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Summary: The objective of the study was to determine whether the coat cover in Polish Konik mares is more dense in winter than in summer
and whether the possible difference is effected by the system of the horses’ maintenance, lactation or age. Thirty three Polish Konik horses
were included: 23 mares kept in a stable and pasture/paddock, and 10 mares living on a close reserve. The study was conducted in July
and December, hence summer and winter coats were analysed. The measurements were taken from single horses. Nineteen mares were
examined in both seasons, whereas five mares were studied only in the summer and other nine mares only in the winter which resulted in
52 measurements in total. The mares were split into four age groups. Most of mares in both groups lactated in summer, whereas in winter
only reserve mares had foals at foot. The coat hair density was determined from the horse’s scapula, where an approximately 9cm2 area
was shaved to obtain hair 0.5mm in length. Photographs of this area were taken and after conversion a 1mm2 square net was put on the
picture to enable counting the hair leavings.  The measurement was the number of hairs in 1cm2. Data were analyzed using three-way
ANOVA with repeated measures (summer, winter), considering two factors: the system of maintenance (stable, reserve) and lactation (lac-
tating mares, non-lactating mares). The age group factor was considered in an additional two-way ANOVA with repeated measures. Spe-
arman’s correlation, Pearson’s correlations, regression and determination coefficients were determined. The results showed that the coat
hair density is a symptom of primitive horses’ adaptation to changing environmental conditions. The hair density is significantly higher in
winter than in summer, and the density in summer and winter is correlated. The coat hair is denser in reserve mares that are subject to more
severe conditions than in stable mares. In winter, the coat hair density increases with the mares’ age, which may be associated with higher
requirements for isolation from harsh conditions in older mares. The coat hair density is not related to the mare’s lactation. These findings
may be important for improving the welfare of stable horses.
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Introduction

Many characteristics of the hair coat cover may illustrate
adaptation of domesticated horses (Equus caballus) to their
environments. Such changes are most distinct in primitive
breeds that are more closely related to wild horses than spe-
cialized breeds after centuries of breeding. Lightening of the
blue-dun color in primitive Polish Konik horses in winter is
probably a protective feature which once acted in wild ances-
tors as a camouflage to hide from predators in the snow (Sta-
churska et al. 2004). Darker horses are less noticeable in the
summer. Extinct Tarpans (Equus ferus) were blue dun and, as
wild horses, did not have white markings probably for better
camouflage (Jezierski and Jaworski 2008). 

Shedding of winter hair coat in any horse is affected by day
length, and the process may be stimulated by extended
photoperiod treatment (Kooistra and Ginther 1975). The
shedding results from prolactin action being increased as a
consequence of the extended photoperiod (Thomson and
DePew 1997, Thomson et al. 1997, Kunii et al. 2015). In pri-
mitive horses living on a reserve, shedding of winter coat hair
shows a strong association with air temperature (Stachurska
et al. 2015). Winter coat cover remains in the spring for a
longer time in the shoulders, back and loins than in the chest
and belly, whereas the hindquarters shed the first. This phe-

nomenon is probably associated with the need of better pro-
tection against precipitation of most sensitive organs in thorax
and loins.

Coat cover hairs in primitive horses in winter are much longer
than in summer, which seems to be an evident factor provi-
ding better isolation from cold, wind and high precipitation in
the winter (Stachurska et al. 2006). In addition, the winter
cover consists of two layers: outercoat and undercoat. Unlike
other mammals, e.g. sheep (Ovis aries), the underhairs usu-
ally have an inner medulla, but the diameter of the medulla
is smaller than in the outerhairs. The underhairs form a
distinctly shorter layer than the outerhairs. 

Studies on Przewalski horses (Equus przewalskii) (Yasinetskaja
1999) and Polish Konik horses (Stachurska et al. 2007) sho-
wed that the coat cover hairs are thinner in winter than in
summer. This phenomenon may be due to hormone changes
induced by day length increase in the spring, causing hair fol-
licles to enter catagen (regressive phase of the hair cycle) and
telogen (dormancy) (Nixon et al. 2002, Legrand et al. 2014).
On the other hand, in the summer, nutrition is richer and
more differentiated than in winter, which can increase the hor-
se hair thickness. Differences in hair thickness between sta-
bled horses and those living on a reserve may be caused by
both the shortened day length under stable conditions and
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the diet content (Stachurska et al. 2007). The richer diet of
horses living on a reserve in the summer is probably a reason
for their thicker hairs than in stabled horses and, conversely,
the poor diet on reserves in the winter causes hairs to be rela-
tively thinner than in the stabled horses.

It seems that to provide good protection from harsh condi-
tions and due to winter hairs being thinner than summer
hairs, the horse’s skin produces more coat hairs in the winter.
The objective of the study was to determine whether the coat
cover in Polish Konik mares is denser in the winter than in the
summer and whether the possible difference is effected by the
system of the horses’ maintenance, lactation or age.

Materials and Methods

Horses, horse maintenance and study schedule

In the study, 33 Polish Konik mares were included. Polish
Konik horses are an indigenous breed closely related to the
wild Tarpan, and preserved as animal genetic resources
(Blackburn 2004, Komosa et al. 2013). They are primitive,
small, mild horses with blue-dun coat color without white
markings (Jezierski and Jaworski 2008). The horses studied
were living in Roztocze National Park in Zwierzyniec. One
group of 23 mares was born in a stable and kept there with
daily access to a pasture/paddock (stable horses) and anot-
her group of 10 mares was born and lived on a reserve, a few
kilometers from the stable (reserve horses). The park is loca-
ted in southeast Poland (50°37’00”N 22°58’00”E) where
the climate is temperate and four seasons occur, of which
winter and summer differ the most (Trenberth 1983). The
mean temperature is below 0°C in winter (December 8 to
March 9) and over 15°C in summer (June 8 to September 8). 

The stable horses were housed and fed in suitably regulated
conditions. They were free to move and interact inside the sta-
ble, in a pasture in summer and paddock in winter. They were
released outside the stable for 6–7 hours a day. The size of
the stable, pasture and paddock conformed to the rules of
keeping horses. The stable was bedded with straw. There was
mainly grass of multiple species, some legumes and herbs
growing in the pasture. The stable horses were fed oats and
hay in amounts dependent on feeding requirements connec-
ted with use and richness of the pasture. Their coat cover was
not cleaned (brushed) and only their hooves were trimmed
twice a year. 

The reserve is an enclosed 94ha area: mainly forest, some
meadows, a stream and ponds, and no shelters. Human
interference in the horse herd consists of providing hay during
heavy snow cover. In addition, the reserve horses are someti-
mes goaded to a paddock and caught to trim hooves, select
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yearlings or change a sire. Hence, the horses are slightly
accustomed to people. 

The study was conducted in the middle of July and the middle
of December. The horses were from over 1 to 23 years old.
Their age during the study was determined in months and the
data were split into four age groups: below 37, 37–72,
73–108 and over 108 months (1–3, 4–6, 7–9 and over 10
years old, respectively). In July, most of the mares were in the
first trimester of pregnancy. In December, they ended the
second trimester. Most of the mares also had foals at foot: in
July in both groups and in December only in the reserve
group. Since the pregnancy in the first two trimesters does not
considerably affect the dam’s requirements (Davis Morel
2008), only lactation was taken into account. Winter hair in
Polish Konik horses living on this reserve grows longer mainly
in September and is shed in April and the first half of May
(Stachurska et al. 2015). Thus, we analyzed summer and win-
ter coat cover. The measurements were taken from single hor-
ses. Nineteen mares were examined in both seasons, whereas
five mares were studied only in the summer and other nine
mares only in the winter which resulted in 52 measurements
in total. Numbers of measurements in groups of mares con-
sidered in the analysis (52 in total) are shown in Table 1. 

Collection and analysis of the material

The density of the coat cover was determined from the left
scapula, in the middle of its length. This even surface was
chosen to obtain precise photographs. It was not possible to
delineate a distinct area of a definite surface in the coat cover
or to count long hairs in it, hence the hairs were cut and their
leavings were counted. An area of approximately 3×3cm
was shaved with Philips clippers (HC5440) to obtain hair
approximately 0.5mm in length. In winter cover, the hair was
so long that it had to be first cut with curved scissors. Photo-
graphs of this area were taken using a Canon EOS M camera
with 18 megapixels image sensor equipped with Macro lens
Tokina AT-X M Pro D 100mm f/2.8 with maximum magnifica-
tion of 1× and macro ring flash Soligor AR-40. The maxi-
mum magnification of 1× at minimum focus distance of
30cm (11.81’’) from the horse’s skin was always used. Pictu-
res were taken in Canon's RAW/CR2 format, then the RAW
was converted using Digital Photo Professional v. 4.6.30 soft-
ware to TIFF format. Next step was to draw a grid of squares
232×232 pixels using filters in GIMP 2.8.10 (GNU Image
Manipulation Program), the free and open source image edi-
tor. The image sensor size was 22.3 mm×14.9mm, and the
maximum picture resolution was 5184×3456, hence the
square of 232×232 pixels was 1mm2 in 1:1 (life size). The
coat hair density was determined by the number of hairs in
100 areas of 1mm2 (Figure 1). The outerhairs and underhairs
were not possible to distinguish (Stachurska et al. 2006).

Table 1     Number of measurements in groups of mares 

 
Season  
 

System of maintenance Lactation Age group (months) 

stable   reserve 
 

non-lactating  lactating  below 37 37-72 73-108 over 108 

Summer 17 7 9 15 4 7 6 7 

Winter 19 9 11 17 5 7 7 9 

Total 36 16 20 32 9 14 13 16 

!
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Thus, the measurement was a sum of the outerhairs and
underhairs in 1cm2.

Statistical analysis

The statistical analysis was performed using the Statistica
13.1 package (StatSoft 2018). A coefficient of variation was
calculated to determine whether the material was strongly
dispersed. The data were analyzed using a three-way ANOVA
(GLM) with repeated measures (main analysis). The factor of
repeated measures was the season of the year (summer, win-
ter). The independent variables were the system of mainte-
nance (stable, reserve) and lactation (lactating mares, non-
lactating mares), whereas the dependent variable was the
coat hair density in mares. The age group factor could not be
included in the main analysis because the material was too
dispersed, hence a two-way ANOVA (GLM) with repeated
measures was also performed.

The following research hypotheses were verified: lack of repe-
ated measure effect (the season of the year); lack of group
effect (within the system of maintenance, lactation and age
group) as well as a lack of interaction effect. To verify these
hypotheses, the F-Snedecor test was used, assuming a signi-
ficance level of a=0.05. Because the Shapiro-Wilk test rejec-
ted the normality of the coat hair density distribution in winter
(p=0.026), the data were transformed with decimal loga-
rithm before the ANOVA was conducted. In the case of each
factor, Levene’s test showed the homogeneity of variances
(p>0.05).

A Spearman’s rank correlation coefficient was determined
between the summer and winter coat hair density, and the
mare’s age (in months). The dependence between the hair
coat density in summer and winter was determined using a
linear Pearson’s correlation coefficient. This relationship was
also analyzed with a regression model and a regression coef-
ficient verified by F-Snedecor test and Student’s t-test, respec-
tively. The determination coefficient was calculated to show
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the variance percentage of the winter coat hair density explai-
ned by the regressive dependence of the summer coat hair
density. 

Results

The coefficients of variation below 20% indicated a unifor-
mity of the feature studied, i.e. a low dispersion of the hair
coat density in relation to the means in particular groups divi-
ded with regard to the system of maintenance, lactation and
age group (Table 2). 

The results of the main ANOVA considering the seasonal
repeated measurements are presented in Table 3. The season
of the year (p=0.0004) and system of maintenance
(p=0.0024) significantly affected the coat hair density in
mares. Instead, the lactation was a non-significant factor
(p=0.2113). The interaction effects of both second and third
order were also non-significant (p>0.05). Moreover, the age
group factor in the second ANOVA was also non-significant
(p=0.5977).

Table 3       Significance of effects considered in the main analysis 

Sources of variation df F p 

Season  1 21.663** 0.0004 

System of maintenance 1 13.645** 0.0024 

Lactation 1 1.716 0.2113 

Season * system of maintenance 1 0.658 0.4308 

Season * lactation 1 2.234 0.1572 

System of maintenance * lactation  1 1.441 0.2499 

Season * lactation * system of maintenance 1 0.089 0.7694 

df - degrees of freedom; F - value of F-Snedecor test; p - probability value; ** factor significant at p<0.01  

!

Table 2      Coefficient of variation (%) in the hair coat in mares 

Season  
System of maintenance Lactation Age group (months) 

stable   reserve 
 

 

non-lactating  lactating  below 37 37-72 73-108 over 108 

Summer 9.0 9.4 10.9 9.9 7.4 11.9 9.9 13.9 

Winter 6.7 9.9 16.5 10.4 2.6 14.4 5.3 13.5 

!

Fig. 1 Skin with cut hairs divided with 1mm2 square net.
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The coat hair density with regard to the season of the year
and system of maintenance is presented in Figure 2. A signi-
ficantly higher density was found in the winter (865.0±111.0)
than in the summer (814.4±91.7) and in the reserve mares
(949.6±100.5) compared to the stable mares
(793.6±62.9), although as mentioned, the interaction bet-
ween those effects was non-significant.  Similarly, the lacta-
tion and the interaction between the lactation and the season
of the year were non-significant (Figure 3). However, a ten-
dency of a higher coat hair density in the winter than in sum-
mer was visible in the lactating mares. 

A growing tendency of the coat hair density in the winter was
also seen in successive age groups, although the age group
factor was non-significant (Figure 4). This finding corresponds
to the positive and significant Spearman’s rank correlation
coefficient (r=0.4880, p=0.001), showing the relationship
between the winter coat hair density in the mares and their
age (in months). In the summer, the correlation was negative
but non-significant (r=-0.2480, p=0.809).

The linear Pearson’s correlation coefficient showed a rela-
tionship between coat hair density in the mares and the two
seasons of the year (r=0.9126, p<0.0001). This depen-
dence between the coat hair density in the winter (dw) and in
the summer (ds) was also shown by the significant regression
model (p<0.0001) and regression coefficient (p<0.0001):

dw=1.003×ds+64.04

The determination coefficient showed that the variance per-
centage of the winter coat hair density explained by the
regressive dependence of the summer coat hair density was
high (R2=0.83).

Discussion

To determine the ability of horses to adapt to the environ-
ment, we chose animals as similar as possible to wild horses
living centuries ago. Since domestication, horses have usually
been maintained in stable conditions, hence they could have
lost their resistance to illnesses and become more sensitive to
harsh environmental conditions. Nowadays, Polish Konik hor-
ses seem to be the best animal model to investigate pheno-
mena typical for the species. Firstly, the Polish Konik is a tough
primitive breed with low environmental requirements. In such
horses, the mechanism of adaptation to the environment is
more distinct than in warmblood or coldblood horses main-
tained under stable conditions. Secondly, some Polish Koniks
live on reserves, which resembles living in wild. Because they
almost lack human interference, these horses experience the
most severe conditions, involving the strongest response of
the body, especially in the winter. Thirdly, some of the Polish
Koniks studied are maintained under the usual stable system,
whereas others live on the reserve in proximity of the stable,
which enables comparative research. 

It should be noted that, for the study, we elaborated an accu-
rate simple method of measuring the coat hair density. Pre-
viously, the coat cover was assessed “by eye”, according to a
scale (Kunii et al. 2015). For studies on hair coat characteri-
stics in cattle (Bos taurus), hair samples were taken with pliers,

Fig. 4 Coat hair density in mares with regard to the season of the
year and age group - months (a square shows a mean, a box corre-
sponds to the range of the mean ± standard deviation and "whi-
skers" above and below the box show the locations of the minimum
and maximum).

Fig. 3 Coat hair density in mares with regard to the season of the
year and lactation (a square shows a mean, a box corresponds to
the range of the mean ± standard deviation and "whiskers" above
and below the box show the locations of the minimum and maxi-
mum).

Fig. 2 Coat hair density in mares with regard to the season of the
year and system of maintenance (a square shows a mean, a box cor-
responds to the range of the mean ± standard deviation and "whi-
skers" above and below the box show the locations of the minimum
and maximum).
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modified to pull hair from a small known area of animal skin
(Udo 1978). However, it was mentioned that such samples
might include not all short hairs from this area. A method of
weighting hair samples was regarded as a misleading mea-
sure because it was determined by three simultaneous para-
meters: number of hairs, their length and diameter. The
reported studies did not specify methods of overcoming the
difficulty in exact measuring the skin area covered with hairs.

The results show that the coat hair density in Polish Konik
mares is significantly higher in the winter than in the summer.
Thus, the hypothesis for the lack of season effect was rejected.
The changes in coat density may be regarded as seasonal
acclimatization. The high Pearson’s correlation means that
when a hair coat in a mare is denser in summer, it is also den-
ser in winter, relative to the other horses. This phenomenon
shows there are individual differences between horses, but the
mechanism of a denser cover in winter than in summer is the
same in all horses. The regression model and coefficient con-
firm the dependence and show an increase of the coat hair
density in the winter compared to the summer. A study on hei-
fers in the Netherlands revealed that summer hair coat was
less dense than winter hair coat (Udo 1978).

It was expected that many factors may affect the coat hair
density besides the season of the year and the mentioned
individual adaptation abilities. One of these, and a consider-
able effect, is the system of maintenance: the coat hair density
is higher in reserve mares than in stable mares. This fact is
easy to explain because the environmental conditions on a
reserve are far more severe than in a stable, hence they affect
the adaptation mechanism more strongly. Earlier studies on
coat hair color, length and width showed that in each case,
seasonal differences were more pronounced under reserve
conditions (Stachurska et al. 2004, 2006, 2007). 

There was no effect of age group. However, both the analysis
of variance and Spearman’s coefficient showed that, in the
winter, the coat hair density increased with the mares’ age.
This fact may be associated with higher requirements for an
isolation from harsh environmental conditions in older mares. 
There was no effect of lactation on coat hair density. In July,
both groups of mares had already experienced peak lacta-
tion, when mare’s nutritional demands are increased (Santos
and Silvestre 2008). On a reserve, suckling foals are natural-
ly weaned at 9–10 months of age or are at foot until the time
of next parturition; however, in December they consumed
solid food with minimal reliance on milk. It seems that the
summer or winter coat hair density does not considerably
change during a season (summer/winter), hence even in the
peak lactation a similar result could be expected. Interestin-
gly, no effect of pregnancy and lactation upon coat score was
found in cows (Turner and Schleger 1960).

The determination coefficient indicates that 83% of the coat
hair density variance in the winter is explained by the regres-
sive dependence of the coat hair density in the summer. Only
the remaining 17% is an effect of other factors, possibly the
system of maintenance. This finding strongly indicates the
seasonal influence on the coat hair density, which, on the
other hand, shows that the density is a symptom of adaptation
to the environment. The dense winter coat cover better isola-
tes the body from the environment, particularly in the situation
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of thinner winter hairs. This phenomenon explains the neces-
sity of coat cover shedding in the spring.

These findings may be extrapolated to other horse breeds.
Understanding the mechanisms of coat cover changes that
originally enabled horses to live in the wild may help improve
the welfare of stable horses. This does not mean that natural
conditions are suitable for contemporary horses, but furthers
better understanding of the functioning of the species. 

Conclusion 

In conclusion, the coat cover hair density is a symptom of pri-
mitive horses’ adaptation to changing environmental condi-
tions. The coat hair density in Polish Konik mares is signifi-
cantly higher in the winter than in the summer, and the density
in summer and winter is correlated. The coat is also denser in
reserve mares that are subject to more severe conditions than
in stable mares. In winter, the coat hair density increases with
the mares’ age, which may be associated with higher requi-
rements for isolation from harsh conditions in older mares.
The coat hair density is not related to mare’s lactation. Under-
standing the natural mechanisms of coat cover changes may
be important for improving the welfare of stable horses. 
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