
Vol. 7(19981:13-19.

Effect of the environment inside and outside the
cage on the activity and behaviour test performance

of silver foxes
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On the hasis of daily activity in the home cage and the open field test the effect of the internal design
and location of cages on the behaviour of silver foxes (Vulpes vulpes) during a growth period was
evaluated. The inclusion of platforms in cages increased the daytime activity of silver foxes in their
home cage, but the inclusion of nest boxes did not. Silver foxes housed at the front of the animal barn
were less active during the working day and more active in the evening than were animals housed at
the rear. The results of the open field test did not differ significantly between animals housed in cages
differing in design. This study demonstrates that the behaviour of silver foxes was only minimally
affected by the interior environment of the cage, and that attempts to improve housing design should
also take the environment outside the cage into account.
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ntroduction
It is generally believed that the environment in
which confined farm animals live comprises only
the space limitedby the enclosure walls. Accord-
ingly, recommendationsand suggestions for im-
proved housing systems usually focus on the
cage interior. This holds true for farmed foxes
too (European Convention 1991).

As a basic improvement, the European Con-
vention (1991) requires the housing systems used
in fox farming to be furnished with nest boxes
and platforms. The use of these furnishings var-
ies greatly, depending on their design, the spe-

cies offox and the preference shownby individ-
ual animals (Mononen 1996). Silver but not blue
foxes, have a clear-cut preference for cages with
nest boxes (Mononen et al. 1996). Silver foxes
housed in double fox cages (2.0 m x 1,2 m x 0.8m)
with three different nest boxes and a platform
had a lower base level of blood cortisol and were
faster to proceed in the open field than were an-
imals housed in traditionalcages. Moreover, few-
er animals in the enriched environment were fear-
ful towards humans and more reacted defensively
towards them (Jeppesen and Pedersen 1991).
Another study, in contrast, failed to show any
effect of nest box or platform (Harri et al. 1995).
Moreover, Harri et al. (1995) found that age and
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season had a greater effect on the reaction to-
wards humans and on open field behaviour in
both blue and silver foxes than had access to a
platform or nest box throughout the year. In ad-
dition, our previous study with blue foxes dem-
onstrated that the actual environment in which
the farmed foxes lived was far larger than mere-
ly the cage interior (Rekilä et al. 1996). The in-
clusion of nest boxes or platforms in the cage
affected the behaviour of the animal to a lesser
extent than did the location of the animal’s cage
within the row of cages, i.e. the environment
outside the cage itself. The animals housed in
the front section of the barn were nearest the door
and thus exposed to more interaction with peo-
ple coming in. This emphasizes the fact that,
under normal farm conditions, animals in dif-
ferent parts of the farm may experience consid-
erable differences in sensory input. This effect
has not usually been taken into account.

Red foxes are said to be nocturnal and crep-
uscular in the wild (Harris and Lloyd 1991).
Under farm conditions, however, over 50% of
the daily activity of blue foxes occurred during
daylight (Rekilä et al. 1996). One would expect
that farmed silver foxes too, would be active
during the photophase, when people are active
on the farm.

In our study, juvenile silver foxes were
housed during the autumn in three types of cage:
a standard cage withoutany structural additions,
a cage with a platform and a cage with a nest
box. We evaluated the effects of the structural
additions and the location of the cage on the be-
haviour of the foxes (see Rekilä et al. 1996).

Material and methods

Animal housing and management
The experiment was conducted between Septem-
ber and December at the Fur Animal Research
Station of the University of Kuopio. All the be-
havioural tests were carried out in November.

Silver fox cubs (43) of both sexes from 14 lit-
ters were housed singly in standard fox cages
(1.15 m x 1.05 m x 0.70m, LxWxH) in an unheat-
ed animal barn with eight rows of cages. A row
ofwindows (I x 1.2m, WxH, 2.4 m apart) on both
long sides exposed the foxes to the natural pho-
toperiod. In addition, electric lights were auto-
matically switched on at sunrise and off at sun-
set. Siblings were randomly allocated into three
groups. Fifteen (8 males, 7 females) cages were
provided with a wooden platform (1.05 m x
0.24m) hung approximately 0.25 m below the
cage ceiling, and 15 (7 males, 8 females) cages
were provided with a standardbreeding box with
a main chamber (0.41 m x 0.40 m x 0.35m, Lx-
WxH) and a smaller anteroom. Thirteen (7 males,
6 females) control animals had neitherboxes nor
platforms. The groups were positioned in the two
middle cage rows of the barn, each row consist-
ing of 22 cages. In each of the two rows, the dif-
ferent cage types were in the sequence: nest box
cage, platform cage, empty cage, nest box cage,
etc. (see Rekilä et al. 1996). The animals were
hand-fed twice daily; between 0900 and 1000
and between 1300 and 1400.

Open field test
The open field arena consisted of a closed wire-
mesh runway (5.0 m x 1.05 m x 0.7m, LxWxH)
shieldedby opaque walls. Before the test, about
300 g of fresh feed was placed at one end of the
runway. Animals were deprived of food for 24
hours before the test.

Foxes in their home cage were captured with
neck tongs and carried in an opaque start box
(0.55 m x 0.29 m x 0.41m, LxWxH) to the open
field arena. The box was then connected to the
end of the runway opposite the feed. After the
foxes had undergone a calming period of 1 min,
the sliding door of the box was opened by re-
mote control. If a fox was still inside the start
box 1 min after the sliding door was opened, it
was gently forced into the runway. The observer
then left the shed. Each fox was video-recorded
for the whole 5 min experimental period (video
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Table 1. Effect of a nest box or platform on behavioural parameters in silver foxes.

Nest box Platform Control P 1

Open field test
Out(yes/no) 5/10 4/9 NS

NS
NS
NS
NS
NS

4/10
End (yes/no) 15/0 14/0 13/0
Smell (yes/no) 2/13 2/12 2/11
Eat (yes/no) 2/13 1/13 2/11
Rearings, counts/ 5 min 2.1 ± 2.2 4.0 ± 5.0

163 ± 72
3.2 ±4.3
156±B9Total activity, counts/ 5 min 140± 43

In-cage tests
Active time, %/ 24h 38" ±5 42 b ± 3 38“ ±4 <0.05

1x 2 tesC ANCOVA (cage location as covariate) test for activity in open field and in home cage.
,b Groups with common superscript do not differ.

camera: Philips LDH 460, video-recorder: Ike-
gami TVR-625).

The open field arena was divided into 9 sub-
fields of equal size on the video screen. We ana-
lysed the activity (number of visits) of the ani-
mal spatially for each of the 9 subfields and tem-
porally for each of the 5 min in the open field.
As the spatial and temporal distribution of the
activity did not provide any additional informa-
tion, only data on the total number of visits (ac-
tivity) (9 fields x 5 min) are presented. The oc-
currence of the following behaviours was also
recorded: animal exits start box (out), animal
enters last field (end), animal smells food
(smell), animal eats food (eat), animal rears up
to touch the cage wall (rearings).

In-cage tests
The behaviour of each individual in its home
cage was video-recorded during one random 24-
hour period at the beginning of October with a
system described by Mononen et al. (1996). The
behaviour of the animals was analysed from the
videotapes using the instantaneous sampling
method with a 5 min sampling interval (Martin
and Bateson 1993). The variables measured in
the home cage were: activity on the wire mesh
floor, resting on the wire mesh floor, activity on
the roof of the nest box or on the platform, rest-

ing on the roof of the nest box or on the plat-
form, and in the nest box. Activity in the home
cage (Table 1 and 2) included all activities: ac-
tivity on the wire mesh floor, activity on the roof
of the nest box and activity on the platform. All
activities are expressed as a percentage of the
24-hour period.

Statistics
The results are presented as mean ± standard
deviation, median (MD) or as numbers of indi-
viduals. When differences between housing con-
ditionswere tested, the %

2 test was employed for
non-parametric data. Differences in open field
activity and activity in the home cage between
housing conditions and between sexes were test-
ed by ANCOVA (cage location as covariate). The
Spearman correlation coefficient was used to
measure the effect of cage locations on the
number of rearings, on the activity of the foxes
in the open field test and on activity in the home
cage. Associations between other open field pa-
rameters and cage locations were measured by
logistic regression. Differences in activity in the
home cage for each hour of the day between the
front and the rear cages and between housing
conditions were measured by the Mann-Whit-
ney U-test and Kruskal-Wallis one-way ANO-
VA, respectively. To test for the effect of cage
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location on the circadian rhythm of activity, the
first 11 cages in the row were classified as front
cages and the remaining 11 as rear cages. The
Pearson correlationcoefficient was calculated to
test for an association between the time spent
inside the nest box or on the platform and the
behaviour in the home cage or in the open field
test.

Results
The sex of the animals had no influence on be-
haviour either in the open field test or in the home
cage (P>0.05). Moreover, there was no interac-
tion between the effects of sex and inclusions
on behaviour (P>0.05). The data on both sexes
are therefore pooled in all results shown.

Circadian activity
The silver foxes showed a clear circadian rhythm,
with two major activity peaks (Figs 1 and 2), one

starting at sunrise and the other at sunset. The
dark (1900-0800) and light (0800-1900) phas-
es of the day lasted 11 and 13 hours, and con-
sisted of 45.5 ± 13.5% and 54.5 ± 13.5% of dai-
ly activity, respectively.

Effect of nest box and platform
Animals with platforms displayed a higher ac-
tivity level in their home cages than did control
animals or animals with nest boxes (Table 1),
when adjusted for the effect of cage location by
ANCOVA. This difference was evident only dur-
ing the working day (0800-1600). No difference
in activity level was found between the nest box
and control groups. Neither nest box nor plat-
form had any other effect on the behaviour of
the foxes in the open field test.

Effect of cage location
A positive correlation was found between cage
location and activity in the home cage during the
whole day (Spearman r=0.32, P<0.05) and dur-

Fig. 1.Intensity and circadian rhythm of activity in the home
cage ofsilver foxes housed in cages with different furnish-
ings. Sunrise and sunset are marked with arrows. No dif-
ferences were observed in hourly activity between differ-
ent cage designs (Kruskal-Wallis one-way ANOVA,
P>0.05).

Fig. 2.Intensity and circadian rhythm of activity in the home
cages of silver foxes housed in the front and rear of the
barn. Sunrise and sunset are marked with arrows. Differ-
ences between front cages and rear cages were observed at
0900 and 1200 and at 1300, 1400, 2100 and 2200. (Mann-
Whitney U-test, P<0.05).
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ing the working day (0800-1600, Spearman
r=0.53, PcO.OOl). In contrast, a negative corre-
lation was observed between cage location and
activity in the home cage during evening hours
(1600-2400, Spearman r=-0.36, P<0.05). The
same was observed in hourly activity. No effects
of cage locations on number of rearings or ac-
tivity in the open field were found.

Use of nest box and platform
Foxes living in cages with nest boxes used the
roofs of the boxes for active behaviour for 16 ±

7% (MD = 19) and for resting for 33 ± 23%(MD
= 44) of the day. In addition, they spent 9+11%
(MD = 6) of the time inside the nest boxes. The
foxes living in cages with platforms used the
platforms for activity an average of 13 ± 6% (MD
= 14) and for resting 18 ± 19% (MD = 7) of the
day. There was no correlation between the time
spent in the nest box or on the platform and ac-
tivity either in the home cage (P>0.05) or in the
open field test (P>0.05).

Discussion

The silver foxes displayed a clear circadian
rhythm, with two activity peaks: at sunrise and
at sunset. The activity of the foxes was not there-
fore synchronized with the natural photoperiod,
as the morning peak coincided with an increase
in illumination and the evening peak with a de-
crease. As a result, about half of the foxes’ total
daily activity occurred during the photophase and
half during the scotophase, as was also found
for blue foxes (Rekilä et al. 1996). Wild red fox-
es are said to be nocturnal and crepuscular (Har-
ris and Lloyd 1991); so are captive red foxes
(Tembrock 1957) and farmed silver foxes (Ka-
leta 1991). The second activity peak in our study,
which was most probably caused by sunset, fits
this nocturnal activity pattern. In nocturnal spe-
cies, such as laboratoryrats (Kersten et al. 1980),

the morning activity typically occurs at the end
of the scotophase, not after it. At the timeof year
that we measured activity, sunrise coincided with
the start of the working day. It is possible that
farmed foxes postponed the start of their morn-
ing activity peak, with human activity acting as
the zeitgeber. The main activity in the morning
was feeding, which took place at the time the
highest activity was observed. The second meal
was delivered at 1400, when the activity of the
foxes in the rear part of the row increased slight-
ly. Possibly the animals in the rear were less
exposed to humans and so were more excited by
the afternoon feeding than were the animals in
the front, who were continuously exposed to
human activity. Increased activity during feed
delivery can be considered as food anticipatory
activity.

Our findings show that the circadian rhythm
of silver foxes is probably synchronized with
both the photophase and human activity. In com-
parison, the circadian rhythm of farmed blue
foxes was not strictly synchronized with either
human activity or the photophase (Rekilä et al.
1996). These results emphasize the great flexi-
bility of the natural circadian rhythm in both fox
species.

The European Convention (1991) recommen-
dations assume that nest boxes and platforms
enrich a barren cage. Recent studies have shown
that silver foxes do prefer cages with nest boxes
(Mononen et al. 1996). In addition, silver foxes
housed in cages furnished with three different
nest boxes and a platform had a lower base level
of eosinophils, a higher base level of lym-
phocytes, and a lower base level of cortisol than
had animals housed in traditional cages
(Jeppesen and Pedersen 1991). They were also
more active in the open field and less fearful to-
wards humans in two tests involving human
proximity. However, in the present study the
behaviour of silver foxes was only marginally
affected by the recommended enrichments of the
cage interior. The inclusion of platforms in-
creased the activity of animals in their home
cages, in comparison with animals living in
standard wire mesh cages or cages provided with
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nest boxes. However, this was seen only during
the working day. This result confirms the differ-
ent role of nest boxes and platforms found by
Mononen (1996). Nest boxes function as both a
hiding and a resting place for foxes, whereas
platforms act as an observation place, and ob-
servation is active behaviour with a high arousal
level. Furnishing cages with nest boxes or plat-
forms did not increase the activity of silver fox-
es in the open field as it did in the study of
Jeppesen and Pedersen (1991), possibly because
the foxes in Jeppesen and Pedersen’s (1991)
study spent 2 years in enriched cages before the
tests were carried out as against 2 months in our
study. On the other hand, the provision of both
nest boxes and platforms increased the activity
of blue foxes in the home cage during evening
hours (Rekilä et al. 1996).

Our present findings, together with those of
previous studies (Mononen et al. 1993, Peder-
sen and Jeppesen 1993, Korhonen and Niemelä
1994a, b, Mononen et al. 1995), indicate that
silver foxes do use the furnishings in their cages.
However, as shown by Harri et al. (1995), the
furnishing did not result in any changes in fox-
es’ temperament that might be revealed in open
field or home cage behaviour.

We found earlier that the location of the cage
in the row induced greater changes in the be-
haviour of blue foxes than did the furnishings
inside the cage (Rekilä et al. 1996). The animals
nearest the door were more active in both their
home cages and in the open field test than were
those towards the rear of the barn. The present
study demonstrated that the environmentoutside
the cage also had an effect on the activity offoxes
in their home cage. Animals housed in the front
of barn were least active in their home cage dur-
ing the afternoon hours. In the evening and, to a

lesser extent, in the morning, the situation was
reversed, and animals housed in the front were
the most active. The high activity of foxes in rear
cages during the working day could be explained
by the fact that the furnishings of the foxes’ own
and/or neighbouring cages partially obstructed
their view of the surroundings, the more so in
the rear section of the barn. It has previously been
shown that both silver and blue foxes prefer an
unobstructed view from their cages (Mononen
et al. 1996).

In Rekilä et al. (1996), we attributed the dif-
ference in behaviour between blue foxes living
in the front and in the rear of the cage row to the
different amounts of sensory stimuli to which
they were exposed. The animals that lived in the
front of the animal barn were nearest the door
and thus subjected to greater interaction with the
people moving around on the farm. The same
explanation can be applied to our present results.
Farmed foxes are mostly housed in open 2-row
sheds and so can see further than would be pos-
sible inside a closed barn. On the other hand,
the amount of stimuli may also vary greatly be-
tween different parts of a traditional farm with
sheds.

The present study with silver foxes supports
the conclusions of a previous study with blue
foxes (Rekilä et al. 1996), namely, that (i) the
actual environment in which the farmed fox lives
is larger than the cage interior itself and (ii) at-
tempts to improve housing design should also
take the environment outside the cage into ac-
count.
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SELOSTUS
Kasvatushäkin ympäristön vaikutus hopeakettujen käyttäytymiseen

Teppo Rekilä, Leena Ahola, Jaakko Mononen ja Mikko Harri
Kuopion yliopisto

Tutkimuksessa selvitettiin kasvatushäkin ympäristön
vaikutusta hopeakettujen käyttäytymiseen niiden
omassa häkissä ja avokenttätestissä. Hyllyn lisäämi-
nen häkin sisälle lisäsi hopeakettujen vuorokausiak-
tiivisuutta. Sen sijaan pesäkopin tarjoaminen ei lisän-
nyt aktiivisuutta. Eläinhallin ulko-oven läheisyyteen
sijoitetut hopeaketut olivat työpäivän aikaan passii-
visempia ja illan aikana aktiivisempia kuin hallin ta-

kaosaan sijoitetut. Avokenttäkäyttäytyminen ei riip-
punut häkin sijainnista hallissa, eikä myöskään hä-
kin sisällöstä. Tulosten perusteella voidaan todeta,
että häkki tai häkin sisältö vaikuttivat hopeakettujen
käyttäytymiseen hyvin vähän. Häkin ympäristö tulee
ottaa nykyistä enemmän huomioon, kun hopeakettu-
jen kasvatusympäristöä pyritään parantamaan.
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