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Sammanfattning 

Abstract 

The detection of predators by prey species is crucial in order to escape the threat posed by a 

predator. In mammals, the olfactory sensory system is commonly used to detect odors emitted by 

predators, and to determine how threatening the situation actually is. However, knowledge about 

this ability is still sparse and in some cases conflicting. The aim of the present study was therefore 

to assess whether CD-1 mice (Mus musculus) show behaviors such as avoidance, anxiety and/or 

decreased activity when exposed to any of the three odorants: cat bladder urine, horse voided urine 

or a fruity odor (N-pentyl acetate), with a blank solvent as an alternative in a two-compartment test 

arena. I found no significant differences between avoidance (the time that the mice spent in the 

different compartments), anxiety (the numbers of fecal pellets dropped by the mice), or the overall 

activity (the number of switches between the two compartments), when the mice were exposed to 

the three different odors. The fact that the cat urine derived from the bladder of the cat may explain 

the lack of avoidance responses, since bladder urine might not contain the same chemical 

components as voided urine. Bladder urine might therefore also lack the chemical components that 

signal “predator” to the mice. In conclusion, mice do not respond differently to the odor of cat 

bladder urine than to horse voided urine or to the fruity odor of N-pentyl acetate. 
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1 Abstract 

The detection of predators by prey species is crucial in order to escape the 

threat posed by a predator. In mammals, the olfactory sensory system is 

commonly used to detect odors emitted by predators, and to determine 

how threatening the situation actually is. However, knowledge about this 

ability is still sparse and in some cases conflicting. The aim of the present 

study was therefore to assess whether CD-1 mice (Mus musculus) show 

behaviors such as avoidance, anxiety and/or decreased activity when 

exposed to any of the three odors: cat bladder urine, horse voided urine or 

a fruity odor (N-pentyl acetate), with a blank solvent as an alternative in a 

two-compartment test arena. I found no significant differences between 

avoidance (the time that the mice spent in the different compartments), 

anxiety (the numbers of fecal pellets dropped by the mice), or the overall 

activity (the number of switches between the two compartments), when 

the mice were exposed to the three different odors. The fact that the cat 

urine derived from the bladder of the cat may explain the lack of 

avoidance responses, since bladder urine might not contain the same 

chemical components as voided urine. Bladder urine might therefore also 

lack the chemical components that signal “predator” to the mice. In 

conclusion, mice do not respond differently to the odor of cat bladder 

urine than to horse voided urine or to the fruity odor of N-pentyl acetate. 

2 Introduction 

The recognition of a predator by prey animals is critical for survival. Prey 

species have therefore evolved different behaviors to facilitate the 

detection of predators. When a prey animal detects a predator, either by 

direct contact, by hearing or vision, or by smelling odor cues emitted by 

the predator, prey animals may respond to the situation in ways that 

might prevent them from becoming an actual prey.  

The three most common behavioral responses in prey animals 

threatened by a predator are: (1) fleeing, the prey tries to run away from 

the predator; (2) freezing, the prey stays put at the same place without 

any movements to avoid the predator’s attention; and (3) fighting, the 

prey takes up a fight with the predator. Fighting usually occurs when the 

prey cannot hide or avoid confrontation with the predator (Edut and 

Eilam 2003). 

When a predator, or a non-predator, sent-marks, defecates, urinates or 

emits any other odor cue, it is suggested that prey animals can gain 

information about the sender by using the olfactory system (Dielenberg 

and McGregor 1999; Apfelbach et al. 2005; Fendt 2006). In fact, a study 

by Yin et al. (2011) showed that prey animals do not respond to the odors 

of all predator species as a dangerous odor, since not all of the predators 
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are relevant for them. However, information about the ability to 

recognize and respond to a predator odor is still sparse and in some cases 

even conflicting, with some studies reporting a clear avoidance response 

of prey animals to the odor of predators (Sullivan and Crump 1984; 

Woolhouse and Morgan 1995), and other studies failing to find such 

responses (Epple et al. 1995; Bramley et al. 2000; McGregor et al. 2002). 

The aim of the present study was therefore to assess the behavioral 

response in mice towards three different odor stimuli: (1) cat urine, a 

carnivore and natural predator of the mice; (2) horse urine, a herbivore 

and a non-predator species; and (3) N-pentyl acetate (a fruity odor 

component) as a control odor. 

3 Material & methods 

3.1 Animals 

Ten male CD-1 mice were used in this study. The CD-1 strain is an 

outbred strain that has a diverse genetic background. Since this strain is 

more similar to the wild type than an inbred strain, the use of CD-1 mice 

was favorable.  

All mice were born in laboratory conditions, and had therefore no 

previous contact with other species. The mice were housed individually 

in cage type IVC (Individually Ventilated Cages) and had ad libitum 

access to food and water. Woodchips, cardboard rolls and paper stipes 

were provided as bedding, enrichment and nesting material. Temperature 

was kept constant at 23 - 24 °C with a light/dark period of 12 hours each, 

with the light period starting at 07:00 and the dark period starting at 

19:00. 

The performed experiments conform to Swedish animal welfare 

laws, and were performed according to a protocol approved by the local 

Animal Care and Use Committee (Linköpings djurförsöksetiska nämd, 

protocol #56/15). 

 

3.2 Odor stimuli 

The mice were exposed to one of three different odors in every test 

session. The different odors were: (1) urine from a carnivore and natural 

predator of mice, (2) urine from a herbivore and non-predator species, 

and (3) a fruit-associated odor, as a control. Together with each of the 

three odorants, a nearly odorless solvent named diethyl phthalate was also 

presented. 

3.2.1 Cat urine 

Cat (Felis catus) urine was used as an odor from a natural predator of 

mice. The urine was directly collected from the bladder of a cat, i.e. 
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bladder-urine. This was performed by a veterinarian at SLU in Uppsala, 

when a cat had to be euthanized. Upon delivery, the urine was 

immediately portioned into Eppendorf tubes with 250 µL in each tube, 

and kept in a freezer until usage. 

3.2.2 Horse urine 

Horse (Equus ferus caballus) urine was used as an odor from a non-

predator species. The urine was directly collected from a horse at the 

stable of Erikstad, Linköping. Upon delivery, the horse urine was 

immediately portioned into Eppendorf tubes with 250 µL urine in each 

tube, and kept in a freezer until usage. 

3.2.2 N-pentyl acetate 

A fruity odor-component named N-pentyl acetate (CAS# 628-63-7), was 

used as a control. To make the N-pentyl acetate solution clearly 

detectable for the mice, but not overwhelmingly strong, it was diluted to a 

concentration with a factor of 100 above the olfactory detection threshold 

in mice, which is 4.8 ppt (parts per trillion) (Walker and O’connell 1986). 

3.2.3 Diethyl phthalate 

Diethyl phthalate is a nearly odorless solvent, and was used as a blank 

stimulus. The blank stimulus was placed on one side of the test arena 

when presenting one of the three different odorants on the opposite side. 

Diethyl phthalate was also used to dilute the fruity odor, N-pentyl acetate. 

3.3 Test arena 

The test arena consisted of a transparent cage (36 x 20 x 13 cm) with a 

removable perforated metal floor and a plexiglass lid. A vertical 

plexiglass was attached in the middle of the lid, which created a wall that 

divided the cage into two equally sized compartments. At the bottom of 

the plexiglass wall was a semicircular opening with a diameter of 4 cm, 

big enough so that the mice could go through, but small enough so that 

the odorants did not readily spread to the other side (figure 1). Two petri 

dishes containing a filter paper impregnated with 200 µL of either the 

blank stimulus (diethyl phthalate) or one of the three odors were placed 

underneath the perforated metal floor, one dish underneath each side of 

the arena (figure 2). To avoid an unequal distribution of light, and 
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Figure 1. The two-
compartment test arena. 
The test arena consists of a 
transparent cage with 
removable perforated metal 
floor, a plexiglass lid, and a 
transparent vertical wall 
that divides the cage into 
two equally sized 
compartments. 

Figure 2. The two petri dishes, 
together with impregnated filter 
paper, that were placed 
underneath the perforated floor 
during testing. Filter paper was 
impregnated with the blank 
stimulus on one side and one of 
the three odors on the other side. 

 

Figure 3. The arena placed 
inside the light tent. 

to prevent the light intensity to affect the behavior of the mice, the arena 

was placed into a light tent during testing (figure 3). 

3.4 Behavioral testing procedure 

All mice were tested for ten minutes every day for 18 days. The blank 

stimulus, diethyl phthalate, was always presented in one compartment of 

the arena. The other compartment always contained one of the three 

odors. Each of the three different odors was presented three times on each 

side of the test arena, thus for a total of six times. The odor that was used 

at a particular testing day and the placement of the odor were randomly 

selected. 
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Before presenting any of the three odors, three 10-minute sessions 

with the blank stimulus presented on both sides of the arena were 

performed on three consecutive days. This was done in order to habituate 

the mice to the situation, and to ensure that the mice did not show a 

spontaneous preference for one of the two sides of the test arena. After a 

total of 21 days, all the data collection was finished. 

 During the ten minutes of testing, the duration that the mice spent 

in each compartment was recorded continuously, as an indicator of 

preference for or aversion to an odor. Also, the number of fecal pellets 

that was dropped during the test was recorded as an indicator of the 

anxiety level of the mouse. Finally, the number of switches between the 

two compartments was recorded, as an indicator of the overall activity of 

the mouse.  

After each test session, the test arena was cleaned with ethanol to 

remove the odor from the previous mouse. The newly cleaned test arena 

was allowed to air dry before it was used again, meanwhile three other 

test arenas were used. Before a new mouse was handled, the observer’s 

hands were washed to prevent the new mouse to smell the odor from the 

previous mouse. 

 In order to ensure that the odor concentration on the impregnated 

filter papers stayed fresh throughout the testing period, the filter papers 

and the petri dishes were replaced after five mice had been tested. Petri 

dishes and filter paper were also replaced every time a mouse urinated on 

the petri dish. 

3.5 Data analyses 

The two-tailed binomial test was used in order to assess whether the ratio 

of the number of mice spending more time in one of the two different 

compartments (odorized compartment : blank compartment) differed 

from chance. To assess if the time that the mice spent on each side of the 

compartments differed from each other, the Wilcoxon signed-rank test 

was used. This test was also used to assess differences between the three 

different odors with regard to the number of fecal pellets dropped by the 

mice, and the number of switches between compartments. To analyze if 

the number of fecal pellets, the number of switches and if the time spent 

in an odorized compartment correlated with sessions, the Spearman rank-

correlation test was used. 

4 Results 

4.1 Familiarization days 

The ratio of mice spending more time in the left compartment to mice 

spending more time in the right compartment, when both compartments 



 9 

Figure 4. Number of cases in which 
the mice spent more time in the left 
or right compartment, respectively, 
when both compartments contained 
diethyl phthalate (blank solvent). 

Figure 5. The average time (mean 
± SD) that the mice spent in the left 
or right compartment, respectively, 
when both compartments 
contained diethyl phthalate (blank 

solvent). 

contained diethyl phthalate was 12:18 (figure 4). This ratio did not differ 

from chance and thus the mice did not show any spontaneous side 

preference (Two-tailed binomial test, z=0.91, p>0.05, n=30). 

 The time that the mice spent in the left compartment was not 

significantly different from the time that the mice spent in the right 

compartment, when both compartments contained diethyl phthalate 

(figure 5) (Wilcoxon signed-rank test, z=-0.56, p>0.05, n=30). 

4.2 N-pentyl acetate 

The ratio of mice spending more time in the compartment containing N-

pentyl acetate to mice spending more time in the blank compartment was 

30:30 (figure 6). This ratio did not differ from chance (Two-tailed 

binomial test, z=-0.13, p>0.05, n=60). 

 The time that the mice spent in the compartment containing N-

pentyl acetate did not differ significantly from the time that the mice 

spent in the blank compartment (figure 7) (Wilcoxon signed-rank test, z= 

-0.44, p>0.05, n=60). 
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Figure 6. Number of cases when the mice 
spent more time in the compartment 
containing N-pentyl acetate (fruity odor) 
relative to the compartment containing 
diethyl phthalate (blank solvent). 

Figure 7. The average time (mean 
± SD) that the mice spent in the 
compartments containing N-pentyl 
acetate (fruity odor) and diethyl 
phthalate (blank solvent), 
respectively. 

Figure 8. Number of cases when 
the mice spent more time in the 
compartment containing horse urine 
relative to the compartment 
containing diethyl phthalate (blank 
solvent). 

Figure 9. The average time (mean 
± SD) that the mice spent in the 
compartments containing horse 
urine and diethyl phthalate (blank 
solvent), respectively. 

4.3 Horse urine 

The ratio of mice spending more time in the compartment containing 

horse urine to mice spending more time in the blank compartment was 

28:32 (figure 8). This ratio did not differ from chance (Two-tailed 

binomial test, z=0.39, p>0.05, n=60). 

 The time that the mice spent in the compartment containing horse 

urine was not significantly different from the time that the mice spent in 

the blank compartment (figure 9) (Wilcoxon signed-rank test, z=-0.78, 

p>0.05, n=60). 
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Figure 10.  Number of cases when the 
mice spent more time in the 
compartment containing cat urine 
relative to the compartment containing 
diethyl phthalate (blank solvent). 

Figure 11. The average time (mean 
± SD) that the mice spent in the 
compartments containing cat urine 
and diethyl phthalate (blank 
solvent), respectively. 

  

4.4 Cat urine 

The ratio of mice spending more time in the compartment containing cat 

urine to mice spending more time in the blank compartment was 32:28 

(figure 10). This ratio did not differ from chance (Two-tailed binomial 

test, z=0.39, p>0.05, n=60). 

 The time that the mice spent in the compartment containing cat 

urine did not differ significantly from the time that the mice spent in the 

blank compartment (figure 11) (Wilcoxon signed-rank test, z=-0.08, 

p>0.05, n=60). 

4.5 Time differences between the three odors 

The time spent in the odorized compartment did not differ significantly 

between the three different odors (Wilcoxon signed-rank test, n=60; N-

pentyl acetate/horse urine, z=-0.20, p>0.05; N-pentyl acetate/cat urine, 

z=-0.53, p>0.05; horse urine/cat urine, z=-0.64, p>0.05).  

4.6 Number of switches  

The number of switches between compartments did not differ 

significantly between the three different odors (Wilcoxon signed-rank 

test, n=60; N-pentyl acetate/horse urine, z=-0.47, p>0.05; N-pentyl 

acetate/cat urine, z=-0.24, p>0.05; horse urine/cat urine, z=-1.06, 

p>0.05).  

4.7 Number of fecal pellets 

The number of fecal pellets dropped by the mice during the tests did not 

differ significantly between the three different odors (Wilcoxon signed-

rank test, n=60; N-pentyl acetate/horse urine, z=-1.59, p>0.05; N-pentyl 
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Figure 12. Number of switches from all the 10 
mice during the six sessions when presenting 
N-pentyl acetate (fruity odor). 

acetate/cat urine, z=-0.33, p>0.05; horse urine/cat urine, z=-1.55, 

p>0.05).  

4.8 Correlation between time spent in an odorized compartment 

and session days 

No significant correlation was found between time spent in any of the 

odorized compartments and session days (Spearman rank-correlation test, 

n=60; N-pentyl acetate, r= -0.02, p>0.05; horse urine, r=-0.003, p>0.05; 

cat urine, r=0.11, p>0.05). 

4.9 Correlation between number of fecal pellets and session days 

No significant correlation was found between the number of dropped 

fecal pellets and session days with any of the three odors (Spearman 

rank-correlation test, n=60; N-pentyl acetate, r= -0.03, p>0.05; horse 

urine, r=-0.04, p>0.05; cat urine, r=0.03, p>0.05). 

4.10 Correlation between number of switches and session days 

No significant correlation was found between the number of switches and 

session days during the exposures of horse urine and cat urine (Spearman 

test, n=60; horse urine, r=-0.14, p>0.05; cat urine, r=-0.14, p>0.05).  

However, there was a significant negative correlation between the 

number of switches and session days during the exposure with N-pentyl 

acetate (figure 12) (Spearman rank-correlation test, r=-0.26, p<0.05, 

n=60). 
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5 Discussion 

The results of this study show that mice do not display behaviors such as 

avoidance, decreased activity or increasing defecation when exposed to 

the odor of bladder urine of a predator (cat) in a two-compartment test 

arena. Similarly, mice that were exposed to a fruity odor component (N-

pentyl acetate), or to the odor of voided horse urine, did not show any 

spontaneous side preference when a nearly odorless solvent (diethyl 

phthalate) was the alternative. 

Previous studies suggest that prey species are able to detect if a 

urine or feces odor derives from a predator or from a non-predator 

species (Fendt 2006; Belton et al., 2007; Blumstein et al., 2008). A clear 

avoidance response of free-living snowshoe hares to the odor of scent 

gland compounds from the genus Mustela has in fact been reported by 

Sullivan and Crump (1984). Woolhouse and Morgan (1995) also showed 

a clear avoidance by possums when exposed to synthetic compounds 

associated with the red fox, and the genus Mustela. The fact that the mice 

in the present study did not avoid cat urine is in agreement with other 

studies that failed to find a clear avoidance response to predator odors 

(Epple et al., 1995; Bramely et al., 2000; McGregor et al., 2002). For 

example, Epple et al. (1995) failed to find a repellent effect in wild 

caught mountain beavers when exposed to synthetic sulfur compounds 

from natural predators. However, Fendt (2006) showed that prey species 

display defensive behaviors when exposed to urine odors of canids and 

felids, but not when exposed to bladder urine of cats, which is in line with 

the result of the present study. Similarly, Blanchard et al. (2003) found 

that the odor of cat fur/skin, and cat feces had an effect on the behavior of 

rats, whereas cat urine did not. Other studies, by Burger (2005) and 

delBarco-Trillo et al. (2013) reported differences in the odor composition 

of bladder urine when compared to voided urine. delBarco-Trillo et al. 

(2013) compared the two different types of urine in primates, and 

reported that volatile chemicals may be added from glands in the 

urogenital tract and hence contribute to the differences between bladder 

and voided urine. However, there is still little information available 

concerning the differences between bladder urine and voided urine in 

cats. 

The anxiety levels of the mice in the present study were measured 

by counting the fecal pellets that they dropped during the different odor 

exposures. Archer (1973) showed that animals increase their defecation 

when stressed. For example, Bowen et al. (2011) found that this was the 

case when rats were exposed to cat fur. However, the animals in the 

present study did not defecate more during any of the three different odor 
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exposures. This suggests that mice do not perceive bladder urine from 

cats as a dangerous odor. 

In the present study, the number of switches between the two 

compartments was used as a measure of an animal’s overall activity level. 

No significant differences between the three odors tested were found with 

this parameter. Previous studies showed that animals decrease their 

activity when stressed (Archer 1973; Fenn and Mcdonald 1995; Muñoz-

Abellán et al., 2010). For example, Muñoz-Abellán et al. (2010) showed 

that rats decrease their activity when exposed to the odor of cat fur/skin. 

Since the mice in the present study did not decrease their overall activity 

during the cat urine exposure, this suggests that mice do not respond to 

cat bladder urine as an odor indicating danger. However, there was a 

significant negative correlation between session days and number of 

switches during the exposures when presenting the fruity odor (N-pentyl 

acetate). The reason for this could be that the mice habituated to the fruity 

odor, and learned that this odorant is not behaviorally relevant for them 

and thus decreased their overall activity. In this case the overall activity 

of the mice may be interpreted as a measure of arousal. Since the mice 

did not show a significant decrease in their number of switches across the 

test days with the urine odors, this may indicate that the mice did not 

habituate to these odors. The reason for that might be because these odors 

are behaviorally relevant for them and may keep the mice alert. 

5.1 Conclusion 

In conclusion, the present study showed that mice do not respond to the 

odor of cat urine (derived from the bladder of the cat) differently 

compared to their responses to the odor of voided horse urine and to a 

fruity odor. This may be because bladder urine from cats differs in its 

chemical composition from voided urine, lacking certain components 

added from glands in the urogenital tract, and thus emit different odors. 

However, more research is needed to investigate why there is a difference 

between these two urine types. 

5.2 Ethical and societal implications 

No animal was harmed in course of the experiments. The performed 

experiments conform to Swedish animal welfare laws, and were 

performed according to a protocol approved by the local Animal Care and 

Use Committee (Linköpings djurförsöksetiska nämd, protocol #56/15). 

Furthermore, behavioral studies on laboratory animals might contribute to 

improved knowledge about animal welfare. 



 15 

6 Acknowledgement 

I like to acknowledge my supervisor Professor Matthias Laska for his 

tremendous guidance and support during this project. I acknowledge Siv 

Nilsson and Petra Wolbert for the theoretical and practical training 

needed for this project. I also want to thank Dr. Fredrik Södersten at SLU 

in Uppsala who supplied me with cat bladder urine. Furthermore I like to 

thank Caroline Scharf at the stable of Erikstad in Linköping who supplied 

me with horse voided urine. 

7 References 

Apfelbach R, Blanchard CD, Blanchard RJ, Hayes RA, McGregor IS 

(2005) The effects of predator odors in mammalian prey species : A 

review of field and laboratory studies. Neuroscience and Behavioral 

Reviews 29, 1123-1144. 

Archer J (1973) Test for emotionality in rats and mice: a review. Animal 

Behaviour 21, 205-235. 

Belton LE, Ball N, Waterman JM, Bateman PW (2007) Do Cape ground 

squirrels (Xerus inauris) discriminate between olfactory cues in the 

faeces of predators versus non-predators? African Zoology 42:1, 135-

138. 

Blanchard DC, Blanchard RJ, Markham C, Yang M, Hubbard D, 

Madarang E (2003) Failure to produce conditioning with low-dose 

trimethylthiazoline or cat feces as unconditioned stimuli. Behavioral 

Neuroscience 117, 360-368. 

Blumstein DT, Barrow L, Luterra M. (2008) Olfactory predator 

discrimination in yellow-bellied marmots. Ethology 114, 1135–1143. 

Bowen MT, Keats K, Kendig MD, Cakic V, Callaghan PD, McGregor IS 

(2011) Aggregation in quads but not pairs of rats exposed to cat odor or 

bright light. Behavioural Processes 90, 331-336. 

Bramely GN, Waas JR, Henderson HV (2000) Responses of wild 

Norway rats (Rattus norvegicus) to predator odors. Jornal of Chemical 

Ecology 26, 705-719. 

Burger BV (2005) Mammalian semiochemicals. Current Chemistry 240, 

231-278. 

delBarco-Trillo J, Harelimana IH, Goodwin TE, Dera CM (2013) 

Chemical differences between voided and bladder urine in the Aye-Aye 



 16 

(Daubentonia madagascariensis): Implications for olfactory 

communication studies. American Journal of Primatology 75, 695-702. 

Dielenberg RA, McGregor IS (1999) Defensive behavior in rats toward 

predatory odors: a review. Neuroscience & Behavioral Reviews 25, 597-

609. 

Edut S, Eilam D (2003) Rodents in open space adjust their behavioral 

response to the different risk levels during barn-owl attack. BMC 

Ecology 3:10.  

Epple G, Mason JR, Aronov E, Nolte DL, Hartz RA, Kaloostian R, 

Campbell D, Smith AB (1995) Feeding responses to predator-based 

repellents in the Mountain beaver (Aplodontia rufa). Ecological 

Applications 5, 1163-1170. 

Fendt M (2006) Exposure to urine of candis and felids, but not of 

herbivores, induces defensive behaviour in laboratory rats. Journal of 

Chemical Ecology 32, 2617-2627. 

Fenn MGP, Mcdonald DW (1995) Use of middens by red foxes: risk 

reverses rhythms of rats. Journals of Mammalogy 76, 130-136. 

McGregor IS, Schrama L, Ambermoon P, Deilenberg RA (2002) Not all 

‘predator odours’ are equal: cat odour but not 2,4,5 trimethylthiazoline 

(TMT; fox odour) elicits specific defensive behaviours in rats. 

Behavioural Brain Research 129, 1-16. 

Muñoz-Abellán C, Armario A, Nadal R (2010) Do odors from different 

cats induce equivalent unconditioned and conditioned responses in rats? 

Physiology & Behavior 99, 388-394. 

Sullivan TP, Crump DR (1984) Influence of mustelid scent-gland 

compounds on suppression of feeding by Snowshoe hares (Lepus 

americanus). Journal of Chemical Ecology 10, 1809-1821. 

Walker JC, O’Connell RJ (1986) Computerized odor psychophysical 

testing in mice. Chemical senses 11, 439-453. 

Woolhouse AD, Morgan DR (1995) An evaluation of repellents to 

supress browsing by Possums. Journal of Chemical Ecology 21, 1571-

1583. 

Yin B, Fan H, Li S, Hegab I, Lu G, Wei W (2011) Behavioral response of 

Norway rats (Rattus norvegicus) to odors of different mammalian 

species. Journal of Pest Sience 84, 265-272. 


