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a  b  s  t  r  a  c  t

Fear  in  farm  animals  is  a welfare  and  economic  concern.  For  Scandinavian  mink,  the  “stick
test”  is common  for  assessing  fearfulness:  a spatula  is inserted  into  the  cage  and  minks’
immediate  responses  are  noted.  However,  on  Ontario  farms,  fearfulness  in the stick  test
was very  rare and  aggressive  responses  were  prevalent,  rendering  this  test  poor  for  test-
ing hypotheses  related  to fear  and  welfare.  We  therefore  developed  a modified  version,
the “glove  test”,  where  the finger  of a  handling  glove  is  inserted  into  the  cage.  This  proved
more  sensitive  than  the  stick  test  for detecting  fearfulness  in  Ontario  mink  (20%  vs. 2.5%,
P <  0.0001);  and  successfully  reduced  aggressive  responding  (22%  vs.  41%,  P < 0.0001).  When
test-retest  reliability  was  assessed  conventionally,  it was  only  moderate  (e.g.,  37.5%  mink
behaved the same  in  three  tests).  However,  it is  biologically  realistic  to expect  habituation
over  repeated  trials  (e.g.,  reduced  fearfulness),  and  treating  such  changes  as  acceptable,
results were  reliable  for  76%  of  mink  over  three  tests.  Reliability  could  be  further  improved
by taking  location  into  account,  since  some  mink  were  unresponsive  only  if  in  the  nest  box,
half-asleep  (Experiment  3: kappa  of 0.38  if never  in nest  box  vs.  kappa  of 0.002  if were).
Glove  tests  had  construct  validity:  mink  immediately  classified  as  “fearful”  spent  more
time exhibiting  other  fear-related  behaviours  (“ambivalence”:  mean  30 s vs. 4 s, P  =  0.009),
while  mink  immediately  classified  as  “curious”  then  spent  more  time  investigating  the
glove  (mean  103  s  vs. 57 s, P <  0.0001).  Glove  tests  also  revealed  expected  temperament  dif-
ferences  between  Black  and  Pastel  colour-types,  with  Pastels  being  less  fearful  (P =  0.001).

Finally,  we  tested  whether  fearfulness  in  the  glove  test  is  associated  with  decreased  repro-
ductive  success.  Pastel  mink  that  were  fearful  during  the  presumed  gestation  period  were
less likely  to  reproduce  (P = 0.006).  Like  stick  tests,  glove  tests  are  thus  practical,  valid
and reliable  for  assessing  fearfulness  in  farmed  mink,  but they  are  better  for  detecting
fearfulness  in  low  fear  populations.
. Introduction

Fear in farm animals has serious economic, practi-

al and welfare implications (Hemsworth, 2003; Jones,
997). Attention has therefore been paid to decreasing
ear through altered management (e.g., Hemsworth et al.,
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1989) or selective breeding (e.g., Hansen, 1996). Methods of
fear assessment vary, however, and many have been insuf-
ficiently validated (Forkman et al., 2007). Farmed mink
(Neovison vison) exhibit some fear of humans, since they are
less domesticated than other livestock (Nimon and Broom,
1999), and are handled only sporadically (e.g., for relocat-
ing or vaccinating) by stockpersons wearing thick gloves

to protect against bites (European Commission, 2001). This
handling is acutely stressful (Hansen and Damgaard, 1991;
Korhonen et al., 2000). The fear mink experience under
typical farm practices is thus a potential welfare issue.
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The most common test for fearfulness is the “stick test”
(e.g., Hansen, 1996; Kirkden et al., 2010), which categorizes
mink as fearful, curious (sometimes called “confident”),
or aggressive based on their immediate response to a
wooden spatula held through the mesh of the cage.
This test, developed and validated in Scandinavia, has
proved very successful (see e.g., Kirkden et al., 2010): it
is rapid, averaging 9 s per subject; can have good inter-
observer reliability (Hansen and Møller, 2001); and has
been used to select lines of fearful or confident mink which
then differ consistently in physiological stress responses
(e.g., Hansen, 1997) and their behaviour in diverse other
fear tests (Malmkvist and Hansen, 2002). We  therefore
wished to use the stick test on Ontario farms, to test
welfare-relevant hypotheses about relationships between
fearfulness and stereotypic behaviour, reproductive suc-
cess, and environmental enrichment. However, informal
pilots soon revealed that very few Ontario mink showed
fearful responses, giving the stick test minimal usefulness
for distinguishing between individuals. A more sensitive
test (i.e., able to detect fear in more animals) was  there-
fore needed. Aggressive responses were also very common:
a problem for our research because it is unclear how to
interpret these in term of welfare.

On Scandinavian farms, the “Trapezov hand test” is the
recommended alternative test with higher sensitivity to
fear, being more threatening: the cage lid is opened, a
gloved hand is reached in, and if possible, the mink is
touched; the mink’s response is scored (Malmkvist and
Hansen, 2002; Trapezov, 2000). However, this test was
impossible on our farms because cage design differed from
that typical of European farms: the nest box is placed at the
back of the cage rather than the front; it sits within a hole in
the cage roof; and the only way to open the cage is to lift this
nest box out. Reaching in to conduct a hand test would thus
be very slow; would involve flushing out any mink in nest
boxes; and most importantly, would leave the animal with
no clear place for retreat (the nest box is gone, plus the hand
is entering from the back of the cage, but the human tester
is standing at the front), making fearful responses challeng-
ing to score. We  thus needed to develop and validate a
variant on the stick test that would be more appropriate
for North American farms.We therefore modified the stick
test by using a well-used handling glove – a leather gauntlet
used on-farm for catching animals – in place of the stick. We
hypothesised that this would be more aversive than a stick,
thence better at eliciting fear, because the mink may  asso-
ciate the glove with past handling events; it also smelled
of the scent that mink release when frightened (Dunstone,
1993). This was expected to increase the probability of
an active response, including fearful ones, by increasing
arousal and vigilance (cf. Zalaquett and Thiessen, 1991).
The second aim of using a glove was to reduce aggres-
sive responses that might reflect predation. The spatula
used in the stick test is similar in length to minks’ aver-
age prey (15–20 cm:  Dunstone and Sinclair, 1978); biting
it often involves attempts to pull it into the cage (Kirkden

et al., 2010); and mink are known to chew and hoard small
objects (Axelsson et al., 2009, personal observation). This
suggests that at least some ‘aggressive’ stick-biting may
reflect predatory or even playful motivations to obtain it for
iour Science 133 (2011) 254– 264 255

carrying, chewing and hoarding. We  hypothesised that the
finger of a glove might be less likely to elicit such responses
because more aversive than the stick, and part of an object
larger than typical prey.

Here we  present three experiments exploring this new
test’s utility. In Experiment 1, we assessed its test-retest
reliability (repeatability), and its construct validity (its abil-
ity to measure what it is meant to be measuring: Cronbach
and Meehl, 1955; Meagher, 2009). In Experiment 2, we
replicated our previously-unrecorded pilot study, directly
comparing glove and stick tests to determine whether the
former was  indeed more sensitive to fear and less prone to
eliciting aggression. In Experiment 3, we  used the glove test
to assess whether fearfulness predicts reduced reproduc-
tive success, as it does in some livestock (e.g., Hemsworth
et al., 1989; Hemsworth, 2003).

2. Experiment 1: Validation of the glove test

2.1. Methods

2.1.1. Subjects and timing
All mink were adult females of two  colour-types, Black

and Pastel, on a commercial farm, individually housed in
standard cages, in several different sheds. These cages are
arranged in long rows with opaque partitions between
them, and furnished with a wooden nest box. Tests were
conducted in September, and immediately post-feeding to
ensure that as many animals as possible were awake. A total
of 187 mink (113 Blacks, 80 Pastels) were tested multiple
times to assess test-retest reliability, while an additional
46 (18 Blacks, 28 Pastels) were tested once in a longer test
for assessing construct validity.

2.1.2. General test protocol
The experimenter held the glove against the cage-front

with one empty finger extended through the wire. So that
all subjects had the same pre-test exposure to the experi-
menter, the test was  always first performed on the mink
in the neighbouring cage, even if that animal was not
included in the study, and a well-used glove was used so
that it would not shift from odor-free to odorous during the
course of testing. The mink was  exposed to the stimulus for
up to 10 s, or 30 s if it apparently failed to notice the glove
(see below).

As is standard in stick tests, mink were categorized
according to their immediate reaction (e.g., Hansen, 1996;
Kirkden et al., 2010; Korhonen et al., 2002). The categories
used, modelled on those of Hansen (1996) were: (1) fearful,
if the mink retreated (note that withdrawing into the nest
box from a lying position with the head out of the box was
considered a retreat); but in contrast to Hansen (1996),  we
also included in this category mink that remained standing
still at the far side of the cage and oriented to the stimulus
for at least 10 s, because no retreat was possible for these
subjects and their ‘freezing’ suggested fear (cf. Blanchard
and Blanchard, 1969; Malmkvist, 2001); (2) curious, if it

approached and made contact with the glove without a
hard bite, i.e., without closing its teeth; (3) aggressive, if
it gave a hard bite to the glove, clamping its teeth together
fully; and (4) other, if the mink was alert and initially
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riented to the front of the cage but did not respond in
ny of the above ways, i.e., it either exhibited no obvious
ehavioural response (thus called “unresponsive”), or per-
ormed some other activity such as stereotypic behaviour.

ink that remained stationary and oriented to the stimulus
ell into the “other” category if they were not standing at
he far back of the cage, as described for “fearful”, because
t was less clear whether this was a ‘freezing’ response.

Any mink that could not be tested and thus assigned to
 category was excluded from analyses. This occurred if an
ndividual was out of sight in the nest box (i.e., lying with
he head down, in which case they were not visible through
he opening) or resting/sleeping either in the nest box or
he open cage such that it did not appear to notice the glove
ithin 30 s on two separate attempts. In some cases, the
ecision that mink were untestable was also made at the
roup level: if more than half of the remaining animals in a
ection of a shed were resting, it was assumed that they had
ntered their post-feeding rest period (Hansen and Møller,
008) and testing ceased in that section.

.1.3. Reliability
The test was  repeated on five consecutive days to inves-

igate patterns of change. The order in which the sheds
ere tested was reversed on alternate days (thus no group
as always tested first or last). Traditional test-retest reli-

bility is based on the proportion of subjects showing
dentical responses from one trial to the next. However,
ome decrease in fear due to habituation was expected over
epeated tests (e.g., Kirkden et al., 2010). This has been
bserved in the stick test (Malmkvist and Hansen, 2001),
nd more generally, decreased responsiveness is expected
ith repeated presentations of a stimulus that does not

ither provide a reward or cause harm (see e.g., Domjan,
003). Thus, we predicted that with re-retesting, some ini-
ially fearful mink would become curious, while fearful,
urious or aggressive mink might become unresponsive.

e judged that only changes that did not fit these expected
atterns would indicate a problem with the test that would

ustify calling it “unreliable”. Therefore, in addition to test-
ng for test-retest reliability in the orthodox manner, we
lso assessed reliability in a more biologically-relevant way
aking these predicted changes in response into account.

Such habituation effects might complicate the interpre-
ation of test-retest reliability measures, but it is important
o determine whether changes over time are due to habit-
ation or are apparently random. In the latter case, the use
f even a single test would have questionable biological
elevance. In the former, a single test should instead reflect
emperament; furthermore, repeated testing could be used
o increase the data per individual and thus the statistical
ower (by summing results; cf. Kenttämies et al., 2002),
nd/or to reduce noise by eliminating those individuals
hose responses seem to vary due to chance effects (see

xperiment 3).

.1.4. Construct validity

A separate, naïve group of 46 mink was screened in

ne glove test. This test was carried out as above except
hat the test duration was 3 min  instead of 10 s or less.
he aim was to check that the immediate response used
iour Science 133 (2011) 254– 264

to classify the mink predicted other aspects of behaviour
consistent with that classification. Quantitative data were
recorded, using a stopwatch, for durations of “ambiva-
lent behaviour” and total interaction with the stimulus.
Ambivalent behaviour was  defined as alternating approach
and withdrawal while oriented to the glove, an “oscillation”
associated with conflicts between motivations to avoid and
explore (Gray, 1987; Miller, 1944); it was  thus expected
to be most common in mink categorized as fearful based
on their immediate response. Those mink instead catego-
rized as curious based on their immediate response were
expected to show more prolonged interaction with the
glove over the 3 min, compared with fearful mink or those
initially classified as “unresponsive”.

2.1.5. Statistical analysis
For the reliability tests, kappa statistics were calculated

(Cohen’s kappa for comparisons between two  tests; Fleiss’
kappa for more than two  tests). Because many mink were
not alert every day and could therefore not be tested five
times, these statistics were calculated across the first three
tests, as well as being calculated across all five tests in the
subset of animals for which that was possible. Mink that
could not be tested at least three times were excluded
from the reliability analysis. In addition, to account for
expected changes due to habituation, we  calculated the
percent of mink that followed this predicted habituation
pattern. Before this, McNemar’s tests were used to check
for population-level changes confirming this type of habit-
uation. Differences between colour-types were assessed
using Pearson’s chi-square tests on data from the first
test. The above analyses were conducted using Minitab 14
(Minitab Inc., PA, USA).

Behavioural differences between temperament cate-
gories, as assigned according to immediate response, were
analysed first using General Linear Models to include
colour-type. Colour-type was not significant in these val-
idation tests and was  therefore removed so that simple
Analysis of Variance (ANOVA) could be employed. Nor-
mality was assessed using Anderson–Darling tests, and
Levene’s tests for equal variances were conducted. Where
variances were not equal (P < 0.05), Welch’s ANOVAs were
used to accommodate differences in variance (Welch,
1951); planned contrasts were assessed in the same way.
These analyses were carried out in JMP  8 (SAS Institute Inc.,
NC, USA).

2.2. Results

2.2.1. Behaviour in the five reliability tests
Twenty-seven mink could not be tested at least three

times, and so were excluded. Of the remaining 160, 75
yielded data from all five tests. In the full sample of 160, 20%
were fearful on the first test; 62%, curious; 10%, aggressive;
and 8% were categorized as “other”. Mink categorized as
“other” were all behaviourally unresponsive (i.e., exhibited
little to no locomotion during the test), and so are called

“unresponsive” henceforth.

Temperament distributions on the first test varied
between colour-types (�2 = 14.9, d.f. = 3, P = 0.002). Blacks
were more likely than Pastels to be fearful (29% vs. 7%;
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Table  1
Pairwise reliability comparisons for glove tests repeated once a day for
five  days.

Tests compared Kappa (N = 160)

1 vs. 2 0.3184 ± 0.0567
2  vs. 3 0.3623 ± 0.0535
3  vs. 4 0.4904 ± 0.0553
4  vs. 5 0.4574 ± 0.0805
Values are kappa ± standard error. Kappa values greater than 0.40 indicate
“moderate reliability” (Dohoo et al., 2003).

�2 = 11.8, d.f. = 1, P = 0.001), while Pastels were more likely
to be unresponsive (13% vs. 4%; �2 = 4.1, d.f. = 1, P = 0.04).

2.2.2. Test-retest reliability
Test-retest reliability was fairly poor, assessed in the

traditional way without taking predicted habituation pat-
terns into account (such that all changes in temperament
category, even expected ones, were counted as unreli-
able). Thus for the 160 mink for which reliability could be
calculated over three tests, only 60 (37.5%) behaved con-
sistently. This produced a Fleiss’ kappa of 0.33, indicating
only “fair agreement” (Dohoo et al., 2003). For the sub-
set tested the full five times, 20 individuals (26.7%) were
consistent across all tests, and Fleiss’ kappa was 0.40. Reli-
ability seemed to increase somewhat over repeated tests,
as shown in Table 1, with pairwise kappas between the later
tests being over 0.40, thus indicating “moderate reliability”
(Dohoo et al., 2003).

However, population-level changes over repeated test-
ing showed that mink were following the pattern predicted
by habituation (Fig. 1). Thus, fewer of these 75 mink tended
to be fearful by the last test (McNemar’s test, �2 = 3.0,
P = 0.08), while significantly more were unresponsive by
the last test (McNemar’s test, �2 = 10.7, P = 0.001). (More
mink also became aggressive by the last test: McNemar’s
test, �2 = 7.4, P = 0.007). When the two types of change

expected due to habituation (becoming less fearful/more
unresponsive) were taken into account, a more optimistic
view of reliability emerged: 122 mink (76.2%) were con-
sistent or changed in predicted directions over three tests.

Fig. 1. Population-level changes in temperament distribution over repeated te
category, including only the 75 mink for which five tests could be completed. N
aggression.
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Over five tests, however, this value was  lower, with only
35 of 75 (46.7%) fitting these criteria.

2.2.3. Construct validity
Sample sizes, means and standard errors for both vali-

dation measures are presented in Table 2. For ambivalence
duration, the assumption of equal variances was  not met;
this variable was  also non-normal (ambivalence AD = 7.6,
P < 0.005), as were the residuals obtained from ANOVAs,
nor could this be corrected by transformation. However,
the residuals appeared approximately normal by inspec-
tion even for untransformed data. Because the equivalent
non-parametric test (Kruskal–Wallis) is not advised if vari-
ances are non-homogenous (Maxwell and Delaney, 2004),
and ANOVAs are robust to deviations from normality (see
e.g., Cochran and Cox, 1957) we therefore used Welch’s
ANOVAs to test the differences in the means of the untrans-
formed data for those two variables.

Mink classified into different temperament categories
based on their immediate responses differed in both dura-
tion of contact and ambivalence (Table 2). Curious mink
spent more time in contact with the glove than did fear-
ful or unresponsive mink (contrast of curious vs. other
categories: F1,43 = 23.34, P < 0.0001; Fig. 2). Fearful mink,
meanwhile, displayed more ambivalence than did mink
in the other two  categories (Fig. 3; contrast F1,9 = 11.06,
P = 0.009).

2.3. Discussion

Categorizing mink via their immediate response to the
glove in a single test had construct validity: mink cat-
egorized as fearful on this basis then exhibited conflict
between approach and avoidance motivations during more
in-depth testing, while mink categorized as curious then
exhibited the most sustained interest in the glove. The test
also revealed expected differences between colour-types:

Black mink, generally considered more nervous and rest-
less than Pastels (European Commission, 2001), were more
likely to be fearful. The test’s repeatability over consecu-
tive days appeared low; by comparison, Hansen and Møller

sts (Experiment 1). Proportions of mink falling into each temperament
ote that no directional prediction was made for the observed change in
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Table 2
Behaviour in validation tests: tests for unequal variances between temperament categories, as determined by minks’ immediate responses to the stimulus.

Measure Curious (N = 22) Fearful (N = 9) Unresponsive (N = 15) Levene’s test P-valuea Difference in means

Duration of contact (s) 103.0 ± 6.0 58.0 ± 6.2 57.1 ± 10.5 0.08 F2,43 = 12.10, P < 0.0001
Duration of ambivalence (s) 1.0 ± 3.0 30.6 ± 4.7 9.4 ±

Data presented are means ± standard error; test duration was 180 s.
a Test for equal variances among the three categories.
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ig. 2. Average total duration of contact with glove over 3 min  test,
rouped by immediate response. Data are means ± standard error.

2001) present data from two pairs of stick tests from which
e can calculate kappas of 0.58 and 0.77 for test–retest reli-

bility. However, much of the apparent ‘unreliability’ in the
urrent experiment was successfully explained by habitu-
tion and therefore did not invalidate the test. This issue of
abituation has not yet been raised with regard to the stick
est, likely because when multiple tests have been con-
ucted, they were spread over a long period of time, which
educes habituation effects (Domjan, 2003). However, in
ome experiments, temperament must be determined over

 relatively short time period to test causal relationships.
epeated testing is useful in those situations (see Section
.1.3), and so habituation effects are important to consider.
he one change observed that was not predicted a priori

rom habituation was the increase of aggression over time,
ddressed in Section 5.

ig. 3. Average total duration of ambivalence over 3 min  test, grouped
y  immediate response. Data are means ± standard error of time spent
lternating between approach and avoidance of the glove.
 3.6 0.0002 F2,14.5 = 14.16, P = 0.004

Several times, mink were asleep immediately prior to
the test: a phenomenon that we suspect adds noise to
the test results. When sleeping mink awoke and saw the
glove, they were tested, but were often awake only briefly,
and seemed more likely than others to be classified as
“unresponsive”. Mink that were in this ‘drowsy’ state on
one test day but not on the following one might therefore
be expected to change apparent temperament categories,
not because of progressive habituation but because of
the chance events of being awake or asleep as the tester
approached–chance events that might then reduce the
test’s apparent reliability. We  suspect that not only is the
“unresponsive” category subject to chance events like this,
but also that it is motivationally heterogeneous: the lack of
an active response (whether contacting the glove or with-
drawing from it) may  thus sometimes reflect temporary
‘drowsiness’, as above, but in other cases it could be due
either to a genuine lack of interest, or in other cases still,
to fear causing freezing (mink labelled “unresponsive” did
display some ambivalent behaviour during the longer tests
of the validation phase). The idea that “unresponsive” may
be a heterogeneous category is returned to in Section 5.

3. Experiment 2: Comparison of glove and stick
tests

3.1. Methods

3.1.1. Subjects and timing
This experiment aimed to formally replicate our infor-

mal  pilot observations on the low sensitivity of the stick test
for detecting fear in Ontario mink. Subjects were 121 adult
female Black mink at another commercial farm. Tests were
conducted in December, one to two weeks after pelting had
been completed on the farm.

3.1.2. Test protocol
Based on Experiment 1 findings, we modified the test

protocol in two ways. First, we added a statistical control for
whether mink were in the nest box, where most sleeping
occurs, and thus likely to be ‘drowsy’. Second, we  increased
the time allowed for mink to respond from 10 s to 30 s.
This was to increase the likelihood that when individuals
were categorized as “unresponsive”, it reflected a genuine
temperament trait rather than a temporary ‘drowsiness’.

All tests were conducted in the morning, beginning
approximately 3 h before feeding time. On the first day,
half of the mink were exposed to the stick test, and half to

the glove test. The following day, this was reversed to con-
trol for effects of test order. The protocol from Experiment
1 was followed for both stimuli, except that, as discussed
above, mink were allowed 20 s longer to respond. Location
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Fig. 4. Comparison of temperament distributions for stick and glove tests.
N  = 120, all exposed to both tests.

(whether in or out of the nest box) was also now noted at
the start of each test to control for drowsiness. As before,
if a sleeping individual did not wake up when the stimulus
was placed in the cage on two 30-s attempts, no category
was assigned.

The proportions of mink categorized as fearful and
aggressive in each test were compared using Fisher’s exact
tests, or McNemar’s tests where repeated measures from
the same individuals were involved. Kappa statistics for
agreement between the two tests were calculated, both
overall and split by day.

3.2. Results

3.2.1. Temperament distributions
The proportions of mink assigned to each category are

shown in Fig. 4, and comparisons on an individual level
in Table 3. One individual was excluded for remaining
asleep during attempted tests, leaving 120 mink in the
study. Significantly more mink were fearful in the glove
than the stick test (McNemar’s test, �2 = 19.2, P < 0.0001).
Test order affected fearfulness in the glove test: mink were
more likely to exhibit fear if they were glove-tested on the
first than on the second day (Fisher’s exact test, P = 0.0004).
Results of the two tests were therefore also compared sep-
arately for each day. The proportion of mink that were
fearful was significantly higher using the glove test than
the stick test on Day 1 (Fisher’s exact test, P < 0.0001); the
effect was in the same direction on Day 2, albeit not signifi-

cantly (Fisher’s exact, P = 0.119). No significant effect of test
day on fearfulness was detected for the stick test (Fisher’s
exact test, P > 0.10), but statistical power was very low (see
Table 3) and the only three individuals that exhibited a fear-

Table 3
Comparison of results in the glove test vs. stick test applied to the same sample o

Stick test

Aggressive Curious 

Glove test
Aggressive 23 3 

Curious 23 42 

Fearful 3 18 

Unresponsive 0 3 

Totals  for stick test 49 66 
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ful response to the stick were tested on the first rather than
the second day.

Meanwhile, significantly more mink were aggressive in
the stick test than the glove test (McNemar’s test, �2 = 18.2,
P < 0.0001). As above, test day affected the glove test: more
mink tended to exhibit aggression in this test if this was  the
second test to which they were exposed (�2 = 3.1, P = 0.076).
Again, test day did not significantly affect the stick test
(Fisher’s exact, P > 0.10).

3.2.2. Correlation between tests
Table 3 compares the two  tests’ results on an individual

basis. Of 120 mink, 68 (57%) were assigned the same cate-
gory using both tests. This produced a kappa of 0.2729. For
agreement in simply categorizing mink as fearful or not,
the kappa value was  very low at 0.0969, considered poor
reliability. Relatively few mink were in the nest box at the
beginning of the test, and so reliability was not improved
by excluding them (kappa = 0.2669, N = 111).

3.3. Discussion

Our previous impressions from pilot trials were con-
firmed: the stick test categorized hardly any Ontario mink
as fearful, but many as “aggressive”. In contrast, the lowest
reported prevalence of fear in adult females in Scandi-
navian studies using the stick test was  22% (Møller and
Hansen, 2001) compared to our 2.5%. The prevalence of
aggression was  also low e.g., 12% (Møller and Hansen, 2001)
vs. our 41%. Experiment 2 also supported our hypothesis
that the glove test would be more sensitive than the stick
test to fear, and less prone to eliciting aggression. Contrary
to our expectations, the mink’s initial location did not seem
relevant in this experiment, but this was likely because only
nine individuals were in the nest box at the start of either
test, and most were awake so unlikely to be ‘drowsy’.

Because of the shifts in the number of mink exhibiting
fear or aggression, agreements between stick and glove
tests were poor, especially for categorizing fear. This is
somewhat surprising given that past research suggests that
fear in the stick test generalizes to other tests (Malmkvist
and Hansen, 2002). However, the floor effects on the stick
test data here (which classed only three of 120 mink as fear-
ful) made it statistically impossible to determine whether
individuals that were fearful in that test were also fear-

ful in the glove test. A second possible explanation for the
lack of agreement between tests is that both the test per-
son and general testing procedure were completely novel
on the first test day, but not the second. The glove test

f mink.

Fearful Unresponsive Totals for glove test

0 0 26
1 0 66
2 1 24
0 1 4
3 2 120
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eemed especially sensitive to such ‘order effects’, as dis-
ussed below.

The glove test’s sensitivity to fear appeared affected by
he novelty of the situation (e.g., the unfamiliarity of the
est person): more mink were fearful if given this test on
he first rather than the second day. The reverse was true
or aggression. These findings are rather consistent with
he habituation data from Experiment 1, and suggest that
eing naïve rather than having been previously tested (in
ny test) makes mink more fearful and less aggressive in
love tests. In Experiment 2 (unlike Experiment 1), the sub-
ects were also naïve to the experimenter on the first day:
nfamiliarity of the tester may  thus interact with the stim-
lus presented to affect the sensitivity of a fear test. A longer

nterval between tests might reduce this ‘day effect’, but
f maximum sensitivity to fear is needed for the purposes
f research or animal selection, then these data suggest
esults of the first glove test should be used.

. Experiment 3: Reproductive correlates of fear in
he glove test

This final experiment aimed to determine whether
earfulness predicted poor reproductive success, since
eproductive suppression is a common consequence of
hronic stress (Wingfield and Sapolsky, 2003), and fear of
umans specifically can reduce reproductive output (see
ection 1).

.1. Methods

.1.1. Subjects and locations
Subjects were 546 female mink in their second or third

reeding seasons, spread across three farms. All had been
ated in late February. Of these, on Farm 1 there were 147

lacks and 148 Pastels, on Farm 2, 140 Blacks, and on Farm
, 111 Pastels. Farms 1 and 2 were those used in Experi-
ents 1 and 2, respectively. One researcher worked at Farm

, another at Farms 2 and 3.

.1.2. Test protocol and measures of reproductive success
Due to concerns about reliability, we continued testing

ach mink three times. This allowed us to eliminate individ-
als that changed responses seemingly randomly, since we
ere not confident that these responses reflected under-

ying temperament. The results of the sensitive first test
ere then used to test our hypotheses for all remaining
ink. The protocol was thus the same as in Experiment 2,

ut repeated three times over a four-day period; and mink
ategorized according to their response on the first test,
ut only if they were then consistent across all three tests
r if any change was in a direction predicted by habitua-
ion (see Experiment 1). Mink not meeting this criterion
ere excluded from analyses. To control for the possible

onfound of ‘drowsiness’, reliability was then compared
etween individuals that were sometimes in the nest box
uring tests and those that were not. All testing occurred
n early April, during the period between mating and being
oved to the cages where they would give birth.
Reproductive success was assessed via failure to have a

itter (hereafter termed ‘barrenness’), litter size counted on
iour Science 133 (2011) 254– 264

the day after birth, and kit mortality in the first three weeks,
assessed as a proportion of original litter size. Body fat was
scored by the farmers on a three-point scale just after mat-
ing, because this influences reproduction (Baekgaard et al.,
2007; Malmkvist and Palme, 2008).

4.1.3. Statistical analysis
Glove test reliability was assessed again using kappa

statistics, overall and split by farm. Population level
changes in habituation were assessed using McNemar’s
tests comparing Tests 1 and 3 for each category, split by
colour; for simplicity of presentation, farms were pooled
unless the relationship differed between them. Likelihood
of barrenness was compared between fearful mink and
all others within each colour-type using Pearson’s Chi-
square tests, or Fisher’s exact tests if any cells had counts of
less than five. Because litter size and infant mortality data
were not normally distributed according to Shapiro–Wilk
tests, generalized linear models were used to test whether
fearfulness predicted either variable. For testing whether
fearfulness predicted litter size, we used a model with a
Poisson distribution and a log link function. The relation-
ship of infant mortality with fearfulness was assessed in
a binomial logistic regression. Both models controlled for
farm, colour-type and, in the case of litter size, body fat
score. All analyses were conducted in JMP  8 (SAS Institute
Inc., NC, USA).

4.2. Results

4.2.1. Reliability of the glove test and habituation effects
Sixteen mink were excluded because they were not

tested three times due to remaining asleep. For the 530
others, the overall kappa was  0.33. However this value
was  affected by whether mink were in the nest box when
tested: thus for the 405 individuals that were outside the
nest box during all three glove tests, the kappa statistic for
agreement among all three was  0.38 (“moderate”), com-
pared to just 0.002 for the 125 that were in the nest box at
least once. Reliability also differed between farms: overall
kappa values were 0.40, 0.21 and 0.28 at Farms 1, 2 and 3,
respectively.

As in Experiment 1, population-level changes in tem-
perament from the first to the last test were consistent
with habituation (Fig. 5). Fear decreased from 13% to 4%
in Blacks (McNemar’s �2 = 13.4, P < 0.0001), and no Pas-
tels were fearful on Test 3 while 5% had been on Test
1. Unresponsiveness increased from 5% to 31% in Blacks
and from 10% to 31% in Pastels (McNemar’s �2 = 66.4, 43.8
respectively; both P < 0.0001). Aggression increased only at
Farm 1, in both colour-types (Blacks: 24% to 38%, McNe-
mar’s �2 = 13.4, P = 0.0002; Pastels: 36% vs. 49%, McNemar’s
�2 = 8.5, P = 0.004).

4.2.2. Colour and farm effects on fear
Overall, 12% of categorizable mink were fearful in the

first test; 45%, curious; 37%, aggressive, and 7% unrespon-

sive. As in Experiment 1, Blacks were more likely than
Pastels to be fearful on Farm 1, the only farm with both
colour-types: �2 = 13.4, d.f. = 1, P = 0.0002). Fearfulness also
differed between farms: a chi-square test between farm by
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colour groups was significant (�2 = 12.8, d.f. = 3, P = 0.005),
due to a difference between Pastels at Farms 1 and 3
(�2 = 8.9, d.f. = 1, P = 0.003).

4.2.3. Fear vs. reproductive success
Among Pastels, fearful mink were more likely to be bar-

ren (Fisher’s exact, P = 0.006; Fig. 6). When split by farm, this
difference appeared only at Farm 3 (Fisher’s exact P = 0.04;
44% of 9 fearful individuals vs. 14% of 86 non-fearful indi-
viduals); but this could reflect low statistical power since
only four Pastels were barren at Farm 1 (and Farm 2 had
no Pastels). There was no significant difference between
fearful and non-fearful mink among Blacks. Among mink
that successfully produced kits, no significant relationship
between fearfulness on litter size or kit mortality were
detected (P > 0.05).

4.3. Discussion

Previous studies provided evidence of relationships
between fearfulness and reproduction in mink, but its man-

ifestations have varied. Malmkvist et al. (1997) found that
mink from a line selected for fearfulness mated later in
the season than did those from a confident line, suggest-
ing reduced motivation to mate; however, once mated,

Fig. 6. Proportion of fearful vs. non-fearful mink that failed to rep
Experiment 3). Proportion of all mink tested, with colour-types pooled

their reproductive success was unaffected. Korhonen et al.
(2002) by contrast, found no difference in mating dates
but that females who  were fearful in stick tests then gave
birth to smaller litters than did confident females. Among
primiparous females, rates of infertility were also higher in
fearful individuals, as in Pastels in the current study, but
this difference was  not statistically significant. Fearfulness
has likewise been linked to infertility or decreased rate of
breeding in a variety of other captive species, from chickens
(Shabalina, 1984) to cheetahs (Wielebnowski, 1999). Sec-
tion 5 discusses potential mechanisms mediating the link
between barrenness and fearfulness in our mink.

5. General discussion

In stick tests, our Ontario mink did not react as expected
from published Scandinavian data, being far less fearful
and more aggressive. It is unclear why – differences in
age, genetics, husbandry, and subtle aspects of the test
such as season and the height and sex of testers could
all play roles – but our need for a test with greater reso-

lution and sensitivity, applicable to North American-style
cages that preclude using the Trapezov hand test, led to
us successfully modifying the stick test into a glove test.
This combined the basic stimulus of the Trapezov hand test

roduce. N = 237 Black (23 fearful), 236 Pastel (10 fearful).
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ith the advantages of the stick test, being quick and sim-
le because conducted from outside the cage, and therefore
ble to be used on large numbers of animals and by testers
nexperienced at handling mink. Furthermore, the glove
est did indeed prove more sensitive than the stick test for
nvestigating fear, increasing the number of mink classified
s fearful in our tests by about eightfold. This is important
or populations where fearfulness is relatively rare, and so
here tests using more neutral stimuli might not detect

ear in enough animals to assess its correlates reliably.
The glove test thus adds to a range of existing tem-

erament tests that differ in how challenging they are for
ink, ranging from the Trapezov hand test at the most

tressful end of the spectrum, best for identifying individ-
al differences within very confident populations (Kirkden
t al., 2010), through to the least threatening “food” or “tit-
it” tests (where the human offers food; see Hansen and
øller, 2001) and “walk by” tests (where the tester sim-

ly passes the cage; e.g., Harri et al., 1998) most suitable
or very fearful populations where other tests would yield
eiling effects. As an additional nuance, our data showed
he glove test to be more fear-inducing on the first test,
nd likely even more so when conducted by an unfamiliar
ester; the sensitivity of the glove test can thus be modified
ccording to how exactly it is applied. In Experiment 3, for
nstance, classifying mink according to sustained reactions
nstead of just the first test would have left us with only
hree fearful individuals (although these were undoubtedly
ery reliably fearful). Both which test and what method of
pplication is ideal will therefore depend on the population
haracteristics, and also on the test’s aims. For example, the
love test might be useful in genetically selecting for very
alm animals at the population level, and where fear levels
re already fairly low; in this case, maximum sensitivity
nd speed are desirable, and farmers might only conduct
he test once. For research, however, it is more crucial that
he classification accurately represents underlying temper-
ment, and so multiple tests may  be preferable in order to
educe noise by eliminating individuals whose responses
hange unpredictably (see Section 2.1.3).

Glove tests also proved to have good construct (conver-
ent) validity, and practical usefulness. Construct validity
as good when assessed formally (Experiment 1), and the

bserved differences between colour-types provided fur-
her, albeit less formal, support for the test’s validity. The
love test’s validity was also supported by its usefulness in
redicting (or detecting in advance) a biologically relevant
ariable, barrenness. This observed relationship between
arrenness and greater fearfulness could be mediated in
everal different ways, which can now be empirically
nvestigated. Fearfulness could reduce reproductive suc-
ess through the activation of the HPA axis, which adversely
ffects reproductive hormones (Sapolsky et al., 2000; von
orell et al., 2007). Fearful individuals may  also copulate

ess frequently, due to decreased receptivity to males or
ecause the difficulty of handling these individuals results

n farmers making fewer attempts to breed them. In the

urrent study, mink were tested for fearfulness after they
hould have been pregnant; it is thus also possible that any
hat had not successfully conceived were in a different hor-

onal state from pregnant females, with this then affecting
iour Science 133 (2011) 254– 264

responses to the test. Until this possibility has been investi-
gated, it is uncertain whether fearfulness is truly predictive
of reproductive success. As a final testable hypothesis,
those that had many unsuccessful mating attempts might
have been handled more often, and so been more likely to
develop fear of humans with handling gloves. The test’s
decision validity (ability to predict performance, i.e., its
usefulness for making management decisions) remains to
be evaluated, for example by determining whether it can
predict barrenness when assessed before the mating sea-
son, or be used in genetic selection for temperament.

Most mink did not show identical responses each day
when tested daily. Nevertheless, this is not grounds for
discarding the glove test in favour of other tests. First,
if conventional reliability tests for the other widely-used
tests for mink temperament have ever been conducted,
they have not been published in accessible literature, so
their reliabilities are essentially unknown. Second, most
changes in reaction seemed to be due to normal processes
of habituation. Third, reliability appeared to increase over
repeated tests, as if responses after the first or second test
are more stable. Fourth, there seems scope for improving
reliability through training the tester, in that a possible
explanation for lower reliabilities at Farms 2 and 3 in Exper-
iment 3 was that the researcher here was  less experienced
than that working at Farm 1. Fifth, reliability was  greatly
improved by excluding mink that were awake but in the
nest box at testing, and might be improved yet further still
by additional refinements in categorization as suggested
below.

Our data highlighted “unresponsiveness” (sometimes
called “undecided”) as a category needing further research.
We suspect that this category encompasses mink that
are genuinely uninterested in the stimulus; mink that are
scared and so ‘freezing’; and mink that are only half-awake.
Refining future methods might therefore involve better
controls for each mink’s ‘drowsiness’ at the time of the test,
for example by excluding only mink with eyes closed or
head tucked prior to the test if this is visible in the nest box.
Our method of identifying ‘freezing’ in mink that are stand-
ing as far as possible from the tester by their immobility and
sustained attention to the stimulus (see 2.1.2) could also
be extended to mink in any location. Future research could
assess sympathetic responses (e.g., via telemetry devices)
to determine whether mink suspected to be ‘freezing’ are
indeed frightened by the stimulus. “Aggression” is another
category whose motivational basis and welfare significance
remain unclear. From our data, it is evident that aggression
levels depend on the test stimulus. The lower aggression in
the glove test than the stick test does not seem to be due to
greater fear of the glove inhibiting aggression, since most
mink that were aggressive only towards the stick were curi-
ous, not fearful, in the glove test. This is consistent with our
suggestion in the Introduction that “aggression” towards
the stick may  reflect something other than a response to
the human tester, such as predation or exploration directed
at the small object. This hypothesis could be tested by

comparing test results with their responses to being han-
dled and with their feeding motivation, as well as testing
whether aggression increases if they are always allowed to
carry the stick away at the end of the test. Similarly, the
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increased aggression over repeated tests in Experiments 1
and 3 cannot be explained by initial fear: mink that became
aggressive had typically begun as curious. Some sensiti-
zation may  have occurred with repeated disturbances by
a human, a hypothesis that could now be tested by com-
paring results of a single test between animals that had
been frequently disturbed by humans in other ways over
the preceding days.

Thus in the glove test, as in other temperament tests,
further research could refine how mink are classified, and
also yield a better fundamental understanding of what
some responses mean. However, even without these addi-
tional data, when used carefully by trained researchers, the
glove test is a useful, valid tool for assessing mink fearful-
ness.

6. Conclusions

The glove test is a promising and valid test of temper-
ament, including fearfulness, for farmed mink, especially
useful for populations where very few mink exhibit fear
in the stick test. Some further refinement is needed
to improve its repeatability and thereby reduce data
loss from individuals that are inconsistent across tests.
Using the current method, however, we were able to
detect expected temperament differences between colour-
types, and a negative relationship between fearfulness
and reproductive success. This suggests that reducing
fearfulness through selective breeding or changes in man-
agement may  improve mink productivity as well as
welfare.
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