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INTRODUCTION

Wildlife-vehicle collision$WVCs)epresent aseriousthreat to human safetyand property and
to wildlife populations More than a millionVVCswith large mammals occur each year in the
United States, resulting in more than 200 human fatalities and 29,000 injufike total cost of
the average deevehicle collisiorhas been estimated ahore than$6,00Q and costs are even
higher for other lage animals (>$17,000 for elk and >$30,000 for mdose)

Qollisions with wildlife andssociatednjuries tovehicle occupanthave increaseth Montana
in recent year$(Fig. 1) Nearly3,000wildlife-related crashesvere reported to law
enforcementin Montanain 2015 of whichmore than 20Qresulted in injuriesThe actual
number of WVCs is likely significantly higher than this becasseany asalf of WVCsre
neverreported’. According to a recent analysis by State Farsurance companyyontana
now ranks secondhighestamong U.S. states for risk of vehicle collision with a large animal
Montana drivers have a 1 in 58 chance of hitting a deer, elk, or mod2@16 representinga
9.1%increaseover last year.

Fallisa period of increasg riskof collision with large ungulatgsuch as deer, elk, and moose)
whichaccount forthe majority oflargeanimalshit by vehicles®. Many ungulates migrate
seasonally between highalevation summer range and lowetevation winter range, crossing
highways in the process and incraagrisk oMWVCsEven in areas without large elevational
gradients (e.g., plains habitat in eastern Montana), ungulates often exhibit increased
movementacross the landscapiuring fallas males search for and tendfeemalesduring the
breedingseasort®®. Hunting seasoafor many ungulate speciedsooccur duringall and may
further increasemovement ratesand WVC risk. Increasediriver awareness of specific high
risk areas fofall WVCs could help to reduce theesollisions and their associated costs to
humans and wildlife, but information on the spatial distribution of WVC risk across Montana is
not widely available to the public.

This report identifies short sections of highway that present the highesbfiskllisions
betweenvehiclesand large ungulates durirfgll 6 K S NB highiisk dbBes .aVe utilize data

on the frequencyof wildlife carcasses recorded along highways by the Montana Department of
Transportation (MDT) as an indicator of the relatisk f WVCs across Monta(although we
note the limitations of thiglataset see Discussion sectiohye aimto increase driver

awareness ohighway sections witparticularlyhighriskof WVCss we enter the fall migration
season.



METHODS

We used a databasabtained fromMDTcontaining locations, dates, and specigsntifications
for animal carcasses collected by maintenance personnel along majordoadg20102015.
To determine how WVC risk varied by species and throughout the yeaaladated the
percentageof wildlife carcassecordsassociated with each speciasd the frequency of
carcass recordis each month.

We focused our analysis on the data most relevant to WVC risk diatlmgigrationby
considering only the ftdwing types of carcass recordgl)carcasses afix migratory ungulate
specieqwhitetail deer, mule deer, elk, moose, pronghorn, and bighorn shéeg are involved
in the majority ofWVCS" (2)carcasses collected during the fabnths of October, November,
and December, whethese specieare most likely to encounter vehicles while migrating
between summer and winter rang&sand (3)carcasses found along MDT-Sypstem Routes
(includngNational Highway SystefMHS]interstate, NHS norinterstate, primary, secondary,
and urban routeswhere thegreatestvehicle traffic and carcass collection effort occur.

We calculated the number of carcasses recordetiin eachhighway mile (i.e between
consecutivanilepostg along all OfSysem Routego map the spatial distribution of WVC risk

We identified the top terhighrisk zoneswhich we defined aten-mile-long highwaysections

with the highest mearrequency of recorded carcassper mile(i.e.,theKA IKSaid & Ol NOI &
NJ G S ¢ 0 movidgaverage agproactHighrisk zonesvere constrained to be non

overlapping, although multiplzonesalong a singleoute were allowed.

RESULTS

A total of 36,940 wildlife carcasses were recorded by MDT along Montana highways during
20102015.The six ungulate species considered in this analgpiesentd >97%of all wildlife
carcasses in the database (Rl Whitetail deer vasthe mostfrequentlyrecorded species

(6 7% of wildlife carcassesfollowed bymule deer 25%). Numbers of elk, pmaghorn, moose,
and bighorn sheep carcasses were miwher.

Carcassewere most frequenlly recordedduring thefall months(Fig. 3) although this pattern
varied by speciedWhitetail deer and mule deer exhibited strofajl peaks incarcasgrequency,
while elk and bighorn sheep exhibited weakalt peaks. In contrastarcass frequency was
highestduringspring and summer for pronghorn and moose (Fig. 4). However, because deer
speciesaccount for >90%f all recorded wildlife carcassesgtloverall patern of WVC risk
showed a clear fapieak.



Carcass rates for individual highway miles ranged from 0 to 12.17 carcassefslir{ifag. 5)

Carcass rates were generally highethi@ mountainous western portion of the state, although
some area®f locally elevated carcass rate were present in eastern Montana (e.g., near Billings,
Havre, and Glendive). The top thighrisk zonesvere clustered in southwestern Montana,

with the exception of ondnigh-risk zonenear Kalispell (Figs. 6, 7). Multipigh-risk zones were
identified near the cities of Hamilton and Red Lodge.

Two highrisk zonesdentified in our analysis stood out as having considerably higher carcass
rates than the remainder of the staf@able 1)MDT recorded 357 carcasses US93 between
mileposts 94 and 104, algrthe northwest shore of Flathead Lakear Kalispellduringthe fall
months of 20162015 (mean carcass rate: 5.95 carcasses/faile/US191 between mileposts
72 and 82, south from Four Corners near Bozeman, had ttensehighest carcass rate during
this period with 242 recordedaccasses (4.03 carcasses/milefallll other tenmile-long

highway sections had czaiss rates under 2.67 carcasses/nidé/

DISCUSSION

We identified ten short sections of highway in Montana that predéethighestrisk for WVCs,

as indicated by the large numbers of roadside ungulate carcasses recorded in thes®areas.
analysis suggested thdte risk of WVCs is unequally distributecrass Montanand

throughout the year. The months of October, November, and December had the highest
frequencies of recorded carcassegjicatingthat WVC risk is indeed elevated during fa#
ungulate migration antireedingseasonn Montana Most of the top tenhighrisk zonesvere
located in southwestern Montana, a region experiencing rapid population growth in proximity
to large ungulate populationd/uch lower carcass rates were observed for the eastern half of
the state, a result that we suspes driven bysome combination ofwo factors: (1) vehicle

traffic and resulting WVCs are likely lower in most of eastern Montana because human
population density is lower, and (2) reporting of carcasses by MDT may be less consistent in
eastern Montana, aswedenced by long stretches of highway with no recorded carcasses that
appear to be defined bgdministrative boundaries. We discuss the issue of incomplete carcass
sampling in greater detail below.

We explored WVC risk specifically duralijto focus o seasonally dangerous areas for drivers
and wildlife, but weemphasize that the carcass rates reported here represent only a subset of
the ungulates killed along roads each year. Approximately two thirds of carcasses

recorded by MDT outside of tHfall months (Fig. 3), and wabservedannual carcass rates as
high as 25 carcassensile for individuahighway milesn the state.



Drivers can reduce their risk of a WVC by taking the following actions recommended B§ MDT
(1) continually scanning the raband shoulders for signs of animals and movement; (2) using
high beams when there is no oncoming traffic; (3) being extra attentive around dawn and dusk
when animalgend to bemost active; (4) slowing down around curves; and (5) always wearing a
seatbelt Drivers that encounter wildlife on the road should slow down and watch for other
wildlife to appear, and use brakes rather than swerving if a collision is immiéminded

animals can cause injury to humans and should never be approached or toddtiemligh

extra caution is warranted when traveling throublgh-risk zones identified in this analysis,
drivers should be aware that the potential for WVCs exists on all highways.

In the long term, ntigation measuresnay be able talramatically reduce W\&n the high-risk
zones that we identified in this analysis. For instance, research suggestm#asures such as
animal detection systems and fenced underpasses or overpasses withgutsgan reduce
ungulatevehicle collisions b§0%or more?. Many mitigation measures allow wildlif® safely
cross highwaysas opposed to simply restricting individuals to one sidas preserving crucial
landscape connectivity for wildlife populations while reducing WVC risk. Although mitigation
measures mayequirelarge initial investment and maintenance expensée threshold

collision rate at which th&e measurebecome cost effective is surprisingly low in some cases.
For example, the benefits of installing fencing with underpasses and-autgpoutweigh the
costs over a 75ear period for sections of highway with at least 3.2 deehicle collisions per
kilometerperyear.

Ouruse often-mile-long highway sctionsfor high-risk zonadentification was somewhat
arbitrary, butwe selectedthis lengthto strikean appropriate balance betwedmngh-risk zones
that weretoo spatially focused (e.g., individdaghway milesin which case nearly all of the
top ten high-risk zonesvould havebeenlocated along a short stretch of L98 south of
Kalispell) and those thatere too spatially diffuse (in which case driveveuld not have been
provided specific enough information on higiisk areas)Repeating the analysis using different
lengths (5 and 15mile-long highway sections) resulted in similar sethigh-risk zones
suggesting that our analysis was not overly sensitiveotee length We note, however, that
there are regions of elevated WVC risk apparent in Figure 5 that were not idemtified top
ten high-risk zonesfor instance, long stretches of 83 near Seeley Lake and-B&between
Livingston and Gardiner had moderate to high carcass rates, but no singialeelong section
had enough recorded carcasses to qualify as a toghiginrisk zone

Several limitations of this analysis should be notédst, we did not directly analyzdata on
reported WVCéecauseMDT declined to releaseollision datadue to privacy concerns
Instead, we used data on recorded wildlife carcasses dlagigvays as an index of WVC risk.
doing so, v assumd that wildlife carcasses found in or adjacent to highway Fgfivays



were killed by WVCs, bthis cannot be confirmegandit is possible that in rare cases animals
may have died of other causedle believe carcasses ara@asonable and meaningful index of
collisionsbecause the vast majority ¢drge animal$ound dead along highways likely died from
collisions and any carcasses that may have resuftedn mortality sources other than WVCs
are sufficiently rare as to have negligible impact on our analysis of Mgi€isk zones
Furthermore, we believe that any large animal on or immediately adjacent to a roadway,
regardless oits cause of death dhe extent of WVCrelateddamage, presents a serious
human safety risk and thus warrants increased driver alertness.

A scondlimitation is thatuneven carcass collection effort across the statart that carcass
datamay have beem biased sample of WVGk. MDThasissued thiglisclaimerregarding use
of carcass data

dThe MDT carcass database contains information on carcasses collected by MDT
maintenance personnel; however, not all carcass collection is reported consistently or on
a regular schedulélhis makes the information provided by the carcass database useful
for pattern identification, but not statistically vatile

Themainimplication of this limitations thatadditionalhigh-risk zonesnay exist in unidentified
areas where collision ratis high but reporting rate is loywand our rankings dfigh-risk zones
couldhave beerbiased by missing carcass dad a minimum, however, we identified known
highway sectionsvith high WVC risk based on available reporting, and these alesesve
further attention. Because camass reporting is inconsestt (as acknaledged in the above
disclaimer) pur analysis maglsohaveunderestimatel the rate at which ungulatesere killed
on highwaysn some areas

Third, the MDT carcass database likalyribt include carcassdhat were removedyy
residentswho wereissuedroadkill salvage permits by Montana Fish, Wildlife and Parks starting
in 2014. More thar2,0000f these permits were issudd the past two year¥, suggesting that

the carcass database coutdvebeen missingup to 7%of carcassedlowever, mless the

spatial distributiors of salvagectarcasseand MDTFrecorded carcasses differed dramatically,
this limitation would havénad little impact on ourhightrisk zonadentification, other than to

lead us to slightly underestiate carcass ratescross the state

Finally, the MDT carcass database rhayecontained errors. For instance, the database

included records of grizzly bear carcasses along highwaysth& a#i 8 A RS 2F 3INRIT T f &
current known rangesuggesting thatite species of these carcasses was misidentified. We
believesuch errordhadlittle influence on ouhighrisk zoneanalysis because (1) we did not

distinguish between ungulate species when determirhiightrisk zonesand (2) we expect that

there arerelatively few such errors amortge >36,000 carcass records.
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Table 1 Tenmile-longhighway sections high-risk zones with the greatest number of recorded
ungulate carcasses durifigll months of 201€2015.

Rank Highway Sectiort Carcasses recordéd Carcass rate
1 Uus93 MP 94-104 357 5.95
2 US191 MP 72¢ 82 242 4.03
3 us212 MP 83¢ 93 160 2.67
4 us212 MP 70¢ 80 153 2.55
5 Route 269 MP 8¢ 18 152 2.53
6 1-90 E MP 373¢ 383 144 2.40
7 us287 MP 79¢ 89 134 2.23
8 uUs9a3 MP 43¢ 53 130 2.16
9 MT-287 MP 25¢ 35 125 2.08
10 MT-41 MP 47¢ 57 125 2.08

! Beginning and ending mileposts of tetile-long section

% Total number of carcasses recorded duraimonths (OctDec.) of 2012015 within teamile-longhigh-risk
zone

¥ Mean number of carcasses recorded per mile efadiwithin ten-mile-longhigh-risk zone
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Figure 1 Reported crashes during 262015 in which collision with a wild animal wag first harmful
event. Source: Montana Highway Patrol Annual Reports, -2013.
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Figure2. Wildlife carcasses of eadpeciesn the 20102015MDT carcass databasdumbers tahe
right of bars show carcass counts for each spe€lascass records for domestic animals (h=157) and
animals that could not be identified as wildlife species (n=319) were not included in the analysis.
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Figure 3 Wildlife carcasse®fall species) recorded by MDT during each month, 22015.
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Figure4. Wildlife carcasses recorded by MDT along highways during each month2@030for six migratory ungulate species considered in
this analysis.
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Figure6. Top tenhighrisk zonegten-mile-long highwaysection$ for fall ungulate carcasses along highways in Montana, ZI5.Highrisk
zonenumbers in map correspond to ranks in Table 1.



Figure7. Finescale maps aop ten highrisk zonesHighrisk zonenumbers in maps correspond to ranks in Table 1.



