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Summary

The aim of the study was to use behavioural and cortisol tests to determine whether cage enrichment
(observation shelves, wooden sticks for gnawing) improves the welfare of farmed foxes (Vulpes vulpes). The
paper discusses welfare criteria such as “expression of other behaviours”, “good human—animal relationships”
and “positive emotional state”. The study covered 60 young foxes. After weaning, the animals were placed
in standard cages, two individuals per cage. The foxes were divided into three groups. In the control group,
no additional cage enrichment was provided. Group I was provided with observation shelves; group II was
provided with wooden gnawing sticks. During the experiment the foxes underwent repeated tests: empathic
test, feeding test and salivary cortisol test. The data obtained were analysed statistically (ANOVA, Tukey’s
test, correlation), taking into account the following variables: the impact of cage enrichment, animal gender,
temperament, and colour mutation. The study did not show conclusively that the use of cage enrichment affects
animal temperament or the level of cortisol. However, in the group with gnawing sticks, the level of cortisol in
the second measurement was significantly lower in comparison with other groups. This indicates that satisfying
the need to gnaw objects reduces stress in foxes. The study showed a high correlation between the empathic
and the feeding test, both of which are useful for testing the emotional state of foxes and the human—animal

relationship.
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The first silver foxes, which are colour mutations of
red foxes (Vulpes vulpes), were kept on farms around
100 years ago, but large-scale fur farms housing hun-
dreds of animals for commercial purposes have been
in use for only approximately 60 years. In compari-
son with species such as sheep, cattle, horses, dogs,
or pigs, all of which have been kept in captivity for
more than 5,000 years (4), foxes have come into con-
tact with humans only recently. Thus many questions
have arisen with regard to the domestication of these
animals and the assessment of their welfare under farm
conditions.

D The study was carried out under statutory activity supported by the Ministry
of Science and Higher Education, No. DS.3266/2017/ZHTChDI.

Silver foxes are agile and exhibit a variety of ex-
ploratory behaviours. They readily interact with their
environment and spend up to 30-40% of their daily time
performing a variety of activities (7). Observations
have revealed that foxes regularly nibble and gnaw
available objects (e.g. wooden sticks) or elements of
the cage interior, such as nest boxes, shelves or food
trays (8). The propensity for exploration and oral ma-
nipulation is linked to the biology of this species: as
opportunistic hunters and scavengers, foxes are more
likely to display intrinsic motivation for exploration
and foraging (hunting) (2).

The WelFur project was launched by the European
Fur Breeders’ Association (EFBA) in 2009. The main



aim of the project is to develop on-farm welfare as-
sessment protocols for farmed foxes (blue fox, silver
fox) and mink (9). The WelFur protocols apply four
welfare principles (good feeding, good housing, good
health, and appropriate behaviour) and 12 welfare
criteria defined in the Welfare Quality® project (11).

The principle of appropriate behaviour includes four
criteria: expression of social behaviours, expression of
other behaviours, good human-animal relationships,
and positive emotional state (12).

The purpose of this study was to use behavioural and
cortisol tests to verify the hypothesis that the enrich-
ment of cages (observation shelves, wooden sticks for
gnawing) improves foxes’ welfare (Vulpes vulpes). The
paper discusses the expression of other behaviours (the
opportunity to use enrichment or observe surround-
ings), good human—animal relationships (feeding test),
and positive emotional state (temperament test).

Material and methods

The study, which covered 60 young foxes, was conducted
from 29 June to 13 September 2016 at the Experimental Sta-
tion in Chorzelow — part of the National Research Institute
of Animal Production (Poland). After weaning, the animals
were placed in standard cages, two individuals per cage
(mostly siblings, male and female). The foxes were divided
into three groups consisting of 20 individuals (10 cages).
In the control group, no additional cage enrichment was
provided. Group I was provided with observation shelves;
group II was provided with wooden gnawing sticks. Addi-
tional enrichments were introduced on 5 July.

During the experiment the foxes underwent repeated
tests: empathic test (four times, on 29.06, 6.07, 2.08 and
13.09), feeding test (twice, on 30.06 and 7.09) and salivary
cortisol test (three times, on 4.07, 16.07 and 12.09).

The empathic test (3) was used to determine the foxes’
temperament. The test is considered to be a non-invasive and
very precise tool; it consists in putting a stick with a bow
on one end into the cage through a net perforation, without
opening the door. The stick is placed at the level of the ani-
mal’s nose in its range of sight. The person performing the
test stands about 50 cm away from the cage. The observa-
tion lasts 15-20 seconds and relates to the first reaction of
the animal to something new that does not raise excessive
fear. The observer concentrates on thorough observation of
the animal’s behaviour and tries to understand its situation.
This makes it possible to evaluate the natural temperament
of the animal without introducing additional stress stimuli
(1). In order to calculate the average temperament, the fol-
lowing scale was adopted: 1 = aggressive, 2 = fearful, 3 =
confident.

Based on the test results, foxes subjected to observation
were divided into three categories: aggressive (A, < 1.75),
fearful (F, 1.75-2.25) and confident (C, > 2.25).

The feeding test included observations of the type of
reaction to feed placed in the trough located on the front
wall of the cage. Animals’ reactions were monitored for
approx. 1 minute (observation of the front of the cage).
Analysis of the results obtained in the feeding test enabled
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classification of the foxes into two groups: trustful (foxes
which in the presence of humans approached the trough
and ate the feed: score 1) and fearful (foxes which within
1 minute did not approach the trough and did not start to
eat the feed: score 0).

For the cortisol test, samples of saliva were collected
from the animals at the Experimental Station in Chorzelow.
Cortisol levels in saliva (DRG® Salivary Cortisol SL.V-2930)
were measured at the laboratory of the Department of
Animal Physiology, University of Agriculture in Krakow
(Poland).

The data obtained were analysed statistically (ANOVA,
Tukey’s test, correlation) using Statistica 12.5 (StatSoft
2015), taking into account the following variables: the
impact of cage enrichment, animal gender, temperament,
and colour mutation.

Results and discussion

Analysis of the research data did not show statisti-
cally significant differences between groups and mea-
surements obtained from subsequent empathic tests.
The mean temperament coefficient of the examined
foxes amounted to 2.08 (SD = 0.69); according to the
scale, this corresponds to the fearful temperament. No
statistically significant differences between males and
females were detected (Tab. 1).

Statistically significant differences were detected
in the salivary cortisol concentrations obtained in the
second measurement as compared with the 1% or 3%
measurement. In contrast, no differences were found
between the first and the third measurements. In the
second measurement, there was a statistically signifi-
cant difference between the control group and the group
provided with gnawing sticks (Tab. 2). No statistically
significant differences were observed between males
and females in the individual measurements, or in the
total result.

After averaging all results obtained from the em-
pathic test, foxes were classified as aggressive (n=17),
fearful (n = 20), and confident (n = 23). There were
no statistically significant differences between diverse
animal temperaments and cortisol levels (Tab. 3).

The overall results received from the cortisol mea-
surements did not significantly differ statistically for
the individual types of temperaments. Moreover, in
all cortisol measurements, statistical analysis failed to
reveal any significant effect of fur colour mutation on
the salivary cortisol level in the foxes (Tab. 4).

The overall result of all three cortisol measurements
for each colour mutation was not statistically signifi-
cant. However, the highest concentration was recorded
for cross foxes and the lowest for white neck foxes.

Statistical evaluation of the overall results from
the empathic test showed that the temperament of the
foxes was significantly affected by the colour mutation
(P<0.05). The platinum foxes were the most confident
(2.65, SD = 0.52), then crosses (2.50, SD = 0.46) and
white necks (2.36, SD = 0.69). The pastel and silver
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foxes presented more fearful behaviour and obtained
the average coefficient of temperament 1.93, SD =
0.66; silver 1.85, SD = 0.69 respectively.
Comparison of the results obtained from the em-
phatic test with the data from the feeding test revealed
a significant correlation between animal temperament
and the response to food stimuli (r = 0.59, P < 0.01):
6% of foxes classified as aggressive, 48% as fearful

Tab. 1. The temperament coefficient (empathic test) of foxes provided with different

types of cage enrichment (x + SD)

667

and 83% as confident started to eat in the presence of
humans.

Studies by other authors have demonstrated that
enrichment of a cage with a platform does not sub-
stantially affect the reaction of farmed silver foxes to
stressors, but it improves animal welfare by support-
ing the development of more complex behaviours and
providing a place to hide (6). The feeding test devel-
oped for the purpose of this study
was based on the hypothesis of

hyponeophagia, i.e. that fearful

Group (enrichment) | n Test | Test Il Test Il Test IV animals show reduced response
Control 20 | 2.10:0.72 2.05+0.89 2.150.93 2.150.93 to food stimuli when exposed
Shelf 20 | 2.00:0.79 2.00 + 0.86 1.95+0.83 2.05:0.83 to the presence of humans. The
Gnawing stick 20 | 2.05:0.51 2.050.83 2.30.+0.80 2.100.85 feeding test provides an accurate,
Total 60 | 2.05:0.67 2.03+0.84 2.13+0.85 210+ 0.86 reliable, and objective measure of

Explanations: test I —no cage enrichment; test Il — 1 day with cage enrichment; test I1I — 26
days with cage enrichment; test IV — 60 days with cage enrichment; scale: 1 — aggressive,

2 — fearful, 3 — confident

Tab. 2. Concentration of cortisol (ng/mL) in saliva of foxes provided with different

types of cage enrichment

fear of humans in farmed foxes.
In the experiment with the blue
and silver foxes, the fearful indi-
viduals displayed a higher level
of stress, as assessed by using
urinary cortisol. In silver foxes,

similar changes were observed

. Cortisol | Cortisol Il Cortisol Il : >
Group (enrichment) _ _ _ in the blood cortisol of unstressed
n xxSD n xxSD n X+ SD . . L.

animals and following adminis-

Control 20 4.01+1.58 20 5.642 + 1.45 19 3.99 +1.53 tration of ACTH (10). However.
. 2

Shelf 19 3.14+1.35 20 5.06 +1.10 16 3.95+1.22 the present experiment involving
Gnawing stick 20 4.28+2.55 20 4.65"+0.98 17 3.70 £1.01 evaluation of salivary cortisol
Total 59 | 382:194 | 60 | 512:124 | 52 | 3.88:1.27 did not provide similar results.

Explanations: a, b — different letters in columns indicate statistically significant differences
(P < 0.05); cortisol I — no cage enrichment; cortisol II — 10 days with cage enrichment;

cortisol III — 69 days with cage enrichment

Tab. 3. Concentration of cortisol (ng/mL) in the saliva of foxes displaying different

Fear in foxes can be reduced by
selecting less fearful animals
and promoting positive human—
animal relationships. Enrichment
of cages with nest boxes or

temperaments platforms affects the behaviour
] Cortisol | Cortisol I Cortisol Il of foxes to a lesser extent than
rou 1 i
p ; T . %+ 8D . £+SD altering the cage sqrroundlngs.
A i 16 3.50 + 2.00 17 4.72 :1.04 15 3.78 +1.00 Thus clements outside the cage
+ + + . .

ggressive U E L Aexl. o=t should be considered an essential
Confident 23 3.90 +1.71 23 5.10+1.17 21 3.82+1.31 foxes (10).

Total 59 3.82+1.94 60 5.12.£1.24 52 3.88.+1.27 The observed differences in

Explanations: cortisol I — no cage enrichment; cortisol I — 10 days with cage enrichment;

cortisol IIT — 69 days with cage enrichment

Tab. 4. Concentration of cortisol (ng/mL) in the saliva of foxes with different fur

colour mutations

the temperament of foxes with
different colour mutations might
be related to “domestication
syndrome”. Selection for tame-
ness leads to reduction of neural

crest-derived tissues of behav-

Group (enrichment) Cortisol | Cortisol II Cortisol 11l ioural relevance via multinl
n +SD n +SD n %SD e ,Via muiliplie
Silver 19 4.27+2.21 20 5.23 + 1.60 16 3.73+1.54 pre-existing genetic variants that
affect neural crest cell numbers
Cross 4 5.11+3.64 4 5.66 + 0.51 4 4.62+1.13 at the final sites. As an unselected
Platinum 5 3.39+1.57 5 5.53 +0.76 5 3.15x1.71 by-product, this neural crest
Pastel 21 360:1.57 | 21 5.28:0.79 | 18 | 3.801.00 hypofunction produces morpho-
White neck 9 3.11£1.29 9 4.00 £1.26 8 4.42£0.93 logical changes in pigmentation,
Total 58 3.83+1.95 59 5.111.25 51 3.88+1.28 jaws, teeth, ears, etc. (13). Other

investigations into fear reactions

Explanations: as in Tab. 3

in relation to coat colour have



been conducted on the American red fox (Vulpes vulpes

Sfulvus) by Keeler at al. (5). It was shown that adrenal
and thyroid functions were altered and fear reactions
were modified by the presence of mutant coat colour
genes. The average startle distance for wild reds was
greater than that for other mutations (black, blue, am-
ber, chocolate).

The present study did not show conclusively that
cage enrichment influences animals’ relations to hu-
mans or the level of cortisol in saliva. However, in
the group provided with gnawing sticks, the level of
cortisol in the second measurement was statistically
significantly lower in comparison with other groups.
This may indicate that satisfying the need to gnaw
objects reduces stress in foxes.

The study showed a high correlation between the
results obtained from the empathic test and the feeding
test: both are useful tools for testing the emotional state
of foxes and the human—animal relationship.
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