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US93 N, Flathead Indian Reservation, 

Montana (2002-2015)

• “Road is a visitor”

• Respectful to land 

• “Spirit of the place”

• Cultural values

• Natural resources



Main Questions

• Human safety: Wildlife-vehicle collisions

• Habitat connectivity: Wildlife use crossing structures

• Cost-benefit analyses

• Contract research

• WTI-MSU and CSKT

• Students and other partners at MSU and UofM



2 Projects, 1 Purpose

“Before”

2002-2007

Data 2002-2005

“After”

(2008) 2010-2016

Data 2002-2015



Fences             Crossing structures
8.71 miles (14.01 km) both sides 39 locations for mammals 



Fences

Functions:

1. Keep wildlife from 

accessing the highway

2. Help guide wildlife 

towards the safe 

crossing opportunities



Crossing Structure Types

Functions

1. Allow wildlife to safely cross the highway

2. Reduce wildlife intrusions into fenced road corridor



Carcasses 2002-2015 



Wildlife-Vehicle Collisions

• Evaro-Polson (excl. Ninepipe area)

• Only 16.8% with fences !



Deer Pellet Groups

Deer population similar before-after



BACI Study Design

• 3 “long” fenced sections

• Before-After

• Control-Impact



Effectiveness Fences

Carcass data: -71%                    Wildlife-crash data: -80% 

Interaction P=0.036 Interaction P=0.026

Effect of the highway reconstruction (before-after) on the number of 

carcasses/crashes depended on the treatment (wildlife fences and 

wildlife crossing structures vs. no fences)



Situation

Trend to implement

• Crossing structures with limited wildlife fencing

• Crossing structures without wildlife fencing

Especially in multifunctional landscapes



Reducing Wildlife-Vehicle Collisions

< 5 km 52.7%

range 0-94% 

> 5 km: typically > 80%



Reducing Wildlife-Vehicle Collisions

Why lower?

<5 km: under partial or full influence of fence end effects



Reducing Wildlife-Vehicle Collisions

Fence end effect 

is indeed present



Why more variable?

Local situation fence ends 

always different

Short fences (<5 km):

Fence end effect immediately 

noticeable in overall effectiveness

Long fences (>5km): 

Fence end effect diluted

Reducing Wildlife-Vehicle Collisions



Safe Crossing Opportunities for Wildlife

• Highly variable

• Short fences: can have high use

• Long fences: can have low use

Local situation very important

• Wildlife presence

• Habitat guides them to structure

• Factors that keep them away?

Courtesy of MDT, CSKT & WTI-MSU Courtesy of MDT, CSKT & WTI-MSU



Bear-vehicle collisions 

2002-2015
Black bears Grizzly bears



Bear-vehicle collisions

Interaction P=0.320

No reduction in the 

three main fenced areas

Why?

Large mesh sizes

Wooded posts

No overhang

Gaps in fence



• 70-80% reduction wildlife-vehicle collisions in three main 

mitigated areas

• Increase in collisions in unmitigated sections

• Road length fences ≤5 km: 

Lower effectiveness, more variable

• No reduction in black bear mortality

• Grizzly bears continue to be hit

Conclusions



29 Structures, 5 years

• 95,274 successful crossings

• 22,648 per year

• 20 wild medium-large mammal species

• 1,531 black bear

• 958 coyote

• 568 bobcat

• 227 mountain lion

• 29 grizzly bear

• 38 badger

• 32 elk

• 14 beaver

• 13 otter

• 3 moose

Courtesy of MDT, CSKT & WTI-MSU



Sample Use



Learning Curve



Habitat Connectivity ???

Better

• Safe places to cross

• Less disturbance when crossing

Worse

• Wider road

• Higher design speed

• Increase traffic volume?

• Fewer places to cross



Before
38 Tracking beds

Random locations
Each 100 m long
5 double beds

Estimate based on a sample

Deer and black bear 

crossings

© Marcel Huijser



Deer

Black bear
Check and erase

Twice a week

Jun-Oct



After

Tracking bed (outside)

Not an estimate but a  
measurement/census



Deer: *1.623                                           Black bear: 1.088

Correction Factor
Tracks – Camera Images



Habitat Connectivity: Deer

P=0.065 P=0.049



Habitat Connectivity: Black bear

P=0.197 P=0.139



• Substantial use by wildlife of crossing structures

• Learning curve

• Upgraded mitigated highway did not reduce connectivity 

for deer and black bear

• Connectivity maintained (black bear) or improved (deer) 

Conclusions



Wildlife Guards

Concrete 

ledge



Wildlife Guards
Passage (N) No passage (N)

Permeability 

accessing 

highway (%)

Permeability 

leaving 

highway (%)

Use ledge 

(% of all 

crossings)

Leaving 

highway

Accessing 

highway

Used 

ledge

Highway 

side fence

Safe 

side 

fence

Mule deer (Odocoileus hemionus)
56 3 7 0 665 0.45 100.00 11.86

White-tailed deer (Odocoileus virginianus)
8 17 4 0 1337 1.26 100.00 16.00

Coyote (Canis latrans)
9 12 6 0 259 4.43 100.00 28.57

Black bear (Ursus americanus) 12 21 0 0 19 52.50 100.00 0.00

Mountain lion (Felis concolor)
8 16 0 0 1 94.12 100.00 0.00

Bobcat (Lynx rufus) 6 11 1 0 4 73.33 100.00 5.88

Raccoon  (Procyon lotor)
5 10 9 0 19 34.48 100.00 60.00



Wildlife Jump-Outs

Desirable

Undesirable



Wildlife Jump-outs

Species

Jump 

down 

(N)

Jump 

up (N)

Top 

only 

(N)

Bottom 

only 

(N)

Jump 

down (%)

Jump 

up (%)

Deer spp. (Odocoileus spp.) 142 0 884 4655 13.84 0.00

Species

Jump down 

(N)

Jump up 

(N)

Top only 

(N)

Bottom 

only (N)

Jump down 

(%) Jump up (%)

White-tailed deer (Odocoileus virginianus) 15 0 203 154 6.88 0.00

Mule deer (Odocoileus hemionus) 11 0 23 77 32.35 0.00

Tracking

Cameras



Human Access Point



Human Access Point

Species

Enters 

fenced 

r-o-w 

(N)

Exits 

fenced 

r-o-w 

(N)

Only 

outside 

fenced 

r-o-w 

(N)

Only 

inside 

fenced 

r-o-w 

(N)

Permeability 

entering 

fenced r-o-w 

(%)

Permeability 

exiting 

fenced r-o-w 

(%)

White-tailed deer (Odocoileus virginianus) 61 79 219 6 21.79 92.94

Human (excluding data collectors) 5 4 0 0 100.00 100.00

Cattle (Bos taurus) 1 0 1 0 50.00 n/a

Raccoon  (Procyon lotor) 1 0 1 0 50.00 n/a

Red fox (Vulpes vulpes) 1 0 0 1 100.00 0.00

Domesticated cat (Felis catus) 0 0 3 0 0.00 n/a

Dom. dog or coyote 0 0 3 0 0.00 n/a

Coyote (Canis latrans) 0 0 2 1 0.00 0.00



Cost-benefit analyses

• Costs: 

Equipment, installation, 

construction, operation, 

maintenance, removal

• Benefits: 

Reduced costs collisions

Huijser et al., 2009, Ecology & Society



Benefits: Costs of collisions

Huijser et al., 2009, Ecology & Society



Cost-benefit analyses

• 75 year long period

• Discount rate: 1%, 3%, 7%



Break-even points 

(fencing, underpasses, jump-outs)
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Breakeven point 

for deer: 3.18 (3%)

Breakeven point 

for elk: 1.21 (3%)

Breakeven point 

for moose: 0.69 (3%)

Huijser et al., 2009, Ecology & Society



≥80% reduction

Huijser et al., 2009, Ecology & Society



Example road section

(MT Hwy 83, MT, USA)
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Threshold animal detection system

Threshold fence, gap, animal detection system, jump-outs

Threshold fence, under- and overpass, jump-outs

Threshold fence, under pass, jump-outs

Huijser et al., 2009, Ecology & Society



Cost-Benefit Model

• Collisions with large mammals are dangerous 
for people and expensive

• Mitigation measures are good for human safety 
and conservation, and can help society safe 
money



US93 N Costs and Benefits

Input:

• Evaro, Ravalli Curves and Ravalli Hill 76% reduction

• Shorter road sections 50% reduction

• Specific costs for the mitigation measures US93

Notes:

• Model is primary based on human safety

• Mitigation US93 N was primarily conducted because CSKT 

required it to protect cultural and natural resources  



US93 N Costs and Benefits

Area Costs Benefits

Balance (benefits 

minus costs)

% Benefits related to 

costs

Balance 

(per mitigated km)

Evaro $4,598,310 $456,949 -$4,141,361 9.94 -$3,919,676

Ravalli Curves $4,179,416 $1,021,416 -$3,158,000 24.44 -$1,337,163

Ravalli Hill $1,475,253 $322,553 -$1,152,700 21.86 -$1,545,579

Other $11,106,895 $437,567 -$10,669,329 3.94 -$6,922,157

Total $21,359,874 $2,238,485 -$19,121,389 10.48 -$3,351,450



US93 N Costs and Benefits

Why negative balance?

• Fences are relatively inexpensive

• Crossing structures are relatively expensive

• US93 N has relatively high concentration of crossing 

structures

• US 93 N has predominantly short fences which are less 

effective in reducing collisions

• US 93 N has predominantly no fences or short fences at 

isolated structures (high costs per mitigated mi)



Measures of Effectiveness

Human Safety Met Not met

Reducing Wildlife-Vehicle Collisions in All Fenced Road Sections √ √

Reducing Wildlife-Vehicle Collisions in the Evaro, Ravalli Curves and Ravalli Hill 

Areas √ √

Reducing Potential Collisions with Deer and Black Bear √

Biological Conservation

Reducing Unnatural Mortality for Black Bears √

Maintaining Habitat Connectivity for Deer √

Maintaining Habitat Connectivity for Black Bear √

“Mitigation measures US93 N are

predominantly a success”



General recommendations

• Select fence and crossing locations carefully (human safety –

habitat connectivity)

• Make stream crossings suitable for terrestrial mammals, but don’t 

forget higher and drier areas.

• Formulate objectives related to habitat connectivity and design 

accordingly (e.g. target species, population viability).

• Combine crossing structures with wildlife fences.

• Fenced road length >5 km (consider home range).

• Fences should cover hotspot and buffer zone

• Include fence end treatments

• Increase spatial accuracy collision data



Recommendations US93 N

• Fence maintenance program

• Tie short fenced sections together

• Implement effective fence end treatments (electric mats)

• Electric mats in bear areas (gaps and fence ends)

• Make concrete ledges wildlife guards inaccessible

• Remove human access point

• Retrofit connections wing walls structures – fences

• Vegetation maintenance wildlife jump-outs

• Investigate improvements to wildlife guards (broken legs ungulates) 

electric mats (grizzly bears), and wildlife jump-outs (lower, be 

careful!



Thanks!
Funding:

• Montana Department of Transportation 

• Federal Highway Administration

• University Transportation Center program 

• Grants awarded to CSKT

• Grants awarded to students

Help:

• MDT: Access to the right of way

• Confederated Salish Kootenai Tribes: advocating for mitigation measures, permission 

to conduct research on tribal lands

• Students: Tiffany Allen, Jeremiah Purdum, Hayley Connolly-Newman, Elizabeth 

Fairbank, Adam Andis

• Partners at UofM

Contact: 

Marcel Huijser: mhuijser@coe.montana.edu , 406-543-2377


