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ProjectBackground

Elk (Cervus canadengisire an iconic species throughout the western United States and
play a large role across ecologi¢idhuffman et al. 201Q)so06al (Haggerty and Travis 200@nd
economidUS Department of the Interior et al. 201dndscapes. However, since the early
2000's, declines in elk numbers and recruitment (i.e., calf survival from birth to age 1) in some
parts of the western United States resulted in concernththegcovery of large carnivores such
as wolves Canis lupu¥ mountain lionsPuma concolorand grizzly beard{rsus arcto} has
affected elk population@unnell et al. 2002, Griffin et al. 20&}l Thus, wildlife managers are
increasingly focused on understanding and managing the effects of predation on elk populations.
Carnivore recovery is important to elk populations because predatioheraproximate
limiting and regulating factor for many elk populatidivessier 1994, Hebblewhite al. 2002,
Garrott et al. 200§. In addition to carnivore recovery, changing elk harvest management
prescriptions, shifts in land use, and changing habitat and climatic conditions all contribute to a
complex suite of variables with the potential tteaf elk population dynamics. Because of this
complexity, understanding the effects of predation on elk population dynamics is difficult, and
determining appropriate management actions is challenging.

In the western United States, carnivore recovery hds/arying effects on ungulate
populationsas theeffects of carnivor@redationon ungulates populations are complex and vary
across systems with different carnivanegulate assemblag@Sarrott et al. 2008) In some
areaspearpredation is an important mortglisource for calvefRaithel 2005, Smith, et al.

2006, White et al. 2010, Lukacs et al. 2QE8)pecially in areas where grizzly bear populations
have increased over recent deca@sger et al. 199 BarberMeyer et al. 2008) In other

systems, mountain lion predation is the primary mortality source for c@yess et al. 1998,
Johnson et al. 2013, Eacker et al. 2018thoughpublic attention is often focused on the

effects of wolf recovery on ungulate populations, the effects of recovering wolf populations on
ungulate populationisas been shown to be variafitebblewhite et al. 2002, Vucetich and
Peterson 2004, Barbafeyer et al. 2008, Garrott et al. 2@)&Vhite et al. 2010, Eacker et al.
2016@). Furthermore,fiungulate populations are limited by factors such as weather or habitat
(Garrott et al. 2003, Griffin et al. 2011, Johnson et al. 2(.8phnson et al. 2019), or if
predation is compensatory with other factg&nger et al. 2003, Garrott et al. 2008), changes in
carnivore populations may or may not result in changes in the key vital rates that drive ungulate
population growth rate. These results highlightithgortance of understandintipe

uncertainties associated with carnivore effects on ungulate populationanagers try to

evaluate the efficacy efarious management programs

In situations where tedown effects (hunter harvest, predation, etc.) are beli@vbd
limiting factors on ungulate populationgildlife managers mayurn tointegrated carnivore
ungulate harvest management prograifisese programs often emplaycombination of
liberalized carnivore and restrictive ungulate harvest regulations i@vadhcreases in the
ungulate population. Howevarnultiple factors affect the efficacy of integrated carnivore
ungulate management, including the duration of the carnivore control effort, the magnitude of
the carnivore population reduction during treatry weather conditions during and after the
carnivore treatmer(Boertje et al. 199%), and interactions with other predators and prey in the
system (Arthur and Prugh 2010, Prugh and Arthur 2015 )addition, multiple other sources of
uncertainty affect the extent to which carnivore harvest regulations influenckitgngopulation
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dynamics¥First, objective of the prescribed carnivore harvest regulation may or may not be
achievable using hunter harvégthite et al. 2010, Bischof et al. 2012, N. Tatman et al. 2018)
Secondrealizedcarnivore harvest may or may not result in a biologically significant change in
carnivore population almalance. Third, a change ¢arnivore abundandeven if harvest is
achieved)and the associated predation nai@y or may not affect ungulate population growth
rate(Boertje et al. 2010/Vhite and Garrott 2005, Melis et al. Z)As such, the effectiveness of
integrated carnivorengulate management programay be difficult to assess and likelgries
across ecological systen{Boertje et al. 1996, Hayes et al. 2003, White et al. 2010, Hurley et al.
2011, Keech et al. 2011, N. M. Tatman et al. 2018)

Evaluatingthe effects of integrated carnivemagulate management on carnivore and
ungulate populations requires estimating important population parameters oébutlore and
ungulate populations before and after harvest prescriptions are implemfentecth, an initial
step inevaluating the efficacy of integrated carnivorggulate managemeistdeterminingf
carnivore harvest prescriptions achieve desired carnivore harvest and population management
goals.Estimating carnivore population size isatlenginghoweverbecause carnivores often
occur at low densities, are wide ranging and difficult to detect, and often violate closure
assumptions employed in traditional captteeapture population estimation. However, recent
advances in spatiahpturerecapture modeling providemprovedmethod of estimating
carnivore population siz@roffitt et al. 2015, Boulanger et al. 2018, Paterson et al. 2019)
allowing wildlife managers to monitor carnivore population abundances before and after
implementing harvest prescriptions.

In addition to monitoring changes in carnivore abundances, managers need to evaluate
ungulate population demographye- and postharvest treatmerb determine if changes in
carnivore populations result in changes in ungulate vital rates, and, ultimately, population growth
rate and abundanc8urvival of primeaged females and recruitment can both have strong
impacts on a populatiis trajectory(Gaillardet al. 1998, 2000, Eacker et al. 2018pwever,
while adult female survival is often high and relatively stéhlelson and Peek 1982, Garrott et
al. 2003) juvenile survival tends to be highly variable and consequently, may be a more common
driver of tngulate population dynami¢Raithel et al. 2007, Harris et al. 2008herefore,
recruitment, which incorporates fecundity and juvenile survival to age |, represents an important
demographic parameter that wildlife managers oftenaus@dtk trends in population growth
rates(DeCesare et al. 2012)

In westcentral Montanasecovering carnivore populations concurrent vdthv
recruitment anaverall declines iningulate populations raised public concerns about the effects
of increasing carnivore populations on ungulate populafigasker et al. 2016)n this area,
calf recruitment is a primary factor affecting elk population grofRithel et al. 200 7Eacker
et al. 2017, and recent studies in this area have indicatedntain lion predatioas the primary
source of calf mortalityEacker et al. 201 8-orzley et al. 2019 In responsé¢o these concerns,
wildlife managersn Montana Fish, Wildfie and Parks (MFWP) Regioniidplementedan
integrated carnivorengulate harvest managemerdandesigned tancrease elk populations
through a reduction in carnivore abundance via increased hunter harvest in conjunction with
more restrictive elk harvestanagementA primary objective of the carnivore harvest
management program was to reduce mountain lion populations by approximately 30% over three



watershedsvithin the region that had declining ungulate recruitment and populations, while
maintaining sthle mountain lion populations in a fourth waterskiet was not experiencing
declining ungulate recruitment and populatiofitie desired30% reduction in populationsas
intended tdemporarily reduce the mountain lion populatiaith a goal of reducinthe
mountain lion predation rate on elk while conserving the-tengn viability of mountain lion
populations in the areaAdditionally, black bearyrsus americanysand wolf harvest
regulations were liberalized during this period, in an effort to éuntbduce predation rates on
elk and elk calves.

These recent changes in carnivore management iro@estal Montana provide a unique
opportunity to assess the efficacy of an integratedivoreungulate management progrém
building on a recently contgted project, and conducting a robust, msitiale BeforéAfter-
Controtimpact evaluation of the effects of carnivore management on carnivore population
density and elk calf survival and recruitment. During 20014, we evaluated etlalf survival
rates,andrates of predation from mountain lions and other large carnivores in thgcadar et
al. 205). We also estimated pteesatment mountain lion demgin an area managed for
mountain lion reduction (Bitterroot study area) and an area managed for stability (Upper Clark
Fork study area). Building from these previous efforts, the purpose of this project was to evaluate
elk calf survival, causspecific nortality, and population growth rates, as well as carnivore
densities, to assess the effect of carnivore harvest management prescriptions on carnivore
densities and elk populations.

Location

Elk calf survival and mountain lion population estimation sued primarily within Ravalli
County, Montana. Portions of this project also occur in Mineral, Missoula, Granite, Deer Lodge,
and Powell Counties.

Study Objectives (20192020)
For the 20122020 period of this study, the primary objectives were:

1. Evaluatethe extent to which lion harvest and density is controlled by wildlife
management prescriptiofigoeralized public harvest regulations)

2. Evaluate the extent to which wolf harvest and density is controlled by wildlife
management prescriptiofigberalizedpublic harvest regulations)

3. To estimatehe relative effects of factors wildlife managers have some degree of control
over in the short term (carnivore density), some degree of influence over in the long term
(habitatrelated nutritional differences), afattors wildlife managers cannot control
(weather, landscape attributes) on elk calf recruitment in-eergtal Montana.

4. To evaluate the effects of carnivore harvest regulations on elk calf survival and cause
specific mortality rates



Objective #1Evaluate the extent to which lion harvest and density is
controlled by wildlife management prescriptions (liberalized public
harvest regulations).

To evaluatahe effects othemountain lion harvest management prescription on
mountain lionpopulation abundanceve compared mountain lion abundance in a treatment and
control area before and aftefyéars of increasing mountain lion harvest quotas in the treatment
area.n February 2012, the Montana Fish and Wildlife Commission adopted a rimoliora
harvest management structure for westtral Montana intended to reduce mountain lion
abundance by 30% over across three watersheds ircemsal Montana including the Bitterroot
study area (treatment area) and manage lion population sizéatfititysacross one watershed
that included th&pperClark Fork study area (control area, Figlirg). During 2012 and 2013,
we estimated prereatmenmmountain lion abundance the treatment and control areas. We then
measure podreatment mountain llmabundance in the treatment and control areas in 2016 and
2017, respectively.

Reduction Area
Stability Area
Upper Clark Fork study area

Bitterroot study area
N ‘ — —
A e Montana
0 25 50Km FEE-
I

Figure 1.1 Mountain lion harvest management goals in westtral Montana during 2022015

were to reduce mountain lion abundance by 30% across a portion of the region (shaded red) and

maintain stable abundances across a portion of the region (shaded blue). Ene&itstudy
area (red grid) was located in an area managed for a 30% reduction in mountain lion

abundance and the Upper Clark Fork study area (blue grid) was located in an area managed for

maintaining stable mountain lion abundance.

Mountain lion harvest regulations and harvest



During the six years of this study (202017), the prescribed harvest quotas for male
and female mountain lions were mostly achieved, and management success (percent of the
prescribed quota achieved) was high. In the Bittartreatment area, the average prescribed
male and female quota was 3.4 males and 2.9 females per @&kmand the average harvest
was 3.1 males and 2.6 females per 100Dkear (Tablel.1). The average male and female
harvest management success @2 and 85%, respectivelyn the Upper Clark Fork control
area, the average prescribed male and female quota was 2.7 males and 0.8 females per
1000knf/year, and the average achieved harvest was 2.1 male and 0.5 females per
1000knf/year. The average mad@d female harvest management success was 79% and 70%,
respectively (Tabla.1).

Tablel.1 The male and female mountain lion harvest prescribed quotas and achieved harvest
for the Bitterroot and the Clark Fork study areas in westtralMontana during 20122017.

The Bitterroot study area included lion management units 250 and 270 and was managed for
mountain lion population reduction (treatment area), and the Clark Fork study area included

lion management units 211/216, 210, 212/215, 21214 and was managed for stable

mountain lion population abundance (control area). The female harvest quota (number per 1000
kn?) is reported for comparison because the area of the Bitterroot and Clark Fork study areas
differed.

Prescription Studyarea Year Male Male Female Female Female Female

Type guota harvest quota harvest quota  harvest

per 1000 per 1000
km? km?
Treatment Bitterroot 2012 14 12 14 15 4.20 4.50
Treatment Bitterroot 2013 8 10 12 11 3.60 3.30
Treatment Bitterroot 2014 10 8 7 6 2.10 1.80
Treatment Bitterroot 2015 11 11 8 4 2.40 1.20
Treatment Bitterroot 2016 11 7 8 8 2.40 2.40
Treatment Bitterroot 2017 11 13 8 7 2.40 2.10
Control Clark Fork 2012 20 13 3 3 0.44 0.44
Control Clark Fork 2013 16 16 4 4 0.58 0.58
Control Clark Fork 2014 16 13 6 6 0.87 0.87
Control Clark Fork 2015 16 16 5 3 0.73 0.44
Control Clark Fork 2016 16 10 5 4 0.73 0.58
Control Clark Fork 2017 16 13 5 1 0.73 0.15

Mountain lion population abundance

We used a spatially unstructureaimpling design coupled to a spatiakplicit capture
recapture (SCR) model to estimate mountain lion abundance tirefitienent and control areas,
pre- and postharvest treatmen©ur approach used direct search effort by hound handlers and
trackers inthe study area to collect scat, hair and muscle samples for genetic analysis, allowing

6



for individual mountain lion identification. The spatial locations of these samples were then used
in a hierarchical model to estimate the relationship between moliotathensity and the

underlying value of the statewide mountain lion resource selection furiRadninson et al.

2015). Additionally, we used spatial information from collared mountain lions to further inform
sexspecific patterns of space use in the SCR model. This approadchtéggatel space use
information from both recaptures and collars simultaneously redbeedias and improves the
precision of the resulting mountain lion abundance estimates.

The number of samplindays, amount of search effort, number of samplesdedun
analysis, the number of individuals identified, and the number of spatial recaptures varied across
the two study areas and two time periods (Talde The number of individuals identified and
the number of spatial captures in each study arearaederiod, together with previous
simulationbased work on the same study design, suggest that each dataset is adequate to result
in unbiased spatiadapture recapture abundance estimg@fable 1.2 Paterson et al. 2019)

Table1.2 The number of samplindays, search effort (in km), number of male and female
samples included in analysesydthe number of individual male and female mountain lions
detectedn the Bitterroot and Clark Fork study areas in weshtral Montana during 202
2017.

Study area Year Number  Search Number of Number of
sampling-  effort samples individuals
days (km) detected
Female Male Female  Male
Bitterroot 2012 50 8897 50 28 37 25
Bitterroot 2016 84 14,216 41 33 33 21
Clark Fork 2013 66 12,898 37 23 21 14
Clark Fork 2017 95 10,905 39 27 25 17

To estimatgre- and postreatmentibundance of mountain lions in ttreatment and
control areasve pooled information collectatiroughouthis project and developed a muilti
strata spatiatapture model. The mulsitrata SCR model incorporated spatial captecapture
data from the Bitterroot and Clark Fork study areas across all years and used information from
collared individuals to helmform how animals ugskspaceWe used the estimated relationship
between the mountain lioesource selection functioREH and the abundance of activity
centers combined with estimated sex ratios to extract the predicted abundances for each study
areaduring pre and postharvest treatment periods (Table 1.3). In the Bitterroot study area we
foundan overalldeclinein abundace, along witta change in the sex rafi@mm 2012(M:F =
0.50[0.33, 0.67])0 2016 (M:F = 0.28 [0.17, 0.40Table 1.3)This translated into a decline in
the abundance of males, and similar abundances of fertratee UpperClark Fork study area,
we found evidence forraincrease in overall abundanicet no meaningful change in the sex
ratio between 2013 (M:F = 0.42 [0.26, 0.58]) and 2017 (0.39 [0.25, 0.54]), resulting in similar
abundances of male and female animals between the two time [@iabds1.3).



Table 1.3 Predicted male and female mountain lion abundance (N), density (animals per
100kn?), and 90% credible intervals (LCI, UCI) of total, male, and female mountain lions within

in the Bitterroot and Clark Fork study areféis. trapping grid$ during 2012 2017.

Study

Area Year Group N 90%LCI 90%UCI Density 90%LCI 90%UCI
Bitterroot 2012 Total 161 104 233 6.13 3.96 8.88
Bitterroot 2012 Males 80 52 116 3.05 1.98 4.42
Bitterroot 2012 Females 81 52 117 3.09 1.98 4.46
Bitterroot 2016 Total 115 69 173 4.38 2.63 6.59
Bitterroot 2016 Males 33 20 49 1.26 0.76 1.87
Bitterroot 2016 Females 82 49 124 3.12 1.87 472
Clark Fork 2013 Total 57 37 85 1.68 1.09 2.5
Clark Fork 2013 Males 24 16 36 0.71 0.47 1.06
Clark Fork 2013 Females 33 21 49 0.97 0.62 1.44
Clark Fork 2017 Total 72 47 105 2.12 1.38 3.09
Clark Fork 2017 Males 28 18 41 0.82 0.53 1.21
Clark Fork 2017 Females 44 29 64 1.3 0.85 1.88

Objective £: Evaluate the extent to which wolf harvest and density is

controlled bywildlife management prescriptions (liberalized public
harvest regulations).

Wol ves

Bitterroot Valley were part of the experimental regsential population that resulted from the

recol

oni

zed

t he

Bitterroot
the potential effects of wolves on elk abundance and recruitment. Prior to 2011, wdhes i

Val

reintroduction of wolves into the Central Idaho Experimental Area in-8895 May 2011,
wolves in Montana became subject to state management authodgd by the Montana Wolf
Conservation and Management Plan. Across Montana, minimum wolf counts increased steadily

until 2011. Since 2011, the statewide minimum counts and population estimates have been stable

to declining, which is at least partially dieedecreased effort to identify all wolves, and local

population abundance varies annually with harvest management goals, management of-livestock

wolf conflict, and other biological facto(€oltrane et al. 2016)Beginning in 2011, as part of
the westcentral Montana management to reduce carnivore densities, wolf harvest management
prescriptions were implemented in the Bitterroot study area to reduce wolapopulensities.
Our objectives are to evaluate the effects of wolf harvest management regulations on realized
wolf harvest and population abundance in the south Bitterroot study area
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Wolf harvest regulations and harvest

Between 2008 and 2011, wolveshtontana were federally delisted, relisted, and then delisted
again(HanuskaBrown et al. 2011)This process resulted in a Montana wolf hunting season in
2009, no hunting season in 2010, andtimg seasons from 2011 through the present. Since

2011, wolves in Montana have been subject to state management authority guided by the
Montana Wolf Conservation and Management Plan. As part of management objectives to reduce
carnivore densities in wesentral Montana, wolf harvest management prescriptions were
implemented in the Bitterroot Valley study area to reduce wolf population densities. Since 2011,
there are no wolf harvest limits specific to the West Fork or East Fork areas. Instead, harvest
reguations are based on combined hunting and trapping bag limits of wolves per person. In
2012, wolf harvest regulations limited each person to harvesting a maximum of 3 weioes.

2013 until present, wolf harvest regulations limited each person to hagvashaximum of 5

wolves.

Hunters and trappers are required to report all harvested wolves to MFWP, and we used these
harvest data from 2008017 to track the number and location of wolves harvested annually.
Since 2009, combined harvest (hunting +piag) has ranged from-8 wolves per year in HD

250, and from 215 wolves per year in HD 270 (Table 2.1)

Wolf population estimation

MFWP uses a combination of raettollaring efforts, direct observational counts, remote
cameras, and track surveys to aalfy track the wolf population, to document pack size and
breeding pair status of known packs, and to determine pack territories in our study area. Ground
and aerial tracking occurs2times per month to locate VHF and GPS collared animals and
count thenumber of wolves travelling together. Additional information on sightings, breeding
activity, mortalities, and humawwolf conflicts is collected throughout the year. This information
is used to estimate the minimum count of wolves per hunting districeoariber 3% of each
year(Coltrane et al. 2016)n 2000, MFWP counted a minimum of 7 wolves in the entire
Bitterroot Valley, and the minimum count increased to a high of 74 in 202D1lh, there was a
minimum of 28 wolves in the West Fork (1.95wolki0kn?) and 8 wolves in the East Fork
(0.47 wolvel00kn?) of the south Bitterroot study area (Table 2.1).

Table 2.1The estimated minimum count of wolves in the HD 270 and HD 25®ftlea south
Bitterroot study area during 2002017.

HD 270 HD270 5270 wpasp  HP 250 pyposg
Year Minimum Minimum Harvest Minimum Minimum Harvest
count number per count number per
100 knt 100 knt
2001 2 0.13 NA 5 0.27 NA
2002 5 0.33 NA 5 0.27 NA
2003 Not available Not available NA 4 0.22 NA



2004 Not available Not available NA 6 0.33 NA

2005 Not available Not available NA 11 0.60 NA
2006 10 0.66 NA 11 0.60 NA
2007 17 1.13 NA 14 0.77 NA
2008 15 1.00 NA 19 1.04 NA
2009 13 0.86 3 24 1.31 4
2010 20 1.33 NA 30 1.64 NA
2011 8 0.53 3 28 1.53 6
2012 10 0.66 4 23 1.26 8
2013 12 0.80 4 16 0.87 3
2014 21 1.22 2 12 0.84 1
2015 15 0.87 2 11 0.77 2
2016 15 0.87 15 14 0.97 2
2017 19 1.11 10 14 0.97 0

! There was a boundary change that expanded HD 270 and reduced the size of HD 250.

Objective #3: To estimate the relative effects of factors wildlife
managers have some degree of control over in the short term (carnivore
density), some degree of influengeer in the long term (habitakelated
nutritional differences), and factors wildlife managers cannot control
(weather, landscape attributes) on elk calf recruitment in wwestral
Montana.

The trajectories afingulatepopulations through time are theagtated result of a group
of co-varying vital rates (e.g., survival, reproduction, recruitment), and effgutipelation
management requires the identification of those rates responsible for demographic performance
(Johnson et al. 2010)Although variation in adult female survival rates has the highest
proportional impact on population growth rate, theoretical and empirical work stronglgssug
that adult survival rates are buffered against high varigifister 1998, Gaillard and Yoccoz
2003, Jakalaniemi et al. 2013, Péron et al. 2016 ontrast, juvenile survival has a lower
proportional impact on growth rate but much higher temporal variation, such that it can have a
large impact on popation growth rateg¢Gaillard et al. 1998, Raithel et al. 2007, Eacker et al.
2017) Thus, juvenile survival is commonly momigal and used as an index of population
performance. However, juvenile survival varies annually, and causes of mortality differ widely
across ecosysten(Raithel et al. 2007, White et al. 201@hich makes it difficult to understand
and make generalizations about sources of variation in juvenile survival.

Here, ourgoal was to analyze timeseries of data on harvested @lpulationan west
centralMontana that contained spring count and fall harvest dataéstigate and identify
importantsources of variation in recruitmentVe used a population modeling approach to
evaluate the per capielk calf recruitment rate, and factors affecting elk calf recruitment rates.
Importantly, this modeling approach uses data that are already routinely collected by wildlife

10



managers, i.e., the numbers of individuals observed in each class, to makecmdout the
key vital rate for which ageatios are a proxy: the per capita recruitment rate that can drive the
population dynamics of ungulates.

recruitment yeart - | recruitment year t

December April
Pariiriion = ™= | recriiment

&I e winler

October

CORL |..||'-||I 1OR

Pregrancy in-utero
Pafe survivad survival survival

A A A A A A

calf body condition

A

maternal body condition

predation

Figure 3.1 Concept diagram illustrating the progression of events and rates underlying
recruitment for spring surveys. The probability that each calf is available to be surveyed during
the late spring surveys is the product of pregnancy rategteiro survival to parturition, then
summer and winter survival, the product of which is thecpgita recruitment rate. Each rate

is hypothesized to be associated with multiple drivers related to the timing of events.

The per capita recruitment rate is the result of a series of processes that are potentially
affected by environmental conditioasd predator pressure (Figurel® Maternal body
condition from the summer prior to conception through parturition has been shown to be related
to pregnancy ratg8onenfant et al. 2002, Cook et al. 20029If parturition mas¢Bender et al.
2002)and neonatal survival during the maternal care period following (@ntiffin et al.
2011)Therefore, we expected per capita recruitment rates to be positively associated with
indices of nutrition (year1), negatively associatedth winter severity (yeart), and
potentially demonstrate an interaction between nutrition indices and winter severity such that
poor summer conditions and severe winter conditions combine to further reduce recruitment
(Cook et al. 1996). Environmentabnditions experienced after parturition (year t) are thought to
be related to juvenile survival in its first year, either through direct impact on juvenile nutrition
through foragindCook et al. 19969r as mediated through maternal provisioning during the
maternal care periogCook et al. 2004)There is an evolving debate as to whether spring
conditions or late summer conditions are more important to juvenile suMveey et al.
2014) and we split indices of the nutritional envirommato springand summer periods to
assess the relative importance of these two periods. We expected per capita recruitment rates to
be positively associated with indices of nutrition (year t). Juvenile survival to recruitment has
been shown to be relatéalwinter conditiongLoison and Langvatn 1998nd we expected per
capita recruitment rates to be negatively associated with winter severity (year t), and interact
with nutritional conditions such that the impact of poadritional conditions is made worse in
severe winters. Predators can have a large impact on juvenile s(BaviatrMeyer et al. 2008,
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White et al. 2010, Brodie et al. 2013, Eacker et al. 2Gi&) we expected per capita recruitment
rates to be negatively associated with indices of predator abundance.

Methods

BN BN I 100 km

Figure 3.2 Theelk hunting districtsn westcentralMontanaused for analysisWe restricted our
analysis to those hunting districts with at least 6 years of data.

Elk countand harvest dta

For our analyses of elk recruitment, we used data from seventeen huntilegsdisivestcentral
Montana(Figure3.2). These HBincluded, but were not limited to, the Bitterroot and Upper

Clark Fork study areasNe used annual spring elk count and age/sex classification data
collected from fixed wing aircraft. Surveys were conducted annually on the winter range for
each district in the late spring prior to the migration to summer range and the birth pulse. Due to
logistical limitations, not every district had count and age/sex classification data for each of the
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13 years (2004 to 2016), which generated a discontinuous time series for most districts (median
number of years = 7, minimum = 6, maximum = 13). In oad\yas, we included all hunting
districts that had a minimum of 6 years of count data collected during 2004 to 2016. For a small
number of districtyears a total count was available, but no age/sex classification was reported (n
= 5). For the population ndeling approach, we were able to treat the age/sex classifications in
these years as missing data. Moreover, in each digg&tnot all of the animals that were
counted were subsequently classified according to age/sex class, i.e., the number oftatimals
were classified inteach age and seategoryrepresented a sample of the total number of
animals that were countelloreover,throughout thigeriodthere were instances where animals
were counted but not classified, resulting in total counts datassification informatiod

We aggregated data on the fall elk harvest (calves, adult females and adult males) as
estimated by the state wildlife agency. For the population n{edelbelow)we included the
estimatechumber of calves, adult females aadllt males harvesie

Population nedeldescription

The population model approach linked two separate processes: 1) a model for the biological
processes of elk survival, recruitment and harvest, and 2) the observation process that gave rise
to dataWe defined the annual population cycle from the birth pulse (in-Mae) to the

following spring (MarchApril) when calves recruit to the population agelarolds. The

population cycle can be represented as arsigetured matrix model, where the expédcte
number(E) of calves 0 ), adult females{{ ) and adult malesi( g ) in yeardand districtd

IS given as:

0 j T0 5 O
O 0 j % 10 7 0 5 Q
0 & % p 10 {5 U [

where the vital rates that connect the population size across years are apparent adult survival
(%0), the proportion of calves that were femalel{ere assumed to be equal to 0.5), and the per
capita recruitment ratg), and’Q, 'Q , and’Q are agedex specific harvest. Here we assumed
the survival of all age/sex classes other than calves was the same througtetiocapita
recruitment is the product of a series of vital rates, including the probability of conception, in
utero survival to birth, ahthen calf survival from birth to census the next sprugitional
modeling details are described in Paterson et al. (019

Covariates

Our primary goal was to assess the strength of evidence for a series of potential sources
of variation in the recrtiment of elk calves as mediated through maternal body condition, calf
body conditon and predation risk (Figurell. We developed covariates to index environmental
conditions during theummergrowing season, winter severity, and predator abundavtes.
estimatedthe average cumulatiy@ecipitation valuesvithin each elk population rangaer the
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spring(neonatal periodviay - Jung andthe summeiperiods(juvenile independence perioduly
T Septembe?RISM Climate Group, Oregon State Universititp://prism.oregonstate.edu
accessed 11 September 20#8).an index of summer growing season conditions, we estimated
the average annual integrati®VI1 values within each elk population range overspeang and
summer periods. As an index of winter severity, we usedrsvater equivalent (swea metric
of snowpack densityWe estimated the mean cumulative swe for each populationfrange
December 1 to April 31 of each year

Information on carnivores waavailable from harvest records (mountain lion and black
bears) and annual surveys (wolves). State regulations require that all harvested mountain lions
and black bears that are harvested be presented with intact evidence of sex to FWP staff, and
these hevest data were available through all years and for all districts in our stucyf-Hmel
year minimum wolf counts (number observed by December 31 of each year) were available as
part of the state of Montanabs wWdusedtheni t or i n
numberof harvestednountain liors and black bearandwolf counts agovariatesn the models,
hypothesizing that they were an index to the underlying populations.

Results

The number of elk counted, observed age ratios, and harvesteatielk considerably among

years ad hunting districts (Figur&.3). Antlerless and antled harvest varied across years and
hunting districts in response to changing regulations over the time period of the study. Notably,
high harvest in some districts from 2004 to 2007 was followed by reduced harvest.
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Figure 3.3 Summary of observed elk coamd classification data and estimated antlerless and
antlered harvest for the 17 hunting districts included in the elk population model. Both observed
counts and age ratios (sample size in parentheses) demonstrated large variation among years
and huntingdistricts. Similarly, antler and antlerless harvest varied through time and district.

In panel (a), the observations have been jittered along-tizas<to improve visibility. In panel

(b), the yaxis includes a rug that highlights the distribution lod data.

Sources ofariation in recruitment

We found strong evidence for a series of relationships between covariates and
recruitment using the population model. For an average year and with all covariates held to their
average value (zero for standardizevariates), our model predicted an overall mean
recruitment rate of 0.25 (90% CI =[0.21, 0.29]). For each covariate below, we report the
estimated effect on the logit scale and then a prediction of how recruitment changed from this
overall mean as thabvariate increased/decreased one standard deviation from the average
value. We found a weak negative association between mountain lion harvest and per capita
recruitment rateg ( =-0.04 F0.07, 0Q]), which corresponded to a decline in pertaapi
recruitment from the overall mean of 0.25 (90% CI = [0.21, 0.29]) at the average lion harvest
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(4.12 harvested) to 0.24 [0.19, 0.27] at one standard deviation above the averagedisin har
(7.88 harvestedSimilarly, we found a weak association betwbkatk bear harvest and per

capita recruitment rates ( =-0.05 F0.09, 0]), declining from the overall mean (0.25 [0.21,
0.29])) at the average black bear harvest (21.31 harvested) to 0.24 [0.21, 0.28] at one standard
deviation above the avemaglack bear harvest (39.17 harvested). However, we found strong
evidence for an interaction with cumulative snow water equivalent (swe) ( =-0.11F
0.16,-0.05]) that became different from zero only at higher bear harvests and moee seve
winters. At the average black bear harvest, per capita recruitment rates in a mild winter (hereafter
defined as the 5th percentile of standardized swe values, €W@5%, average winter (swe = 0),

or severe winter (hereafter defined by the 95th péiteesf swe values, swe = 2.22) showed no
meaningful difference. At one standard deviation above the average black bear harvest
recruitment in a mild winter was higher than in a mean winter (difference = 0.02 [0.01, 0.04]),
and even higher than in a seveiiater (difference= 0.07 [0.03, 0.12])In contrast, we found a

weak positive association between wolf counts and recruitment ( = 0.05 [0, 0.09]),

increasing from the overall mean (0.25 [0.21, 0.29]) at the average wolf count (15.99 wolves) to
0.26 [0.22, 0.30] at one standard deviation above the average wolf count (30.49 wolves).
However, we also found strong evidence for a negamteraction with cumulative snow water
equivalenti( . =-0.06 F0.11,-0.02]) such that recruitment declined with high wolf

counts and increasing winter severity. At one standard deviation above the average wolf count
recruitment ina mild winter was higher than in a mean winter (difference = 0.02 [0.01, 0.03]),
and even higher than in a severe winter (differen0ed6 [0.03, 0.09])

We also found strong evidence for an association between several environmental
covariates that corrpended to conditions when the calf is on the ground and per capita
recruitment. Cumulativepringprecipitation had a negative association with per capita
recruitment rateg ( =-0.2 [0.26,-0.14]), declining from the overall meaithe
average spring precipitation (0.17 m) to 0.21 [0.18, 0.25] at one standard deviation above the
average springrpcipitation (0.22 m)In comparison, cumulative summer precipitation had a
weaker positive association with recruitmeént ( =0.08 [0.03, 0.13]), increasing
from the overall mean at the average summer precipitation (0.15 m) to 0.27 [0.23, 0.31] at one
standard deviation above the average summer precipitation (0.19 m), and strong evidence for an
interaction with wingr severityi( . =0.04]0, 0.07]) such that low values of
summer precipitation combined with winter severity to reduce per capita recruitment. At one
standard deviation below the average summer precipitation (0.11 m), regrintas higher in a
mild winter than in an average one (difference = 0.02, [0.01, 0.03]), and even higher than in a
severe winter (difference = 0.0/@,01, 0.07]) Although we found no evidence for a main effect
of spring NDVI, we found evidence for art@énaction with winter severity ( : =
0.05 [0.01, 0.1]. Low values of spring NDVI combined with severe winters were associated with
reduced recruitment. At one standard deviation below the average spring NDVI (0.81),
recruitment vas again higher in a mild winter than an average winter (difference = 0.02 [0,
0.03]) and a severe winter (differerre®.05 [0.01, 0.08])

Finally, we also found strong evidence for an association between environmental
variation during the year in whichée calf is inutero and recruitment. We found strong evidence
for a negative association with lagged winter severity ( =-0.06 }0.1,-0.01] (0.25, [0.21,
0.29] at the average swe (8.15 m) to 0.23 [0.20, 0.28] at one standard deviatiothabove
average swe (14.45 m). Although we did not find evidence for a main effect of summer NDVI,
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we found strong evidence for an interaction with winter sevérity (

2 =0.08

[0.05, 0.12] such that recruitment at low summer NIQVstandard deviation below the mean)

was higher in a mild winter than a mean winter (difference = 0.03 [0.02, 0.04]), and considerably

higher than in a severe winter (differerc®.08 [0.05, 0.12])

Population model

lions —l—
bears —l——
wolves ——l——
springNDVI — -
summerNDVI ——l———
springPrecip ——l———
summerPrecip —————
swe ———————
springPrecip*swe —
summerPrecip*swe — =
springNDVI*swe — -
summerNDVI*swe —l———
lions*swe —T-—
bears*swe ———————
wolves*swe ——lp———
summerNDVI[t-1] 1 —————
summerPrecip[t-1] [ ————
swe[t-1]4 — -
summerPrecip*swe[t-1] 1 T
summerNDVI*swe[t-1] 1 ——
-0.3 -0.2 -0.1 0.0 0.1 0.2

Figure 3.4 Estimated regression coefficients ftarsdardized covariates. The black dot denotes
the median of the approximate posterior distribution, the heavy black line the 50% highest
posterior density interval (HPD) and the light black line the 90% HPD interval

Discussion

We found that environmental conditions experienced by the calf on the ground (year t,
related to calf survival) and the female prior to conception and when the calftesan(year-l)
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were strongly connected to per capita recruitment rates. Contrany &xpectations, cumulative

spring precipitation in year t was negatively associated with recruitment. Aposinalysis of

the precipitation signal strongly suggested that these high values of spring precipitation were the

result of heavy snow on tlsemmer range, an observation consistent with previous work on elk

in this larger systertLukacs et al. 2018)Cold and wet springs are thought to be a risk factor for

elevaed neonatal mortality, as environmental conditions interact to predispose neotiaes to

effects ofillness delayedgreenup and increase risk of predatipkdams et al. 1995, Tveraa et

al. 2003) Summer precipitation during year t and yedr was strongly, positively associated

with recruitment. We also found evidence to support an interaction between summer

precipitaton values and winter severity in year t such that dry summers interacted with

particularly severe winters to diminish calf survival in year t. Precipitation is known to be

directly related to the rate of forage senescence, digestible energy and retdagireqontent

(Onillon et al. 1995, MacKlon et al. 1996, Yang et al. 20@19ught to be key factors in

determinng the body condition of ungulates headed into wi(iterk and Nichols 1994,

Blanchard et al. 2003, Tollefson et al. 2Q1Qyr results are broadly consistent with previous

work concluding that body condition during this critical period is a key factor associaked wit

overwinter survival in the case of calves on the ground, and with offspring survival the following

spring in the case of pregnant femdl&sG. Cook et al. 2004)n contrast to previous work that

found the relationship between precipitation and recruitment to be relativedy (bhukacs et al.

2018) we found spring and summer precipitatiotyear tto be major contributors to variation

in recruitment. We also attribute the difference to emasation of precipitation into the two

critical phases of spring (an index of early growing/environmental conditions) and summer (as

an index of forage quality headed into winter). The use of a séasgprecipitation metric

could conflate variation ithese two periods such that only the most extreme combination (e.g., a

very wet spring coupled to a dry summer) would be associated with variation in recruitment.
We found mixed evidence for a relationship between primary production (NDVI) and per

capita ecruitment rates. Although we found no evidence for a direct relationship between NDVI

in either in the spring or summer during the year the calf is on the ground and recruitment, we

did find evidence for an interaction between spring NDVI and winter gwserch that years

with combined low spring NDVI and severe winters were associated with diminished

recruitment. Moreover, we found an interaction between summer NDVI and winter severity

during the year the calf is-utero (year-l) that suggested thhigh values of summer NDVI

and severe winters reduced recruitment. NDVI is frequently interpreted as an index of forage

quality (Pettorelli et al. 2011though the link between the two is uncertain and can depend on

the NDVI metric usedFryxell 1991, Hebblewhite et al. 2008, Johnson et al. 2E@&)ng

greenup as indexed by increasing NDVI values has been positively associated with body

condtion (Hamel et al. 2009)s the greening vegetation has high digestible energy and protein

content, and the relative value of this phase of foragktyjhas been suggested as a driver of

spring migrationgMerkle et al. 2016)We used a timétegrated NDVI metric where low

values likely corresponded to a agéd start of seasahplant growthand foundhe NDVI

metriconly become meaningful when followed by a severe winter, consistent with other work

highlighting the interactive effects of nutrition and winter sevéfinger et al. 1997, Garrott et

al. 2003) and broadly suggesting that calves can otherwise make up for a poor start in mild

winter conditions. We also found strong evidence that summer NDVI and winteity\sevgear

t-1 were related to recruitment through an interaction such that high values of summer NDVI in a

severe winter were negatively associated with recruitment. This is not the first study to document
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a surprising relationship between NDVI and tlenographic performance of ungulates (Lukas
et al. 2018)which highlights the care that must be taken in assuming NDVI represents the same
thing across a growing season. The relationship between NDVI and forage quality may be
fundamentallydifferent in late summer, when the high primary production NDVI represents
actually corresponds to diminished digestible en@rpbblewhite et al. 2008 lternatively, we
speculate that summer NDVI values might be correlated to large scaldéetangveather
patterns such thately are serving as a proxy for environmental conditions in the approaching
winter. Further work is required to detail the link between NDVI and forage quality as it relates
to ungulate nutrition and body condition, and we caution against the assumptiDtHas a
proxy for it.

Predation has been shown to be a major factor influencing juvenile elk survival in
individualbased studies that allow for the estimation of capeeific mortality(BarberMeyer
et al 2008, Eacker et al. 2018) is considerably more challenging to assess the effects of
predators on vital rates when working at the population level, given accurate predator population
estimates are difficult to attain and the effects of predatiorbeacomplicated by interacting
effects with weather and resource limitation. In particular, studies need to be carefully designed
when trying to assess how the harvest of predators is related to variation in the vital rates of prey
(Boutin 1992) The connection between predator harvest, predator population dynamics and
predation risk to ungulates is unclear and has rarely been eval\aild et al. 2016)This lack
of clarity is worsened where predator harvest regulations are set in response to a combination of
social biological, and political factorClark et al. 96, Bruskotter 2013, Young et al. 2015)
Although high harvest with heavy hunting pressure has been implicated in the declines of
predator population@olenosky 1986, Aen et al. 2018), harvest numbers have also been
positively associated with population sizes of predg©lark et al. 1996, Bruskotter 2013,
Young et al. 2015, Wolfe et al. 2016, Allen et al. 20T3)r results for the association between
mountain lion and black bear harvest generally support this latter interpretation, as we found that
the magitude of harvest was negatively associated with per capita recruitment rates. For black
bears, predation is thought to occur primarily during the neonate phase in lateegpiying/
summer(Forzley 2019)and high harvest thelfowing fall and spring may serve as a reasonable
proxy for the population size of black bears during the birth pulse. On the other hand, we found a
weak positive association between minimum wolf counts, ostensibly a more direct index of
population size,r&d recruitment that we interpret as a spatial arrangement of predators on the
landscape to take advantage of more productive éfeiler and Sievert 2001 hat signal was
swamped, however, by the interaction between wolf coumtsvarter severity that suggested
high wolf counts interacted with severe winters to reduce recruitment. This result is consistent
with prior work in the regioriBrodie et al. 2013{but sedGarrott et al. 2008), and we
speculate that it may reflect an additive effect of predation to nutritional and environmental stress
during seves winters. We stress that more work is needed to understand the relationship
between minimum wolf counts, wolf abundance and vital rates. More generally, we echo the
caution that adequately understanding the connections between predator indices (harvest or
counts), predator population dynamics and ungulate vital rates requires carefully designed
experimentgBoutin 1992)

This work has been published and the citation is:
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Paterson, J. Terrill, Kelly Proffitt, Jay Rotella, and Robert Garrott. "An improved understanding
of ungulate population dynamics using count data: Insights from western Montana." PloS one
14, no. 12 (2019).

Objective #4: To evaluate the effectafnivore harvest regulations on
elk calf survival and cause specific mortality rates

Our objectin this portion of the studwas to evaluate if elk calf survival rates, or rates of
predation from mountain lions and other large carnivores in the arisaedibefore, during, or
after theliberalized carnivore harvest management prescriptionssecond objective was to
understand the environmental factors and individual characteristics related to elk calf survival in
the Bitterroot study area.

Methods

We compared elk calf survival and catsgecific mortality in the Bitterroot study area before,
during, and after the mountain lion harvest treatment. The mountain lion harvest treatment was
implemented in December of 2012 and lasted for two yearsvaften mountain lion harvest
guotas were reduced. Therefore, we considered calvestaagdjed in the spring and fall of 2011
and monitored 201012 as having occurred in the ftreatment era. We considered calves
tagged the spring and fall of 2012 asihg occurred during the piteeatment era for their first
summer and the duriAigeatment era for their first winter. We considered calves 1@djged in

the spring and fall of 2013 and monitored from 204®BL4 as having occurred in the during
treatmenera. We considered calves ratimged calves in 2016 and 2017 and monitored during
2016 2018 as having occurred in the afteratment eraDuring each era, we monitoredlf

survival and cause of death. We compared survival and-sgesédic mortalityacross the three
treatment eras to understand changes in the survival andsggc mortality of elk calves

prior to, during, and after the mountain lion harvest treatment. Additionally, we evaluated
relationships between calf survival and other piddly important covariates, as described
below.

Calf captureand sampling

During all three treatment eras, we captured neonate elk calves during an approximeseky 2
period near the end of May each year following approved animal care protocols (MSU
IACUC#201606, UM IACUC# 02711MHWB-042611). We used ground and helicopter crews

to search for female elk that showed signs of having recently given birth. Ground crews
attempted to locate neonates by watching for behavioral indications from adult fendébedgsn
searching areas on foot. Each calf was outfitted with atagaradietransmitter, which was

designed to sense periods of inactivity >4 hours and increase the signal pulse rate (mortality
mode) if such a period occurred. For each calf we recaralédex and several morphometric
measurements which were used to obtain an estimate of calf age at capture as well as calf birth
mass. To maintain adequate sample sizes for the winter monitoring period, weagadid
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additional calves most years betw&nNovember and 5 January during which calves were
either chemically immobilized or ngunned from a helicopter depending on the terrain.
7 BN - . v o 5 Y, % STV

LRSI N & 1
Figure 4.1 Hobbled and blindfolded neonatal elk calf
with blueear-tag radio transmitter in right ear.

Calf monitoring

Using a combination of ground and aerial telemetry, we monitMdkHe signals oftagged
calves to determine survival status from the day after capture to 30 May of the following year.
We monitored edtsurviving calf every day from its tiaof capture to 31 August and®4
times per week thereafter. We used aerial telemetry from-futed aircraft to obtaimperiodic
calf locations We used calf locations in conjunction with mountain lion and webuece
selection functions (RSF) &stimatespatial variation in mortality risk (see below).

Investigation otalf mortality

When we detectetthat thesignal from an earag radiothat was in mortality modeyhich
indicaied thatthe calf was deadye locaed the calf carcass apérformed a mortality
investigation. We used characteristics such as consumption pattern, location and presence of
claw marks, location and presence of subcutaneous hemorrhaging, width and presence of bite
marks, and general chatexstics of the Kill site to assign causation to each mortality event
(Wade and Bowns 2010)Ve submitted carnivore scat and hair collected during mortality
investigations for DNA analysis to determine predator species idédflyS Rocky Mountain
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Figure 4.2 Cache pile consisting of grass and twigs
covering an elk calf carcass.

Research Center, Missoula, MTsing inferences from our fieldortality investigationsnd
the results of the DNAased predator identification, we classified each mortality source as
mountain lion, wolf, black bear, unknown predator,4poedation, or unknown cause.

Causespecificmortality andsurvival analyses

After classifying the cause of each calf mortality, we used cumulative incidence functions
(CIFs) to quantify possible changes in galirtality from each potential cause between the three
treatment erafHeisey and Patterson 2006, Eacker et al. 2021) estimates represented the
cumulative probability of mortality from each potential cause over the first year (365 days) of a
c al f tome. We uskedeCoRroportional Hazards moddlSox 1972)to estimate and compare
survival rates in the preduring, and postreatment eras, and to evaluate support for covariates
potentially associated with variation in survival for all tagged calves during all years of data
collection (201114 and201618). We estimated summer and winter survival separately because
we expected seasonal differences inrisk facttls. used each cal fdés birthd
estimated mortality risk from age 0 to 180 days for summer models, and we used 26 Novembe
as the origin and estimated mortality risk for the subsequent 185 days for winter models.

We evaluated a suite of risk factors potentially affecting calf survisk factors
includedcalf sex, birth mass, birth date, population and treatment engllbas environmental
conditions and mountain lion and wolf risk within the individual cé&\seasonal range.

Treatment era wasthreelevel factor variable that indicated whether a calf was studied in the
pre, during, or postreatment eraEnvironmenal conditions included a metric of winter severity
andthree normalized difference vegetatiodex (NDVI) metricsrepresenting growing season
conditions were estimated for each individealeasonal range. Risk was estimated from
previously published mou&in lion and wolf resource selection functions (RSFQr models of
summersurvival risk factors included sex, birth mass, birthdptegulation(East Fork or West
Fork), a Big Hole Valley identifier (a twkevel factor describing whether or not a cas

tagged in the Big Hole Valleyjreatment era, risk, and NDMFor models of winter survival,
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risk factors includedex, populatiorfEast Fork and West Forkyeatment era, risk, and winter
severity. Additional details regarding analysis are foun@&acker et al. 2016, Forzley al.
2019)

RESULTS

Calf captures,monitoring, andmortality investigations

During the pretreatment era, we radiagged 142 calves in the spring (202212 = 66,
2012 2013 = 76) and 31 calves at the start of winter (22012 = 31, npréreatment = 173). In
the duringtreatment era, we radiagged 84 calves in the spring of 30dnd also tagged 29
calves in the winter of (2012013 = 29, nduringreatment = 113). During the two peost
treatment years, we radiagged 183 calves in the spring (202617 = 81, 20172018 = 102)
and 65 calves at the start of winter (202617 = 40, 207 2018 = 25, npostreatment = 248).
The total sample size for all three treatment eras was 534teagtjed elk calves. We maintained
a small sample of calves tagged in the Big Hole Valley throughout the study (n = 16, 13, and 31
in the pre, during, andgosttreatment eras, respectively).

The eraspecific sampl@f calveswere relatively balanced by sex (n = 83 females, 90
males; 53 females and 59 males; and 134 females and 113 males in,tbarprg, and post
treatment eras, respectively; 2 calvesena unknown sex)Average estimated birth mass in the
pre, during, and postreatment eras, respectively was 13.40 kg (SE = 0.20), 14.30 kg (SE =
0.36), and 13.20 (SE = 0.14) for females and 14.90 kg (SE = 0.21), 14.20 kg (SE = 0.30), and
14.50 (SE = @3) for male calves. We recorded 19,323 observations in tiegatenent era (n =
15,708 live, 75 = dead, and 3,540 = not heard), 20,644 observations in thetckaingent era
(n=12,076 live, 35 = dead, and 8,533 = not heard), and 25,185 obseriratltmpost
treatment era (n = 19,419 live, 87 = dead, 5,679 = not heard). We obtained 1,834 estimated calf
locations in the préreatment era, 919 in the durirgatment era, and 1,514 locations in the
posttreatment era.

Causespecificmortality andcumulativeincidencefunctions

We removed records for 10 of the 534 ratdigged calves from analyses due to mortality
within 24 hours of capture (n = 6), unknown sex (n = 2), or mortality signals detected in
inaccessible areas (n = 2). Like many other stdf neonate survival (Griffin et al. 2011), we
right censoredi.e., censored after the last observatib®) radietagged calves due to tag loss.
We also right censored data for 23 calves that either left the study area or suffered tag failure
such thatheir survival could not be monitored. We estimated capsgeific mortality using data
from 197 mortalities, 75 in the pteeatment era, 35 in the duriiggatment era, and 87 the
posttreatment era (Table 4.10f 534 elk calves, 158 calves were Wmoto have survived to 1
year of age.

Table4.1 Number of calves that died from black bear predation, mountain lion predation, wolf
predation, norpredation, unknown predator, and unknown cause, bgaklationand
treatment eraluring pre-treatment, duringreatment, and pogteatment eras.
Population Cause of mortality Pre  Duringg Post  Total
East Fork Mountain lion 11 7 13 31
Non-predation 3 1 9 13
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Unknown predator
Unknown cause

Other

Black bear 6 1 1 8
Wolf 3 0 3 6
Unknown predator 3 3 3 9
Unknowncause 13 7 28 48
Other 2 1 0 3
West Fork Mountain lion 16 6 6 28
Non-predation 2 1 8 11
Black bear 3 2 4 9
Wolf 3 0 3 6

5 3 1 9

5 3 8 16

0 0 0 0

Estimated CIFs indicated that mountain lion predation in the East Fork was the highest
source of known mortality in the pteeatment (0.1695% CI = 0.090.24, Figure 4.8and
duringtreatment (0.12, 95% CI = 0.04.18) eras. However, in the pdstatmemnera,
cumulative mortality rates for mountain lion predation (0.11, 95% CI 5 0.@8) and non
predation (0.10, 95% CI = 0.08.16) were similar and higher than all other known causes,
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despite nospredation mortality being relatively low in the p(6.03, 95% CI = 0.000.07) and
duringtreatment (0.02, 95% CI .01 0.05) eras.

Figure 4.3Cumulative Incidence Functions (CIF) showing the cumulative probability of calf
mortality (yaxis) from 0 to 365 days aftbirth in the East Fork herd from mountain lions, black
bears, wolves, nepredation, unknown causes, and unknown predators in the Bitterroot study
area, during pretreatment, duringreatment, and podteatment eras. Vertical bars show 95%
confidence intervaltor the cumulative probability of mortality from each cause at the end of one
year.

In the West Fork, estimated CIFs indicated that mountain lion predation was the largest

known cause of mortality in both the p(8.35, 95% CI = 0.220.48) and durindgreatment eras
(0.24, 95% CI = 0.09.38). However, in the pesteatment era, nepredation was the highest
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