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Abstract: The American black bear (Ursus amer-

icanus) is highly adaptable and can move long

distances in short periods of time. The advent of

Global Positioning System (GPS) –equipped telem-

etry equipment allows researchers to gather data on

highly mobile animals with improved temporal and

spatial resolution over standard telemetry equip-

ment. We used a GPS-equipped radiocollar to

document one of the longest non-dispersing move-

ments of a black bear in New Mexico and Colorado

(USA) during July 2011–May 2012, which is atypical

because previously documented movements were

generally associated with dispersal events. This adult

male bear traveled a straight-line distance of 282.2

km (cumulative distance of 1,482.8 km) from the

capture site. The bear made this long-distance

movement in 304 days. It is unclear how common

this type of movement is, but movements of this

magnitude can potentially influence genetic diversi-

ty, recolonization potential, and have implications

for managers in setting harvest regulations.
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American black bears (Ursus americanus) are highly

adaptable and mobile animals found in a variety of

habitats throughout North America (Pelton 2000).

Home range size and daily movements are variable

and generally dependent on food supplies, with larger

home ranges and longer movements found in poorer

quality habitat (Alt et al. 1980, Smith and Pelton

1990, Costello et al. 2001, Hellgren et al. 2005). The

longest documented movements usually follow failure

of a food source (Rogers 1987, Hellgren et al. 2005,

Noyce and Garshelis 2011), dispersal events (Rogers

1987, Elowe and Dodge 1989), capture and trans-

location of nuisance individuals by humans (Lindzey

et al. 1976, Fies et al. 1987, Costello et al. 2001), or

movements between suitable habitats (Auger et al.

2005). Total movements associated with food

shortages can exceed 200 km, but the individual will

often return to its usual range (Rogers 1987). In the

United States, dispersal events of .200 km have been

documented in Massachusetts (Elowe and Dodge

1989) and Minnesota (Rogers 1987). One 3-year-old

male bear in Minnesota moved a straight-line distance

of 219 km before being shot, while another radio-

marked bear was observed by a wildlife biologist

324 km outside of the study area (Rogers 1987).

A bear captured in east-central Utah was killed by

a vehicle 7 years later in western Colorado at 274 km

from the release site (Auger et al. 2005). Bear

movements following translocations can be even more

extreme, as evidenced by the longest documented

movement of 507 km by an 11-year-old male black

bear from Florida to Louisiana (Stratman et al. 2001).

This bear was known to move extensively before

translocation; however, the bear did not return to the

original capture location.

The longest movements by black bears have been

documented through sighting or harvest of marked

individuals, or very-high frequency (VHF) radiote-

lemetry equipment. Radiomarked individuals often

travel beyond the effective range of the equipment

for extended periods of time (Rogers 1987, Costello

et al. 2001), making it difficult to fully document

long-distance movements. With the use of Global

Positioning System (GPS) telemetry equipment,

researchers have the ability to document long-range

movements that were previously difficult to observe.

Our ability to document a straight-line long-distance

movement from a capture site in New Mexico

resulted from collaring several bears to improve

our understanding of black bear movements, utili-

zation distributions, habitat use, and black bear–elk

(Cervus elaphus) neonate interactions.

Methods
We captured this bear in a culvert-style trap in

northern Taos County, New Mexico, USA, on3email: Stewart.liley@state.nm.us
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27 June 2011. We tranquilized the bear with

a combination of ketamine hydrochloride and

xylazine hydrochloride, and administered yohimbine

hydrochloride as an antagonist. We determined sex

and age based on visual cues along with tooth

eruption and wear (Marks and Erickson 1966), and

fit the bear with a GPS radiocollar (Advanced

Telemetry Systems, Isanti, Minnesota, USA). The

radiocollar was programmed to attempt a GPS fix

every 2 hours and equipped to automatically release

after 386 days. We attempted to locate the bear

monthly during aerial telemetry flights. We retrieved

the radiocollar when a collar-drop-off signal was

detected 370 days post-deployment.

We removed obvious location errors (i.e., pre- and

post-deployment fixes, den site errors) prior to data

processing. Data were not censored based on

positional dilution of precision, horizontal dilution

of precision, or 2-dimensional fix status because data

retention was more important than location pre-

cision (D’eon and Delparte 2005, Lewis et al.

2007). We censored location data collected during

the denning season (period of little or no known

movements around a single location) and attributed

these apparent movements to location error. We

used relocation error to identify den sites, and den

entrance and exit dates (Waller et al. 2012). We

considered locations before 10 November 2011 to be

pre-denning and locations after 26 April 2012 to

be post-denning. We calculated distances moved

before and after denning from the recorded Univer-

sal Transverse Mercator coordinates. Distances are

reported as the furthest straight-line distance the

bear had moved, and the estimated distance traveled

was based on the cumulative sum of movements

between 2-hour location intervals.

Results
Post-capture, the adult bear (.4 yr old) stayed

near the capture site for 15 days, then moved

northeasterly toward Trinidad, Colorado (Fig. 1).

The bear then crossed a major interstate highway

(I-25) and traveled north–northeast into the edge of

the Great Plains. This northeasterly movement

lasted only 6 days before he crossed back over

Interstate I-25 and moved into more montane

habitat. During these 6 days, the bear traveled

a cumulative distance of 208.4 km (Table 1). The

bear continued his northerly movement for 14 days

before reaching his northerly extent of movement 48

days after leaving the study area. The bear remained

in this area for 54 days before moving south and

denning. The bear traveled a cumulative distance of

1,059.1 km prior to denning. The bear made his first

movement out of the denning area on 26 April 2012

and returned to the vicinity of the capture location

within 18 days, traveling a cumulative distance of

423.7 km post-denning. Overall, the bear moved

a total cumulative distance of 1,482.8 km (Fig. 1) in

370 days, having been away from the capture area

for 304 days. The northern-most location, near

Castle Rock, Colorado, was a straight-line distance

of 282.2 km from the capture location. However, the

bear traveled 889.9 km to this northern-most

position. Average and maximum daily movements

were 7.8 km/day and 58.2 km pre-denning, and 6.1

km/day and 25.6 km post-denning, respectively.

During the 6 days of movement from Trinidad,

Colorado, to Ft. Carson, Colorado, he moved an

average of 34.7 km/day (Table 1). During this

movement, the bear crossed 5 major highways and

interstates, and several major rivers—the largest

being the Arkansas River (approx. 100 m wide at the

crossing).

Discussion
Increased movement during late summer and early

autumn is common in black bears (Alt et al. 1980,

Rogers 1987, Kasbohm et al. 1998, Noyce and

Garshelis 2011), especially during years of mast-crop

failure (Costello et al. 2001, Hellgren et al. 2005).

However, the non-dispersing movement we observed

is one of the longest documented in literature,

surpassing a Minnesota adult male that moved

a distance of 201 km following drought and failure

of the local food supply before returning to the

initial capture area (Rogers 1987). Interestingly, the

bear we captured moved a cumulative distance of

208.4 km in 6 days (34.7 km/day) when the bear had

crossed into the open prairie. We suspect that this

bear failed to find sufficient forage in the open

prairie and kept moving in search of food. Hellgren

et al. (2005) reported that 67% of marked bears left

their study area following drought and mast failure

and that male dispersal averaged 92 km (straight-line

distance). They suggested that these movements

were attributable to a fragmented environment of

suitable and unsustainable habitat in the Chihua-

huan Desert. Precipitation in our study was far below

normal during 2011, with average precipitation
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Fig. 1. Movement path in Colorado and New Mexico (USA) of an adult male American black bear (Ursus
americanus) equipped with a Global Positioning System collar, June 2011 through May 2012.
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68% and 47% of normal for the northern mountains

and northeastern plains of New Mexico, respectively

(National Oceanic and Atmospheric Administration

[NOAA] 2011a), and 75% of normal in Pueblo,

Colorado (NOAA 2011b). The dry conditions led to

a widespread mast-crop failure (R. Winslow, New

Mexico Department of Game and Fish, personal

communication). Therefore, this bear may have been

searching for a consistent food supply.

Although food shortages may have influenced this

bear’s movement, the distance traveled remains

remarkable and has implications for population

and density estimation techniques that assume

a closed population (Otis et al. 1978). Population

estimation for low-density, solitary animals (such as

bears) has become a popular subject as hair-snare

and camera-trap techniques are continually refined

and increasingly used (Immell and Anthony 2008;

Tredick and Vaughan 2009; Gardner et al. 2010a, b).

Sampling intervals typically are restricted with these

approaches to avoid the hyperphagic period, but this

period may vary by location and food supply. Long

movements by males during the summer breeding

season are also of concern because this time period is

generally the peak of hair-snare sampling. Excessive

violation of the closed-population assumption can

lead to an artificially inflated population estimate

(Otis et al. 1978) and precise data available from

current and future studies using GPS technology will

provide us a better understanding of the magnitude

of the closure violation.

Other documented long-distance movements were

associated with dispersal events or translocation

efforts, but these movements are typically one-way

rather than round-trip movements. Generally, dis-

persal events do not exceed 200 km (Rogers 1987,

Elowe and Dodge 1989, Hellgren et al. 2005, Noyce

and Garshelis 2011); however, .3 bears in Minne-

sota exceeded this distance, with 1 individual being

sighted a minimum distance of 324 km from the

capture area (Rogers 1987). The longest recorded

movements by American black bears typically

followed translocations. A translocated Florida bear

traveled .507 km before it was recaptured outside

Baton Rouge, Louisiana, and returned to Florida

(Stratman et al. 2001). Given the differences in

telemetry platform, and in spatial and temporal

resolution of relocations, it is difficult to compare

anything other than minimum distances across

studies.

We would have unable to document these move-

ments and rates of travel without the use of GPS

technology. Past researchers using VHF telemetry

equipment have noted extended periods in which

bears leave the study area (Rogers 1987, Costello

et al. 2001); the bear we captured in New Mexico was

absent from the study area for 304 of 370 days of

collar deployment. With VHF equipment, the extent

of long forays usually is undocumented or individual

bears could not be located (Rogers 1987, Costello et

al. 2001). However, Hellgren et al. (2005) and Noyce

and Garshelis (2011) reported dispersal and return

events with one-way distances of 107 km and 168

km, respectively. When long-range movements have

been documented, typically they are reported as

minimum distances traveled because they usually

result from a harvested individual (Rogers 1987,

Auger et al. 2005), a haphazard sighting (Rogers

1987), or less frequently from re-establishment of

VHF-radio contact (Hellgren et al. 2005, Noyce and

Garshelis 2011). Use of GPS technology allowed us

to determine cumulative distances moved rather than

the minimum straight-line distance moved. In

addition to the cumulative distances moved, we were

able to calculate daily movement rates and document

periods of high daily movement (.50 km/day) and

periods of minimal movement (,2 km/day) along

the long-distance travel path.

Long-distance movements in black bears are

poorly understood and GPS technology can poten-

tially help researchers and managers document the

frequency and/or extent of these movements. Noyce

Table 1. Minimum and mean distance traveled by an adult male American black bear (Ursus americanus) in
New Mexico and Colorado (USA) during select long-distance movements, July 2011–May 2012.

Start date End date From To
Distance

traveled (km)
Average daily
movement (km)

1 Jul 2011 22 Jul 2011 Vermejo Park Ranch, NM Trinidad, CO 117.1 4.7

13 Aug 2011 18 Aug 2011 Trinidad, CO Ft. Carson, CO 208.4 34.7

19 Aug 2011 1 Sep 2011 Ft. Carson, CO Castle Rock, CO 197.3 14.1

25 Oct 2011 9 Nov 2011 Castle Rock, CO Canon City, CO 139.2 9.3

26 Apr 2012 13 May 2012 Canon City, CO Vermejo Park Ranch, NM 223.7 13.2
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and Garshelis (2014) proposed that social cues direct

landscape-level movements in black bears, although

their data could not determine exact mechanisms

that dictate the movements. Global Positioning

System technology and other tools, such as the use

of genetic sampling, may potentially help us to

understand the mechanisms that lead to these

movements.
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