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1 6. A bstr a ct 
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A b o ut t h e W est er n Tr a n s p ort ati o n I n stit ut e 

T h e W est er n Tr a ns p ort ati o n I nstit ut e ( W TI) w as f o u n d e d i n 1 9 9 4 b y t h e M o nt a n a a n d C alif or ni a 
D e p art m e nts of Tr a ns p ort ati o n, i n c o o p er ati o n wit h M o nt a n a St at e U ni v ersit y. W TI c o n c e ntr at es 
o n r ur al tr a ns p ort ati o n r e s e ar c h; as st e w ar ds a n d c h a m pi o ns of r ur al A m er i c a, W TI als o h as a 
str o n g i nt er est i n s ust ai n a bilit y. W TI r es e ar c h gr o u ps cr e at e s ol uti o ns t h at w or k f or cli e nts, 
s p o ns ors, a n d r ur al tr a ns p ort ati o n r es e ar c h p art n ers. W TI R es e ar c h C e nt er s i n cl u d e t h e M o nt a n a 
L o c al T e c h ni c al Assist a n c e Pr o gr a m, t h e N ati o n al C e nt er f or R ur al R o a d S af et y, t h e S m all 
Ur b a n, R ur al a n d Tri b al C e nt er o n M o bilit y, t h e F e d er al- P u bli c L a n ds Tr a n s p ort ati o n I nstit ut e, 
a n d t h e W est R e gi o n Tr a ns p ort ati o n W or kf or c e C e nt er. 

A b o ut t h e S m all Ur b a n, R ur al a n d Tri b al C e nt er o n M o bilit y 

T h e missi o n of t h e S m all Ur b a n, R ur al a n d Tri b al C e nt er o n M o bilit y ( S U R T C O M) is t o c o n d u ct 
r es e ar c h a n d pr o vi d e l e a d ers hi p, e d u c ati o n, w or kf or c e d e v el o p m e nt a n d t e c h n ol o g y tr a nsf er i n 
all tr a ns p ort ati o n -r el at e d as p e cts of m o bilit y f or p e o pl e a n d g o o ds, f oc usi n g s p e cifi c all y o n s m all 
ur b a n, r ur al a n d tri b al ar e as. M e m b er i nstit uti o ns i n cl u d e t h e W est er n Tr a n s p ort ati o n I nstit ut e at 
M o nt a n a St at e U ni v ersit y, t h e U p p er Gr e at Pl ai ns Tr a ns p ort ati o n I nstit ut e at N ort h D a k ot a St at e 
U ni v ersit y, a n d t h e Ur b a n a n d R e gi o n al Pl a n ni n g pr o gr a m at E ast er n W as hi n gt o n U ni v ersit y.  

Di s cl ai m er 

T h e c o nt e nts of t his r e p ort r efl e ct t h e vi e ws of t h e a ut h ors w h o ar e r es p o nsi bl e f or t h e f a cts a n d 
t h e a c c ur a c y of t h e i nf or m ati o n pr es e nt e d h er ei n.  T his d o c u m e nt is diss e mi n at e d i n t h e i nt er est 
of i nf or m ati o n a n d e x c h a n g e.  T h e r e p ort is f u n d e d, p arti all y or e ntir el y, b y a gr a nt fr o m t h e U. S. 
D e p art m e nt of Tr a ns p ort ati o n’s U ni v ersit y Tr a ns p ort ati o n C e nt ers Pr o gr a m. H o w e v er, t h e U. S. 
G o v er n m e nt ass u m es n o li a bilit y f or us e t h er e of.   

A c k n o wl e d g m e nts 

W e w o ul d li k e t o t h a n k t h e f oll o wi n g or g a ni z ati o ns a n d t h eir r e pr es e nt ati v es f or s h ari n g wil dlif e-
v e hi cl e c ollisi o n d at a: 

•  M o nt a n a D e p art m e nt of Tr a ns p ort ati o n ( T o m M arti n). 
•  I nt er a g e n c y Gri z zl y B e ar St u d y T e a m at U. S. G e ol o gi c al S ur v e y ( M att h e w G o ul d, Fr a n k 

v a n M a n e n). 
•  M o nt a n a Fis h, Wil dlif e & P ar ks (J usti n G u d e). 

W e als o e x pr ess a p pr e ci ati o n t o t h e U. S. D e p art m e nt of Tr a ns p ort ati o n f or s u p p ort of u ni v ersit y-
b as e d tr a ns p ort ati o n r es e ar c h. 
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1 I ntr o d u cti on 

1 . 1 Wil dlif e -v e hi cl e  c ollisi o ns a n d ot h er i m p a cts of r o a ds a n d tr affi c o n wil dlif e 

Wil dlif e -v e hi cl e  c ollisi o ns ar e b e c o mi n g i n cr e asi n gl y c o m m o n a cr o ss m u c h of N ort h A m eri c a, p o si n g 
ris k s t o b ot h h u m a n s af et y a n d t h e i n di vi d u al a ni m als i n v ol v e d ( H uijs er et al. , 2 0 0 8 ; A br a h a m & 
M u m m a , 2 0 2 1) . I n t h e U nit e d St at es al o n e, s e v er al milli o n c ollisi o n s wit h l ar g e wil d m a m m als o c c u r 
a n n u all y ( H uijs er et al., 2 0 0 9 ; C o n o v er , 2 0 1 9). T h e s e c ollisi o ns n e arl y al w a y s r e s ult i n v e hi cl e d a m a g e 
a n d c o stl y r e p airs , b ut t h ey als o c a us e t e ns of t h o us a n ds of h u m a n i nj uri e s a n d h u n dr e ds of h u m a n 
f at aliti es e a c h y e ar ( H uijs er et al. , 2 0 0 8 ; H uijs er et al., 2 0 0 9 ; C o n o v er , 2 0 1 9) . I n t h e U nit e d St at es, th e 
fin a n ci al c o st s r el at e d t o v e hi cl e r e p air s , h u m a n i nj uri es, a n d h u m a n f at aliti e s h a v e b e e n e sti m at e d t o 
a m o u nt t o m ulti pl e billi o ns of U S d oll ars a n n u all y ( C o n o v er et al., 1 9 9 5 ; H uijs er et al. , 2 0 0 9, 2 0 2 2 a ). 

W hil e t h er e is m u c h e m p h asis o n miti g ati n g v e hi cl e c ollisi o ns i n v ol vi n g l ar g e m a m m al s i n N ort h 

A m eri c a , t h e s e t y p e s of c ollisi o ns ar e n ot t h e o nl y r e as o n s t o c o nsi d er wil dlif e miti g ati o n al o n g hi g h w a y s 

( V a n d er R e e et al., 2 0 1 5) . W e i d e ntify fi v e c at e g ori e s of r o a d a n d tr affi c i m p a cts o n wil dlif e  (Fi g ur e 1) : 

•  H a bit at l o ss: T his i n cl u d e s t h e p a v e d r o a d s urf a c e, t h e h e a vil y alt er e d r o a d b e d wit h n o n -n ati v e 
s u bstr at e, a n d t h e cl e ar z o n e w h er e n ati v e v e g et ati o n h as b e e n r e m o v e d a n d w h er e s e e d e d 
s p e ci e s a n d r e g ul ar m o wi n g o c c ur . 

•  Dir e ct wil dlif e m ort alit y : A ni m als ar e kill e d t hr o ug h c ollisi o ns wit h v e hi cl e s. 

•  B arri er t o wil dlif e m o v e m e nt: R o a d s f u n cti on as b arri ers , r e d u ci n g t h e li k eli h o o d t h at a ni m al s 
cr o ss t h e r o a d as fr e q u e ntl y as t h e y w o ul d i n h a bit at wit h o ut r o a ds . O nl y a fr a cti o n of t he a ni m al 
cr o ssi n g att e m pt s ar e s u c c e ssf ul.   

•  D e cr e as e i n h a bit at q u alit y n e ar r o a ds: Ar e as a dj a c e nt t o r o a ds s uff er fr o m n ois e a n d li g ht 
p oll uti o n , air a n d w at er c o nt a mi n ati o n, a n d i n cr e as e d h u m a n a c c e ss, all of w hi c h d e gr a d e h a bit at 
q u alit y .   

•  Ri g ht -of -w a y  h a bit at a n d c orri d ors: T h e ri g ht -of -w a y al o n g r o a ds c a n eit h er pr o m ot e t h e s pr e a d 
of n o n -n ati v e or i n v asi v e s p e ci e s i n l ar g el y n at ur al or s e mi -n at ur al l a n ds c a p e s or s er v e as a 
r ef u g e f or n ati v e s p e ci e s i n h e a vil y h u m a n -i m p a ct ed  l a n ds c a p e s.   
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Fi g ur e 1 : T h e eff e cts of r o a d s a n d tr affi c o n wil dlif e . 

I n s o m e c as e s, it is n ot j ust t h e i n di vi d u al a ni m als t h at s uff er fr o m r o a d m ort alit y; e ntir e p o p ul ati o n s 
m a y b e aff e ct e d ( v a n d er Z e e et al. , 1 9 9 2 ; H uijs er & B er g ers , 2 0 0 0) . F or s o m e s p e ci e s, r o a d m ort alit y, 
h a bit at fr a g m e nt ati o n, a n d ot h er r o a d -r el at e d i m p a cts c a n s u bst a nti all y r e d u c e p o p ul ati o n s ur vi v al 
pr o b a bilit y ( Pr o ct or, 2 0 0 3 ; H uijs er et al. , 2 0 0 8 ). A d diti o n all y , c ert ai n s p e ci es h a v e a n e c o n o mi c v al u e 
t h at is l o st w h e n i n di vi d u al a ni m als ar e kill e d ( R o mi n & Biss o n ett e, 1 9 9 6 ; C o n o v er , 1 9 9 7 ; H uijs er et al. , 
2 0 2 2 a ). Fi n all y, if r o a d m ort alit y h as alr e a d y d e pl et e d l o c al p o p ul ati o ns i n t h e p ast , or if a ni m als r ar el y 
cr o ss r o a d s b e c a us e of a s u bst a nti al b arri er eff e ct, r o a d m ort alit y d at a al o n e m a y n ot b e a n a c c ur at e 
i n di c at or of w h er e miti g ati o n eff ort s ar e m o st n e e d e d f or wil dlif e c o ns er v ati o n ( E w e n et al. , 2 0 1 3) . T his 
iss u e is f urt h er c o m p o u n d e d w h e n r o a d m ort alit y d at a ar e bi as e d t o w ar ds l ar g e, c o m m o n s p e ci e s , wit h 
littl e t o n o d at a o n s m all er or r ar er s p e ci e s. 

1 . 2 T a ki n g a cti o n ; th e miti g ati o n hi er ar c h y 

W hil e miti g ati o n ( i. e., r e d u ci n g t h e s e v erit y of a n i m p a ct) is c o m m o n, a v oi d a n c e is pr ef er a b l e a n d s h o ul d 

g e n er all y b e c o nsi d er e d first i n t h e miti g ati o n hi er ar c h y (C u p er us et al. , 1 9 9 9 ; Arli d g e et al. , 2 0 1 8 ). F or 

i nst a n c e, t h e n e g ati v e eff e ct s of r o a ds a n d tr affi c c a n b e a v oi d e d e ntir el y if a r o a d is n ot c o nstr u ct e d, or 

t h e m o st s e v er e i m p a cts m a y b e a v oi d e d b y r e -r o uti n g r o a ds a w a y fr o m s e nsiti v e ar e as (Fi g ur e 2) . W h e n 

a v oi d a n c e is n ot p o ssi bl e, miti g ati o n b e c o m e s t h e n e xt l o gi c al st e p. Miti g ati o n eff ort s t y pi c ally t a k e 

pl a c e i n t h e r o a d-eff e ct z o n e (Fi g ur e 2 ) a n d m a y i n cl u d e m e as ur e s ai m e d at r e d u ci n g wil dlif e-v e hi cl e 

c ollisi o n s ( e. g., i nst alli ng wil dlif e f e n c e s) a n d all e vi ati n g t h e b arri er eff e ct b y pr o vi di n g s af e wil dlif e 

cr o ssi n g o p p ort u niti e s ( Cl e v e n g er & H uijs er , 2 0 1 1 ; H uijs er et al. , 2 0 1 6 ; H uijs er et al. , 2 0 2 1 ). 

H o w e v er, miti g ati o n m a y n ot al w a y s b e p o ssi bl e , a n d e v e n w h e n it is, it m a y n ot b e s uffi ci e nt. I n s u c h 

c as e s , a t hir d a p pr o a c h m a y b e c o nsi d er e d: c o m p e ns ati o n or off -sit e miti g ati o n (Fi g ur e 2) . 

1. L o s s of 
w il dlif e h a b it at 

4 
2. R o a d m ort al it y 

3 . B arr ie r eff e ct 

1 
4 . D e cr e a s e in 

h a b it at q u al it y 

(d ist ur b a n c e , 
p oll ut io n) 

4 

5 . E c ol o g ic al 
f u n ctio n of 

v er g e s 
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C o m p e ns ati o n eff ort s mi g ht i n v ol v e e x p a n di n g e xisti n g h a bit at p at c h es, cr e ati n g n e w o n e s , or i m pr o vi n g 

c o n n e cti vit y b et w e e n t he h a bit at p at c h e s t o s u p p ort l ar g er, m or e c o n n e ct e d, a n d t h us m or e v i a bl e 

p o p ul ati o ns . Fi n all y, i n s o m e sit u ati o ns, a c o m bi n ati o n of a v oi d a n c e, miti g ati o n, a n d c o m p e ns ati o n 

str at e gi e s m a y b e i m pl e m e nt e d (Fi g ur e 2) . 

Fi g ur e 2 : T h e miti g ati o n hi er ar c h y c o n sists of a t hr e e-st e p a p pr o a c h: A. A v oi d a n c e, B. Miti g ati o n, C. C o m p e n s ati o n. It is als o 
p o ssi bl e t o h a v e a c o m bi n ati o n of a v oi d a n c e, miti g ati o n , a n d c o m p e n s ati o n ( D.). 

A . A v o id a n c e • 

C . C o m p e n s a U o n 

C o m p e ns at e 

B . Miti g ati o n 

D . A v oi d a n c e , mit ig at i o n 

a n d c o m p e n s ati o n 

• 
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1 . 3 G o als a n d o bj e cti v es 

T h e g o al of t his pr oj e ct is t o e n h a n c e r o a d s af et y f or h u m a ns i n G all ati n C o u nt y, M o nt a n a, b y r e d u ci n g 

c ollisi o ns wit h l ar g e wil d m a m m als, w hil e als o e ns uri n g s af e cr o ssi n g o p p ort u niti e s f or wil dlif e.   

T h e pri m a r y o bj e cti v e of t his pr oj e ct is t o i d e ntif y a n d pri oriti z e t h e r o a d s e cti o ns i n G all ati n C o u nt y t h at 

h a v e a r el ati v el y hi g h c o n c e ntr ati o n of c ollisi o ns i n v ol vi ng l ar g e wil d m a m m als. T h e s e  r o a d s e cti o ns m a y 

t h en l at er b e e v al u at e d f or p ot e nti al f ut ur e miti g ati o n m e as ur e s ai m e d at: 

•  R e d u ci n g c ollisi o ns wit h l ar g e wil d m a m m als. 

•  Pr o vi d i ng s af e p ass a g e a cr o ss r o a ds f or l ar g e wil d m a m m als as w ell as ot h er wil d lif e s p e ci es i n 

t he ar e a , i n cl u di ng s m all m a m m als, r e ptil e s , a n d a m p hi bi a ns . I n w etl a n ds a n d at str e a m or ri v er 

cr o ssi n gs , s af e cr o ssi n g o p p ort u niti e s m a y als o r el at e t o a q u ati c s p e ci e s , i n cl u di n g fis h s p e ci e s. 
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2 D at a e x pl or ati o n 

2 . 1 D at a s o ur c es 

W e a c q uir e d t h e f oll o wi n g d at a r el at e d t o l ar g e wil d m a m m al -v e hi cl e c ollisi o ns i n G all ati n C o u nt y: 

•  Wil dlif e -v e hi cl e c r a s h d at a c oll e ct e d b y l a w e nf or c e m e nt p er s o n n el : T h e s e d at a t y pi call y i n v olv e 
m or e s e v er e cr as h e s , as t h er e ar e t hr es h ol ds f or t h e i n cl usi o n i n a cr as h d at a b as e ( e. g., a 
mi ni m u m e sti m at e d v e hi cl e r e p air c o st o f U S $ 1, 0 0 0 a n d/ or h u m a n i nj uri e s or h u m a n f at aliti e s) 
( H uijs er et al., 2 0 0 7) . I n pr a cti c e, t h e s e cr as h e s us u all y  i n v ol v e l ar g e m a m m al s p e ci e s s u c h as 
w hit e -t ail e d d e er, m ul e d e er, a n d el k , t h o u gh t h e s p e ci e s n a m e is n ot al w a y s r e c or d e d. T h e cr as h 
d at a w er e o bt ai n e d fr om t h e M o nt a n a D e p art m e nt of Tr a ns p ort ati o n ( M D T). 

•  C ar c a ss r e m o v al d at a c oll e ct e d b y r o a d m ai nt e n a n c e p er s o n n el : M D T r o a d m ai nt e n a n c e cr e ws 
c oll e ct t his d at a w h e n t h e y r e m o v e c ar c ass e s of l ar g e m a m m als f o u nd o n or n e ar t h e r o a d i n t h e 
ri g ht-of -w a y. T h e s e c ar c ass e s m a y p o s e a n i m m e di at e s af et y h a z ar d or distr a cti o n t o dri v ers 
( H uijs er et al., 2 0 0 7) , b ut n ot all c ar c ass e s t h at ar e visi bl e fr o m t h e r o a d or t h at ar e pr e s e nt i n t h e 
ri g ht-of -w a y ar e r e m o v e d or r e c or d e d. T y pi c all y , t h e s e c ar c ass e s i n v olv e l ar g e m a m m al s p e ci e s 
s u c h as w hit e -t ail e d d e er, m ul e d e er a n d el k . W o u n d e d a ni m als t h at l e a ve t h e ri g ht-of -w a y 
b ef o r e d yi n g ar e us u all y n ot r e c or d e d , a n d c ar c ass e s of r ar e s p e ci e s m a y b e r e m o v e d b y ot h ers 
(l e g all y or ill e g all y) b ef or e r o a d m ai nt e n a n c e cr e w s arri v e . C ar c ass e s of s m all s p e ci e s ar e r ar el y 
r e c or d e d, as t h e y ar e oft e n n ot visi bl e fr o m a m o vi n g i ns p e cti o n v e hi c l e a n d d o n o t p o s e a s af et y 
h a z ar d . T h er ef or e , c ar c ass r e m o v al d at a pri m a rily  p ert ai n t o c o m m o n l ar g e m a m m als. T h e s e 
d at a w er e o bt ai n e d fr om M D T . 

•  Grizzl y b e ar r o a d m ort alit y d at a : C o nsi d er a b l e eff o rt w as m a d e b y t he U. S. G e ol o gi c al S ur v e y 
( U S G S) t o c o m p il e all gri zzl y b e ar m ort aliti e s i n a c o m pr e h e nsi v e m ort alit y d at a b as e f or t h e 
Gr e at er Y ell o wst o n e E c o s yst e m , w hi c h i n cl u d e s G all ati n C o u nt y. W e o bt ai n e d a s u bs et of t h e 
d at a, t h e r e c or ds t h at r el at e t o g ri zzl y b e ar r o a d m ort aliti e s, t hr o u g h t h e I nt er a g e n c y Gri zzl y B e ar 
St u d y T e a m at U S G S. 

N ot e t h at i n t his r e p ort, t h e t er m “ c ollisi o ns ” r el at e s t o b ot h cr as h e s a n d c ar c ass e s . 
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2. 2 D at a s el e cti o n 

•  P eri o d : D at a fr o m all t hr e e s o ur c e s c o v er e d t h e p eri o d fr om 1 J a n u ar y 2 0 0 8 t hr o u g h 3 1 

D e c e m b er 2 0 2 2 , t ot ali n g 1 5 f ull c al e n d ar y e ars. 

•  R o a ds i n cl u d e d: A ll M D T o n- s y st e m r o a ds i n G all ati n C o u nt y, s u c h as I nt erst at e s, U S Hi g h w a y s, 

a n d n u m b er e d M T Hi g h w a y s , i n cl u di ng M T 6 4 (Fi g ur e 3 ; Fi g ur e 4) . Ot h er r o a ds w er e n ot 

i n cl u d e d. 

•  S p e ci e s: O nl y r e c or ds t h at r el at e d t o w il d a ni m al s p e ci e s w er e i n cl u d e d . R e c or ds i n v ol vi ng 

d o m e sti c a t e d a ni m al s p e ci e s w er e r e m o v e d. 

•  S p e ci e s si z e : F or t h e M D T c ar c ass d at a b as e, o nl y r e c or ds t h at r el at e d t o s p e ci es l ar g er t h a n 

c o y ot e s w er e i n cl u d e d . 

•  M a xi m u m dist a n c e fr o m r o a d : C ollisi o n r e c or ds wit hi n 2 5 m et ers ( m) of o n -s yst em  r o a ds w er e 

i n cl u d e d, w hil e t h o s e b e y o n d 2 5 m w er e e x cl u d e d fr o m t h e a n al y sis . I n c as e s w h er e l o c ati o ns 

c o ul d b e pr oj e ct e d o nt o m or e t h a n o n e r o a d, w e v erifi e d t h e pr oj e cti o ns a n d r e m o v e d 

d u pli c at e s .   

•  C ar c ass d at a: C ar c ass r e m o v al d at a , c oll e ct e d b y M D T r o a d m ai nt e n a n c e p ers o n n el, wer e 

c o m bi n e d wit h g ri zzl y b e ar r o a d m ort alit y d at a c o m pil e d b y r e s e ar c h ers fr o m U S G S i nt o o n e 

d at a b as e . 
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Fi g ur e 3 : T h e s el e ct e d r o a d s in G all ati n C o u nt y . 

G all ati n C o u nt y W V C A n al y si s M D T R o ut e s 

N 

A 0 5 1 0 

c: J G all ati n C o u nt y B o u n d ar y 

W V C H ot s p ot A n al y si s R o a d s 

M D T D e p art m e n t R o ut e 

- l- 9 0 W 

- l- 9 0 E 

- N- 1 1 8 

- N -1 2 

- N- 2 0 5 

N- 4 1 2 

N -5 0 

- N- 8 5 

- P- 1 3 

P- 8 4 

- P- 8 6 

- P -8 7 

- 5- 2 3 5 

- S- 2 8 6 

- S- 2 8 7 

- S- 2 8 8 

5 -2 9 0 

- S- 3 4 5 

- S- 3 4 6 

- S- 3 4 7 

- S- 4 1 1 

- u s -6 

2 0 3 0 - - - 4 0 

Mil e s - - - -
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Fi g ur e 4 : T h e mil e r ef er e n c e p ost s al o n g t h e s el e ct e d r o a d s i n G all ati n C o u nt y . 

G a U ati n C o u nt y W V C A n al y si s R ef er e n c e M ar k er s 

c::::: J G a llati n C o u n t~, B o u n d a r y 

- - li WC H o t s pot A IHl ly si s R o a d s 

• M D T R e f er e n ce r,1 a r l c:e r s 
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2. 3 N u m b er of r e c or ds 

T h e d at a s el e cti o n r e s ult e d i n 2, 1 5 8 cr as h r e c or ds a n d 3, 7 4 6 c ar c as s r e c or ds of l ar g e wil d a ni m al s p e ci e s. 

N ot a bl y , t h e M D T c ar c ass d at a i n cl u d e d t hr e e r e p ort e d gri zzl y b e ar i n ci d e nt s. T w o of t h e s e w er e als o 

r e c or d e d i n t h e U S G S d at a b as e. H o w e v er , t h e t hird gri zzl y b e ar o bs er v ati o n , l o c at e d n e ar F o ur C or n ers , 

w as n ot pr e s e nt i n t h e U S G S d at a b as e. T his s u g g e st s t h at t h e a ni m al m a y h a v e b e e n a br o w n -c ol or e d or 

ci n n a m o n -c ol or e d  bl a c k b e ar, t h o ug h w e h a v e n o m e a ns t o v erif y t h e s p e ci e s i d e ntifi c ati o n. T h er ef or e , 

t h e r e c or d w as r et ai n e d. A d diti o n all y, t h e U S G S d at a b as e i n cl u d e d si x gri zzl y b e ar r o a d kill o bs er v ati o n s 

t h at w er e n ot pr e s e nt i n t h e M D T c ar c ass d at a b as e. T his bri n gs t h e t ot al n u m b er of r e c or d e d gri zzl y 

b e a r c ar c ass e s i n G all ati n C o u nt y b et w e e n 2 0 0 8 a n d 2 0 2 2 t o ni n e, t hr e e o bs er v ati o ns fr o m M D T a n d s i x 

a d diti o n al o bs er v ati o ns b y U S G S. 

2 . 4 S p e ci es r et ai n e d i n t h e c ar c ass d at a 

T h e m o st c o m m o n s p e ci e s i n t h e s el e ct e d c ar c ass r e m o v al d at a ( a c o m bi n ati o n of M D T c ar c ass d at a a n d 

U S G S gri zzl y b e ar r o a d m ort alit y r e c or ds ) w as w hit e-t ail e d d e er ( 7 0. 0 7 % of all r e c or ds)  (T a b l e 1 ). M ul e 

d e er ( 1 6. 6 8 %) a n d el k ( 8. 3 3 %) w er e t h e s e c o n d a n d t hir d m o st fr e q u e ntl y r e c or d e d s p e ci e s . Ot h er 

n ot a bl e s p e ci e s i n cl u d e bi g h or n s h e e p, bis o n, m o u nt ai n li o n, w olf , bl a c k b e ar, a n d gri zzl y b e ar. 

T a bl e 1 : S p e ci es r et ai n e d i n t h e c ar c a ss d at a b a s e ( c o m bi n ati o n of M D T c ar c a ss r e m o v al d at a a n d gri z zl y b e ar r o a d m ort alit y 
d at a fr o m U S G S). 

S p e ci es T ot al ( N) T ot al ( %) 

U n g ul at e s 

Pr o n g h or n (A ntil o c a pr a a m eri c a n a ) 6 0. 1 6 

W hi t e-t ail ed d e er (O d o c oil e us vir gi ni a n us ) 2 6 2 5 7 0. 0 7 

M ul e d e er (O d o c oil e us h e mi o n us ) 6 2 5 1 6. 6 8 

U n k n o w n d e er s p e ci e s (O d o c oil e u s s p p. ) 1 5 0. 4 0 

E l k (C er v us c a n a d e nsis ) 3 1 2 8. 3 3 

M o o s e (Al c es al c e s ) 4 7 1. 2 5 

M o u nt ai n g o at (Or e a m n os a m eri c a n us ) 1 0. 0 3 

Bi g h or n s h e e p (O vis c a n a d e nsis ) 2 1 0. 5 6 

Bis o n (Bis o n bis o n ) 5 8 1. 5 5 

C ar ni v or e s 

M o u nt ai n li on (P u m a c o n c ol or ) 3 0. 0 8 

Gr a y w o lf (C a nis l u p us) 2 0. 0 5 

Bl a c k b e ar (Ur s us a m eri c a n us ) 2 2 0. 5 9 

Gri zz l y b e ar (Ur s us ar ct os h orri bilis ) 9 0. 2 4 

T ot a l 3 7 4 6 1 0 0. 0 0 



L ar g e wil d m a m m al -v e hi c l e c ollisi o n s G all ati n C o u nt y    D at a e x pl or ati o n 

S m all Ur b a n, R ur al a n d Tri b al C e nt er o n M o bilit y     1 0 
W est er n Tr a n s p ort ati o n I n stit ut e 

2. 5 N u m b er of c ollisi o ns p er y e ar 

T h e n u m b er of r e p ort e d cr as h e s wit h wil d m a m m als i n cr e as e d b et w e e n 2 0 0 8 a n d 2 0 1 5 , t h e n st a bili z e d 

t hr o u g h 2 0 1 9, f oll o w e d b y a sli g ht d e cli n e i n cr as h es r e c or d e d aft er 2 0 1 9 (Fi g ur e 5 ). I n c o ntr ast, th e 

n u m b er of r e p ort e d l ar g e wil d m a m m al c ar c ass e s d e cli n e d s u bst a nti all y b et w e e n 2 0 0 8 a n d 2 0 2 2  (Fi g ur e 

5 ). I n 2 0 0 8, t h er e w er e a p pr o xi m at el y 4. 5 r e p ort e d l ar g e wil d m a m m al c ar c ass e s f or e v er y r e p orte d w il d 

m a m m a l cr as h , w h er e as b et w e e n 2 0 2 0 a n d 2 0 2 2 t h er e w er e o nl y 0. 7 t o 1. 1 c ar c ass e s f or e v er y r e p ort e d 

cr as h  (Fi g ur e 6) .   

A p ot e nti al e x pl a n ati o n f or t h e d e cli n e i n t h e n u m b er of r e p ort e d c ar c ass e s , r el ati ve t o cr as h e s, c o ul d b e 

t h e p assi n g of a bill t h at all o w e d f or t h e s al v a g e of d e er, el k, m o o s e, a n d pr o n g h or n kill e d b y v e hi cl es , 

w hi c h p er mit s a n y o n e ( n ot j ust t h e dri v er i n v ol v e d) t o t a k e t h e a ni m al, as l o n g as a p er mit is o bt ai n e d 

wit hi n 2 4 h o urs ( M o nt a n a Fis h, Wil dlif e & P ar k s, 2 0 2 3 ; St at e of M o nt a n a , 2 0 2 3). H o w e v er, t his bill o nl y 

p ass e d i n 2 0 1 3 a n d d o e s n ot a c c o u n t f or t h e su bst a nti al dr o p i n c ar c ass es r e p ort e d b et w e e n 2 0 0 8 a n d 

2 0 1 3 . B et w e e n 2 0 1 4 a n d 2 0 2 2, t h e a v er a g e n u m b er of s al v a g e p er mit s iss u e d i n G all ati n C o u nt y w as 

1 0 0. 4 4 ( S D = 1 3. 9 3) ( A p p e n di x A). If w e ass u m e t h at all t h e c ar c ass es f or w hi c h a s al v a g e p er mit w as 

iss u e d w o ul d h a v e b e e n r e c or d e d b y M D T m ai nt e n a n c e cr e w s, it c a n ex pl ai n s o m e of t h e “ missi n g ” 

c ar c ass r e m o v al d at a b et w e e n 2 0 1 4 a n d 2 0 2 2, b ut n ot all. A m or e r e alisti c s c e n ari o is t h at o nl y 1 i n 8 

c ar c ass es ar e r e p ort e d b y M D T m ai nt e n a n c e cr e w s ( F air b a n k et al ., 2 0 2 4) . T h e n t h e s al v a g e p er mits 

c o ul d p ot e nti all y a c c o u nt f or 1 2. 5 5 missi n g c ar c ass e s p er y e ar b et w e e n 2 0 1 4 a n d 2 0 2 2. A n ot h er 

p o ssi bl e e x pl a n ati o n is a r e d u cti o n i n t h e s e ar c h a n d r e p orti n g eff ort b y M D T r o a d m ai nt e n a n c e cr e w s. 

R e s e ar c h s h o w s t h at cr as h d at a t y pi c all y r e pr e s e nt o nl y a s m all p orti o n ( 1 4-5 0 % ) of t h e c ar c ass d at a, 

e v e n if b ot h d at as et s r el ate s ol e l y t o l ar g e m a m m als ( T ar dif a n d Ass o ci at e s I n c., 2 0 0 3; Ril e y & M ar c o u x , 

2 0 0 6; D o n al ds o n & L af o n , 2 0 0 8) . It is i m p ort a nt t o n ot e t h at c ar c ass d at a ar e als o i n c o m pl et e; a ni m als 

t h at ar e n ot cl e arl y visi bl e fr o m t h e r o a d m a y n ot b e r e m o v e d o r r e c or d e d. St u di e s h a v e d e m o nstr at e d 

t h at c ar c as s c o u nt s oft e n u n d er e sti m at e t h e n u m b er of l ar g e m a m m als hit b y v e hi cl e s ; c orr e cti o n 

f a ct ors of 2. 8 ( L e e et al., 2 0 2 1) a n d n e ar l y 8. 0 ( F air b a n k et al. , 2 0 2 4) h a v e b e e n r e p ort e d i n ot h er ar e as.   
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Fi g ur e 5 : T h e n u m b er of r e p ort e d cr a s h es wit h wil d a ni m al s p e ci es a n d l ar g e wil d m a m m al c ar c a ss es b y y e ar . 

Fi g ur e 6 : T h e r ati o of t h e n u m b er of r e p ort e d l ar g e wil d m a m m al c ar c a ss es a n d cr a s h es wit h wil d a ni m al s p e ci es b y y e ar . 
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2. 6 N u m b er of c ollisi o ns p er m o nt h 

T h e n u m b er of r e p ort e d cr as h e s wit h wil d a ni m als w as hi g h e st i n t h e f all, p arti c ul arl y i n N o v e m b er, a n d 

l o w est b et w e e n M ar c h a n d M a y (Fi g ur e 7) , c o nsist e nt wit h fi n di n gs b y H uijs er et al. (2 0 0 8 ). T h e n u m b er 

of r e p ort e d c ar c ass e s wit h l ar g e wil d a ni m als w as hi g h e st d uri n g t h e f all a n d wi nt er ( O ct o b er t hr o u g h 

M ar c h , wit h a n ot a bl e p e a k i n N o v e m b er) a n d w as l o w e st i n t h e s pri n g a n d s u m m er ( A pril t hr o u g h 

S e pt e m b er ) (Fi g ur e 7 ). 

Fi g ur e 7 : T h e n u m b er of r e p ort e d cr a s h es wit h wil d a ni m al s p e ci es a n d l ar g e wil d m a m m al c ar c a ss es b y m o nt h . 

  

8 0 0 - - ---------------

7 0 0 

z 6 o o -C J) 

. Q 5 0 0 

8 4 0 0 
" O 

3 0 0 
0 
a. & 2 0 0 

J a n F e b M ar A pr M a y J u n J ul A u g S e p O ct N o v D e c 
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2. 7 N u m b er of cr as h es b y h o ur of d a y 

Wil d a ni m al cr as h e s o c c urr e d pr e d o mi n a ntl y i n t h e e arl y m or ni n g ( 5 -7 a m) a n d i n t h e e v e ni n g a n d e arl y 

ni g ht ( 5 -1 0 p m) (Fi g ur e 8) , w hi c h is c o nsist e nt wit h H uijs er et al. (2 0 0 8 ). F e w er c ollisi o ns w er e r e p ort e d 

b et w e e n 9 a m a n d 4 p m. It is i m p ort a nt t o not e t h at t h e ti m e-of -d a y d at a w as o nl y a v ail a bl e f or cr as h 

d at a, n ot f or c ar c ass r e m o v al d at a. 

Fi g ur e 8 : T h e n u m b er of r e p ort e d cr a s h es wit h wil d a ni m al s p e ci es b y h o ur of d a y ( 2 0 0 8 -2 0 2 0 o nl y ( N = 1 8 3 3 ), h o ur of d a y w a s 
n ot a v ail a bl e f or 2 0 2 1 a n d 2 0 2 2 ). 

  

2 0 0 ~ - -------------- ~ 

1 8 0 

z 1 6 0 -e n 1 4 0 
Q) 

1 2 0 
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H o ur of d a y 
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2. 8 S e v erit y of t h e cr as h es f or h u m a ns 

M o st of t h e r e p ort e d cr as h e s i n v ol vi ng wil d a ni m als r es ult e d i n pr o p ert y d a m a g e o nl y ( 9 4 %) , c o nsist e n t 

wit h H uijs er et al. (2 0 0 8 ) (Fi g ur e 9 ). A p pr o xi m at e l y 6 % of t h e cr as h e s r e s ult e d i n a h u m a n i nj ur y, a n d 

t h er e w er e n o r e p ort e d h u m a n f at aliti e s (Fi g ur e 9 ). N ot e t h at d at a o n t h e s e v erit y of c ollisi o ns f o r 

h u m a ns w as o nl y a v ail a bl e f or cr as h d at a, n ot f or c ar c ass r e m o v al d at a. W h il e h u m a n f at aliti e s c a n o c c u r 

wit h l ar g e m a m m al c ollisi o ns , t h e pr o b a bilit y is g e n er all y l ow b u t i n cr e as es wit h t h e si z e of t h e a ni m al 

( H uijs er et al., 2 0 0 9) . 

Fi g ur e 9 : T h e s e v erit y f or h u m a n s of t he r e p ort e d cr a s h es wit h wil d a ni m al s p e ci es ( 2 0 0 8-2 0 2 0 o nl y ( N = 1 8 3 3 ), n ot a v ail a bl e f or 
2 0 2 1 a n d 2 0 2 2 ). 

  

Pr o p ert y 
D a m a g e O nl y, 

1 7 2 4, 9 4 % 

P o s si bl e i nj ur y, 
1 8, 1 % 

Mi n or I nj ur y, 
7 3 , 4 % 

S eri o u s I nj ur y, 
1 3, 1 % 

U n k n o w n, 
5, 0 % 
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2. 9 S p ati a l a c c ur a c y of t h e c ollisi o n d at a 

C r as h e s ar e r e p ort e d b y l a w e nf or c e m e nt w h o us e a G P S t o o bt ai n c o or di n at e s f or t h e cr as h l o c ati o n. 

F or o ur a n al y s e s, t h e cr as h l o c ati o ns w er e assi g n e d t o t h e n e ar e st t e nt h of a mil e r o a d s e g m e nt. A s 

e x p e ct e d wit h pr e cis e G P S c o or di n at e s , t h e n u m b er of cr as h o bs er v ati o ns f or e a c h t e nt h of a mil e 

(i g n ori n g t h e w h ol e mil e n u m b ers) cl o s el y m at c h e d w h at w as e x p e ct e d b as e d o n t h e r el ati v e fr e q u e n c y 

of e a c h t e nt h of a mil e al o n g t h e r o a ds i n G all ati n C o u nt y (t h e h ori z o nt al li n e i n Fi g ur e 1 0 ). I n c o ntr ast, 

th e c ar c ass r e m o v al d at a fr o m M D T ar e t y pi c ally e sti m at e d t o t h e n e ar e st t e nt h of a mil e b as e d o n t h e 

w h ol e mil e r ef er e n c e p ost s t h at ar e pr e s e nt al o n g t h e s y st e m r o a ds. I d e all y, if t h er e w er e n o bi as i n 

n oti n g t h e first d e ci m al (t h e n u m b er f oll o wi n g t h e d ot), t h e n u m b er of c ar c as s o bs er v ati o ns f or e a c h 

t e nt h of a mil e (i g n ori n g t h e w h ol e mil e n u m b ers) s h o ul d als o ali g n wit h t h e e x p e ct e d fr e q u e n c y al o n g 

t h e r o a ds i n G all ati n C o u nt y . H o w e v er, w h ol e mil e m ar k ers ( “ 0 ”) w er e r e c or d ed a b o ut 2. 5 ti m e s m or e 

fr e q u e ntl y t h a n e x p e ct e d (Fi g ur e 1 0 ). H alf mil e m ar k ers ( “ 5”) w er e n ot e d a b o ut 1. 2 ti m e s m or e 

fr e q u e ntl y t h a n e x p e ct e d. All ot h er first d e ci m als w er e n ot e d l e ss fr e q u e ntl y t h a n e x p e ct e d (Fi g ur e 1 0 ). 

T hi s s u g g e st s t h at t h e l o c ati o n d e s cri pti o n f or cr as h d at a is a c c ur at e a n d pr e cis e t o at l e ast t h e n e ar e st 

t e nt h of a mil e, w hil e t h e c ar c ass r e m o v al d at a fr o m M D T is o nl y a c c ur at e t o t h e n e ar est w h ol e mil e.   

Fi g ur e 1 0 : T h e r ati o of n u m b er of o b s er v e d vs. e x p e ct e d wil d a ni m al cr a s h es a n d l ar g e m a m m al c ar c a ss es p er t e nt h of a mil e 
(r e g ar dl ess of t h e w h ol e mil e r ef er e n c e p o st) b et w e e n 2 0 0 8- 2 0 2 2. 

3 

- O b s er v e s cr a s h e s 
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er: -
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3 I d e ntifi c ati o n a n d pri oritiz ati o n of r o a d s e cti o n s 

3 . 1 I ntr o d u cti on 

T h is  c h a pt er f o c us e s o n i d e ntif yi ng a n d pri oriti zi n g r o a d s e cti o ns i n G all ati n C o u nt y t h at h a v e a r el ati v el y 

hi g h c o n c e ntr ati o n of wil dlif e -v e hi cl e cr as h e s a n d l ar g e m a m m al c ar c ass e s. All s p ati al d at a w er e 

pr oj e c t e d usi n g t h e N A D 1 9 8 3 St at e Pl a n e M o nt a n a FI P S 2 5 0 0 c o or di n at e s y st e m, wit h m et ers as t h e u nit 

of m e as ur e m e nt. All s p ati al a n al y s e s w er e c o n d u ct e d usi n g Ar c GI S Pr o 3. 1. 2.   

3 . 2 M et h o d s 

3. 2 . 1 K er n el D e nsit y Esti m at e a n d G etis Or d Gi * h ots p ot a n al ys es 

W e c o n d u ct e d t w o diff er e nt t y p es of a n al y s e s t o i d e ntif y a n d pri oriti z e r o a d s e cti o n s wit h t h e hi g h est 

n u m b er of wil dlif e -v e hi cl e cr as h e s a n d c ar c ass e s: 

3. 2. 1. 1 K er n el D e nsit y Esti m ati o n ( K D E) 

T h e K er n el D e nsit y E sti m ati o n ( K D E) a n al y sis w as us e d t o ass e ss p oi nt f e at ur es of cr as h or c ar c ass 

l o c ati o ns. A b a n d wi dt h of 0. 5 mil e s ( 8 0 4. 6 7 m) w as a p pli e d, m e a ni n g t h at cr as h es a n d c ar c ass e s wit hi n 

0. 5 mil e s of e a c h t e nt h -of - a-mil e r ef er e n c e p oi nt i nfl u e n c e d t h e h ot s p ot a n al y sis. T his is c o nsist e nt wit h 

t h e s p ati al a c c ur a c y of t h e c ar c ass r e m o v al d at a fr o m M D T a n d t h e s c al e at w hi c h miti g ati o n m e as ur e s 

( e. g., wil dlif e f e n c e s a n d cr o ssi n g s tr u ct ur e s) n e e d t o b e i m pl e m e nt e d, t y pi c all y o v er s e v er al mil e s of 

r oa d ( H uijs er et al., 2 0 1 6) . T h e s e ar c h r a di us is als o ali g n e d wit h si mil ar st u di e s ( G o m e s et al. , 2 0 0 9) . 

T h e a n al y sis pr o d u c e s a d e nsit y s urf a c e w h er e e a c h c ell's si z e is 1 0 0 m b y 1 0 0 m a n d it s v al u e r e pr e s e nt s 

t h e e sti m at e d d e nsit y of c ollisi o ns p er s q u ar e kil o m et er. T h e r es ulti n g h e at m a p w as di vi d e d i nt o fi v e 

p er c e nt a g e -b as e d  c at e g ori e s ( < 5 %, 5– < 2 5 %, 2 5 – < 5 0 %, 5 0 – < 7 5 %, a n d 7 5 – 1 0 0 %), i d e ntif yi ng r oa d 

s e cti o ns wit h t h e hi g h e st d e nsiti e s of c ollisi o ns a n d c ar c ass e s. T his is a d e s cri pti v e m et h o d t h at al w a y s 

i n di c at e s w h er e t h e hi g h e st c o n c e ntr ati o ns of i n ci d e nt s o c c ur. T h e K D E a n al y s e s w er e c o n d u ct e d usi n g 

t h e S p ati al A n al y st e xt e nsi o n i n Ar c GI S Pr o 3. 1. 2. 

3. 2. 1. 2 G etis -O r d Gi * 

T h e G etis -Or d  Gi * an al ysis us e d t h e G etis -Or d Gi * st atisti c t o i d e ntif y st atisti c all y si g nifi c a nt s p ati al 

cl ust ers ( h ot s p ot s a n d c ol d s p ot s) of cr as h e s a n d c ar c ass e s. U nli k e t h e K D E, w hi c h is p ur el y d e s cri pti v e, 

t his a n al y sis d et er mi n es w h er e t h e c o n c e ntr ati o n of cr as h e s or c ar c ass e s si g nifi c a ntl y d e vi at e s fr o m a 

r a n d o m distri b uti o n. A fi x e d dist a n c e b a n d of 0. 5 mil es w as a p pli e d, c o nsist e nt wit h t h e K D E a n al y sis. N o 

st a n d ar di z ati o n of s p ati al w ei g ht s w as a p pli e d; all wil dlif e s p e ci es w er e c o nsi d er e d e q u al i n c o ntri b uti n g 

t o t h e c ollisi o n e v e nt s. T h is a n al y sis w as c o n d u ct e d usi n g t h e H ot s p ot A n al y sis ( G etis -Or d Gi *) t o ol 

wit hi n t h e S p ati al St atisti c s t o ol b o x i n Ar c GI S Pr o 3. 1. 2. 
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3. 2 . 2 T i m e p eri o d 

T h e cr as h a n d c ar c ass d at a w er e a n al y z e d s e p ar at el y . A d diti o n all y , w e c o n d u ct e d t h e a n al y s e s f or t w o 

di ff er e nt ti me p eri o ds : 

•  2 0 0 8 -2 0 2 2 ( 1 5 y e ars): T his a n al y sis us e d a ll a v ail a bl e cr as h a n d c ar c ass d at a o v er a 1 5-y e ar 

p eri o d. T his e xt e n d e d ti m efr a m e pr o vi d e s a r el ati v ely r o b ust a n al y sis, as t he r el ati v el y l ar ge 

s a m pl e si z e of cr as h e s a n d c ar c ass es i n cr e as e s t h e li k eli h o o d of a c c ur at el y i d e ntif yi n g r o ad 

s e cti o ns wit h t h e hi g h e st c o n c e ntr ati o n s o f wil dlif e -v e hi c l e c ollisi o ns. 

•  2 0 1 8 -2 0 2 2  ( 5 y e ars): T his a n al y sis us e d o nl y t h e m o st r e c e nt 5 -y e ar p eri o d of a v ail a bl e cr as h a n d 

c ar c ass d at a . Alt h o u g h t h e s a m pl e si z e is s m all er c o m p ar e d t o t h e 1 5 -y e ar d at as et , t his p eri o d is 

m or e r efl e cti v e of r e c e nt l a n d us e c h a n g e s a n d ass o ci at e d p ot e nti al c h a n g e s i n wil dlif e -v e hi cl e 

c ollisi o ns . 

3 . 3 R es ult s 

3. 3 . 1 K er n ell D e nsit y Esti m at i o n ( K D E) a n al ys e s   

T h e K D E h ot s p ot m a ps f or cr as h e s ar e d e pi ct e d i n Fi g u r e 1 1 ( 2 0 0 8-2 0 2 2)  a n d Fi g u r e 1 2 ( 2 0 1 8-2 0 2 2) . T h e 

K D E h ot s p ot m a ps f or c ar c ass e s ar e d e pi ct e d i n Fi g ur e 1 3 ( 2 0 0 8-2 0 2 2)  a n d Fi g ur e 1 4 ( 2 0 1 8-2 0 2 2) . 
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Fi g ur e 1 1 : K er n el d e n sit y h ots p ot m a p u si n g p er c e ntil es f or wil dlif e-v e hi cl e cr a s h es i n G all ati n C o u nt y, M o nt a n a ( 2 0 0 8 – 2 0 2 2). 

K er n el D e n sit y E sti m at e, Cr a s h e s 2 0 0 8- 2 0 2 2 

0 i 1 0 

P - w- ~-
1 

D G all ati n C o u nt y B o u n d ar y 

Wil dlif e Cr a s h e s p er S q u ar e- Mil e 

- 5 2 .1 1 - 1 2 9. 0 0 ( < 5 %) 

- 1 7. 7 1 - 5 2. 1 0 ( 2 5 - 5 %) 

7 .1 1 - 1 7. 7 0 ( S O - 2 5 %) 

- 2 .5 1 - 7 .1 0 ( 7 5 - 5 0 %) 

- 0 .0 1 - 2 .5 0 ( 1 0 0 - 7 5 %) 

0 

2 0 3 0 

) 
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Fi g ur e 1 2 : K er n el d e n sit y h ots p ot m a p u si n g p er c e ntil es f or l ar g e wil d m a m m al cr a s h es i n G all ati n C o u nt y, M o nt a n a ( 2 0 1 8 – 
2 0 2 2). 

K er n el D e n sit y E sti m at e, Cr a s h e s 2 0 1 8- 2 0 2 2 

c: J G all ati n C o u nt y B o u n d ar y 

Wil dlif e Cr a s h e s p er S q u ar e- Mil e 

- 2 5 .2 1 - 6 7 .0 0 ( < 5 %) 

- 9. 3 1 - 2 5. 2 0 ( 2 5 - 5 %) 

4. 4 1 - 9 .3 0 ( S O - 2 5 %) 

- 1. 6 1 - 4. 4 0 ( 7 5 - 5 0 %) 

- 0. 0 1 - 1. 6 0 ( 1 0 0 - 7 5 %) 

0 .0 0 1 - 0 

., A 

0 1 0 2 0 3 0 

) 
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Fi g ur e 1 3 : K er n el d e n sit y h ots p ot m a p u si n g p er c e ntil es f or l ar g e wil d m a m m al c ar c a ss es i n G all ati n C o u nt y, M o nt a n a ( 2 0 0 8 – 
2 0 2 2). 

K er n el D e n sit y E sti m at e, C ar c a s s e s 2 0 0 8- 2 0 2 2 

0 i 1 0 

P - w- ~-
1 

D G all ati n C o u nt y B o u n d ar y 

Wil dlif e C ar c a s s e s p er S q u ar e- Mil e 

- 1 4 8. 3 1- 3 9 0 .0 0 ( < 5 %) 

- 3 8 .2 1 - 1 4 8. 3 0 ( 2 5 - 5 %) 

1 6 .8 1 - 3 8 .2 0 ( 5 0 - 2 5 %) 

- 7. 6 1 - 1 6 .8 0 ( 7 5 - 5 0 %) 

- 0. 0 1 - 7. 6 0 ( 1 0 0 - 7 5 %) 

0 

2 0 3 0 

) 
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Fi g ur e 1 4 : K er n el d e n sit y h ots p ot m a p u si n g p er c e ntil es f or l ar g e wil d m a m m al c ar c a ss es i n G all ati n C o u nt y, M o nt a n a ( 2 0 1 8 – 
2 0 2 2). 

  

I 

I 

K er n el D e n sit y E sti m at e, C ar c a s s e s 2 0 1 8- 2 0 2 2 

0 t 1 0 

c: J G all ati n C o u nt y B o u n d ar y 

Wil dl if e C a rc a s s e s p er S q u ar e- M il e 

- 4 3 .5 1 - 1 2 1. 0 0 ( < 5 %) 

- 1 1 .8 1 - 4 3. 5 0 ( 2 5 -5 %) 

5 . 71 - 1 1. 8 0 ( 5 0 - 2 5 %) 

2. 4 1 - 5 .7 0 ( 7 5 - 5 0 %) 

0. 0 1 - 2. 4 0 ( 1 0 0 - 7 5 %) 

0 

2 0 3 0 

) 
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3. 3 . 2 G etis -Or d  Gi * a n al ys e s   

T h e G etis -Or d Gi * h ot s p ot m a ps f or cr as h e s ar e d e pi ct e d i n Fi g ur e 1 5 ( 2 0 0 8-2 0 2 2 ) a n d Fi g ur e 1 6 ( 2 0 1 8-

2 0 2 2) . T h e G etis -O r d Gi * h ot s p ot m a ps f or c ar c ass e s ar e d e pi ct e d i n Fi g ur e 1 7 ( 2 0 0 8-2 0 2 2 ) a n d Fi g ur e 

1 8 ( 2 0 1 8-2 0 2 2) . 
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Fi g ur e 1 5 : Si g nifi c a nt h ots p ots a n d c ol d s p ots b a s e d o n G etis -Or d Gi * a n al y sis f or wil dlif e -v e hi cl e  cr as h es i n G all ati n C o u nt y, 
M o nt a n a ( 2 0 0 8 – 2 0 2 2). 

G eti s- Or d Gi*, Cr a s h e s 2 0 0 8- 2 0 2 2 

5 1 0 

D G all ati n C o u nt y B o u n d ar y 

G eti s- Or d Gi * Si g nifi c a n c e 

- C ol d S p ot wit h 9 9 % C o nfi d e n c e 

- C ol d S p ot wit h 9 5 % C o nfi d e n c e 

C ol d S p ot w it h 9 0 % C o nfi d e n c e 

- N ot Si g nifi c a nt 

H ot S p ot wit h 9 0 % C o nfi d e n c e f 
- H ot S p ot wit h 9 5 % C o nfi d e n c e 

2 0 3 0 

) 
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Fi g ur e 1 6 : Si g nifi c a nt h ots p ots a n d c ol d s p ots b a s e d o n G etis -Or d Gi * a n al y sis f or wil dlif e -v e hi cl e  cr as h es i n G all ati n C o u nt y, 
M o nt a n a ( 2 0 1 8 – 2 0 2 2). 

G eti s- Or d Gi*, Cr a s h e s 2 0 1 8- 2 0 2 2 

0 1 0 

c: J G all ati n C o u nt y B o u n d ar y 

G eti s- Or d Gi * Si g nifi c a n c e 

- C o ld S p ot wit h 9 9 % C o nfi d e n c e 

- C o ld S p ot wit h 9 5 % C o n fi d e n c e 

C o ld S p ot wit h 9 0 % C o nfi d e n c e 

- N ot Si g nifi c a nt 

H ot S p ot wit h 9 0 % C o nfi d e n c e 

- H ot S p ot w it h 9 5 % C o nfi d e n c e 

- H ot S p ot w it h 9 9 % C o nfi d e n c e 

, A 

2 0 3 0 

) 
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Fi g ur e 1 7 : Si g nifi c a nt h ots p ots a n d c ol d s p ots b a s e d o n G etis -Or d Gi * a n al y sis f or l ar g e wil d m a m m al c ar c a ss es i n G all ati n 
C o u nt y, M o nt a n a ( 2 0 0 8 – 2 0 2 2). 

G eti s- Or d Gi*, C ar c a s s e s 2 0 0 8- 2 0 2 2 

0 i 1 0 ,.... _ _ ~ _ 
1 

D G all ati n C o u nt y B o u n d ar y 

G e ti s -Or d G i * S ig n ifi c a n c e 

- C o ld S p ot wit h 9 5 % C o nfi d e n c e 

C ol d S p ot wit h 9 0 % C o nfi d e n c e 

- - N ot Si g nifi c a nt 

H ot S p ot wit h 9 0 % C o nfi d e n c e 

- H ot S p ot wit h 9 5 % C o nfi d e n c e 

2 0 3 0 

) 
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Fi g ur e 1 8 : Si g nifi c a nt h ots p ots a n d c ol d s p ots b a s e d o n G etis -Or d Gi * a n al y sis f or l ar g e wil d m a m m al c ar c a ss es i n G all ati n 
C o u nt y, M o nt a n a ( 2 0 1 8 – 2 0 2 2). 

G eti s- Or d Gi*, C ar c a s s e s 2 0 1 8- 2 0 2 2 

0 1 0 

c: J G all ati n C o u nt y B o u n d ar y 

G eti s- Or d Gi * Si g nifi c a n c e 

- C o ld S p ot wit h 9 9 % C o nfi d e n c e 

- C o ld S p ot wit h 9 5 % C o n fi d e n c e 

C o ld S p ot wit h 9 0 % C o nfi d e n c e 

- N ot Si g nifi c a nt 

H ot S p ot wit h 9 0 % C o nfi d e n c e 

- H ot S p ot w it h 9 5 % C o nfi d e n c e 

- H ot S p ot w it h 9 9 % C o nfi d e n c e 

, A 

2 0 3 0 

) 
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3. 4 Dis c ussi o n 

T h er e is gr e at si mil arit y b et w e e n t h e h ot s p ot s i d e ntifi e d t hr o u g h t h e K D E a n al y s e s f or 2 0 0 8 -2 0 2 2 a n d 

2 0 1 8 -2 0 2 2  f or b ot h t h e cr as h a n d c ar c ass r e m o v al d at a. T h e s a m e is tr u e f or t h e G etis -Or d Gi * a n al y s e s. 

E s p e ci all y s e cti o ns of I -9 0 a n d U S H w y 1 9 1 b et w e e n I-9 0 t hr o u g h F o ur C or n ers t o t h e m o ut h of G all ati n 

C a n y o n h a d t h e hi g h e st c o n c e ntr ati o n of wil d a ni m al cr as h e s a n d l ar g e wil d a ni m al c ar c ass es. B as e d o n 

t h e G etis-Or d Gi * a n al y s e s, t h e s e r o a d s e cti o ns g e n er all y h a d c o n c e ntr ati o ns of cr as h e s a n d c ar c ass e s 

th at w er e si g nifi c a ntl y hi g h er t h a n e x p e ct e d s h o ul d t h e cr as h es a n d c ar c ass e s h a v e b e e n r a n d o mly 

distri b ut e d . I n ot h er w or ds, t h e s e r o a d s e cti o ns h a v e n ot o nl y t h e hi g h e st c o n c e ntr ati o n of cr as h e s a n d 

c ar c ass es, b ut t h e i d e ntifi c ati o n of t h e s e r o a d s e cti o ns is n ot b as e d o n c oi n ci d e n c e. T h e s e r o a d s e cti o ns 

h a v e a c o n c e ntr ati o n of cr as h e s a n d c ar c ass e s t h at is b e y o n d r a n d o m. 

Fr o m a h u m a n s af et y p ers p e cti v e, it w o ul d m a k e s e ns e t o e x pl or e p ot e nti al miti g ati o n o pti o ns first 

al o n g t h e i d e ntifi e d r o a d s e cti o ns. N ot e t h at fr o m t h e p ers p e cti v e of bi ol o gi c al c o ns er v ati o n, t h e 

r e d u cti o n of c ollisi o ns f or c ert ai n s p e ci e s (e. g., gri zzl y b e ar) w o ul d b e of hi g h er pri orit y t h a n ot h er 

s p e ci e s ( e. g., w hit e -t ail ed  d e er) ( H uijs er et al., 2 0 2 2 b) . T his m e a ns t h at ot h er r o a d s e cti o ns t h a n t h e 

o n e s i d e ntifi e d i n t his r e p ort m a y als o r e q uir e miti g ati o n m e as ur es. I n a d diti o n, fr o m t h e p ers p e cti v e of 

bi ol o gi c al c o ns er v ati o n, r e d u ci n g t h e b arri er eff e ct of r o a ds a n d tr affi c m a y b e r e q uir e d i n y et ot h er r o a d 

s e cti o ns ( H uijs er et al. , 2 0 2 2 b) . 
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4 R ef er e n c es 

A br a h a m, J. O. & M. A. M u m m a . 2 0 2 1. El e v at e d wil dlif e-v e hi cl e c ollisi o n r at es d uri n g t h e C O VI D -1 9 
p a n d e mi c . S ci e ntifi c R e p orts 1 1: 2 0 3 9 1. 

Arli d g e, W. N. S., J. W. B ull, P. F. E. A d dis o n, M.J. B ur g ass, D. Gi a n u c a, T. M. G or h a m, C. J a c o b, N. S h u m w a y, 
S. P. Si n cl air, J. E. M. W at s o n, C. Wil c o x & E.J. Mil n er -G ull a n d. 2 0 1 8. A gl o b al miti g ati o n hi er ar c h y f or 
n at ur e c o ns er v ati o n. Bi o S ci e n c e 6 8 ( 5): 3 3 6 – 3 4 7. 

Cl e v e n g er, A. P. & M. P. H uijs er. 2 0 1 1. Wil dlif e cr o ssi n g str u ct ur e h a n d b o o k. D e si g n a n d e v al u ati o n i n 
N ort h A m eri c a. D e p art m e nt of Tr a ns p ort ati o n, F e d er al Hi g h w a y A d mi nistr ati o n, W as hi n gt o n D. C., U S A. 

C o n o v er, M. R. 1 9 9 7. M o n et ar y a n d i nt a n gi bl e v al u ati o n of d e er i n t h e U nit e d St at e s. Wil dlif e S o ci et y 
B ull eti n 2 5: 2 9 8 -3 0 5. 

C o n o v er, M. R. 2 0 1 9. N u m b ers of h u m a n f at aliti es, i nj uri e s, a n d ill n e ss e s i n t h e U nit e d St at e s d u e t o 
wil dlif e. H u m a n -Wil dlif e I nt er a cti o ns 1 3( 2): 2 6 4 -2 7 6. 

C o n o v er, M. R., W. C. Pitt, K. K. K e ssl er, T.J. D u B o w & W. A. S a n b or n. 1 9 9 5. R e vi e w of h u m a n i nj uri e s, 
ill n e ss e s, a n d e c o n o mi c l o ss e s c a us e d b y wil dlif e i n t h e U nit e d St at es. Wil dlif e S o ci et y B ull eti n 2 3: 4 0 7-
4 1 4. 

C u p er us, R., K.J. C a nt ers, H. A. U d o d e H a e s & D. S. Fri e d m a n. 1 9 9 9. G ui d eli n e s f or e c ol o gi c al 
c o m p e ns ati o n ass o ci at e d wit h hi g h w a ys. Bi ol o gi c al C o ns er v ati o n 9 0: 4 1 -5 1. 

D o n al ds o n, B. M. & N. W. L af o n. 2 0 0 8. T e sti n g a n i nt e gr at e d P D A -G P S s y st e m t o c oll e ct st a n d ar di z e d 
a ni m al c ar c ass r e m o v al d at a. Vir gi ni a Tr a ns p ort ati o n R e s e ar c h C o u n cil, F H W A/ V T R C 0 8 -C R 1 0. 

E w e n, E., S. Mit c h ell & L. F a hri g. 2 0 1 3. R o a d kill h ots p ot s d o n ot eff e cti v el y i n di c at e miti g ati o n l o c ati o ns 
w h e n p ast r o a d kill h as d e pr e ss e d p o p ul ati o ns. T h e J o ur n al of Wil dlif e M a n a g e m e nt 7 7( 7): 1 3 5 3 -1 3 5 9. 

F air b a n k, E. , K. P e nr o d, M. H uijs er, M. B ell, D. Fi c k, L. S w art z, A. B u n c e, S. D o yl e, B. H a n c e & A. W e ar n. 
2 0 2 4. U S 8 9 Wil dlif e & Tr a ns p ort ati o n Ass e ss m e nt. Y ell o wst o n e S af e 
P ass a g e s.   htt ps:// st ati c 1.s q u ar e s p a c e. c o m/ st ati c/ 6 0 1f 1 7 c 1 3f 5 1f 6 1 7 d 9 5 1 6 a b e/t/ 6 5 e e 3 7 6 0 4 0 3 9 a 9 5 a b 3 
a 2 0 d 4 4/ 1 7 1 0 1 1 0 5 7 0 1 6 6/ U S + 8 9 + Wil dlif e + a n d + Tr a ns p ort ati o n + Ass e ss m e nt _ Fi n al + R e p ort _ M ar c h + 2 0 2 4 . 
p d f 

G o m e s L., C. Gril o, C. Sil v a & A. Mir a. 2 0 0 9. I d e ntifi c ati o n m et h o ds a n d d et er mi nisti c f a ct ors 
of o wl r o a d kill h ot s p ot l o c ati o ns i n M e dit err a n e a n l a n ds c a p e s. E c ol o gi c al R e s e ar c h 2 4( 2): 3 5 5 - 
3 7 0. 

H uijs er, M. P. & P.J. M. B er g ers. 2 0 0 0. T h e eff e ct of r o a ds a n d tr affi c o n h e d g e h o g ( Eri n a c e us e ur o p a e us ) 
p o p ul ati o ns. Bi ol o gi c al C o ns er v ati o n 9 5: 1 1 1 -1 1 6. 

https://www.mphetc.com/_files/ugd/9d46fb_4bf7ca4ca9fd4a5faeb03502c4327ee7.pdf
https://www.mphetc.com/_files/ugd/9d46fb_024ba8e5bc7a40e888e739c4eedbe1dd.pdf
https://static1.squarespace.com/static/601f17c13f51f617d9516abe/t/65ee37604039a95ab3a20d44/1710110570166/US+89+Wildlife+and+Transportation+Assessment_Final+Report_March+2024.pdf
https://static1.squarespace.com/static/601f17c13f51f617d9516abe/t/65ee37604039a95ab3a20d44/1710110570166/US+89+Wildlife+and+Transportation+Assessment_Final+Report_March+2024.pdf
https://static1.squarespace.com/static/601f17c13f51f617d9516abe/t/65ee37604039a95ab3a20d44/1710110570166/US+89+Wildlife+and+Transportation+Assessment_Final+Report_March+2024.pdf
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S m all Ur b a n, R ur al a n d Tri b al C e nt er o n M o bilit y     2 9 
W est er n Tr a n s p ort ati o n I n stit ut e 

H uij s er, M. P. , J. F ull er, M. E. W a g n er, A. H ar d y, & A. P. Cl e v e n g er. 2 0 0 7. A ni m al-v e hi cl e c ollisi o n d at a 
c oll e cti o n. A s y nt h e sis of hi g h w a y pr a cti c e. N C H R P S y nt h e sis 3 7 0. Pr oj e ct 2 0 -0 5/ T o pi c 3 7 -1 2. 
Tr a ns p ort ati o n R e s e ar c h B o ar d of t h e N ati o n al A c a d e mi e s, W as hi n gt o n D C, U S A. 

H uijs er, M. P. , P. M c G o w e n, J. F ull er, A. H ar d y, A. K o ci ol e k, A. P. Cl e v e n g er, D. S mit h & R. A m e nt. 2 0 0 8. 
Wil dlif e -v e hi cl e  c ollisi o n r e d u cti o n st u d y. R e p ort t o C o n gr e ss. U. S. D e p art m e nt of Tr a ns p ort ati o n, 
F e d er al Hi g h w a y A d mi nistr ati o n, W as hi n gt o n D. C., U S A. 

H uijs er, M. P. , J. W. D uffi el d, A. P. Cl e v e n g er, R.J. A m e nt & P. T. M c G o w e n. 2 0 0 9. C ost– b e n efit a n al y s e s of 
miti g ati o n m e as ur e s ai m e d at r e d u ci n g c ollisi o ns wit h l ar g e u n g ul at e s i n t h e U nit e d St at es a n d C a n a d a; a 
d e cisi o n s u p p ort t o ol. E c ol o g y a n d S o ci et y 1 4( 2): 1 5. [ o nli n e] U R L: 
htt p:// w w w. e c ol o g y a n ds o ci et y. or g/ vi e wiss u e. p h p ? sf = 4 1 

H uijs er, M. P., E. R. F air b a n k, W. C a m el -M e a ns, J. Gr a h a m, V. W at s o n, P. B asti n g & D. B e c k er. 2 0 1 6. 
Eff e cti v e n ess of s h ort s e cti o ns of wil dlif e f e n ci n g a n d cr o ssi n g str u ct ur e s al o n g hi g h w a y s i n r e d u ci n g 
wil dlif e -v e hi c l e c ollisi o ns a n d pr o vi di n g s af e cr o ssi n g o p p ort u niti e s f or l ar g e m a m m als. Bi ol o gi c al 
C o ns er v ati o n 1 9 7: 6 1 -6 8. 

H uijs er, M. P. , R.J. A m e nt, M. B ell, A. P. Cl e v e n g er, E. R. F air b a n k, K. E. G u ns o n & T. M c G uir e. 2 0 2 1. A ni m al 
v e hi cl e c ollisi o n r e d u cti o n a n d h a bit at c o n n e cti vit y st u d y. Lit er at ur e r e vi e w. R e p ort N o. 7 0 1 -1 8 -8 0 3 T O 
1. Tr a ns p ort ati o n P o ol e d -F u n d Pr oj e ct T P F -5( 3 5 8), A d mi nist e r e d b y t h e N e v a d a D e p art m e nt of 
Tr a ns p ort ati o n. W e st er n Tr a ns p ort ati o n I nstit ut e, M o nt a n a St at e U ni v ersit y, B o z e m a n, M o nt a n a, U S A. 

H uijs er, M. P. , J. W. D uffi el d, C. N e h er, A. P. Cl e v e n g er & T. M c G uir e. 2 0 2 2a . C o st-b e n efit a n al y s e s of 
miti g ati o n m e as ur e s al o n g hi g h w a y s f or l ar g e a ni m al s p e ci e s: A n u p d at e a n d a n e x p a nsi o n of t h e 2 0 0 9 
m o d el. R e p ort N o. 7 0 1 -1 8 -8 0 3 T O 1 P art 3. Tr a ns p ort ati o n P o ol e d -F u n d Pr oj e ct T P F -5( 3 5 8), 
A d mi nist er e d b y t h e N e v a d a D e p art m e nt of Tr a ns p ort ati o n. W e st er n Tr a ns p ort ati o n I nstit ut e, M o nt a n a 
St at e U ni v ersit y, B o z e m a n, M o nt a n a, U S A. 

H uijs er, M. P. , E. R. F air b a n k & K. S. P a ul. 2 0 2 2b . B e st pr a cti c e s m a n u al t o r e d u c e a ni m al -v e hi cl e c ollisi o ns 
a n d pr o vi d e h a bit at c o n n e cti vit y f or wil dlif e. R e p ort N o. 7 0 1 -1 8 -8 0 3 T O 1 P art 3. Tr a ns p ort ati o n P o ol e d -
F u n d Pr oj e ct T P F -5( 3 5 8), A d mi nist er e d b y t h e N e v a d a D e p art m e nt of Tr a ns p ort ati o n. W e st er n 
Tr a ns p ort ati o n I nstit ut e, M o nt a n a St at e U ni v ersit y, B oz e m a n, M o nt a n a, U S A. 

L e e, T. S., K. R o n d e a u, R. S c h a uf el e, A. P. Cl e v e n g er & D. D u k e. 2 0 2 1. D e v el o pi n g a c orr e cti o n 
f a ct or t o a p pl y t o a ni m al-v e hi cl e c ollisi o n d at a f or i m pr o v e d r o a d miti g ati o n m e as ur e s. Wil dlif e 
R e s e ar c h 4 8: 5 0 1 – 5 1 0. htt ps:// d oi. or g/ 1 0. 1 0 7 1/ W R 2 0 0 9 0 

M o nt a n a Fis h, Wil dlif e & P ar k s. 2 0 2 3. V e hi cl e -Kill e d Wil dlif e S al v a g e P er mit. 
htt ps://f w p. mt. g o v/ b u y a n d a p pl y/ v e hi cl e kill e ds al v a g e p er m it 

Pr o ct or, M. F. 2 0 0 3. G e n eti c a n al y sis of m o v e m e nt, dis p ers al a n d p o p ul ati o n fr a g m e nt ati o n of gri zzl y 
b e ars i n s o ut h w est er n C a n a d a. Diss ert ati o n. T h e U ni v ersit y of C al g ar y, C al g ar y, Al b ert a, C a n a d a.   

Ril e y, S.J. & A. M ar c o u x. 2 0 0 6. D e er -v e hi cl e c ollisi o ns: A n u n d erst a n di n g of a c ci d e nt c h ar a ct eristi c s a n d 
dri v ers’ attit u d es, a w ar e n ess, a n d i n v ol v e m e nt. R e s e ar c h R e p ort R C -1 4 7 5. Mi c hi g a n D e p art m e nt of 
Tr a ns p ort ati o n, D e p art m e nt of Fis h eri e s a n d Wil dlif e, Mi c hi g a n St at e U ni v ersit y, L a nsi n g, Mi c hi g a n. 

https://www.mphetc.com/_files/ugd/9d46fb_fdd6caf97a8b4d0395a6914152765989.pdf
https://www.mphetc.com/_files/ugd/9d46fb_f7d04bc908c840e7aacdf89dfa017106.pdf
https://www.mphetc.com/_files/ugd/9d46fb_9977f5c030cc40e8bef3b4e2da9afee1.pdf
http://www.ecologyandsociety.org/viewissue.php?sf=41
https://www.mphetc.com/_files/ugd/9d46fb_4b27871a51174741865bdb79a908f5fd.pdf
https://www.mphetc.com/_files/ugd/9d46fb_b9852393a44d4148bd92feac37fc034e.pdf
https://www.mphetc.com/_files/ugd/9d46fb_02401a13e3fc49d987ef376f50fa3176.pdf
https://doi.org/10.1071/WR20090
https://fwp.mt.gov/buyandapply/vehiclekilledsalvagepermit
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R o mi n, L. A. & J. A. Biss o n ett e. 1 9 9 6. D e er -v e hi cl e c ollisi o ns: st at us of st at e m o nit ori n g a cti viti es a n d 
miti g ati o n eff orts. Wil dlif e S o ci et y B ull eti n 2 4: 2 7 6 -2 8 3. 

St at e of M o nt a n a. 2 0 2 3. M o nt a n a C o d e A n n ot at e d 2 0 2 3. P er mit T o S al v a g e G a m e A ni m als . 
htt ps://l e g. mt. g o v/ bills/ m c a/titl e _ 0 8 7 0/ c h a pt er _ 0 0 3 0/ p art _ 0 0 1 0/ s e cti o n _ 0 4 5 0/ 0 8 7 0 -0 0 3 0 -0 0 1 0 -
0 4 5 0. ht m l 

T ar dif, L. -P., a n d Ass o ci at e s I n c. 2 0 0 3. C ollisi o ns i n v ol vi n g m ot or v e hi cl e s a n d l ar g e a ni m als i n C a n a d a. 
Fi n al r e p ort. L -P T ar dif a n d Ass o ci at e s I n c., N e p e a n, O nt ari o, C a n a d a. 

V a n d er R e e, R., C. Gril o & D. S mit h. 2 0 1 5. E c ol o g y of r o a ds: A pr a ctiti o n er’s g ui d e t o i m p a ct s a n d 
miti g ati o n. J o h n Wil e y & S o ns Lt d. C hi c h e st er, U nit e d Ki n g d o m.   

V a n d er Z e e, F. F., J. Wi ert z., C.J. F. t er Br a a k, R. C. v a n A p el d o or n & J. Vi n k. 1 9 9 2. L a n ds c a p e c h a n g e as a 
p o ssi bl e c a us e of t h e b a d g er M el es m el es L. d e cli n e i n T h e N et h erl a n ds. Bi ol o gi c al C o ns er v ati o n 6 1: 1 7 -
2 2. 

https://leg.mt.gov/bills/mca/title_0870/chapter_0030/part_0010/section_0450/0870-0030-0010-0450.html
https://leg.mt.gov/bills/mca/title_0870/chapter_0030/part_0010/section_0450/0870-0030-0010-0450.html
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5 A p p e n di x A: S al v a g e p er mits f or r o a d kill e d u n g ul at es 

I n 2 0 1 3, t h e M o nt a n a l e gisl at ur e p ass e d a bill t h at all o w e d f or t h e sal v a g e of d e er, el k, m o o s e, a n d 

pr o n g h or n kill e d b y v e hi cl es, w hi c h p er mits a n y o n e ( n ot j ust t h e dri v er i n v ol v e d) t o t a k e t h e a ni m al, as 

l o n g as a p er mit is o bt ai n e d wit hi n 2 4 h o urs ( M o nt a n a Fis h, Wil dlif e & P ar k s , 2 0 2 3; St at e of M o nt a n a , 

2 0 2 3) . W e o bt ai n e d t h e s al v a g e p er mit r e c or ds fr o m M o nt a n a Fis h, Wil dlif e & P ar k s b et w e e n 2 0 1 3 (first 

r e c or d w a s 2 6 N o v e m b er 2 0 1 3) a n d 3 1 D e c e m b er 2 0 2 2. W e t h e n s el e ct e d t h e r e c or ds t h at r el at e d t o 

G all ati n C o u nt y. T h er e w er e 9 2 0 s al v a g e p er mit s iss u e d i n t ot al i n G all ati n C o u nt y (Fi g ur e 1 9 ). T h e 

a v er a g e n u m b er of s al v a g e p er mit s p er y e ar b et w e e n 2 0 1 4 a n d 2 0 2 2 i n G all ati n C o u nt y w as 1 0 0. 4 4 

( S D = 1 3. 93) ( Fi g ur e 1 9). N ot e t h at 2 0 1 3 w as e x cl u d e d fr o m t h e c al c ul ati o ns as t h e 2 0 1 3 d at a di d n ot 

r el at e t o a f ull c al e n d ar y e ar. 

Fi g ur e 1 9 : T h e n u m b er of s al v a g e p er mits iss u e d f or r o a d kill e d l ar g e u n g ul at es i n G all ati n C o u nt y b et w e e n 2 0 1 3 a n d 2 0 2 2. 
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6 A p p e n di x B : I-9 0 B o z e m a n P ass 

6 . 1 D at a s o ur c es, d at a s el e cti o n a n d d at a s u m m ar y 

T his a p p e n di x r el at e s t o I -9 0 B o z e m a n P ass b et w e e n B o z e m a n (j u n cti o n wit h 7 t h A v e, mil e -m ar k er ( M M) 

r ef er e n c e p oi nt 3 0 5 ) a n d Li vi n gst o n (j u n cti o n wit h U S H w y 8 9, M M 3 3 3 ). 

T h e cr as h a n d c ar c ass d at a s o ur c e s, d at a s el e cti o n pr o c e d ur e, a n d d at a a n al y s e s w er e si mil ar t o t h o s e 

d e s cri b e d f or G all ati n C o u nt y. N ot e t h at t h er e w er e n o r e p ort ed gri zzl y b e ar r o a d m ort aliti e s i n t h e 

U S G S d at a b as e f or t his r o a d s e cti o n. 

T h e c ar c ass r e m o v al d at a c oll e ct e d b y M D T r o a d m ai nt e n a n c e p ers o n n el d at a w as o nl y r e c or d e d o n t h e 

e ast b o u n d l a n es, n ot o n t h e w e st b o u n d l a n es. W e st a n d e ast b o u n d l a n es ar e u p t o 0. 2 1 mil e a p art o n 

t his r o a d s e cti o n, w ell wit hi n t h e s e ar c h r a di us of 0. 5 0 mil e a p pli e d i n t h e a n al y s es. 

Cr a s h d at a 

Aft er d at a s el e cti o n, 4 8 3 wil dlif e -v e hi cl e cr as h r e c or ds r e m ai n e d b et w e e n 2 0 0 8 a n d 2 0 2 2. 

C ar c a ss d at a 

Aft er d at a s el e cti o n, 6 6 6 l ar g e wil d a ni m al c ar c ass r e c or ds r e m ai n e d b et w e e n 2 0 0 8 a n d 2 0 2 2 (T a bl e 2) . 

W hit e -t ail e d d e er ( 7 3. 7 2% ) a n d m ul e d e er ( 2 0. 1 2% ) w er e t h e m o st fr e q u e ntl y r e p ort e d l ar g e wil d 

a ni m al c ar c ass e s.   

T a bl e 2 : T h e s p e ci es t h at w er e r et ai n e d i n t h e c ar c a ss d at a b a s e f or B o z e m a n P a ss ( c o m bi n ati o n of M D T c ar c a ss r e m o v al d at a 
a n d gri zzl y b e ar r o a d m ort alit y d at a fr o m U S G S). 

S p e ci es T ot al ( N) T ot al ( %) 

U n g ul at e s 

W hi t e-tail e d d e er 4 9 1 7 3. 7 2 

M ul e d e er 1 3 4 2 0. 1 2 

U n k n o w n d e er s p e ci e s 2 0. 3 0 

E l k 2 3 3. 4 5 

M o o s e 4 0. 6 0 

C ar ni v or e s 

M o u nt ai n li on 1 0. 1 5 

Bl a c k b e ar 1 1 1. 6 5 

T ot a l 6 6 6 1 0 0. 0 0 
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6 . 2 H ot s p ot m a ps 

6. 2 . 1 K er n ell D e nsit y Esti m at i o n ( K D E) a n al ys e s   

T h e K D E h ot s p ot m a ps f or cr as h e s ar e d e pi ct e d i n Fi g u r e 2 0 ( 2 0 0 8-2 0 2 2)  a n d Fi g u r e 2 1 ( 2 0 1 8-2 0 2 2) . T h e 

K D E h ot s p ot m a ps f or c ar c ass e s ar e d e pi ct e d i n Fi g ur e 2 2 ( 2 0 0 8-2 0 2 2)  a n d Fi g ur e 2 3 ( 2 0 1 8-2 0 2 2) . 

  
Fi g ur e 2 0 : K er n el d e n sit y h ots p ot m a p u si n g p er c e ntil es f or wil dlif e-v e hi cl e cr a s h es al o n g I -9 0 b et w e e n B oz e m a n a n d Li vi n g st o n, 
M o nt a n a ( 2 0 0 8 – 2 0 2 2). 

Fi g ur e 2 1 : K er n el d e n sit y h ots p ot m a p u si n g p er c e ntil es f or wil dlif e-v e hi cl e cr a s h es al o n g I -9 0 b et w e e n B oz e m a n a n d Li vi n g st o n, 
M o nt a n a ( 2 0 1 8 – 2 0 2 2). 

N 

A 

N 

A 

Wi l dlife Cr a s h e s p er S q u ar e- Mil e 

4 0. 0 1 • 7 8. 7 0 ( 2 5 • 5 %) 

1 6 . 2 1 • 4 0. 0 0 ( 5 0 • 2 5 %) 

6. 4 1 - 1 6. 2 0 ( 7 5 - 5 0 %) 

Wil dlif e Cr a s h e s p e r S q u ar e- Mi le 

6. 2 1 • 1 3. 3 0 ( 5 0 · 2 5%) 



L ar g e wil d m a m m al -v e hi cl e c ollisi o n s G all ati n C o u nt y    A p p e n di x B 

S m all Ur b a n, R ur al a n d Tri b al C e nt er o n M o bilit y     3 4 
W est er n Tr a n s p ort ati o n I n stit ut e 

  

Fi g ur e 2 2 : K er n el d e n sit y h ots p ot m a p u si n g p er c e ntil es f or l ar g e wil d m a m m al c ar c a ss es al o n g I -9 0 b et w e e n B oz e m a n a n d 
Li vi n g st o n, M o nt a n a ( 2 0 0 8 – 2 0 2 2). 

Fi g ur e 2 3 : K er n el d e n sit y h ots p ot m a p u si n g p er c e ntil es f or l ar g e wil d m a m m al c ar c a ss es al o n g I -9 0 b et w e e n B oz e m a n a n d 
Li vi n g st o n, M o nt a n a ( 2 0 1 8 – 2 0 2 2). 

  

N 

A 

C ar c a s s e s 2 0 0 8- 2 0 2 2 

Wil dlif e C ar c a s s e s p er S q u ar e- Mil e 

2 2. 6 1 - 4 8. 3 0 ( 5 0 - 2 5° 1 <:i) 

8. 6 1 • 2 2. 6 0 ( 7 5 • 5 0 %) 

0. 0 1 • 8 .6 0 ( 1 0 0 • 7 5 %) 

C ar c a s s e s 2 0 1 8- 2 0 2 2 

Wil dlif e C ar c a s s e s p er S q u ar e -Mil e 
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6. 2 . 2 G etis -Or d  Gi * a n al ys e s   

T h e G etis -Or d Gi * h ot s p ot m a ps f or cr as h e s ar e d e pi ct e d i n Fi g ur e 2 4 ( 2 0 0 8-2 0 2 2 ) a n d Fi g ur e 2 5 ( 2 0 1 8-

2 0 2 2) . T h e G etis -Or d Gi * h ot s p ot m a ps f or c ar c ass e s ar e d e pi ct e d i n Fi g ur e 2 6 ( 2 0 0 8-2 0 2 2 ) a n d Fi g ur e 

2 7 ( 2 0 1 8-2 0 2 2) . 

Fi g ur e 2 4 : Si g nifi c a nt h ots p ots a n d c ol d s p ots b a s e d o n G etis -Or d Gi * a n al y sis f or wil dlif e -v e hi cl e  cr as h es i n G all ati n C o u nt y, 
M o nt a n a ( 2 0 0 8 – 2 0 2 2). 

Fi g ur e 2 5 : Si g nifi c a nt h ots p ots a n d c ol d s p ots b a s e d o n G etis -Or d Gi * a n al y sis f or wil dlif e -v e hi cl e  cr as h es i n G all ati n C o u nt y, 
M o nt a n a ( 2 0 1 8 – 2 0 2 2). 

N 

A 

N 

A 

G eti s- Or d Gi*, Cr a s h e s 2 0 0 8- 2 0 2 2 

G et is -Or d Gi * S ig n ific a n c e 

- C ol d S p ot wit h 9 9 % C o nfi d e n c e 

C ol d S p ot w it h 9 0 % C o nfi d e n c e 

H ot S p o t wi t h 9 0 % C o nfi d e n c e 

G eti s- Or d Gi* Cr a s h e s 2 0 1 8- 2 0 2 2 

G e ti s- Or d Gi * S ig nifi c a n c e 

C ol d S p ot wit h 9 0 % C o nfi d e n c e 

N o t Si g nifi c a n t 

H ot S p o t wi t h 9 0 % C o nfi d e n c e 
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Fi g ur e 2 6 : Si g nifi c a nt h ots p ots a n d c ol d s p ots b a s e d o n G etis -Or d Gi * a n al y sis f or l ar g e wil d m a m m al c ar c a ss es i n G all ati n 
C o u nt y, M o nt a n a ( 2 0 0 8 – 2 0 2 2). 

Fi g ur e 2 7 : Si g nifi c a nt h ots p ots a n d c ol d s p ots b a s e d o n G etis -Or d Gi * a n al y sis f or l ar g e wil d m a m m al c ar c a ss es i n G all ati n 
C o u nt y, M o nt a n a ( 2 0 1 8 – 2 0 2 2). 

N 

A 

N 

A 

G eti s- Or d Gi * C ar c a s s e s 2 0 0 8- 2 0 2 2 

G et is- Or d Gi * Si g n ifi ca n c e 

- C ol d SI X)t wit h 9 9 % C o nfi d e n c e 

C ol d S p ot wit h 9 0 % C o nfi d e n c e 

H ot S p ot wit h 9 0 % C o nfi d e n c e 

C ar c a s s e s 2 0 1 8- 2 0 2 2 

G eti s- Or d Gi * Si g nifi c a n c e 

C ol d S p ot wit h 9 0 % C o nfi d e n c e 

N ot Si g nifi c a n t 

H ot S p o t wit h 9 0 0/ o C o nfi d e n c e 
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