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Pronghorn (Antilocapra americana) are a spe-
cies of concern over most of the open land-
scapes of western North America that they
inhabit (O’Gara and Yoakum 2004). Pre-
ferred habitats for pronghorn are grasslands
and shrubland-steppes, and their current
range includes a large portion of the western
United States, a much smaller area of adja-
cent southern Canada, and some isolated
parts of northern Mexico. Although once
present in far greater numbers than occur
today, pronghorn have rebounded from
near extirpation since the beginning of the
twentieth century (O’Gara and Yoakum
2004). Several factors contributed to the
precipitous decline in pronghorn popula-
tions, but beginning with the arrival of
Europeans the chief driver was over-
hunting. Protection for pronghorn, in the
form of hunting bans of limited effective-
ness, began as early as 1883, but their
numbers continued to decline until about
1920 (O’Gara and Yoakum 2004). During the
following decade, numerous pronghorn
refuges were established, though most were
closed to hunting but not livestock grazing.
In some areas large-scale predator control,
mostly of coyotes, was also undertaken, and
this too may have helped pronghorn recov-
ery (O’Gara and Yoakum 2004).

Even before over-hunting began to result
in pronghorn declines, other factors had
emerged that would largely govern the fate
of this animal throughout the remainder of
the twentieth century and on to the present.
Beginning in the mid-1800s, domestic live-

stock were being introduced into much of
the semi-arid rangeland of the West. With
the coming of the railroads during the 1880s,
large cattle herds were soon encroaching
upon and displacing pronghorn from their
native ranges. The cattle were followed by
sheep, which totaled as many as 40 million
during the 1890s in the western United
States (Wagner 1978), and these competed
directly with pronghorn for forage. Al-
though competition for resources with
livestock in the late 1800s likely had adverse
effects on pronghorn, perhaps the greatest
detriment to their survival was the fencing
of pasture and rangeland designed to re-
strict livestock movement (Brown 1994).

Fences, especially the woven fences that
were used to restrict sheep, form impassable
barriers to pronghorn, and greatly restrict
seasonal movements. Pronghorn evolved on
the open plains where speed was important
for predator avoidance, but jumping ability
was of little value. Consequently, although
some animals have demonstrated the ability
to jump effectively over fences, most prong-
horn seldom do. Instead, pronghorn may
travel many “miles” along a fence line
searching for a gap within the fence or a
space between the fence and ground that is
large enough to crawl under. Where fence
lines are impervious, pronghorn can become
trapped, suffering mortality from lack of
suitable forage or the effects of weather
(Spillett et al. 1967). In the extreme, the
barrier imposed by fences, coupled with
particularly harsh winter conditions, can
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result in the loss of entire populations (e.g.,
Martinka 1967).

Today, fences remain throughout prong-
horn range, and human development, high-
ways, and railways have further fragmented
their habitat. Although direct mortality of
pronghorn from collisions on highways and
railways is rare, it can under certain circum-
stances result in significant losses (Ward et
al. 1976; Mitchell 1980). The presence of
fences along transportation corridors, often
to exclude livestock, creates a particularly
difficult combination of barriers for prong-
horn to safely negotiate.

Pronghorn movements are generally gov-
erned by forage and water requirements, as
influenced by seasonal conditions (Allen et
al. 1984; O’Gara and Yoakum 1992; Ocken-
fels et al. 1997; Bright and van Riper 2000).
Yoakum (1978) found that weather, latitude,
altitude, and rangeland condition were key
factors influencing the timing and length of
seasonal movements. In one extreme, where
winter conditions were particularly severe,
seasonal pronghorn movements were
documented in excess of 200 miles (320 km;
Riddle 1990). Conversely, in a Colorado
study Firchow (1986) documented a greatest
mean distance traveled of 4.8 miles (7.7 km)
between winter and spring ranges by
pronghorn does, which traveled further than
bucks.

Where conditions require that pronghorn
move long distances seasonally to satisfy
nutritional requirements, fenced roads and
railways serve to isolate these populations
and can substantially exacerbate existing
constraints on carrying capacity (O’Gara and
Yoakum 1992; van Riper and Ockenfels
1998; Ockenfels et al. 2000). During their 3-
year study of pronghorn at Wupatki Na-
tional Monument in northern Arizona,
Bright and van Riper (2000) found that a
fenced two-lane highway was a significant
barrier to pronghorn movements. There
were no documented crossings of the fenced
highway that transected the monument, but
there were numerous crossings of the
monument’s primary paved, but unfenced
road. Even where habitat requirements and
seasonal conditions do not necessitate long-

distance movements, fragmentation by
fences, roads, and railways can disrupt
traditional movement patterns and cause
populations to become isolated.

Fences can be readily modified to facili-
tate pronghorn crossings while maintaining
the intended function of livestock exclusion.
On multi-strand wire fences, this is most
easily accomplished by raising the height of
the bottom strand, which should be of
smooth wire, to at least 16 inches above the
ground. Raising the bottom strand to about
20 inches (0.5 m) at regular intervals and, if
barbed, sheathing it with split PVC (poly-
vinyl chloride) pipe (a.k.a. wildlife bars) can
further enhance pronghorn fence crossings
(B. Cordasco, personal communication).

Karsky (1988) has studied the effects of
fence modifications to facilitate pronghorn
movement, but no study has examined the
effects of fence modifications along high-
volume transportation corridors. Modifying
fences adjacent to those corridors, such as
interstate highways, might have deleterious
effects when pronghorn are able to access
the highway corridor and be exposed to
traffic. However, in 2000 an opportunity to
modify fences along a high-volume railway
corridor presented itself, which created a
unique opportunity to study this phe-
nomenon in cooperation with several public
agencies and the railway’s owners. This
report provides details of that study and
information about pronghorn movements
that may prove useful for future pronghorn
management.

STUDY AREA

Our study took place within the environs of
Petrified Forest National Park (PEFO) in
east-central Arizona (Figure 1). Since com-
pletion of our study, the park’s size has
increased substantially from approximately
94,000 acres (37,400 ha) to more than 218,000
acres (87,400 ha). In addition to preserving
significant geological, paleontological, and
cultural resources, PEFO protects a signifi-
cant remnant of shortgrass prairie habitat,
and pronghorn are frequently seen in many
parts of the park. Before the recent expan-
sion, PEFO was roughly hourglass shaped,
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Figure 1. Map of the study area, showing Petrified Forest National Park, Interstate 40, and the BNSF
railroad, with the present (2006) boundaries represented as a dashed line and those that existed
during this study as the solid line. The area enclosed by these transportation corridors, extending
from Holbrook on the west to the Navajo exit of I-40 on the east, constituted the range available to
the isolated pronghorn population in this study.

with large northern and southern tracts
joined by a narrow neck approximately 1.6
km wide and 7 km long. The main park road
runs through this neck, which is traversed at
its northern end by Interstate 40 (I-40) and at
its southern end by the Burlington Northern
and Santa Fe Railway (BNSF; Figure 2).

From a terrestrial wildlife perspective,
these two double-fenced, high-volume trans-
portation corridors effectively divide PEFO
into three unequal parts, with the smallest
section being the narrow neck between I-40
and the railroad. Fences restrict pronghorn
travel between the sections, with the only
open corridor being the main two-lane
paved park road. Daily traffic volume cross-
ing PEFO on I-40 averages almost 18,000
vehicles (Arizona Department of Transpor-

tation 2006), and approximately 100 high-
speed freight and passenger trains per day
pass through PEFO on the railroad. From
Holbrook, some 32 km west of PEFO, to the
Navajo exit on I-40 about 16 km to the east,
the interstate and the railway are less than 8
km apart, with the land between them con-
stituting the range available for the prong-
horn population in this study (Figure 3).

PURPOSE

In an earlier study at PEFO, Ockenfels et al.
(1997) had radio-collared 17 pronghorn (13
females, 4 males) within the area of PEFO
bounded by the transportation corridors,
and also in the open range south of the
railway. After 1736 relocations they found
no evidence that animals north or south of
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Figure 2. Aerial photograph of the “neck” section at Petrified Forest National Park, showing the fence
sections along the BNSF right-of-way (between the arrows) that were modified in Treatments 1 and
2. The park boundary is the vertical line at left and the main park road is at right.

the railway had crossed that right-of-way.
Pronghorn north of the BNSF railway had
home range shapes that were highly elon-
gated, reflecting the constricted area avail-
able to them between the two transportation
corridors, whereas pronghorn south of the
BNSF exhibited home ranges of a more
typical shape (O’Gara and Yoakum 1992).
The pronghorn north of the BNSF were thus
effectively trapped and isolated from their
free-ranging counterparts to the south.

Our study was initiated to determine if
modification of the fences within PEFO
along the BNSF right-of-way would enable
pronghorn confined north of the railway to
cross the railroad tracks and move to the
south. Our study design had three succes-
sive components: (1) repeat the methodol-
ogy of Ockenfels et al. (1997) to verify that

pronghorn were still isolated; (2) modify
sections of the fences along the railroad
inside PEFO by raising the bottom wires and
installing wildlife bars, then evaluating
whether crossings occurred; and (3) remove
the fences inside PEFO by removing the
wire, and then monitoring the effects. To
accomplish the last component (fence re-
moval) it was necessary to secure the
cooperation of not only the National Park
Service at PEFO, but also the BNSF Railroad.
It is not common for a railway to compro-
mise on control of their right-of-way, or for
the NPS to allow manipulation of their park
boundaries. We are therefore extremely
fortunate to have obtained the necessary
permission, and are indebted to our other
cooperator, the Arizona Game and Fish
Department, for their efforts in building
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Figure 3. Map of the study area, showing 638 relocations of radio-tagged pronghorn obtained
between December 2000 and September 2002 (light gray = male and dark gray = female).

consensus among all parties, facilitating the
capture effort, and providing biweekly
aerial telemetry of collared pronghorn.

METHODS
Capture and Relocation

Personnel from the Arizona Game and Fish
Department (AGFD) captured pronghorn
near PEFO on 13 December 2000, using a net
gun fired from a helicopter. Each pronghorn
was fitted with a VHF radio-collar and
individually numbered ear tags and then
released at the capture location. They were
subsequently relocated using radio teleme-
try approximately weekly, alternating each
week between aerial and ground-based
methods. Ground-based relocations were
plotted on 7.5' USGS topographic maps,
from which Universal Transverse Mercator
coordinates (UTMs) were derived to the

nearest 100 m. Aerial relocations were ob-
tained by AGFD and recorded using Global
Positioning System (GPS) fixes taken at the
point of greatest VHF beacon signal strength
as the aircraft passed over the target animal.
These GPS fixes were collected in UTMs
recorded to the nearest 100 m. All location
data were collected in reference to North
American Datum 1983 (NAD 83). Although
radio-telemetry was used to relocate prong-
horn, during both air and ground reloca-
tions tagged-animal identifications were
confirmed visually and group sizes were
noted. During ground-based locations,
group composition by sex and age class was
also recorded. These data were entered into
a Microsoft Access database and then im-
ported into ArcGIS 9.1 and ArcView 3.3
Geographic Information Systems (GIS) to
conduct spatial analyses.
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GIS Data Layers

We created a new spatial database from the
pronghorn relocation data. Other data layers
used for GIS analyses included U.S. Geologi-
cal Survey digital elevation models (DEM),
Arizona landcover (land use/ownership)
from the USGS Southwest Regional GAP
Analysis Project (GAP), and 30 m resolution
vegetation type coverages, also from GAP.
We further processed DEMs to develop a
terrain roughness index (TRI) raster (Riley et
al. 1999). We then used these base data lay-
ers to derive new spatial data and to analyze
the spatial relationships between pronghorn
and features of their habitat.

Treatments

The initial phase of location monitoring
(pre-treatment) lasted for 143 days, begin-
ning with the capture on 13 December 2000
and ending in early May 2001. During this
time pronghorn were relocated weekly to
determine whether they would cross the
unmodified existing fences and if those
fences still served as a barrier to movement
as Ockenfels et al. (1997) had previously
determined. Additionally, the ground
adjacent to the unmodified fence lines was
examined every 2 weeks for pronghorn
tracks within or to the south of the right-of-
way that might indicate crossing of the
fences and possibly the railway.

Treatment 1

A section of right-of-way fence 1 km long on
both sides of the BNSF railway within PEFO
was modified in early May 2001 using meth-
ods similar to those described by Autenrieth
et al. (2006). On every fourth span of stand-
ard four-strand barbed-wire fence, the
bottom strand was detached, raised from a
nominal 10–12 inches (0.25–3.0 m) to 16–20
inches (0.4–0.5 m) above ground, and then
reattached. On each raised section a 4-foot
(1.3 m) length of split 1.5-inch (3.8 cm) PVC
water pipe was used to sheath the barbed
bottom strand. The result was a larger gap
under the fence with a smooth and larger
diameter bottom “strand.” The fence sec-
tions that were modified extended across the

central portion or “neck” of PEFO, from the
main park road bridge over the BNSF on the
east to the park boundary on the west (see
Figure 2). Weekly monitoring continued as
during the pre-treatment period. Treatment
1 continued for 213 days into early Decem-
ber of 2001.

Treatment 2

In early December 2001, all the fence wires
were dropped from both 1 km sections of
right-of-way fence previously modified in
Treatment 1. The wire was then “rolled” or
gathered up on both sides of the modified
sections, leaving a wire-free fence line, but
with the majority of the posts still standing
(at PEFO manager’s request). Although
these fences were constructed primarily
with steel t-posts, some posts (mostly on the
north side of the railway) were of scrap
railroad ties that were rotten below ground.
About 20 of these wooden posts collapsed
when the wires were removed. Weekly
monitoring continued as previously, and
Treatment 2 lasted for 295 days, until Sep-
tember 2002.

Home Range, Movement, and
Habitat Selection Analyses

Determining whether actual crossings of
fenced barriers occurred under the influence
of fence treatments was our primary goal.
However, we also used relocation data to
conduct further analyses that examined
changes in home range, movement patterns,
and habitat selection with respect to the
transportation corridors and to the treat-
ments. These analyses considered move-
ments and expected outcomes with respect
to I-40 and the railroad, to test for potential
responses by pronghorn to both barriers.
Our goal through these analyses was to
determine whether more subtle aspects of
pronghorn activity were correlated with
these human features. We examined
changes in home range size and the length
of home range intersection with the railroad
and I-40, by treatment period. We tested
whether pronghorn crossings of the trans-
portation corridors, as determined by relo-
cation data, were similar to what would be
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expected if movements were random. We
developed linear models to examine
whether the distance between successive
pronghorn locations was related to nearness
to transportation corridors, as well as to the
potential effects of the treatments. We
conducted an analysis of vegetation-type
selection by pronghorn based upon GAP
vegetation types. And finally, we con-
structed multi-variable models for habitat
selection that included a variety of physical
factors, vegetation, and land use (owner-
ship). We undertook these last two analyses
to provide additional insight into behaviors
and habitat relations of a population of
pronghorn isolated under unique circum-
stances. This analysis established a baseline
against which future changes may be
evaluated.

Changes in Home Range

We estimated home range configurations
and 95 percent contour areas using fixed
kernels (Rodgers et al. 2005) and the Animal
Movement 2.0 extension in ArcView (Hooge
and Eichenlaub 2000). We conducted paired
t-tests (Zar 1984) of home range areas
among all combinations of pre-treatment,
Treatment 1, and Treatment 2, testing the
null hypothesis that differences between
home range size and length of intersections
between paired time periods did not differ
from zero.

Crossings of BNSF and I-40

We used Fisher’s Exact Test (Zar 1984) to
test whether “observed” crossings of the
railroad and I-40 by pronghorn were less
than what one would expect if pronghorn
movements were random relative to these
linear human features. We determined 95th
percentiles of distances between successive
locations for each animal using Hawth’s
Analysis Tools extension in ArcGIS (Beyer
2004). We assumed that any pronghorn
located within this distance of the railroad
and interstate would have had the “opportu-
nity” to cross these linear features prior to
the next location.

Any pronghorn location within this cut-
point distance of either the railroad or the

interstate was used as the initiating point of
a vector of a length and compass direction
that were randomly determined, but with
the constraint that length had to be less than
the 95th percentile of movements observed
for the animal of interest. Numbers of ran-
domly generated vectors that crossed and
did not cross either the railroad or the
interstate were counted, along with numbers
of vectors connecting successive pronghorn
locations that crossed or did not cross these
features, considering only pronghorn loca-
tions within cut-point distances of the
railroad and interstate. A simple four-cell
matrix arraying type of vector (random vs.
pronghorn) against outcome (crossed vs.
didn’t cross) was the basis for Fisher’s Exact
Test. We used number of crossings under
the random model as the null hypothesis.

Distances Between Locations

We used Hawth’s Analysis Tools extension
in ArcGIS (Beyer 2004) to determine the
distances between pronghorn locations and
several other parameters of potential inter-
est. We used GLM (general linear models;
Weisberg 1985) to specify models explaining
variation in distance between successive lo-
cations of pronghorns, specifically to isolate
the effects of nearness to either the interstate
or the railroad, as well as potential effects of
the treatments. We considered distance to
either the interstate or the railroad (DIST),
distance to the railroad alone (DISTrr), an
interaction of these nearness measures with
treatment period (TRT), an interaction of sex
and period of territoriality (TERR; March–
September vs. the remainder of the year), an
interaction of sex with fawning period
(FAWN; April–May vs. the remainder of the
year), and distance to home range centroid
(CENT).

Vegetation Type and Land Ownership

Even though vegetation type and ownership
were not included in multi-variable models
explaining habitat selection by pronghorn
during this study, we undertook a separate
analysis focused on these variables because
of potential implications for management.
We considered five types that constituted
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some degree of consolidation of GAP types
mapped for the study area (see below). We
used logistic regression to test whether
observed use deviated from use expected “at
random” (see below) and to calculate sta-
tistics pertaining to goodness-of-fit and
predictive efficiency for the model based
solely on vegetation type. We tested for
interactions of vegetation use with fawning
season (April–May), territorial behavior by
males (March–September), and sex.

Habitat Selection Models

We used logistic regression and maximum
likelihood methods to specify multi-variable
models explaining habitat use by pronghorn
during the entire study and during treat-
ment periods. We used logistic regression to
discriminate between observed habitat use
by pronghorn and use expected at random.
The null hypothesis of random use was
specified according to the construct of
discrete choice. In practice, this meant
determining the 95th percentile of observed
distances between successive locations for
each animal, and generating a random point
for each pronghorn location constrained to
fall within a buffer of a radius equal to the
95th percentile distance, centered on the
animal location. We excluded random
points from our analysis that fell on the far
side of the railroad or interstate because they
represented areas effectively unavailable to
collared pronghorn.

This resulted in random points paired to
each pronghorn location, constituting loca-
tions where animals could plausibly have
been located if they were orienting towards
modeled landscape features randomly
rather than selectively. We used the Akaike
Information Criterion, corrected for sample
size effects, to select “best” models, esti-
mated model parameters by maximum
likelihood, and assessed model fit and
performance by R2L, area under the ROC
(receiver operating characteristic) curve, and
the Hosmer-Lemeshow (2000) goodness-of-
fit test. In most cases, numbers of random
points equaled numbers of pronghorn
locations, meaning that back-transformed
logits (i.e., p-values) greater than 0.5 indi-

cated some degree of selection for a locale
based on modeled habitat effects.

Because the study area was bounded on
opposite sides, north and south, by Inter-
state 40 and the railroad, respectively, dis-
tances of locations from the railroad and the
interstate were intrinsically negatively corre-
lated. We dealt with this potential collinear-
ity of candidate explanatory effects in two
ways. For the general model of habitat
selection, we considered distance to either
the interstate or the railroad, whichever was
nearer, without differentiating between the
two feature types. For investigating the
potential effect of nearness to the railroad,
differentiated by treatment period, we only
considered locations that were nearer to the
railroad than they were to the interstate.
Distance from the centroid of pronghorn
ranges was also theoretically correlated with
distance to both the railroad and the inter-
state, because pronghorn were confined to
the space between these two features. How-
ever, correlations were, in fact, low (r < 0.2).

Candidate explanatory effects included
VEG (vegetation type based on mapped
GAP types; see above); TRI (terrain rough-
ness index); DIST (distance to either the
railroad or the interstate, whichever was
nearer); DISTrr (distance to the railroad);
DISTint (distance to the interstate); CENT
(distance to the centroid of pronghorn
range); ELEV (elevation); and OWN (owner-
ship, differentiating between tribal, private,
BLM, and NPS).

RESULTS
Capture and Relocation

Nine pronghorn (6 females and 3 males)
were captured and radio-collared. During
the first aerial relocation effort 1 week
following capture, Arizona Game and Fish
Department personnel detected a mortality
signal from one of the females. An AGFD
game warden located the pronghorn re-
mains and estimated that the animal died
soon after its release, but he could not deter-
mine cause of death because the carcass had
been scavenged. The eight remaining prong-
horn (5 females and 3 males) were relocated
a total of 638 times during this study (see
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Figure 3). One other female died before the
end of the study, early in Treatment 2, after
having been relocated 48 times. USGS per-
sonnel located the remains of this prong-
horn, which was also transmitting a
mortality signal, during a ground-based
relocation session. Again, cause of death
could not be determined due to extensive
scavenging of the carcass. The remaining
seven pronghorn (4 females and 3 males)
survived the study and were relocated a
total of 84–85 times each.

Treatments

During the pre-treatment phase of the study
each pronghorn was relocated ca. 21 times
(166 total relocations). During this phase, no
pronghorn was visually confirmed to be
south of the railroad tracks, from which we
inferred that no radio-marked pronghorn
had crossed the tracks. On one occasion,
during inspection of the fence lines for evi-
dence of pronghorn crossings, we observed
several sets of pronghorn hoof prints within
the railroad right-of-way—that is, within the
double fences along the north side of the
tracks. It was evident that these pronghorn
had gone under the north fence and walked
along the fence for 40–50 m inside the right-
of-way. Judging from their tracks it ap-
peared that the pronghorn were attracted to
pooled water in the ruts of the service
vehicle road that parallels the railroad. The
tracks departing the service road crossed
back under the fence. There was no evidence
that any of the pronghorn had gone beyond
the service road towards the tracks, so we
determined that no crossing of the tracks
had occurred.

Treatment 1

During Treatment 1, following fence modifi-
cation, each pronghorn was relocated 24
times (192 total locations). Again, no loca-
tions were recorded south of the railroad
tracks, from which we inferred that no
radio-marked pronghorn had crossed the
tracks. Careful examination bi-weekly of the
modified fences failed to reveal evidence
suggesting that pronghorn had investigated
the fence modifications, but the presence un-

derneath the wildlife bars of other mammal
tracks (e.g., coyote, fox, and bobcat) showed
that mesocarnivores were taking advantage
of improved access to the railroad right-of-
way.

Treatment 2

During this phase, following fence removal,
each pronghorn was relocated 24 times,
except for female 140, which died near 2
January 2002 (see above) and had only been
relocated three times since Treatment 2
began. Data for this animal were deleted
from analyses with respect to Treatment 2.
During this phase, there were 277 total loca-
tions. No locations were recorded conclu-
sively south of the railroad tracks, despite
the fence wire being down for nearly 10
months. There was also no other evidence
that radio-marked pronghorn had crossed
the line of remaining posts into the right-of-
way.

Summary of Treatment Effects

During the pre-treatment period of nearly 5
months we determined that pronghorn still
appeared to be confined to the area north of
the railway and south of I-40. This finding
was consistent with the determination by
Ockenfels et al. (1997) that these high vol-
ume transportation corridors were nearly
complete barriers to pronghorn movement.
Modifying the fences for 6 months to be
more “pronghorn friendly” did not result in
any conclusive movements by pronghorn
across the fence line and railroad, nor did
removing the fence wire entirely along 1 km
sections of BNSF right-of-way fence on both
sides of the railroad tracks. On just one occa-
sion during the 41 ground-based relocation
sessions, which included thorough scrutiny
of fence lines, did we find evidence that
pronghorn had briefly crossed one fence, but
not the railroad tracks.

There were 12 individual pronghorn lo-
cations that, when plotted, were shown to be
a short distance (≤ 100 m) north of I-40 (10
locations) or south of the railroad (2 loca-
tions), which could be interpreted as
crossings. However, despite good visibility,
observers did not visually confirm any of
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these putative crossings during the asso-
ciated relocation efforts. The consensus
among observers was that these locations
were due to recording errors (north of the
highway, by observers in the aircraft) and
plotting errors (south of the railroad, by an
observer on the ground).

Home Range, Movement, and Habitat
Selection Analyses

Changes in Home Range

Home ranges were smaller during Treat-
ment 1 compared to the pre-treatment pe-
riod (Table 1). The length of home range
intersection with both the railroad and the
interstate tracked this difference in home
range size, with intersections of both the
railroad and the interstate also tending to be
less during Treatment 1 compared to the
pre-treatment period (Figure 4).

Crossings of BNSF and I-40

We retained 12 hypothetical “crossings” of
the railroad and I-40 for comparison of ob-
served crossings by pronghorn to “cross-
ings” expected if pronghorn were orienting
randomly with respect to these linear
features. This choice (as opposed to using
only confirmed crossings) introduced a con-
servative bias in our comparison of observed
crossings versus number of crossings ex-
pected by chance. Even so, the discrepancy
between observed “crossings” and those
expected at random was striking (Figure 5).
Results of Fisher’s Exact Tests suggest that
this discrepancy was virtually impossible by
chance alone, supporting the conclusion that
the interstate and the railroad both formed
nearly complete barriers to these pronghorn
(Table 2).

Distances Between Locations

Neither the model that included all radio-
relocations nor the model considering only
locations nearer to the railroad than to the
interstate explained much variation in dis-
tances between successive locations (Table
3). The only consistently substantial effect in
these models of distance between successive
locations was that of distance from range

centroid (Figure 6). As distance from cen-
troid increased, so did distance between
successive locations. No other effect was
consistent between these models, including
those of treatments, nearness to transpor-
tation corridors, sex, and seasonality.

Vegetation Type and Land Ownership

Vegetation type did not provide a basis for
predicting pronghorn habitat selection, but
pronghorn use of NPS lands at PEFO was
greater than that expected by chance. There
were no strong effects of sex, fawning sea-
son, or seasonal behavior by males on the
use of GAP vegetation types or land owner-
ship, so the estimated models included only
single variables (Figure 7, Table 4).

Habitat Selection Models

Some results of the multi-variable models of
habitat selection were anticipated, but other
results were not. Although in isolation vege-
tation type was significantly related to
pronghorn habitat selection, there was no
strong effect of VEG on habitat selection in
context of any multi-variable model that we
considered. Similarly, land use (ownership)
was not a good predictor of habitat selection
within the multi-variable framework. Con-
sequently, land ownership was also not
retained in any model despite the fact that
pronghorn use varied from that expected at
random when response to this variable was
analyzed in isolation.

Candidate variables retained in the mod-
els (Table 5) included TRI (terrain roughness
index); DIST, expressed as 1/DIST (distance
to either the railroad or the interstate, which-
ever was nearer); DISTrr (distance to the
railroad), expressed as 1/DISTrr; DISTint
(distance to the interstate), expressed as
1/DISTint; CENT (distance to the centroid
of pronghorn range), expressed as ln(CENT
+ 1); and ELEV (elevation).

As might be expected, pronghorn tended
to under-use areas in rougher terrain (Figure
8, top), but the positive relation of prong-
horn habitat use to elevation was not antici-
pated (Figure 8, bottom). Less surprising
was the avoidance by pronghorn of areas
near the railroad and the interstate, and of
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Table 1. Home range size and length of intersection with the railroad and with Interstate 40, by treat-
ment period. Statistical results are for paired t-tests among all combinations of pre-treatment, Treat-
ment 1, and Treatment 2, testing the null hypothesis that differences in home range size and length of
intersections between paired time periods did not differ from 0. Figures in parentheses are for n = 8;
comparisons with home range size for Treatment 2 deleted animal 140, reducing n to 7 for these tests.

Mean (ha) Lower 95% CI Upper 95% CI

Home Range Size
Pre-treatment 6589 (6766) 4176 (4703) 9003 (8828)
Treatment 1 3826 (3632) 1717 (1808) 5936 (5456)
Treatment 2 6658 1672 11645

Intersection with Railroad
Pre-treatment 8672 3293 14050
Treatment 1 3302 –106 6711
Treatment 2 5006 309 9702

Intersection with Interstate 40
Pre-treatment 14217 8293 20142
Treatment 1 7440 2479 12402
Treatment 2 14577 –208 29362

df t-value p-value

Home Range Size
Pre-treatment vs. Treatment 1 7 4.67 0.0023
Pre-treatment vs. Treatment 2 6 –0.03 0.978
Treatment 1 vs. Treatment 2 6 –1.16 0.289

Intersection with Railroad
Pre-treatment vs. Treatment 1 7 2.12 0.072
Pre-treatment vs. Treatment 2 6 1.19 0.272
Treatment 1 vs. Treatment 2 6 –0.70 0.506

Intersection with Interstate 40
Pre-treatment vs. Treatment 1 7 2.84 0.025
Pre-treatment vs. Treatment 2 6 –0.06 0.956
Treatment 1 vs. Treatment 2 6 –1.12 0.299

areas nearer the periphery of their home
ranges (farther from centroid; Figure 9). The
parameter for 1/DIST was of greatest rele-
vance to examining treatment effects be-
cause this measure specified the extent to
which pronghorn were avoiding both the
interstate and the railroad. Avoidance of
both I-40 and the railroad was greatest dur-
ing the pre-treatment period (Table 6).

As for the results above, the results below
pertain to parameter estimates for the effect
of nearness to a linear feature, estimated in
context of multi-variable models, but in this

case isolating the effect of the railroad
(DISTrr). To achieve this, these models used
only locations nearer to the railroad than to
the interstate. Pronghorn expressed less
avoidance of the railroad during Treatment
1 and Treatment 2 compared to the pre-
treatment period (Table 7 and Figure 9).

In the results given below, the variable
DIST was again evaluated within the multi-
variable model, but in this case we isolated
the effect of I-40 (DISTint) by using only
locations nearer to the interstate than to the
railroad. Because fences along the interstate
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Figure 4. Pronghorn home range size (95% fixed kernel estimates) and length
of home range intersection with Interstate 40 and the BNSF railroad by treat-
ment period. Between-treatment p-values are shown for each paired t-test.
Error bars show 95% CIs.
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Table 2. Observed vs. expected crossings of the railroad and Interstate 40, with percent crossings and
related 95% CIs as a percentage of total opportunities in parentheses. P-values are for results of Fisher’s
Exact Test regarding the probability that observed patterns were obtained by chance alone; 95th
percentiles of distances between successive locations are also given for each animal. These distances
defined the threshold at which we considered an animal to have had the “opportunity” to cross.

Pronghorn Random

Railroad Crossings:
Crossed 4 (1.9% [95% CI = 0.9 – 5.1]) 105 (50.2% [95% CI = 43.1 – 57.4])
Didn’t cross 205 104

Probability of observing this outcome by chance alone: p = 5.26 x 10-34

Interstate Crossings:
Crossed 12 (2.8% [95% CI = 1.8 – 5.0]) 167 (39.7% [95% CI = 36.5 – 43.0])
Didn’t cross 409 254

Probability of observing this outcome by chance alone: p = 2.68 x 10-44

95th percentiles of successive movements or each animal:

Animal ID 95th Percentile (m)

140 F 12041
141 M 5907
142 F 8699
144 M 4148
145 F 5827
146 M 5716
148 F 4199
149 F 7122

Figure 5. Comparison of “crossings” by pronghorn of BNSF railway and Interstate 40
with what would be expected if pronghorn were orienting to these linear features in a
random manner (“random vectors”).
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Table 3. Models based on GLM analysis of factors influencing movement distances. The General Model
applies to all pronghorn locations, over all treatment periods. The Railroad Model applies to all
locations nearer to the railroad than to the interstate; distance to the railroad and treatment were not
retained in the Railroad model, as either direct or interaction effects. Only the effect of distance to
centroid was significantly related to pronghorn movement in these analyses.

Parameter Point estimate Lower 95% CI Upper 95% CI F-value

General Model:
Intercept –3029.9 –5991.4 –66.5
SEX*FAWN 4.31

females, not fawning 609.8 –180.3 1400.0
females, fawning 1398.3 483.5 2313.1
males, not fawning 675.1 –132.6 1482.8
male, fawning 0.0

ln(CENT + 1) 612.2 362.9 861.4 23.26
TRT*ln(DIST + 1) 6.34

pre-treatment 82.81 –179.7 345.3
treatment 1 –59.94 –321.0 201.1
treatment 2 –64.58 –325.6 196.4

R2 = 0.098

F-test, df = 7/614, F = 9.56, p < 0.0001

Railroad Model :
Intercept –3533.6 –7247.2 180.0
SEX*TERR 2.71

females, other 1095.8 –25.8 2217.3
females, territorial 205.1 –787.5 1197.8
males, other 1224.2 72.2 2376.3
male, territorial 0.0

ln(CENT + 1) 709.0 238.6 1179.5 8.83

R2 = 0.088
F-test, df = 4/201, F = 4.84, p = 0.0010

were not “treated,” response of pronghorn
to the interstate provides some measure of
control for responses to the railroad among
treatment periods. As with the railroad,
pronghorn expressed more avoidance of the
interstate during the pre-treatment period
(Table 8).

DISCUSSION
Capture and Relocation

We judged our sample size and sampling in-
terval (weekly) to be adequate for determin-
ing course-grained responses of pronghorn
to fence modifications, but only marginally
sufficient for robust inferences about habitat
selection. However, the primary objective of
the study was simply to see if pronghorn

would respond to fence modifications,
which would provide useful information for
management and, had it been successful,
could have contributed to ending the isola-
tion of this pronghorn population.

Treatments

Some aspects of the treatments would be
worth improving for future efforts of this
kind. First, it would be desirable to modify a
longer extent of fence barrier along the rail-
road right-of-way, which was not practical
during our study given the short length of
right-of-way within PEFO’s boundaries at
the time, but it would be feasible now given
the substantial enlargement of the “neck”
section within current boundaries.
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Figure 6. Distance between successive pronghorn movements in relation to distance from centroid of
pronghorn locations. Filled circles and error bars show means and associated 95% CIs for septiles of
the data. The solid line shows the modeled relation.

Second, fences would ideally remain
modified, as in Treatment 1, for a consider-
ably longer time than was implemented
during this study. The BNSF railroad likely
represents an imposing barrier to prong-
horn, being both difficult to negotiate and
potentially very dangerous. The prospect of
being trapped inside the right-of-way with
mile-long trains rumbling through approxi-
mately every 15 minutes is conceivably a
powerful deterrent to exploration. Prong-
horn will likely cross this sort of barrier only
if allowed substantial amounts of time and
perhaps additional inducements.

Inducements or attractants might take
several forms. At a rudimentary level,
flagging or some other device might be used
to catch the pronghorns’ attention. We spec-
ulate that over the years pronghorn have
learned to avoid areas near the fence and
railroad, with no incentive for exploratory

investigations. Strategically placed supple-
mental high-quality foods might also be
used to attract pronghorn to areas near and
beyond modified fence sections, if deemed
appropriate. If the opportunity to drop the
fence arises again, as in Treatment 2, it
should come down entirely and stay down
for as long as possible. Leaving the posts up
mitigated PEFO’s concern for surface dis-
turbance impacts, but also likely made it
difficult for pronghorn to notice from a
distance that the fence had changed. We
have also considered that if the fences were
down, then pronghorn could be guided
across by erecting temporary “drift fences”
to block their normal movement, directing
them instead towards the railroad.

Other effects of the railroad that poten-
tially deterred pronghorn movements across
the right-of-way, and that could not be con-
trolled for in this study, include the raised
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Table 4. Results for the logistic regression model discriminating observed pronghorn use of vegetation
types and land ownership from use expected “at random”. We used vegetation types for this analysis
that were consolidations of GAP types mapped for the study area, described below in terms of the
name used for this analysis and corresponding Southwest GAP Analysis Project identifiers.
Definition of vegetation types

Name for this Analysis GAP Numeric ID GAP Name

Grassland 76 Semi-desert grassland
Shrub steppe 67 Semi-desert shrub steppe
Shrubland 53 Blackbrush–Mormon tea shrubland

58 Mixed salt desert shrub
82 Greasewood flat

108 Sand shrubland
Juniper 36 Pinyon-juniper woodland

64 Juniper savannah
Rock 9 Bedrock canyon and tableland

10 Shale badland

Model Results:

Vegetation type Pronghorn locations (proportion of total vs. random points)
Grassland 0.429 [95% CI = 0.429 – 0.521]
Shrub steppe 0.522 [95% CI = 0.497 – 0.546]
Shrubland 0.485 [95% CI = 0.447 – 0.523]
Juniper 0.667 [95% CI = 0.059 – 0.980]
Rock 0.765 [95% CI = 0.434 – 0.921]

R2L = 0.008; Score test, df = 4, χ2 = 7.6, p = 0.106

Area under the ROC (receiver operating characteristic) curve = 0.53

Hosmer-Lemeshow goodness-of-fit test, df = 2, χ2 = 0.0, p = 1.00

Ownership Pronghorn locations (prop. of total vs. random points)
BLM 0.430 [95% CI = 0.363 – 0.500]
Tribal 0.390 [95% CI = 0.271 – 0.527]
NPS 0.586 [95% CI = 0.513 – 0.655]
Private/state 0.506 [95% CI = 0.505 – 0.506]

R2L = 0.014; Score test, df = 3, χ2 = 13.4, p = 0.004

Area under the ROC (receiver operating characteristic) curve = 0.55

Hosmer-Lemeshow goodness-of-fit test, df = 2, χ2 = 0.0, p = 1.00

berm and gravel substrate of the rail bed.
The tracks in the area where the fences were
modified are raised on a gravel berm that
often limits or obscures line-of-sight visibil-
ity from one side of the tracks to the other.
When designing the treatments prior to the
study we considered that good visibility was
important, and planned to remove excess
brush as necessary to create travel corridors
with good visibility. When implementing
the treatments we decided that vegetation
was not limiting to visibility, but noted that

pronghorn attempting to cross the tracks
along most of the treatment area would have
to climb up the berm nearly to the tracks
before they would be able to see the fence
line on the other side. Limited visibility
across the tracks could act as a deterrent to
pronghorn crossings independent of the
potential barriers posed by the fences.
Similarly, the coarse gravel substrate that
composes the rail bed and the complete lack
of vegetation across the right-of-way may
also act as deterrents to exploration.
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Figure 7. Results of logistic regression analysis of pronghorn locations with respect to land
ownership (above) and GAP vegetation type (below). Deviation of observed use by pronghorn
from use expected at random is indicated by values above (more use) or below (less use) 0.5.
With respect to land ownership, in this interpretation, pronghorn used NPS lands (especially)
and private/state lands more than expected if use was random. Use by vegetation type was
not different from what would be expected at random (also see Table 4).
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Table 5. Results for the multi-variable logistic regression model of pronghorn habitat selection,
utilizing all pronghorn relocations, over all treatment periods.

Parameter Point estimate Lower 95% CI Upper 95% CI

Intercept –2.2508 –5.407 0.892
TRI –0.0541 –0.0943 –0.0156
1/DIST –66.9 –120.3 –24.5
ln(CENT + 1) –0.509 –0.667 –0.355
ELEV2 0.000002354 0.00000136 0.00000336

R2L = 0.093

Score test, df = 4, χ2 = 86.0, p < 0.0001

Area under the ROC curve = 0.65

Hosmer-Lemeshow goodness-of-fit test, df = 8, χ2 = 13.72, p = 0.031

Table 6. Parameter estimates for 1/DIST by treatment period, and statistics for performance of the
related comprehensive multi-variable model within which these parameters were derived. 1/DIST
expresses the effect of nearness to both transportation corridors. Due to inverse transformation, larger
negative parameter values suggest greater avoidance, and a positive upper confidence interval
suggests “avoidance” not appreciably different from zero.

1/DIST
Treatment period Point estimate Lower 95% CI Upper 95% CI

Pre-treatment –416.3 –748.4 –156.2
Treatment 1 –31.1 –134.2 44.5
Treatment 2 –44.1 –109.0 8.8

Pre-treatment model

R2L = 0.137

Score test, df = 4, χ2 = 23.7, p < 0.0001

Area under the ROC curve = 0.67

Hosmer-Lemeshow goodness-of-fit test, df = 8, χ2 = 17.0, p = 0.031

Treatment 1 model

R2L = 0.141

Score test, df = 4, χ2 = 41.4, p < 0.0001

Area under the ROC curve = 0.69

Hosmer-Lemeshow goodness-of-fit test, df = 8, χ2 = 10.4, p = 0.237

Treatment 2 model

R2L = 0.075

Score test, df = 4, χ2 = 30.7, p < 0.0001

Area under the ROC curve = 0.62

Hosmer-Lemeshow goodness-of-fit test, df = 8, χ2 = 10.6, p = 0.224
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Figure 8. Relationship between pronghorn relocations, as a proportion of all random and observed
locations, and terrain roughness (TRI; top) and elevation (bottom). Filled circles and associated
error bars denote means and 95% CIs for septiles of the data. Solid lines denote modeled relations
and dashed lines denote p = 0.5. Values above p = 0.5 indicate positive selection whereas values
below indicate negative selection.
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Table 7. Parameter estimates for 1/DISTrr, by treatment period, and statistics for performance of the
related comprehensive multi-variable models. 1/DISTrr expresses the effect of nearness to the railway.
Due to inverse transformation, larger negative parameter values suggest greater avoidance, and a
positive upper confidence interval suggests “avoidance” not appreciably different from zero.

1/DISTrr
Treatment period Point estimate Lower 95% CI Upper 95% CI

Pre-treatment –375.9 –784.6 –104.6
Treatment 1 –112.4 –495.4 53.9
Treatment 2 –25.8 –161.1 74.1

Pre-treatment model
R2L = 0.110
Score test, df = 3, χ2 = 9.59, p = 0.0224
Area under the ROC curve = 0.60
Hosmer-Lemeshow goodness-of-fit test, df = 8, χ2 = 5.72, p = 0.679

Treatment 1 model
R2L = 0.251
Score test, df = 3, χ2 = 27.3, p < 0.0001
Area under the ROC curve = 0.75
Hosmer-Lemeshow goodness-of-fit test, df = 6, χ2 = 25.2, p = 0.001

Treatment 2 model
R2L = 0.052
Score test, df = 3, χ2 = 8.5, p = 0.037
Area under the ROC curve = 0.60
Hosmer-Lemeshow goodness-of-fit test, df = 8, χ2 = 25.1, p = 0.002

Table 8. Parameter estimates for DISTint, by treatment period, and statistics for performance of the
related comprehensive multi-variable models. DISTint expresses the effect of nearness to the interstate.
Due to inverse transformation, larger negative parameter values suggest greater avoidance, and a
positive upper confidence interval suggests “avoidance” not appreciably different from zero.

1/DISTint
Treatment period Point estimate Lower 95% CI Upper 95% CI

Pre-treatment –757.7 –1405.7 –197.3
Treatment 1 26.0 –99.8 157.4
Treatment 2 –63.2 –151.1 1.9

Pre-treatment model
R2L = 0.316
Score test, df = 9, χ2 = 32.8, p < 0.0001
Area under the ROC curve = 0.76
Hosmer-Lemeshow goodness-of-fit test, df = 8, χ2 = 18.5, p = 0.018

Treatment 1 model
R2L = 0.124
Score test, df = 10, χ2 = 21.3, p = 0.019
Area under the ROC curve = 0.68
Hosmer-Lemeshow goodness-of-fit test, df = 8, χ2 = 19.4, p = 0.013

Treatment 2 model
R2L = 0.180
Score test, df = 10, χ2 = 42.8, p < 0.0001
Area under the ROC curve = 0.71
Hosmer-Lemeshow goodness-of-fit test, df = 8, χ2 = 9.3, p = 0.317
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Figure 9. Relations between pronghorn relocations, as a proportion of total random and observed
locations, and nearness to either Interstate 40 or the BNSF railroad (top) and to the centroid of
pronghorn locations (bottom). Filled circles and associated error bars denote means and 95% CIs
for septiles of the data. Solid lines denote modeled relations and dashed lines denote p = 0.5.
Values above p = 0.5 indicate positive selection whereas values below indicate negative selection.
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Given the frequency of the train traffic
and its inherent disturbance, as well as the
other potential physical and psychological
deterrents associated with the right-of-way,
it may ultimately be necessary to use over-
or underpasses to enable pronghorn to nego-
tiate these barriers. However, at this time we
believe that efforts to modify the right-of-
way to enhance the potential for pronghorn
crossings, such as those employed in this
study, may still have merit if the scope of the
effort can be expanded both spatially and
temporally. Given the high costs associated
with creating structures to span or tunnel
beneath the railroad, we encourage further
investigation of the potential to enhance
direct crossings of the right-of-way before
more complicated and costly measures are
pursued.

Home Range, Movement, and Habitat
Selection Analyses

Our analyses of home range size, distances
between locations, crossings, and habitat
selection provided additional insight into
the effects of Interstate 40 and the BNSF rail-
road, potential non-effects of our treatments,
and the basic ecology of pronghorn isolated
under comparatively unique conditions.
These results are not only of near-term rele-
vance to management; they also constitute a
baseline against which future changes in
behavior and population status can be
reckoned and understood. The unfolding
fate of our study population will potentially
be of considerable interest to those who are
more broadly concerned with factors that
determine the survival of small isolated
populations.

Changes in Home Range

Home ranges were larger during the pre-
treatment period than during Treatment 1.
The amount of home range intersection with
both the railroad and the interstate tracked
this difference in home range size, with
intersections of both the railroad and the
interstate also tending to be less during
Treatment 1 compared to the pre-treatment
period. Intersection with the interstate in
some measure provided a control for the

potential effect of the treatments on location
of ranges with respect to the railroad. If
pronghorn were responding positively to
the treatment(s), we would have expected
overlap to increase between home ranges
and the railroad, and not between home
ranges and the interstate, but this was not
the case. In short, variation in amount of
overlap between home ranges and both the
interstate and the railroad was very likely an
artifact of variation in home range sizes, for
reasons probably related more to other
conditions than to any treatment of the fence
along the railroad. Even so, pronghorn
probably had greater “opportunity” to cross
the railroad during Treatment 2, compared
to Treatment 1, because of larger home
ranges during the later period and related
greater range overlap with the railroad.

Crossings of BNSF and I-40

Because of the long intervals between prong-
horn locations, an unknown number of
crossings could have gone undetected, but
only if crossings were reciprocal (over and
then back again prior to the next telemetry
location). This potential error constitutes a
bias of unknown magnitude leading to
underestimation of Exact Test p-values. This
scenario (crossing back and forth between
detections) seems very unlikely, and any
associated potential bias does not cast doubt
on the conclusions supported by the tests.
Pronghorn, if they ever crossed at all, were
clearly crossing both the railroad and
interstate far less than would be expected if
they were not avoiding or otherwise being
repelled by these human features. This
result is consistent with the conclusion by
Ockenfels et al. (1997, 2000) that both Inter-
state 40 and the BNSF railroad, together
with paralleling fences, are virtually im-
penetrable barriers for pronghorn.

Distances Between Locations

The only certain effect in the models of dis-
tance between successive locations was that
of distance from range centroid. As distance
from centroid increased, so did distance
between successive locations. This was con-
sistent with the model of habitat selection,
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which suggested that likelihood of use
diminished with greater distance from range
centroid, in concert suggesting that prong-
horn not only used the periphery of their
ranges less intensively, but also tended to be
more mobile when there. Otherwise, an
effect of fawning season showed up in one
model but not the other, and an effect of sea-
sonal territoriality similarly varied between
models. An effect of nearness to railroad,
alone or interacting with treatment period,
was not evident for the model that focused
only on locations nearer to the railroad than
to the interstate. However, in the general
model, an interaction effect was evident,
with distances between locations being
greater when farther from either the inter-
state or railroad during the pre-treatment
period, but not during both treatment
periods. These models do not provide a
basis for reaching unambiguous conclusions
about how movements varied with nearness
to the railroad, alone, or interacting with
treatment period. Furthermore, there is no
basis here for concluding that movements
did vary near the railroad as a function of
treatment period.

Selection of Vegetation Types

The lack of pattern in vegetation use was
unexpected. Error in pronghorn locations
and map accuracy potentially bias this
analysis, and these errors and related biases
are of unknown magnitude and nature. No
observed use of a GAP type deviated from
that expected at random. Pronghorn used
especially NPS lands greater than expected
by chance. The ability of both vegetation
type and ownership to predict pronghorn
habitat use was quite low (area under the
ROC curve was < 0.6). We had anticipated
seeing a pattern of habitat use by pronghorn
consistent with avoidance of woodlands
(Ockenfels et al. 1994; Pyle and Yoakum
1994; Bright and van Riper 2000), preference
for grasslands (Yoakum 1972; Kindschy et
al. 1982; Bright and van Riper 2000), and
perhaps also preference for shrub-steppe as
fawning cover (Clemente et al. 1995; Bright
and van Riper 2000). If vegetation use does
not explain the apparent preference for NPS

lands within PEFO, another possible reason
is competition with cattle (McNay and
O’Gara 1982), which are seasonally present
throughout much of the study area outside
of PEFO.

Habitat Selection Models

All of the multi-variable habitat selection
models were adequate in terms of not likely
being the results of chance alone (all Score p-
values were < 0.0001), of having good pre-
dictive efficiency (area under the ROC curve
> 0.7 for all), and of providing good fit to the
underlying data (all results for the Hosmer-
Lemeshow (2000) test were > 0.05). The
models therefore potentially provide a sta-
tistically sound basis for explaining and pre-
dicting habitat selection by pronghorn in the
study area, as well as a good basis for con-
trolling for effects extraneous to nearness to
the railroad.

As might be expected, pronghorn tended
to under-use areas in rougher terrain, as
well as areas nearer the periphery of their
home ranges (farther from the centroid).
Pronghorn are generally known as denizens
of flat open terrain (O’Gara and Yoakum
2004), and the under-use of home range
margins is a pervasive biological phenome-
non. Other patterns were more difficult to
interpret. Vegetation type and ownership, as
such, were not retained in any model de-
spite the fact that pronghorn use varied
from that expected at random when re-
sponse to ownership was analyzed in
isolation. The positive relation of pronghorn
habitat use to elevation and terrain rough-
ness may have been implicitly related to
ownership and masked the effect of this
variable. Avoidance of areas less than 700 m
away from the railroad and the interstate is
noteworthy. We did not include the explicit
effects of fences, for lack of comprehensive
information on these features, which is a
major deficiency in the analysis given the
known effect of fences on pronghorn move-
ments and habitat use elsewhere (Spillett et
al. 1967; Zobell 1968; Howard et al. 1990;
Bright and van Riper 2000).

Of relevance to the study design, prong-
horn more strongly avoided the railroad
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during the pre-treatment period (when esti-
mated parameters were largest for the effect
of nearness to the railroad), in contrast to
Treatments 1 and 2, when parameter esti-
mates did not differ appreciably from zero
(i.e., no effect of nearness to the railroad ≈ no
avoidance of the railroad). However, this
same pattern held for differences in re-
sponses of pronghorn to the interstate
among treatment periods, suggesting that
observed changes in response to the railroad
were not attributable to treatment effects.

CONCLUSION

The isolated pronghorn herd at PEFO ap-
pears likely to remain so for the foreseeable
future. Under existing conditions, Interstate
40 and the BNSF railroad constitute impene-
trable barriers. The consistent avoidance of
these features by pronghorn moreover di-
minishes the odds that exploratory behavior
will result in chance crossings. We were
fortunate to have the opportunity to partner
with a diverse group of cooperators who
sought to better understand and, if possible,
to improve conditions for pronghorn at
PEFO. If in the future it again becomes pos-
sible to modify fences along the railroad, we
encourage a more extensive and sustained
program to more effectively test the efficacy
of treatments.
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