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Abstract: American black bear (Ursus americanus) populations have been expanding geo-

graphically, in part because bears are learning to exploit agricultural landscapes where crops

provide an easy and calorically rich foraging opportunity. Consequently, crop depredation has

become a growing problem for farmers and wildlife managers. Bears may raid crops because of

insufficient natural foods, a drive to increase body mass, or because they discovered the crop

fields while looking for other foods. We tested whether simple food preferences, in the absence
of other competing factors present in the wild, influence autumn foraging choices. We

conducted food-choice trials with 9 captive black bears in 2010 and 2011 to assess preference

among primary autumn food options found in northwestern Minnesota, USA, which is a site of

present bear-range expansion. Food choices offered in the trials were acorns (preferred natural

food), field corn (Zea mays), and 2 kinds of sunflowers (confection and oil; Helianthus annuus).

We measured preferences among the 4 food types, through time, and between sexes. Males

immediately preferred oil sunflowers, which provided the highest caloric input. Females

exhibited a notable shift from the early trials, where acorns were highly preferred, to later trials
where sunflowers were preferred, which was suggestive of learning. We postulate that in the

wild, male bears, being more determined to enhance caloric intake, seek out whatever foods best

meet this need, thus ranging farther and being less wary of threats or novel tastes. Females

initially may be less willing to expand their diet with unfamiliar foods, but our experiments

indicate that after some experience, they find anthropogenic foods increasingly appealing.
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Populations of American black bears (Ursus

americanus) have expanded both geographically

(Williamson 2002, Scheick and McCown 2014) and

numerically (Garshelis and Hristienko 2006) in

recent decades. Bear population growth coupled

with human encroachment into bear habitat has led

to increased levels of human–bear conflicts (Peine

2001, Hristienko and McDonald 2007, Spencer et al.

2007). Populations are thriving in areas once

assumed to be uninhabitable by bears and dominat-

ed by anthropogenic features (Lyons 2005, Baruch-

Mordo et al. 2008, Shivik et al. 2011). Throughout

the United States, wildlife managers and biologists

have documented bear depredation of agricultural

crops (Davenport 1953, Garshelis et al. 1999,

Witmer and Whittaker 2001, Dobey et al. 2005,

Benson and Chamberlain 2007) resulting in financial

losses for farmers and ultimately in a reduced human

tolerance for coexistence with bears (Bowman et al.

2001).

Variable availability and abundance of wildland

autumn forage is believed to be the foremost driver

of crop depredation by bears (Rogers 1976, Mattson

1990, Jonker et al. 1998). Maturation of crops that

bears eat, such as corn (Zea mays), oats (Avena

sativa), and sunflowers (Helianthus annuus), occurs

when bears are in a state of hyperphagia, a period of

intense foraging to add fat reserves for winter

(Hilderbrand et al. 1999). The assumption is that

when bears cannot acquire adequate calories by

foraging on natural foods, they seek calorie-rich

alternatives that enable them to amass fat quickly. If

calorie requirements are unmet, cub production and

growth may be reduced (Eiler et al. 1989, Elowe and4email: mark.ditmer@gmail.com
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Dodge 1989, Noyce and Garshelis 1994, Costello

et al. 2003) and risk-prone behavior, including use of

anthropogenic foods, may increase (Noyce and

Garshelis 1997, Baruch-Mordo et al. 2014). Other

factors that influence the timing and amount of crop

depredation include the types of available crops

(Warburton and Maddrey 1994) and juxtaposition

of crops and forest (Retamosa et al. 2008, Takahata

et al. 2014).

Individual bears vary in their propensity to exploit

crops; this is likely related to their knowledge of crop

fields, how far they are willing to wander to find

a crop field, their need to gain weight, their risk

tolerance, and their standing in the social hierarchy.

Male bears seem to be the primary crop depredators

(Garshelis 1989, Maddrey and Pelton 1995, Ditmer

2014), possibly because of their more wide-ranging

movements, their need to eat more to maintain large

size and compete for future reproductive success

(Kovach and Powell 2003), their greater boldness

(Merkle et al. 2013), and their ability to sequester the

resource for themselves (Garshelis and Pelton 1981).

Female bears tend to be more risk-averse, especially

when accompanied by cubs (Beckmann and Berger

2003). Noyce and Garshelis (1997) found that both

sexes were willing to take more risks to find food

when natural food availability was low; and

although females were always more wary than males,

their risk tolerance increased more than males when

food conditions were poor. Size of the individual

may also play an important role in crop use in terms

of caloric needs (Kovach and Powell 2003), social

interactions (Garshelis and Pelton 1981, Costello

et al. 2009), and foraging efficiency (Welch et al.

1997).

Individuals may also learn to exploit anthropo-

genic food sources as a routine foraging strategy

(Mazur and Seher 2008, Hopkins 2013). Merkle

et al. (2013) found that some bears engaged in risk-

prone behavior to obtain anthropogenic foods

despite abundant wildland food options. During

our study of black bears in northwestern Minnesota,

USA, where natural habitat is highly fragmented

within a matrix of .50% agriculture, we found that

crop use varied widely among individuals through-

out the study area: half of Global Positioning System

(GPS) –collared bears (n 5 16 bears) used sunflowers

and corn extensively (x 5 16.8% of autumn locations

[95% CI 5 10.8–22.9%]), whereas the other half (n 5

16 bears) showed nearly no use of corn or sunflowers

during this same period (x 5 0.6% of locations [95%

CI 5 0.1–1.1%]; Ditmer 2014). Exploitation of crops

in this atypical bear habitat benefits this population

through increased individual size and fecundity,

yielding the highest population growth rate in the

state of Minnesota (Garshelis et al. 2012). Our

observations of bears using crops in northwestern

Minnesota’s agricultural matrix raised a number of

questions and hypotheses, which motivated the

study here.

To a bear, a crop field adjacent to a forest may

seem like a convenient food-rich patch of habitat.

On the other hand, it is likely that bears are also

aware that crops are riskier in terms of human

presence and lack of cover; this possibly explains

why bears use crop fields less if natural foods in the

forest are sufficiently abundant. When not foraging

and just crossing a crop field, bears show signs of

stress (Ditmer et al. 2015). Additionally, bears may

view crops as a foreign food to which they are not

accustomed, and therefore find them less attractive

than wild food. Separating the confounding trade-

offs between food value and risk of obtaining it,

while also considering the novelty factor, is difficult

with a free-ranging population. We sought to do this

with bears in captivity, by offering them choices

between a preferred natural food (acorns; Vaughan

2002) and agricultural foods that bears consumed in

our northwestern Minnesota study site (corn and

sunflowers). We examined a number of metrics of

consumption and food preference to discern how

foraging choices may differ among sexes and over

multiple trial replications. We hypothesized (Hy-

pothesis 1) that without the confounding effects of

human threats, variable cover, presence of other

competing bears, and travel distance to a crop field,

bears in captivity would choose foods based on

familiarity (i.e., natural forage) at first, but through

learning would eventually choose foods based on

nutritional benefit or need (Rode and Robbins 2000,

Robbins et al. 2007, Coogan et al. 2014, Erlenbach

et al. 2014). Familiarity in this case can be

considered in 2 ways: (1) in an evolutionary sense,

given that acorns are important bear forage in many

parts of their range (Inman and Pelton 2002,

Vaughan 2002; including MN, Garshelis and Noyce

2008), whereas agricultural crops should be foreign

to bears; and (2) based on individual experience

consuming this food as part of their autumn diet in

captivity. We further hypothesized (Hypothesis 2)

that, under captive conditions, males and females

would show similar food preferences. In the wild,
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males appear to be much more inclined to feed on

anthropogenic food sources (Beckmann and Berger

2003, Merkle et al. 2013), including crops (Ditmer

2014), so if controlled feeding experiments showed

no sex-related difference in food preference, then

other explanations for sex-related differences in crop

use may be more applicable.

Material and methods
We conducted experimental cafeteria-style food-

preference trials with 9 captive black bears (n 5 6 F,

3 M) housed at 2 facilities managed by the Wildlife

Science Center (WSC) headquartered in Forest

Lake, Minnesota. Each facility houses the bears in

groups, but we were able to single out individuals

into a separate enclosure for the feeding trials. Bears

ranged in weight (x 5 157 kg, range 5 55–273 kg)

and age (x 5 9.5 yr, range 5 1–20 yr). Six of the 9

bears were wild-born but arrived at the facility as

cubs and thus were not exposed to many natural

foods. The other bears were brought to the facility at

various ages after being held as pets.

We assessed preference among 4 autumn foods

that wild bears commonly consumed in our north-

western Minnesota study site: 1 common to bears’

natural habitat (bur oak acorns [Quercus macrocarpa

Michx.]), corn, and 2 types of sunflowers (confection

and oil; Ditmer 2014). We used field corn grown for

livestock feed (grown for silage), which is the primary

type of corn grown in northwestern Minnesota. Field

corn contains lower sugar content than sweet corn,

which is grown for human consumption. We

conducted 20 trials in 2010 and 29 trials in 2011

during September–October each year. This corre-

sponds to a period when wild bears in northwestern

Minnesota would be feeding on these foods (Ditmer

2014). Bears at the WSC hibernated over winter; so,

similar to wild bears, they were hyperphagic during

the autumn. At the WSC, none of these bears were

exposed to corn or sunflower seeds except potentially

in the stomachs of road-killed deer (Odocoileus

virginianus), which they were commonly fed through-

out the year. The WSC staff provided acorns to bears

during the autumn; other typical food items included

a variety of fresh fruits and vegetables, beaver

(Castor canadensis) carcasses, fish, aspen (Populus

tremuloides) cuttings, beef trimmings, and occasion-

ally dog food. Bears were fed less than their normal

portions for 24 hours prior to the trials.

We collected the majority of acorns for the feeding

trials from under bur oak trees in northwestern

Minnesota and supplemented them with others

collected in Saint Paul, Minnesota. We obtained oil

and confection sunflower seeds that were grown in

northwestern Minnesota. We gathered field corn

from a farm field and wildlife food plot in

northwestern Minnesota.

For each feeding trial, we coaxed the individual

subject into a separate pen in which there was

a feeding station containing 200 g of each of the 4

food choices, each in a separate bowl 55 cm apart

(Fig. 1). We attached the feeding station to a flat

wooden platform to prevent tipping and to help

catch spilled food. Each food type was randomly

assigned a bowl to avoid bias due to spatial

arrangement. Food items were removed from their

parent plant but not otherwise modified; cupules

were not removed from acorns if still attached,

sunflower seeds were not removed from their

pericarp (shell), but corn was shaved from the cob

and sunflower seeds were separated from the flower

in an attempt to equalize handling time among food

options, thus better reflecting bear preferences for

the food item independent of handling time. We

conducted 6 trials (replicates) of feeding trials on 5

bears, 5 trials on 3 bears, and 4 trials on 1 male bear.

All bears received .2 trials each in 2010 and 2011.

The unbalanced sampling was due to the logistics of

accessing all bears prior to hibernation.

Two or 3 observers stood 2–3 m away from the

bear and outside the pen. One observer watched the

bear and called out what food it was consuming

and kept a tally of bites at each food bowl. We

defined a bite as a single cropping motion of the jaws

(Shipley and Spalinger 1992) after the bear’s head

was close to a food bowl. A second observer recorded

the overall time of the trial and the time of a food-

type switching event (e.g., stopping consumption of

corn and moving to oil sunflowers). We defined the

‘‘first selection’’ as the first 5 consecutive bites from

a single food option. We noted every time the bear

switched to a different food item.

During early trial replicates we aimed to remove

bears from the feeding trial pen after 20 minutes,

but shortened the targeted trial time to 10 minutes

after the first 2 sets of trials. We were not always

successful at removing bears from the enclosure at

the specified time. Also, some bears stopped feeding

before the target time period because of outside

distractions or satiation.
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After removal of the bear, we collected the

uneaten samples remaining in the bowls. We stored

them in individual bags and weighed them to

determine the amount of each food type consumed.

Before weighing, we removed inedible portions (i.e.,

cupules of acorns and shells of sunflower seeds) that

the bear had discarded while eating. We did not

weigh the discarded portion because we were unable

to collect discarded waste that was scattered and

trampled into the soil. This did not affect the results

because we did not attempt to estimate how much

was ingested, but only how much entered the

bear’s mouth; the parts that bears discarded were

sorted out while the bear was chewing. All methods

were approved by the University of Minnesota’s

Institutional Animal Care and Use Committees

(1002A77516).

Calorimetry

We compared the nutrients in the 4 food types by

obtaining values from the literature and conducting

our own calorimetry. We separated and weighed the

inedible portions of each food type (e.g., acorn shells

and cupules if attached, sunflower shells) and used

.30 samples to calculate the average amount of

refuse. We estimated moisture content of the edible

portions by freeze-drying the samples for a minimum

of 48 hours. We crushed the samples and measured

caloric value of dried samples using a Parr Calori-

metric Thermometer (Model no. 1672; Parr In-

strument Company, Moline, Illinois, USA). We ran

2 replicates of each food sample and calculated the
standard deviation among the replicates. Calorime-

try results for bur oak acorns from our 2 collection

sites did not differ, so we combined them.

Statistical analyses

We calculated the time spent foraging on each

type of food, number of food types consumed (1–4),

number of switches between food types, and

consumption (g) of each food type by subtracting
the remaining portion (excluding discarded portions)

from the amount offered for each trial. We used the

average bite rate (total bites/total time feeding on

that food type), bite size (grams consumed/total

bites), and intake rate (bite rate 6 bite size 5 grams

Fig. 1. Captive black bears in Minnesota (USA) were offered 4 different autumn foods in bowls to test food
preferences, September–October, 2010 and 2011. Photo credit: S. Thompson.
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consumed/min [note: consumption includes dis-

carded parts of foods that were not swallowed]) for

each food option to estimate consumption of each

food type during the first 6 minutes of each trial. Six

minutes was the duration of the shortest feeding

trial; we refer to relative consumption of the 4 foods

within the first 6 minutes of each trial as ‘‘time-

corrected consumption proportions.’’ By using these

values, we eliminated confounding issues related to

bears that stopped feeding, emptied a food bowl

before the end of the trial, or switched to another

food because a food bowl became full of refuse.

Additionally, analyzing the first 6 minutes of each

trial standardized the amount of access time each

bear had to consume foods and focused on the

period where the individual was likely selecting

based on preference and not simply continuing to

eat available options.

We regarded intake rate as a potential confound-

ing issue with metrics for preference. If a bear prefers

food type A to food type B, but the intake rate on

food type A is significantly slower than food type B,

then the differential in intake rates may obscure the

preference for food type A. We compared average

bite rate and bite size among food types and between

the sexes across all trials and tested whether

differences significantly affected intake rate using

an analysis of variance (ANOVA). We treated the

average bite rate and size of individual bears as

the sample unit. A significant result (P , 0.05) from

the ANOVA test for either factor (sex or food type)

or the interaction (sex 6 food type) would suggest

that the time it took for an individual to handle and

consume a food choice may influence intake rates

and thus might influence food preference.

We averaged the time-corrected consumption

proportions of each food type across trials for each

individual, so that each bear was a sample unit. We

used the resulting values in a compositional analysis

with multivariate analysis of variance (MANOVA)

in Program R using the package adehabitat (Ae-

bischer et al. 1993, Calenge 2006, R Core Team

2012). Though typically used in habitat selection

studies to properly account for the lack of in-

dependence between used and available habitat,

compositional analysis is also appropriate for use

in experimental feeding-preference trials (Woods

2009, Pearson et al. 2011). Food preferences were

assessed by comparing the log-ratio–transformed

average proportions of consumption by individual

for each food choice to the starting availability

(equal availability in our trials 5 0.25). Proportions

,0.01 were changed to 0.01 because compositional

analysis is sensitive to outliers and requires a loga-

rithmic transformation. We conducted a second

compositional analysis using only females (n 5 6),

but lacked sufficient sample size (n 5 3) to do so for

males (Aebischer et al. 1993). We also examined how

preference changed over time by plotting the percent

consumption of food types through the multiple sets

of trials and testing for a significant interaction

between food type and trial number using a re-

peated-measures ANOVA.

Results
Duration of feeding trials ranged from 6 minutes

16 seconds to 36 minutes 20 seconds (x 5 15 min

45 sec). Variation was due to bears quitting early or

remaining after the designated trial duration (our

not being able to remove the bear), and our changing

the targeted trial duration from 20 to 10 minutes.

Corresponding with reduced access time to the

feeding station, total food consumption varied from

the first set of feeding trials (x 5 389 g, SE 5 62 g;

out of 800 g available) to the last 2 sets of feeding

trials (x 5 338 g, SE 5 44 g). During the first 6

minutes, bears consumed, on average, 2.5 food

types/trial; both sexes switched between food bowls

with similar frequency (F: x 5 2.5, M: x 5 2.7 times/

6 min) indicating that bears at least tasted most food

options throughout the course of each trial.

Females had a higher bite rate (x 5 14.9 bites/min,

95% CI 5 7.9–21.9) than did males (x 5 11.4 bites/

min, 95% CI 5 3.8–19.1), whereas males had a larger

bite size (F: x 5 6.2 g/bite, 95% CI 5 4.3–8.2; M: x

5 7.4 g/bite, 95% CI 5 4.3–10.4). Bite rates for corn

were the quickest (x 5 22.7 bites/min, 95% CI 5

16.5–28.9) and those for acorns were slowest (x 5

7.9 bites/min, 95% CI 5 7.1–8.7) because corn

required no handling time, whereas bears manipu-

lated acorns in their mouth to remove and spit out

the shell. However, average edible bite size was

largest for acorns (x 5 8.7 g/bite, 95% CI 5 6.5–

10.8, typically 2–3 acorns/bite) and smallest for corn

(x 5 4.1 g/bite, 95% CI 5 0.6–7.6). As a result of the

inverse relationships between bite sizes and rates

among the sexes and food types, intake rates did not

significantly differ between the sexes (F1, 28 5 0.55, P

5 0.47), food options (F3, 28 5 1.62, P 5 0.21), or

their interaction (F3, 28 5 0.20, P 5 0.89), suggesting
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that more consumption of a food choice reflects

preference and not ease of consumption.

Compositional analysis of the time-corrected

proportions indicated differential selection among

the 4 food options (L3 5 0.033, P , 0.001). Oil

sunflowers ranked highest (Table 1), constituting an

average of 45% (95% CI 5 25–65%; Fig. 2) of the

food consumed. Oil sunflowers also had the highest

caloric content and largest percent of edible dry mass

(Table 2). Oil sunflowers had a higher seed-to-shell

biomass ratio than did the larger confection sun-

flowers, and shells were also thinner and likely more

palatable.

In general, bears’ food preferences were positively

associated with calories and fat, were not correlated

with amount of protein, but were negatively

associated with carbohydrate-rich food such as corn

(Table 2). Corn ranked last in compositional anal-

ysis (Table 1), averaging 8.9% (95% CI 5 0–22%)

total consumption (Fig. 2); only one individual

selected corn first (Tables 3 and 4). All other food

choices were selected first at least once by 6 of 9

individuals (67%). The only natural food option

(acorns) had the second-lowest caloric content

and second highest amount of refuse per sample

(Table 2). This food type was selected first most

often (41%; Tables 3 and 4). Acorns ranked second

in both compositional analysis (Table 1) and time-

corrected consumption, at 30% (95% CI 5 16–43%;

Fig. 2). Males had a higher, but not statistically

significant, average caloric consumption (x 5 643

kcal, 95% CI 5 545–742) than did females (x 5 475

kcal, 95% CI 5 313–636) during the first 6 minutes

of each trial. This difference was driven by their

selection of calorically rich oil sunflowers, not by

higher intake rates. Males preferred oil sunflowers (x

5 61% of consumption, SE 5 18%) to all other

options. However, their first selections did not show

this overall preference (Table 3). Their focus on oil

sunflowers occurred after some initial tasting.

Conversely, acorns had the highest ranking in the

compositional analysis for the 6 females (L3 5 0.02,

P , 0.001; Table 5). However, the average consump-

tion of acorns by females progressively diminished

Fig. 2. Average proportions (±SE) of 4 different
food types consumed by black bears during the first
6 minutes of captive feeding trials conducted in
Minnesota (USA), where each food type was offered
in equal proportions, September–October, 2010
and 2011.

Table 1. Ranking matrix based on compositional analysisa of 4 autumn foods offered in equal quantities
(grams) to captive black bears (both sexes combined) in Minnesota (USA), September–October, 2010
and 2011.

Food type Oil sunflowers Acorns
Confection
sunflowers Corn Rankb

Oil sunflowers + + +++ 1

Acorns 2 + +++ 2

Confection sunflowers 2 2 + 3

Corn 222 222 2 4

aValues indicate positive (+) or negative (2) Student’s t-values from mean differences of the item listed as food type vs. each other

food type listed as separate columns. Triple signs (+++ or 222) indicate significance at the a 5 0.05 level. Student’s t-values were
derived using the log ratios comparing percent of biomass consumed vs. the percent available (25%) of each of the 4 offered foods.

bRank was calculated by summing the no. of columns with positive signs for each row (food type). Higher rank indicates greater

preference.
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with each set of trials (80%, 43%, 33%, 30%, 24%,

12% for trials 1–6, respectively; Fig. 3). With experi-

ence (more trials), females increasingly consumed oil

and confection sunflowers over the course of this 2-

year study and consequently consumed fewer acorns

(food type 6 trial no.: F5 5 3.504, P 5 0.01), so that,

by the end of our experiment, females consumed

similar amounts of oil sunflowers (x 5 37%, SE 5

12%) and acorns (x 5 35%, SE 5 9%). Only 1 of 6

females consumed a large percentage of sunflowers in

the first trial (x 5 81%), while the remaining 5 bears

consumed very little (x 5 3%, SE 5 2%). First

selection for females also favored agricultural options

in later trials, but acorns were selected first in 15 of 34

trials (44%) overall (Table 4). Unlike females, males

consistently consumed more sunflowers relative to

acorns throughout the course of the study (food type:

F1 5 8.80, P 5 0.01; food type 6 trial no.: F5 5 0.201,

P 5 0.96; Fig. 3).

Discussion
Results of these controlled feeding trials support

our hypothesis (Hypothesis 1) that food preferences

of bears during hyperphagia are influenced both by

familiarity and caloric reward. Possibly, the smell or

taste of the oil sunflowers signaled their rich caloric

content, and made them especially attractive. Males’

first selections, for the first 3 trials, showed a testing

strategy, but further into each trial and with more

Table 2. Nutrient values of food samples presented to captive black bears during food-preference trials
conducted in Minnesota (USA) during September–October, 2010 and 2011. Values that are not associated with
our bomb calorimetry samples have a superscript letter indicating data source. Each sample used in the bomb
calorimeter included a replicate run.

Overall edible
dry wt (%)

Moisture
kcal/g (dry wt)

Available
% of dry mass

Food type Refuse (%) content (%) x SD kcal/triala Protein Carb Fat Fiber

Oil sunflowers 27.0 2.9 70.9 6.60 0.01 935.8 22.1b 18.0c 44.5d,e 22.5e,f

Acorns 38.5 51.6 31.7 4.43 0.09 281.1 6.2g 40.8g 23.9g 18.7h

Confection

sunflowers 44.9 2.4 53.8 5.89 0.01 633.4 23.5
g

20.0
g

25.0
g

24.1
e,f

Corn 0.0 33.7 66.3 4.23 0.04 560.8 9.4g 74.3g 4.7g 18–24i,j

aBased on 200 g/trial/food option.
bRodrı́guez et al. (2013).
cNagaraj (1988).
dSauvant et al. (2004).
eSchingoethe (1992).
fOrganisation for Economic Co-operation and Development (2007).
gU.S. Department of Agriculture, Agricultural Research Service (2014).
hTirmenstein (1991).
iEwing (1997).
jStanton and LeValley (2010).

Table 3. Percent of first selections (defined as the
first 5 consecutive bites of any 1 food type) among 4
food choices offered in equal quantities to captive
male black bears (n = 1–3) during 6 trials conducted
in Minnesota (USA) in 2 years (Sep–Oct, 2010
and 2011).

Trial
Oil

sunflowers Acorns
Confection
sunflowers Corn

No. of
bears

1 33.3% 33.3% 33.3% 0% 3

2 33.3% 33.3% 33.3% 0% 3

3 33.3% 33.3% 33.3% 0% 3

4 66.7% 0.0% 33.3% 0% 3

5 50.0% 50.0% 0.0% 0% 2

6 0.0% 100.0% 0.0% 0% 1

All 40.0% 33.3% 26.7% 0% 15

Table 4. Percent of first selections (defined as the
first 5 consecutive bites of any 1 food type) among 4
food choices offered in equal quantities to captive
female black bears (n = 4–6) during 6 trials
conducted in Minnesota (USA) in 2 years (Sep–Oct,
2010 and 2011).

Trial
Oil

sunflowers Acorns
Confection
sunflowers Corn

No. of
bears

1 16.7% 83.3% 0.0% 0.0% 6

2 33.3% 50.0% 16.7% 0.0% 6

3 33.3% 50.0% 0.0% 16.7% 6

4 50.0% 33.3% 16.7% 0.0% 6

5 50.0% 33.3% 0.0% 16.7% 6

6 0.0% 0.0% 75.0% 25.0% 4

All 32.4% 44.1% 14.7% 8.8% 34
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trials, they ate increasingly more oil sunflowers.

Females were less inclined to eat agricultural foods

early in the experiment, but grew more attracted to

sunflowers with experience.

Consistent with this, data from GPS-collared

bears in our northwestern Minnesota study indicated

that males used agricultural crops significantly more

than females did (Ditmer 2014). Males may be

especially motivated to find calorically rich autumn

feeding sites in order to gain mass quickly, which

may increase body size the following year and

ultimately enhance mating success (Kovach and

Powell 2003). Competition for mates is likely to be

especially keen at the edge of the range, which is

male-dominated (Kojola and Heikkinen 2006). Oil

sunflowers may be sought after by males because

they provide .3 times the caloric density of acorns

(Table 2, based on wet weight). Males are seemingly

more driven to consume a calorie-rich food, which in

the wild entails overcoming risks; in our captive

experiments, this was manifested as being more

willing to try a novel food.

Females may be deterred from using condensed

caloric resources because of social exclusion (Garshelis

and Pelton 1981), lack of horizontal cover (Mysterud

and Østbye 1999), scent of male bears (Wielgus and

Bunnell 1994), age (Rode et al. 2006), or the

immobility and vulnerability of cubs (Blanchard

and Knight 1991). Additionally, characteristics of

female space use may explain the difference in crop

use among the sexes in the wild. Female bears

maintain smaller and often more stable home ranges

(Baruch-Mordo et al. 2014); this suggests that they

are less willing to travel widely, so they may be less

prone to discover fields of edible crops, especially as

farmers change what they plant in fields year to year.

In northwestern Minnesota, most fields are not crops

that bears consume (e.g., soybeans [Glycine max] and

wheat [Triticum spp.] comprise approx. 75% areal

cover of agricultural lands). Smaller home ranges

also mean female movements are less likely to

overlap with urban or agricultural regions, and

subsequently females encounter human scents and

sounds less frequently than do males. This may also

contribute to females’ overall heightened fear of

humans and consequent reduced proclivity to forage

in agricultural fields.

Our experimental design eliminated the aforemen-

tioned confounding factors, so our results (counter

to our Hypothesis 2) suggest that females were also

Fig. 3. Proportions of acorns and sunflowers (oil
and confection combined) that captive male (n = 3)
and female (n = 6) black bears consumed when
offered in equal quantities, during the first 6 minutes
of 6 feeding trials conducted in Minnesota (USA)
during September–October, 2010 and 2011. All 9
bears’ consumption percentage averages are in-
cluded in sets 1–4, 8 bears are included in set 5,
and set 6 includes averages from 5 bears.

Table 5. Ranking matrix based on compositional analysisa of 4 autumn foods offered in equal quantities
(grams) to captive female black bears in Minnesota (USA), September–October, 2010 and 2011.

Food type Oil sunflowers Acorns
Confection
sunflowers Corn Rankb

Oil sunflowers 2 + + 2

Acorns + + +++ 1

Confection sunflowers 2 2 + 3

Corn 2 222 2 4

aValues indicate positive (+) or negative (2) Student’s t-values from mean differences of the item listed as food type vs. each other

food type listed as separate columns. Triple signs (+++ or 222) indicate significance at the a 5 0.05 level. Student’s t-values were
derived using the log ratios comparing percent of biomass consumed vs. the percent available (25%) of each of the 4 offered foods.

bRank was calculated by summing the no. of columns with positive signs for each row (food type). Higher rank indicates greater

preference.
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more inclined to eat natural foods because of taste

familiarity or innate taste preferences. This alone

could explain the lower use of crop fields by females

in the wild. But it is likely that all of these factors are

intertwined. In the wild, males have heightened

pressure to gain weight under the metabolic hypoth-

esis because of sexual size dimorphism (Harestad

and Bunnel 1979). Males are not burdened with cub-

rearing, so it is advantageous for them to range

widely to find rich sources of food, to assert

dominance in procuring these foods, to accept

increased threats associated with these foods, and

to identify and adjust their diet to novel, calorie-rich

foods on the landscape. Ditmer (2014) linked higher

amounts of crop consumption by wild bears in

northwestern Minnesota with larger physical size

and older age. Our studies’ limited sample size

prohibited us from formally testing whether physical

size or age was a factor in our feeding trials; but,

based on exploratory plots of this relationship, we

do not believe it affected food choices. Pregnant

females also face immense energetic costs during

gestation and lactation, which may provide added

incentive for foraging in crop fields. Ditmer (2014)

found that during the autumn before gestation,

females were more likely to forage in crop fields than

they were during the following autumn season, when

they were cub-rearing. However, in our captive

study, females did not face the added caloric costs

associated with pregnancy and therefore may require

more positive feedback to overcome their tendency

to stay with safe, familiar foods.

Caloric density in the wild relates not only to

calories per gram of biomass of the food, but also to

the density of the food in the foraging area and the

handling time of the food. In our experiment, all

foods were presented in bowls and so were at similar

densities. In the wild, agricultural crops such as

sunflowers and corn are densely packed on the plant

and stalks are closely planted in neat, dense rows,

providing easy access for bears. By contrast, oak

trees are generally more scattered in the forest and

acorns are spread throughout the leaf litter (bears

generally eat acorns from the ground after they fall)

and underbrush. It is unlikely that a bear in the wild

would find acorns at a density equal to what we

provided in this experiment. Thus, actual caloric

intake rates for all of these foods are certainly less in

the wild, especially for acorns.

We found the low corn consumption in our trials

surprising because corn has been commonly reported

as a crop targeted by bears (Davenport 1953,

Landers et al. 1979, Stowell and Willging 1992,

Garshelis et al. 1999, Benson and Chamberlain

2006). Bears in northwestern Minnesota frequently

foraged in corn fields during late summer and

autumn (Ditmer 2014), so we expected bears would

readily eat the corn (which we obtained from

northwestern MN fields) in our trials. The lack of

preference for corn in our study may have been due

to the use of long-maturity silage hybrids (i.e., field

corn used for silage, which is the primary type of

corn grown in northwestern Minnesota) compared

with sunflowers, and to an unusually high density of

acorns. Wildlife managers in Wisconsin (USA)

reported increases in bear damage to corn fields

when shorter maturity field corn was grown in bear

range (Stowell and Willging 1992). In addition,

Ditmer (2014) found that farmers in northwestern

Minnesota reported more corn damage in fields with

corn grown for grain versus silage. Corn grown for

silage typically matures later in the year and contains

different types and amounts of fiber that may be less

palatable to bears. Another explanation for the

unexpectedly low amount of corn consumption in

our trials is that bears in the wild do not normally

have the opportunity to select sunflowers instead.

Northwestern Minnesota may be the only region in

the United States with a large spatial overlap of corn

and sunflower production and a resident population

of bears. However, even here, oak stands, and corn

and sunflower fields, are often spatially separated

and offer different access and threats to bears,

depending on nearby forest cover, roads, and

houses. Weather conditions dictate planting dates

and phenology of the agricultural options. General-

ly, corn is targeted by bears during the ‘‘milk stage,’’

which can begin in early-to-mid-August (Stowell and

Willging 1992, Ditmer 2014), but we also documen-

ted GPS-collared bears foraging in corn fields in

October and November just prior to denning.

Innate preferences for certain tastes and nutrient

needs also likely influenced bears’ food selection.

Bacon and Burghardt (1983) found that captive

bears preferred wildland foods with high levels of

starches, sugars, or carbohydrates, whereas they

selected for more protein-rich non-wildland foods.

Our study, which occurred just prior to hibernation,

supports the work of Erlenbach et al. (2014), who

found that bears increasingly selected for lipids over

carbohydrates during the autumn in order to

accumulate fat stores more rapidly. Sunflowers,
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especially oil sunflowers, offered bears the highest

percentage of fat per dry mass and caloric density of

all the food options; yet sunflowers also contain

a higher percentage of fiber than do acorns, which

reduces the overall digestible energy available.

Nonetheless, given the finding of Erlenbach et al.

(2014) that bears often mix foods to achieve optimal

macronutrient balance, we acknowledge that moni-

toring or regulating individual diets prior to the

trials would have provided a better tool for

analyzing variation in preference among individuals.

These findings predict that, in an expanding black

bear population, males are likely to be first to exploit

agricultural foods; however, with time and experi-

ence, females will do the same if given the

opportunity (i.e., locally available crop fields and

no social exclusion). Accordingly, their reproduction

will likely increase as documented in other popula-

tions with access to a hyper-abundance of calories

(Beckmann and Berger 2003), and they will pass

these feeding habits on to their cubs (Hopkins 2013).

In this way, this forest-dwelling omnivore eventually

habituates to living in an agricultural landscape. It is

unlikely that farmers can prevent bears from eating

these crops, especially males that appear especially

driven to find caloric hotspots. However, growing

these crops in fields as far away as possible from

natural bear habitats may dissuade female bears

from developing a taste for them, and thereby may

reduce some crop damage and human–bear conflicts.
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