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Abstract 

It is well known, that hormones released during a stressful event may impair the function of the 

reproductive axis, however these effects have received little attention in farmed male mink. The aim 

of the present study was therefore to explore the relationship between the reproductive success of 

farmed male mink and stress related measures. Altogether 303 male mink were examined for 

behaviour, faecal cortisol metabolite concentration (FCM), response in stick tests, fur-chewing and 

body condition during the pre-mating period from late January to the end of February. At the end of 

the mating season these males were evaluated for mating success, and the males with the highest 

(SU, n=47) and the lowest (NSU, n=44) mating success were furthermore examined post mating 

(19
th

 of March) for the above mentioned variables. In addition, faecal testosterone metabolite 

concentrations (FTM) were measured in this subset of males during the entire study period. The 

measured variables were compared between groups, and all males were evaluated for their 

reproductive success based on individual mating success, mean litter size, kit mortality and kit 

growth.  

 No effect of FCM or FTM concentrations on any of the reproductive parameters was 

detected in this study, and neither were differences in these observed between groups. However, a 

surprisingly positive correlation between FCM and FTM was observed (P< 0.001), with both 

steroid concentrations decreasing from late January to mid March. Males exhibiting a higher level 

of pre-feeding abnormal behaviour had increased mating success (SU vs. NSU: P= 0.016; all males: 

P= 0.056), contradicting the hypothesis of stress impairing reproduction in male mink. Males that 

showed more aggressive behaviour had a higher mating success, sired larger litters and had lower 

kit mortality (all P< 0.03), suggesting a key role of aggressive behaviour in the determination of 

male mink reproductive success. No correlation between aggressive behaviour and FTM 

concentration was observed.  

Male mating success was furthermore characterised by SU-males having fewer barren 

females and being more active during the natural mating period. Males with a higher mating success 

sired larger litters (P= 0.027), while also experiencing a higher kit mortality (SU vs. NSU: P= 

0.014). Moreover, there was a considerable variation in mating success and litter size between 

breeding lines (colour types) and body conditions scores. To obtain the highest reproduction, an 

intermediate and not high body condition around mating can be advised. 

 In conclusion, under normal farm conditions, this study detected no negative influence 

of the variation in the stress related measures examined in the current study period. However, 



 

 

 

 

 

variation in behavioural characteristics, body condition and breeding line significantly affected 

farmed male mink reproductive success. 
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1. Introduction 

In Denmark, the American mink (Neovison vison) is being bred for its highly valuable fur, and has 

been so since the beginning of the 1930s (cf. Hansen, 1996). It is of high importance to the farmer 

that the mink have a high fur quality as well as a high reproductive outcome, since these factors 

increase economic profit (Lagerkvist, 1997). In nature, reproduction is limited by the availability of 

resources, whereas animals in captivity have their nutritional needs covered, are provided with 

partners and are freed from intrasexual confrontations. Other factors such as management and stress 

of confinement may therefore be of significance for individual reproductive capabilities. Mink are 

seasonal breeders and only reproduce once a year during a short mating season (Dunstone, 1993). 

Depending on the individual farm system, captive male mink are usually pelted after first 

reproduction, hence having only one mating season to reproduce. Stress may impact vertebrate 

reproduction at several levels (reviewed by e.g. Liptrap, 1993; Tilbrook et al., 2000; Wingfield and 

Sapolsky, 2003), and a negative effect of stress on the reproductive abilities of captive male mink 

during this one mating season may therefore have detrimental effects on their genetic contribution 

to future generations. Minimizing possible negative effects of stress on reproduction could therefore 

enhance male mink reproductive success and genetic contribution to future generations, as well as 

increasing farm profit (Lagerkvist, 1997) and contribute to an improved welfare (Broom, 1991).   

Mink 

American mink are solitary carnivorous mammals with intersexually overlapping territories, as the 

territory of one male may overlap the territories of several females (Dunstone, 1993). Males 

generally defend their territory against intruding males. During mating season they however seek 

outside their own territory and travel longer distances to find females in heat. Thus, several males 

may be present in the territory of one female during the mating season, and encountering males may 

compete for females  (Dunstone, 1993). The reproductive cycle of the mink is sensitive to the 

circadian rhythm (Boissin-Agasse and Boissin, 1985), and females only produce one litter per year 

(Dunstone, 1993). The reproductive cycle of the male mink is commenced by decreasing day length 

in the fall. At this time male gonadal activity is initiated by an increased secretion of 

gonadotrophins, stimulating the production of testosterone. Plasma testosterone concentration 

increase slowly from October/November with a more rapid increase in December, until a sharp 

peak is reached around late January/early February (Pilbeam et al., 1979; Boissin-Agasse and 

Boissin, 1985). After peak level testosterone concentrations decrease rapidly reaching minimum 

levels in the summer around June/July (Pilbeam et al., 1979; Boissin-Agasse and Boissin, 1985). 
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Concurrently, testis volume also increases rapidly in December, but does not reach peak level until 

the beginning of March, just before the breeding season is initiated (Pilbeam et al., 1979; Boissin-

Agasse and Boissin, 1985). Like testosterone, testis volume decreases rapidly after peak level, 

reaching lowest levels in July and throughout the summer (Pilbeam et al., 1979; Boissin-Agasse and 

Boissin, 1985). Testosterone is important for spermatogenic production and survival, and inhibits 

germ cell apoptosis (Dohle et al., 2003). In testis, germ cell apoptosis functions to e.g. eliminate 

cells with genetic defects and maintains tissue homeostasis (Shaha et al., 2010). Being a seasonal 

breeder, the testis of male mink involutes after the mating season is over to hereby lower energetic 

costs. Testis involution is preceded by a higher degree of testicular apoptosis in mid March, which 

is likely stimulated by the observed declining testosterone production (Blottner et al., 1999). The 

observed decline in testosterone therefore appear to serve a biological function in the regulation of 

seasonal testicular activity (Blottner et al., 1999). This is also observed in other seasonal breeders 

such as Roe deer (Blottner et al., 1996). 

In the northern hemisphere, mating can occur from late February through March and 

the first week of April, but normal farm practice is to breed from the beginning of March and the 

succeeding weeks (Enders, 1952; Amstislavsky and Ternovskaya, 2000). In captivity one male is 

mated with several females, with copulations varying in time up till 3 hours (Enders, 1952). In 

nature mink are also promiscuous breeders, but the male may defend the female for 48-72 hours 

after mating. Defending the female suggestively functions to increase the likelihood of paternity 

(Dunstone, 1993), since females are induced ovulators and ovulate around 48 hours after mating 

(Sundqvist et al., 1989). Female mink exhibit superfetation which renders them capable of ovulating 

more than once during a mating season and thereby give birth to one litter resulting from various 

ovulations and copulations with different males (Shackelford, 1952; Sundqvist et al., 1989). The 

female may ovulate again 8-10 days after first successful mating, and to increase fertility it is 

therefore normal farm practice to re-mate the female 7-8 days after first mating (Sundqvist et al., 

1989). In nature, litter sizes at weaning age averages 2-3 kits per litter (Dunstone, 1993), whereas 

the litter size in captivity averages 5-6 kits at weaning (7-10 weeks) (Sundqvist et al., 1989; 

Amstislavsky and Ternovskaya, 2000). However, litter sizes are usually larger at birth due to a high 

level of early kit mortality (Dunstone, 1993; Schneider and Hunter, 1993; Malmkvist et al., 1997). 

Besides increasing day length, the timing of reproduction may be influenced by other factors as 

well. For example, in a population of wild mink in Alaska the timing of reproduction is apparently 

linked to the availability of carcasses of post-spawning salmon, so that the female is able to lactate 
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during a period of high food availability (Ben-David, 1997). Breeding for confident behaviour in 

farmed mink reduces fearfulness and stress hormone concentration (Malmkvist and Hansen, 2002; 

Danish Ministry of Justice, 2006), and may likewise influence reproduction. Korhonen et al. (2002) 

found that female mink responding with confident contrary to fearful behaviour in a stick test had 

more kits at parturition and at weaning. Malmkvist et al. (1997) found no difference in litter sizes, 

but showed that female mink bred from a line selected for confident behaviour was willing to mate 

about two days earlier than a line selected for timid behaviour and the control line. In addition to 

altering timing of reproduction, mink bred for confident behaviour also shows a lower cortisol 

response in relation to capture and blood sampling, indicating a lower stress response (Malmkvist et 

al., 2003). As mentioned earlier, stress may impair animal reproduction (e.g. Liptrap, 1993), and 

managers of captive mink have therefore generally been advised to reduce stress on the farms in 

order to improve reproduction. However, only few studies have provided concrete evidence for 

stress impaired reproduction in farmed mink, and to the author’s knowledge, none of these studies 

have concerned male mink. 

HPA-axis 

The definition of stress is widely discussed, but in the present study stress is defined by Moberg 

(2000) as; “the biological response elicited when an individual perceives a threat to its 

homeostasis”. When an animal perceives a stimuli as stressful (i.e. a threat to homeostasis) the two 

main physiological responses that are triggered are the activation of the sympathetic nervous system 

and the Hypothalamic-Pituitary-Adrenal (HPA) axis (Sapolsky, 2002; Keeling and Jensen, 2009). 

Here focus is on the response of the HPA-axis, where the perception of a stressor initiates a cascade 

of hormonal events (Figure 1). When perceiving a stressor, corticotrophin releasing hormone (CRH) 

is released from the hypothalamus in the brain, which induces the secretion of adrenocorticotropic 

hormone (ACTH) from the pituitary gland into the general blood circulation. ACTH in turn 

stimulates the synthesis and release of glucocorticoid hormones from the adrenal cortex and 

catecholamines (adrenalin and noradrenalin) from the adrenal medulla (Matteri et al., 2000). During 

a stressful event the secretion of insulin is inhibited, facilitating the breakdown of stored 

compounds by glucocorticoids, catecholamins and glucagon. This breakdown results in an 

increased availability of glucose, amino acids and fatty acids, supplying the animal with additional 

energy to cope with the stressor (Sapolsky, 2002). In most mammals, hereof also mink, cortisol is 

the main glucocorticoid hormone (Mormede et al., 2007). Cortisol is metabolized in the liver and 

eventually metabolites are excreted through urine and faeces (Palme et al., 1996; Matteri et al., 
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Figure 1: The main sites of interaction between 

the hypothalamic-pituitary-adrenal (HPA) axis 

(left) and the hypothalamic-pituitary-gonadal 

(HPG) axis (right) in male mink. When exposed to 

a perceived threat to homeostasis, the HPA-axis is 

activated, stimulating the secretion of 

corticotrophin-releasing hormone (CRH) and β-

endorphins from the hypothalamus. CRH 

regulates the release of adrenocorticotropic 

hormone (ACTH), which in turn regulates the 

release of glucocorticoids (mainly cortisol in 

mink) from the adrenal cortex. Glucocorticoids 

inhibits insulin secretion and initiate mobilization 

of energy stores resulting in increased availability 

of glucose, free fatty acids and amino acids 

(Sapolsky, 2002). Activation of the HPA-axis also 

stimulates the secretion of adrenaline and 

noradrenaline from the adrenal medulla, which 

acts to increase heart rate and blood pressure 

(Keeling and Jensen, 2009). In farmed mink both 

fearfulness and stereotypic behavior increases 

cortisol secretion (Malmkvist et al., 2003; 

Malmkvist et al., 2011). In male mink, the HPG-

axis is activated in the fall by decreasing day 

length, stimulating the release of gonadotropin-

releasing hormone (GnRH). GnRH in turn 

stimulates the secretion of gonadotropins 

(luthenizing hormone (LH) and follicle-

stimulating hormone (FSH), which regulates 

androgen secretion (comprising testosterone) from 

the gonads. The main negative impacts of the 

stress response on the HPG-axis are the inhibitory 

effects of CRH and cortisol on GnRH- and 

LH/FSH release. In addition to inhibiting hormone 

release, hormones released during a stressful event 

may also reduce hormonal sensitivity in both 

gonads and at the pituitary level (Tilbrook et al., 

2002). The negative feedback loops of androgens 

on GnRH production and of glucocorticoids on 

CRH secretion are both indicated. Green lines 

indicate positive hormonal effects, while dashed 

red lines indicate negative effects. 

 

(After: Wingfield and Sapolsky (2003), Keeling 

and Jensen (2009), Tilbrook et al. (2000)) 

 

2000). There is a great species difference in the proportion of cortisol metabolites excreted via 

faeces and via urine, and in many species urine is the main excretory route of cortisol metabolites 

(72%, 59% and 93% respectively for sheep, ponies and pigs) (Palme et al., 1996). In other species, 

such as mink (Malmkvist et al., 2011) and domestic cats (Schatz and Palme, 2001), the main 

excretory route of cortisol metabolites is by faeces (respectively 83% and 82%). Thus the 

measurements of faecal cortisol metabolite (FCM) levels are a plausible way of evaluating HPA-

axis activity in mink, and thereby attain a reflection of the animals physiological stress 

responsiveness. 
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Reproduction 

The response of the HPA-axis in reaction to a stressor may interfere with mammalian reproduction 

by delaying or inhibiting the reproductive axis. Effects of stress on reproduction are seen in both 

males and females. In females, stress has e.g. been shown to interfere with the expression of oestrus 

behaviour in ewes exposed to 8 hours of transportation stress (Ehnert and Moberg, 1991). Also, 

stress disturbed the follicular development and Luthenizing Hormone (LH) surge in ewes exposed 

to 10 days of cortisol infusion (Daley et al., 1999), as well as impaired oestrus, LH surge and 

ovulation in gilts exposed to prolonged elevated cortisol concentrations (Turner et al., 1999). Male 

reproduction may also be influenced by multiple stressors, e.g. immobilization of rats for 6 hours a 

day for 15 days (Almeida et al., 2000), restraining of rhesus macaques for 6 hours (Norman and 

Smith, 1992) and isolation of laboratory mice (Faldikova et al., 2001), all of which showed negative 

effects on LH and/or testosterone concentrations. Within the same species there may also be 

differences between sexes in the effects of stress on the reproductive axis (Tilbrook et al., 2002), 

e.g. as indicated in sheep by the differences between sexes in LH pulse frequency and amplitude 

triggered by isolation/restraining stress (Tilbrook et al., 1999).  

Both acute and prolonged or chronic stress can influence reproduction. However, the 

timed oestrus cycle of females seem to be at higher risk of the effects imposed by acute stressors 

than for example the prolonged testosterone production in males. Moreover, decreased testosterone 

levels are not always sufficient to negatively influence male fertility (Wingfield and Sapolsky, 

2003). Most often acute stressors are not sufficient to impair reproduction. In fact, short-term stress 

in males may actually increase testosterone levels, e.g. as seen in male rats immobilised for 5 min 

(Almeida et al., 2000). Contrary to this, prolonged or chronic stress frequently shows adverse 

effects on reproduction in both sexes (Tilbrook et al., 2000). Hormones released during a stressful 

event may influence the hypothalamic-pituitary-gonadal (HPG) axis at either the hypothalamus, 

pituitary gland or at the gonads (Rivier and Rivest, 1991). Stress may influence  reproduction by 

several possible pathways (Figure 1), but the main sites are at the hypothalamus and the pituitary 

gland (reviewed by Tilbrook et al., 2000). At the hypothalamus, CRH secretion can inhibit 

gonadotriphin releasing hormone (GnRH), while at the pituitary level hormones released during 

stress may decrease sensitivity to GnRH or inhibit secretion of gonadotrophins (luthenizing 

hormone (LH) and follicle stimulating hormone (FSH)) (Tilbrook et al., 2002). Since GnRH induce 

LH/FSH release, which further stimulates the production of sex steroids, a change in GnRH  or 

LH/FSH impacts the rest of the HPG-axis, resulting in decreased production of sex steroids (Matteri 
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et al., 2000; Tilbrook et al., 2000). Also glucocorticoids are capable of  decreasing secretion of 

gonadotrophins (Turner et al., 1999), e.g. by inhibiting pituitary responsiveness to GnRH (Breen 

and Karsch, 2004). Glucocorticoids are often not seen as the main cause of reduced gonadotrophin 

secretion by acute stressors, but are likely important during prolonged stress (Rivier and Rivest, 

1991; Tilbrook et al., 2002). In male mink luthenizing hormone (LH) is essential to androgen 

production in the Leydig cells, where androgens (hereof testosterone) are stimulators of 

spermatogenesis (Sundqvist et al., 1989). A suppressive effect of stress on either LH or GnRH 

release and/or responsiveness may therefore result in impaired spermatogenesis and reduced 

reproductive abilities. The impact of stress on sperm parameters are e.g. shown in a study by 

Almeida et al. (1998), where prolonged stress in male rats imposed to repeated immobilization 

stress over 60 days resulted in reduced LH and testosterone levels, as well as a reduction in mature 

spermatids and a lower concentration of spermatozoa. Besides playing a crucial role in 

spermatogenesis, testosterone is in general essential for male development and reproduction (Dohle 

et al., 2003), and suppressed testosterone levels may therefore impair or delay sexual development. 

Furthermore, testosterone is often associated with increased aggression. E.g. in castrated male rats 

caged with a female, the level of aggressiveness towards unfamiliar males was positively correlated 

with the concentration of implanted testosterone (within natural levels) (Albert et al., 1990). In 

some species, such as the Ring-tailed Lemur, aggression levels are only correlated during the 

mating season, possibly preparing the males for antagonistic interactions during this period 

(Cavigelli and Pereira, 2000).  

  As mentioned, male mink have an annual cycle of testicular activity (Pilbeam et al., 

1979), where testosterone and testes volume are under photoperiodic control, being stimulated by 

short days increasing LH plasma levels (Jallageas and Mas, 1996). If hormones released by the 

physiological stress response interfere with LH production during a sensitive period of male sexual 

development, this might impair male reproductive abilities. For instance a study by Consten et al. 

(2001) found a decrease in brain GnRH, LH plasma levels and in testicular androgen secretion in 

male Carp subjected to long-term cortisol treatment, which caused inhibition of the pubertal 

development in the fish. Exposure to chronic stress have also been shown to delay testicular 

maturation in pubertal rats (Almeida et al., 2000), and similar effects of stress could influence male 

mink sexual development in the winter. This could cause a delay or inhibition of male gonadal 

development, resulting in impaired male reproductive abilities during the breeding season. In male 

mink, the timing and decline of the testosterone peak in late January/early February is possibly 
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correlated with sperm quality during the breeding season (Sundqvist et al., 1984). Sundqvist et al. 

(1984) found that males with a high sperm quality in March had an earlier and lower peak plasma 

concentration than sterile males. In sterile males the highest serum testosterone concentrations was 

seen in early February contrary to late January as in fertile male (Sundqvist et al., 1984). Adverse 

effects of stress on testosterone production could change this development and timing of peak 

testosterone levels and thereby decrease sperm quality. As proposed by Pilbeam et al. (1979) a slow 

decrease in androgen concentration after peak levels may be important to increased testis growth 

and mating behaviour in male mink.  

Behaviour 

Besides measuring the activity of the HPA-axis, the behaviour should also be included when 

analyzing effects of stress experienced by the animal (Mormede et al., 2007). One group of 

behaviours often included in accessing the welfare and the level of stress experienced by a captive 

animal are stereotypies. Stereotypies are often associated with exposure to longer lasting or frequent 

stressors (Bildsøe et al., 1991) and situations such as restraint, situations of low stimulus, during 

inescapable fear or frustration (Mason, 1991). The occurrence of stereotypic behaviour is therefore 

often interpreted as a response to sub-optimal conditions, and as a sign of reduced welfare. 

Stereotypies may though also be seen as beneficial for animal welfare, if the stereotyping behaviour 

substitutes natural behaviours (e.g. foraging) or if the repetition of the behaviour itself is calming 

(Mason and Latham, 2004). If performing stereotypies helps the animal in coping with the current 

environment, it is possible that animals performing a higher level of stereotypies experience stress 

alleviation and thus a better welfare. According to Broom (1991) indicators of a lower welfare 

includes abnormal behaviours and impaired fitness, comprising delayed onset of sexual 

development and reduced litter sizes. Studies have shown that female mink bred form a line of high 

stereotypy (Svendsen et al., 2007) and stereotyping individuals from a line bred for high stereotypy 

(Malmkvist et al., 2011) have higher baseline concentrations of FCM. Due to the aforementioned 

damaging effects the activity of the HPA-axis may impose on reproduction, a higher activity of the 

HPA-axis in stereotyping mink therefore likely puts this group at risk of impaired reproduction. 

Contrary to this hypothesis, some studies surprisingly report increased litter size in stereotyping 

females of different species, including mink (Jeppesen et al., 2004; Jones et al., 2010), while other 

studies find no significant difference (Hansen, 1993; Svendsen et al., 2007). However, the increased 

reproduction reported in stereotyping mink may be linked with female body condition (Jeppesen et 
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al., 2004), an association often found in other species, since females in very high body condition 

have impaired reproductive abilities (Malmkvist and Palme, 2008; Michel and Bonnet, 2012).  

Aim of study 

The aim of the current study was to explore the relationship between male mink reproductive 

success and stress related measures. In the first part of the study, the behaviour and the hormonal 

stress level of male mink were studied in the months preceding the mating season. In the second 

part of the study, hormones (i.e. cortisol and testosterone) and behaviour of males with high vs. low 

mating success during the mating season were compared. Together, these parts relate stress and 

behaviour with the reproductive success (mating success, litter size, kit growth and kit mortality) of 

farmed male mink. It was hypothesized that males which performed a moderate level of normal 

activities, were less fearful and had a lower baseline cortisol concentration would experience higher 

reproductive success. Furthermore, it was hypothesized that stress would have a negative influence 

on the concentration of testosterone, thus expecting a negative correlation between the excreted 

faecal metabolites of cortisol and testosterone.   
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2. Materials and methods 

2.1 Animals and housing 

The study was conducted at the mink research farm of Aarhus University (Foulum, Denmark) in the 

winter/spring of 2012. In the study, 316 male mink were initially studied for different aspects of 

behaviour and stress related measurements. To gain a larger sample size, not all males were of the 

same colour type, though differences between colour types may occur. All animals were 

individually housed in standard wire cages (W: 30 cm; H: 45 cm; L: 90 cm) connected to a wooden 

nest box (W: 28 cm; H: 20 cm; L: 23 cm). Before the mating season in March, the males were 

housed in two sheds separated from the sheds housing females. The animals had free access to 

straw on top of the nest box and all cages contained a tube according to Danish regulations (Danish 

Ministry of Justice, 2006). Water was available ad libitum from a drinking nipple, and commercial 

wet feed was provided every day, though not ad libitum during the entire experimental period. To 

slim the mink before the breeding season, the animals were restrictively fed during the first and 

second sampling week. The mink were fed around 9:45 h (GMT) throughout most of the period. 

However, during the mating period the feeding was postponed to around 15:00 h for practical 

reasons, although not on the day of sampling. Altogether a number of 1434 female mink (43 black, 

247 palominos and 1144 wild) were used to mate with the males, and only mating within the same 

colour type occurred (e.g. wild males with wild females). This resulted in a total of 3896 included 

mating trials (purely within colour type and with certain paternity), hereof 2552 successful 

copulations, 1340 non-successful mating trials and 4 trials where the couple were separated due to 

severe fighting.  

2.2 Sampling 

During the period from January to March (2012), three sampling weeks were chosen to study the 

male mink before mating trials started on 5
th

 of March; week 1: 20-27
th

 of January, week 2: 13-17
th

 

of February and week 3: 27
th

 of February to 2
nd

 of March. In addition, one week of sampling was 

completed after mating trials had ended; week 4: 18-21
st
 of March.  During sampling weeks, the 

following variables were measured for each male: faeces samples for measuring concentrations of 

cortisol- and testosterone metabolites (FCM and FTM),  stick-tests for measuring exploration and 

fearfulness towards humans, body condition scores, fur-chewing scores and scanning observations 

for examining behaviour (see below for description of each variable).  During sampling week 1, 2 
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and 3, all the male mink (n=316) were examined for all the variables. In week 4, only a subset of 

the males (males with high vs. low mating success; n=91) were examined (see below).  

2.2.1 Stick test 

The stick test is used for used for testing exploration and fearfulness of the mink towards human 

stimuli (e.g. Hansen, 1996; Malmkvist et al., 2012), and lower levels of fear is concurrent with 

reduced stress and improved welfare (Malmkvist and Hansen, 2002). When conducting the stick 

test, the male mink was excluded from the nest box by a metal sheet prior to the test. During the 

stick test, the observer stood approximately 40 cm from the cage behind the nest box. The 

observation period began by the observer sticking a tongue spatula through the mesh wire at the 

upper 5cm of the central part of the cage front lid. The behaviour of the mink towards the tongue 

spatula was recorded during 30 seconds of test time, using a Psion hand-held computer. During the 

stick test the duration of- and latency to each of the behaviours was recorded, as well as the 

minimum distance to the stick. The reaction of the mink was categorized as either: (1) Explorative: 

the mink is in contact with the stick and may bite the stick lightly without pulling strongly on it, 

sniff at the stick and/or touch the stick with its paws; (2) Aggressive: the mink bites hard and pulls 

persistently strong on the stick; (3) Fearful: the mink does not touch the stick and retreats from the 

stick to the other end of the cage; (4) Uncertain: behaviours not characterized by the first three 

categories.   

2.2.2 Behavioural observations 

Behavioural observations were conducted by two trained observers, separately scanning the 

behaviour of all male mink during one day every sampling week from sunrise to sunset. 

Consequently, the mink were observed for an increasing time period each sampling week as days 

gradually grew longer during the study period. The scanning of the behaviour of the male minks 

was performed by the observer standing still at the middle of a section of six cages, about 1 m from 

the nearest nest boxes. This position was chosen, so that the distance to each mink was more even 

for all the animals. The animals were habituated to the still observer for 15-20 seconds before the 

observations started. The observer then scanned the behaviour of all mink in the section one by one, 

using the ethogram for behavioural observations (see Table 1). When it was very obvious to the 

observer, that all the animals were in the nest box before observation, the observer only stood for 5 

seconds observing the empty wire cages before noting the behaviour. This was mostly seen during 

the hours after feeding, where the animals were predominantly in the nest box. When moving in the  



 

 

Page | 11  
 

 

corridor between the cages, switching to the next cage section, the observer moved slowly and quiet  

to avoid disturbing the animals.  

Behaviour Description 

Passive 

Nest box 
The animal is with more than half of its trunk inside the nest 

box (either front or hind part). 

Inactive 

The animal is lying still in the cage or in the mesh wire tube 

hanging from the top of the cage, doing no apparent physical 

activity. The animal may move its head slightly, but not 

stand on its legs. 

Active 

Other activities 

The animal is moving around in the cage doing physical 

activities (running not included), but not repeating the 

movement patterns. The animal may e.g. walk, climb, stand, 

defecate, eat or drink. 

Running 

The animal is moving at fast or moderate speed in the cage. 

This includes running and/or climbing, while the animal is 

performing non-repeated movement patterns. 

Vocalisation 

Scream 

High volume, audible screams. This behaviour does not 

exclude the animal from doing other of the behaviours 

mentioned. 

Hiss 

Lower volume, audible hissing. This behaviour does not 

exclude the animal from doing other of the mentioned 

behaviours. 

Chuckle 

Lower volume, audible chuckling. This behaviour does not 

exclude the animal from doing other of the mentioned 

behaviours. 

Abnormal 

behaviour 

Stereotypies* 

 

 

Stationary 

The animal repeatedly moves the anterior part of its body in 

a repetitive movement (vertical, horizontal or mixed 

movements), or twirling its head in circles. The hind legs are 

not moving.  

Pacing 
The animal is running back and forth in the cage, repeating 

the movement pattern. 

Other 

stereotypies 

The animal exhibits a mixed, repeated movement. This 

includes somersaults and various repeated movement 

patterns differing form the stationary and purely pacing 

movements. 

Scratch/bite/lick mesh wire 
The animal licks, scratches or bites the mesh wire in 

vigorous manner, without connection to feed residuals. 

*Stereotypies defined here as movements performed in a repetitive pattern with no apparent goal (Mason, 1991). The 

movement must be repeated at least three times. 

Table 1: Ethogram used in behavioural observations of male mink during scanning bouts from sunrise to sunset in week 

1-4 (January-March). Behaviours are mutually exclusive, except for vocalisations, which could occur during other 

behaviours.   
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A total of 43 scanning bouts were conducted both in week 1 and 2, whereas 55 bouts were 

performed in week 3 and 25 bouts in week 4. Fewer scanning bouts were performed in week 4 due 

to longer distances between the males, and since only one observer at the time was performing the 

scanning bouts. This procedure observed approximately 41 hours (week 1: 8½ hours, week 2: 9½ 

hours, week 3: 11 hours, and week 4: 12 hours) of the behaviour of male mink around the yearly 

reproductive season. 

2.2.3 Fur-chew 

Self-inflicted fur-chewing is regarded as an abnormal behaviour and may be associated with 

frustration caused by under-stimulation (Hansen et al., 1998). It can be reduced by selection and 

cage enrichment (Malmkvist and Hansen, 2001; Hansen et al., 2007). In general, fur-chewing is an 

unwanted behaviour linked to reduced welfare (Malmkvist and Hansen, 2001). The male mink were 

assessed for fur-chewing by a score from 0-4: (0) No damage visible; (1) Suckling of the tail tip, but 

only guard hairs are missing; (2) Hair removed from minor areas with < 2 cm damaged hair on 

body or < 1 cm of the tail with damaged/removed hairs; (3) 1 cm up to 1/3 of the tail with 

damaged/removed hairs or larger areas of hair on the body is damaged/removed; (4) > 1/3 of the tail 

or a major part of the body has damaged/removed hairs. Only self-inflicted fur-chewing was 

included, and thus areas out of reach for the individual mink, such as the neck, were not examined.  

2.2.4 Body condition scores 

Once every sampling week (1-4) the males were scored for their body condition (BC). The body 

condition was scored on a scale from 1-5; 1 being in very poor (thin) condition and 5 being in very 

high (fat) condition (described in Hansen et al., 2009). In the first day of scoring the body condition, 

two observers did the scoring, one of them experienced in using the body condition score. To make 

sure that the observers gave similar scores, approximately the first 30 males were scored together. 

In the following sampling weeks, only one observer did the scoring. Once in every sampling week 

(1-4), also all females were scored for their body condition.  

2.2.5 Faecal sampling for determination of hormone metabolites (FCM and FTM) 

Measuring faecal metabolites is a non-invasive method to assess both androgen levels and HPA-

axis activity in a range of mammals (Palme et al., 1996; Palme, 2012). Both cortisol and 

testosterone are metabolized in the liver and are visible in deconjugated forms in faeces (Palme and 

Möstl, 1994; Palme et al., 1996). However, while the method for measuring FCM has been 

validated for female mink, the measurement of FTM has not yet been validated in mink. Faecal 
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samples were collected from the male mink once every sampling week. In week 1 of sampling, the 

faeces were collected over two days due to practicalities, but in the subsequent weeks faecal 

samples were collected on the same day. During sampling days the faecal samples were collected 1-

6½ hours after feeding. The faeces were collected from mesh wire nets placed on top of the manure 

gutter before the mink were fed. If there were old faeces in the cage before sampling, this was 

removed before the mesh wire was placed under the cage. If the samples contained too much straw, 

the sample was redone the same day. For most of the samples, 0.50 (±0.01) g of the sample was 

weighed to and frozen in a plastic tube on the day of collection. Samples not weighed on the day of 

collection, were frozen separately in sealed plastic bags and thawed some days later where it was 

weighed and refrozen until analysis. Which samples that were weighted after thawing and then 

refrozen were not noted, potentially influencing faecal hormone levels. It was not possible to obtain 

a faecal sample from all males at every sampling week. When analysing the 0.50 g samples these 

were thawed and extracted using 5 ml methanol (80%). Faecal cortisol metabolites (FCM) were 

measured in an aquilot of the supernatant with 11β-hydroxyaetiocholanolone Enzyme Immuno 

Assay (EIA) (described in: Möstl and Palme, 2002; Frigerio et al., 2004). The sensitivity of this 

method was 6 ng/g and intra- and inter-assay coefficients were 9.1 and 13.1%. Faecal testosterone 

metabolites (FTM) were likewise measured in an aliquot of the supernatant with epiandrosterone 

Enzyme Immuno Assay (EIA) (described in: Palme and Möstl, 1994). The sensitivity of this 

method was 2 ng/g and intra- and inter-assay coefficients were 9.5 and 13.9%. Due to the resources 

available to this study, only males from the subset being sampled in week 4 (successful vs. non-

successful mating males, n=91) were analysed for faecal testosterone metabolites.  

2.3 Mating trials 

The breeding season started on March 5
th

 and ended on March 21
st
. Three to four days prior to 

breeding, the males were moved to the same stables as the approximately 1550 females on the farm 

(not all females were included the current study), and distributed in individual cages among the 

females. During the breeding season, the mink were housed in a system of five females followed by 

two males and so forth. A mating trial started after farm personnel had transferred a female to the 

cage of a male, where she stayed for 1½-3 hours to attempt mating. The mating trial ended when the 

female was transferred back to her home cage. Some of the males were allowed to keep the female 

in the cage for a longer period if they were still copulating when the personal came to move the 

female. Each male was allowed none, one or two mating trials each day during the breeding period 

of 18 days. It was registered which females mated with each male, so that the same male was used 
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for the second mating. If copulation did not occur at first trial the female was tried again a few days 

later, often with another male. After the first successful mating trial, the female was re-mated with 

the same male on the following 8
th

 or 9
th

 day to increase fertility (cf. Sundqvist et al., 1989). If the 

first successful trial occurred late in the season, the female was re-mated the following day. 

A successful mating attempt was defined as when a female and a male mink copulated 

for a minimum of 10 minutes (for description of mating behaviour and copulation see Spangberg 

(2010) and Malmkvist et al. (1997)). The copulations were recorded by experienced farm personal 

walking bouts every 10 minutes noting if the mink were copulating. If the mink were still 

copulating 10 minutes later, the mating attempt was noted as successful. Such scanning of mating 

trials every 10 min. have been proved successful for registering copulations in mink (Spangberg, 

2010). It was only recorded whether or not the two mink copulated while the female was in the 

male’s cage, thus neither the duration of copulation, latency to copulation or possible multiple 

copulations during each mating trial were noted. Due to available resources, only mating attempts 

recorded in the period 5-18
th

 of March were included in the analysis.  

2.4 High and low mating success 

The success of the mating trials was evaluated to subtract the males with the highest and lowest 

breeding success. A high mating success is defined as ≥ 84% successful mating attempts (n= 47 

males), and a low mating success was defined as ≤ 45% successful mating attempts (n= 44 males). 

The threshold for the frequency of successful mating attempts to define the high and low mating 

success was based on the distribution of the frequency of successful mating trials, and was 

delimited to make sure of a sufficient number of males for analysis. Only males with ≥ 7 mating 

attempts were evaluated for high/low mating success to reduce the risk of skewing the data. This 

subset of the males (n= 91) were only used in mating trials until 19
th

 of March for practical reasons, 

so that faecal sampling and scanning bouts could be conducted on days where the males were not 

mating. The fourth sampling bout was thus only conducted on the subset of males with the highest 

and lowest breeding success. In the results, the comparisons of the males with the highest and 

lowest mating success, was only performed on this subset of males followed through all four 

sampling weeks. After the breeding period, most of the males were pelted as part of standard farm 

procedure.  
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2.5 Reproductive output 

The data on litter sizes was collected by the farm personal, counting the number of kits. Date of 

birth and the number of kits counted within day 1-3 after birth were registered (day 0 defined as day 

of birth). Counting the kits one or more days after birth may imply that not all vital kits (i.e. not 

stillborn) are included, since the behaviour of the female after giving birth may affect the number of 

living kits (Schneider and Hunter, 1993; Malmkvist et al., 2007). In addition, the number of live kits 

was counted again on day 21-30 after birth. A subset of 180 females (wild type) was used in another 

experiment, where the females were moved at three different dates after mating but before 

parturition. For the ease of understanding, these females will be denoted as belonging to ‘shed 3’. 

For females in shed 3, the number, weight and distribution of male/female kits were noted on day 1 

and day 7 after birth. These kits were not counted again between days 21-30, instead the count on 

day 7 was used as the second count. The mortality of kits is usually highest during the first 7 days 

after birth (Schneider and Hunter, 1993; Malmkvist et al., 2007), and therefore the second count on 

day 7 can be taken as representative in comparison to counts made on days 21-30 by farm 

personnel.  

In shed 3, thirteen of the 180 females (7.2%) had between 1 to 5 of their kits removed 

after birth. The kits were only removed if they fell out of the cage, or if the female was damaging 

the litter. In case of removal of kits, these kits were brought to other nursing females in another 

shed. The removed kits in shed 3 are noted as non-surviving kits in the analyses, which may 

overestimate kit death within these litters. It was chosen not to simply exclude these removed kits 

from the analyses, since this would underestimate the initial number of live born kits (first count). 

The remaining part of the farm followed normal procedure, moving kits that have fallen out of the 

cage back in the nest box with the mother. Likewise farm personal moved kits from very large 

litters to females with smaller litters to avoid complications with large litters, which may influence 

kit survival. Moving the kits likely disturbs the estimated survival and litter sizes in the current 

study; however, the aim was also to test male traits of importance for reproductive outcome in a 

representative commercial setting, i.e. at farm conditions.   

2.6 Statistical analysis, Part 1 –all males, week 1, 2 and 3 

Five of the initial 316 males were cross-mated (i.e. mated with another colour type) by accident and 

therefore excluded from the analysis to reduce variation, as cross-matings can induce a positive 

heterosis effect on litter size (Hansen et al., 2008). Three of the males were excluded due to 

replacement by other males, and thus paternity was uncertain. There was no data on reproduction 
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from one male, so data on this male was only included in analyses of mating success. Seven males 

had less than seven mating attempts and therefore were excluded. A total of 303 commercially bred 

farm mink males were used in the analyses, consisting of 240 (75.9%) wild type, 51 (16.1%) 

palomino type and 12 (3.8%) black type.  

To see if there was a more general pattern of male behaviour influencing reproductive abilities, the 

behaviours observed during scanning bouts were summarized into 3 categories; vocalisation, active-

, passive- and abnormal behaviours (see ethogram; Table 1). The male mink were mostly active 

from sunrise until feeding, so to lessen the diluting effect of day length and the prevailing passive 

behaviour after feeding, the recordings from the scanning observations were divided into before and 

after feeding time (see Table 2). If an observational bout was completed half before and half after 

feeding, these were excluded. Within each male, the proportion of the number observations of the 

different behaviours recorded before and after feeding was calculated.  

 

Week Before feeding 
After 

Feeding 

Not included 

due to feeding 
Total 

1 13 28 2 43 

2 10 33 0 43 

3 17 37 1 55 

4 9 15 1 25 

 

To explore the differences between weeks of the measured variables, a mixed model 

(Proc Mixed procedure, SAS 9.3) using repeated measures was applied. The model contained week 

(1-4) and colour type (black, palomino and wild) as the explanatory variables, while one of the 

measured variables was set as the response variable. Week was used as the repeated statement. 

Since many of the variables showed a development over weeks (P< 0.05, see results-section below), 

it was chosen to keep the variables split by week in further analyses.   

Four main response variables were analyzed in relation to male reproductive success; 

1) mating success, 2) the mean number of live born kits (litter size), 3) the mean mortality of the 

kits from first to second count and 4) kit growth. All data analysis was completed using the software 

package SAS 9.3. Based on the appearance of the residuals of the final model, data was transformed 

by squaring, logarithmic transformation, square root or inverse function to improve normality and 

homogeneity of variance (Grafen and Hails, 2002). If data containing zero-values were to be 

Table 2: Overview of the number of scanning bouts performed before and after feeding, as well 

as the total number of scanning bouts performed at each scanning day (week 1-4). Scanning bouts 

performed during ongoing feeding were not included in neither of the categories of before- and 

after feeding. 
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transformed, a negligible minor value was added to avoid non-transformable zeros. All models were 

reduced in a stepwise manner, by removing the non-significant variable with the highest P-value at 

each step, starting with the highest level of interaction. The stepwise removal of non-significant 

effects was performed until only significant variable remained. In the analyses with week-variables 

(see below) always one week-variable was retained in the model even though non-significant. 

Significance level is set at P< 0.05 and results are noted as showing a tendency towards significance 

when P= 0.05-0.1. In all analyses containing FCM and/or FTM, the time of sampling was included 

to account for diurnal changes in metabolite excretion. When using the ‘proc mixed’ statement 

(SAS 9.3), differences between categories of significant class variables were compared post-hoc by 

‘pdiff’ in the ‘LS means’ statement. It should be noted that not all of the statistical models for the 

variables were perfect, as the distribution of residuals in some cases were on the limits of 

acceptance. However, parametric models are fairly robust to distributions and therefore applied and 

results are given if nothing else is noted. The models with dubious residuals (though to various 

extents) were: for analysis of the development over weeks; abnormal behaviour, time spent on 

aggressive behaviour, latency to aggressive behaviour, latency to explorative behaviour and in 

particular fur-chew; and for comparing the SU and NSU group; latency to contact, fur chew, time 

spent on explorative behaviour, and to a lesser extent stereotypic behaviour.  

2.6.1 Male mating success 

The mating success of each male was calculated as the proportion of successful copulations in all 

mating trials performed by the male concerned. In total n= 303 males were included in the analysis 

for male mating success. Linear mixed models for percentage male mating success were run using 

the ‘Proc Mixed’ procedure (SAS 9.3). In the models, one of the recorded variables split by week 

was set as explanatory variables (e.g. ‘FCM week 1’, ‘FCM week 2’ and ‘FCM week 3’ included as 

week-variables in the same model). Since FTM was measured only on the subset of males with 

high- and low mating success, this variable was not included in the analysis. The colour type (wild, 

palomino and black breeding lines), the proportion of 1
st
 year females tried (range: 0-1) and the 

mean body condition score (range: 1-5) in week 3 of females successfully mated by the male were 

all included as co-factors in the models for each recorded variable. Colour type was included to 

consider possible differences between breeding lines, since previous studies have shown that mating 

willingness may differ between breeding lines in mink (Malmkvist et al., 1997). Proportion of 1
st
 

year females was included to take the sexual experience of the females into account, and was 

calculated as the proportion of females born in 2011 compared to the part of older females. The 
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mean female body condition was included to account for variation in mating easiness of females in 

different body conditions. After analyzing each of the recorded variables, all significant explanatory 

variables (P< 0.05) and those with a tendency towards significance (P between 0.05-0.1) were 

analyzed collectively in the same model for percentage male mating success to obtain one model for 

male mating success. 

2.6.2 Reproductive output 

Mean litter size 

Litter size is here defined as the number of living kits in each litter counted by farm personal 

between days 1-3 after birth (day 1 in litters from shed 3). To verify which factors concerning litter 

size that should be used in further analysis in the males, a linear mixed model (Proc Mixed 

procedure, SAS 9.3) containing the data on females and their litters was run. Due to the distribution 

of data, only non-barren females were included in the analysis (n= 1295). To account for 

differences in female age and gestation time (calculated as days from last mating to parturition), 

these were contained in the model. Colour type, a two-level response of whether or not the female 

belonged to shed 3 and whether or not the female was re-mated were likewise included in the 

model. The model also contained female body condition in week 4 (BC score closest to parturition) 

and the change in female body condition from week 1 to 4, since female body condition may have 

an impact on parturition (Malmkvist and Palme, 2008). The model showed significant effects of the 

birth year of the female (F3,1288=6.2; P<0.001; yearling females (6.3 ±0.2 kits) gave birth to fewer 

kits than 2
nd

 and 3
rd

 year females (respectively 7.0 ±0.2 and 6.8 ±0.3 kits), but not 4
th

 year females 

(6.3 ±0.7 kits)), colour type (F2,1288= 12.0; P< 0.001; Palomino getting most kits (7.6 ±0.2) followed 

by wild (7.1 ±0.2) and black (5.2 ±0.5) and the gestation period since last mating (F1,1288= 36.4; P< 

0.001; reduced litter size when gestation period is longer). If the gestation period is left out of the 

model, also re-mating (F1,1283= 4.65; P= 0.031; re-mated females had more kits (re-mated: 7.0 ±0.4 

vs. mated once: 6.6 ±0.5)) had significant effects, while change in female body condition score 

from week 1 to 4 had a tendency towards significance (F4,1283= 2.15; P= 0.073; females with no 

change (week 1-4) and females with an increase of 1-2 scores had more kits). This is most likely 

because gestation period and the re-mating of the female are correlated.  

Only n= 284 males were used in the analysis of the mean litter size among the males, 

since 6 males had a mating success of 0%, 12 males did mate but were sterile (no kits) and data on 

offspring was missing from 1 male. To account for the different litter sizes of females mated by the 
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male, the mean size of all litters sired by the male was calculated, barren females not included. 

Based on the above analysis of the females, the birth year of the female, the length of the gestation 

period and the colour type were included as co-factors in the model for mean male litter size. To 

account for female age, the proportion of 1
st
 year females (inexperienced females) was included. 

Age of the males was not included; however the males were rather equal in age, with a high 

proportion of yearling males according to commercial mink farming practice. The length of the 

gestation period was accounted for by calculating the mean of the gestation periods of all parturient 

females successfully mated to each male. Since the model for the females had shown dubious 

effects of the re-mating and change in body condition, the proportion of females re-mated and the 

mean change in female body condition (week 1-4) was also included as co-factors in the model.  

A linear mixed model (Proc Mixed, SAS 9.3) was conducted for each of the recorded 

variables split by week. The models were run with the mean litter size as the response variable, 

together with the recorded week-variables as explaining variables and the above mentioned co-

variables. After analyzing the recorded variables, all significant week-variables and significant co-

factors (P< 0.05) and those that shows a tendency towards significance (P≤ 0.1) were analyzed 

collectively in the same mixed model for the mean litter size. 

Mean kit mortality 

Kit mortality within single litters was calculated as: 

 

                                           

                     
               

 

To examine which factors were important for kit mortality within the litters, the data from the 

females was analyzed using a mixed model for kit survival (Proc Mixed procedure, SAS 9.3). For 

statistical reasons only litters with kit mortality greater than 0 could be included in the analysis due 

to the distribution of residuals when including litters with mortality =0. Litters where kit mortality 

>0 includes only 26% (n= 371) of the females in the present study. In the model for kit mortality, 

the gestation time since last mating, the birth year of the female, colour type, female body condition 

week 4 and change in female body condition from week 1 to 4 was included. The model based on 

the data from female litter size showed significant effects of the length of gestation period (F1, 366= 

5.9, P= 0.015; longer gestation period resulted in higher kit mortality) and for the birth year of the 

female (F3, 366= 7.2, P< 0.001; yearling females had the highest kit mortality). Since yearling 
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females had the highest kit mortality, the proportion of 1
st
 year females (born 2011) was included in 

the analysis of the males. 

To analyze kit mortality linked to the individual males, the mean kit mortality in litters 

sired by each male was calculated. Some of the males (n= 70) had 100% kit survival and were 

excluded in the analysis, since including these strongly decreased normality of error. The remaining 

214 fertile males were analysed using a mixed model (Proc Mixed procedure, SAS 9.3). When 

analysing the effect of FTM only the males with < 100% kit survival (n= 55) from the subset of 

high- and low mating success were included. The models were run with mean kit mortality as the 

response variable and one of the measured variables split by week, as the explanatory variables. The 

colour type, proportion of 1
st
 year females and the mean length of the gestation period were added 

as co-factors to explain differences in breeding lines and factors of significance in the analysis of 

the females. After analyzing the recorded variables, all week-variables and co-factors with P≤ 0.1 

were analyzed collectively in the same mixed model for the mean kit mortality.  

Kit growth 

In stable 3 the number of kits, their weight and the distribution of sexes, were registered on day 1 

and day 7 after birth. In stable 3, a total of n= 165 females (litters > 0 kits) gave birth to 1116 kits 

sired by 117 different males. The growth (day 1-7) of kits sired by individual males was calculated 

as the difference in the mean weight of kits on day 1 (BM1) and the mean weight of kits on day 7 

(BM7). BM1 was calculated as an average of all kits sired by the male concerned: 

 

    
                          

                          
 

 

BM7 was calculated in the same way as BM1, but based on day 7 counts and weightings. To take 

the initial weight (BM1) into account, the growth day 1-7 (dBM) was calculated as average per 

male by:    

 

     
       

   
 

 

There was no distinction between the weight of the sexes, since it was sometimes difficult to 

distinct between the sexes of kits at day 1, and therefore the distribution of the sexes was not always 
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similar at day 1 and 7. A mixed model (Proc Mixed, SAS 9.3) was run to examine the influence of 

male characteristics on kit dBM. The model included independent variables calculated by the mean 

proportion of abnormal-, stereotypical- and active behaviour (before feeding) and the mean of 

FCM. These means were calculated from the first three sampling weeks for each of the 117 siring 

males. It was chosen to use the mean of the measured variables, to see if a generally high degree of 

behaviours or a high FCM level in the pre-mating period would influence kit growth. The model 

also contained the proportion of male kits on day 7 to account for differences in growth among 

sexes. After analyzing the recorded variables, all variables with P≤ 0.1 were analyzed collectively 

in the same mixed model for kit growth. 

2.7 Statistical analysis, Part 2 –Successful and non-successful males 

In the analysis of male mink with a high (SU) and low (NSU) mating success only a subset of the 

initial 303 males were analyzed (n= 47 SU-males and n= 44 NSU-males). A linear mixed model 

using repeated measures (Proc Mixed, SAS 9.3) was conducted to analyse development and 

differences in SU- and NSU-males over weeks. The model included one of the measured variables 

sampled repeatedly over all four weeks as the response variable. Colour type, successfulness 

grouping (SU vs. NSU) and the interaction between group and week were set as explanatory 

variables. Week was set as the repeated statement. The model also contained body condition as a 

co-factor, except for in the analysis of FCM, FTM, body condition and fur-chew. Male body 

condition was included since especially a high body condition could assumingly make it more 

physically difficult for the male to perform copulations. The analysis of FCM and FTM contained 

time of sampling to account for effects of a possible diurnal cycle of excreted metabolites 

(Mormede et al., 2007). The analysis of FTM also included FCM and time spent on aggressive 

behaviour to look for possible correlations. Two-sample t-tests were run to analyze differences in 

the mean litter size and mean kit mortality within males from the two groups (Proc Ttest, SAS 9.3). 

Due to the distribution of data, the proportion of barren females in each group were analysed by a 

Wilcoxon-Mann-Whitney test (Proc NPAR1WAY, SAS 9.3). The number of barren females in each 

group was compares using a χ
2
-test.  
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3. Results 

3.1 Part 1 –all males 

3.1.1 Development over pre-mating weeks 1-3 

Behavioural observations 

Very few male mink were vocalizing during the scanning bouts. The maximum share of vocalizing 

males was in week 3, where the mean percentage of full day scanning bouts observing males 

eliciting sounds was 0.17%. Due to the low frequency of sounds these were not analysed.  

When all scanning bouts were summed by week (see appendix A, Table 5 andTable 

6), this revealed that the male mink spent most of the observations being in the nest box (mean 

62.2%) or doing other activities (mean 26.9%). The occurrence of stereotypic- and other abnormal 

behaviours averaged 5.1% across weeks. The proportion of observations the males have spent on 

the three categories of behaviours (active, passive and abnormal) is largely stable through week 1 

and 2, but in week 3 the activity and abnormal behaviour lowers, and the mink become more 

passive. The primarily passive behaviour of the male mink during the full scanning days could 

largely be due to the fact that most scanning bouts were completed after feeding, and that the 

activity of the males was generally higher before feeding.  

A division of scanning bouts by feeding time showed that the males were mainly 

active in the pre-feeding period in week one and two, whereas they were mainly passive after 

feeding in all of the three weeks (Figure 2 and Figure 3). Before feeding the males spent most 

observations on normal activities (week 1-3: average 49.9%), while the total frequency of abnormal 

behaviour was also highest before feeding (week 1-3: average 14.1%). After feeding, the males 

spent most observations being in the nest box (week 1-3:  average 77.7%), while the level of total 

abnormal behaviour was strongly decreased (week 1-3; average 1.4%). Since the males performed 

very little abnormal behaviour after feeding (< 2.7%), behaviour after feeding can basically be 

divided into mutually exclusive passive and active behaviour. Therefore, passive behaviour after 

feeding was chosen as the only variable for analysing behaviour after feeding.  

The proportion of pre-feeding active behaviour (F2, 604= 72.8, P< 0.001), pre-feeding 

passive behaviour (F2, 604= 174.9, P< 0.001), post-feeding passive behaviour (F2, 604= 67.5, P< 

0.001) and pre-feeding abnormal behaviour (F2, 604 =30.2, P<0.001) changed significantly over 

weeks (Figure 2 and Figure 3). Colour type may affect behaviour, as palomino males were more 
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passive/less active (P< 0.02) and displayed more pre-feeding abnormal behaviour  than wild (P= 

0.028) and black males (P= 0.065).  

 

 

 

Faecal cortisol metabolites (FCM) 

FCM changed significantly across weeks (F2, 595 =4.7, P<0.009) with levels lowering towards week 

3, although post-hoc test showed no significant difference between week 1 and 2 (Figure 4). If the 
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Figure 2: Proportions of different behaviours shown during behavioural observations performed 

before feeding (±SD) in pre-mating weeks 1-3. Active, passive and abnormal behaviour all changed 

significantly over weeks (P<0.001).  

Figure 3: Proportions of different behaviours shown during behavioural observations performed 

after feeding (±SD) in pre-mating weeks 1-3. Since the proportion of post-feeding abnormal 

behaviour was very low, the analysis was performed only with active and passive behaviours, 

assuming to be mutually exclusive. Post-feeding behaviour changed significantly over weeks (P< 

0.001). 
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data was revised for outliers greater than ten times the mean, this would remove a few very extreme 

data points causing the mean to drop by up to about 30 ng/g in week one, but only drop about 10-15 

ng/g in week two and three. This would cause the FCM level for week one and two to be more 

similar. These outliers were however kept in the analysis to preserve extremities, and because there 

was no reason to define these extreme values as biological invalid or occurring due to mistakes.  

 

Fur-chew 

Fur-chew changed significantly over weeks (F2, 602= 4.2, P= 0.015) (Figure 5), with the fur-chew 

score in week 2 being higher than week 1 and 3 (respectively P= 0.033 and P= 0.006). Most males 

scored 0 for fur-chewing, and thus the median was= 0 for all weeks.  
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Figure 4: The mean concentration of faecal cortisol metabolites (FCM) (±SE) across pre-mating 

weeks 1-3. FCM concentration changed significantly over weeks (P<0.009). 

Figure 5: Mean fur chew score (±SE) across pre-mating weeks 1-3, with a significant 

change across weeks (P= 0.015). Fur-chew scores ranged from 0-4, 0 being no damage 

visible and 4 being <1/3 of the hair on the tail or major parts of the body are damaged or 

removed.  
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Body condition  

Body condition changed significantly over weeks (F2, 604 = 7.6, P< 0.001) (Figure 6), post-hoc test 

showing a lower body condition score in week 1 than in the following weeks (P< 0.005).  

 

Stick test 

The time spent on explorative behaviour changed across weeks (F2, 604=66.1, P< 0.001) (Figure 7), 

and decreased by 53% from week 1 to 3 (P< 0.001 across all weeks). The amount of explorative 

behaviour differed between colour types with palomino males spending less time than the wild type 

on explorative behaviour (P= 0.008). Time spent on aggressive behaviour changed significantly 

over weeks (F2, 604=111.6, P< 0.001). The males increased the time spend on aggressive behaviour 

from week 1-3 by 147%, in week 1 less than 2 and 3 (P< 0.001). Over the course of the study the 

latency to contact with the stick (F2, 421=17.3, P< 0.001) and latency to aggressive behaviour 

(F2,245=12.3, P< 0.001) grew shorter from week 1-3 (both P< 0.001) (Figure 8). Surprisingly few 

males responded with fear in the stick test during the pre-mating period (week 1: 14 males; week 2: 

2 males; week 3: 0 males, cf. Table 3), and therefore it was not possible to analyse data on 

fearfulness. Since the responses categorized as ‘uncertain’ (53–74% of males) are difficult to 

interpret due to the inclusion of several types of behaviours, also this category was excluded from 

statistical analyses. 
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Figure 6: Mean body condition score (±SE) in pre-mating weeks 1-3. Body condition scores 

ranged from 1-5 with 1 being in very poor condition and 5 being in very high condition. The 

males had a lower body condition score in week 1 compared to week 2 and 3 (P<0.005). 
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Figure 7: Mean time (±SE) spent on behaviours during the stick tests in the pre-mating period 

week 1-3. Both time spent on aggressive (P< 0.001) and explorative behaviour (P< 0.001) changed 

significantly over weeks. Very few males responded with fear during the stick test, and in week 3 

no males responded with fear.  

Figure 8: Mean latency (±SE) to behaviours during the stick test in the pre-mating period. The 

latency of aggressive and explorative behaviour decreased from week 1-3 (both P< 0.001). Only in 

week 1 and 2 did a few males respond with fear. 
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Behaviour shown in stick 

test 
Week 1 Week 2 Week 3 

Fearful (%) 4.6 0.7 0.0 

Uncertain (%) 74.3 53.8 52.5 

Aggressive (%) 29.0 52.8 55.1 

Contact (%) 82.5 69.3 67.7 

 

3.1.2 Male mating success 

Male mating success was influenced by aggression and pre-feeding abnormal- and active behaviour, 

and likewise there were differences between breeding lines (black, palomino, wild) and body 

conditions (1-5). Mating success ranged from 0-100% among the males, averaging 65.1% (lower 

25
th

 quartile: 53.8%; upper 75
th

 quartile: 81.3%). Mating success was positively correlated with 

time spent on aggressive behaviour (week 3; F1, 294= 4.9, P= 0.027) and also a positive tendency was 

seen for pre-feeding abnormal behaviour (week 3; F1, 294= 3.7, P= 0.056). Pre-feeding activity 

tended towards significance, and was negatively correlated with mating success (week 2; F1, 294= 

3.8, P= 0.052). Colour type influenced mating success (F2, 294= 4.3, P= 0.015), with post-testing 

revealing a 25-29% lower mating success in males of the black colour type compared to the 

palomino and the wild type (respectively, P= 0.025 and P= 0.004). Male body condition before the 

mating season (week 3) also tended towards significance (F3, 294= 2.42, P= 0.067), with males of the 

lower scores having a higher mating success (males in BC 4 and BC 5 had respectively ~9 and 

~37%  lower BC than males in BC 2/3).  

3.1.3 Reproductive output 

Mean litter size 

As expected for males with a high reproductive success, males with a high mating success also sired 

larger litters (F1, 278= 5.0, P= 0.027). Successful males were expected to have a moderate activity 

level, but surprisingly, pre-feeding passive behaviour was positively correlated with the mean litter 

size of individual males (week 2; F1, 277= 5.7, P= 0.018). Also aggression and breeding line 

(palomino, wild, black) had an effect. If mating success was excluded from the model, the mean 

Table 3: The proportion (%) of male mink showing different behaviours during the stick test in the pre-mating 

period week 1-3. Males may perform more than one behaviour during the test, thus the total number of behaviours 

>100% in each week. Very few males reacted with fear towards the stimuli, with even fewer in week 2 than week 

1. The proportions of males responding with the different behaviours were largely similar in week 2 and 3.  
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gestation duration of parturient females showed a negative correlation with mean litter size (F1, 278= 

4.3, P= 0.038). This could imply that mating success and gestation length are describing some of 

the same variance. The more aggressive males (time spent on aggressive behaviour week 2; F1, 278= 

5.6, P= 0.018) had larger mean litter sizes, and litter sizes also differed among colour types (F2, 

278=11.1, P< 0.001). The largest litter size was in palomino males (7.5 ±0.2), followed by the wild 

(7.0 ±0.1) and the black type (5.0 ±0.5).  

Barren females 

Due to the distribution of the proportion of barren females per male, it was not possible to analyse 

these data with normal statistics. Of the 303 male mink included in the present study, 2% (n= 6) had 

a mating success of 0% and therefore had no offspring, while 4% (n= 12) of the males were sterile 

(all females successfully mated with these males were barren). Of the 1434 females successfully 

mated by the males in the study, 9.7% (n= 139) of the females were barren, of these 44 females 

were mated by the sterile males. The other barren females were distributed among 25.4% (n= 77) of 

the males. Of the males with at least one barren female, most of them (n= 63) had only one barren 

females out of the between 2-10 females they had mated. The remaining 14 of the males with barren 

females had between 2-3 barren females of the 4-7 females they had successfully mated.  

Kit mortality 

Surprisingly, the only pre-mating behaviour having an effect on kit mortality was the latency to 

aggressive behaviour (week 2; F1, 116= 6.28, P= 0.0136), showing a higher survival in kits sired by 

aggressive males. Of the 1295 females giving birth in the study, 28.6% (n= 371) had a litter where 

not all kits survived until second count (between day 21-30 after birth or day 7 for litters in shed 3). 

Few of the females giving birth (n= 19) had a litter where none of the kits survived, but all, except 

three of these females, only had one kit at the first count. None of the males had exclusively litters 

where all kits died.  

Kit growth 

The analysis of mean kit weight gain from day 1 to day 7 (dBM) showed no effect of any of the pre-

mating variables measured on the included males (P> 0.1; only litters from shed 3 included). Thus, 

male characteristics, including body condition, stress hormones and behaviour, had no influence on 

kit growth. Most of the males had a dBM between 1.6-2.0 (25
th

-75
th

 quantiles) with a mean of 1.8 

(±0.0). Only a few males had a very low or very high dBM (Figure 9). Since all females in shed 3 
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were of the wild colour type, no data on differences in kit growth between colour types was 

available.  

 

3.2 Part 2 –Successful and non-successful males 

3.2.1 Behavioural observations (pre-mating week 1-3, post-mating week 4) 

Active behaviour 

Unlike expected, the males with the highest mating success did not perform the most normal 

activity throughout the entire period. Pre-feeding activity of SU- and NSU-males developed 

differently across weeks (interaction week*success-group; F3, 267=3.60, P=0.0141), and likewise did 

pre-feeding activity differ between breeding lines (palomino, black, wild; F2, 87=8.36, P=0.001). SU-

males appeared less active than NSU-males pre-feeding in week 1 and 2, but more active than the 

NSU-males in week 3 and 4 (Figure 10). Post-hoc test showed that wild (P< 0.001) and black (P= 

0.084) males were 41-48% more active than palominos.  

Passive behaviour 

Pre-feeding passive behaviour differed over weeks (F3, 271=36.7, P<0.001) and between breeding 

lines (F2, 84.1= 2.9, P= 0.062), while also differences among body conditions were observed (F3, 335= 

5.3, P= 0.001). The males exhibited a similar part of pre-feeding passive behaviour in week 1 and 2, 

while in week 3 and 4 the SU-males occurred less passive than the NSU-males. Generally the males 
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Figure 9: Number of males according to the mean change in kit weight from day 1-7 (dBM) of kits sired by 

the individual males. If the kit had doubled its weight from day 1 to day 7 then dBM= 1. Most kits had 

almost doubled their weight twice by day 7 (mean 1.8 ±0.0), and only a few males had kits that all gained 

little weight or kits that all gained a lot of weight.    
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were more active than passive before feeding, except for week 3, where the males are slightly more 

passive than active before feeding (Figure 10). As could be intuitively expected, males in a higher 

body condition were also more passive, in particular males in body condition 2 were at least half as 

passive as males in condition 4 and 5. None of the SU- or NSU-males scored 1 for body condition. 

Differences between breeding lines showed palomino males were 27% more passive pre-feeding 

than and the wild type (P= 0.021), black type being intermediate.  

Post-feeding passiveness also changed over weeks (F3, 274= 8.08, P< 0.001), with a 

higher level of passive behaviour in week 3 and 4 compared to week 1 and 2 where the mink were 

fed restrictively (P< 0.035 for differences of 1/2 vs. 3/4) (Figure 11). As could be expected due to 

differences in energetic costs, post-feeding behaviour also differed among body conditions (F3, 321= 

6.7, P< 0.001). Males in lower body conditions were less passive post-feeding, in particular males 

in BC 3-5 were 9-19% more passive than males in BC 2. 

Abnormal behaviour 

It was predicted that males with a high reproductive success would show less signs of stress, but 

contradicting to this, SU-males exhibited more pre-feeding abnormal behaviour than NSU-males 

(F1, 85.5= 6.1, P= 0.016). The level of abnormal behaviour changed over weeks (F3, 271= 12.0, P< 

0.001) with the highest level of pre-feeding abnormal behaviour in week 1 and 2, lowering towards 

week 3 and 4 in both groups (all P<0.001 for differences of 1/2 vs. 3/4) (Figure 10). As could be 

expected from the often high activity related to performing abnormal behaviour, pre-feeding 

abnormal behaviour differed among body conditions (F3, 351= 3.7, P= 0.013). Males in BC 2 

performed more than twice the abnormal behaviour as males in BC 3-5 (P< 0.06 when comparing 

BC 2, 3 and 4). Furthermore, breeding lines occurred to be predisposed to performing abnormal 

behaviour, with pre-feeding abnormal behaviour tended to differ among colour types (F2, 84.4= 3.0, 

P= 0.056). Palomino males exhibited about two times the abnormal behaviour than wild males (P= 

0.017), with no difference compared to black. If the analysis was only based on behaviours in the 

category of ‘stereotypic behaviours’, there was no longer a significant difference between SU- and 

NSU-males (P> 0.1), however, week (F3, 268= 4.3, P= 0.006), colour type (F2, 82.9= 3.8, P= 0.026)  

and body condition (F3, 351= 3.3, P= 0.020)  were still significant.  
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Figure 10: Proportion of different pre-feeding behaviours (±SE) in successfully mating males (SU) and non-

successfully mating males (NSU). Behaviours were observed form sunrise until feeding in pre-mating weeks 1-3 and 

post-mating week 4. SU- and NSU-males developed differently in pre-feeding active behaviour over weeks 

(P=0.014). Pre-feeding abnormal behaviour also differed among groups (P=0.016), while there was no difference in 

pre-feeding passive behaviour between groups (P>0.1).  

Figure 11: Proportion of different post-feeding behaviours (±SE) in successfully mating males (SU) and non-

successfully mating males (NSU). After feeding the males were mainly passive. There was no difference between 

groups, but post-feeding passive behaviour changed over weeks (P<0.001).  
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3.2.2 Hormone concentrations (FCM, FTM) 

Faecal cortisol metabolites (FCM) 

It was expected, that males that were more stressed would have an impaired reproductive success, 

also reflected in a lower mating success. However no difference between SU- and NSU-males was 

detected. FCM concentration decreased throughout the study period (F3, 272= 12.6, P< 0.001), and 

was influenced by the time of sample collection (F1, 335= 19.8, P< 0.001) as well as breeding line. 

SU- and NSU-males had approximately the same FCM level in week 2, 3 and 4, with levels 

lowering steadily through weeks to the lowest level in week 4 (significant decrease through week 2, 

3 and 4; P< 0.002) (Figure 12). FCM concentrations decreased by 32% in NSU-males and 51% in 

SU-males in the period from week 1 to 4. In week one, FCM seems to be higher for SU males, 

though this could be due to a few extreme measurements. As expected, the time of sample 

collection influenced FCM, reflecting the diurnal cycle of the secretion of cortisol into circulation 

and the time-lag for presence of cortisol metabolites in faeces (see introduction for description of 

HPA-axis). A difference in FCM concentration between colour type was found (F2, 88=5.8, P=0. 

004), FCM levels being lower in black males (67.4 ±10.2 ng/g) than both wild (340.4 ±28.5 ng/g) 

and palomino males (325.3 ±121.4 ng/g).  

Figure 12: Change in faecal metabolite concentrations (±SE) through pre-mating week 1-3 and post-

mating week 4. The FCM concentration decreased from week 1 to 4, while no difference between 

successfully- (SU) and non-successfully (NSU) mating males was observed.   
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Faecal testosterone metabolites (FTM) 

FTM developed significantly over weeks (F1, 272= 56.4, P< 0.001), showing a decline in FTM 

concentrations from pre-mating week 1 - 4 (all P< 0.001), with no significant difference between 

week 1 and 2 (P> 0.1). FTM concentrations decreased by 75% in SU-males and 81% in NSU-males 

from week 1 to 4. SU-males have a slightly, though non-significant, lower FTM concentration in 

the first three weeks, with no difference in week 4 (Figure 13). A surprisingly positive correlation 

between FTM and FCM was also found (F1, 349= 22.4, P< 0.001) with both measures lowering 

through weeks. As with the analysis of FCM, time of sampling (F1, 340= 30.8, P< 0.001) was also 

important to FTM, but here showing a negative correlation with time of day in all weeks. 

Differences in FTM between colour types was also found (F1, 86.2= 4.2, P= 0.018), showing higher 

FTM level in the wild (2.7 ±0.2 μg/g) than in the palomino (1.5 ±0.3 μg/g) and black (2.1 ±0.7 

μg/g) colour type. 

 

3.2.3 Stick test 

Time spent on behaviours 

SU- and NSU-males did not develop similarly in the time spent on aggressive behaviour over the 

study period (interaction week*success-group; F3, 267=3.04, P=0.030). There was no difference in 

time spent on aggressive behaviour in week 1, but the SU-males generally spent longer time on 
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Figure 13: Change in faecal testosterone metabolite (FTM) concentration (±SE) through pre-mating 

weeks 1-3 and post-mating week 4. Males that were successful in mating had slightly lower FTM 

levels during the first three weeks, although non-significant. FTM decreased significantly from week 

1 to 4 (P< 0.001). 
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aggressive behaviour than the NSU-males in the other weeks. Both SU- and NSU-males spent more 

time on aggressive behaviour in week 2 and 3 and less time in week 1 and 4 (Figure 14).  

Time spent on explorative behaviour changed over weeks (F3, 270= 19.92, P< 0.0001), decreasing 

from pre-mating week 1 to 3 with a small increase in post-mating week 4 (Figure 14). 

 

Latency to behaviours 

Latency to aggressive behaviour changed over weeks (F3, 129= 7.8, P< 0.001), with the shortest 

latency in week 3 (Figure 15). The analysis of latency to exploratory behaviour showed no effects 

of the included variables (P> 0.1). The analysis of latency to behaviours only contained data from 

the males in the weeks where they had actually exerted the respective behaviours. Many of the 

observations made of aggressive behaviour between weeks were from the same mink, and a total of 

26.4% of the 91 males responded aggressively at least once during all stick tests (distributed equally 

among the two groups), whereas 35.2% exhibited no aggressive behaviour in any of the weeks 

(distributed by 2/3 NSU-males and 1/3 SU-males). In general, the SU-males appear more 

aggressive, since more of the SU-males responded by aggressive behaviour in the stick test during 

the entire study period, except for the first week (Table 4). The number of males in contact with the 

stick was equally distributed among the two groups in each sampling week.  
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Figure 14: Mean time spent on aggressive and explorative behaviour (±SE) in pre-mating week 1-3 and post-

mating week 4. SU- and NSU-males developed differently in time spent on aggressive behaviour over weeks (P= 

0.030), while there was no difference between groups in time spent on explorative behaviour.  
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3.2.4 Fur-chew 

The analysis of fur-chew showed no effect of the variables included in the model (all P>0.1). It 

appears that NSU-males have a slightly higher fur-chewing score than SU-males throughout the 

study period (Figure 16), though no significant difference was found. The incidence of fur-chewing 

was surprisingly low in the males, whereas females shows higher amounts in the same period 

(Hansen et al., 2007).   
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Table 4: Proportion of males responding with aggressive behaviour in >5sec during the 

stick test. 

  
 Week 1 Week 2 Week 3 Week 4 

SU-males (%) 29.8 70.2 70.2 55.3 

NSU-males (%) 29.5 45.5 50.0 31.8 

Figure 15: Mean latency to explorative and aggressive behaviour (±SE) in SU- and NSU-males during stick 

test in pre-mating weeks 1-3 and post-mating week 4. Latency to aggressive behaviour changed over weeks 

(P< 0.001), lowering through pre-mating weeks, and increased again in post-mating week 4. 
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3.2.5 Body condition 

Body condition changed significantly over weeks (F3, 270=4.60, P=0.0037), with the males having 

the lowest BC score in week 1 compared to the other weeks (Figure 17). Even though non-

significant, the NSU-males had a slightly higher mean body condition through all weeks. 
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Figure 16: Mean fur-chew score (±SE) through sampling weeks. No significant difference between 

SU- and NSU-males was seen, though SU-males had a slightly lower fur-chew score throughout the 

study period.   

Figure 17: Mean body condition score (±SE) of the males in pre-mating week 1-3 and post-mating 

week 4. The body condition score ranges from 1-5, where 1 is very poor condition (thin) and 5 is very 

high (fat) condition. 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

1 2 3 4 

B
o

d
y 

co
n

d
it

io
n

 s
co

re
 

Week 

S 
NS 



 

 

Page | 37  
 

 

3.2.6 Reproductive output 

Mean litter size 

SU-males sired significantly more kits (unequal variances, t= 2.4, P= 0.021) when all males with 

mating success >0% were included (group sizes: nS=47; nNS=38). In this case SU-males had a mean 

of 6.87 (±0.20) kits, while NSU-males had a mean of 5.54 (±0.52) kits per male. If the mean litter 

size was calculated based only on females having given birth (nS=47; nNS=32), there was no 

significant difference between groups (unequal variances, t= 1.1, P= 0.273), and thus the 

differences in groups likely arise from differences in the number of barren females. In this case SU-

males had a mean of 7.33 (±0.20) kits and NSU-males a mean of 6.84 (±0.40) kits per male. Thus 

SU-males still had a higher litter size when data did not include males with mating success >0%, 

although non-significant. Thus, it appears that males with a higher mating success also have higher 

fecundity in terms of larger litter sizes, whereas males with a low mating success have reduced 

reproductive outcome. 

Barren females 

There was no difference between groups (nS=47; nNS=38) in the frequency of barren females within 

the males with mating success >0% (Z= 1.6, P= 0.106). However, NSU-males had a higher mean 

frequency of barren females (0.31 ±0.44) compared to SU-males (0.06 ±0.01), which is likely due 

to that there were 6 sterile males in the NSU-group, whereas there were no sterile males in the SU-

group. A χ
2
-test showed a significant difference in the number of barren females between groups 

(χ
2
= 6.0, P= 0.014).  

Kit mortality 

Kit mortality differed between groups (equal variances, t= 2.5, P= 0.014), showing that SU-males 

(n=47; mean 0.97 ±0.01) had a higher mean kit mortality than NSU-males (n=31; mean 0.44 

±0.01).  
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4. Discussion 

4.1 Factors influencing male mating success 

The present study elucidates behavioural and hormonal factors influencing the mating success of 

farmed male mink. There was a considerable variation in mating success among males, while most 

of the males had a mating success greater than 50%. The level of normal activity and fearful 

behaviour was expected to influence male mating success, however this study could only confirm 

an effect of normal activity. Results also show importance of aggressive- and abnormal behaviour, 

breeding line (colour type) and body condition in determining the mating success of farmed male 

mink. Unlike predicted, the study finds no effect of cortisol, and neither did testosterone 

concentrations show an influence on male mating success. 

Normal activity 

Results demonstrated a negative correlation between normal activity and male mating success 

(week 2, all males included). This was also supported by the SU-males performing less normal 

activity than NSU-males in pre-mating week 1 and 2, although the difference was non-significant 

possibly due to fewer males in the second part of the study. Perhaps a bit unexpected, the males 

were generally less active in the week (3) prior to mating. However, this can be explained by farm 

feeding regimes during the pre-mating period. In nature mink increase their activity at sunrise and 

sunset (Zschille et al., 2010), the same pattern is seen on farms, but with a peak in activity also 

observed around feeding (Hansen and Møller, 2008). Restrictively fed mink are less active around 

sunrise, but have highly increased activity in the period preceding expected feeding time (Hansen 

and Møller, 2008). This explains the higher activity level before feeding in week 1 and 2, where the 

mink were restrictively fed. Unlike restrictively fed mink, mink fed ad libitum only increase their 

activity in response to the feeding routine itself (Hansen and Møller, 2008), explaining the lower 

activity before feeding observed in week 3, where the mink were fed close to ad libitum and were 

thus less motivated to eat.  

For the subgroup of SU- and NSU-males pre-feeding activity level increased again in 

week 4 at the end of the farm mating period. In nature, male mink also have been observed to 

increase their activity during the mating season in March (Zschille et al., 2010) where the males go 

searching for female partners (Dunstone, 1993). An increased activity for males in captivity could 

thus also be expected for this period, explaining the increased activity in week 4 compared to week 

3, although both weeks lies within the natural mating season (Enders, 1952). In week 3 the males 
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were not yet moved to the same sheds as the females, so moving the males in visual contact with the 

females after week 3 may have initiated a stronger male sexual behaviour and –motivation, 

resulting in a higher activity level in week 4. In the weeks preceding week 4 the males had been 

subjected to the mating routine, so the higher pre-mating activity before feeding in week 4 could 

also have been a result of the males expecting to be presented with a female. This explanation 

though seems less likely, since the behaviour after feeding is largely stable through all four 

sampling weeks. The males may also be more motivated to feed in week 4 due to the extra energy 

expenditures the males had in relation to earlier mating and perhaps the expectations of future 

mating attempts, contributing to a higher activity. 

SU-males occur more motivated to mate, since this group have the highest mating 

success. A higher motivation to mate is likely correlated with a stronger motivation to search for 

females, thus expecting a higher activity in SU-males than in NSU-males during the mating season. 

This pattern also emerges from the results, showing a slightly higher activity of SU-males during 

the natural mating period in week 3 and 4. The pattern of increased activity in SU-males is thus 

partly congruent with the prediction that successfully reproducing males would perform a generally 

higher level of normal activity, although this was only seen during the natural mating period. The 

SU-males does however differ in the type of behaviour performed in week 1 and 2, where they 

performed more abnormal behaviour than NSU-males. The negative correlation between mating 

success and activity (all males) is thus likely due to a positive influence of abnormal behaviour on 

male mating success.  

Abnormal behaviour 

Contradicting the prediction that indicators of stress would be negatively related to mating success, 

SU-males surprisingly performed more abnormal behaviour throughout the study period. The same 

is seen in the results from analysing of all males, showing a tendency for a positive effect of 

abnormal behaviour on male mating success. The males performed most abnormal behaviour in 

week 1 and 2, likely due to the feeding routine; a well-known effect in female mink (Hansen and 

Møller, 2008), but less studied in males during the pre-mating period. No difference alone in 

behaviours regarded as ‘stereotypic’ was found between SU- and NSU-males, indicating that the 

behaviours recorded as ‘scratch, bite and lick’ are characteristic to successfully mating males, since 

these are the only behaviours not included in the category ‘stereotypy’. The behaviours listed as 

‘scratch, bite and lick’ are directed towards the mesh wire, and seem likely to be a result of the 

mink awaiting the feed, since these behaviours are largely observed before feeding and mainly in 
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week 1 and 2. Behaviours directed towards the mesh wire may be a way for the mink to respond to 

the motivation for feeding while restrictively fed. Hereby the mink may use a behavioural response 

to cope with the frustrations of hunger by directing the motivated feeding behaviour towards the 

mesh wire. Such redirecting of behaviours is also seen in i.e. intermittently fed pigs provided with 

chains to chew on when motivated for eating, reducing cortisol secretion and thus lowering the 

physiological stress response (cited in Moberg, 2000). However, there is no indication that the 

behaviours ‘scratch, bite and lick’ lowers cortisol levels, since there was no difference in FCM 

between SU- and NSU-males.  

The males exerting the ‘scratch, bite and lick’ behaviours perhaps appear to be more 

easily aroused and motivated for the goal at hand (i.e. feeding), traits which could be reflected in 

their sexual behaviour during mating. The results could therefore indicate that NSU-males were less 

motivated in general and perhaps apathetic in their behaviour, both descriptive of psychological 

states associated with depression in humans (Marin, 1990). Depression may originate from stress, 

and a decreased libido have often been linked to both depression and chronic stress (see Graziottin, 

2000). Depressed men have reported lower rate of sexual pleasure and are likewise not as easily 

sexually aroused, reflected by a higher occurrence of erectile dysfunction (reviewed by Laurent and 

Simons, 2009). If male mink can be affected by their psychological state similarly to humans, 

perhaps similar negative psychological states in mink could be induced by stress in captivity, 

reflecting an inability to cope with the confined environment. If the male mink continuously elicits 

a stress response to harmless stimuli in the captive environment, it could possibly lead to a 

depressive state and decreased sexual motivation causing a lower mating success. Assuming that 

males exerting the ‘scratch, bite and lick’ are more aroused by the feeding routine, it is possible that 

these males are easier aroused in general, perhaps because they experience more pleasure or greater 

reward. This likely would entail easier sexual arousal, which could result in shorter latency to 

mating and a higher mating success. These factors could aid in explaining why the suggestively less 

motivated NSU-males have lower mating success. However, very few males responded with fear 

towards humans, thus making it hard to use these results for evaluating emotional state in the male 

mink. Further studies examining male mink emotional state in relation to sexual motivation and 

mating success are thus needed. 

Body condition 

The analysis of all 303 males showed that males in a lower body condition (BC) in week 3 also had 

more successful mating trials, likewise supported by a generally, though non-significant, lower 
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body condition of SU-males. Negative effects of a high body condition on female reproduction are 

known form other studies, including effects on conception, litter size and the number of stillborns 

(in mink: Malmkvist and Palme, 2008; in guinea pigs: Michel and Bonnet, 2012). In male mice a 

high body condition have been found to negatively influence sperm parameters, by e.g. decreasing 

the proportion of motile spermatozoa, increase sperm DNA damage and result in an overall lower 

fertilization rate (Bakos et al., 2011). Likewise, a recent study by Hansen et al. (2012) showed a 

negative effect of male mink body condition on different reproductive parameters (see below). As 

in the current study, Hansen et al. (2012) used a scale ranging from 1-5 scoring body condition, and 

even though differences in the use of the BC scores possibly occurs, the scores are seen as 

comparable with those of the current study. Hansen et al. (2012) found that males in body condition 

2 compared to 3 in the beginning of January and those in body condition 3 compared to 4 in the 

middle of March mated more females and had fewer barren females. The body condition found by 

Hansen et al. (2012) in the middle of March is largely comparable to BC week 3 and 4 found in the 

present study. The current study shows that males in a lower BC (BC 2 and 3) in week 3 had a 

higher mating success than males in higher BC (BC 4 and in particular BC 5). The results are 

therefore largely in agreement with the study by Hansen et al. (2012), both showing that males in 

intermediate body condition in March mated more females. Thus, an intermediate and not a fat 

body condition favours mating success in farmed male mink.  

In the subset of SU- and NSU-males, the males with a higher degree of passive 

behaviour (both before and after feeding), generally had a higher BC score. Since a high body 

condition and low physical activity is usually associated with being in bad physical shape, the 

results suggests that the passive males are less physically fit for mating. The generally lower BC of 

the SU-males could thus indicate that SU-males are in better physical shape, which likely aids in 

maintaining a high mating success throughout the physically demanding mating season. Analyses of 

SU- and NSU-males also suggested a positive relationship between level of abnormal behaviour 

(also reflected in stereotypic behaviour alone) and body condition, where males in body condition 2 

performed more abnormal behaviour. That a lower body condition is associated with a higher level 

of abnormal behaviour but that general activity is not, is likely correlated to a higher energy 

expenditure related to performing abnormal behaviours and the definition of the term ‘active’ used 

here. In the current study ‘active’ ranges from activities such as eating and walking to more 

physically demanding activities such as running and hence there may be a great variation in the 

energy utilised for ‘active’ behaviours. There is often a very high physical activity level connected 
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to stereotypies, especially if the animal is pacing or doing longer and more complicated 

stereotypies. Additionally, several other studies have found animals performing a high degree of 

stereotypies to weigh less (Jeppesen et al., 2004; Svendsen et al., 2007; Schønecker, 2009; 

Malmkvist et al., 2012). Thus, by negatively influencing male body condition, abnormal behaviour 

could indirectly increase male reproductive success. Studies though show, that high activity and 

high levels of stereotypic behaviour during feed restriction of female farmed mink are concurrent 

with high baseline and stress response concentrations of cortisol (Malmkvist et al., 2011), which in 

itself may be detrimental for reproduction. However, the current study did not find evidence for a 

negative influence of baseline cortisol concentration on male reproduction.   

Aggressive behaviour 

The present study showed that males spending more time on aggressive behaviour during the stick 

test (week 3, all males) had a higher mating success, also reflected in SU -males spending more 

time on aggressive behaviour than NSU-males during week 2-4. The time spent on exploratory 

behaviour decreased throughout weeks 1-3 and did not differ between SU-and NSU-males. A 

decrease in the time spent on explorative behaviour may be a sign of habituation to the stick as a 

stimuli (Malmkvist and Hansen, 2001), or it may reflect an increase in other behaviours such as 

aggression. Aggressive behaviour has often been associated with higher testosterone levels (e.g. in 

male rats; Albert et al., 1986) which have been linked to general sexual behaviour in both rats and 

mice (Albert et al., 1990; Korpela and Sandnabba, 1998). A link between aggressiveness and 

testosterone level and a thereby followed stronger sexual behaviour in the period around mating 

could therefore be expected. However, this study found no correlation between aggressiveness and 

FTM, and neither was there a difference in FTM between the more aggressive SU-males and less 

aggressive NSU-males. Thus, the aggressive behaviour of males successful in mating cannot be 

explained by baseline testosterone concentrations.  

The higher level of aggressive behaviour in males successful at mating could also be 

related to a generally lower threshold for arousal in these males, since there is some evidence that 

the level of arousal is perhaps more important to the occurrence of aggressive behaviour than 

testosterone per se. This was shown by Korpela and Sandnabba (1998) who injected 

gonadectomised male rats with testosterone and PCPA (PCPA depletes brain serotonin, increasing 

the level of arousal) and exposed these males to a non-aggressive male and a female in oestrous. 

Both PCPA- and testosterone treated males showed increased aggressive and sexual behaviour. 

However, testosterone had the greatest effect on sexual behaviour while PCPA had the greatest 
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influence on aggressiveness, suggesting that increased arousal leads to higher aggression, while also 

activating sexual behaviour (Korpela and Sandnabba, 1998). Earlier in the discussion it was 

suggested that the males performing more ‘scratch, bite and lick’ behaviours appeared easier 

aroused and more motivated. Since both males performing ‘scratch, bite and lick’ behaviours and 

aggressive males have a high mating success, a generally easier arousal in these males could be 

causing the increased mating performance. Mink mating behaviour may appear violent, although 

overt aggression is little observed (Spangberg, 2010). During mating attempts, male mink have been 

shown to exhibit male coercion (Dunstone, 1993), and moreover neck-biting appear to occur in all 

copulations and is a well-known part of male mink mating behaviour (Enders, 1952; Spangberg, 

2010). These naturally occurring mating behaviours may appear violent and are perhaps related to 

male aggressiveness. If general arousal characterise successfully mating males, this could be 

expressed in aggressive mating behaviours and a higher motivation to mate, perhaps resulting in a 

higher degree of male coercion and more successful mating trials.  

Fearful behaviour is associated with a negative emotional state linked to reduced 

welfare under farm conditions, and excessive fear is therefore generally an unwanted behavioural 

trait in farm mink (Malmkvist and Hansen, 2002; Danish Ministry of Justice, 2006). In stick tests 

fewer males than females show fear, and males are usually more stationary in their response 

(Malmkvist and Hansen, 2002). Concurrent with this, the present study found very few males 

responding with fear during the stick test. Most of these only showed a fearful response in week 1, 

revealing either some degree of habituation to the repeated tests or a seasonal development in 

behaviour during the pre-mating period. The low number of males responding with fear is likely a 

result of selection for confident behaviour, since this is part of Danish legislation (Danish Ministry 

of Justice, 2006). In mink bred over 10 generations for confident or fearful reactions towards 

humans, only mink from the line bred for confident behaviour displayed aggressive behaviour 

during the voluntary approach in stick tests (Malmkvist and Hansen, 2002). Since only the 

confident line exhibit aggressive behaviour in stick tests, it seems possible that a continued breeding 

for confident behaviour could have a positive influence on male mating success. However, 

Malmkvist et al. (1997) found no significant difference in the frequency of successful mating trials 

when comparing mink from lines bred for confident behaviour, timid behaviour and a control line. 

Still, males bred for confident behaviour showed at least 9% more successful mating trials 

(Malmkvist et al., 1997). Other species, such as rats, show differences in reproduction between lines 

bred for different temperaments. Rats bred for explorative behaviour towards novelties are 
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characterized by being more aggressive, impulsive and more inclined to addictive behaviours. 

Contrary to this, rats bred for little exploration towards novelties exhibit exaggerated anxiety, 

depression-like behaviour and are more vulnerable to chronic stress (cf. Cummings et al., 2013). In 

addition, non-explorative rats also showed decreased sexual motivation in compared to explorative 

rats, reflected in fewer copulations and longer latencies to copulation (Cummings et al., 2013). Such 

genetically correlated traits between temperamental characteristics and sexual capabilities could 

also be present in mink.  

Even though aggressiveness shown in the stick test appear to enhance male 

reproduction, this may cause problems during handling and housing with other mink. Also 

(Klotchkov et al., 1998) found possible disturbances of the early stage of follicolugenesis in female 

mink bred for aggressive behaviour in a catch test. Aggressive behaviour in the catch test may 

though not necessarily reflect the same behaviour as during voluntary approach in the stick test, 

since a catch test likely also reflects defensive reactions of fearful animals. Thus, further studies 

accessing the effects of breeding for aggressive behaviour in a voluntary approach test (stick test) 

are necessary to see the effect on overall reproduction.   

Faecal cortisol metabolites 

The present study shows no effect of FCM concentrations on male mating success, neither when 

including all 303 males nor when looking at the subset of SU- and NSU-males. This contradicts the 

expectation that successfully mating males would have a lower baseline cortisol concentration, and 

thereby offers no indication of that male physiological stress response influence the resulting 

mating success. Studies have shown stress to influence the sexual behaviour in male rats, even 

though a rise in corticosterone concentration was not always detected when using different stressors 

(Retana-Marquez et al., 1996; Retana-Marquez et al., 2003). Thus, perhaps the sexual behaviour 

during mating trials, and not variation in cortisol concentration, could explain differences in mating 

success. It can also not be excluded that with more extreme stressors or in more vulnerable 

populations of mink (perhaps if not selected against fear) than in the present study, stress may 

interfere with male reproduction. The males in the current study are however representative of the 

Danish farm mink populations and under these conditions variation in cortisol does not seem to 

affect male mating success and reproductive output. Supplemental studies exposing male mink to 

more severe stressors could possibly reveal an impact on reproduction. However, this would be of 

little practical relevance, except for if conditions such as transportation between farms are being 

addressed.  
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FCM concentrations decreased throughout all four weeks of sampling. Such seasonal 

changes with peak concentrations of cortisol in January/early February and minimum in March 

have earlier been shown in male farm mink (McMullen and Ellis, 1988). McMullen and Ellis 

(1988) found a decrease in serum cortisol of approximately 40% from January to March, a value 

comparable to the ~30% and ~50% decrease in FCM (respectively NSU- and SU-males) seen from 

late January to the middle of March in the current study. These changes in cortisol secretion are 

likely related to the feeding routine (see Mormede et al., 2007), but could also be subject to 

biological function. Restrictively fed mink exerts a higher degree of stereotypic behaviours (Hansen 

and Møller, 2008), behaviours that are associated with higher FCM levels (Malmkvist et al., 2011). 

The high FCM levels in week 1 and 2 are therefore likely a reflection of the higher activity- and 

abnormal behaviour before feeding in these weeks. This is supported by lower levels of activity- 

and abnormal behaviour in all males together with low FCM levels in week 3, where the mink were 

fed ad libitum. The high activity seen again in SU- and NSU-males before feeding in week 4 is 

however not reflected in higher FCM levels, but on the contrary FCM levels were surprisingly at 

the lowest in week 4. A study by Colborn et al. (1991) showed increased plasma cortisol levels in 

stallions during sexual stimulation and during exercise. An increased FCM level could therefore 

also be expected in male mink during the mating season in week 4, where the males have been 

exposed to sexual stimulation and the activity before feeding had increased to similar levels as in 

week 1 and 2. Surprisingly this was not the case in the current study, and other factors must be more 

important to baseline corticosteroid concentration. Mink are promiscuous breeders and have a 

relatively short natural mating season, and therefore copulation as well as the search for females can 

be very energy consuming for the male. It is possible, that the lower FCM concentration in the 

mating season could be due to the males suppressing their stress response and favouring energy for 

mating (Wingfield and Sapolsky, 2003). This may prove as an adaptation to ensure reproduction 

since a negative impact of stress during this period would be disastrous to male reproductive 

success (argumented for other species in Wingfield and Sapolsky, 2003). Cortisol is engaged in 

general energy mobilisation (Mormede et al., 2007), and alterations in metabolism may also cause 

changes in FCM concentrations (Palme, 2005). Thus, the formation of new tissue, e.g. during testis 

development, and other factors such as a cold external temperature can potentially change cortisol 

concentrations. For example does glucocortidoids play a role in animal thermoregulation as seen in 

Greylag geese, where ambient evening temperature was negatively correlated with the 

concentration of faecal corticosterone metabolites the following morning (Frigerio et al., 2004). 
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Seasonal changes in cortisol are found in farmed silver foxes (Vulpes Vulpes), having higher 

cortisol secretion during the winter like the male mink in the present study (Oskina and Tinnikov, 

1992). 

Faecal testosterone metabolites 

Surprisingly, the analysis of FTM on the subgroup of SU- and NSU-males showed no significant 

differences between groups over the three pre-mating weeks and the post-mating week. Thus, 

differences in mating success cannot be contributed to the measured level of testosterone. The 

results also showed a surprisingly positive correlation between FTM and FCM, contradicting the 

hypothesis of a negative influence of cortisol on testosterone secretion. As described in the 

introduction, androgen production is initiated by decreasing day length in the fall, and continues to 

rise until peak level in late January, followed by a decrease to minimum levels after the breeding 

season  (Pilbeam et al., 1979). This pattern is congruent with the development in the present study, 

showing a steady decrease in FTM from the end of January to the middle of March. Pilbeam et al. 

(1979) found a decrease of ~82% in plasma androgen levels in the period from 22
nd

 of January 

(peak level) to 18
th

 of March, comparable the findings of the present study showing a decrease in 

FTM concentrations from week 1 to 4 of 75% and 81% in respectively SU- and NSU-males. The 

decreasing testosterone production likely has the aforementioned (see introduction) function to 

regulate the seasonal testicular activity (Blottner et al., 1999). The unexpectedly positive correlation 

between FTM and FCM found in the present study could perhaps be related to the role of cortisol in 

general physiological processes. Testosterone is thought to enhance sperm production (Dohle et al., 

2003), and if cortisol aids in the process of testis formation and sperm production, this may explain 

the positive correlation between the two steroids in the pre-mating period. Furthermore, acute 

stressors have shown stimulatory effects on testosterone, e.g. seen by increased serum testosterone 

concentrations in rats subjected to 5 min. of immobilisation (Almeida et al., 2000). In the current 

study testosterone was though measured through faecal metabolites, which provides a baseline 

concentration and acute changes in testosterone are therefore less visible. However, further studies 

are needed to assess the function of the positively correlated steroids.  

Measuring faecal testosterone metabolites has, to the author’s knowledge, not earlier 

been conducted in male mink, and is not yet a validated method. As in mink (Malmkvist et al., 

2011), the main excretory route of cortisol in domestic cats is by faeces (Graham and Brown, 1996; 

Schatz and Palme, 2001). It therefore seems likely that the excretion of testosterone in mink 

resembles that of domestic cats. Brown et al. (1996) injected domestic cats with radiolabelled 
14

C-
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testosterone, and found that the main excretory route of testosterone was through faeces; of the 60% 

recovered radioactivity, about 91% was detected in faeces. If the excretion of testosterone in mink 

resembles that in domestic cats, it would thus be expected that testosterone would mainly be 

excreted through faeces, but further are needed to address this point in mink. Such studies would 

furthermore be interesting based on the surprisingly positive correlation between pre-mating 

concentrations of FTM and FCM found in the present study.  

Other factors influencing male mating success 

Male mating success may be influenced by the behaviour of the female. Female mink have been 

observed to reject copulation by males (Thom et al., 2004), while male coercion is also recorded 

(Dunstone, 1993). In farmed mink, Spangberg (2010) found that non-receptive females performed 

more stereotypies during unsuccessful mating trials, making it hard for the male to initiate neck 

grip. Females could resist copulation if not in heat (see Sundqvist et al., 1988), but females of other 

species have also been shown to reject males by female choice (reviewed by Clutton-Brock and 

McAuliffe, 2009). Thom et al. (2004) did however not find any evidence of pre-copulatory female 

choice in mink. Since mink were initially farmed, an indirect breeding for willingness to mate has 

taken place over generations, as females that are not mated by the end of the mating season are 

excluded from the farm population. Using the mating system currently applied on farms, the female 

mink also doesn’t have much opportunity to choose between mates, since the farm personnel 

decides which male(s) the female is presented with.  

Generally, the analysis of male mating success would be favoured in a study design 

with the examined males being offered an equal number of females for mating, as seen in 

Malmkvist et al. (1997) where different breeding lines were compared for female mating 

willingness. Males having mated many females may in time become exhausted, possibly resulting 

in a declining mating success late in the season, influencing results. Also, the females that have 

continuously resisted mating for most of the mating period are brought to the males with higher 

mating success to increase the chances of a successful copulation. A study-design with an equal 

number of mating trials would therefore be better in elucidating the biological factors influencing 

male mating success. However, this large scale study stimulates actual farm conditions, and for 

economic reasons the successful males receives more females. The strength of the present study lies 

in the large sample size consisting of over 300 males and 1400 females, and smaller scale, more 

controlled studies could now follow based on results and hypothesis evolved in the current study.  
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4.2 Factors influencing male reproductive output 

Mean litter size 

Analyses of the mean litter size showed an effect of colour type, pre-feeding passive behaviour, the 

time spent on aggressive behaviour and of the mean gestation duration. When barren females were 

included, SU-males had larger litter sizes compared to NSU-males, though this difference was non-

significant when barren females were not included. Contrary to Hansen et al. (2010b) finding no 

significant effect of sire on litter size from birth till weaning, this study thus found an effect of 

different male characteristics on litter size. Together with a higher mating success, the results show 

that aggressive males sired larger litters, suggesting that aggressiveness is correlated with traits 

increasing litter size in male mink. The larger litter size in aggressive males is also likely an effect 

of aggressive males having a higher mating success, also resulting in larger litters. The pre-feeding 

passive behaviour was, unlike expectations, positively correlated with the mean litter size of males. 

Since a high body condition can affect male reproduction negatively (Bakos et al., 2011), it could 

be expected that males with a moderate activity level would be more physically fit and have a 

higher reproductive success. However, this study detected no effect of male body condition on litter 

size within the males. The results could however be biased by the fact, that males in higher body 

condition in week 3 had a lower mating success, and therefore fertilized fewer females in general. 

The larger litter size in passive mink (week 2) could be interpreted as if these males were less 

affected by the feeding procedure, and therefore more passive. It could also be a sign of these males 

having a higher motivation for being in the nest box, perhaps using the nest box for safety. 

However, since only a few males reacted with fear in the stick test this seem less likely. The 

category ‘uncertain’ in the stick test could conceal some of the males that were highly motivated to 

be in the nest box, since some males were observed scratching and pushing the metal sheet that was 

barricading the nest box entrance (personal obs.).  

The influence of male mating success on mean litter size is possibly a result of the 

female gestation duration (time from last mating to parturition). Females mated to males with a high 

mating success on average had a shorter gestation period. This may be a reflection of the breeding 

system used on the farm, since successfully mating males are more likely to copulate with the 

female on both mating attempts. Female mink exhibit delayed implantation (varying up to 36 days) 

(Dunstone, 1993), and thus the length of the gestation period may vary, since they give birth around 

the same period in late April to mid May (Sundqvist et al., 1989). Studies show a higher risk of 

losing embryos when the delayed implantation is long (Shackelford, 1952; cited in Hansen et al., 
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2010b). In the current study gestation period is calculated from last mating to parturition. Females 

mating males with a low mating success, are more likely only to have mated once, and therefore 

possibly have a longer delayed implantation period and are thus at higher risk of losing embryos. 

Owing to the ability of the female mink to exert superfetation, studies show that a second mating of 

the female increases reproduction (reviewed by Sundqvist et al., 1988; Slaska and Rozempolska-

Rucinska, 2011). Therefore, if the a female is only mated once because of poor male mating 

performance, she, as well as the male, is more likely to have a lower reproductive outcome.  

Results showed differences in mean litter size between colour types, indicating a 

genetic difference. Differences in litter sizes among colour types are also know from other studies 

(Sundqvist et al., 1988). Males of the palomino colour type had the largest litter size, while males of 

the black type had the smallest litters, suggesting lower reproductive abilities in the black type. The 

analysis of SU- and NSU-males revealed that males of the palomino type also performed more 

stereotypic behaviour than the black and the wild type. Mink may be genetically predisposed for 

stereotypic behaviours (Hansen et al., 2010a), and also litter size have been shown to have a genetic 

component in female mink (Hansen et al., 2010b). Since it was hypothesised that litter size and 

stereotypic behaviour were negatively correlated, it is noticeable that palomino mink have both a 

higher level of stereotypi and the largest litter sizes. This could add to the result finding no effect of 

stereotypic behaviour on mean litter size, since the high level of stereotypy in palomino males seem 

to have no negative influence on litter size. A positive correlation between stereotypy and litter size 

could also be suggested, but based on the current study it is not possible to differ effects of 

genotype form those of behaviour. In female mink a positive influence of stereotypy on the litter 

size has though been shown (Jeppesen et al., 2004), while, in striped mice, male stereotypic status 

mice seem to have no influence on litter size (Jones et al., 2010). Further studies comparing the 

litter sizes of kits sired by high vs. low stereotyping males could though elaborate the effects of 

male stereotypy on litter size. 

Barren females 

Of the 303 males in the current study (with mating success >0), only 4% (n= 12) were completely 

sterile with no offspring produced by any of the females registered as mated. The overall sterility of 

included females were 9.4%, which is comparable to other studies conducted on the research farm 

showing a sterility of 7.9% (Malmkvist and Palme, 2008) and 5.3% (Spangberg, 2010). Of the 12 

sterile males in the study, 6 of them had a mating success < 45%, and so belonging to the group of 

NSU-males. No sterile males were reported for the SU-males, pointing to a correlation between 
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mating success and sterility. Of the males with one or more (not all) barren females, there was no 

clear pattern emerging relating to male mating success. Most of these males had only mated with 

one female that delivered no kits, and only a few males (n= 14) had more than one barren female 

among successfully mated females. When the frequency of barren females was low within females 

mated by a particular male, it was not possible from the current experimental setup to distinguish 

whether the low fertility was caused by the male or the female. If the frequency of barren females 

increased in females bred by the same male, it would seem more likely to be a male trait causing the 

lower fertility.  

A higher number of sterile males were found in the NSU-group, which could indicate 

a lower sperm quality in this group. A possible link between sterility and mating success could be 

caused by testosterone, which is known to influence factors such as male sexual development, 

sperm quality and male sexual behaviour (Dohle et al., 2003; Blottner et al., 2006). Sundqvist et al. 

(1984) showed that high serum testosterone levels in early February was associated with a low 

sperm quality in March. In the present study no significant difference in faecal testosterone 

metabolite concentration between SU- and NSU-males was found, although it seems that SU-males 

had slightly lower FTM levels in late January and in the middle of February. According to 

Sundqvist et al. (1984) this could indicate a higher sperm quality in SU-males. In mink an increased 

litter size is observed in males whose sperm (from a biopsy in testis) scored high for quality and 

quantity (Sundqvist et al., 1986), thus greater male fertility is associated with good sperm quality. In 

further studies, it could thus be interesting also to analyse the sperm quality of the males to assess 

whether female barrenness is caused by low sperm quality, by the sexual behaviour and poor 

copulation abilities of the male, or by female traits.  

Kit mortality 

Kit mortality was higher in SU-males compared to NSU-males. However, SU-males had larger 

litter sizes, which is often associated with increased kit mortality (Gade and Malmkvist, 2004; 

Spangberg, 2010), possibly explaining the higher kit mortality in SU-males. The variation in kit 

mortality is likely smaller for males which had mated few females compared to males which had 

mated many females. This may imply that males with a high mating success had a larger variation 

in kit mortality than males with a low mating success, since successful males receive more females. 

Furthermore, the females had different litter sizes, so a litter of 8 kits where 50% of the kits 

survived, has the same survival rate as a litter of 2 kits where only one survived. Such mortality 

percentages may not be completely comparable since there is a considerable difference in actual 
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death counts, which should be taken into account in future studies. The present study however 

presents a substantial number of males, reducing the mentioned effects.   

The results also revealed a significant negative correlation between latency to 

aggressive behaviour in the male (week 2) and kit mortality. Thus, aggressiveness increases not 

only mating success and litter size but also the survival among sired kits. The higher survival of kits 

sired by aggressive males may indicate some genetic transfer of traits favourable for kit survival. 

This could be both prenatal- (e.g. better growth of foetuses) and postnatal effects (higher vitality 

after birth). Aggressive males have a higher mating success, and thus often mates with more 

females. More mating trials could result in exhaustion and reduced sperm transfer, and therefore 

possibly smaller litters. However, no effect of aggressiveness on litter size was found, which could 

indicate a higher survival of the kits sired by aggressive males, since aggressive males still manages 

to sustain the same litter size as others even though sperm transfer is likely reduced.  

  Hansen et al. (2010b) also found a genetic component of kit survival rate in female 

mink, though this effect was rather low (heritability of 0.07-0.13). Likewise, Hansen et al. (2010b) 

found a smaller effect of sire genotype (heritability of 0.02-0.04), but, unlike the current study, this 

effect was only for survival from day 28 after birth. Postpartum kit mortality is often caused by 

infections, starvation, hypothermia, dystocia leading to death after a few days and by external 

trauma caused by the female (Schneider and Hunter, 1993). Kit mortality post partum is therefore 

often strongly related to the behaviour and nursing abilities of the female and are perhaps less 

affected by male genetic traits the first weeks. Still, the results of this study suggest an effect of 

traits correlated with male behaviour on early kit survival before day 28 after birth.   

Kit growth 

None of the measured variables showed effects on kit growth within litters sired by the individual 

males. That kit survival is under male influence, but growth is not, seems however slightly 

opposing, since early growth and survival are often correlated. The variation between litters could 

though be too great to detect differences or perhaps the correct variables were not included in the 

analysis. Nonetheless, the growth of kits after parturition occurs mainly to be a consequence of 

female traits or environmental conditions (e.g. nest quality: Malmkvist and Palme, 2008), rather 

than being under male genetic influence. Male influence on offspring growth is likely enhanced in 

species exhibiting some degree of paternal care. For example, in group-living mammalian species, 

the male can contribute to the nutritional needs of the offspring as seen in some carnivores such as 

wild dogs and jackals (Krebs and Davies, 1993). That the stress related stereotypic behaviour of the 
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male may affect offspring growth in species with joint parental care was observed in striped mice 

(Jones et al., 2010). Here both parent mice were kept together with the pups until weaning, and 

results showed that the pups of stereotypic males and non-stereotypic females grew faster than pups 

with all non-stereotypic parents. However, female mice stereotypic level was still the overall best 

predictor of several reproductive traits, including pup growth, pup survival and litter sizes (Jones et 

al., 2010). Mink on farms and in nature only exhibit maternal care, and thus male influence is 

reduced to genetic effects. An effect of male size on offspring growth into adulthood is though 

expected due to the hereditability of body size (Lagerkvist et al., 1994), but based on the results of 

the current study, male behavioural and hormonal characteristics had no detectable effect on the 

early growth in offspring. It thus appears that the behaviour and nursing abilities of female mink 

have the greatest influence on initial kit growth, and that the degree of stress experienced by the 

male does not transfer to negative effects on early kit growth.  

5. Conclusion 

The current study detected no effects of FCM or FTM concentrations on male reproductive success. 

Thus, the variation in the measured baseline concentrations of these hormones could not explain the 

differences in reproduction experienced by the male mink. The occurrence of fearful behaviour was 

very low, and thus no conclusions can be drawn concerning the effect of fear on male mink 

reproduction. Contradicting to the hypothesis of impaired reproduction in males experiencing a 

higher level of stress, the males exhibiting a higher level of abnormal behaviour had increased 

mating success. Under normal farm conditions, this study thus detected no negative influence of the 

variation in the stress related measures on male mink reproductive success, in the period studied.  

This study showed that aggressiveness was a key factor in male reproductive success, 

since it increased mating success and litter size, while also lowering kit mortality. Males with a high 

mating success were also characterized by a higher activity during the natural mating season, and by 

larger litters resulting from fewer barren females. An intermediate body condition around the time 

of mating can be advised, since males in a high body condition experiences reduced reproduction. 

Furthermore, variation in male reproductive success between breeding lines was revealed, showing 

differences in both litter size and mating success among colour types.  
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Appendix A 

 

% of behavioural observations 

(Full days) 
Week 1 Week 2 Week 3 

Total 

mean 

Active (%) 
Other activity 31.7 29.1 19.9 26.9 

Running 1.5 1.8 2.0 1.8 

Passive (%) 
Nest box 58.2 60.6 67.8 62.2 

Inactive 2.2 2.6 7.5 4.1 

Abnormal 

behaviour (%) 

Stereotypies 

Stationary 1.4 1.0 1.6 1.4 

Pacing 1.0 0.9 0.6 0.8 

Other 

stereotypies 
0.6 1.1 0.1 0.6 

Scratch, lick or bite 3.5 2.9 0.4 2.3 

Vocalisation (%) 

Scream 0.0 0.0 0.0 0.0 

Hiss 0.0 0.0 0.0 0.0 

Chuckle 0.0 0.0 0.2 0.1 

 

  

Table 5: Overview of the proportion of each behaviour registered for a full day of scanning bouts form sunrise to sunset during each 

sampling week. The total mean is the mean proportion of each behaviour through all three sampling weeks. 
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Table 6: Overview of the proportion of each behaviour registered before and after feeding during scanning bouts in each 

sampling week. The total mean is the mean proportion of each behaviour through all three sampling weeks. 

% of behavioural observations 

(Before feeding) 
Week 1 Week 2 Week 3 

Total 

mean 

Active (%) 
Other activity 52.4 60.3 37.0 49.9 

Running 3.5 5.4 6.3 5.1 

Passive (%) 
Nest box 20.9 12.3 43.5 25.6 

Inactive 5.3 5.5 5.2 5.3 

Abnormal 

behaviour (%) 

Stereotypies 

Stationary 

stereotypi 
4.0 2.9 4.6 3.8 

Pacing 2.7 2.5 1.9 2.4 

Other 

stereotypies 
1.5 3.7 0.4 1.9 

Scratch, lick or bite 9.7 7.3 1.1 6.1 

Vocalisation (%) 

Scream 0.0 0.0 0.0 0.0 

Hiss 0.1 0.1 0.0 0.1 

Chuckle 0.0 0.0 0.5 0.2 

% of behavioural observations 

(After feeding) 
Week 1 Week 2 Week 3 

Total 

mean 

Active (%) 
Other activity 19.2 19.6 11.9 16.9 

Running 0.1 0.7 0.0 0.3 

Passive (%) 
Nest box 78.5 75.2 79.5 77.7 

Inactive 0.9 1.8 8.3 3.7 

Abnormal 

behaviour (%) 

Stereotypies 

Stationary 

stereotypi 
0.2 0.4 0.2 0.3 

Pacing 0.1 0.4 0.0 0.2 

Other 

stereotypies 
0.1 0.3 0.0 0.1 

Scratch, lick or bite 0.9 1.6 0.0 0.9 

Vocalisation (%) 

Scream 0.0 0.0 0.0 0.0 

Hiss 0.0 0.0 0.0 0.0 

Chuckle 0.0 0.1 0.0 0.0 


