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Introduction

Over time, evolution has shaped the behavior of

prey animals such that the need to forage, find

mates, and engage in intra-specific competition is

balanced with the need to avoid predators (Lima &

Dill 1990). Prey have not only evolved strategies to

escape a direct attack from a predator, but have also

evolved to respond to indirect cues in the environ-

ment that indicate predation risk (Orrock et al.

2004). One cue that has been shown to have

profound effects on the behavior of many prey ani-

mals is predator odor. When exposed to the odor

from a predator, prey species may decrease the

duration of activity, curtail risky behaviors such as

foraging, or move to locations with a lower

perceived risk of predation (Apfelbach et al. 2005).

For example, in terrarium experiments, odors from

several mammalian predators (weasel Mustela nivalis,

stoat Mustela erminea, polecat Mustela putorius,

stone marten Martes foina, red fox Vulpes vulpes,

and raccoon dog Nyctereutes procyonoides) caused

bank voles (Clethrionomys glareolus) to significantly

decrease the amount of time spent in an experimen-

tal arena. Fox and weasel odors also decreased over-

all activity levels in bank voles, whereas the rabbit

control odor elicited no response (Jedrzejewski et al.

1993). Similarly, male meadow voles (Microtus penn-

sylvanicus) significantly reduced levels of locomotor

activity after exposure to fox odor (no control odor
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Abstract

Golden hamsters (Mesocricetus auratus) use olfactory cues to assess traits

of conspecifics such as kinship, individual identity, and reproductive

status. The environment, however, is full of a wide variety of other

olfactory information such as signals emitted by some of the hamster’s

primary predators. Given this, we hypothesized that hamsters use odors

from predators as an indirect sign of increased predation risk in the

environment. In addition, based on data that show that wild hamsters

are diurnal while laboratory hamsters are nocturnal, we hypothesized

that if golden hamsters did respond to the predator odors, perceived

predator risk might influence daily activity patterns in hamsters. We

tested male and female hamsters over 5 d with scent gland secretion

from domestic ferrets (Mustela putorius furo) and compared their behavior

to that observed when they were exposed to a clean arena. In response

to the predator odor, subjects significantly decreased the amount of time

active outside of their burrow, returned to their burrow more quickly,

and spent less time near the predator odor than the clean control stimu-

lus. These results strongly support our hypothesis that hamsters, like

other species of small mammals, avoid predator odors. The results did

not, however, support our second hypothesis that exposure to predator

odors during the dark phase of the light cycle would elicit a switch to a

more diurnal pattern of activity. More work is needed to understand

how environmental cues and internal mechanisms interact to shape

activity patterns.
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used; Perrot-Sinal et al. 1999). Zhang et al. (2003)

also demonstrated that after 28 d of exposure to anal

gland secretions from Siberian weasels (Mustela sibiri-

ca), golden hamsters (Mesocricetus auratus) displayed

lower aggression, decreased social rank, and sup-

pressed immune function compared with a control

group exposed to water.

Predator odors also induce significant neural

and physiological responses in small mammals

(Blanchard et al. 2005, 2008; Takahashi et al. 2008).

For example, Wistar rats that were exposed to cat

odor from a used fabric collar spent significantly

more time hiding in a refuge and showed greater

Fos expression in a number of brain regions than did

rats exposed to a clean collar (Dielenberg et al.

2001). In addition, odor from ferret urine altered the

estrous cycles in female Campell’s hamster (Phodopus

campbelli) so that ovulation was delayed in females

exposed to the odor compared with control animals

(Apfelbach et al. 2001).

Despite a plethora of research on responses of prey

to predator odors, very few studies have measured

responses of golden hamsters to predator odors, even

though this species is one of the most common

model organisms for the study of olfactory commu-

nication among mammals (Johnston 1998, 2003).

In the wild, golden hamsters live in northern Syria

and in a narrow region of south-central Turkey

along the Syrian border (Gattermann et al. 2001).

Over three field seasons in southern Turkey, we

commonly observed owls (Tylo alba, Athene noctua),

fox (V. vulpes), feral cats, and feral dogs, all of which

are natural nocturnal predators of hamsters (Gatter-

mann et al. 2008). According to Turkish biologists,

mustelids are also found in this region (N. Yiğit,

personal communication), although we never

observed them directly. Potential diurnal predators

include raptors (e.g. Buteo rufinus, Circus pygargus,

Falco tinnunculus), white storks (Ciconia ciconia),

feral dogs, and snakes (e.g. Vipera lebetina, Coluber

jugularis, Spalerosophis diadema) (Gattermann et al.

2008; R. Johnston & M. E. McPhee, personal obser-

vation).

Many of these predators emit or deposit potent

odors that hamsters could use as cues to predation

risk. Thus, we conducted a study to test two hypoth-

eses. First, we hypothesized that hamsters use odors

from predators as a sign of increased predation risk

and predicted that animals exposed to predator odors

would decrease their time out of the burrow and

time spent in the portion of the enclosure that was

nearest to the odor. Second, we hypothesized that

perceived predator risk would influence daily activity

patterns in hamsters. Golden hamsters in the labora-

tory are strictly nocturnal and have extremely pre-

dictable patterns of activity, even under conditions

of continuous light or darkness (Mrosovsky 1989;

Refinetti 2006). However, our recent field observa-

tions in south-central Turkey showed that wild

female hamsters were diurnal during the breeding

season (Mar. – May), with above ground activity

peaking between 6:00–8:00 hours and 16:00–

19:30 hours (Gattermann et al. 2008). Males, in con-

trast, were active during the day and the night

(R. Johnston, M. McPhee & P. Fritzsche unpublished

data). If perceived predator risk does indeed shape

activity in hamsters in the wild, we predicted that

the presence of a predator cue during the dark phase

of the animal’s daily cycle in the laboratory would

decrease the amount of above-ground activity

observed in the dark and increase activity observed

in the light. In other words, we predicted that ham-

sters would shift from a strictly nocturnal pattern to

a more variable pattern in the presence of odor cues

from a predator.

Methods

We tested 11 laboratory golden hamsters – six

females and five males, 3–6 mo of age. Prior to test-

ing, animals were housed in standard clear plastic

cages (30.5 · 35.5 · 16 cm) with sanichip bedding.

Food and water were provided ad libitum. Housing

and testing rooms were kept on a 13.5 L:10.5 D light

cycle with the dark period beginning at 9:00 hours

and the light period beginning at 17:30 hours.

The experiments took place in a climate-controlled

laboratory environment with a temperature range of

23–26�C. The hamsters were tested in Plexiglas�

enclosures with three 30.5 · 93 cm compartments,

with one hamster per compartment. Each compart-

ment was divided into three 31-cm sections by tape

markers and the floor was covered with sanichip

bedding. At one end of each compartment and

below the floor was a small nest chamber

(30.5 · 35.5 · 16 cm) that simulated a burrow. The

animals had access to the burrow area via a round

(5 cm diameter) hole in the compartment floor.

During the dark period, the testing room was

completely dark except for the portion of the room

used as the experimenter’s work space which was

illuminated by a 100-W red bulb; this area was sepa-

rated from the hamster enclosures by a dark curtain.

During the light period the room was illuminated

with standard ceiling mounted industrial lighting.

Water was provided ad libitum and two food pellets
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were provided to each subject every morning and

evening (Prolab 1000; Agway, Ithaca, NY, USA).

All animals were exposed to two odor conditions:

a control condition (clean gauze) followed by a pred-

ator condition (ferret-scented gauze), each 5 d in

length. Two animals, a female and a male, were

tested in Feb. ⁄ Mar. 2007; nine were tested in

Sept. ⁄ Oct. 2007. Activity was recorded continuously

over the 10 d of the experiment with time-lapse (10

frames per second) infra-red video cameras mounted

directly above the enclosure.

Scent Presentations

For a predator cue we used scent gland secretion

from domestic ferrets, (M. putorius furo; Marshall

BioResources, North Rose, NY, USA). According to

Turkish biologists, mustelids have been found in the

hamster’s native range and are thus a natural preda-

tor (N. Yiğit, personal communication). The liquid

was extracted from the anal gland with a 0.25-g

needle and five drops of secretion were placed on a

piece of gauze for each hamster for each day of the

experiment. The treated gauze was frozen until used

in the study. Scent from six different ferrets was

assigned randomly to the 11 hamsters. The clean

control gauzes were also frozen before use.

Every day at 9:15 and 17:00 hours two pieces of

food and a closed, perforated Plexiglas� box were

placed in each compartment at the end farthest

from the burrow entrance. For the control condi-

tion, a clean unscented piece of gauze was placed

in the perforated box at 9:15 and 17:00 hours. For

the predator condition, the gauze introduced at

9:15 hours was scented and the gauze introduced

at 17:00 hours was unscented, so the hamsters

were only exposed to the scented gauze during the

dark period. Because the strength of odors attenu-

ates with time, this mimics the presence of a

nocturnal predator. The 9:15 hours presentation

occurred 15 min after onset of the dark period

(lights off) and the 17:00 hours presentation was

30 min before the dark period ended (lights on).

When the new scent and food were placed in the

compartment, the old items were removed. In most

cases, the animals had hoarded their food into the

burrow (sometimes within five minutes of provi-

sion). If food remained, however, it was removed

and discarded. The animals were not removed from

the enclosures for scent presentation and removal.

In both conditions, the researchers wore clean,

latex gloves when handling the gauze, food, and

containers.

Data Analysis

To examine overall activity, we scored the video for

a 30-minute period every other hour (e.g., 2:00–

2:30 hours, 4:00–4:30 hours, etc.), totaling 6 h of

data per subject per day. In these 12 periods, we

measured two variables: proportion of time out of

the burrow and proportion of that time in the end

of the enclosure furthest from the burrow entrance

and closest to the stimulus odor and food (referred

to as the stimulus area). There were no differences

across days within odor conditions, so all data from

each condition were pooled. To compare activity as

a function of condition and sex, we arcsine trans-

formed the proportional data and ran a two-factor

ANOVA (F). These results were compared against a

significance level of 0.05.

Using the Wilcoxon matched-pairs signed-ranks

test, we compared the control and predator condi-

tions for latency to (1) emerge from the burrow after

the lights went off, (2) cross into the stimulus area

after the lights went off, and (3) enter the burrow

after the scent was introduced. Latency to enter the

burrow was only measured for animals that were

already out when the scent was introduced; this did

not affect sample sizes because animals were rarely

in the burrow at that time of day. To account

for multiple comparisons, level of significance for

the latency comparisons was a = 0.017 (Bonferroni

correction).

Results

Animals spent significantly more time out of the

burrow during the dark period of the light cycle,

regardless of odor condition (t28.5 = )7.119, p <

0.0001; Fig. 1). In general, the animals spent very

little time out of the burrow during the light period

and there was no difference in duration of activity

during the light period as a function of odor condi-

tion (t12.7 = )0.785, p = 0.45; Fig. 1). Given the lack

of activity during ‘daylight,’ or the light phase of the

daily cycle, the following results are only for activity

in the dark period.

The proportion of time out of the burrow during

the dark period differed significantly by odor condi-

tion: animals spent an average of 32% [95% confi-

dence interval (CI): 24–40%] of the time out of the

burrow in the control condition vs. 20% (95% CI:

12–28%) in the predator odor condition (F1 = 8.69,

p = 0.009; Fig. 1). Males spent significantly more

time out of the burrow (33%; 95% CI: 12%–28%)

in the dark period than did females (20%; 95% CI:
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26–40%; t19 = 2.660, p = 0.015). This difference,

however, was not affected by odor condition as

there was no significant interaction between condi-

tion and sex (F1 = 0.027, p = 0.87).

Of the time out of the burrow during the dark

phase, we analyzed what proportion was spent in

the end of the enclosure nearest the food and odor

stimulus (clean or scented gauze) and farthest from

the burrow entrance. On average, hamsters spent

significantly less time in the stimulus area during

the predator condition (7%; 95% CI: 4–10%) than

during the control odor condition (13%; 95% CI:

9–16%; F1 = 10.69, p = 0.005; Fig. 2). In addition,

males spent 12% (95% CI: 9–17%) of their time in

the stimulus area compared with females that spent

only 7% (95% CI: 5–10%) of their time in that end

of the enclosure (F1 = 12.48, p = 0.003). The inter-

action between condition and sex, however, was ns

(F1 = 1.023, p = 0.326).

Latency to enter the burrow after the scent was

introduced was significantly shorter in the predator

condition than in the control condition (W = 85,

p = 0.007; Fig. 3) – animals returned to the burrow

during the control condition after an average of

393.3 s (95% CI: 215.3–571.3 s) compared with an

average of 149.5 s (95% CI: 72.1–226.8 s) in the

predator condition. Males and females did not differ

in latency to enter the burrow after the scent was

introduced (W = 19, p = 0.171, x = 271.4 s). In addi-

tion, neither latency to emerge from the burrow

after the lights went off nor latency to cross into the

far end of burrow after the lights went off differed as

a function of the ferret odor (emerge: W = 39.5,

p = 0.45, x = 189.5 s); cross: W = 33, p = 0.22, x

= 213.4 s).

Discussion

Hamsters use olfactory cues from conspecifics to

assess relatedness (Mateo & Johnston 2000; John-

ston 2008) and sexual receptivity (Johnston 1975,

1980; delBarco-Trillo et al. 2009). Thus, it follows

that they would use other olfactory signals to obtain

information about their environment, such as the

presence of predators. In this study, we tested two

general hypotheses: (1) that hamsters use odors from

predators as an indirect sign of increased predation

risk and (2) that perceived predator risk would influ-

ence daily activity patterns in hamsters. When the

odors of domestic ferrets were introduced into the

hamsters’ enclosures, the subjects significantly

decreased the amount of time outside of their

burrow, returned to their burrow more quickly, and

spent less time in the area closest to the predator

cue as compared with periods when the unscented

control stimulus was present. In fact, laboratory

hamsters exposed to the ferret odor exhibited levels
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Fig. 2: Proportion of time during the dark period that subjects spent

at the far end of the enclosure nearest the clean control or predator

odor stimuli and farthest from the burrow entrance. The open circles

represent the means, the solid squares are individual data

points; *Significance at the 0.017 level (after Bonferroni adjustment).
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of above-ground activity similar to those we

observed in the wild. At our field site in Turkey,

hamsters were above ground for an average of

64–87 min (i.e.) 4–6%) of a 24-h period (Larimer

2007; Gattermann et al. 2008). In our present study,

the percentage of time spent above-ground averaged

8% of a 24-h period in the clean control condition

but dropped to 5% in the predator odor condition.

These results strongly support our first hypothesis

and show that hamsters use predator odors as a sign

of possible predator presence. The use of olfactory

signals to assess predation risk has also been

observed in other species. For example, southern

flying squirrels (Glaucomys volans) use odors from

predators as a cue that certain roost sites should be

avoided (Borgo et al. 2006). Male root voles (Micro-

tus oeconomus) suppressed breeding behavior when

they were exposed to the odor of steppe polecats

(Mustela eversmanni) for one hour (Bian et al. 2005).

When presented food in bowls scented with control

odors or predator odors from mink (M. vison), bobcat

(Felis rufus), or coyote (Canis latrans), mountain

beaver (Aplodontia rufa) significantly reduced levels

of feeding from the predator scented bowls (Epple

et al. 1993).

While the hamsters could be merely responding

to the novelty or the strength of the odor and not

the fact that it represented a predator, this seems

unlikely for several reasons. First, hamsters do not

necessarily avoid odors solely because they are

strong. Petrulis & Johnston (1995) exposed golden

hamsters to dimethyl disulfide and a mixture of

three mercaptans (tertiary butyl mercaptan, second-

ary isopentyl mercaptan, and tertiary pentyl mercaptan)

and found that neither males, castrated males, nor

females avoided these extremely pungent odors and

did not show any measurable negative responses. In

other experiments, exposure of hamsters to odors

from the undiluted urine from rats, sheep, horses,

and cattle did not elicit any avoidance or other

behaviors indicative of avoidance of predators (R. E.

Johnston and G. S. Jack, unpublished data). Second,

ferret odors have been shown to be powerful preda-

tor cues for hamsters as well as for other rodents

(e.g. Zhang et al. 2003; Masini et al. 2005; Campeau

et al. 2008). For example, in predator-naı̈ve Spra-

gue–Dawley rats, ferret odors caused an increase in

risk assessment behaviors and time spent in a refuge

as well as a reduction in the time spent with the

odor stimulus compared to control odors (bleach and

strawberry extract; Masini et al. 2005; Campeau

et al. 2008). In addition, ferret odor elicited signifi-

cant hypothalamo–pituitary–adrenocortical (HPA)

axis activation in the rats whereas control odors such

as butyric acid, which is a very strong odor, did not

elicit activation of the HPA axis (Campeau et al.

2008). Third, the hamsters’ response to the ferret

odors did not attenuate over time, suggesting that

the odor is a very strong signal. For example, in

Zhang et al.’s (2003) study, hamsters responded to

weasel odor even after 28 d of exposure. In general,

rodent responses to predator odors have been shown

to be very resistant to habituation (Blanchard et al.

1998) and our studies are consistent with these find-

ings and suggest that olfactory signals from predators

are an effective way to assess possible predation risk.

Our results did not support our second hypothesis

that exposure to predator odors would elicit a switch

to a more diurnal pattern of activity in hamsters.

The lack of a shift in activity patterns was interesting

because predators are known to have a profound

effect on the activity of some other prey species. For

example, Fenn & Macdonald (1995) found that wild

Norway rats (Rattus norvegicus) decreased nocturnal

activity in response to the nighttime presence of red

foxes (V. vulpes). In addition, a coyote population

that had been exposed to human persecution during

the day increased their level of diurnal activity when

persecution ceased (Kitchen et al. 2000). Interest-

ingly, the male hamsters in our experiment were

more active in the dark than were females, which is
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the means, the solid squares are individual data points; *Significance

at the 0.017 level (after Bonferroni adjustment).
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what we observed in the wild populations (Gatter-

mann et al. 2008; R. Johnston, M. McPhee &

P. Fritzsche unpublished data). In the coyote and fox

examples cited above, however, the prey species

were exposed to the predator, not just its odor, as

was the case in our experiment.

Because all captive golden hamsters are descen-

dents of a single brother-sister pair brought into

captivity in 1930 (Murphy 1971), the differences in

activity patterns between captive and wild popula-

tions could be due to founder effects and behavioral

changes in response to the captive environment.

This, however, is not the case. Weinert et al. (2001)

compared the activity patterns of wild (wild-caught

and F1 individuals) and laboratory hamsters and

found that the two populations showed the same

daily activity patterns, although inter-individual var-

iability was higher in the wild-type hamsters than in

the laboratory strain of hamsters. The finding that

the wild-type animals exhibited patterns of activity

typical of lab hamsters after such a short time in cap-

tivity strongly suggests that patterns of activity are a

response to environmental cues.

In general, this study presents strong evidence that

hamsters not only use olfactory cues to gather infor-

mation about conspecifics (e.g. kindship, individual

identity, and reproductive status) but they also use

odors as a source of information about potential

levels of predation risk in their environment.

Ultimately, the difference in activity patterns

between laboratory and wild hamsters are likely to

be found in a dynamic interaction between various

ecological (extrinsic) cues and the intrinsic mecha-

nisms that control activity rhythms (Halle 2000;

Levy et al. 2007).
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