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Abstract: Throughout North America, when American black bears (Ursus americanus) enter

backcountry campsites to obtain human food, undesirable and potentially dangerous incidents

occur. This problem is minimized if overnight users of the backcountry (‘backpackers’) carry
their food in bear-resistant canisters or use metal storage lockers. I surveyed 242 backpacking

groups in Sequoia and Kings Canyon National Parks (SEKI), during the summer of 2003.

Voluntary use of canisters or storage lockers was high (91%). Users’ most frequent explanations

for canister use were: to protect food, to protect themselves, to keep bears wild, and

convenience. Survey results suggest that losing food to a bear also encouraged the subsequent

use of a canister. Availability of rental canisters at the trailhead facilitated this storage option. A

minority of backpacking parties (9%) persisted in using food hanging (a method easily

overcome by SEKI bears), explaining that they had always stored food that way or that
canisters were too small and heavy. This user group is sufficiently large that bears continued to

obtain human food, and nuisance behaviors persisted. To ensure that backpackers universally

store food in a way that it is unavailable to bears (canisters or lockers), regulations may be

desirable.
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Throughout North America, incidents between

humans and American black bears (Ursus amer-

icanus) occur when bears enter backcountry camp-

sites to obtain human food (Zardus and Parsons

1980). Access to human food can lead to behavioral

changes among bears, including shifts in activity

patterns (Ayres et al. 1986), habituation to human

presence (Herrero et al. 2005), and occupation of

areas with insufficient natural food that would

otherwise be avoided (Beckmann and Berger 2003).

Bears that learn to pursue human food can also

become aggressive, and potentially dangerous to

humans, in pursuit of this food (McCullough 1982,

Herrero 1985). These behaviors often persist until

abundant natural food appears elsewhere or human

food is no longer locally available.

To eliminate the availability of human food

without excluding humans from backcountry areas

of national parks and similar recreational settings,

the use of adequate bear-resistant food storage

methods is necessary (Keay and van Wagtendonk

1983). Adequate food storage is defined as any

method that will resist a bear’s attempts to gain entry

without human involvement. Methods that consti-

tute delay tactics (such as hanging food with an

alarm designed to wake a backpacker if triggered by

a bear) are not included because they require the

backpacker to chase the bear away.

At one time, sleeping beside one’s food was a

common way to keep black bears away. Bears,

however, learn quickly, and food storagemethods have

had to continually increase in sophistication to stay one

step ahead of these clever and adaptable animals (Keay

1990, La Vine 1992). Sleeping beside one’s food gave

way to hanging foodover a branchor a cablewith a side

rope tied to the trunk.Once bears learned to access food

by pulling on the side ropes, rangers came up with the

counterbalance technique, in which food is suspended

over a branch, but no side ropes are needed (G.Durkee,

National Park Service, Three Rivers, California, USA,

personal communication, 2005). But counterbalancing

also has problems, and it is rarely possible to ensure1Rachel_Mazur@nps.gov
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food cannot be accessed by bears (e.g., trees are too

small, visitors are insufficiently expert at the technique).

Many bears have learned to obtain food secured in this

way (Keay and Webb 1989).

In 1979, park managers at Sequoia and Yosemite

National Parks experimentally placed bear-resistant

metal food storage lockers in the backcountry

(Dilsaver and Tweed 1990). These lockers are bear-

resistant (Keay 1990) but have other problems.

Sometimes the lockers are broken or full, forcing

unprepared backpackers to suspend their food

(Hastings et al. 1981), and the appropriateness of

their presence in wilderness has been questioned

(Dalle-Molle et al. 1985). Frustrations with lockers

and continuing problems with bears reaching coun-

terbalanced food led to a growing interest in

portable, bear-resistant food storage canisters (Gra-

ber 1981). Barrie Gilbert conceived the idea of a

portable canister while in Yosemite National Park.

His graduate student, Bruce Hastings, developed and

tested the prototype (Hastings et al. 1981).

Since that time, canisters have been refined and

made commercially available. Some areas, such as

Denali National Park in Alaska and the Adirondack

State Park in New York, require canisters for

backcountry food storage (National Park Service

2007, New York Department of Environmental

Conservation 2007). Other areas, including Stanislaus

National Forest in California and Great Smoky

Mountains National Park in Tennessee, recommend,

but do not mandate, canister use (National Park

Service 2007, Sierra Interagency Black Bear Group

2007). Inyo National Forest requires canisters in

some areas and highly recommend them everywhere

else (Sierra Interagency Black Bear Group 2007).

While regulations vary, the goal is the same: eliminate

human–bear conflict in the backcountry by removing

access to human food.

But will backpackers voluntarily use canisters if

they are not required? Research suggests that

recreationists are greatly influenced by their experi-

ences when confronted with current management

situations (Hammitt and McDonald 1983, Edison et

al. 2006). Regarding food storage, one would expect a

backpacker who has not lost food to a bear to be less

likely to carry a canister. Because most backpackers

do not lose food to bears, one would expect low

compliance. There are, however, other motivating

factors such as resource protection, convenience, and

peer pressure (Dalle-Molle et al. 1985), which could

lead backpackers to carry canisters.

To address this question, I surveyed backpackers

in Sequoia and Kings Canyon National Parks

(SEKI), during summer of 2003. SEKI was an ideal

study site because canister use is required in some

areas of the backcountry and but only highly

recommended in others (National Park Service

2008). With a stated goal of ‘‘keeping bears wild

and free of human influences,’’ (National Park

Service 1992), and a mandate to keep visitors safe,

SEKI managers wanted to know if there was at least

95% voluntary canister use. The 95% baseline was

set to measure acceptable compliance rates to be

consistent with Yosemite National Park’s Visitor

Experience and Resource Protection framework

(Bacon et al. 2006). Managers also wanted to know

how use compared with previous years. In 1991, only

1% of visitors voluntarily carried canisters, whereas

just over half did in 1999 (Payson 1991).

I provide initial exploratory information from the

field and raise further questions for future research.

Further analyses can be a part of a study design that

builds on these findings and includes a more complex

theoretical and rigorous statistical design in which to

evaluate a variety of variables.

Study area
Sequoia and Kings Canyon National Parks com-

prise 350,157 hectares on the western slope of the

Sierra Nevada Mountains in California. The 2 parks

are geographically contiguous and are managed as a

single entity. SEKI ranges in elevation from 425 me-

ters in the low western foothills to 4,418 meters on the

crest of the Sierra and is composed largely of rugged

mountainous terrain. Vegetation types include chap-

arral, oak (Quercus spp.) woodland and savannah,

upland hardwood forest, conifer forest, meadows,

and alpine communities. The Mediterranean climate

of this region has wet snowy winters and long dry

summers. At Giant Forest (elevation 1,950 m), the

mean annual precipitation is 1,255 mm, with close to

half falling as snow (Stephenson 1988). SEKI is 84%
federally designated Wilderness (California Wilder-

ness Act of 1984, PL 98-425, 98, Stat. 1619).

Methods
I drafted a questionnaire to address 6 questions:

(1) What proportion of visitors voluntarily

carry canisters?

54 USE OF FOOD CANISTERS NMazur

Ursus 19(1):53–58 (2008)



(2) What factors motivate visitors to use canis-

ters?

(3) What proportion of visitors rely on lockers

for food storage?

(4) Why do some visitors persist in suspending

their food from trees?

(5) Does prior experience with bears in the

backcountry affect whether visitors carry

canisters?

(6) Do canister users own or rent their containers?

To test the efficacy of the questionnaire, I

pretested it on location with 25 visitors. The survey

and data sheets were scripted, along with a short

introduction, to ensure consistency of administra-

tion. To allow for a range of opinions, many survey

questions were open-ended. For example, if an

individual was not going to carry a canister, the

surveyor asked, ‘‘Why are you not planning to carry

a canister on this trip?’’ Individuals who stated that

they were going to carry a canister were asked to

show their canister to verify its existence. The

instrument and methods of sampling and adminis-

tration were approved by the National Park Service

Social Science Program (NPS 03-029). Reliability

and validity testing of the questionnaire was not

conducted.

To obtain a representative sample of backpackers,

the questionnaire was administered during the third

weeks of June, July, and August at all 5 permit

stations in the western portion of SEKI, spaced

throughout the 2 national parks. Because the

majority of backpackers in SEKI (.60%; National

Park Service, Three Rivers, California, USA, un-

published data) begin their trips from west-side

trailheads, east-side permit stations were excluded

from the study. Based on permit checks by

backcountry and trailhead rangers, it is uncommon

for backpackers to enter the backcountry of SEKI

without registering at a trailhead (D. Brenchley,

National Park Service, Three Rivers, California,

USA, personal communication, 2007); I thus believe

that any bias arising from failure to sample

unregistered backcountry users was negligible.

All 15 rangers who issued permits at these

trailheads administered the questionnaire. To ensure

consistency, I trained all the rangers and spot

checked their performance throughout the survey.

An interview began when a member of a backpack-

ing group approached a ranger for a trail permit.

The ranger asked the permit seeker if he or she

would participate in the survey. Ninety-nine percent

(242 of 244) agreed. The questionnaire added about

1 minute to the permitting process. Rangers recorded

all responses on data sheets formatted for both fixed-

response and open-ended answers. The 242 groups

surveyed represented 655 backpackers.

Survey respondents started their trips at trailheads

near each of the 5 permit stations. Canisters were

required at 2 of the busier trailheads and recom-

mended but voluntary at the others. Canisters were

available for purchase ($65, 2003) at local book-

stores and markets or for rent ($3/trip, 2003) at each

trailhead. Backpackers who did not carry canisters

typically counterbalanced their food, a method that

was no longer effective in preventing access by SEKI

bears. In some areas, backpackers had the option of

using a food storage locker.

Percents of respondents voluntarily carrying

canisters were compared with the baseline level of

acceptable compliance (95%) using the one-sample

exact binomial test. The exact binomial test was also

used to obtain confidence limits where appropriate.

Association of past bear encounters with the use of

hanging versus other food storage methods was

assessed using Fisher’s exact test. Statistical signif-

icance was taken as the conventional 0.05 level. All

tests were performed using SAS (version 9.1, SAS

Incorporated, Cary, North Carolina, USA).

Results
Of the 23 backpacking groups that used trailheads

where canisters were required, all complied. Of 219

groups using trailheads where canisters were not

required, 138 (63%) used canisters voluntarily, 62

(28%) planned to use backcountry lockers, and 19

(9%) said they would suspend their food. The

proportion of visitors hanging their food was greater

than the target of ,5% (P 5 0.02). Groups using

canisters, whether voluntarily or required, carried an

average of 0.7 canisters per person.

Groups voluntarily carrying canisters gave the

following reasons for using this method (multiple

answers sum to more than 100%): to protect their

food (58%), for personal safety (47%), to keep bears

wild (47%), convenience (38%), and because they

(mistakenly) thought it was required (14%). Seventy-

nine percent of groups planned on using canisters

before arriving at the park, whereas the remainder

decided to carry them after receiving information at

the trailhead about bears and food storage.

USE OF FOOD CANISTERS NMazur 55

Ursus 19(1):53–58 (2008)



Despite receiving this information, 19 groups still

opted to suspend their food rather than use canisters

or a locker. Sixteen of these groups (84%) said they

would suspend food because they always did it that

way, 10 (53%) said canisters were too heavy, and 2

(11%) said canisters were too small. No respondents

cited cost as a reason for not using a canister.

Was prior experience associated with canister use?

Of the 219 groups using trailheads where canisters

were optional, 27 (12%) included members who had

lost food in the past. None of the groups having lost

food in the past planned to suspend their food in

SEKI. In contrast, 10% of groups in which no one

had lost food to bears planned to suspend their food,

although sample size was insufficient to reject

sampling error as causing the difference (P 5 0.14).

Of 161 groups carrying canisters, 46% rented

canisters, 46% owned them, and 8% bought them

for the trip.

Discussion
Of backcountry users voluntarily carrying canis-

ters at SEKI, the majority planned to do so before

arriving. But many backpacker groups decided to

carry canisters only after talking with a ranger at the

trailhead, which emphasizes the importance of one-

on-one educational contacts. Because over a third of

respondents found reliable food protection, personal

safety, keeping bears wild, and convenience to be

persuasive, all of these arguments should be high-

lighted in educational materials.

Education was persuasive but did not lead to

universal compliance; some backpackers persisted in

suspending food. Their justifications for this ineffec-

tive practice were that they had always hung their food

or that canisters were too small or heavy; none of these

individuals had lost food in the past to a bear. All

respondents who had lost suspended food carried a

canister in 2003. These findings suggest that a bad

experience with a bear fosters improved food storage.

However, if policy depended on such experiences to

convince each of the thousands of backpackers to

carry a canister, dozens of backcountry bears would

receive hundreds of food rewards. In the meantime, as

these bears became food-conditioned, they would

harass future backpackers even at the cleanest

campsites (Hastings 1982). Thus, I contend that the

benefit from the 91% of backpackers who used

adequate food storage (canisters or lockers) was offset

by the 9% (more if lockers are removed) who did not.

Management recommendations
An expansion of current food storage restrictions

is needed to reduce (or eliminate) human–bear

conflict in the backcountry. Furthermore, in this

study, acceptable compliance was set at 95% to be

consistent with standards at Yosemite National

Park. Since then, wildlife managers at Yosemite

have found that human–bear incidents persist even

when .95% of visitors adequately store food (T.

Seher, National Park Service, Yosemite, California,
USA, unpublished data, 2007). It is likely that 100%
compliance is actually needed (Hastings and Gilbert

1987).

Another question to consider in mandating

canister use is what visitors should do with excess

food. During 2003, in areas where canisters were

required, inadequate storage of excess food was
implicated in the majority of human–bear incidents

(Mazur, unpublished data). In some cases, the

problem may be alleviated with larger canisters,

pre-trip guidance on effective canister packing, or by

requiring each member of a group to carry a canister

(current average is ,1/person). In other cases, such

as extended trips, it may be impossible to store all

food in a canister.

Managers must ask if it is feasible or even

desirable to require backpackers to carry multiple

canisters. The best option may be to require all

backpackers to carry a canister, while allowing

people on long trips to use lockers for excess food.

Clearly, the need for additional food storage will be

a consideration in whether to remove lockers.
Another consideration will be the tradeoff between

the negative effect that lockers have on wilderness

and the negative effect that removing lockers may

have on preserving the wildness in bears. Any

expansion of canister requirements must be preceded

by an expanded rental program. In 2003, half of all

backpackers who used canisters rented them, so

additional rentals will be needed with expanded use.
Monitoring is essential to assess the effectiveness of

new regulations or educational efforts (Curtin 2002).

The results of this study may be directly useful in

guiding management decisions in SEKI, but caution

should be used in generalizing results to the larger

population of backpackers. Some factors that

influence visitors’ decision-making vary across geo-
graphic locations. Examples include the species of

bear, the intensity of food-conditioned behavior of

the bears, and the previous experiences of back-

packers using the area. It follows that these results
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will be most applicable in areas where both

backpacker and bear behavior are similar to that
found in SEKI. In a more extensive canister use

survey conducted in Yosemite National Park in 2005

and 2006, McCurdy and Martin (2007) also found

that voluntary canister use fell below 95%, roughly

half of backpackers rented their canisters, and many

backpackers relied on metal lockers for excess food.

To determine the applicability of the results from

SEKI and Yosemite to areas outside of California’s
Sierra Nevada, a broader geographic study of

canister use across areas with a range of bear

behaviors and backpacker experiences would be

helpful. Other factors to consider include recent

media attention to human–bear incidents, the type of

protection afforded to an area (wilderness, recrea-

tion), and distance to a major metropolitan area.
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