calcareous Cliff and Talus Bal/Savanna
31 Central Interior Highlands Calcareous GladeBadens Barren/Savanna
32 North-Central Interior Beech-Maple Forest Mix&dodland
33 North-Central Interior Floodplain Wetland Assdmn
34 North-Central Interior Wet Flatwoods Wetland dasation
35 North-Central Interior Shrub Swamp-Wet Meadow an Wetland Association
36  North-Central Interior Shrub-Graminoid Fen WietlaAssociation
37 South-Central Interior Large Floodplain Wetlaxsbociation
38 South-Central Interior Small Stream and Riparian Wetland Association
39 North-Central Oak Barrens Barren/Savanna
40 South-Central Interior Mesophytic Forest Mixedatlland

Appendix C. Reclassification scheme of Ohio GARJlaover data.
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ID# Original Land cover Class Reclassification
11 Corn Agriculture

12 Soybeans Agriculture

13  Winter Wheat Agriculture

14  Other Small Grains and Hay Agriculture

15 Winter Wheat/Soybeans (Double-Cropped) Agriceltu

16  Other Agriculture Agriculture

17 Rural Grassland Grassland

22 Dry Upland Forest Mixed Woodland

23 Dry-Mesic Upland Forest Mixed Woodland

24  Mesic Upland Forest Mixed Woodland

25 Partial Canopy/Savanna Upland Forest Mixed Waowdl|

26  Coniferous Forest Mixed Woodland

31 High Density Urban Developed

32 Low/Medium Density Urban Developed

33  Medium Density Urban (TM Scene 2331 only) Depeld

34 Low Density Urban (TM Scene 2331 only) Developed

35 Urban Open Space Developed

41  Shallow Marsh/Wet Meadow Wetland Association
42 Deep Marsh Wetland Association
43 Seasonally/Temporarily Flooded Wetland Wetlaisdakiation
45 Mesic Floodplain Forest Wetland Association
46 Wet-Mesic Floodplain Forest Wetland Association
47 Wet Floodplain Forest Wetland Association
48 Swamp Wetland Association
49 Shallow Water Wetland Wetland Association
51 Surface Water Open Water

52 Barren and Exposed Land Barren/Savanna
53 Clouds NoData

54 Cloud Shadows NoData

Appendix D. Reclassification scheme of lllinois BAand cover data.
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Capture
Badger Sex Age Date Fate Comments

Recaptured and
transmitter
Died in burrow 07/22/07, replaced on
F1 Female Adult 12/19/06 cause unknown. 07/02/07.
Could not locate after
10/19/07; transmitter
F2 Female Adult 08/13/07 probably failed.
Could not locate after
09/05/07; transmitter
F3 Female Adult  08/15/07 probably failed.
Could not locate after
07/03/06; transmitter
M1 Male Adult 06/26/06 probably failed.
Recaptured and
Signal detected at bottom transmitter
Sub- of creek on 11/06/06; replaced
M2 Male adult 08/16/06 likely shed transmitter. 11/03/06.
Recovered shed transmitter
M3 Male  Adult 11/10/06 in burrow on 11/30/06.
Died above ground
M4 Male  Adult 12/12/06 04/10/07, cause unknown.
M5 Male  Adult 05/22/07  Shed transmitter 05/23/07.

Appendix E. Sex, age class, and fate of radiolssedbadgers in Ohio study from 2005-
2007.
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100 MCP 95 FK 50 FK

Badger Sex Age Locations  (km?) (km?) (km?)
F1  Female Adult 51 4.04 5.48 1.17
F2 Female Adult 32 5.77 8.62 1.56
M2  Male Sub-adult 44 6.33 9.19 2.20
M3  Male Adult 40 0.62 0.73 0.09
M4  Male Adult 50 2.77 0.80 0.10

Appendix F. Annual home range estimates for irtilial badgers in Ohio from 2005 to
2007. Badger sex, age class, radiolocations (Latg)t 100% minimum convex polygon

(100 MCP) home range, 95% fixed kernel (95 FK) hoargge, and 50% (50 FK) home
range are reported.
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Capture

Badger Sex  Age Date Fate Comments
Died 09/12/90 above ground,
probably due to illness,
1 Male 3 06/22/90 possibly lymphatic cancer.
3 Female O 07/16/90 Dispersed 07/16/90
Signal disappeared 05/09/91;
fate unknown, but death is
more likely than dispersal
because female appeared to Offspring of
4 Female Adult 07/16/90 have established a natal den. female #4
Recaptured
and
Signal disappeared on transmitter
07/13/93; battery probably replaced on
5 Female 7 07/14/90 failed. 08/11/90
Recaptured
and
transmitter
Signal still operating at project replaced on
7 Female 2 04/09/91 conclusion. 04/03/92.
Signal disappeared on
06/14/94; battery probably
8 Female 3 04/10/91 failed.
Died 06/12/91 in burrow, Offspring of
9 Male 0 05/21/91 probably because mother died.female #10.
Died 06/12/91 in burrow,
possibly died when field with
10 Female 2 05/21/91 burrow was cultivated.
Died 06/12/91 in burrow, Offspring of
11 Male 0 05/22/91 probably because mother died.female #10.
Signal disappeared 07/09/91; Offspring of
12 Female O 05/29/91 probably dispersed. female #5.
Signal disappeared 07/24/91; Offspring of
13 Male 0 06/05/91 probably dispersed. female #8.
Died in burrow 06/19/91;
possibly due to infection from Offspring of
14 Female O 06/06/91 transmitter. female #8.

Appendix G. Sex, age class, and fate of radiointplh badgers in lllinois study from

1990-1995.

Continued
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Appendix G continued

15

17

18

19

20

21

22

23

24

26

27

28

29

30

31

36

Male

Male

Male

Male

Male

Female

Female

Male

Male

Female

Female

Male

Female

Female

Male

Male

2

2

Adult

0

9

Died 08/08/91 in burrow;

follows possible encounter with
06/06/91 second male.

Badger died by 11/26/91;

transmitter recovered near

latent burrow; badger probably
06/14/91 in burrow.

Died 10/25/91 in burrow;
07/11/91 unknown cause.

Signal disappeared on

05/23/94; battery probably
03/20/92 failed.

Signal disappeared on
04/01/92 08/10/92; unknown cause.

Signal still operating at project
04/03/92 conclusion.

Died 05/31/94 in burrow,

probably died when roadside
04/09/92 with burrow was mown.

Died 08/16/90 above ground,

probably due to vehicle
06/05/90 collision.

Died 06/16/92 above ground;

unknown cause, possibly
05/18/92 predated.

Died 07/14/92 above ground;
05/29/92 probably killed by dog(s).

Signal disappeared 07/29/92,
06/03/92 probably dispersed.

Died 06/12/92 in burrow,
06/03/92 unknown cause.

Died 07/06/92 above ground,
06/16/92 killed by coyotes.

Died 06/23/92 above ground;
06/16/92 killed by coyotes.

Died 06/23/92 above ground,
06/17/92 killed by coyotes.

Died 04/15/94 above ground; o
04/11/93 iliness, possibly advanced age.

Unmarked
offspring
with female,
also died.

Offspring of
female #21.
Offspring of
female #7.
Offspring of
female #8.
Offspring of
female #8.
Offspring of
female #22.
Offspring of
female #22.
Offspring of
female #22.
f
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Appendix G continued

37

39

40

41

42

43

45

46

47

48

49

50

51

923

Died 12/09/93 in burrow; died
from injuries when field with
Male 2 04/23/93 burrow was plowed.
Died 09/30/92 during blood
collection at veterinarian’s
Male 5 09/30/92 office.
Died 06/05/93 above ground; Offspring of
Female O 05/25/93 killed by predator. female #8.
Dispersed 07/20/93. Signal
disappeared 03/22/94; battery Offspring of
Male 0 05/26/93 probably failed. female #8.
Dispersed 07/27/93. Died
10/07/93 in burrow; probably
died when field with burrow  Offspring of
Female O 06/08/93 was harvested. female #7.
Died 06/16/93, above ground,;
probably due to infection from Offspring of
Male 0 06/08/93 transmitter surgery. female #7.
Signal disappeared 09/26/94;
Male 4 12/19/93 unknown cause.
Dispersed 07/18/94. Died
08/10/94 above ground,; Offspring of
Male 0 06/01/94 possible starvation. female #50.
Probably dispersed 07/14/94
(mother is unmarked). Signal
disappeared 09/07/94; unknowibling of
Male 0 06/01/94 cause. #49.
Dispersed 07/28/94. Died
10/11/94 above ground,
probably killed by coyote or  Offspring of
Female O 06/06/94 dog. female #50.
Probably dispersed 07/14/94
(mother is unmarked). Signal
disappeared 01/23/95; unknow®ibling of
Male 0 06/16/94 cause. #47.
Signal still operating at project
Female 4 07/01/94 conclusion.
Dispersed 07/31/94. Died
above ground 08/08/94; killed Offspring of

Female O 07/09/94 by vehicle collision. female #21.
Offspring of
Female O 05/18/92 female #21.
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100 MCP 95 FK 50 FK

Badger Sex Age Locations  (km?) (km?) (km?)
3 Female Sub-adult 32 10.66 13.99 2.55
4 Female Adult 56 13.96 9.42 0.92
5 Female  Adult 135 57.94 28.09 2.70
7 Female Adult 283 31.79 17.69 0.94
8 Female  Adult 201 28.44 9.07 1.43
19 Male Adult 78 61.34 79.15 16.57
21 Female Adult 131 31.74 23.62 3.50
22 Female Adult 154 14.82 8.36 0.50
36 Male Adult 32 45.34 73.98 15.83
37 Male Adult 30 23.98 36.45 4.15
45 Male Adult 54 72.38 68.09 7.34
49 Male  Sub-adult 31 10.28 11.18 2.57
50 Female Adult 68 8.38 8.08 0.39
923 Female Sub-adult 59 8.27 4.96 0.73

Appendix H. Annual home range estimates for irdlrail badgers in lllinois from 1990
to 1995. Badger sex, age class, radiolocationsgfions), 100% minimum convex
polygon (100 MCP) home range, 95% fixed kernelk85 home range, and 50% (50
FK) home range.
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100 MCP 95 FK 50 FK

Sex Age (km?) (km?) (km?)

Rearing

F1 Female Adult 2.83 6.18 1.07

F2 Female Adult - - -

M2 Male Sub-adult - - -

M3 Male Adult - - -

M4 Male Adult - - -
Breeding

F1 Female Adult 0.29 0.59 0.05

F2 Female Adult 5.77 8.62 1.56

M2 Male Sub-adult 6.33 9.19 2.20

M3 Male Adult - - -

M4 Male Adult - - -

Non-breeding

F1 Female Adult - - -

F2 Female Adult - - -

M2 Male Sub-adult - - -

M3 Male Adult 0.62 0.73 0.09

M4 Male Adult 2.77 0.80 0.10

Appendix I. Seasonal home range estimates foviithagial badgers in Ohio from 2005 to
2007. Badger sex, age class, radiolocations (Latg)t 100% minimum convex polygon
(100 MCP) home range, 95% fixed kernel (95 FK) hoarege, and 50% (50 FK) home
range.
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100 MCP 95 FK 50 FK
Sex Age (km?)  (kmd (km?)
Rearing
1 Male Adult - - -
3 Female Sub-adult - - -
4 Female Adult - - -
5 Female Adult 14.73 20.18 2.46
7 Female Adult 9.88 14.02 2.07
8 Female Adult 1.91 1.97 0.45
15 Male Adult - - -
19 Male Adult - 87.23 10.48
20 Male Adult - - -
21 Female Adult 3.96 9.25 1.54
22 Female Adult 7.9 13.92 2.83
23 Male Adult - - -
36 Male Adult - 30.62 5.52
37 Male Adult 14.6 26.30 2.47
45 Male Adult 43.2 54.88 11.10
Breeding

1 Male Adult 68.85 154.86 20.94
3 Female Sub-adult 7.97 12.53 1.69
4 Female Adult 13.14 13.70 1.65
5 Female Adult 30.53 49.49 4.87
7 Female Adult 17.36 22.56 3.41
8 Female Adult 16.78 17.53 2.44
15 Male Adult - - -
18 Male Adult - - -
19 Male Adult 38.79 - -
21 Female Adult 19.42 30.18 4.81
22 Female Adult 7.28 7.03 0.64
23 Male Adult - - -
36 Male Adult - - -
37 Male Adult 15.19 37.47 4.46
41 Male Sub-adult 20.24 141.58 42.14
42 Female Sub-adult 8.81 13.57 2.21
45 Male Adult 48.02 71.06 9.56
47 Male Sub-adult - - -

Appendix J. Seasonal home range estimates forichdil badgers in
lllinois from 1990 to 1995. Badger sex, age claadiolocations
(Locations), 100 % minimum convex polygon (100 M®Bine range,
95 % fixed kernel (95 FK) home range, and 50 %KB) home range.
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Appendix J continued

48 Female Sub-adult 5.79 11.01 1.96
49 Male Sub-adult 7.85 15.09 2.57
50 Female Adult 8.38 8.99 0.44
923 Female Sub-adult 7.92 7.05 0.88
Non-breeding
1 Male Adult - - -
3 Female Sub-adult 4,70 11.79 2.87
4 Female Adult 9.49 9.18 0.85
5 Female Adult 1.23 2.98 0.50
7 Female Adult 4,91 7.87 0.96
8 Female Adult 2.45 5.98 1.14
19 Male Adult - - -
21 Female Adult 1.63 3.47 0.90
22 Female Adult 2.01 3.04 0.51
36 Male Adult - 30.62 5.52
37 Male Adult - - -
41 Male Sub-adult 0.92 2.81 0.62
45 Male Adult - - -
49 Male Sub-adult 2.55 4.11 0.63
50 Female Adult 0.97 2.30 0.39
923 Female Sub-adult 0.95 1.62 0.15
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A4

Baculum Baculum
ID Date County Sex Age Mortality =~ ReproductionLength (mm)  Weight (g)
B1 09/27/06 Highland f 0 Rd. Kill N
B2 06/11/06 Williams m 1 Rd. Kill 96.00 3.80
B3 06/13/06 Fulton f 2 Rd. Kill N
B4  08/24/06  Clinton f 0 Rd. Kill Y’
B5  08/xx/06 Medina m 3 Rd. Kill 93.00 3.90
B6  xx/xx/03 Richland m 2 Rd. Kill 98.00 4.70
B7  08/10/06 Allen m 3 Rd. Kill 98.00 3.90
B8 xx/xx/04  Williams f 3 Trapped N
B9  10/03/05 Darke f 0 Rd. Kill N
B10 06/xx/03 Shelby f Trapped N
B11l xx/xx/06 Fulton f 3 Rd. Kill \a
B12 08/08/06 Miami m 1 Rd. Kill 68.00 1.00
B13 08/08/03  Morrow m 4 Rd. Kill 86.00 4.00
B14 06/22/03 Knox m 2 Rd. Kill 97.00 3.90
B15 10/03/05  Logan f 0 Shot N4
B16 11/xx/05 Defiance m 0 Rd. Kill 85.00 2.10
B17 08/10/05 Hancock f 2 Rd. Kill N
B18 04/16/06 Delaware m 1 Rd. Kill 89.00 3.10
B19 09/25/05 Defiance m 3 Rd. Kill 94.00 4.90

Appendix K. Badger carcass identification, datbected, county of collection, sex, age (yearsyseaof
mortality, evidence of reproduction, baculum len@tim), and baculum weight (g). Carcasses colleicted
Ohio during 2005-2008. Reproduction indicated resgnt (Y) or not present (N) and type of reproidect

evidence is indicated Bylactation” placental scars, §embryos.
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Appendix K continued

B20
B21
B22
B23
B24
B25
B26
B27
B28
B31
B32
B33
B34
B35
B36
B37
B38
B39
B40
B4l
B42
B43
B44
B45
B46

08/08/97
02/12/06
10/23/05
11/13/06
11/xx/05
10/xx/06
06/xx/06
07/08/07
06/06/07
06/06/07
06/06/07
05/17/07
08/14/07
08/01/07
04/16/07
08/24/07
08/07/07
08/25/03
11/02/07
11/08/07
10/03/07
02/xx/08
06/xx/08
04/22/08
04/24/08

Lorain
Williams
Logan
Fulton
Defiance
Williams
Auglaize
Adams
Clinton
Miami
Clinton
Fulton
Hardin
Shelby
Wayne
Darke
Ashtabula
Cuyhoga
Darke
Highland
Henry
Logan
Darke
Highland
Union

m
u
u
f
f
m
m
f
m
f
u
f
m
f
f
u
f
m
f
f
f
f
f
f
m

CoOOoOWNCUINROoW

© oWy,

Rd. Kill
Unknown
Unknown
Trapped
Rd. Kill
Unknown
Trapped
Rd. Kill
Rd. Kill
Rd. Kill
Rd. Kill
Unknown
Rd. Kill
Rd. Kill
Unknown
Rd. Kill
Rd. Kill
Rd. Kill
Rd. Kill
Rd. Kill
Rd. Kill
Trapped
Rd. Kill
Rd. Kill
Rd. Kill

= Z

92.00

88.00

93.26

90.05

3.80

2.10

4.58

2.85




Males Females

Measurement (mm) Mean + SD Range Mean + SD Range
Greatest length 123.85+4.20 126.59 -115.50 ?8.3.71 128.80 - 118.00
Palatal length 64.57 £2.31 67.68 - 61.00 63.248 67.62 - 61.00
Zygomatic breadth 81.31+4.86 80.25 - 74.10 782725 85.00 - 72.10
Postorbital breadth 31.47 £4.23 34.99 - 28.50 382.2.20 36.15 - 24.50
Maxillary tooth row 39.50 +1.86 42.48 - 35.00 BB+ 2.50 41.71 - 37.00
Carnassial length 8.85+1.14 12.20 - 8.00 10.3%62 10.58 - 7.50
Cranial depth 41.07 £ 3.34 42.30 - 33.90 39.41782 48.00 - 37.70

Appendix L. Skull measurements for male (n =g éemale (n = 7) badgers collected during 200582@0Dhio.
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