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Hamsters Eavesdrop Too and The Consequent Changes 

during and after Observational Learning 

Ming-Tsung Kuo

 

Abstract 

 

Observational learning, refers naïve individual acquires new behavior or 

information via observation of others’ doing, has been demonstrated in a variety of 

behaviors in different species. Gathering information from social interactions between 

others is termed eavesdropping which has been studied mainly in humans and certain 

kinds of fishes and birds, but not in other mammals. Using male golden hamsters and 

their agonistic behaviors, we developed a behavioral method to study eavesdropping. 

In this thesis, there are 3 experiments aiming at investigating consequential behavioral 

and hormonal changes in different groups of observers during and after the 

observation of two male demonstrators either fighting or encountering neutrally 

across a 3-day observational learning. In experiment 1, fighting naïve males approach 

quickly and spent significantly more time investigating the winning demonstrator in 

the U-maze immediately or one day after the 3-day observation indicating that they 

are more interested in interacting with the winners rather than the losers. In 

experiment 2, in contrast to those males in experiment 1, observers previously 

received one defeated experience from a novel fighter one day before the 

observational learning displayed completely opposite behavioral patterns (i.e., more 

defecation, more fleeing behavior and avoidance, and less investigation time toward 

the winning demonstrator) during the observation of the 3-day aggressive interactions 

and in the following immediate and long-term U-maze tests whereas such effects did



 

vi 

not appear in the defeated males observed 3-day neutral interactions. These results 

indicate that the experience of social defeat can effectively influence subsequent 

behaviors in defeated hamsters. In experiment 3, a non-invasive method was applied 

to measure the levels of fecal cortisol metabolites (FCM). In experiment 3A, fecal 

samples were collected every 3 hours and our data indicate that a single fighting 

experience increased FCM level in the losers 3 hours and 21 hours after the 

aggressive encounter but has no effect on the winners at any time point. In experiment 

3B, a modified 18-hour fecal collection procedure was adopted to analyze those fecal 

samples collected from observers in experiment 2. During the 3-day observation, 

these defeated males that observed aggressive interactions defecated more 

sequentially but their FCM level was relatively decreased compared to those that 

observed neutral encounters. One day after the last observation, the resultant decrease 

of FCM level was remained in those high responders that faced the winning 

demonstrators. Taken together, these results suggest that male hamsters eavesdrop too 

and the defeated experience significantly affects the ways they use the information 

and evaluate their potential opponents in subsequent encounter. The information 

gathered during the observation not only sufficiently affects physical homeostasis but 

also influences sequential behavioral responses. 

 

Key words: observational learning, eavesdropping, stress response, 

aggression, fecal cortisol metabolites, hamster.
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It is not the strongest of the species that survive, nor the most intelligent, 

but the one most responsive to change  Charles Darwin 

 

 

 

 

individual learning

observational 

learning

Albert Bandura 1977 Social learning theory

 

Bandura; 

1977/1995
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 (Zentall, 2006)

 

 

 

 

 

social transmission of flavor preferences 

paradigm
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Long-Evans rat 30

 (Galef  

& Whiskin, 2003) Mus domesticus

4 24

4 24

 (Choleris, Guo, Liu, Mainardi, & Valsecchi, 1997)

 

 

( )  

Poecilia reticulata

 (Lachlan, Crooks, & Laland, 

1998)

 (Swaney, Kendal, Capon, Brown, & Laland, 2001)

local enhancement
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stimulus enhancement

discriminated following 

behavior

conformity

 (Day, MacDonald, Brown, Laland, & Reader, 2001)

 (Kendal, Coolen, & Laland, 2004)

Pungitius pungitius

 (van Bergen, Coolen, & Laland, 2004)

( )  

Bombus impatiens 

CRESSON

(Worden & Papaj, 2005)
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 (Dugatkin, 

1992)

Poecilia latipinna

 (Witte & Ueding, 2003)

Poecilia Formosa

 (Schlupp, Marler, & Ryan, 1994)  

 

( )  

Coturnix japonica
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 (Galef & White, 1998)

 (White & Galef, 1999a)

 (Persaud & Galef, 2005)

 (White & Galef, 2000)  

( )  

 

(White & Galef, 1999b)  

 

 

 

  

 

 (Brown & Laland, 2002)
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Nemobius sylvestris

Pardosa spp.

24  

(Coolen, Dangles, & Casas, 2005)

 

 

( )  

CF-1

analgesia 24

conditioned analgesia

 (Kavaliers, Choleris, & Colwell, 2001)

corticosterone 24

 (Kavaliers, Colwell, & Choleris, 2003)

 

( )  

 (John, 

Chesler, Bartlett, & Victor, 1968)
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( )  

Danish Friesian cow

(Munksgaard, DePassill, Rushen, Herskin, & Kristensen, 2001)  

( )  

macaca mulatta

 (Cook & Mineka, 

1990) observational conditioning

 

 

 

 

imitation

Zentall 2006

social 
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facilitation

affordance learning

Zentall, 2006

bidirectional control procedure

 

 

( )  

 (John et al., 1968)  

 

 



 

11 

( )  

C57BL/6J

 (Carlier 

& Jamon, 2006)  

 

( )  

hooded Lister rat

 

(Heyes & Dawson, 1990)  

( )  
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(Akins, Klein, & Zentall, 2002)

 

 

 

 

 

 

 

individual recognition

Mesocricetus auratus



 

13 

 (Lai & Johnston, 2002)

eavesdropping  

 (McGregor, 1993) Eavesdrop

eavesdrip Eaves drip eavesdrip

Eavesdro

 (McGregor, 1993; 

McGregor & Peake, 2000) information

signal
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Agelaius phoeniceus

Tyrannus 

tyrannus

 (Freeman, 1987)

 

 

( )  

1.  

Betta splendens

5

loser winner



 

15 

 (Johnsson & kerman, 1998)

 (Oliveira, McGregor, 

& Latruffe, 1998)
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A B

A B C D B C

A D A D

A B

 (McGregor, Peake, & 

Lampe, 2001)  

2.  

 (Doutrelant & McGregor, 2000)  

( )  

1.  

Parus major



 

17 

 (Peake, Terry, McGregor, & Dabelsteen, 2001)  

2.  

 (Ophir & Galef, 2003)

 

 

S

A > S A < S

A > B A < B

B

S > A > B

B > A > S S > A < B S < 

A > B  (Peake, Terry, McGregor, & Dabelsteen, 2002)

transitive inference

Astatotilapia 

burtoni
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A B C D E A > B > C > D > E

A E B D

A E B D  (Grosenick, 

Clement, & Fernald, 2007)
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Phodopus campbelli

4

 (Lupfer, Frieman, & Coonfield, 2003)

 (Lai & Johnston, 2002)

 (Dugatkin, 

1992)

 

 

 (John et al., 1968)

 (Peake et al., 2002)
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- - hypothamamic-pituitary-adrenal 

cortex axis

corticotrophin-releasing hormone, CRH

paraventricular nucleus

adrenocorticotropic 

hormone, ACTH

glucocorticoid  (Engelmann, Landgraf, & Wotjak, 2004)

- -

 (Sapolsky, Romero, & Munck, 2000)

corticosterone cortisol

 (M stl & Palme, 2002)

 (Kavaliers et al., 2003)

 (Huhman, Moore, Ferris, 

Mougey, & Meyerhoff, 1991)

 ( Oreochromis mossambicus ) 

11-keto- 11-keto-testosterone



 

21 

 (Oliveira, Lopes, Carneiro, & Canario, 2001)  

 (Pace & Spencer, 2005; Vahl et al., 2005)

3H- 3H-corticosterone C57BL/6J

4 10  

(Touma, Sachser, Möstl, & Palme, 2003) Sprague-Dawley rat

17  (Bamberg, Palme, & Meingassner, 2001)

 (Rupert, 2005)
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A B

fecal cortisol metabolites, FCM

24  (Chelini, Souza, Cortopassi, Felippe, & 

Oliveira, 2006)  (Bamberg et al., 2001; 

Touma et al., 2003)

3
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U JVC

Ethom

 (Shih & Mok, 2000) 6

6

habituation phase pretest phase

observational learning phase

memory testing phase

 

-------------------------------- 
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( )  

70 % U 10 U

30  

( )  

70 % U
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U
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U U

V 5 10

U U 10
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U

U 70 %



 

30 

 

3

60 40

U
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31 

n = 13

n = 13

n = 10 n = 11

n = 21  
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1 30

29 1
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( )  

immediately memory testing

long-term memory testing

U

U

U
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( )  
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SPSS 13.0

Fisher’s LSD

t t

p < .05  
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46 26 15
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fight 1

flight 1

1

1
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n = 7 n = 8
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-------------------------------- 
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-

n = 7 -
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-
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-
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n = 5

n = 7
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18
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24 3 3

 

20

18 2

2 PM 8 AM 2 PM

8 AM 3

8 5 PM

2 PM 5 PM 8 PM 11 

PM 2 AM 5 AM 8 AM 11 AM 2 PM 2 AM

3

10 5 PM 8 

PM 11 PM 2 AM 5 AM 8 AM 11 AM 2 PM 5 PM

8 PM

18 3

-80
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( )  

2003 -80

0.04

100 % methanol

1 8

9 1 1800 30

petroleum ether

15 6 1

3000 15

-20  

( )  

1999

 

1.  

F coating 

buffer 200 l

-4 washing 

buffer 300 l blocking buffer

-4  

2.  

assay buffer 50 �l
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F-HRP 150 �l

15

200 �l OPD

30~35 50 �l 8 N H2SO4

490 nm

 

( )  

ng/g

  10

i j

ngi~j/gi~j gi~j

ngi/gi

gi ngj/gj gj g g

 

SPSS 13.0

t t
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p < .05  
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18

18 24

A

5

3



 

42 

2 PM 8 AM 2 PM

8 AM 2 PM 8 AM

2

8 AM

8 AM

 

-------------------------------- 

      

-------------------------------- 

n = 4

n = 15

n = 4 -

n = 5 - n = 7

- n = 3  

 

3 SPSS 13.0

Fisher’s LSD

t
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t p < .05



 

44 



 

45 

 

 

 

 

 

 

 

( )  

1.8 ± 0.7 0.6 ± 

0.4 0.8 ± 0.5 0.2 ± 0.2 1.4 ± 0.7 0.5 ± 0.5

t(32) = -1.174, p = .249 t(32)

= -0.964, p = .342 t(32) = -0.852, p = .400  

-------------------------------- 

      

-------------------------------- 

123.9 ± 3.4 128.6 ± 3.4 121.3 ± 

1.9 125.4 ± 2.0
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t(32) = 0.712, p = .482

t(32) = 0.874, p = .389  

 

( ) U  

 

-------------------------------- 

      

-------------------------------- 

1.  

(1)  

U

U

F(2, 31) = 0.171, p = .844  

(2)  

U U

F(2, 31) = 2.495, 

p = .099 A  

-------------------------------- 

     A  

-------------------------------- 

3
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F(2, 31) = 0.260, p = .773 B  

-------------------------------- 

     B  

-------------------------------- 

U

F(2, 31) = 0.890, p = .421

F(2, 31) = 0.685, p = .511  

U  

2.  

(1)  

5 U

U

F(2, 31) = 0.171, p = .844  

(2)  

U

U

F(2, 31) = 6.350, p = .005

p = .004 p = .003

A  

3



 

48 

F(2, 31) = 3.824, p = .033

p = .011 B  

U

F(2, 31) = 1.078, p = .353

F(2, 31) = 0.239, p = .789  

U

t(12)

= -3.683, p = .003 t(9) = -5.157, p = .001

t(10) = 

-1.641, p = .132 B  

 

3.  

(1)  

U

U

F(2, 31)=0.331, p=0.721  

(2)  

U

U



 

49 

F(2, 31) = 2.731, p = .081

t(19) = 2.115, 

p = .048 A  

3

F(2, 31) = 4.048, p = .027

p = .025 p = .015

B  

U

F(2, 31) = 3.317, p = .050

t(22) = -2.581, 

p = .017

t(19) = -2.153, p = .044

F(2, 31) = 0.428, p = .655  

t(12) = -4.524, p = .001 t(9) = -3.013, p = .015
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t(10) = -0.192, p = .852 B  

 

 

 

( )

 

( )

 (Clotfelter & Paolino, 2003)



 

51 

 t(19) = 1.323, p = .202

t(19) = 0.954, p = .352

winner effect loser effect

 (Lai & Johnston, 2002)
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( )  

-

-

-

17.4 ± 1.4 17.4 ± 1.4 15.4 ± 1.4 -

13.5 ± 3.2 4.5 ± 3.1 0 ± 0

F(2, 24) = 

29.894, p = .000 -

p = .000 -

p = .000

F(2, 24) = 34.096, p = .000 -

p = .000 - p = .000

F(2, 24) = 

38.521, p = .000 -

p = .000 - p = .000

 

 



 

53 

-------------------------------- 
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-------------------------------- 

      

-------------------------------- 

-

-

115.3 ± 2.1 119.8 ± 2.8

- 111.2 ± 2.5 115.6 ± 

3.1 - 113.4 ± 1.8 118.1 ± 

2.0 F(2, 

24) = 0.358, p = .703 F(2, 24) = 

0.311, p = .735  

 

( ) U  

-

- -

 

 



 

54 

-------------------------------- 

      

-------------------------------- 

1.  

(1)  

U

U

F(3, 23) = 0.942, p = .437  

(2)  

U U

F(3, 23) = 1.403, 

p = .267 A  

-------------------------------- 

     A  

-------------------------------- 

3

F(3, 23) = 0.892, p = .460 B  

-------------------------------- 

     B  

-------------------------------- 

U

F(3, 23) = 3.047, p

= .049 -
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p = .020 - p = .021

C U

F(3, 23) = 2.070, p = .132 D  

-------------------------------- 

     C  

-------------------------------- 

-------------------------------- 

     D  

-------------------------------- 

U  

2.  

(1)  

5 U

U

F(3, 23) = 0.829, p = .491  

(2)  

U

U

F(3, 23) = 6.976, p = .002

- p = .003

- p = .004 -

p = .000 A  



 

56 

3

F(3, 23) = 15.217, p = .000 -

p = .000 -  ( p

= .000) - p = .002

- p = .014

- p = .044 B  

-

U

F(3, 23) = 3.047, p

= .049 -

p = .000 - p = .001

- p = .012 -

p = .043

C -

F(3, 23)

= 4.496, p = .013 -

p = .011 - p = .004

- -

p = .039 D  

U

-



 

57 

t(7) = -12.967, p = .000 - t(7)

= -4.548, p = .003

t(6) = -2.041, p = .087 - t(3) = 

-1.003, p = .390 B  

 

3.  

(1)  

U

U

- p = .047

- p = .009 -

p = .027  

(2)  

U

U

F(3, 23) = 9.294, p = .000
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- p = .000

- p = .001 -

p = .000 A  

3

F(3, 23) = 9.799, p = .000 -

p = .004 - p

= .000 - p = .000

-

p = .048 B  

-

U

F(3, 23) = 16.493, p

= .000 -

p = .000 - p = .000

- p = .000 -

p = .022

C -

F(3, 23)

= 5.485, p = .005 -

p = .006 - p = .002

- p = .012 D  
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- t(7) = -14.027, p = .000 -

t(7) = -2.446, p = .044

t(6) = -2.421, p = .052 -

t(3) = 0.715, p = .526 B  
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E

0/7 0 % 0/7 0 %
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8/8 100 % 7/8
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87.5 % E
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-------------------------------- 
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 (Godsil, Quinn, & Fanselow, 

2000) -

-

-

E -
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4/8 50 % 3/8 37.5 %

- 8/8 100 % 7/8

87.5 %

 t(14) = -1.000, p = .334 t(14)

= -0.260, p = .799

t(14)

= -0.653, p = .524 t(14) = 0.043, p = .967

 

( )

t(18) = 1.095, p = .288

t(39) = 1.865, p = .079
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E 0/4 0 %

0/4 0 %
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8 AM 8 PM
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623.2 ± 73.4 ng/g 2 AM 314.0 ± 26.5 ng/g
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30.8 ng/g 390.5 ± 26.7 ng/g
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2 PM

A B

3 5 PM 21

11 AM 3 1132.0 ± 
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± 128.3 ng/g 456.2 ± 32.6 ng/g

3 5 PM 21 11 

AM 3 t(10) = 3.357, p = .007

21 t(8) = 3.412, p = .009 A 24 5 PM

6 11 AM 24 t(10) = 0.941, p = .369

6 t(8) = -0.745, p = .478
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3 24 t(6) = 2.769, p = .032
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2008)  (Windle, Wood, 

Shanks, Lightman, & Ingram, 1998) 
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65 

 (Huhman et al., 1991)

3 21
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4  (Touma et al., 2003)

3

21

NMRI  (Pardon, 

Kendall, Perez-Diaz, Duxon, & Marsden, 2004)
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18 18
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3
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p = .012 t(10)= 0.993, p = .344 C



 

66 

3 3 - 18

18

 

-------------------------------- 

     C  

-------------------------------- 

( )

18 2
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( ) F F-HRP  

F cortisol-11 � -ol-dione 

hemisuccinate  

( ) coating buffer  

NaHCO3              2.93 g 

Na2HCO3             1.59 g 

Thimerosal            0.1 g 

1 pH = 9.6 

( ) assay buffer  

Gelatin               2.0 g 0.1 %   

NaCl                 17.5 g 

Thimerosal                  0.2 g 0.01 %  

Na2HPO4               10.86 g 

NaHPO4               5.38 g 

2 pH = 7.0 

( ) washing buffer  

Na2HPO4              10.86 g 

NaHPO4                     5.38 g 

Thimerosal             1.0 g 0.01 %  

Tween-20              10 ml 
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10 pH = 7.0 

( ) blocking buffer  

Gelatin                5.0 g 

NaCl                 17.5 g 

Tris-base              12.1 g 

EDTA                 3.6 g 

Tween-20              1.0 ml 

2 pH = 8.0 

( ) PB-6.0 

Na2HPO4                       4.38 g 

NaHPO4                24.1 g 

Thimerosal              0.2 g 0.01 %  

2 pH = 6.0 

( ) OPD o-phenylenediamine  

OPD Sigma P-1256    10 mg 

PB 6.0                  25 ml 

30 % H2O2               2.5 ul 

 

( ) Biotek, �Quant, USA Dynatech, MRX, USA  

( )  Dilutor 401, Gilson  

( )  microtiter plate, Costar, Cat .No.3590. 8 12  

( ) Washer, Merck  

( ) Fristek Scientific, S101, Taiwan  

 

 


