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______________________________________________________________________________________

Abstract
The research hypothesis assumed that the size of the cage affects bodyweight after weaning and prior
to slaughter and, as a consequence, mean daily bodyweight gains in individuals of both sexes. The study
was conducted from 2014 to 2015 at one of the private mink farms in Poland. In total, 800 brown mink were
used as the object of research (400 animals in a given year). In each year, the animals were divided into two
equal-sized groups, in accordance with their housing system. The first group included animals living in
single-storey cages and the second group lived in two-storey cages (i.e. cages with an upper level added).
The animals were weighed after weaning and before slaughter. Based on these data the mean daily
bodyweight gains were calculated. The research hypothesis was rejected. The conclusion of the analysis of
variance is the statement that the cage size did not affect either the animals' bodyweight or their mean daily
weight gains. The differences in these results, however, were observed in individuals of different sexes.
Males were significantly heavier than females and showed higher daily weight gains. High and positive
correlation coefficients were also noticed between bodyweight prior to slaughter and mean daily weight
gains.
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Introduction
A suitable cage size that enables mink to move freely and rest is one of the factors that determine
these animals' welfare. The appropriate keeping of animals in closed breeding system ought to meet all their
physiological and behavioural needs (Mroczek, 2013), which ensures the proper growth and development of
animals. Frequently, a too small surface area of cages may be the cause of the occurrence of aggressive
stereotypical behaviour in mink, which may affect the growth and development of those animals. This kind of
behaviour at first diminishes the animal's anxiety or distracts its attention from a negative stimulus, for
example an aggressive individual in the cage or too small a cage. Subsequently, this kind of behaviour is
repeated by the animal in an entirely uncontrolled manner in the form of futile movements, for example
walking around the diameter of the cage, chasing its own tail, and licking the wire mesh, all of which are
physically exhausting (Damgaard et al., 2004; Kiley-Worthington, 1995; Toates, 1995; Mason, 1991).
According to numerous studies, diversification in mink keeping influences the frequency of stereotypic
behaviour occurrence (Jeppesen et al., 2000; Vinke et al., 2004; Pedersen et al., 2004). Increasing the size
of the cage’s surface area improves the animals' comfort of living. It enables them to move around freely and
provides them with extra space for resting or even hiding from another animal. Such conditions favour the
proper behaviour of animals and may be beneficial in terms of bodyweight gains. On the other hand, mink
that have more space to move around and for example jump from one storey to another may lose
bodyweight more rapidly and obtain lower daily weight gains. Nevertheless, the literature does not state
whether a larger surface area negatively affects the final bodyweight of mink and their daily bodyweight
gains and, consequently, the length of hides. According to Lohi & Hansen (1990), there is a positive
correlation between bodyweight and the length of hides. It is vital then for farms to keep mink of higher
bodyweight to obtain hides of the largest possible size.
The adopted hypothesis was that the difference in cage size affects the volume of bodyweight and
mean daily bodyweight gains in mink.
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Material and methods
The study was conducted in 2014 and 2015 at a private mink farm in Poland. In total, 800 brown mink
were used, including 400 males (200 animals in 2014, and 200 in 2015) and 400 females (200 animals in
2014, and 200 in 2015). The kits that were assessed over a two-year period came from the same dams. The
influence of the father was hard to determine since mink mated two or three times with different males. The
animals were all fed the same food, depending on maintenance requirements in breeding periods
determined according to feeding standards (Gugołek, 2011). Each year during the study period, the mink
were divided into two groups, depending on the housing system. The first group included 400 animals in
single-storey cages (200 in 2014 and 200 in 2015), and the second group of 400 animals (200 in 2014 and
200 in 2015) were kept in two-storey cages, meaning cages with an added storey, where they could move
freely between the lower and upper storeys. The cages were of the ‘Dutch’ variety, with the single-storey
cage dimensions of 92 cm x 32 cm x 45 cm (L x W x H), and two-storey cage dimensions of 92 cm x 32 cm x
45 cm on the lower storey and 63.5 cm x 32 cm x 45 cm on the upper storey. There were nesting boxes with
substrate in each cage. The nesting boxes were made of 18 mm hard particle board, were lined with straw,
and were fixed to the front of the cage. Animals were divided into groups according to their previous type of
cage. In this way, those that had been kept all their lives in single-storey cages were assigned to singlestorey cages, while those born in two-storey cages were put into two-storey cages. The animals were
weighed twice: after weaning (week 7 of their lives) and prior to slaughter (at the age of approximately
7 months) on an electronic scale.
Based on data concerning bodyweights, daily gains in mink were calculated using this formula:
Mc2-Mc1
D
where: P = daily bodyweight gains
Mc1 = bodyweight at weaning
Mc2 = pre-slaughter bodyweight
D = number of days from weaning to slaughter
P=

Statistical characteristics were prepared for these traits by calculating the arithmetic mean and the
standard deviation. This was followed by using the fixed effects model (GLM) to calculate the analysis of
variance based on a crossed model with an interaction. These effects were included in the model: sex and
cage type.
yij = μ + ɑi+ βj + (ɑ β)ij +e ij
where: yijk = weaning bodyweight, pre-slaughter bodyweight, daily bodyweight gains
μ = mean total value
ɑI = i sex effect
βj = j cage type effect
ɑ βij = the effect of interaction between factors
eij = random error
To verify the significance of differences between sex and cage type subgroups, Scheffé’s test was
applied. Furthermore, the Pearson correlation coefficient was calculated to estimate correlations between the
analysed traits (Kot et al., 2011). All calculations were conducted using Statistica PL.9.0 data analysis
software (StatSoft Inc. STATISTICA).

Results
Table 1 presents the results of bodyweight in mink at weaning and prior to slaughter, and their daily
gains, depending on the housing system and sex. It was observed that in both years the bodyweight in male
animals kept in two-storey cages was slightly higher at weaning (811 g in 2014 to 820 g in 2015) than males
from single-storey cages (781 g to 788 g, respectively); however, the differences were not confirmed
statistically. In females, the mean bodyweight at weaning was similar regardless of cage type, namely 634–
630 g (group I); and 614–621 g (group II). When pre-slaughter bodyweight and daily bodyweight gains were
analysed in females both and males, no significant differences were found between the results of animals
from the first and second group. However, their values differed statistically depending on sex (P ≤0.01).
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Table 1 Mean ( ) and standard deviation (Sd) for weaning bodyweight and pre-slaughter bodyweight and
mean daily gain in mink

Years

Cage type

Sex

N

Weaning bodyweight
(grams)

Pre-slaughter bodyweight
(grams)

/Sd

Single-storey
cages
2014
Two-storey
cages

Single-storey
cages
2015
Two-storey
cages

Bodyweight daily gains
(grams)

/Sd

/Sd

♂

100

781.0** ± 104.9

2965.0** ± 371.5

16.8** ± 3.8

♀

100

634.0** ± 83.4

1646.0** ± 249.4

7.8** ± 2.3

Total

200

713.0 ± 120.4

2353.0 ± 740.7

13.5 ± 5.3

♂

100

811.0**± 153.1

3018.1** ± 197.2

17.0** ± 1.1

♀

100

614.5**± 73.7

1603.4** ± 138.6

7.6** ± 1.8

Total

200

720.9 ± 157.3

2369.3 ± 727.6

12.7 ± 4.9

♂

100

778.0** ± 98.2

2974.4** ± 212.6

17.2** ± 3.2

♀

100

630.5** ± 83.3

1648.0**± 122.3

7.9** ± 2.3

Total

200

711.5 ± 128.2

2358.2 ± 683.4

13.2 ± 5.1

♂

100

820.8** ± 106.7

3023.2** ± 201.6

16.9** ± 1.9

♀

100

621.6** ± 79.7

1610.0** ± 99.5

7.7** ± 1.5

Total

200

714.2 ± 126.3

2363.2 ± 315.6

13.6 ± 4.9

**significant differences between individuals of different sexes within the researched groups
Lack of significant differences between researched groups

Pre-slaughter male bodyweight was observed to be within the range of 2970 g (single-storey cages)
to over 3000 g (two-storey cages), while in females, regardless of the housing system, weight was over
1600 g. Daily bodyweight gains, no matter which type of cage was used, had the mean value of 17 g in
males and 7 g in females. Table 2 indicates that there was no interaction between sex and cage type with
respect to mean bodyweight gains. The study revealed a significant effect of sex on pre-slaughter
bodyweight (P ≤0.01) and mean bodyweight gains (P ≤0.01). No significant effect of the cage type on the
above traits was established (Tables 1 and 2).

Table 2 Femp value and the significance of the cage type and sex effect on pre-slaughter bodyweight, and
daily bodyweight gain in brown mink
Pre-slaughter bodyweight
F emp /p

Daily bodyweight gain
F emp /p

Sex

236.4/0.0001

1547.6/0.0001

Cage type

0.001/0.985

0.002/0.967

Sex * cage type

0.58/0.447

0.57/0.447

Factor

Based on correlation coefficients, relationships between bodyweight at weaning and pre-slaughter
bodyweight and mean bodyweight gains were estimated for each sex separately. In both males and females,
a strong correlation was found between pre-slaughter bodyweight and daily gains: rxy = 0,92 ♂; 0,94 ♀ (P
<0,001). Considerably lower correlation was found between kits’ bodyweight at weaning and mean gains.
However, in this case the correlation coefficient was negative for both sexes: r xy = -0.42 ♂; -0.25(P <0.001) ♀
(Figures 1 and 2).
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Correlation: r xy= 0,92 p<0,001
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Figure 1 Pearson correlation coefficient for the traits of weaning bodyweight, pre-slaughter
bodyweight the male and daily gain in mink

Correlation: r xy= - 0,25 p<0,001
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Figure 2 Pearson correlation coefficient for the traits of weaning bodyweight, pre-slaughter bodyweight in
females and daily gain in mink
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Discussion
As the conclusion of the in-house research indicated, the sizes of cages do not have any significant
influence on the results concerning daily bodyweight gains. It was observed that mean daily bodyweight
gains remained at an equal level in both groups, males and females, and were approximately 17 g and 8 g,
respectively The study did not find any significant effect of cage size on pre-slaughter bodyweight results or
daily bodyweight gains (Table 1 and Table 2). Similar results were obtained by Hansen et al. (2007), who
showed that bodyweight gains of males, and females, do not depend on the size of the cage in which the
animals are kept. The in-house research indicated significant differences between sexes. Hansen et al.
(2007) also observed that the values of the studied features are diversified depending on the sex, which is
the result of strongly developed sexual dimorphism in those animals. In the analysis of bodyweight prior to
slaughter, it was observed that it was approximately 35% higher in males than in females. Bodyweight of
males in that period was approximately 3000 g. Females were lighter and their bodyweight amounted to
1600 g (Table 1). According to other authors, bodyweight in mink before slaughter, both male and female,
was approximately 2000 g ♂ and 1200 g ♀ (Bielański et al., 2005; Piórkowska et al., 2004; Piórkowska et al.,
2014; Pölönen et al.,1999). According to Nurominen & Sepponen (1996), mink growth stops in midSeptember and further intensive feeding of animals has minimal impact on the final length of their hides. The
in-house research assumed that a larger surface area of cages gives the animals an opportunity to move
and thus may cause increased energy consumption, resulting in lowering the animals' bodyweight. However,
larger space and low density of animals might result in increased use of energy for maintaining sufficient
body temperature compared with those mink that were kept in single-storey cages, where animals remained
in close contact. According to Tauson et al. (2006), mink kept in groups, that is, in higher density,
accumulated less subcutaneous fat than those kept in pairs, since they did not need to use so much energy
to maintain proper body temperature. The in-house research indicated only slight differences in bodyweight
gains. The difference in cage size for the two researched groups might have been too small to be able to
observe this relationship. Lack of significant differences in bodyweight and mean bodyweight gains between
the researched groups is therefore proof that single-storey and two-storey cages fulfil the requirements of
welfare of mink. However, slightly higher bodyweight prior to slaughter and daily gains in males kept in twostorey cages were observed during in-house research. Similarly, Szendro et al. (2009) showed that rabbits
kept in cages with a larger surface area had higher bodyweight gains. It is likely that in two-storey cages
those animals were able to keep at a distance from one another and could flee onto the upper level of the
cage which could diminish the level of stress and contribute to the slightly higher results. Mink, because of
being kept in pairs in cages, are particularly exposed to so-called social stress. It occurs in such situations as
territorial conflict and rivalry in the same hierarchy (Kaleta, 2009). Long-term exposure to stress may be the
cause of many behavioural disorders, as a result of which animals may lose weight for example because of
excessive agitation, as with stereotypical behaviour and loss of appetite in a state of depression (Gulevich et
al., 2000; Hansen et al., 1994; Hansen, 2006; Hansen et al., 2007, Hӓnninen et al., 2008a; Jeppesen et al.,
2004; Kokocińska & Kaleta, 2016). It is difficult to assess whether that was the reason because the object of
the research did not include behavioural observation of animals.
Additionally, the in-house research showed a strong correlation between bodyweight prior to slaughter
and daily bodyweight gains. Positive correlation of these two features was determined rxy = 0,92 ♂; 0,94♀ (P
<0,001) (Charts 2 and 3). This indicates that large mean daily bodyweight gains result from high final
bodyweight of animals prior to slaughter. Considerably weaker and negative correlations were noticed
between bodyweight at weaning and daily bodyweight gains in the current study. According to Lagerkvist et
al. (1994), the bodyweight of animals accompanied by mothers until weaning results mainly from litter size
from which offspring come from and from mothers’ lactation. It is probable that the free access to solid food
and less competition for food enabled the animals to meet their individual needs.

Conclusions
To sum up, the adopted hypothesis, which stated that varied cage area affects bodyweight and daily
gains in both male and female mink, was rejected, since the authors did not observe significant differences
between the analysed groups, which were kept in different conditions. Statistically significant differences
were observed in animals of both sexes. Males had much higher pre-slaughter bodyweight and higher gains
than females. No interaction was found between the cage type and the sex of the animals.
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