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Abstract: Among Earth’s most stunning, yet imperiled, biological phenomena is long-distance migration
(LDM). Although the understanding of how and why animals migrate may be of general interest, few site-
specific strategies have targeted ways in which to best retain such increasingly rare events. Contrasts among
29 terrestrial mammals from five continents representing 103 populations indicate that remnant long-distant
migrants have poor long-term prospects. Nonetheless, in areas of low human density in the Western Hemi-
sphere, five social and nongregarious species, all from the same region of the Rocky Mountains (U.S.A.), still
experience the most accentuated of remaining New World LDMs south of central Canada. These movements
occur in or adjacent to the Greater Yellowstone region, where about 75% of the migration routes for elk (Cervus
elaphus), bison ( Bison bison), and North America’s sole surviving endemic ungulate, pronghorn (Antilocapra
americana), have already been lost. However, pronghorn still migrate up to 550 km (round-trip) annually.
These extreme movements (1) necessitate use of historic, exceptionally narrow corridors (0.1–0.8 km wide)
that have existed for at least 5800 years, (2) exceed travel distances of elephants ( Loxodonta africana) and
zebras ( Equus burchelli), and (3) are on par with those of Asian chiru ( Pantholops hodgsoni) and African
wildebeest (Connochaetes taurinus). Although conservation planners face uncertainty in situating reserves in
the most biologically valued locations, the concordance between archaeological and current biological data
on migration through specific corridors in these unprotected areas adjacent to the Yellowstone system high-
lights their retention value. It is highly likely that accelerated leasing of public lands for energy development
in such regions will truncate such migrations. One landscape-level solution to conserving LDMs is the creation
of a network of national migration corridors, an action in the Yellowstone region that would result in de
facto protection for a multispecies complex. Tactics applied in this part of the world may not work in others,
however, therefore reinforcing the value of site-specific field information on the past and current biological
needs of migratory species.

La Última Milla: Como Sostener la Migración de Larga Distancia en Mamı́feros

Resumen: Entre los fenómenos biológicos más asombrosos, pero en peligro, de la Tierra está la migración de
larga distancia (MLD). Aunque el entendimiento de cómo y porque migran los animales puede ser de interés
general, pocas estrategias sitio-espećıficas han encontrado formas para retener tales eventos cada vez más
raros. Los contrastes entre 29 mamı́feros terrestres de cinco continentes que representar a 103 poblaciones
indican que las MLD remanentes tienen perspectivas pobres a largo plazo. No obstante, en áreas con bajas
densidades humanas en el Hemisferio Occidental, cinco especies sociales y no gregarias, todas de las misma
región de las Montañas Rocallosas (E.U.A.) aun experimentan las MLD más acentuadas al sur de Canadá. Estos
movimientos ocurren en la región de Yellowstone o adyacentes a la misma, donde se han perdido cerca del
75% de las rutas de migración de alces (Cervus elaphus), bisontes ( Bison bison) y el único ungulado endémico
sobreviviente de Norteamérica, Antilocapra americana. Sin embargo, Antilocapra americana aun migra hasta
550 km (viaje redondo) anualmente. Estos movimientos extremos (1) necesitan el uso de corredores históricos,
excepcionalmente angostos (0.1-0.8 km de ancho) que han existido por lo menos por 5800 años, (2) exceden
las distancias de viaje de elefantes ( Loxodonta africana) y cebras ( Equus burchelli) y (3) son similares a
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los de Pantholops hodgsoni y Connochaetes taurinus. Aunque los planificadores de conservación enfrentan la
incertidumbre de situar reservas en las localidades biológicamente más valiosas, la concordancia entre datos
arqueológicos y actuales sobre migración por corredores espećıficos en estas áreas no protegidas adyacentes
al sistema Yellowstone resalta su valor de retención. Es altamente probable que las migraciones se trunquen
por el arrendamiento acelerado de tierras públicas para el desarrollo energético en tales áreas. Una solución a
nivel de paisaje para conservar a las MLD es la creación de una red de corredores nacionales de migración, una
acción que resultaŕıa en la protección de hecho de un complejo multi-espećıfico en la región de Yellowstone.
Sin embargo, las tácticas empleadas en esta parte del mundo pueden no funcionar en otras, por lo cual se
refuerza el valor de la información de campo sitio-espećıfica sobre las necesidades pasadas y actuales de
especies migratorias.

Introduction

Despite increasing attention to biological conservation,
most terrestrial surfaces on Earth remain unprotected.
Consequently, extraordinary events that once occurred
across vast landscapes, playing significant ecological
roles, have been truncated. Long-distance migration
(LDM) is one such event. Globally, spectacular LDMs still
exist and involve volant taxa including diverse species
of birds and butterflies (Brower 1995) and well-known
cetacean journeys that traverse seas from Arctic to Mexi-
can waters (Baker 1978). Many of the massive and histori-
cally described overland treks by herd-dwelling mammals,
however, have been lost from Asian steppes, African sa-
vannas, and North American grasslands (Table 1). The de-
velopment of effective strategies to maintain these events
has been problematic.

Conservation planners, in trying to capture the essence
of both ecological processes and diversity, continue to
face uncertainty in reserve placement because landscapes
vary in biological value (Groves et al. 2002), events be-
yond protected borders alter the efficacy of reserves
(Newmark 1987, 1995), and changing environments im-
pede knowledge about the relative importance of fixed
areas on species persistence ( Wilcove 1999). Although
LDMs are far from the mainstream of conservation bi-
ology, and the movements of gregarious herds in Africa
are well-chronicled (Fryxell & Sinclair 1988a; Williamson
1997), asocial species also migrate. These species are
not typically associated with such movements and in-
clude Mountain tapirs (Downer 1996, 1997), black-tailed
jackrabbits (Smith et al. 2002), and boreal moose, the lat-
ter covering round-trip distances of up to 390 km (Mauer
1998). (Scientific names for species used in analyses are
provided in Appendix 1.) Other taxa of terrestrial ver-
tebrates also undertake impressive migrations, including
spotted frogs (Rana luteiventris) and newts (Pilliod et
al. 2002), but how migration is linked with corridor use
and especially population persistence has not been well
studied (Simberloff et al. 1992; Beier & Noss 1998).

The broader issue, of course, is not whether migra-
tory species are social or large or small, but whether and

how to sustain migration so that it does not become a
transitional or endangered phenomenon. A fundamental
challenge to conservation-minded governments is how
best to devise strategies that retain LDMs as part of a
rich biological heritage. As a first step in bringing this
fleeting ecological process to the conservation table, I of-
fer (1) an analysis of where and which mammalian long-
distance migrants have been lost and remain, (2) a po-
tential correlate—body mass—of long-distance migrants,
and (3) a relatively straightforward but site-specific con-
servation plan to retain the longest LDMs in the Western
Hemisphere that involve species other than caribou.

Methods

Definitions and Rationale

Migration has been defined in various ways (Sinclair
1983; Rankin 1985). For my purposes a simple opera-
tional definition seems best: seasonal round-trip move-
ment between discrete areas not used at other times of
the year. For example, a mouse that moves from my house
in winter to the outside woodpile during summer and
back again would be migratory, and the one-way distance
traversed is between house and woodpile. By contrast, a
mouse that moves 15 km but not back again is not mi-
gratory (Maier 2002). Similarly, a wolverine (Gulo gulo)
covering a 1000-km2 region between mountain ranges
throughout the year would not be migratory because it
fails to show seasonal use of discrete ranges. Many re-
searchers, although not specifically addressing questions
about migration distance, have used measures to discern
distinct areas of seasonal use (Pierce et al. 1999; Appendix
1), from which migration distances between them could
be estimated. Other researchers evaluated distances be-
tween formal geometric centers of seasonally discrete
home ranges (e.g., Kufeld et al. 1989; Nicholson et al.
1997).

A definition of long-distance migration is more trou-
blesome because the distance traversed by species that
differ in life-history traits may only be relative. Although
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Table 1. Summary of selected major migrations confirmed or suspected lost in historic times, and remnants for three species within the Greater
Yellowstone region (n is sample for total migration routes).

Continental Greater Yellowstone Ecosystem

species location Referencea species percent lost (n)b

Springbokb karoo, Kalahari, South Africa, Namibia 1,2 pronghorn 78 (11)
Wildebeestb Namibia, South Africa 2,3 bison 100 (14)
White-eared kobc The Sudd, Sudan 4 elk 58 (36)
Bisonb Canda, U.S.A. 5
African elephantb Kenya 6
Asian elephantb India 7
Saigab Kazakhastan, Russia, Mongolia 8

a1, Child & LeRiche 1967; 2, Gasaway et al. 1996; 3, Williamson et al. 1988 and Williamson 1997; 4, Fryxell & Sinclair 1988; 5, Roe 1970; 6,
Waithaka 1994; 7, Sukumar 1989; 8, Milner-Gulland et al. 2001.
bConfirmed lost.
cSuspected lost.

either ecological or life-history definitions of LDM may
be estimated with allometric criteria to account for body
size, my interest lies more in absolute rather than rela-
tive distance because conservation strategies have rarely,
if ever, been based on relative measures of species size
(Groves et al. 2002). With this as a caveat, both European
and North American authors have offered provisional def-
initions that infer “long distance” when one-way move-
ments exceed 10–12 km (Fuller & Keith 1981; Sandgren
& Sweanor 1988). Here, I suggest that a long-distance mi-
grant may be species or population dependent and let
readers decide for themselves what is “long” and what is
not pertinent to conservation objectives.

Choice of Species, Limitations of Data, and Analyses

I collated information on migration from both published
and gray literature. I elected to include the latter given the
immense number of state-agency reports and bulletins in
the United States with information on radio collared ani-
mals and attendant analyses of movement patterns in re-
lation to seasonal use. For example, 140 radio collared
mule deer were studied at a Wyoming site for multiple
years (Sawyer & Lindzey 1999), yet the mere exclusion of
such data on migration simply because they were unpub-
lished would represent the loss of significant information.
I have not, however, attempted to summarize data from
every agency report on movement patterns.

For some taxa (e.g., cervids, camelids), migration may
be a polymorphic trait, with members of a population
showing great fidelity to areas they either migrate to or
remain within (Ortega & Franklin 1995; Bowyer et al.
1996; Nicholson et al. 1997). My measures on distance
traversed reflect those of migratory segments of studied
populations only, and these were estimated from data pre-
sented within the cited study or from the original calcu-
lations of the author. The reported measure is the mean
for round-trip migrations. Where data stem from multiple

populations, I calculated a species mean and, when rele-
vant, standard errors (SEm) and 95% confidences intervals
(CI).

Most studies of migration in terrestrial mammals are of
hooved mammals (artiodactyls, perrisodactyls, and pro-
boscideans; Appendix 1), but I also included those for
carnivores and one lagomorph. For some species (mostly
but not exclusively those from North America), multiple
data sets exist that tend to reflect populations from geo-
graphically different regions. In other areas of the world,
data are more restricted, especially when radio collars
were not used. For comparative purposes, I included data
on these latter migration distances when justified by the
author and published in the peer-reviewed literature (e.g.,
Schaller 1998).

For the approximately 10.8 million ha of the Greater
Yellowstone Ecosystem (GYE; Noss et al. 2002), the num-
ber of migration routes that have changed or been lost
during the last 100 years were estimated by relying on re-
cent historical records (i.e., trapper’s journals; Schullery
& Whittlesey 1995) and published and agency data. In
the GYE this calculation has been possible because, at a
coarse level, interest in migration has been great, yield-
ing analyses of track counts, sightings, and estimates of
travel routes since the 1950s. Efforts to mark visually
(i.e., with neck bands or ear tags) and subsequently to
radio-tag elk (Anderson 1958; Craighead et al. 1972) have
now spanned portions of >5 decades (Smith & Robbins
1994; B. L. Smith personal communication). Although
pronghorn and bison remain less studied, I based esti-
mates of routes lost or retained on point counts of dis-
crete winter and summer ranges. These derive from ob-
servations of these ungulates at past known locations,
coupled with landscape-level analyses that involved the
distribution and change of local human densities, agri-
cultural practices, and winter snow depth. For instance,
where towns replaced open habitat in what were once
historic pathways (Fig. 1), a route was designated as
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Figure 1. Example of the hard edge between a town
and open habitat for wildlife (in this case, the
National Elk Refuge and town of Jackson, Wyoming)
and the blockage of migration (arrow) for bighorn
sheep, elk, and pronghorn.

“lost.” Measures of chest height in pronghorn, bison, and
elk relative to snow depth also enable crude prediction
of winter occurrence (Telfer & Kelsall 1984).

Although analyses of the potential conduciveness of
habitats to movement between two discrete points may
be in error because the scale of inquiry affects interpreta-
tions (Bowyer et al. 1996) and it is impossible to be certain
whether a movement corridor has been lost, I adopted a
more conservative measure. Rather than assuming a route
was lost, I included data only when discrete summering
or wintering sites were known and one remained unused.
For instance, the Gallatin Valley of Montana currently
harbors a human population of over 40,000. Elk once
crossed the valley but no longer can. Whether multiple
migration pathways or a single one occurred historically
is unknown. To be conservative, which undoubtedly un-
derestimates real losses, I recorded only one lost route,
although given the approximate size of Gallatin Valley—
over 200,000 ha—and given that elk use summer ranges
in at least four adjacent mountain ranges, it is likely that
more than a single route has been truncated.

To evaluate whether life-history traits are associated
with migration distance, I attempted to fit linear and non-
linear (quadratic, power, exponential) models to non-
transformed and log-transformed data on migration dis-
tance (mean, median, and longest). Outliers for species
or populations were excluded first, and then carnivores
were removed to determine whether a global pattern
emerged. Subsequently, I restricted analyses to poten-
tial migrations that still persist between the southern
tip of South America and central Canada, a procedure
that excluded more northern latitudes where human ef-
fects have been smaller (Sanderson et al. 2002a) and cari-
bou mostly unhindered (Appendix 1, but see Mahoney
& Schaefer 2002). Although comparative analyses with

Figure 2. Mean and extreme (extended lines)
long-distance migration round-trip distances for
terrestrial mammals (excluding barren-ground
caribou). Numbers after name are studies/species. If
unnumbered, data are based on one study (see
Appendix 1 for scientific names and references). Moose
from geographically disparate regions are: N, Alaska
and Yukon; Eu, Scandinavia; U.S., south of Canada.

unequally weighted samples tend to use median values
(Gittleman 1986) and measures of migration distance do
not occur without error, mean and median distances were
highly correlated for all studies (r 2 = 0.918; p < 0.0001);
therefore, I used average values.

Results

The striking variation in body size that characterizes ter-
restrial mammals (Eisenberg 1981) is paralleled by migra-
tion distances that show great dissimilarities. Although
wildebeest and Mongolian gazelles migrate more than 450
km (round-trip) (Fig. 2), for species that may differ in size
by more than 40-fold, distances can be both small and sim-
ilar. For example, mountain tapirs and black-tailed jackrab-
bits both move <12 km. By contrast, within-species vari-
ability can be great. Mule deer average 66 km (±12.7
[SEm]; 95% CI = 38–93; n = 15 studies), but in the Up-
per Green River Basin of Wyoming, distances exceed 285
km (Fig. 2). On a geographically broader scale are barren-
ground caribou, with extreme LDMs (x̄ = 1673 ± 491 km;
n = 3; longest = 2500 km). Woodland caribou, however,
move far less x̄ = 71 ± 28; n = 4; Fig. 2).

Although the spatial area used by a species is often as-
sociated with its body size (Gompper & Gittleman 1991),
this relation appears not to hold, even with the exclusion
of such obvious outliers as barren-ground caribou (less
than the 99.5% upper CI). Only an exponential model that
was restricted geographically to the log mass of species
occurring between Canada and the southern tip of South
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America explained more than 15% of the variance in mi-
gration (r2 = 0.178; n = 15; p = 0.117), and the ex-
planatory value of this single variable is generally low. It
did not improve when analyses were restricted further to
only herbivores (r2 = 0.015; p = 0.986). These findings,
based on a more expansive sample, are consistent with
the lack of relationship anticipated by others (Baker 1978;
Sinclair & Arcese 1995), presumably because either local
ecological conditions, population densities, or other fac-
tors are more important, or there is no simple association
between body mass and migration distance.

It may be of more immediate relevance to conserva-
tion to gain an understanding of how migration has fared
in areas with profound anthropogenic impacts. Omitting
caribou and other species from the Arctic and other ar-
eas with relatively low human impacts (Sanderson et al.
2002a) enables a focus on remnant LDMs of the Western
Hemisphere. Of 57 populations representing 17 species,
the 5 with the extreme LDMs rely on lands within or
adjacent to the Greater Yellowstone Ecosystem (GYE)
(Fig. 2). Although the Yellowstone area has long been
recognized for geothermal distinctiveness and, recently,
a restored large-carnivore community (Clark et al. 1999;
Noss et al. 2002), what previously has been unrecognized
is its ability to support some ecological phenomena—
especially the accentuated treks of pronghorn, elk, mule
deer, moose, and bison (Fig. 2).

To improve insights into the type of planning neces-
sary to conserve these LDMs, I examined the fates of his-
toric and current routes (Craighead et al. 1972; Smith
& Robbins 1994) traversed by three species: pronghorn,
bison, and elk (Table 1). A conservative estimate of the
frequency of routes truncated indicates that many have
already been lost: pronghorn, 78% (n = 11); bison, 100%
(n = 14); and elk, 58% (n = 36).

Discussion

Bottlenecks: a Link between the Holocene
and Modern Threats

Effective conservation involves obvious complexities and
approaches that vary from science and planning to policy
and site-specific measures. It is this last category, how-
ever, that may be most relevant for achieving conserva-
tion of LDMs. Despite the loss of many spectacular treks
(Table 1), the longest (caribou excluded) and perhaps
most jeopardized in the Western Hemisphere occur in the
GYE. Although causes vary for the loss of routes by migra-
tory bison, elk, and pronghorn, four stand out: (1) little
tolerance for bison outside protected areas, (2) concen-
trations of elk on 23 winter feeding grounds in Wyoming,
(3) a 20% increase in the human population in the last
decade to (currently) more than 370,000, and (4) asso-
ciated loss of habitat, especially areas crucial to approxi-

mately 100,000 wintering ungulates in the southern part
of this ecosystem. This last point is central if extreme and
highly fragile LDMs are to be retained, especially as the
effectiveness of conservation planning shifts from general
paradigms to site-specific implementation (Groves et al.
2002; Sanderson et al. 2002a).

At the southern terminus of migration routes for
pronghorn and mule deer from the GYE in southwest-
ern Wyoming (Fig. 3), about 8500 energy-extraction sites
exist on public lands, with up to 10,000–15,000 more
forecast during the next decade. The potential to seri-
ously alter winter habitats and subsequently sever migra-
tion is genuine. For pronghorns, the extreme LDM that
connects the Upper Green River Basin to Grand Teton Na-
tional Park faces additional challenges (Sawyer & Lindzey
2000) because it winds through at least four narrow corri-
dors (A-D in Fig. 3), beginning with a 0.8-km constriction
at an elevation of 2226 m.

This first bottleneck, officially known as Trapper’s Point
(A in Fig. 3), has existed for 5800–6800 years and is
known from three mid-Holocene early Archaic procure-
ment sites. Like today, it was used in the past by pregnant
females during spring migration, an inference based on
the presence of fetal bones of a size similar to those of
pregnant pronghorn during late gestation (Miller & Saun-
ders 2000). Toward the north, a second bottleneck (B)
occurs along a 5-km-long sagebrush gap between flood-
plain and forest that narrows to a strip only 100–400 m
wide. The additional two bottlenecks (Fig. 3) are C, a
high-elevation hydrographic divide at 2774 m that is of-
ten filled with deep snow and distinguishes the Upper
Green River Basin from the Gros Ventre Mountains, and
D, 30–40 km farther west of C, a 100- to 200-m constric-
tion between sandstone cliffs, road, and the Gros Ventre
River.

That any LDM endures in this system is remarkable
given increasing impediments to pronghorn treks at
lower elevation that include at least 105 fences (Sawyer &
Lindzey 2000; J.B., unpublished data), highways, housing
subdivisions, and the proliferation of petroleum develop-
ment in winter habitats. Critically, however, confidence
in the existence of future migrations by both pronghorn
and mule deer at the scale of past migrations is tenuous.
Although much of the wintering areas and migration bot-
tlenecks involve federal land in the Upper Green River
Basin (Fig. 3), habitat protection is no longer assured
because of possible incompatibilities with U.S. energy
policies. Federal permits to drill are being fast-tracked
under Presidential Order 13212, which expedites the re-
view and approval of proposals to facilitate the rapid per-
mitting of energy-related projects in the western United
States (Berger 2003). Unlike the plethora of Alaskan stud-
ies designed to understand possible petroleum-related
disruption to migratory caribou (Berger et al. 2001), no
peer-reviewed scientific literature exists to assess possible
energy-related effects on migration in the GYE.
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Figure 3. Location of pronghorn migration route in western Wyoming with placement of bottlenecks A to D
(described in the text) as indicated in map and enhanced images of A and B (courtesy of Sky Truth and J. Catton,
respectively). Solid lines reflect migration routes, and dotted lines are narrow pathways with maximal restriction
(e.g., bottleneck) (UGRB, Upper Green River Basin).
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Conclusions and a Simple Action Plan

Although American scientists, conservation advocates,
private industry, and elected officials seemingly share in
the goal of increasing domestic security, efforts to do
so must involve serious attempts to develop alternate
sources of energy while not sacrificing national or in-
ternational biological treasures. Despite an association
between energy consumption and loss of biodiversity
(Ehrlich 1994), the protection of increasingly rare ecolog-
ical events that include LDMs is possible (Brussard 1991).

Conservation efforts at the southern terminus of the
GYE extend back to 1898, and, although largely ignored,
have variously called for establishment of nationally desig-
nated parks, monuments, and landscapes (Dunham 1898;
Wyoming Outdoor Council 2002). A more modest plan
to conserve what few truly stunning LDMs remain be-
tween central Canada and Tierra del Fuego is to enhance
protection for highly sensitive areas and bottlenecks. For
the southern GYE these migration routes traverse existing
U.S. public lands under the jurisdiction of the Bureau of
Land Management (BLM) and U.S. Forest Service (USFS),
and can receive real protection if a broader and more
formally designated national wildlife migration corridor
is instituted for all citizens. Precedents are numerous in
the United States, including national scenic highways, his-
toric trails, and rivers.

In this particular instance, details for a statutory migra-
tion corridor would need to be resolved. The BLM has the
capacity to formally protect habitats by declaring them
“areas of critical environmental concern” (ACEC), an idea
once proposed between two reserves in the northern
Great Basin Desert (Uselman 1998), and not unlike that
proposed for connecting elephant refuges through com-
munal lands in Zimbabwe (Osborn & Parker 2003). For
the Upper Green River Basin, however, the designating of
a formally protected corridor, rather than an ACEC, would
represent a landmark victory nationally and internation-
ally because not only would it offer greater protection but
it would bring an ecological process, long-distance migra-
tion, to the attention of the public. As such, this proposal
could sustain a macroscale phenomenon not repeated in
grandeur between Tierra del Fuego and central Canada.

The use of process-driven approaches to conserve small
and large areas has been effective (Brussard 1991; Sander-
son et al. 2002a): for example, not only are Monarch
butterflies (Danaus plexippus) now protected in cen-
tral Mexico (Brower 1995), but the Serengeti ecosystem
is defined by its migratory wildebeest (McNaughton &
Banyikawa 1995). Although past boundaries of the GYE
were generally denoted by wide-ranging species such as
brown bears (Ursus arctos) (Craighead 1979; Noss et
al. 2002), this species-centric approach may include an
error of omission because the extreme LDMs of this re-
gion were not previously known. But whether the pro-
tection of critical corridors can be achieved by use of

species or fleeting ecological processes (Sanderson et al.
2002b) is less important than achieving actions on the
ground that will effectively result in protecting the rem-
nant and narrow corridors currently used by migrating
Upper Green River Basin ungulates. Although theory will
help us understand more about the dynamics of connec-
tivity in other systems, enough is known about the con-
cordance between the pronghorn’s use of corridors dur-
ing the mid-Holocene and today to suggest that protective
action should not be delayed. Otherwise, we will squan-
der a biological legacy that may be enjoyed by our future
descendants.
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Appendix 1. Summary of estimated round-trip migration by species, population, and site.

Mean Longest
Species Scientific name Location (km)a (km) Reference

Cougar Felis concolor Sierra Nevada, CA, USA 60 Pierec et al. 1999; V. Bleich,
personal communication

Coyote Canis latrans Jackson Hole, WY, USA 70 80 K. Berger, unpublished data
Wolf Canis lupus Brooks Range, AK USA 370 Ballard et al. 1997

Bathhurst region, NWT, Canada 743 Walton et al. 2001
Spotted hyena Crocuta crocuta Serengeti, Tanzania 120 160 Hofer & East 1995
Elk Cervus elaphus Banff, AB, Canada 73 138 Mogantini & Hudson 1988

Yellowstone, WY, USA 70 220 Craighead et al. 1972
Olympic, WA, USA 60 Houston et al. 1990
Selway Drainage, ID, USA <64 Dalke et al. 1965
Sun River, MT, USA 96 Knight 1970
Absaroka Divide, WY, USA 90 Rudd et al. 1983
Jackson Hole, WY, USA 200 220 Smith & Robbins 1994

White-tailed deer Odocoileus Algonquin, ON, Canada 60 Forbes & Theberge 1995
virginianus

Cheery Creek, MT, USA 14 26 Wood et al. 1989
Hiawatha Forest, MN, USA 10 Van Deelen et al. 1998
Superior Forest, MN, USA 34 Nelson & Mech 1981

Mule deer Odocoileus Green River Basin, WY, USA 168 288 Sawyer & Lindzey 1999;
Sawyer et al. 2002

hemionus
Salmon-Trinity Alps, CA, USA 42 70 Loft et al. 1984
Cheery Creek, MT, USA 11 Wood et al. 1989
Missouri River Breaks, MT, USA 12 Hamlin & Mackie 1989
Klickkitat Basin, WA, USA 56 McCorquodale 1999
Great Basin, NV, USA 141 280 Gruel & Papez 1963
Silver Lake, OR, USA 60 256 Zallunardo 1965
Piceance Basin, CO, USA 65 220 Garrot et al. 1987
Lory State Park, CO, USA 58 Kufeld et al. 1989
Transverse Ranges, ID, USA 52 Brown 1992
Paunsaugunt Plateau, UT, USA 102 144 Carrel et al. 1999
Kaibab Plateau, AZ, USA 45 116 Carrel et al. 1999
Round Valley, CA, USA 134 192 Pierec et al.1999; V. Bleich,

personal communication
Admiralty Isle, AK, USA 15 90 Schoen & Kirchhoff 1985
San Bernadino Mountains, CA, USA 23 Nicholson et al. 1997

Moose Alces alces Old Crow, YT, Canada 246 392 Mauer 1998
Lower Koyukuk, AK, USA 84 136 Mauer 1998
Upper Susitna, AK, USA 96 186 Ballard et al. 1991
White Mountains, AK, USA 130 204 Mauer 1998
Nelchina Basin, AK, USA 70 220 Van Ballenberghe 1977
North Slope, YT, Canada 194 276 Mauer 1998
Tanana Flats, AK, USA 120 280 Gasaway et al. 1983
northeast Alberta, Canada 40 Haugen & Keith 1981
Sorsele, Sweden 220 310 Sandgren & Sweanor 1998
Slussfors, south Sweden 46 Sandgren & Sweanor 1998b

Hornefors, Sweden 41 Sandgren & Sweanor 1998
Klitten, Sweden 42 Sandgren & Sweanor 1998
Tennanget, Sweden 68 Sandgren & Sweanor 1998
Furudal, Sweden 156 Sandgren & Sweanor 1998
Stottingfjallet, Sweden 118 Sandgren & Sweanor 1998
Trehorningsjo, Sweden 149 Sandgren & Sweanor 1998
Slussfors, north Sweden 144 Sandgren & Sweanor 1998
Nordheden, Sweden 196 Sandgren & Sweanor 1998
Rosvik, Sweden 66 Sandgren & Sweanor 1998
Mooseleuk and St. Croix, ME, USA 14 Thompson et al. 1995
northwest Minnesota, MN, USA 20 LeResche 1974
northeast Minnesota, MN, USA 12 LeResche 1974
Gravelly Mountains, MT, USA 14 LeResche 1974
Teton, WY, USA 61 114 J. Berger, unpublished data

Musk ox Ovibos moschatus Bathurst Isle, NT, Canada 0 Gray 1979
Arctic Refuge, AK, USA 0 Reynolds 1998

Caribouc Rangifer tarandus Arctic Refuge, AK, USA 4355 5055 Fancy et al. 1988
(barren-ground)

Central Arctic, AK, USA 3031 Fancy et al. 1988
Baffin Isle, Canada 800 Ferguson & Messier 2000

Caribou (woodland) Rangifer tarandus Grand Cache, AB, Canada 136 300 Edmonds 1988
Birch Mtn, Alberta, Canada 56 142 Fuller & Keith 1981
Lake Nipigon, ON, Canada 92 160 Cumming & Beange 1987
Aikens Lake, Manitoba, Canada 0 Darby & Pruitt 1984

Bison Bison bison Yellowstone, WY, USA 44 Meagher 1973, 1989
Grand Teton, WY, USA 70 75 Cain et al. 2001
Henry Mountains, UT, USA 50 Van Vuren & Bray 1986

continued
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Appendix 1. (continued)

Mean Longest
Species Scientific name Location (km)a (km) Reference

Bighorn Ovis canadensis McCullough Mountains, NV, USA 60 64 McQuivey 1976
River Mountains, NV, USA 7 Leslie & Douglas 1979
Highland Mountains, MT, USA 19 Semmens 1996
Salmon River Mountains, ID, USA 74 75 Akenson & Aksenson 1994
Sheep Range, NV, USA 32 Hansen 1965

Mountain goat Oreamos americanus Mount Baker, Washington 12 Johnson 1980
Barometer Mountain, WA, USA 29 29 Johnson 1980

Pronghorn Antilocapra americana Upper Snake River Plain, ID, USA 89 Hoskinson & Tester 1980
Wupatki, AZ, USA 30 Bright & Van Riper 2000
Cordes Junction, AZ, USA 30 80 Ockenfels et al. 1994
Mingus Mountain, AZ, USA 26 40 Ockenfels et al. 1994
Saskatchewan, Canada 220 Mitchell 1980
Red Desert, WY, USA 128 164 Deblinger 1980
Tetons, WY, USA 434 548 Sawyer & Lindzey 2000;

Sawyer et al. 2002
Huemal Hippocamelus bisulcus Patagonia, Argentina 6 Diaz & Smith-Fluek 2000
Pudu Pudu puda Islote Rupanco, Chile 0 Eldridge et al. 1987
Taruca Hippocamelus antisenis La Roya, Peru 0 Merkt 1987
Guanaco Lama guanicoe Torres del Paine, Argentina 0 Franklin 1982

Patagonia, Chile 24 Ortega & Franklin 1995
Vicuna Vicugna vicugna Pampa Galeras, Peru 0 Franklin 1982
Mountain tapir Tapirus pinchaque Sangay, Ecuador 9 10 Downer 1996, 1997
Mongolian gazelle Procapra gutturrosa Dornab, Mongolia 500 J. Ginsberg, personal

communication
White-eared kob Kobus kob Sudd Region, Sudan 700 Fryxell & Sinclair 1988b
Wildebeest Connochaetes taurinus Serengeti, Tanzania 600–800 Murray 1995 & Web sitesd

Kalahari, Botswana 550 Williamson et al. 1988
Tarangire, Tanzania 120 Kahurananga & Silkiluwasha

1997
Springbok Antidorcas marsupialis Karoo, South Africa 360, Child & LeRiche 1967

one way
Chiru Pantholops hodgsoni Chang Tang, China 600 Schaller 1998
Mountain zebra Equus zebra Namib Desert, Namibia 240 Joubert 1972
Plain’s zebra Equus burchelli Tarangire, Tanzania 110 Kahurananga & Silkiluwasha

1997
Elephant Loxodonta africana northern Botswana 200 Verlinden & Gavor 1998

Laikipia District, Kenya 200 Thoules & Dyer 1992
Kalamalove Park, Cameroon 240 Tchamba 1993
Waza Park, Cameroon 200 Tchamba 1993

Giraffe Giraffa camelopadia northern Serengeti 80 P. Arcese, personal
communication

Black-tailed jackrabbit Lepus californicus Curlew Valley, UT, USA 12 Smith et al. 2002

aMean is the estimated round-trip distance (km) for migratory segment; otherwise, all data for that population are averaged.
bBased on means of four longest migration distances.
cEstimates are total annual movements (based on satellite data), but those in text reflect means between average annual home ranges (seasonal) in brochures of the U.S. Fish
and Wildlife Service (Arctic National Wildlife Refuge).
dWeb site: www.africaencounters.com/tanzania/serenget.htm; www.awf.org/wildlives/4547.
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