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WOLF PRESENCE MODEL
Methods

We used generalized linear mixed modeling to evaluate
the effect of covariates on the proportion of wolf locations
near the road. Covariates in the analysis included DenDist
(the distance of the pack’s den site to the closest point on
the road), PackSize (size of packs in March), WolfStatus
(classified as “breeder” or “non-breeder”), Recruit (factor
that described the packs’ denning success as either “yes”
or “no” based on the presence of pups in fall. Closure
was the presence (1) or absence (0) of a closure on wolf
hunting and trapping outside of Denali National Park and
Preserve in the northeast. We used fixed effects of pack size
and distance of den site from the road to encompass pack
level variation, and we included individual wolf identity
as a random effect to address potential correlation due to
individual wolf behavior patterns.

We used an information-theoretic approach to find the
most parsimonious set of independent variables to estimate
wolf presence near the road (wolf presence model). We used
the glmm function in Program R (R Core Team, 2014) to
create logistic regression models for wolf presence near
the road as a function of covariates described above (n =
18 models). We did not include interactions or higher-level
terms in our model set because of the limited sample size.
We evaluated multicollinearity among covariates using
a variance inflation factor statistic (VIF). All covariates
included in the models had a VIF less than 10 (Kutner et
al., 2004). The back-transformed parameter estimates are
interpreted as odds ratios. We used the Akaike information
criterion (AICc) to rank models (Burnham and Anderson,
2002). We calculated the marginal and conditional R?,
where the marginal R? indicates the proportion of variance
explained by the fixed factors alone and the conditional R?
indicates the proportion of variance explained by both the
fixed and random factors (Nakagawa and Schielzeth, 2013).

TABLE SI. Candidate model set and model selection criteria evaluating factors affecting the proportion of summer wolf locations near
the Denali Park Road in Denali National Park and Preserve, Alaska. Wolf ID was included as a random effect in all models. K is the
number of parameters in the model, the marginal R? indicates the proportion of variance explained by the fixed factor alone, and the
conditional R? indicates the proportion of variance explained by the fixed and random factor. DenDist is the log of the distance of the
pack den site to the road, PackSize is the size of the pack, WolfStatus is the breeding status of the wolf (breeder or non-breeder), Recruit

is a factor for success (yes) or failure (no) of denning.

Model K AlCc AAICc Model likelihood AICc Weight Log likelihood Marginal R? Conditional R?
DenDist 3 136.02 0.00 1.00 0.27 —64.51 0.08 0.58
DenDist+PackSize 4 136.97 0.95 0.62 0.17 —63.62 0.11 0.56
DenDist+WolfStatus 4 137.91 1.90 0.39 0.10 —64.09 0.13 0.60
DenDist+Closure 4 138.21 2.19 0.33 0.09 —64.23 0.06 0.58
DenDist+Recruit 4 138.59 2.57 0.28 0.07 —64.43 0.08 0.58
Closure 3 138.70 2.69 0.26 0.07 —65.85 0.05 0.65
Closure+DenDist+PackSize 5 139.05 3.03 0.22 0.06 -63.16 0.08 0.55
DenDist+PackSize+WolfStatus 5 139.12 3.10 0.21 0.06 —63.20 0.16 0.57
DenDist+PackSize+Recruit 5 139.87 3.85 0.15 0.04 —63.57 0.10 0.56
Closure+DenDist+WolfStatus 5 140.31 4.29 0.12 0.03 —63.79 0.11 0.60
DenDist+WolfStatus+Recruit 5 140.72 4.70 0.10 0.03 —63.99 0.13 0.60
DenDist+PackSize+WolfStatustRecruit 6 142.29 6.27 0.04 0.01 —63.14 0.15 0.57
PackSize+Recruit 4 155.21 19.19 0.00 0.00 -72.73 0.02 0.66
Recruit 3 156.68 20.66 0.00 0.00 —74.84 0.02 0.64
WolfStatus+Recruit 4 158.20 22.18 0.00 0.00 -74.23 0.08 0.65
PackSize 3 160.49 24.48 0.00 0.00 —76.75 0.01 0.68
PackSize+WolfStatus 4 162.19 26.17 0.00 0.00 -76.22 0.07 0.69
WolfStatus 3 169.57 33.56 0.00 0.00 —81.29
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Results

According to AICc model selection criteria, the top-
ranked single-parameter models were those that included
DenDist and Closure (Table S1), although both had low
marginal R?, which indicates that the proportion of variance
explained by the fixed effects was low and should be treated
with caution. The proportion of locations near the road
decreased with increasing distance of the den site from the
road (DenDist: f = —0.51 + 0.094 SE, Table S2) and wolves
were more likely to be near the road during the presence of
a closure on trapping and hunting adjacent to the park than
during its absence (Closure: Present: p = 1.32 £ 0.255 SE).
Models with PackSize and WolfStatus had AAICc values of
2 or less from the top-ranked model but differed by only one
parameter, had similar maximized log-likelihood values as
the top model, and the confidence intervals of the parameter
estimates for the additional parameters overlapped zero.
These more complex models were not supported by the data
despite being close in AICc values owing to the addition
of an uninformative parameter (Burnham and Anderson,
2002; Arnold, 2010; Leroux, 2019).

REFERENCES

Arnold, T.W. 2010. Uninformative parameters and model selection
using Akaike’s information criterion. Journal of Wildlife
Management 74(6):1175-1178.
https://doi.org/10.2193/2009-367

Burnham, K.P., and Anderson, D.R. 2002. Model selection and
multimodel inference: A practical information-theoretic
approach, 2nd ed. New York: Springer Verlag.

Kutner, M.H., Nachtsheim, C.J., and Neter, J. 2004. Applied linear
regression models, 4th ed. New York: McGraw-Hill Irwin.

TABLE S2. Parameter estimates from single variable models
evaluating factors affecting the probability of wolf presence
near the Denali Park Road in Denali National Park and Preserve,
Alaska. DenDist is the log of the distance of the pack den site to
the road, and Closure is the presence or absence of a hunting and
trapping closure adjacent to the park. B and odds ratio estimates
for Closure (present) is relative to the absence of the harvest
closure.

95% CL  95% CL

Parameter B SE Lower Upper Odds ratio
(Intercept) —-0.57 0.993 —2.83 1.28 0.57
log(DenDist) —-0.51 0.094 —-0.70 —-0.33 0.60
(Intercept) —5.34 0.801 -7.53 -3.95 0.00
Closure (present) 1.32 0.255 0.84 1.84 3.74

Wolf Sighting Model

For the wolf sighting model, we evaluated a suite of
models including a global model that included all terms
and 28 additional models that included reasonable and
biologically relevant combinations of covariates (Table S3).

Leroux, S.J. 2019. On the prevalence of uninformative parameters
in statistical models applying model selection in applied
ecology. PLoS ONE 14(2): €0206711.
https://doi.org/10.1371/journal.pone.0206711

Nakagawa, S., and Schielzeth, H. 2013. A general and simple
method for obtaining R2 from generalized linear mixed-effects
models. Methods in Ecology and Evolution 4(2):133—142.
https://doi.org/10.1111/j.2041-210x.2012.00261.x

R Core Team. 2014. R: A language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical
Computing.
http:/www.r-project.org/


ttps://doi.org/10.2193/2009-367
ttps://doi.org/10.1371/journal.pone.0206711
ttps://doi.org/10.1111/j.2041-210x.2012.00261.x
ttps://doi.org/10.1111/j.2041-210x.2012.00261.x

DETERMINANTS OF GRAY WOLF SIGHTINGS -+ S3

"aA0qE
passt| Aprorfdxa jou ysnoyyfe (198§50) 4O pue 1D APNOUl S[PPOW IYI0 [[V "ATUO 1D YA [3pOUI PIONpaYy 198JJO+2dAL, u0n2210) (AINO) 440+LD 6¢
AJuo sayerrea0d Qg jueroduy ISLQUO+OZISYO’] +0ld 8T

AJuo sajerrea0d S A Hd jueprodug SSeN +SAHd LT

S9JBLIEAOD O PUB SAHJ Iuerioduy ISIqUag-+oZISyord+SeN *Old+«SAHd 9¢

jyuejzoduwil JSOW SI 9JBLIBAOD JSIAIRY QUO PUB SAJRLIBA0D O] 1o/pue S Hd Juertoduy ATeHg-HISIQUOJ-+IZISYord AleHg+,0Id ST
juelsodulil JSOUI ST QJBLIBAOD JSOATBY QUO PUB SOJELIBAOD OId 10/pue S A Hd Jueltodur] ATEHE[SEIN AleHg+4SAHd v
yuejzoduwl JSOW SI 9JBLIBAOD JSIAIRY QUO PUB SAJRLIBA0D O] 1o/pue S A Hd Juertoduy ATRHG-HISIQUIJ+OZISYORSEIN  AleHg+xOId++SAHd %4
juejzodul JSOW OJBLIBAOD JSOAIBY QUO PUB SOILLIBAOD JO SSB[O Ol 10/pue SAHd ATEHG-HBISUO-HISIqUO-+IZISoR] AIRHE+O1gd 44
juejodui] JSOW 9JBLIBAOD JSOAIRY QUO PUB SAIBLIBAOD JO SSB[O Ol 10/pue SAHd ATRHG-SEIN+SIA AleHd+SAHd 1z
juejzodul JSOW OJBLIBAOD JSOAIBY QUO PUB SOIBLIBAOD JO SSB[O Ol 10/pue SAHd ATeHG-+BISUI -HSIQUO+OZISYOBJ-SBIA+SIA ATEHE+OIg+SAHd 0t
yuejzoduwl JSOW SI 9JBLIBAOD JSIAIRY QUO PUB SAJRLIBA0D O] 1o/pue S A Hd Juertoduy IoINg-+HISIqUOd+9ZISoRd Iolng+,0ld 61
juelsoduil JSOUI ST QJBLIBAOD JSOATBY QUO PUE SOJELIBAOD OId 10/pue S A Hd Jueltodur] IoJNg-HISEIN 1o1ng+4SAHd 81
juejzoduwil JSOW SI 9JBLIBAOD JSOAIRY QUO PUB SAJRLIBA0D O 1o/pue S Hd Jueltoduy IOINGHISIqUOJ+IZISHORI-HISIN  1JNg+4OId++SAHd Ll
juejrodul JSOW OJBLIBAOD JSOAIBY QUO PUB SOIBLIBAOD JO SSB[O Ol 10/pue SAHd I1JINg-+1e)SUdQHISIQUJ+IZISord 1pNg+O1g 91
juejrodui] JSOW SJBLIBAOD JSOAIRY QUO PUB SAIBLIBAOD JO SSB[O Ol 10/pue SAHd IOJJNG+HSCINHSIA Iolng+SAHd SI
juejrodul JSOW OJBLIBAOD JSOAIBY QUO PUB SOIBLIBAOD JO SSB[O Ol 10/pue SAHd 10JJNg+1eISUO-+HISIQUOJ+IZISNORJ+HSEIN+SIA Iopng+OId+SAHd v1
yuejzoduwl JSOW SI 9JBLIBAOD JSIAIRY QUO PUB SAJRLIBA0D O] 1o/pue S A Hd Juertoduy AJeY M-HISIQUOJ-IZISYoR] ATRYM+450Id €1
juelsoduil JSOUI ST QJBLIBAOD JSOATBY QUO PUE SOJELIBAOD OId 10/pue S A Hd Jueltodury ATEY M-HSEIN AU M+4SAHd u
juejzoduwl JSOW SI 9JBLIBAOD JSIAIRY QUO PUB SAJRLIBA0D O] 1o/pue S Hd Jueltoduy ATRY MHISIQUIJHIZISYORI-SBIN  ATRY M+, OId++SAHd 11
juejrodul JSOW OJBLIBAOD JSOAIBY QUO PUB SOIBLIBAOD JO SSB[O Ol 10/pue SAHd ATBY M+I1RISUSHISIQUO+IZISOr] ATRYM+OIL 01
juejrodui] JSOW SJBLIBAOD JSOAIRY QUO PUB SAIBLIBAOD JO SSB[O Ol 10/pue SAHd ATRY MHISBINHSIA ATRYM+SAHd 6
juejrodul JSOW OJBLIBAOD JSOAIBY QUO PUB SOIBLIBAOD JO SSB[O Ol 10/pue SAHd ATRY M\H1BISU+HISIQUO+OZISYOBJ-SBIA+SIA ATeYM+OIg+SAHd 8
juejzodui] JSOW SI SSBII SOJBLIBAO)) ATRYG+IJING-+ATRY M AdVH L

juejzoduil JSOW SI SSB[O SOJBLIBAO)) JeISUO-+HISIQUO+IZISY OB old 9

juejzodui] JSOW SI SSBII SOJBLIBAO)) NSEIN+SIA SAHd S

sse[o AQ SOJBLIBAOD JO UOTJBUIQUIOD AeM-0M], 18)SUO-+HISIQUO+IZISNOCJ+SEIN+SIA OIg+SAHd %

Sse[o AQ SOJBLIBAOD JO UONBUIQUIOD AeM-0M], ATRUG-+IJNg-+ATRY A-HIBISUIJ-HISIQUIJ-+IZISYoRd AMVH+0Id ¢

sse[o AQ SOJBLIBAOD JO UOTJBUIQUIOD AeM-0M], ATeyg-+IoJNg-+AIRY AM-+SEIN+SIA AMVH+SAHd 4

[opoW [BqO[H  ATeyg-+I9jjng+Aley M+1BISUSJ+ISIQUId+9ZISHOB+HISBIN+SIA AVH+OId+SAHd I

uondrasoq SOJBLIBAOD [9pOW [N sse[d Aq  # [OPOIN

SQJRLIBAOD [OPOIA]

"MO[dq J3S AJBLIBAOD Y} UI PIJSI] A[3101[dX0 J0U 16 pue S[OPOU [[& Ul PIPN[OUL 910M 19sJJO puk o9dAT U010[[0)) €107 O} L66] WOIJ ‘BYSL[Y
OAI0SAIJ PUE Ik [BUOHEN I[RUS(] UL proy Sk Ifeus(q ay3 Suofe sSunysdis jjom jo Liiqeqoid jorjdxa Ajeneds ay) Sunoajje sojereaod Sunenyead jas [opow ajepipue)) ¢S 1dV.L



