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Abstract 
The present study aimed to investigate whether 
different observation methods reveal uniform inter-
individual and inter-group differences of stereotypic 
behaviour in mink. The mink came from two 
breeding lines (F3), a high stereotyping line (HSL; 
N=140) and a low stereotyping line (LSL; N=132). 
Direct scanning observations were performed from 
06:00 to 18:00 h and divided into morning, midday 
and afternoon observations. Based on the direct 
observations, 12 high stereotyping animals (HSA) 
and 12 low stereotyping animals (LSA) were 
selected for 24 h video recording. Generally, there 
was a positive correlation between direct 
observations performed during morning, midday, 
and afternoon. The 24 h video observations also 
reliably reflected the individual differences and the 
group differences, and for the HSA they resulted in 
the same daytime level of stereotypy as the direct 
scanning. The only incongruity between the results 
of the two observation methods was that the LSA 
level of stereotypy was slightly underestimated by 
the direct scanning method. 
  
Keywords: diurnal activity; observation methods; 
stereotypies; selective breeding. 
 
Introduction 
An experiment on selection for and against 
stereotypic behaviour in mink was started in 2001 
(Jeppesen et al., 2003; Jeppesen et al., 2004). The 
selection criterion was direct daytime scanning of 
one and a half year old female mink for stereotypic 
behaviour. Feeding was postponed to the end of the 

daily observation period. High and low stereotyping 
offspring were selected for the high and the low 
stereotyping selection line, respectively. The 
selection was effective: Fewer animals from the low 
stereotyping line performed stereotypic behaviour, 
and they did it at a lower frequency, as compared to 
animals from the high stereotyping line. The 
heritability of the stereotypic behaviour was 0.30 
(Hansen et al., 2005). 
 
It has been shown that mink with high levels of pre-
feeding stereotypy also perform more stereotypic 
activity later in the day and night (Mason, 1993a). 
These results were based on the variation of 
stereotypy within single populations. The above 
mentioned selection produced populations or 
selection lines that differed with respect to 
stereotypy as well as weight and reproduction 
measures (Jeppesen et al., 2004). In the present 
paper it is examined if the results of the previous 
single-population studies also apply to the selection 
line situation: whether the daytime difference 
between the lines correctly reflected the line 
difference during morning and afternoon and during 
the whole 24 h period. In addition it was examined 
whether postponing of feeding until the end of the 
daily observation period affects the behaviour. 
 
The study allows a comparison of the outcome of 
direct scanning observations with the outcome of 
scanning of the video recordings. Bildsøe et al. 
(1990) did such a comparison on daytime 
stereotypies, and found a close correlation between 
the outcomes of the two methods. Here, the 
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comparison is made once more but on a material 
that covers a wider range of stereotypic behaviour 
due to a great difference between lines with respect 
to stereotypy. 
 
Materials and methods 
 
Animals and housing 
The study included 272 adult female farm mink 
(Mustela vison) of the color type “wildmink”. The 
animals were housed in standard two-row outdoor 
mink sheds at the Danish Institute of Agricultural 
Sciences in Foulum, Denmark (56º29´N, 9º34´E). 
They were housed individually in standard-sized 
wire cages (Hedensted-Gruppen, Hedensted, 
Denmark; W: 30 cm, H: 45 cm, L: 90 cm). Each 
cage was connected to a straw covered wooden nest 
box (W: 28 cm, H: 20 cm, L: 23 cm). Food was 
available close to ad libitum, according to Danish 
standard farm feeding routines. The daily feed 
allowance per shed was regulated based on the 
number of cages with feed leftovers from the day 
before. If less than 33% of the cages had more 
leftovers than could be eaten before the next feeding 
time, the allowance was increased by 20 gram per 
cage. If more than 66% of the cages had more 
leftovers than could be eaten before the next day, 
the allowance was reduced. The daily leftovers were 
distributed among individuals that did not eat their 
daily portion. Water was available ad libitum.  

 
Mink from two breeding lines (F3) were used, a 
high stereotyping line (HSL; N=140) and a low 
stereotyping line (LSL; N=132). The lines were 
established in 2001 by controlled selection of 
breeding mink (Jeppesen et al., 2003). The animals 
were born in 2003 and they all delivered a litter in 
2004. Sections of cages with mink from the two 
lines were placed in between each other in a random 
order. 
 
Direct observations 
During the direct observations in October the 
observer stood still in front of the neighbouring cage 
section for 30 seconds (one section = six cages). 
This was done to minimize curiosity towards the 
observer. Disturbance was kept at a minimum. 
Following the 30 seconds, the behaviour of the six 
animals in the section under observation was 
scanned. The behaviour was classified according to 
Table 1. The interval between successive scanning 
rounds was between 30 and 60 minutes and one 
scanning round lasted about 30 minutes. The 
scanning rounds were equally distributed over days 
and observation hours. Three observers were used, 
but due to the very rigid definitions of the behaviour 
elements, variability was very limited.  
 

 
Table 1. Catalogue of the behavioural elements used in the direct observations and in the video observations.  

Elements Description 
Active 
 

The animal was moving in the cage, exploring, eating, drinking or performing other normal 
behaviours. 

Inactive The animal was lying in the cage without moving. 
In nest box Half or more of the body of the animal was in the nest box. 
Stereotypy The animal repeated fixed movements at least 5 times in exactly the same stereotyped way. All of the 

movement stereotypies described by Bildsøe et al. (1991) were included in the element, e.g. running 
back and forth the length of the cage, sometimes with a somersault in the back of the cage, moving 
the head in circles, or repeatedly jumping back and forth with the head, forelimbs and upper part of 
the body without moving the hind part. 

 
Observations were made during October, 2004. In 
order to see if the feeding motivation was different 
between the two lines, half of the daytime 
observations were performed during postponed 
feeding. Each animal was subjected to a total of 102 
scanning observations during four days with normal 
feeding time (11:00 h) and a total of 104 scanning 
observations during five days with postponed 
feeding time (15:00 h). The observation period was 
from 06:00 to 18:00 h and it was divided into three 

time periods: morning (06:00-08:00 h), midday 
(09:00-15:00 h) and afternoon (16:00-18:00 h). The 
data collected during normal and postponed feeding 
correlated positively for each of the behavioural 
elements in each of the periods: morning, midday 
and afternoon. Spearman rank correlations ranged 
from rs= 0.19 to rs= 0.64 with all P<0.02 in the HSL 
and from rs= 0.21 to rs= 0.67 with all P<0.02 in the 
LSL. Based on these correlations, data for normal 
and postponed feeding in each of the two selection 
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lines were pooled for each behavioural element for 
further analysis. 
 
Video recording 
Based on the direct observations, 12 high 
stereotyping animals (HSA) and 12 low stereotyping 
animals (LSA) were selected for 24 h video 
recording. The HSA represented extreme animals 
with the highest levels of stereotypic behaviour 
(eight from the HSL and four from the LSL). The 
LSA represented extreme animals with none or very 
low levels of stereotypic behaviour (eight from the 
HSL and four from the LSL). Recordings took place 
in October 2004, after the direct observations were 
finished. A video monitoring system MSH-video 
camera was installed above the cage and infrared 
lights were used as a supplement. The behaviour 
was recorded by scan-sampling every 10 minutes. 
Table 1 specifies the elements. For analysis, the 
video data were allocated to two time periods: day 
(06:00 -18:00 h) and night (18:00 – 06:00 h). The 
day-time data for the 12 HSA and the 12 LSA were 
extracted from the direct scanning and used for 
comparison. 
 
Statistical analysis 
Nonparametric statistics were used. A Spearman’s 
rank correlation test was used for pair wise 
correlations between morning, midday and 
afternoon for each of the behavioural elements 
within the two selection lines. Differences in mean 

scores between the three observation periods of each 
of the behavioural elements in both selection lines 
were tested statistically using a Friedman two-way 
analysis of variance by ranks. Differences between 
the two selection lines in the number of animals 
performing stereotypic behaviour were tested 
statistically with a χ2 test, and differences in 
stereotypy mean score between the two selection 
lines were tested statistically using a Wilcoxon-
Mann-Whitney-test.  
 
All of the pair wise comparisons concerning the 24 
h data were based on Wilcoxon-Mann-Whitney-test 
when different animals were compared. 
Comparisons within each group were based on 
Wilcoxon signed rank test. 
 
All tests were two tailed and performed according to 
Siegel & Castellan (1988). Differences were 
considered significant if P<0.05. 
 
Results 
The number of animals performing stereotypic 
behaviour in the HSL was significantly higher than 
in the LSL in all three time periods (Table 2; 
P<0.001). The HSL had a significantly higher level 
of stereotypic behaviour in the morning and midday 
periods compared to the LSL (P<0.01) and showed 
the same tendency in the afternoon period (P=0.14). 
So, there was a marked difference between lines 
with respect to stereotypy. 

 
Table 2. The number of animals performing a behavioural element (N) and the mean percentages of observations of the 
measured behavioural elements in the high stereotyping line (HSL, N = 140) and in the low stereotyping line (LSL, N = 
132) during direct observations in the morning (06.00-09.00), midday (09.00-15.00) and afternoon (15.00-18.00). 
Means are based on all animals in the line. PN-values: χ2- test of differences between the number of animals performing 
the element in the three periods. PSC-values: Friedman two-way test of difference between mean scores in the three 
periods.   

Direct observations  Morning Midday Afternoon PN PSC

  N Mean 
score % 

N Mean 
score % 

N Mean 
score % 

  

HSL          
 Active 137 28.24 139 10.92 139 20.95 NS <0.001 
 Inactive 52 1.75 136 7.74 48 1.35 <0.001 <0.001 
 In nest box 140 61.20 140 72.48 140 74.15 NS <0.001 
 Stereotypy 96 8.71 118 8.86 60 3.36 <0.001 <0.001 
LSL          
 Active 129 25.28 129 6.39 132 19.78 NS <0.001 
 Inactive 24 0.78 114 6.29 57 2.26 <0.001 <0.001 
 In nest box 132 73.12 132 86.32 132 77.45 NS <0.001 
 Stereotypy 20 0.87 37 0.99 14 0.51 <0.01 <0.01 

 
The mean scores of each behavioural element 
differed significantly between the three time periods 

in each of the two selection lines (Table 2). The 
animals were most active in the morning and in the 
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afternoon, most inactive in the midday period, and 
least stereotyping in the afternoon period. 
Individuals followed the same trend with respect to 
variation between periods, since all except one of 
the pair wise correlation coefficients for each 
behavioural element were positive (Table 3). The 
correlations between morning and midday scores 
were high and highly significant for all elements in 

both lines. The correlations between morning and 
afternoon respectively midday and afternoon were 
lower and only some of them reached significance. 
However, apart from the morning-afternoon 
correlation in the HSL the level of the individual’s 
stereotypic behaviour correlated positively 
throughout the day in both lines. 
 

 
Table 3. Spearman’s rank correlation coefficients and P-values for each of the behaviours in the high stereotyping line 
(HSL) and in the low stereotyping line (LSL). Pair wise comparison of the individual scores of three periods of the day. 

 Morning/Midday Morning/Afternoon Midday/Afternoon 
HSL (N=140) rs P rs  P rs  P 
      Active 0.29 <0.0004 0.06 0.49 -0.03 0.69 
      Inactive 0.28 <0.0007 0.17 <0.05 0.11 0.19 
      In nest box 0.29 <0.0006 0.01 0.88 0.006 0.42 
      Stereotypy 0.54 <0.0001 0.11 0.18 0.27 <0.002 
LSL (N=132)       
     Active 0.32 <0.0002 0.21 <0.01 0.12 0.16 
      Inactive 0.37 <0.0001 0.14 0.09 0.22 <0.01 
     In nest box 0.33 <0.0001 0.19 <0.03 0.19 <0.03 
     Stereotypy 0.29 <0.0007 0.34 <0.0001 0.22 <0.001 

 
The postponed feeding affected the day-time 
behaviour of the two lines differently (Table 4). 
HSL mink were less in the nest and performed more 
stereotypies when the feeding was postponed 
whereas theese behavioural elements were not 

affected in the LSL line. Both lines were more 
inactive out in the cage during postponed feeding 
than during normal feeding, but mink in line LSL 
decreased their active behaviour out in the cage 
during postponed feeding. 

 
Table 4. The mean percentages (± SD) of day-time observations (h. 09.00-15.00) of the measured behavioural 
elements in the high stereotyping line (HSL, N = 140) and in the low stereotyping line (LSL, N = 132) during 
postponed and normal feeding. P-values: Wilcoxon matched pairs signed rank test.   

 Line LSL Line HSL 
 Postponed f. Normal f. P Postponed f. Normal f. P 
Active 5.62 ± 5.88 7.16 ± 5.44 0.0001 11.73 ± 9.98 10.07 ± 7.99 ns 
Inactive 7.83 ±10.27 4.69 ±6.72 0.0001 9.22 ±7.85 6.20 ±5.64 0.0001 
Nest box 85.40±15.57 87.26±11.50 ns 68.78±21.21 76.30±15.01 0.0001 
Stereotypi 1.13±3.66 0.84±2.22 ns 10.25±13.02 7.40±9.06 0.0017 

 
Figure 1 shows the percentage of observations of 
stereotypy in the 12 HSA and the 12 LSA as they 
were revealed by the direct scanning and by the 
scanning of the video recordings. In the 24 h video 

recordings, the HSA showed significantly more 
stereotypic behaviour during the day than during 
night (P<0.01), as opposed to the LSA, where there 
was no difference between day and night (P=0.21).  
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Stereotypy frequency distribution
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Figure 1. Percentages of stereotyped behaviour in day-time direct observations and 24 h video observations. 
High stereotyping animals (HSA) represents animals with high levels of stereotypic behaviour in the direct 
scanning (eight from the HSL and four from the LSL). Low stereotyping animals (LSA) represent animals 
with none or very low levels of stereotypic behaviour in the direct scanning (eight from the HSL and four 
from the LSL). 
 
During the day, the HSA performed significantly 
more stereotypic behaviour than the LSA 
irrespective of the observation method used 
(P<0.003, video observations; P<0.0007, direct 
observations). There were no difference between the 
HSA and the LSA at night (P=0.82). 
 
Among the LSA, the ones performing stereotypies 
(N=9) did so at a significantly higher level during 
video observations than during direct observations 
(P=0.01). All HSA performed stereotypic behaviour 
(N=12) and there was no difference in stereotypy 
level between direct observations and video 
observations (P=0.43).   
 
Discussion 
In the present study the mink were most active in 
the morning and in the afternoon observations, 
which is close to dawn and dusk (07:53 and 17:55 h 
respectively). Inactivity in the cage was most 
frequent during midday observations. The activity 
pattern therefore resembled the natural one 
(Dunstone, 1993). The stereotypic behaviour was 
high in the morning, remained high during midday, 
and fell to a low level in the afternoon. It was also 
low during the night. This development over the day 
applied to both lines in spite of the great difference 
between lines with respect to level of stereotypy. A 

low after-feeding level and night level of stereotypy 
is as seen before (e.g. Mason, 1993a).  
 
Previous studies have shown that restricted feeding 
increases the stereotypies in mink (Damgaard et al., 
2004, Bildsøe et al., 1991). In the present study all 
mink in the two lines were feed the same way and 
close to ad libitum, but only mink in line HSL 
increased the stereotypies in the day time during 
postponed feeding and decreased their stay in the 
nests. The results indicate that the selection for 
stereotypies and consequently a higher demand for 
energy makes the HSL mink more sensitive to 
changes in feeding routines than LSL mink and that 
HSL mink respond to postponed feeding by 
increasing the stereotyped behaviour. The exact feed 
consumption in each of the two lines was not 
measured.  
  
Bildsøe et al. (1990) found that video observations 
and direct scanning observations yielded the same 
distribution of individual differences in stereotypy 
performances, and this result is confirmed here, 
since HSA clearly was shown to perform more 
stereotypy than LSA by both observation methods. 
For the HSA, it was also shown that the level of 
stereotypy as established by the video observations 
was reliably reflected by the direct scanning 
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observations. In the LSA, the video based 
stereotypy level was higher than the level 
established by direct observation, so, it is inferred 
that the observer has an effect on the diurnal 
stereotypy pattern in low stereotyping mink. One 
explanation could be that the stereotypies of the 
LSA were less developed and for that reason easier 
to interrupt (e.g. Mason & Latham, 2004). The 
lower level of stereotypy in the direct scanning of 
the LSA could also be due to a higher level of fear 
in the mink towards the observer, expressed as more 
individuals in the nest box. Previous investigations 
have shown low stereotyping mink to be more 
fearful (Hansen & Jeppesen, 2006), and fearful mink 
to spend more time in the nest box than confident 
mink (Malmkvist & Hansen, 2002). However, it 
cannot be ruled out that the rare incidences of 
stereotypy in the low stereotyping line are 
underestimated in the direct scanning due to the 3 to 
6 times larger scanning interval. 
 
The present study also showed that individual levels 
of stereotypy correlated positively between morning 
and midday as well as between midday and 
afternoon in both lines in spite of the high daytime 
variation in the levels of behaviour. This finding 
shows that the selection for and against midday pre-
feeding stereotypies has not just changed the 
frequency of day-time stereotypies but also the 
frequency of stereotypies initiated during the natural 
dawn and dusk activity periods. The low levels of 
stereotypy during night did not differ between lines. 
 
It has previously been pointed out that the limited 
time of day during which scanning observations on 
mink primarily have been made, might not have 
given a sufficiently representative estimate of the 
animals’ average activity patterns and stereotypy 
levels (e.g. Mason, 1993b). This suggestion is not 
confirmed by the present study in which adult 
female mink were kept singly in standard cages, 
were fed ad libitum, and exhibited a natural diurnal 
activity cycle. Under these circumstances, it is 
shown that daytime scanning reliably reflect inter-
group and inter-individual differences in stereotypy 
performance throughout the day and night, and that 
daytime scanning also reliably reflect video 
recorded levels of stereotypy in high stereotyping 
mink. However, an observer effect was inferred in 
the low stereotyping animals, since the level of 
stereotypy was underestimated by the direct 
scanning in these animals. 
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