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FACTORS ASSOCIATED WITH HIGHWAY MORTALITY 
OF WHITE-TAILED DEER 

MICHAEL J. PUGLISI, Pennsylvania Cooperative Wildlife Research Unit, Pennsylvania State University, University Park 168021 
JAMES S. LINDZEY, Pennsylvania Cooperative Wildlife Research Unit, Pennsylvania State University, University Park 16802 

EDWARD D. BELLIS, Department of Biology, Pennsylvania State University, University Park 16802 

Abstract: During 18 months 874 white-tailed deer (Odocoileus virginianus) were killed by vehicles on 
the 313-mile (500-km) length of Pennsylvania Interstate 80. Male and female mortality was generally 
similar; however, during December male mortality decreased while female mortality increased and dur- 
ing May and June there was an unexpected and unexplained increase in male mortality while female 
mortality remained essentially stable. The location of highway fencing was the most significant of the 
factors studied. Generally, high deer mortality occurred where the fence was located at the edge of a 
wooded area or within 25 yd (23 m) of the nearest wooded area. The lowest deer mortality occurred 
where the fence was located over 25 yd from the nearest wooded area. Low mortality also occurred 
where the fence was located within the woods. The effect of vegetation on deer mortality was significant 
only where fencing was absent. 
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Man holds the awesome power to alter 
his environment and the occasional ability 
to manage the results. Each time a natural 
environment is mindlessly altered, conflicts 
with wildlife arise; highway construction is 
a notable example. Wildlife mortality 
caused by motor vehicles was a problem as 

early as 1924 when mammalian, avian, and 

reptilian mortalities were reported (Stoner 
1925). This loss mounted as traffic in- 
creased in both speed and volume on a 

rapidly expanding highway network. The 
construction of the interstate system has, of 

course, intensified the risks. We are con- 
cerned with four aspects of the problem: 
danger to humans, vehicle damage, loss of 
wildlife resources, and the cost of removing 
the animals from the highway. In addition, 
the decaying carcasses of animals killed on 
roads have a negative aesthetic value and 
attract other animals to the highway causing 
further mortalities. 

In Pennsylvania, reported white-tailed 
deer-vehicle collisions increased 218 percent 

from 1960 to 1967 and 5 percent from 1967 
to 1971, stabilizing around 22,000 annually. 
This reported increase was likely due to an 

increasing deer herd, an expanding high- 
way system, and a greater interest in report- 
ing deer-vehicle collisions. It is likely that 
these figures are low tallies of the actual 
number of collisions as they represent only 
".. . the number of deer.., .disposed of by 
game protectors" (Pennsylvania Game Com- 
mission news releases, 1969, 1972). Injured 
deer that struggle off or are thrown clear of 
the highway and deer picked up by persons 
other than game protectors are not included 
in these figures. 

An understanding of factors influencing 
deer movements onto or across highways is 
needed to reduce deer-vehicle collisions on 

existing highways and for planning future 

highways. 
This study was conducted from August 

1970 through January 1972. We appreciate 
the aid of the many individuals who assisted 
in this investigation including state game 
protectors who provided deer mortality data 
and friends who helped with the survey of 

Pennsylvania Interstate 80. We also thank 
1 Present address: Bureau of Forestry, Harris- 

burg, Pennsylvania 17102. 
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Fig. 1. Counties traversed by Pennsylvania Interstate 80. 

P. E. Dress, School of Forest Resources, 
University of Georgia, for his assistance in 
the statistical analysis. We acknowledge the 
financial support of the Institute for Re- 
search on Land and Water Resources, the 

Pennsylvania Game Commission, and the 

Pennsylvania Cooperative Wildlife Re- 
search Unit. 

STUDY AREA 

The study area was Pennsylvania Inter- 
state 80, a recently constructed four-lane 
divided highway which extends 313 miles 

(500 km) across the northern half of the 
state (Fig. 1). 

Pennsylvania Interstate 80 lies in two 

physiographic provinces. The western half 
of the highway lies in the Appalachian 
Plateau province at an elevation of 1,000- 
2,200 feet (300-660 m), having a relief of 
200-400 feet (60-120 m). The eastern half 
of the highway lies almost entirely in the 

Ridge and Valley province at an elevation 
of 800-2,000 feet (240--600 m) and is char- 
acterized by fertile valleys bordered by 
steep ridges (Higbee 1967, USDI Geologi- 
cal Survey 1955). 

The forested area through which Penn- 

sylvania Interstate 80 passes is classified as 

oak-hickory (Quercus-Carya) forest, a type 
which is characteristic of nearly all of the 
southern two-thirds of Pennsylvania. Some 

transition forest to the northern hardwoods 
(Acer-Betula-Fagus) is found at the higher 
elevations. The forest cover is broken by 
occasional farms except in the low-lying 
Northumberland, Montour, and Columbia 

county area, which is primarily agricultural, 
and in the Carbon and Monroe county area 
which is heavily forested. 

Fencing along Pennsylvania Interstate 80 
is of four types: (1) 5-foot (1.5-m) woven 
mesh fencing; (2) 4-foot (1.2-m) rectangu- 
lar mesh fencing with a mesh of 3 x 6 inches 

(7.5 x 15 cm) at the bottom gradually 
widening to 6 x 8 inches (15 x 20 cm) at 
the top; (3) 5.5-foot (1.7-m) fencing simi- 
lar to type two, but topped with three 
strands of smooth wire spaced 6 inches (15 
cm) apart; and (4) 7.5-foot (2.3-m) fenc- 

ing similar to type two, but topped with 
three strands of smooth wire spaced 8 inches 
(20 cm) apart, and two additional strands 

spaced 6 inches (15 cm) apart and mounted 
on an extension arm angled 45 degrees away 
from the highway. Use of the woven mesh 

type fencing is limited to interchange areas. 
The 7.5-foot fencing is located primarily in 
the forested, mountainous areas and the 4 
to 5.5-foot fencing is located primarily in 

agricultural or semi-agricultural areas. The 
distance between the fence and the high- 
way ranges between 10 and 50 yd (9 and 
45 m) averaging approximately 30 yd (27 
m) in the mountainous areas and 15 yd (14 
m) in the agricultural areas. At the time of 
this study, there was no fencing, except at 

interchanges, in Carbon and Monroe coun- 
ties and parts of Jefferson County. 

The fall white-tailed deer population in 
the study area for 1970 and 1971 was esti- 
mated to vary from one deer per 39-345 
total acres (16-138 ha), or one deer per 
31-127 forested acres (12-51 ha), and aver- 

aged one deer per 65 total acres (26 ha) 
or one deer per 44 forested acres (18 ha). 
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METHODS 

Data Collection 
The characteristics of deer highway mor- 

tality sites were determined by analysis of 

reports completed by state game protectors 
responsible for the removal of deer injured 
or killed along Interstate 80. Vegetation 
immediately adjacent to each side of the 

right-of-way was described as wooded, non- 

cropped fields, cropped fields, pasture, or 
other (strip mine, urban, etc.). Crops were 
described by type when present. Topog- 
raphy of the right-of-way was described as 
one of six situations: (1) both sides of the 

right-of-way cut; (2) both sides fill; (3) 
both sides level; (4) one side cut, one side 
level; (5) one side fill, one side level; (6) 
one side cut, one side fill. The height of the 

fencing was recorded and the distance from 
the highway to the fence and to the nearest 
wooded area was estimated for both sides 
of the highway. 

Interstate 80 was surveyed by these in- 

vestigators to determine the relative abun- 
dance of each of several levels of the fac- 
tors: vegetation, topography, fence type, 
and fence location. This was necessary to 
establish whether or not deer kill occurred 
at random relative to these factors. Obser- 
vations on both east and west bound lanes 
of the entire 313-mile highway were made 
from a vehicle driven at an average speed 
of 25 mph (40 km/hour). Observations on 

vegetation, topography, fence type, and 
fence location were recorded for each of 

16,777 numbered mileage markers. Markers 
consisted of two numbered rectangular 
metal plates mounted on a metal post. 
Numbering was consecutive, running from 
west to east with the upper number being 
the number of miles and the lower number 

multiplied by 100 being the number of feet 
into that mile. Markers were placed at 200- 

foot (60-m) intervals with the exception of 
the last marker in each mile, marking 5,200 
feet (1,560 m) which was 80 feet (24 m) 
from the following marker identifying the 

beginning of the next mile. 

Analyses of variance were performed at 
the 0.05 level of significance on the variable 
deer kill per mile for: areas having 4 to 5.5- 
foot vertical fencing (types 1, 2, and 3); 
and areas having 7.5-foot angled extension 

fencing (type 4), with the null hypothesis 
being that deer mortality was uniform with 

respect to all levels of the factors vegeta- 
tion, topography, and fence location. Vege- 
tation is described as: (1) both sides of 
the highway wooded; (2) one side wooded, 
one a field; (3) both sides fields; or (4) 
other (strip mine, urban, etc.). The fourth 
level was not considered in the analysis. 
Topography was described in terms of the 
six categories given above. Fence location 
was described as: (1) located within a 
wooded area; (2) at the edge of a wooded 
area; (3) within 25 yd (23 m) of the near- 
est wooded area; (4) between 25 and 100 

yd (23 and 90 m) from the nearest wooded 
area; or (5) at least 100 yd (90 m) from 
the nearest wooded area. 

An additional analysis of variance was 

performed on the variable deer kill per mile 
for areas in which no fencing occurred. The 
null hypothesis was that deer mortality was 
uniform with respect to all levels of the 
factors vegetation and topography, at the 
0.05 level of protection for mean separation 
on significant factors. 

Duncan's modified (Bayesian) least sig- 
nificant difference test was performed on 
all significant factors for the separation of 
means. 

The derivation of the variable deer kill 

per mile involved combining data in a three- 

step procedure: (1) deer mortality and In- 
terstate 80 survey data were summarized 
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Fig. 2. Reported monthly deer mortality on Pennsylvania 
Interstate 80 and total state highway mortality during Au- 

gust 1970 through January 1972. 

separately in two three-way matrices ac- 

cording to the factors; vegetation, topog- 
raphy, and fence location, having 3, 6, and 
5 levels respectively. Thus, the first matrix 
described, in terms of number of deer 
killed, the distribution of deer mortality 
relative to all levels of the three factors 
while the second matrix described, in terms 
of number of observations, the relative pro- 
portions of all levels of the three factors as 

they existed on Interstate 80; (2) all cells 
of the second matrix were divided by 26, 
the number of observations or mileage 
markers in 1 mile, to convert number of ob- 
servations to miles; (3) all cells of the first 

matrix, number of deer killed, were divided 

by the corresponding cell of the second 
matrix, mileage, to describe a third matrix, 
deer kill per mile. 

RESULTS 

Sex and Seasonal Variation 

Information on sex and date of kill was 

provided for 794 of the 874 deer reported 
killed. The monthly variation in frequency 
of deer mortality on Pennsylvania Inter- 
state 80 (Fig. 2) was highly correlated with 
that reported for the entire state during the 
same period (r = 0.81, P < 0.01). Peak deer 

mortality occurred during November and 
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Fig. 3. Reported male and female deer mortality on Penn- 

sylvania Interstate 80 from August 1970 through January 
1972. 

December; high deer mortality occurred 

during the spring. 
A quantitative comparison of male and 

female deer mortality was impossible with- 
out knowing the sex ratio of the population; 
however, a comparison of seasonal patterns 
in the frequency of male and female deer 
mortality was possible (Fig. 3). Generally, 
male and female mortality was similar, ex- 

cept during December when male mortality 
decreased while female mortality increased, 
and during May and June when there was 
an abrupt increase in male mortality while 
female mortality remained essentially 
stable. 

Fence Type 

Analysis showed that higher deer mor- 

tality occurred where the 7.5-foot fence 
existed. This situation apparently occurred 
because the 7.5-foot fencing was installed 
in areas where a deer highway mortality 
problem had been anticipated or had al- 

ready existed on portions of the highway 
open to local traffic prior to the highway's 
completion. Thus, a valid comparison of 
the two fence types was not possible as in- 
sufficient information prevented a covariant 

adjustment of kill by previous kill levels. 
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Table 1. Analysis of variance of deer kill per mile in relation to topography, vegetation, and location of 7.5-foot angled 
extension fencing. 

Source of Sum of Mean 
variance Interaction df squares squares F ratio Significance 

Topography (A) 5 410.0 81.99 2.872 * 
Vegetation (B) 2 111.5 55.75 1.953 NS 
Fence location (C) 4 1570.8 392.69 13.755 * 

AB 10 260.6 26.06 0.913 NS 
AC 20 771.7 38.58 1.352 NS 
BC 8 919.3 114.91 4.025 * 

Error 40 1141.9 28.55 
Total 89 6393. 
Correction term 1207. 

* Significant at P < 0.05; NS, not significant. 

Fence Location, Topography, and 
Vegetation 

Fencing (7.5 feet).---Analysis of variance 
for areas having the 7.5-foot angled exten- 
sion fence type indicated that the factors of 
fence location and topography were signifi- 
cant, as was the interaction between vege- 
tation type and fence location (Tables 1, 2). 

The means for the vegetation-fence loca- 
tion interaction were not clearly separated 

because of the high experimental error (Ta- 
ble 1). However, the highest mean deer 
kill per mile occurred where the fence was 
located at the edge of the woods except 
when both sides of the road were narrow 
fields (Fig. 4). High deer kill per mile 
occurred where the fence was located 
within 25 yd of the nearest wooded area 

regardless of vegetation type. High deer 
kill per mile also occurred where one side 
of the highway was wooded and the other 

Table 2. Duncan's modified (Bayesian) least significant difference test for vegetation X fence location interaction for 7.5- 
foot angled extension fencing. 

Fence location 
Vegetation (distance to nearest Means (deer 

class wooded area in yd) kill/mile) Significancea 

Wooded-wooded Edge of woods 18.0467 A 
Wooded-field Edge of woods 13.6017 A B 
Field-field 0-25 8.6300 B C 
Wooded-field Within woods 4.6317 C D 
Wooded-wooded 0-25 3.6250 C D 
Wooded-field 0-25 3.3467 C D 
Field-field Edge of woods 1.7333 D 
Wooded-wooded Within woods 0.8333 D 
Wooded-wooded 25-100 0.3750 D 
Field-field Within woods 0.1150 D 
Wooded-field 25-100 0.0 D 
Field-field 25-100 0.0 D 
Wooded-wooded 100+ 0.0 D 
Wooded-field 100+ 0.0 D 
Field-field 100+ 0.0 D 

a Means followed by similar letters are not significantly different from each other at the 0.05 level of protection. 
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Fig. 4. Vegetation-fence location interaction for 7.5-foot 

fencing. Lines on the graph connect discrete levels of a 

factor and are not meant to imply a continuum. 

side a field, and the fence was located 
within the woods. These areas are all char- 
acterized by an existing grazing area lo- 
cated primarily on the highway side of the 
fence. The lowest deer kill per mile oc- 
curred where the fence was located over 25 

yd from the nearest wooded area. Here 
there is typically grazing area available to 
deer. Except where one side of the high- 
way was wooded and the other side a field, 
low deer kill per mile also occurred where 
the fence was located within the woods. 
This condition is characterized by little 

forage for grazing on either side of the 
fence. 

The means for the levels of the factor 

topography were not clearly separated be- 
cause of the high experimental error. 

Fencing (4-5.5 feet).-Analysis of vari- 
ance for areas having the 4 to 5.5-foot verti- 

VEGETATION 
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WOODED AREA IN YARDS) 

Fig. 5. Vegetation-fence location interaction for 4 to 5.5- 
foot fencing. Lines on the graph connect discrete levels of 
a factor and are not meant to imply a continuum. 

cal fence type indicated that the factors 
fence location and topography were signifi- 
cant, as were the interactions between vege- 
tation and fence location, and topography 
and fence location (Tables 3, 4). 

A significantly low mean deer kill per 
mile occurred where the fence was located 
over 25 yd from the nearest wooded area 

regardless of vegetation type, and where 
the fence was located at the edge of the 
nearest wooded area and both sides of the 

highway were narrow fields (Fig. 5). These 
situations are characterized by having graz- 
ing areas available to deer. Low deer kill 

per mile also occurred where the fence was 
located within the woods regardless of vege- 
tation type. Here there is typically little 

grazing area on either side of the fence. 
The mean deer kill per mile was highest 
where the fence was located within 25 yd of 
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Table 3. Analysis of variance of deer kill per mile in relation to topography, vegetation, and location of 4 to 5.5-foot ver- 
tical fencing. 

Source of Sums of Mean 
variance Interaction df squares squares F ratio Significance 

Topography (A) 5 9.2652 1.8530 3.522 * 

Vegetation (B) 2 0.4981 0.2491 0.473 NS 
Fence location (C) 4 65.6215 16.4054 31.182 * 

AB 10 7.2290 0.7229 1.374 NS 
AC 20 25.0274 1.2514 2.378 * 
BC 8 11.0036 1.3755 2.614 * 

Error 40 21.0449 0.5261 
Total 89 184.62 
Correction term 44.93 

* Significant at P < 0.05; NS, not significant. 

the nearest wooded area regardless of vege- 
tation type. High deer kill per mile also 
occurred where the fence was located at the 
edge of the woods except where both sides 
of the highway were narrow fields. These 
areas are characterized by an existing graz- 
ing area located primarily on the highway 
side of the fence. 

The means for the topography-fence loca- 
tion interaction were not clearly separated 
because of the high experimental error. 

No Fencing.-Analysis of variance for 
areas having no fencing indicated that the 

factor of vegetation was significant. The 
mean deer kill per mile was significantly 
high where one side of the highway was 
wooded and the other side a field. 

Distribution of Deer Mortality 
The distribution of deer mortality along 

Interstate 80 by county, given in Table 5, 
was positively correlated with the county 
deer population estimates (r = 0.52, P < 

0.05) and male deer harvest (r = 0.66, P < 

0.01). 

Table 4. Duncan's modified (Bayesian) least significant difference test for vegetation X fence location interaction 4 to 
5.5-foot vertical fencing. 

Fence location 
Vegetation (distance from nearest Means (deer 

class wooded area in yd) kill/mile) Significancea 

Field-field 0-25 2.8817 A 
Wooded-field 0-25 2.0900 A B 
Wooded-wooded 0-25 1.6517 B 
Wooded-wooded Edge of woods 1.5533 B 
Wooded-field Edge of woods 1.4817 B 
Wooded-field Within woods 0.4863 C 
Field-field Edge of woods 0.2767 C 
Wooded-wooded Within woods 0.1950 C 
Field-field Within woods 0.0 C 
Wooded-wooded 25-100 0.0 C 
Wooded-field 25-100 0.0 C 
Field-field 25-100 0.0 C 
Wooded-wooded 100+ 0.0 C 
Wooded-field 100+ 0.0 C 
Field-field 100+ 0.0 C 

a Means followed by similar letters are not significantly different from each other at the 0.05 level of protection. 
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Table 5. County deer kill per mile on Pennsylvania Inter- 
state 80, average 1970-1971 population estimates, and the 

average 1970-71 male deer harvest. 

Average 
1970 and Average 
1971 deer 1970 and 
population 1971 male 

Interstate 80 estimate deer harvest 
highway kill (deer/100 (deer/100 

County (kill/mile) acres) acres) 

Mercer 0.90 0.34 0.069 
Venango 3.14 2.10 0.366 
Butler 0.24 0.64 0.146 
Clarion 1.96 1.58 0.297 
Jefferson 1.87 1.73 0.293 
Clearfield 1.36 2.47 0.250 
Centre 0.92 2.00 0.207 
Clinton 1.03 1.56 0.157 
Union 0.93 0.97 0.170 
Northumberland 0.53 0.61 0.136 
Montour 0.87 0.61 0.137 
Columbia 0.80 1.98 0.341 
Luzerne 1.92 1.71 0.247 
Carbon 0.43 1.53 0.230 
Monroe 1.45 1.40 0.199 

DISCUSSION 

Seasonal variation in deer mortality was 
similar to seasonal activity reported by Car- 
baugh (1970) and Vaughn (1970). The 
peak deer mortality which occurred during 
October, November, and December may be 
due not only to an increase in movement 
associated with the breeding season but 
also to the disturbance of deer caused by 
fall hunting season activities. The high deer 
mortality during spring may be due to an 
increase in grazing which occurs during this 
time (Cushwa et al. 1972, unpublished 
manuscript) with deer seeking early green 
vegetation along highway rights-of-way, or 
a postwinter dispersion of deer similar to 
that reported by other investigators (Town- 
send and Smith 1933, Lindsdale and Tomich 
1953, Rongstad and Tester 1969). 

A quantitative comparison of male and 
female deer mortality is difficult without 
knowing the sex ratio of the population; 
however, a comparison of seasonal patterns 
in male and female mortality is possible. 

The decrease in reported male mortality 
during December while female mortality 
increased (Fig. 3) may have been due to 
both the male population being reduced by 
deer hunting and to deer hunters removing 
road-killed males. An unexpected increase 
in male mortality occurred during May and 
June. Data on the age of these road-killed 
deer would be valuable in interpreting this 
occurrence, as yearling males are aban- 
doned by their dams at this time (Severing- 
haus and Cheatum 1969) and may be the 
source of this rise in male highway mortality. 

Fence location was the most significant 
of the factors studied. Generally, high deer 

mortality occurred where the fence was 
located at the edge of a wooded area or 
within 25 yd of the nearest wooded area. 
This condition was characterized by good 
cover near the fence and a grazing area pri- 
marily on the highway side of the fence. 
Deer apparently cross the fence readily un- 
der these conditions. The lowest deer mor- 

tality occurred where the fence was located 
over 25 yd from the nearest wooded area. 
Here there is little cover near the fence and 
most of the existing grazing area is typically 
available to deer without crossing the fence. 
Low mortality also occurred where the 
fence was located within the woods. This 
condition is characterized by forest cover 

very near the highway and little herbaceous 

forage on either side of the fence. 
The effect of fence location on deer mor- 

tality suggests that in our situation mor- 

tality was dependent more on the amount 
of existing grazing area available to deer 
rather than the nearness of travel cover to 
the highway. 

Although topography was influential on 
mean deer kill per mile for fenced areas, 
the effect was complex and differed be- 
tween the two fence types. There appeared 
to be no obvious pattern in the effect of 
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topography and it may be that topography 
affects deer mortality in several different 
ways. For example: the size of the planted 
right-of-way is related to topography; 
topography may affect the ease with which 
a deer jumps a fence if the fence is located 
on a slope; rugged terrain may result in 
poor fence construction that allows deer to 
crawl under the fence; or topography may 
affect the movement of deer once they are 
on the highway (Bellis and Graves 1971). 

The effect of vegetation was significant 
only where fencing was absent. This may 
indicate that the fencing was effective in 
reducing deer mortality or redistributing it 
with respect to vegetation. 
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