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I ntroduction

The goal of this report is to describe a compleesgtarch project for predicting parturition habdgelk in Idaho;
and to provide managers with the results (GIS Eyom this analysis. In synopsis, we developetbdel to
predict the relative probability that an area omldndscape would be selected as a parturitiolaged on the
following: (1) we used GPS location data from 2@W20 and associated movement patterns of adulléeetk
to identify putative parturition locations; (2) wetimated the parameters of resource selectiotidumschy
comparing the habitat characteristics of partunitications to what was considered available onahéscape.
(3) we used the estimated resource selection famgtio predict the relative probability that ancaneuld be
chosen as a parturition site. Because habitaacteistics vary substantially in Idaho and elkliffierent parts of
the state may behave differently, we developedarate model for 6 populations. For each populatie
describe the results of the analyses and haveded\sIS raster layers (K:/Wildlife/Wildlife
Research/ElkCalvingHabitat) of predicted calvinditet at two extents. The first extent is the dapian
boundary (see Figure 1) that we used to definedssoale availability for the resource selectionlgsia.
Because this is the extent we used to estimate Ipademeters, predictions will be most reliablehivitthis
boundary. If managers want to evaluate, and peatiintise, predictions outside of the populationrmtaries, we
also provided a more extensive prediction exteneéxh population. However, managers should eserci
caution when using this larger extent as predistimay be unreliable outside of the population baued.



M ethods

Data compilation

We used GPS locations collected from 1,091 adu® (>
years old during previous breeding season) covdefing
1 May to 31 July from 2007 to 2020. Multiple iwidiuals
were monitored for >1 year and so the number diyD
year individuals (ID-year) was 2,270. Most GPSarsl
were programmed to collect one location every K2 hr
Those that collected locations more frequently veeteset
to a 12-hr interval. For each ID-year, we calcdat
movement metrics to identify periods of reduced rapm
and restricted area of use. Movement metrics dedu
mean distance between successive locations ov&ha 7
period and the maximum distance from the meanitmtat
during the 72-hr period. Of the 2,270 possibleydar
individuals, 1,105 had a sufficient number of lozas (>
50 locations with associated movement metrics) to
potentially identify parturition. For modelling leang
habitat, it was preferable to error on the sidexafluding
individuals that potentially had a calf versus uuthg
individuals that did not. Thus, we developed an8pp
that enabled me to graphically display locationd an
movement metrics to ensure movements were localized
We retained individuals where the parturition ewsas
obvious as indicated by a substantial declineén th
movement metrics and localized space use (Figurd @)
delineate the putative parturition location for sedpuent
analysis, we identified locations where the covalzed
movements (“localized locations”; red dots in Fig@y). If
there were >4 localized locations, the putativeéysdion
site was determined by fitting a kernel density taking
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Figure 1. Parturition locations (dots) and bouretaof 8
populations used to model elk calving habitat iahid. Each
population was modelled separately, excluding tbettN
SpruceFir and Southeast Desert populations due itesafficient
number of parturition locations.

the location of the maximum density. If there wer locations, we took the mean of the localizedtioos as

the putative parturition site. Birth date wassumed to be

the first day when movements becanadized.

Statewide, there were 314 ID-years (241 individualsere a parturition event was identified. Based
ecoregion characteristics we assigned each p@stulitcation to one of 8 populations. Populationfdaries
were determined by fitting a kernel density estan@moothing parameter equaled 10km) to the cordhBfeS
locations (excluding localized locations) of thdiinduals within each population. We analyzed tajvhabitat
selection for each population separately excluttiegNorth SpruceFir and Southeast Desert popukatioe to
insufficient number of parturition locations to gadately fit a resource selection model (Table 1).
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Figure 2. Interface of Shiny App used to identifgalized parturition locations of elk in Idaho,02020. Top panel (above the arrow)
shows GPS locations and plots of two movement ogefar an individual from 1 May to 31 July. Loaats can be selected from the
movement metric plots (bottom panel below the ajramd the user can then see these selected logatiotihe landscape (bottom right
panel). Once a set of locations are selectedfgaed red dots), these locations are then idedtifge"“localized” for subsequent
identification of the calving site.



Table 1. Summary of parturition data analyzed tweh calving habitat in Idaho, 2007-2020.

Parturition date

# Parturition Range of years

Populatiol location: analyzei Minimum Maximurr Average
North SpruceFir 4 NA 5/24 6/27 6/3
Northern Forests 78 2009-2020 5/16 7/18 6/1
North PineGrass 29 2015-2018 5/13 7/2 5/31
Central DryForest 26 2008-2018 5/21 6/24 6/4
SagebrushSteppe 57 2016-2020 5/16 6/19 5/31
Southeast Desert 13 NA 5/27 7/3 6/10
Southeast DryForest 65 2011-2020 5/14 7/12 6/1
Southeast DecidForest 42 2007-2020 5/17 711 6/3
Total 314 2007-2020 5/13 718 6/2

Characterizing calving habitat

We considered 14 spatio-temporal covariates as\pally influencing selection of parturition sit€Bable 2).
We derived 5 (slope, sine of aspect, cosine of@spmpographic position, and elevation) from atdigelevation
model in which the temporal resolution was fixed.(ione layer for the analysis) and the spat&iltgion was
186 m. We derived 7 categorical land-cover typesk{aceous, shrub, evergreen forest, deciduoust foneced
forest, woody wetland, and crop) from the Natidrethd Cover Database (NLCD) and one additional datear
that measured the distance to developed areasteifitp®oral resolution of covariates derived from NIL@as
~3-year intervals (2008, 2011, 2013, 2016, 2018)tha spatial resolution was 30m. Lastly, we dated the
distance to the edge of snow using data derivad 8ODAS with a daily temporal resolution and sgati
resolution equal to 800 m.

Analysis

We evaluated calving habitat selection by compauisgy versus availability at 2 scales. We usedadsscale
analysis to determine the characteristics withengbneral area that elk chose as a parturition ¥ite measured
use as the mean of each covariate (translateprimpartion for categorical covariates) within a-Rré radius
circle centered on the putative calving locatid¥e chose the 2.6-km radius to describe the “germeedl” based
on the median distance (across all ID-years) friosth bcation when movements became localizededdbation
one week prior. We measured availability by takimg mean of each covariate within a 2.6-km raditcde
centered at ~300 points spaced evenly within thpiladion boundary. For the local-scale analysisyefined
the broad-scale analysis by taking into accourdllobaracteristics that determined the actual ptidn site once
a general area was chosen (i.e., broad-scaleisalecFor the local-scale model, we measured ygaling the
value of each covariate at the parturition locadod compared this to the value of each covarits?®@&points
spaced evenly within a 2.6-km circle centered enprturition location.

Because the data spanned from 2007 to 2020, sothe obvariates had substantial temporal variggomn,
those derived from land cover and snow). Thusassmciated both used and available locations wih t
temporal layer that was closest in time to the détee parturition location.



We modeled the probability that positisat timet would be selected as a parturition location using

_ w(X,.B)a eqn 1
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where the denominator ensures tlgintegrates to 1, and thus is a proper probabiliritbution. The habitat
selection function is defined by(xs,l,ﬂ) , WhereX is a vector of covariate values at positsat timet and S is

a vector of selection coefficients. The availapitlistribution,a (i.e., the expected distribution of parturitiotesi
in the absence of habitat selection), was a uniftigtribution within the area) considered available for
subsequent selection. Th&was the population boundary for the broad-sca#dyais and the 2.6-km circle

around the parturition site for the local-scalelgsia. We estimated selection coeﬁicielﬁﬁs) using conditional
logistic regression, with strata defined by eachyi&ar.

Table 2. Habitat covariates used to model paruribcations of elk in Idaho, 2007-2020.

Source

Covariate name

Description

Digital Elevation Model

NLCD

SNODAS

Slope Percent slope of topography
Aspect cosin Cosine of aspe
Aspect sine Sine of aspect

Topographic position

Elevatior

Herbaceous

Shrub

Evergreen forest

Deciduous forest

Mixed forest

Woody wetland

Crop

Distance to developed

Distance to snow edge

Topographic position valuesyafrom negative (valleys) to O (side slope)
to positive (ridgelines). It was calculated asdiféerence between the
elevation at positios and the mean elevation within a 2.6km circle. The
more negative the value, the steeper the vallgy, @nyon), and the more
positive the value, the sharper the ridgeline.

Elevation above sea le

Dominated by gramanoid or herbaceowatégn, generally greater than
80% of total vegetation.

Dominated by shrubs; less than 5 metersithlishrub canopy typically
greater than 20% of total vegetation. This clashites true shrubs, young
trees in an early successional stage or treesestfirim environmental
conditions.

Dominated by trees generally greaatin 5 meters tall, and greater than
20% of total vegetation cover. More than 75% ofttiee species maintain
their leaves all year. Canopy is never without griediage.

Dominated by trees generally grahn 5 meters tall, and greater than
20% of total vegetation cover. More than 75% ofttiee species shed
foliage simultaneously in response to seasonalg#an

Dominated by trees generally gredtant5 meters tall, and greater than
20% of total vegetation cover. Neither deciduousew@rgreen species are
greaterhan 75% of total tree cov

Forest or shrubland vegetation acisoion greater than 20% of vegetative
cover and the soil or substrate is periodicallysgied with or covered with
water
Used for the production of annual crops anénm@al woody crops such as
orchards and vineyards. Crop vegetation accountgrémter than 20% of
total vegetation. This class also includes all Iaaihg actively tilled.

Distance to nearest celposieed as developed

If the location was in acattgorized as not having snow cover on that
day, the value was the distance to nearest celjoszed as having snow.
If the location was in a cell categorized as hawngw cover on that day,
the value was thdistance to nearest cell without snow tir-1.




Candidate Models

To find the best model for predicting calving hahitve fit multiple models with various combinatsooif
covariates and used Akaike Information Criteria@ffor model selection. To reduce the number o¢pibal
covariates, we first eliminated from consideratower types with no parturition locations for atmadar
population (Table 3). The proportion of Evergréamst (population-scale covariate) was correlatah
proportion of Shrub (-0.59), Slope (0.53), propmitdf Herbaceous (-0.43), and slope (0.41). Tadapmoblems
with collinearity, we removed proportion of Evergneforest from the list of potential covariatesttoe broad-
scale analysis. We did not include distance tavsedge as a covariate for the local-scale anabesiause the
spatial resolution of the SNODAS layer was too searLastly, we did not include Distance to devetbps a
covariate for the broad-scale analysis becausetehpally confounding effects of capture locatamd because
this covariate was correlated with slope (0.41)thvthe remaining covariates, we created a canelisiett of
models for each scale and population. For thedhszale analysis, we began the candidate set withdel that
only included cover types. For the fine-scale gsialwe began with 2 simple models, one that ireducbver
type and the other that included Distance to d@eslo We used these as the base models becauseypavand
developed areas have the potential to be influebhgedanagement. For the additional covariates,ses an all
subsets approach where each covariate was adtéedeanodel and then all possible combinations ds We
allow for non-linear relationships, we includedgmuared term for all continuous covariates. Seeefydpx for
lists of competing models for each population arales

Table 3. Proportion of elk parturition sites |laghin each cover type in Idaho, 2007-2020. Ifeheere no locations in a cover type, that
cover type was not included in the candidate mofdelthat particular population.

Population Herbaceous Shrub Evergreen forest Deuglforest Woody wetland Crop
NorthernForests 0.12 0.39 0.49 0 0 0
North_PondPineGrass 0.18 0.14 0.68 0 0 0
DryForest_Central 0.23 0.58 0.19 0 0 0
SagebrushSteppe 0.29 0.60 0.07 0 0 0.04
DryForest_Southeast 0.02 0.46 0.35 0.03 0.14 0
DecidForest_South 0.05 0.48 0.40 0.07 0 0
Predictions

We used the candidate model with the lowest Al@eséar each population and scale to predict calVialitat
across the landscape. We created a broad-scdlietfoe (i.e., the relative probability of an el&lsecting to have
a calf within the general arédadescribed by the 2.6-km circle centered at pos#jarsing the selection function
in equation 1

w(X(A).5)
max[w(X(As) ﬂ)}

Pred_BroadA) = eqn 2

where the selection coefficiengs) were the estimated parameters from the broad-beatemodel X (A ) is

the mean values of the covariates within the cimtel the denominator standardizes the relativiegtnitity of
the resource selection function to range betweamdOl (Figure 3a). For temporal covariates (tihmse derived
from cover type and snow), we used the 2019 coy layer and the average distance to snow eddelane
across all years analyzed. We then calculateédiqiion for the best local-scale model,



w(X,,B)

max| w( X, ,5)] eqn 3

Pred_Locafs) =

where the selection coefficien{ss) were the estimated parameters from the local-ssiemodel an, were
the values of the covariates at posita(frigure 3b)

To combine the two scales into a prediction thiet$anto account population and local scale selectve first
calculated the relative probability of selectinpeation for a parturition siteonditional on the elk having
selected the general area (i.e., 2.6-km circle foooad-scale) using
Pred_Locas)
mean| Pred_Loca{A,) |

Rel_Loca(s) = eqn 4

where mean| Pred_Loca{A ) | was the mean dPred_Locas) within the 2.6-km circle centered on posit®nBy

dividing the value ofPred_Loca(s) by this expected valueRel_Loca(s) provides a measure of the relative
increase, or decrease, in the probability thattjposs would be selected, given that an elk chose to hasadf in
A (Figure 3c). We obtained the final prediction,it@kinto account population and local scale satectby
combining egn 2 and 4 (Figure 3d),

Pred_PofA )x Rel_Locft)

Pred(s) =

eqgn 5

max( Pred_PofA,)x Rel_Lod))

Figure 3. Predicted calving habitat for elk in 8autheast DryForest population in Idaho. Fopaliels, the relative probability ranges
from O (blue) to 1 (red), blue outline is the paxidn boundary and blue circles are the parturib@ations. Panel (a) depicts population-
scale selection (eqn 2 in Predictions section)epéy) local-scale selection (egn 3 in Predictisestion), panel (c) relative local-scale
selection conditional on having selected the géragea at the population-scale (egn 4 in Predistgection), and panel (d) relative
probability of selection taking into account bottpplation and local scale selection (eqn 5 in Rtéatis section).



Results

Of 314 partition events, most (64%) birth

dates occurred during the last week of May

through the first week of June (Table 1;

Figure 4). Statewide, mean parturition date. 80

was 2 June with no substantial differences § 60

among most populations. The Southeast § 40

Desert population was approximately 1

week later than the other populations 20 —|1
however, this could be due to a small 0 -

sample size.

12 Jul

10 May
17 May
24 May
31 May
07 Jun
14 Jun
21 Jun
28 Jun

05 Jul

19 Jul

Beyond cover type, most of the best models
for predicting calving habitat at the broad
scale contained Elevation, Distance to sno' Figure 4. Histogram of parturition dates from 21kin Idaho, 2007-2020.
covariates, and slope covariates (Table 4).

At the local scale, there were few covariates Wexe consistently in the top model beyond the coyse and
Distance to developed (Table 4). Most populatshsved a strong preference for the Shrub covesaybeth
the broad and fine-scale (see subsections desgribsults for each population individual below).

Parturition date

Table 4. Relationshibetween covariate valifesnd probability that a site will be selected fartprition based on the best predictive
model for each population.

Distance to Distance to

Population Scale Shrub  Herbaceouseveloped snow Aspect Elevation Slope TPI
Northern Forests Broad + + NA - w 600m 30

North PineGrass Broad + - NA 1000m 40

Central DryForest Broad + + NA -

SagebrushSteppe Broad + + NA - N 800m 10
Southeast DryForest Broad + - NA -

Southeast DecidForest  Broad + - NA 2200m 15
Northern Forests Local + + NA

North PineGrass Local + + + NA valley
Central DryForest Local + + + NA valley
SagebrushSteppe Local - - + NA 20
Southeast DryForest Local - - - NA N ridge
Southeast DecidForest  Local - + + NA S

! Values in table indicate an increasing (+) orrdasing (-) change in the probability as the valihe covariate increases or the value
most preferred for non-linear relationships.

2 Shrub and herbaceous are the only cover typasdied in the table as they were included in cartdideodels for all populations.

3 Distance to developed was not included as a fiat@ovariate in the broad scale models becaugetatial confounding effects of
capture location and a relatively high correlati@1) with slope. Distance to snow was not inellich the local scale models because

the spatial resolution was too coarse.



Results: Northern Forests

Of the 78 calving locations used for modeling Nathern
Forests population, 42 were in the North Fork Gieder, 17 in the
St. Joe, 7 in Dworshak, 7 in the Lochsa, and BénCoeur d'Alene
drainages (Figure 5). At the broad scale, the gividity that an area
would be selected for halving a calf increased witheasing
amounts of shrub and herbaceous cover, as slopeambed ~30%,

and western aspects; while the probability deckasth increasing 1 ,

elevation and distance to snow (Figure 6). Atfihe scale, cover
type were the only covariates retained in the pesdictive model;

the probability that an site would be selectedanases by 3.1 times "
if it is in the Shrub cover type and by 3.6 timEit is in Herbaceous |

cover type.
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Figure 6. Relative change in the probability #yatarea will be selected as a parturition sit@@broad-scale for covariates in the best

predictive model.



The final model for predicting calving habitat, itadginto account both broad and local-scale selacperformed
well in terms of sensitivity (i.e., model predittsbitat where parturition sites occur) and spetyfig.e., model
predicts non-habitat where parturition sites doowmur; Figure 7). A good model will have low veduof the
proportion of area predicted as habitat and hidhegof the proportion of observed parturitionsitéthin the
habitat, for a given RSF cutoff. For example rifrasource selection function (RSF) value of 0.02@6 egn 5
is taken as a cutoff for defining calving habitat Northern Forests (i.e., values greater thantkesshold are
defined as habitat), then 79% of the observed ptotu sites occurred within the area defined dgiog habitat
which constitutes ~35% of the area within the papjah boundary (Figure 7).

Northern Forests Proportion of Proportion of
S L e area predictedobserved
IR RSF value as habitat parturition sites
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Figure 7. Performance of the best model for ptediacalving habitat of elk from the Northern Fdeepopulation in Idaho. Plot (top left)
shows the sensitivity on the y-axis (model prednetbitat where parturition sites occur) versussihecificity on the x-axis (model predicts
non-habitat where parturition sites do not occar)dfarticular values of the RSF used as a cutoftiédining habitat. As there is a tradeoff
between sensitivity and specificity that is depenae objectives, the table (top right) providekiea of the RSF that can be used as a
cutoff to provide the desired level of sensitiwgrsus specificity.



Results: North PineGrass

Of the 29 calving locations used for modeling tha@tN PineGrass
population, 20 were in the South Fork Clearwateirdrge and 9
were from Craig Mounatin (Figure 8). At the braadle, the
probability that an area would be selected foringha calf
increased with increasing amounts of shrub coverdatreased
with increasing amounts of herbaceous cover; ise@avith
increasing slope; and increased as elevation agipeda~1000m
(Figure 9).
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Figure 8. Parturition locations used to model icagv
habitat for the North PineGrass elk populat
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Figure 9. Relative change in the probability twatarea will be selected as a parturition sitb@btroad-scale for covariates in the best
predictive model.

At the fine scale, the probability that an site Wbloe selected decreased by 0.67 if it is in theilSkover type;
increased by 1.46 times if it is in Herbaceous coyge; increased with increasing distance to depesd; and
increased as topographic position index approachEsD indicating preference for valleys (Figure.10)
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Figure 10. Relative change in the probability site will be selected for parturition at the losable for covariates in the best predictive
model. Topographic position values range from tiegdvalleys) to O (side slope) to positive (ritiges). The more negative the value,
the steeper the valley (e.g., canyon), and the paséive the value, the sharper the ridgeline.

The final model for predicting calving habitat, iradginto account both broad and local-scale selacperformed
moderately in terms of sensitivity (i.e., modelgiots habitat where parturition sites occur) anecffxity (i.e.,
model predicts non-habitat where parturition sitesiot occur; Figure 11). A good model will hages lvalues
of the proportion of area predicted as habitatlsigt values of the proportion of observed partonitsites within
the habitat, for a given RSF cutoff. For examflan resource selection function (RSF) value 60222 from
egn 5 is taken as a cutoff for defining calvingitettfor the North PineGrass population (i.e., eslgreater than
this threshold are defined as habitat), then 93%@bbserved parturition sites occurred withinahea defined
as calving habitat which constitutes ~55% of theaawithin the population boundary (Figure 11). fGfenance
would likely increase with larger sample sizes étge number of observed parturition sites). Addidily, the
model appeared to perform better for elk in thetS&wrk Clearwater drainage than those on Craigritiin
(see Figure 11) suggesting that separate model# imigneeded in the future as sample sizes for gracip
increase sufficiently.
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Figure 11. Performance of the best model for ptedj calving habitat of elk from the Northern Fetepopulation in Idaho. Plot (top

left) shows the sensitivity on the y-axis (modegticts habitat where parturition sites occur) vetsie specificity on the x-axis (model
predicts non-habitat where parturition sites doawatur) for particular values of the RSF used astaff for defining habitat. As there is a
tradeoff between sensitivity and specificity ttmtependent on objectives, the table (top righayipgles values of the RSF that can be used
as a cutoff to provide the desired level of senigytiversus specificity.



Results: Central DryForest

Of the 26 calving locations used for modeling trenttal
DryForest population, most (21) were near the Séuotlk Payette
river (Figure 12). At the broad scale, the probgtihat an area
would be selected for halving a calf increased witheasing
amounts of shrub cover and herbaceous cover; angbised near
the snow edge (Figure 13).
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Figure 13. Relative change in the probability #ra@rea will be selected as a parturition sitte@broad-scale for covariates in the best
predictive model.

At the fine scale, the probability that an site Wblpe selected increased by 3.1 times if it ishim $hrub cover
type and by 2.9 times if it is in Herbaceous cadype; increased with increasing distance to deveslppnd
increased as topographic position index approach22D indicating preference for valleys (Figure.14)
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Figure 14. Relative change in the probability it will be selected for parturition at the losable for covariates in the best predictive
model. Topographic position values range from tiegdvalleys) to O (side slope) to positive (ritlges). The more negative the value,
the steeper the valley (e.g., canyon), and the maséive the value, the sharper the ridgeline.

The final model for predicting calving habitat, iradginto account both broad and local-scale selacperformed
well in terms of sensitivity (i.e., model predittabitat where parturition sites occur) and sp&tyfig.e., model
predicts non-habitat where parturition sites doaumur; Figure 15). A good model will have lowwes of the
proportion of area predicted as habitat and hidhesof the proportion of observed parturitionsiéthin the
habitat, for a given RSF cutoff. For example rifrasource selection function (RSF) value of 0.@186m eqn 5
is taken as a cutoff for defining calving habitat the Central DryForest population (i.e., valuesager than this
threshold are defined as habitat), then 77% obbwerved parturition sites occurred within the atefined as
calving habitat which constitutes ~30% of the axithin the population boundary (Figure 15).
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Figure 15. Performance of the best model for ptadj calving habitat of elk from the Central DryEst population in Idaho. Plot (top
left) shows the sensitivity on the y-axis (modegticts habitat where parturition sites occur) vetsie specificity on the x-axis (model
predicts non-habitat where parturition sites doawatur) for particular values of the RSF used astaff for defining habitat. As there is a
tradeoff between sensitivity and specificity ttmtependent on objectives, the table (top righayiples users values of the RSF that can
be used as a cutoff to provide the desired levekasitivity versus specificity.



Results: SagebrushSteppe

Of the 57 calving locations used for modeling tlagtﬂ)rushSteppe“

population, most (46) were along the northern exfghe Snake
River plain (Figure 16). At the broad scale, thebability that an
area would be selected for halving a calf increasitiincreasing
amounts of shrub herbaceous, and crop cover; ipeteas slope
approached ~10%; decreased with increasing eleyatioreased
on northerly aspects; increased near the snow adgegenerally
decreased with increasing distance to the snow @dgere 17).
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Figure 17. Relative change in the probability #ra@rea will be selected as a parturition sittebroad-scale for covariates in the best
predictive model.

At the fine scale, the probability that an site Wbloe selected decreased by 0.82 times if it thénShrub cover
type, by 0.57 times if it is in Herbaceous coveretyand increased by 1.95 times if in the Crop agpe;
increased with increasing distance to developedljiareased as slope approached ~20% (Figure 18).

SagebrushSteppe; Local-scale SagebrushSteppe; Local-scale

115
L

Probability ratio
1.10
|
Probability ratio

1.05
L

1.00
L
0

00 05 10 15 20 25 0 20 a0 50
Distance to developed (km) Slope

Figure 18. Relative change in the probability it will be selected for parturition at the losable for covariates in the best predictive
model.

The final model for predicting calving habitat, itadginto account both broad and local-scale selacperformed
moderately in terms of sensitivity (i.e., modelgiots habitat where parturition sites occur) anec#izity (i.e.,
model predicts non-habitat where parturition siteshot occur; Figure 19). A good model will hagerlvalues
of the proportion of area predicted as habitattdgt values of the proportion of observed partomitsites within
the habitat, for a given RSF cutoff. For examfflan resource selection function (RSF) value 62041 from
egn 5 is taken as a cutoff for defining calvingitettfor the SagebrushSteppe population (i.e.,egalyreater than
this threshold are defined as habitat), then 79%@bbserved parturition sites occurred withinalesa defined
as calving habitat which constitutes ~40% of theaawithin the population boundary (Figure 19). Tidel
performed better for elk north of the Snake RiVairp(where most of the parturition sites occurrg@)n those to
the south (see Figure 19) suggesting that sepai@dels might be needed in the future as sample fizecach
group increase sufficiently.
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Figure 19. Performance of the best model for ptad) calving habitat of elk from the Sagebrush$eepopulation in Idaho. Plot (top

left) shows the sensitivity on the y-axis (modedgticts habitat where parturition sites occur) verthe specificity on the x-axis (model
predicts non-habitat where parturition sites doaumur) for particular values of the RSF used estaff for defining habitat. As thereis a
tradeoff between sensitivity and specificity ttmtependent on objectives, the table (top righayigles values of the RSF that can be used
as a cutoff to provide the desired level of sevisjtiversus specificity.



Results: Southeast DryForest

Of the 65 calving locations used for modeling tloeitBeast
DryForest population, most (45) were in the Isl&adk Zone of -
(Figure 20). At the broad scale, the probabilitgttan area would be \ &
selected for halving a calf increased with incnreggimounts of
shrub, deciduous forest, and woody wetland covdrdmtreased
with the amount of herbaceous cover; increasedstende to snow
edge approached ~10km (Figure 21).
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Figure 21. Relative change in the probability #ra@rea will be selected as a parturition sitte@broad-scale for covariates in the best
predictive model.



At the fine scale, the probability that an site Vdooe selected decreased by 0.62 times if it thénShrub cover
type, by 0.13 times if it is in Herbaceous coveretyand increased by 1.4 times if in the Deciddorest
covertype and 4.6 times if in the Woody wetlanderaype; increased for northerly aspects; decreagtbd
increasing distance to developed; and increased apographic position approached 100, indicating
preference for ridgelines (Figure 22).
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Figure 22. Relative change in the probability site will be selected for parturition at the losable for covariates in the best predictive
model. Topographic position values range from tiegdvalleys) to O (side slope) to positive (ritiges). The more negative the value,
the steeper the valley (e.g., canyon), and the paséive the value, the sharper the ridgeline.

The final model for predicting calving habitat, itadginto account both broad and local-scale selacperformed
moderately well in terms of sensitivity (i.e., mbgeadicts habitat where parturition sites occum) apecificity
(i.e., model predicts non-habitat where parturisi@es do not occur; Figure 23). A good model héll/e low
values of the proportion of area predicted as hahitd high values of the proportion of observeatiupigion sites
within the habitat, for a given RSF cutoff. Foaexle, if an resource selection function (RSF) @alfi0.01806
from eqgn 5 is taken as a cutoff for defining cafvhmbitat for the Southeast DryForest population, (values
greater than this threshold are defined as habitegth 80% of the observed parturition sites oaiwithin the
area defined as calving habitat which constitut394 of the area within the population boundary (Fég23).
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Figure 23. Performance of the best model for pted) calving habitat of elk from the Southeast Boyest population in Idaho. Plot (top
left) shows the sensitivity on the y-axis (modeddicts habitat where parturition sites occur) verthie specificity on the x-axis (model
predicts non-habitat where parturition sites doawatur) for particular values of the RSF used astaff for defining habitat. As there is a
tradeoff between sensitivity and specificity ttmtependent on objectives, the table (top righayiples users values of the RSF that can
be used as a cutoff to provide the desired levekasitivity versus specificity.



Results: Southeast DecidForest

Of the 42 calving locations used for modeling tloeitBeast
DecidForest population, most (26) were in the DiathGreek area
(Figure 24). At the broad scale, the probabiligttan area would be
selected for halving a calf increased with incnegsimounts of shrub ,
and deciduous forest cover, and decreased witarttweint of " 5
herbaceous cover; increased as slope approachéf, #ideased
elevation approached ~2100m (Figure 25).
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Figure 25. Relative change in the probability @ratrea will be selected as a parturition sitb@broad-scale for covariates in the best
predictive model.



At the fine scale, the probability that an site Vdooe selected decreased by 0.74 times if it thénShrub cover
type, increased by 4.13 times if it is in Herbaceoover type, and increased by 1.4 times if inDbeiduous
forest cover type; increased for southerly aspeetd;increased with increasing distance to develjgure 26).
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Figure 26. Relative change in the probability site will be selected for parturition at the losable for covariates in the best predictive
model.

The final model for predicting calving habitat, itadginto account both broad and local-scale selacperformed
well in terms of sensitivity (i.e., model predittsbitat where parturition sites occur) and spétyfig.e., model
predicts non-habitat where parturition sites doowmur; Figure 27). A good model will have lowwes of the
proportion of area predicted as habitat and hidhegof the proportion of observed parturitionsitéthin the
habitat, for a given RSF cutoff. For example rifrasource selection function (RSF) value of 0.@18&m eqn 5
is taken as a cutoff for defining calving habitat the Southeast DryForest population (i.e., vagreater than
this threshold are defined as habitat), then 81%@bbserved parturition sites occurred withinalea defined
as calving habitat which constitutes ~40% of theaawithin the population boundary.
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Figure 27. Performance of the best model for ptadj calving habitat of elk from the Southeast Boyest population in Idaho. Plot (top
left) shows the sensitivity on the y-axis (modedgticts habitat where parturition sites occur) verthe specificity on the x-axis (model
predicts non-habitat where parturition sites doawatur) for particular values of the RSF used estaff for defining habitat. As there is a
tradeoff between sensitivity and specificity ttmtlependent on objectives, the table (top righayiples users values of the RSF that can
be used as a cutoff to provide the desired levekasitivity versus specificity.



Discussion

The goal of this analysis was to provide managétts avquantitative prediction of elk calving habittatewide.
It is important to understand that this analysis wat the result of a designed research projetatattempt to
make use available data to provide information sleaeral managers have sought for years. Becagisidmot
collect data specifically for modeling calving hiaj this imposed some limitations on our resulier example,
we were unable to evaluate the influence of Distanadeveloped areas at the broad scale due toreapt
locations; and some populations may have beengihtiyy sample size. Despite these limitations, mmustels of
predicted calving habitat performed moderately &bl and should be useful for many applications.

In general, the effect of individual covariatestba probability that an area will be selected pardurition site
should be interpreted independently for each pdioma However, there were several consistent effacross
populations. At the broad scale, most populatgsiscted areas with higher amounts of shrub coitér w
moderate to steep slopes close to the snow lirsped was included in 2 of the top models at tloadbiscale
with elk in Northern Forests selecting for southsteely aspects while elk in the SagebrushSteppetssl for
northerly aspects. We suspect the differenceefepred aspects is related to the lushness ofabetation for
these populations during late-May and early-Juhile topographic position was not included in afiyhe top
models at the broad scale, it was included for thef6 populations at the local scale, suggeshiagthe effect is
likely more localized and might be related to lixedl vegetation characteristics.

As a final note on assessing the validity of mqutetictions for a particular population, we wantedo convey
the following ideas. We evaluated model perforneamsing measures of sensitivity (i.e., model prtsdiabitat
where parturition sites occur) versus specifiditg.( model predicts non-habitat where parturigdas do not
occur). Using this measure, a highly predictivedeiavould have high success predicting actual ptido sites
while simultaneously excluding large areas witthi@ population boundary as calving habitat. Itipdrtant to
realize that a model can be deemed to perform pdifdtere are no strong habitat preferences withen
population or if preferred habitat is ubiquitoustba landscape. This result does not necessanglyest a failure
in the data or modeling approach, it is simplyfeeotion of the fact that calving habitat may cdtuse a large
proportion of the area considered available. Assgrthat there are strong preferences and thagipeef habitat
constitutes a small proportion of the landscapapédel can perform poorly for a variety of reasoRsobably the
most likely reasons specific for this project iher small sample sizes, a failure to include irtgoarcovariates
or model structures (e.g., covariate combinatiomsinisidentification of population membership (elgmping
elk into a single population that should be segarat not including elk in a particular population which they
are more similar than the population that they vessigned). Additionally, we simplified our pretibois by
using the most recent NLCD data (i.e., 2019) aedttlean snow cover on June 1 (across all years)s, Dur
predictions do not necessarily match the year immel Wwhen our observed parturition events occurreticur
evaluation of model performance should be viewed asnimum level of performance.

Moving forward, it is likely that IDFG will want topdate or expand these analyses in the futurehdfye that
this report will provide managers with a foundatfondeveloping ideas and approaches to communiciéte
research so that the next round will be an imprammot only in terms of increasing sample size.



Appendix
Best Models

Population Scale Model

NorthernForests Population case~prop_He+prop_ShF@#mow+DistToSnow_2+Asp_Sine+Asp_Cos+Elevationvatien_2+Slope+Slope_2+strata(ID_Year)
North_PondPineGrass Population case~Dist_D+Dist+prdp_He+prop_Sh+prop_DF+Elevation+Elevation_2+8i#flope_2+strata(ID_Year)

DryForest_Central Population case~Dist_D+Dist_D_r@ppHe+prop_Sh+DistToSnow+DistToSnow_2+Asp_Sine+A&ps+strata(ID_Year)

SagebrushSteppe Population case~Dist_D+Dist_D_p+pte+prop_Sh+prop_Cr+DistToSnow+DistToSnow_2+Aspe$Asp_Cos+Elevation+Elevation_2+Slope+Slope_2tegla_Year)
DryForest_Southeast Population case~Dist_D+Dist+Hpr@_He-+prop_Sh+prop_DF+prop_WWH+DistToSnow+Distiio8_2+strata(ID_Year)

DecidForest_South Population case~Dist_D+Dist_Dr@gpHe+prop_Sh+prop_DF+Elevation+Elevation_2+Sldplepe_2+strata(ID_Year)

NorthernForests Local case~NLCD_type+strata(ID_Year

North_PondPineGrass Local case~Dist_D+Dist_D_2+NL@Pe+TPI+TPI_2+strata(ID_Year)

DryForest_Central Local case~Dist_D+Dist_D_2+NLCype+TPI+TPI_2+strata(ID_Year)

SagebrushSteppe Local case~Dist_D+Dist_D_2+NLCe#@iope+Slope_2+strata(ID_Year)

DryForest_Southeast Local case~Dist_D+Dist_D_2+NL§pe+Asp_Sine+Asp_Cos+TPI+TPI_2+strata(ID_Year)

DecidForest_South Local case~Dist_D+Dist_D_2+NLG/pet-Asp_Sine+Asp_Cos+strata(ID_Year)

Results of population-scale model selection.

Population Scale Model n_event LL AIC  delt AIC Weight
NorthernForests Population |case~prop_He+prop_Sh+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Elevation+Elevation_2+Slope+Slope_2+strata(ID_Year) 78 -416.9 |853.8 |0.0 0.45
NorthernForests Population [case™~prop_He+prop_Sh+DistToSnow+DistToSnow_2+Elevation+Elevation_2+Slope+Slope_2+strata(ID_Year) 78 -419.1 |854.1 |03 0.38
NorthernForests Population |case~prop_He+prop_Sh+El ion+Elevation_2+Slope+Slope_2+strata(ID_Year) 78 -423.0 |857.9 |4.2 0.06
NorthernForests Population [case™~prop_He+prop_Sh+Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 78 -423.1 |858.2 |4.4 0.05
NorthernForests Population |case™~prop_He+prop_Sh+Slope+Slope_2+strata(ID_Year) 78 -425.1 |858.3 |4.5 0.05
NorthernForests Population |case~prop_He+prop_Sh+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 78 -422.5 |861.0 |7.3 0.01
NorthernForests. Population |case~prop_He+prop_Sh+DistToSnow+DistToSnow_2+Slope+Slope_2+strata(ID_Year) 78 4246 |8613 (7.5 0.01
NorthernForests. Population |case~prop_He+prop_Sh+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Elevation+Elevation_2+strata(ID_Year) 78 4269 [869.9 |[16.1 0.00
NorthernForests. Population |case~prop_He+prop_Sh+DistToSnow+DistToSnow_2+Elevation+Elevation_2+strata(ID_Year) 78 4293 [870.6 [16.9 0.00
NorthernForests Population |case~prop_He+prop_Sh+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+strata(ID_Year) 78 -431.4 |874.7 209 0.00
NorthernForests. Population |case~prop_He+prop_Sh+DistToSnow+DistToSnow_2+strata(ID_Year) 78 4337 |8755 (217 0.00
NorthernForests. Population |case~prop_He+prop_Sh+Asp_Sine+Asp_Cos+strata(ID_Year) 78 4359 [879.9 [26.1 0.00
NorthernForests. Population |case~prop_He+prop_Sh+strata(ID_Year) 78 4382 |880.3 (266 0.00
NorthernForests Population |case~prop_He+prop_Sh+Elevation+Elevation_2+strata(ID_Year) 78 -436.6 [881.1 |27.3 0.00
NorthernForests Population |case~prop_He+prop_Sh+Asp_Sine+Asp_Cos+Elevation+Elevation_2+strata(ID_Year) 78 -434.6 |881.1 |27.3 0.00
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+Elevation+Elevation_2+Slope+Slope_2+strata(ID_Year) 29 1338 [2816 (0.0 0.41
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+El ion+Elevation_2+Slope+Slope_2 (ID_Year) 29 -132.0 |282.0 |0.4 0.34
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Elevation+Elevation_2+Slope+Slope_2+strata(ID_Year) 29 -1304 |282.8 |1.1 0.23
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+Elevation+Elevation_2+strata(ID_Year) 29 -138.1 [290.1 |85 0.01
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Elevation+Elevation_2+strata(ID_Year) 29 1367 [291.4 (9.8 0.00
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+Elevation+Elevation_2+strata(ID_Year) 29 -141.2 [292.3 |10.7 0.00
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+Asp_Sine+Asp_Cos+Elevation+Elevation_2+strata(ID_Year) 29 -139.3 [292.6 |11.0 0.00
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+Slope+Slope_2+strata(ID_Year) 29 -1445 (3029 |21.3 0.00
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 29 1435 [3049 (233 0.00
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+Slope+Slope_2+strata(ID_Year) 29 1482 |306.4 (248 0.00
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+strata(ID_Year) 29 1512 |308.4 (267 0.00
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+strata(ID_Year) 29 1512 |308.4 (267 0.00
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 29 1475 |309.1 (274 0.00
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+Asp_Sine+Asp_Cos+strata(ID_Year) 29 -150.0 [310.0 (284 0.00
North_PondPineGrass Population |case~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+strata(ID_Year) 29 -150.8 |311.7 [30.0 0.00
North_PondPineGrass Population | case™~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+strata(ID_Year) 29 -149.4 (3128 |31.1 0.00
DryForest_Central Population |case~prop_He+prop_Sh+DistToSnow+DistToSnow_2+strata(ID_Year) 26 -139.4 [286.7 (0.0 0.34
DryForest_Central Population |case~prop_He+prop_Sh+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+strata(ID_Year) 26 -137.6 |287.2 |05 0.27
DryForest_Central Population |case~prop_He+prop_Sh+DistToSnow+DistToSnow_2+Elevation+Elevation_2+strata(ID_Year) 26 -138.8 [289.5 |2.8 0.08
DryForest_Central Population |case~prop_He+prop_Sh+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 26 -136.8 [289.6 |29 0.08
DryForest_Central Population |case~prop_He+prop_Sh+DistToSnow+DistToSnow_2+Slope+Slope_2+strata(ID_Year) 26 1389 [289.8 [3.1 0.07
DryForest_Central Population |case~prop_He+prop_Sh+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Elevation+Elevation_2+strata(ID_Year) 26 -137.1 [2902 (35 0.06
DryForest_Central Population |case~prop_He+prop_Sh+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Elevation+Elevation_2+Slope+Slope_2+strata(ID_Year) 26 -136.2 [292.5 |5.8 0.02
DryForest_Central Population [ case™~prop_He+prop_Sh+DistToSnow+DistToSnow_2+Elevation+Elevation_2+Slope+Slope_2+strata(ID_Year) 26 -138.3 [292.6 |5.9 0.02
DryForest_Central Population |case~prop_He+prop_Sh+Asp_Sine+Asp_Cos+strata(ID_Year) 26 1423 [2926 [5.9 0.02
DryForest_Central Population |case~prop_He+prop_Sh+Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 26 1405 [293.0 (6.3 0.01
DryForest_Central Population |case~prop_He+prop_Sh+strata(ID_Year) 26 1448 [2936 (6.9 0.01
DryForest_Central Population |case~prop_He+prop_Sh+strata(ID_Year) 26 -144.8 |293.6 |6.9 0.01
DryForest_Central Population |case~prop_He+prop_Sh+Asp_Sine+Asp_Cos+Elevation+Elevation_2+strata(ID_Year) 26 1416 [2952 (8.5 0.00
DryForest_Central Population |case~prop_He+prop_Sh+Slope+Slope_2+strata(ID_Year) 26 1437 [2953 [8.6 0.00
DryForest_Central Population |case~prop_He+prop_Sh+Elevation+Elevation_2+strata(ID_Year) 26 1439 [295.8 [9.1 0.00
DryForest_Central Population |case~prop_He+prop_Sh+Elevation+Elevation_2+Slope+Slope_2+strata(ID_Year) 26 -143.1 [2983 |11.5 0.00
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+El i Elevation_2+Slope+Slope_2+strata(ID_Year) 57 -292.4 |606.9 |0.0 0.53
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Elevation+Elevation_2+strata(ID_Year) 57 -295.3 |608.5 |1.6 0.23
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+DistToSnow+DistToSnow_2+Elevation+Elevation_2+Slope+Slope_2+strata(ID_Year) 57 -295.5 |608.9 |2.0 0.19
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+DistToSnow+DistToSnow_2+Elevation+Elevation_2+strata(ID_Year) 57 -299.0 [612.1 |5.2 0.04
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 57 -301.4 |620.7 |13.9 0.00
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+DistToSnow+DistToSnow_2+Slope+Slope_2+strata(ID_Year) 57 3045 |622.9 |[16.1 0.00
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+strata(ID_Year) 57 3059 [625.8 [19.0 0.00
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+DistToSnow+DistToSnow_2+strata(ID_Year) 57 -309.3 [628.7 |21.8 0.00
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+Asp_Sine+Asp_Cos+Elevation+Elevation_2+strata(ID_Year) 57 3092|6324 (256 0.00
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+Elevation+Elevation_2+Slope+Slope_2+strata(ID_Year) 57 3111 |636.2 (293 0.00
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+Elevation+Elevation_2+strata(ID_Year) 57 3141 |638.1 (313 0.00
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 57 3139 |641.9 |35.0 0.00
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+Asp_Sine+Asp_Cos+strata(ID_Year) 57 -316.1 |642.2 |35.3 0.00
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+Slope+Slope_2+strata(ID_Year) 57 3175 |645.1 382 0.00
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+strata(ID_Year) 57 3205 |646.9 [40.1 0.00
SagebrushSteppe Population |case~prop_He+prop_Sh+prop_Cr+strata(ID_Year) 57 -320.5 |646.9 |40.1 0.00




Population Scale Model n_event LL AIC  delt AIC Weight

DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW+DistToSnow+DistToSnow_2+strata(ID_Year) 65 -352.3 |716.5 |0.0 0.46
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW-+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+strata(ID_Year) 65 3509 [717.7 [1.2 0.25
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW+DistToSnow+DistToSnow_2+Elevation+Elevation_2+strata(ID_Year) 65 3518 [7195 (3.0 0.10
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW+DistToSnow+DistToSnow_2+Slope+Slope_2+strata(ID_Year) 65 -352.2 |720.4 |3.8 0.07
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Elevation+Elevation_2+strata(ID_Year) 65 -3504 |720.7 |4.2 0.06
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 65 3508 [7216 (5.1 0.04
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW-+DistToSnow+DistToSnow_2+Elevation+Elevation_2+Slope+Slope_2+strata(ID_Year) 65 3517 [7234 (6.9 0.01
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Elevation+Elevation_2+Slope+Slope_2+strata(ID_Year) 65 3503 [7246 (8.0 0.01
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW-+Elevation+Elevation_2+strata(ID_Year) 65 -358.6 [729.3 |12.7 0.00
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW+Asp_Sine+Asp_Cos+Elevation+Elevation_2+strata(ID_Year) 65 3576 |731.2 [147 0.00
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW-+Elevation+Elevation_2+Slope+Slope_2+strata(ID_Year) 65 3584 |732.8 163 0.00
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW+strata(ID_Year) 65 3625 |733.1 [166 0.00
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW:+strata(ID_Year) 65 -362.5 [733.1 |16.6 0.00
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW+Asp_Sine+Asp_Cos+strata(ID_Year) 65 -361.7 |735.4 |188 0.00
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW+Slope+Slope_2+strata(ID_Year) 65 -362.0 [736.0 |19.5 0.00
DryForest_Southeast Population |case~prop_He+prop_Sh+prop_DF+prop_WW+Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 65 -361.2 |738.4 |219 0.00
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+Elevation+Elevation_2+Slope+Slope_2+strata(ID_Year) 42 -209.6 [433.2 |0.0 0.71
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+Elevati Elevation_2+Slope+Slope_2 (ID_Year) 42 -209.0 (4359 |2.8 0.18
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Elevation+Elevation_2+Slope+Slope_2+strata(ID_Year) 22 2077 [437.3 [4.2 0.09
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+Elevation+Elevation_2+strata(ID_Year) 22 2157 [441.4 (8.2 0.01
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+Asp_Sine+Asp_Cos+Elevation+Elevation_2+strata(ID_Year) 42 -214.9 (4438 |10.7 0.00
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+Elevation+Elevation_2+strata(ID_Year) 22 2152 |444.4 [113 0.00
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+Slope+Slope_2+strata(ID_Year) 22 2164 |446.8 [136 0.00
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Elevation+Elevation_2+strata(ID_Year) 22 2144 |446.8 [136 0.00
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+Slope+Slope_2+strata(ID_Year) 22 2185 |446.9 (133 0.00
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 42 -214.7 |447.4 |14.2 0.00
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 22 216.8 [4476 (145 0.00
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+strata(ID_Year) 22 2282 |466.5 (333 0.00
DecidForest_South Population |case™~prop_He+prop_Sh+prop_DF+DistToSnow+DistToSnow_2+Asp_Sine+Asp_Cos+strata(ID_Year) 42 -226.7 |467.4 |34.2 0.00
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+strata(ID_Year) 42 -231.2 |468.4 |35.3 0.00
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+strata(ID_Year) 42 -231.2 |468.4 |35.3 0.00
DecidForest_South Population |case~prop_He+prop_Sh+prop_DF+Asp_Sine+Asp_Cos+strata(ID_Year) 22 2295 [468.9 [35.7 0.00

Results of local-scale model selection.

Population Scale Model n_event LL AIC  delt AIC Weight
NorthernForests Local| case~NLCD_type+strata(ID_)ear 76 -419.9 843.8 0.0/0.80
NorthernForests Local| case~Dist_D+Dist_D_2+NLCDetygtrata(ID_Year) 76 -419.4 847.5 3.7|10.12
NorthernForests Local| case~Dist_D+Dist_D_2+NLCDetyBlope+Slope_2+strata(ID_Year) 76 -419.4 850.8 7.0|0.02
NorthernForests Local| case~Dist_D+Dist_D_2+NLCDetypPI+TPI_2+strata(ID_Year) 76 -419.4 851. 7.3/0.02
NorthernForests Local| case~Dist_D+Dist_D_2+NLCDetypsp_Sine+Asp_Cos+strata(ID_Year) 76 -419.1 851.5 7.710.02
NorthernForests Local| case~Dist_D+Dist_D_2+NLCDetypPI+TPI_2+Slope+Slope_2+strata(ID_Year) 76 4194 8543  105[0.00
NorthernForests Local| case~Dist_D+Dist_D_2+NLCDetypsp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 76 -419.4 8547 11.0{0.00
NorthernForests Local| case~Dist_D+Dist_D_2+NLCDetypsp_Sine+Asp_Cos+TPI+TP|_2+strata(ID_Year) 76 -419.94 855. 11.2[0.00
NorthernForests Local| case~Dist_D+Dist_D_2+NLCDetypsp_Sine+Asp_Cos+TPI+TP|_2+Slope+Slope_2+stfata(kar) 76 -419.] 858.3 14.5(0.00
NorthernForests Local| case~Dist_D+Dist_D_2 76 -505.4 1014.9 170.7/0.00
North_PondPineGrasp Loca] case~Dist_D+Dist_D_2+NLOPe+TPI+TPI_2+strata(ID_Year) 28 -151.84 315.6§ 0f0.38
North_PondPineGras Loca] case~Dist_D+Dist_D_2+NL@Pe+TPI+TPI_2+Slope+Slope_2+strata(ID_Year) 28 -150.32 316.63 0.95/0.24
North_PondPineGrasp Loca] case~NLCD_type+strata(tar) 28 -156.62 317.23 1.55/0.18
North_PondPineGrasp Loca] case~Dist_D+Dist_D_2+NL@pe+Slope+Slope_2+strata(ID_Year) 28 -153.59 319.19 3.51{0.07
North_PondPineGrasp Loca] case~Dist_D+Dist_D_2+NLOPe+Asp_Sine+Asp_Cos+TPI+TPI_2+strata(ID_Year) 28 151.74 31956  3.880.05
North_PondPineGrasf Loca] case~Dist_D+Dist_D_2+NL@Pe+Asp_Sine+Asp_Cos+TPI+TPI_2+Slope+Slope_2teglR_Year) 28 -150.18 320.37 4.69|0.04
North_PondPineGrasp Loca] case~Dist_D+Dist_D_2+NL@pe+strata(ID_Year) 28 1564 32061  4.93[0.03
North_PondPineGrass Loca] ~case~Dist_D+Dist_D_2+NL@Pe+Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_)Year 28 -153.4¢ 322.93 7.25/0.01
North_PondPineGrasp Local case~Dist_D+Dist_D_2+NL@Pe+Asp_Sine+Asp_Cos+strata(ID_Year) 28 -156.21 324.53 8.85(0.00
North_PondPineGras Loca] case~Dist_D+Dist_D_2 28 -183.5¢ 371.13 55.45(0.00
DryForest_Central Local[ case~Dist_D+Dist_D_2+NLOpet+TPI+TPI_2+strata(ID_Year) 26 -136.34 284.68 0f0.42
DryForest_Central Local| case~Dist_D+Dist_D_2+NLCypettAsp_Sine+Asp_Cos+TPI+TP|_2+strata(ID_Year) 26 -134.64 285.32 0.64/0.31
DryForest_Central Local| case~Dist_D+Dist_D_2+NLCypet+ TPI+TPI_2+Slope+Slope_2+strata(ID_Year) 26 -135.4 286.61 1.93(0.16
DryForest_Central Local| case~Dist_D+Dist_D_2+NLCypettAsp_Sine+Asp_Cos+TPI+TPI_2+Slope+Slope_2+¢tfat ear) 26 -133.7¢ 287.5] 2.83/0.10
DryForest_Central Local| case~NLCD_type+strata(IDarye 26 1445§ 2931 8.42|0.01
DryForest_Central Local| case~Dist_D+Dist_D_2+NLCypettstrata(ID_Year) 26 -144.42 296.84 12.160.00
DryForest_Central Local| case~Dist_D+Dist_D_2+NLOfpet-Asp_Sine+Asp_Cos+strata(ID_Year) 26 -149 298  13.320.00
DryForest_Central Local| case~Dist_D+Dist_D_2+NLCypett+Slope+Slope_2+strata(ID_Year) 26 -143.34 298.6! 14.0110.00
DryForest_Central Local| case~Dist_D+Dist_D_2+NLOfpet-Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 26 -142.09 300.17  15.490.00
DryForest_Central Local| case~Dist_D+Dist_D_2 26 -170.84 345.69 61.01)0.00
SagebrushSteppe Local case~Dist_D+Dist_D_2+NLCIz#@iope+Slope_2+strata(ID_Year) 55 -305.44 624.89 0[0.43
SagebrushSteppe Local case~Dist_D+Dist_D_2+NLCI2+yP|+TP|_2+Slope+Slope_2+strata(ID_Year) 55 -304.14 626.28 1.39(0.22
SagebrushSteppe Locdl case~Dist_D+Dist_D_2+NLCIAfsp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 55 30463 627.29  2.36/0.13
SagebrushSteppe Local case~NLCD_type+strata(ID)Year 55 -310.98 627.9 3.01{0.10
SagebrushSteppe Local case~Dist_D+Dist_D_2+NLCI2+tfsp_Sine+Asp_Cos+TPI+TPI_2+Slope+Slope_2+stiata(kar) 55 303.4 628,59 3.7|10.07
SagebrushSteppe Local case~Dist_D+Dist_D_2+NLCIe+gpata(ID_Year) 55 -310.41 630.94 6.05|0.02
SagebrushSteppe Local case~Dist_D+Dist_D_2+NLCI2+yPI+TP|_2+strata(ID_Year) 55 -308.1 631.4 6.51/0.02
SagebrushSteppe Local case~Dist_D+Dist_D_2+NLCIE#§sp_Sine+Asp_Cos-+strata(ID_Year) 55 309.63 633.26  8.37]0.01
SagebrushSteppe Local case~Dist_D+Dist_D_2+NLC2+tfsp_Sine+Asp_Cos+TPI+TPI_2+strata(ID_Year) 55 -307.84 633.7| 8.81/0.01
SagebrushSteppe Local case-Dist_D+Dist_D_2 55 -36524 734.49 10959000 |




Population Scale Model n_event LL AIC  delt AIC Weight

DryForest_Southeast] Loca] case~Dist_D+Dist_D_2+NLGPe+Asp_Sine+Asp_Cos+TPI+TPI_2+strata(ID_Year) 65 338.7¢ 697.53 0[0.57
DryForest_Southeast| Loca| case~Dist _D+Dist_D_2+NLGPe+Asp_Sine+Asp_Cos+strata(ID_Year) 65 -342.03 700.04 2.53/0.16
DryForest_Southeast| Loca| case~Dist D+Dist_D_2+NL§Pe+Asp_Sine+Asp_Cos+TPI+TPI_2+Slope+Slope_2tegta_Year) 65 -338.43 700.87 3.34/0.11
DryForest_Southeast| Loca| case~NLCD_type+strataykar) 65 -346.84 701.69 4.16/0.07
DryForest_Southeast| Loca| case-Dist_D+Dist_D_2+NLGPe+TPI+TP|_2+strata(ID_Year) 65 3433 7026 507004
DryForest_Southeast| Loca| case~Dist D+Dist_D_2+NL§Pe+Asp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_)Year 65 -341.74 703.47 5.94/0.03
DryForest_Southeast| Local case~Dist_D+Dist_D_2+NLGPe+strata(ID_Year) 65 346.59 70519 7.65/0.01
DryForest_Southeast| Loca| case~Dist D+Dist_D_2+NLGPe+TPI+TPI_2+Slope+Slope_2+strata(ID_Year) 65 -342.81 705.74 8.22|0.01
DryForest_Southeast| Loca| case~Dist_D+Dist_D_2+NL§Pe+Slope+Slope_2+strata(ID_Year) 65 -346.4 708.41 10.880.00
DryForest_Southeast| Loca| case~Dist D+Dist_D_2 65 -419.7¢ 843.52 145.990.00
DecidForest_South Locall case~Dist_D+Dist_D_2+NLGjpetAsp_Sine+Asp_Cos+strata(ID_Year) 42 -230.42 474.84 0f0.35
DecidForest_South Locall case~Dist_D+Dist_D_2+NLGpetAsp_Sine+Asp_Cos+TPI+TPI_2+strata(ID_Year) 42 -228.43 474.84 0.020.35
DecidForest_South Locall case~NLCD_type+strata(ICarYe 42 -235.4% 476.91 2.07/0.13
DecidForest_South Locall case~Dist_D+Dist_D_2+NLGpetAsp_Sine+Asp_Cos+TPI+TPI_2+Slope+Slope_2+$tfatd ear) 42 -228.34 478.7| 3.86/0.05
DecidForest_South Locall case~Dist_D+Dist_D_2+NLGPetAsp_Sine+Asp_Cos+Slope+Slope_2+strata(ID_Year) 42 -230.4 478.81 3.97/0.05
DecidForest_South | Local case-Dist_D+Dist_D_2+NLGpetTPI+TPI_2+strata(ID_Year) 22 23271 47941 457004
DecidForest_South Locall case~Dist_D+Dist_D_2+NLGpet-strata(ID_Year) 42 -235.01 480.02 5.18/0.03
DecidForest_South Locall case~Dist_D+Dist_D_2+NLGpetTPI+TPI_2+Slope+Slope_2+strata(ID_Year) 42 23264 4833 8.46/|0.01
DecidForest_South Locall case~Dist_D+Dist_D_2+NLGjpetSlope+Slope_2+strata(ID_Year) 42 -23§ 484 9.16/0.00
DecidForest_South Locall case~Dist_D+Dist_D_2 42 -276.11 556.22 81.380.00




