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1. Introduction  

 

In this study, we focused on whether environmental 
(housing/feeding, birth season) and genetic (father's line) 
influences can affect dairy heifer behaviour. The calf 
management in modern dairying differs markedly from those 
found in nature (von Keyserlingk and Weary 2007; von 
Keyserlingk et al 2009). Modern housing can cause social 
disturbances resulting in behavioural problems, which in turn 
may affect welfare (Bouissou et al 2001; Costa et al 2016; 
Beaver et al 2019). The early separation of calves from cows 
after birth is very often used to maximise milk production 
(Albright and Arave 1997; Margerison et al 1997). The calves 
are housed in hutches and receive milk replacer (MR) from 
automatic milk-feeder or via nipple buckets (conventional 
rearing, also referred as artificially rearing). However, 
according to more authors, the delayed weaning of calf from 
mother can improve welfare and behavioural development 
(Wagenaar and Langhout 2007; Meagher et al 2019; de 
Oliviera et al 2020).  

In past years, many authors reported different 
manners of keeping dairy cows and calves together (Krohn 
2001; Flower and Weary 2003; Loberg et al 2008). The 
unrestricted methods (also referred as cow-calf contact 
system) allow all-day contact between foster cows and 
calves. Each foster cow is suckled by 3–4 calves and not 
additionally milked (Albright and Arave 1997; Loberg and 
Lidfors 2001; Köllmann et al 2021). In restricted suckling 
systems, the mother and her calf are in contact only short 
parts of the day or a short period after milking (de Passillé et 

al 2008; Fröberg et al 2008; Roth et al 2009; Johnsen et al 
2016).  

According to more authors (Rushen and de Passillé 
1998; Johnsen et al 2015; Steele 2019; Barth 2020; Kent 
2020), much work needs to be done to understand the 
behavioural mechanisms involved in maternal behaviour and 
explore the development of fostering techniques that would 
improve the welfare and learning capabilities of the calf. 
Social learning through foster cows and other calves may 
improve learning compared with individually housed calves 
(de Paula Vieira et al 2012; Costa et al 2015). The calves have 
more space to movement activities (Rushen et al 2008; 
Valnickova et al 2015; Johnsen et al 2016). 

Also, there is a growing interest in organic calf 
husbandry. The advantage is whole milk feeding regime to 90 
days of age (European Commission 2007; Bilik et al 2013). 
Dairy heifers should be reared considering their physiological 
and ethological needs, and only in this way can a good level 
of animal welfare be guaranteed (Winder et al 2018; Ventura 
et al 2021).  

Dairy cattle need to learn how to interact with their 
environment to successfully cope with the stressors and 
respond appropriately to the management changes. The 
mother-calf bond may have important effects on calves' 
behaviour development and learning capabilities (Steele 
2019; Barth 2020). The speed of the labyrinth solution is used 
to determine the learning ability of cattle (Kilgour 1981; 
Kilgour 1987; Albright and Arave 1997; Wechsler and Lea 
2007; Broom and Fraser 2007; Horvath and Miller-Cushon 
2018). Other authors (Le Neindre 1989; Purcell and Arave 
1991; Arave et al 1992a; Veissier 1993; Gailard et al 2014; 
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Kälber and Barth 2014; Costa et al 2014; Wagner et al 2015; 
Valnickova et al 2015; Meagher et al 2015; Costa et al 2016, 
Johnsen et al 2021; Zhang et al 2021) showed that calves and 
heifers learning can be influenced by social rearing and 
housing type.  

More authors described cattle behaviour consistency 
in reactivity of cattle to an ethological test (Hopster et al 
1998; Müller and Schrader 2005b; Hedlung and Løvlie 2015; 
Neave et al 2020). Consistent differences have been found 
over time (activity in home pen, open-field test, novel object 
test, and social motivation test) in cattle (Boissy and Bouissou 
1995; Schrader 2002; Müller and Schrader 2005a; Gibbons et 
al 2010; Lecorps et al 2018). The stability times were for 1 
month to 6 months (Stehulova et al 2013; Foris et al 2018) in 
adult cattle (maternal care) and from 107 days to 17 months 
(arena test and restraint test) (Graunke et al 2013; Reenen 
van et al 2013) in young cattle. 

Dairy cattle respond to high temperatures, their 
duration and also to changes in humidity and wind speed 
(Renaudeau et al 2012; Hempel et al 2019). Uncomfortable 
climatic conditions impair dairy cattle performance, 
metabolic and health status, behaviour activities and 
immune response (Rashamol et al 2018; Hempel et al 2019). 

More authors (Tao et al 2012; Tao and Dahl 2013; 
Laporta et al 2017; Herbut et al 2018; Herbut et al 2019; Dahl 
et al 2020; Roman et al 2021) demonstrated that 
meteorological conditions may affect the prenatal and 
postnatal life of dairy cattle. The retarded placental 
development observed with late-gestation heat stress was 
directly related to impaired mammary function. Maternal 
heat stress (hyperthermia) during late gestation also affects 
the fetus and offspring postnatal life (Tao et al 2011). 
However, further studies are required to confirm the 
behavioural responses in the prenatal stressed calves. 

The present study aimed to objectively quantify the 
effects of rearing, the season of birth, and father lineage on 
the learning ability of dairy heifers. 

 

2. Materials and Methods 
 

The experiments comply with the current laws of the 
Slovakia Republic. The treatment of the animals was 
approved by the Ministry of Agriculture and Rural 
Development of the Slovak Republic, no. 115/1995 Z.z. and 
377/2012 Z.z. The research was carried out in accordance 
with the Code of Ethics of the EU Directive 2010/63/EU for 
animal experiments. 

The study was performed in Nitra, Slovakia (48° 32' N, 
18° 03' E, altitude 144 m above sea). The oceanic climate is 
Cfb, according to the Köppen climate classification. (The "C" 
climate is defined as one with the coldest month's average 
temperature below 18 °C and above -3 °C; the warmest 
month's average temperature is above 10 °C. The letter "f" 
represents a climate where no dry season occurs, the "b" the 
warmest month < 22 °C, but at least four months > 10 °C) 
(Melo et al 2009). According to Lapin et al (2010), 
geographical coordinates WGS84 are 48.317 (Latitude) and 
18.083 (Longitude).  

The article is a continuation of the first part of the 
experiment, which was published in the journal Agriculture 
(Uhrincat et al 2021). There are also introduced detailed 
methods. 

 

2.1. Animals and treatments 
 

At the birth, 51 Holstein heifers were consecutively 
assigned into the three rearing treatment groups, balancing 
birth weight. Three rearing treatments groups were observed 
(restricted suckling, unrestricted suckling, and conventional 
rearing). The calves in the group of a restricted suckling of 
dam (RS, n=18) were kept separately in an individual pen 
(4.5×4.5 m) with mother (milked from 2nd day at 05:00 and 
16:00) to 21st day, suckle a mother's udder 10 minutes 3 
times per day (8:00, 13:00, 18:00). From the 22nd day, the 
heifers were kept in the loose housing pen (6 kg any cow milk 
per day, 2×daily 3 kg, bucket with nipple).  

The calves in the group of an unrestricted suckling of 
foster cow (US, n=16) were 3 days with own mother in 
individual pen, then pen with non-milked foster cows from 
4th day to weaning. The number of US calves per foster cow 
was determined according to milk yield of selected cows, so 
that 6 kg of milk per calf and day should be available. Group 
US was housed in a pen of 9×4.5 m (3 nursing cows and 10-
12 heifer-calves). Cows were tied in the pen, calves loose. 

The calves in the group of a conventional rearing (CR, 
n=17) after having nursed their dams in individual pen for 24 
h were kept individually in hutches from 2nd to 56th day 
(bucket with nipple, MR, 2nd day 3×0.5 kg, 3rd day 3×1.0 kg, 
4th day 3×1.5 kg, from 5th day 6 kg/day, to 21st day 3×daily), 
then in loose housing pen from 57th day (bucket with nipple, 
MR, 6 kg/day, 2×daily) to weaning.  

The calves could eat a starter mixture (SM) and alfalfa 
hay ad libitum until weaning. The RS and US calves could 
receive SM and alfalfa hay. CR group calves received SM from 
bucket and alfalfa hay from crib feeder. 

Heifers were also divided according to the season of 
birth (SB1=January-March, N=21; SB2=April-June, N=14; 
SB3=July-September, N=7; SB4=October-December, N=9) 
(Figure 1). The division into rearing groups was as follows: RS 
(SB1=9, SB2=3, SB3=3, SB4=3, 18); US (SB1=5, SB2=3, SB3=4, 
SB4=4, 16); CR (SB1=7, SB2=7, SB3=1, SB4=2,17). 
Experimental heifers originated from four fathers (F1=7, 
F2=14, F3=21, and F4=9). The distribution was as follows: RS 
(F1=4, F2=3, F3=6, F4=5, 18); US (F1=1, F2=7, F3=7, F4=1, 16); 
CR (F1=2, F2=4, F3=8, F4=3, 17).  

All animals were weaned at the age of 84 days. Each 
treatment group had its pens. On the 360th day, the live body 
weight (LBW) was the highest in the US group (RS 344.45 kg, 
US 355.24 kg, CR 332.98 kg). On the 570th day, the highest 
LBW was re-recorded in US group and the lowest one in CR 
(RS 531.37 kg, US 542.28 kg, CR 519.58 kg). The daily health 
evaluation methods were used (Slavik et al 2009; Novak et al 
2010). The breeding program of heifers began at 13 months 
of age; AI bred the heifers with frozen-thawed semen. Two 
heifers were culled from the RS group, one at 18 months of 
age for infections causing a respiratory problem (pneumonia) 
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and the other for injury accident (limb fracture) at 19 months 
of age. One heifer of the CR group had to be culled due to 
foetal loss (122 days of pregnancy) at 19 months. 

 

2.2. The labyrinth tests  
 

The learning ability (Hebb-Williams closed field test) 
was evaluated in the 12th and 19th month of life. The 
experimental facility was constructed in an 8 x 14 m indoor 
room with concrete floor (not grooved) and a height of 6.2 m.  
The starting box (2.5 x 3 m) was located in the left corner of 
the labyrinth and the goal place in the right corner of the 
opposite side of the labyrinth facility. The room was equipped 
with a three video cameras with built-in microphones that 
were mounted under the ceiling, above the starting box, the 
labyrinth unit segments and the goal place so that the whole 
area of the labyrinth was visible. The cameras were 
connected to a video recorder and monitor in a laboratory 
room. Problem tests (labyrinth unit segments) were 
constructed from 2 m high walls.  Heifers solved six tests 
during three consecutive days. Tasks 1 and 2 required a left 
side solution, tests 3 and 4 a right-side solution, and 5 and 6 
a central solution (Kilgour 1981). Each test was performed 
twice (four runs per day), and heifers were observed in a 
random order in each test. A detailed scheme is given in the 
recent work of the authors Broucek et al (2021). 

If the heifer stood without movement in the enter part 
or other parts of the labyrinth apparatus for more than 3 
minutes, it was forced gently to movement. The motivation 
to finish the problem was access to a 0.5 kg CM at the exit. 
The heifer was allowed to eating for only a few seconds. The 

time of standing in the labyrinth, the speed of traversing the 
labyrinth and vocalisation were recorded.  

The ethological laboratory belonging to the labyrinth 
facility (separated from the labyrinth by a brick wall) was 
equipped with video cameras to film the animal activities 
continuously. Behavioural data were collected by videotapes 
and processed by electronic software. The heifer behaviour 
was controlled during tests directly from a monitor screen 
and analysed from videotapes (Observer XT) afterwards. A 
total of 47.3 h (2837 min) of video recordings were 
investigated. The time consumption for the analysis of one 
heifer at the age of 12 and 19 months were 29 min and 28 
min.  

 

2.3. Statistical calculations  
 

    The data were analysed by the statistical package 
STATISTIX, Version 10.0. The dependent variables were 
labyrinth parameters. The independent variables were 
treatment group (T), the season of birth (S), and father 
lineage (F). The effects of observed factors (treatment, 
season of birth, and father lineage) were evaluated by 
General linear model ANOVA (three-factorial with 
interactions) with the all effects considered as fixed effect 
(treatment), random effects (season of birth, and father 
lineage), and with error term as random effect distributed by 
model equation. We used the classical distribution P values 
to express statistical significance, * P < 0.05; ** P < 0.01; ***P 
< 0.001. If the P-value was in the range of 0.05 to 0.1, we 
evaluated it as a tendency.  

 

 
Figure 1 Climatological parameters during seasons of birth. SB1=January-March, SB2=April-June, SB3=July-September, SB4=October-
December, T=temperature, RH=relative humidity, THI=temperature-humidity index. 

 
 Differences among groups were tested by 

Comparisons of Mean Ranks. Bonferroni's test tested 
significant differences among means. All values are reported 
as means ± standard error of the mean (SE). The interactions 
between observed factors (treatment, season of birth, father 
lineage) were also computed. 

The following model of General AOV/AOCV on 
observed factors (treatment, season of birth, and father) was 
used: 

 

Yijk = μ + Ti+ Sj + Fk + ij + ik + jk + ijk 
 

where Yijk is a dependent variable, μ is the overall mean, Ti is 
the effect of factor treatment on the level i, Sj is the effect of 
factor season of the birth on the level j, Fk  is the effect of 

factor father lineage on the level k, ij is the interaction 

between factor T on the level i and factor S on the level j, ik 
is the interaction between factor T on the level i and factor F 
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on the level k, jk is the interaction between factor S on the 
level j and factor F on the level k, and εijk is the residual error. 

The consistency of the behavioural test parameters 
over time was determined using Spearman's rank correlation 
coefficients. 
 

3. Results 
 

3.1. Factor rearing (housing/feeding) 
 

The shortest total standing time in the labyrinth was 
found in the 12th and 19th month in the heifers of the US 

group and the longest one in the heifers of the CR group (RS 
652.87±97.76 s, US 419.46±111.65 s, CR 673.91±105.75 s, 
P=0.1839; RS 662.33±98.17 s, US 389.34±105.99 s, CR 
670.26±100.81 s, P=0.1839). At the age of 12 months, 
significant differences were noted in Test 4 (RS 111.64±20.76 
s, US 35.91±23.71 s, CR 115.52±22.46 s, P=0.0273, US:CR*). 
In another evaluation of the labyrinth at the age of 19 
months, differences were found in the solution of Test 3 (RS 
127.22±19.78 s, US 46.68±21.35 s, CR 121.76±20.31 s, 
P=0.0143, US:RS, CR*) (Table 1).

 
Table 1 Times of standing in the labyrinth (s). 

 12 months 19 months 

Test Group N x  SE P-value/ significance N x  SE P-value/significance 

1 RS 18 121.17 15.16 0.8692 16 71.31 14.64 0.6009 

 US 16 108.70 17.36  16 71.86 15.80  

 CR 17 114.80 16.24  16 54.43 15.03  

2 RS 18 99.03 19.11 0.0609 16 86.12 17.37 0.1984 

 US 16 56.45 21.90  16 55.24 18.76  

 CR 17 125.10 20.47  16 98.72 17.84  

3 RS 18 125.89 19.65 0.0810 16 127.22 19.78 0.0143* 

 US 16 55.77 22.50  16 46.68 21.35 2:1,3* 

 CR 17 100.03 21.05  16 121.76 20.31  

4 RS 18 111.64 20.76 0.0273* 16 114.35 21.30 0.144 

 US 16 35.91 23.71 2:3* 16 66.78 22.99  

 CR 17 115.52 22.46  16 124.13 21.87  

5 RS 18 95.05 20.82 0.4323 16 151.38 22.91 0.0873 

 US 16 74.32 23.84  16 78.51 24.73  

 CR 17 114.11 22.31  16 139.31 23.52  

6 RS 18 101.35 22.69 0.9198 16 111.94 25.51 0.2226 

 US 16 89.00 25.98  16 70.27 27.54  

 CR 17 101.5 24.31  16 131.91 26.19  

Total for 

all tests 

RS 18 652.87 97.76 0.1839 16 662.33 98.17 0.0953 

US 16 419.46 111.65  16 389.34 105.99  

CR 17 673.91 105.75  16 670.26 100.81  

N (number of animals); SE (standard error of the mean);*P  0.05;  

 
The tendency in the labyrinth crossing time was 

similar to the labyrinth standing time. The fastest were in 
both times of the observation (12 and 19 months) heifers of 
the US group, and the slowest were heifers of the CR group 
(RS 1148.2±112.21 s, US 868.0±128.48 s, CR 1234.4±120.20 s, 
P=0.0900; RS 1153.2±107.41 s, US 869.4±115.96 s, CR 
1219.2±110.29 s, P=0.0640). 

Also, significant differences were recorded in Test 4 
(12 months) and in Test 3 (19 months) (RS 193.16±26.81 s, US 
100.18±30.69 s, CR 194.52±28.72 s, P=0.0423, US:RS, CR*; RS 
207.62±22.45 s, US 107.25±24.24 s, CR 207.88±23.06 s, 
P=0.0045, US:CR**, RS:US*) (Table 2). 

Similar tendencies were demonstrated in both 
vocalisation behaviour assessment terms, 12 and 19 months. 
The heifers of the RS group showed the highest number of 
vocalisations and the heifers of the CR group the least (RS 

24.70±3.31, US 19.78±3.78, CR 15.33±3.58, P=0.1474; RS 
18.43±2.90, US 12.73±3.13, CR 8.50±2.97, P=0.0637).  

Significant differences between the response of the 
groups used were found at the age of 19 months, in tests 3 
and 5 (RS 4.17±0.66, US 1.98±0.71, CR 1.94±0.68, P=0.0467*, 
RS:US, CR*; RS 5.11±0.83, US 3.12±0.89, CR 1.78±0.85, 
P=0.0252*, RS:CR*) (Table 3). 

At the 12th and 19th month, the shortest standing and 
crossing times in the labyrinth were tended in the heifers of 
the US group and the longest one in the heifers of the CR 
group. However, the differences were found in the solution 
of only some tests. 

These results suggest that providing enrichment of 
environment during the milk-feeding period can change 
responses. Heifers housed in unenriched environments (CR) 
or enriched environment for 21 days only (RS) had reduced 
flexibility in labyrinth tests. 
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Table 2 Times of the labyrinth crossing (s). 

 12 months 19 months 

Test Group N x  SE P-value/ significance N x  SE P-value/ significance 

1 RS 18 211.33 17.41 0.1745 16 171.22 20.03 0.6372 

 US 16 171.12 19.94  16 167.02 21.62  

 CR 17 218.04 18.66  16 147.17 20.56  

2 RS 18 162.26 22.36 0.0782 16 158.01 20.66 0.0955 

 US 16 116.26 25.61  16 133.53 22.31  

 CR 17 192.71 23.96  16 195.29 21.22  

3 RS 18 206.65 24.27 0.0948 16 207.62 22.45 0.0045** 

 US 16 132.86 27.79  16 107.25 24.24 1:2* 

 CR 17 204.41 26.00  16 207.88 23.06 2:3** 

4 RS 18 193.16 26.81 0.0423* 16 192.58 25.87 0.2387 

 US 16 100.18 30.69 2:1,3* 16 154.62 27.93  

 CR 17 194.52 28.72  16 215.76 26.57  

5 RS 18 184.28 27.37 0.3490 16 242.00 24.61 0.0749 

 US 16 174.51 31.33  16 167.76 26.57  

 CR 17 227.47 29.31  16 240.73 25.28  

6 RS 18 190.55 26.51 0.8228 16 181.75 28.61 0.1882 

 US 16 173.09 30.35  16 139.17 30.88  

 CR 17 197.26 28.40  16 212.35 29.37  

Total 

for all 

tests 

RS 18 1148.2 112.21 0.0900 16 1153.2 107.41 0.0640 

US 16 868.0 128.48  16 869.4 115.96  

CR 17 1234.4 120.20  16 1219.2 110.29  

N (number of animals); SE (standard error of the mean);*P  0.05; **P  0.01 
 
 

Table 3 Numbers of vocalisation in the labyrinth (s). 

 12 months 19 months 

Test Group N x  SE P-value/ significance N x  SE P-value/ significance 

1 RS 18 7.19 1.24 0.1127 16 4.04 1.09 0.1799 

 US 16 5.75 1.42  16 1.85 1.17  

 CR 17 3.52 1.33  16 1.17 1.12  

2 RS 18 2.81 0.75 0.6208 16 1.22 0.29 0.4766 

 US 16 1.68 0.86  16 1.10 0.32  

 CR 17 2.50 0.81  16 0.74 0.30  

3 RS 18 5.42 1.03 0.2638 16 4.17 0.66 0.0467* 

 US 16 3.42 1.18  16 1.98 0.71 1:2,3* 

 CR 17 3.16 1.10  16 1.94 0.68  

4 RS 18 3.06 0.66 0.3217 16 1.76 0.51 0.1381 

 US 16 1.53 0.76  16 2.10 0.55  

 CR 17 2.06 0.72  16 0.77 0.52  

5 RS 18 4.01 0.79 0.2265 16 5.11 0.83 0.0252* 

 US 16 3.78 0.90  16 3.12 0.89 1:3* 

 CR 17 2.25 0.84  16 1.78 0.85  

6 RS 18 2.42 0.85 0.1600 16 2.13 0.66 0.8592 

 US 16 3.75 0.98  16 2.56 0.71  

 CR 17 1.30 0.91  16 2.09 0.67  

Total for 

all tests 

RS 18 24.70 3.31 0.1474 16 18.43 2.90 0.0637 

US 16 19.78 3.78  16 12.73 3.13  

CR 17 15.33 3.58  16 8.50 2.97  

N (number of animals); SE (standard error of the mean);*P  0.05;  
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3.2. Factors season of birth and father lineage 
 

At the age of 12 months, there was a tendency of the 
shortest and longest total standing time in group SB3 and in 
group SB1 (SB1 711.7±96.8 s, SB2 672.5±112.53 s, 
SB3 381.34±145.5 s, SB4 562.8±135.6 s, P=0.1664). 
Significant differences were calculated in Test 1 and Test 6 
(P=0.0327, SB1:SB3*; P=0.0079**, SB1:SB3**). The trend was 
maintained until the age of 19 months (SB1 698.2±95.9 s, 
SB2 614.5±105.9 s, SB3 379.4±136.1 s, SB4 603.8±132.2 s, 
P=0.2941). Significant differences were found in Test 1 
(SB1 89.6±14.3 s, SB2 90.8±15.8 s, SB3 19.4±20.3 s, 
SB4 63.6±19.7 s, P=0.0254, SB3:SB1,2*). 

A similar situation was showed in the time of crossing 
the labyrinth. SB3 heifers needed the least time at the age of 
12 months, and SB1 heifers were the slowest (SB1 
1257.5±109.7, SB2 1176.0±129.1, SB3 857.4±167.5, SB4 
1043.3±156.0, P=0.1643). Significant differences were 
recorded in Test 6 (SB1 277.5±25.7 s, SB2 225.7±30.5 s, 
SB3 87.1±39.6 s, SB4 157.5±36.8, P=0.0010, SB1:SB3*, 
SB2:SB3**). Seven months later, it was again the fastest SB3 
group and the slowest SB1 group (SB1 1257.3±104.9, SB2 
1141.3±115.9, SB3 838.5±148.9, SB4 1085.1±144.6, 
P=0.1508). Significant differences were recorded in Test 1 
(SB1 192.9±19.5 s, SB2 192.7±21.6 s, SB3 96.1±27.8 s, 
SB4 165.5±26.9, P=0.0285, SB1:SB3*). 

In ethological tests at 12 months, the highest 
vocalisation reaction was observed in group SB1 and the 
quietest heifers were from group SB4 (SB1 29.8±3.3, 
SB2 23.9±3.8, SB3 14.2±4.9, SB4 11.8±4.6, P=0.0070, 
SB1:SB4*, SB1:SB3**). There was also a significant difference 
in Test 1 (SB1 9.7±1.2, SB2 6.7±1.4, SB3 1.6.1±1.9 s, 
SB4 3.9±1.7, P=0.0026, SB1:SB4*, SB1:SB3**). At 19 months, 
there were no significant differences between the 
vocalisation response according to the season of the birth 
(P=0.4653).  

However, significant significance was recorded in the 
distribution of heifers by fathers. At the age of 12 months, 
heifers after F4 had the most vocalization and animals after 
F1 the least in all tests (F1 16.7 ± 5.5, F2 20.3 ± 4.2, F3 18.9 ± 
2.9, F4 23.8 ± 4.3, P = 0.0491 *, F3: F4 *). Significant 
differences were also noted in Tests 4 and 6 (F1 1.2±1.1, 
F2 2.0±0.85, F3 2.2±0.6, F4 3.4±0.8, P=0.0224*, F2:F3*; 
F1 3.6±1.4, F2 2.65±1.1, F3 1.6±0.7, F4 2.1±1.1, P=0.0229, 
F3:F4*). 
 

3.3. Consistency of labyrinth behaviour over time  
 

Repeatability between the parameters of labyrinth 
behaviour at the age of 12 months and 19 months was proved 
by highly significant correlations (Table 4). The times of 
standing in the labyrinth correlated significantly in all tests. 
The significant relationships between the times of traversing 
the labyrinth were found during five tests, the exception was 
only the third test. The least consistent indicator was the 
number of vocalisations. The differences in the third, fourth 
and sixth tests were shown in this case. However, in the 
evaluation for all six tests, very close relationships were 

recorded, positive correlations were at the levels of P  0.001 
(r = 0.6660***, r = 0.7703***, r = 0.5471***).  
 

4. Discussion 
 

4.1. Factor rearing (housing/feeding) 
 

Calf-heifers raised in individual hutches with limited 
movement (CR) cannot sufficiently express their social 
behaviour; they became more challenging to adapt to the 
new situation and, therefore, impaired learning abilities. This 
was pointed by the other authors (Arave et al 1992b; Veissier 
and Le Neindre 1992; Costa et al 2016). Calves housed 
individually with maternal deprivation are less able to cope 
with stress and are more fearful than pair-housed calves 
(Lauber et al 2006; Latham and Mason 2008; Jensen and 
Larsen 2014; Horvath et al 2017). Lack of social 
communication could cause a relevant level of stress in the 
calves, affecting their later behaviour. Socially reared calves 
are less fearful (Wagner et al 2013; Zhang et al 2021). 

On the other hand, the CR group's prolonging of 
standing or crossing time could be accounted for as an 
increased exploratory reaction. It is yet to be ascertained 
whether we will consider this exploratory behaviour as 
positive or negative. It can express higher interest in the 
environment and, thus, a higher intelligence. 

The shortest time of running across the labyrinth was 
recorded in the US group. In foster cow rearing systems (such 
as US), calves have to compete with other calves, which can 
affect their behaviour after weaning or calving. Foster cow 
care and social contact also played an important role. The calf 
also learns from the other animals in the group (Gaillard et al 
2014; Meagher et al 2016; Meagher et al 2019). These results 
confirm the previous findings (Flower and Weary 2001; 
Wagner et al 2012; Costa et al 2016). Heifers raised with their 
mother or foster cows were more socially active than heifers 
kept individually (RS and US against CR). 

Similar tendencies were demonstrated in both 
vocalisation behaviour assessment terms, 12 and 19 months. 
The heifers of the RS group showed the highest number of 
vocalisations, and the heifers of the CR group the least. The 
rearing treatment groups differed significantly. CR heifers 
cannot quickly cope with the new situation and, therefore, 
are most vocalised. When we compare the groups US and CR, 
it is evident that the mother separation time was very 
different. The heifers of the CR group could not form a bond 
with the mother or foster cow during the milk feeding period, 
but the heifers in the RS group had to be closely dependent 
on the mother. The vocal response may express the reaction 
of the heifer to social isolation in the labyrinth. An animal not 
adapted to stay in an unfamiliar environment is frightened 
and stressed out when alone (Siebert et al 2011; Burman et 
al 2008; Green et al 2018; Lecorps et al 2018). Mooing has 
been used as a measure of distress and fear in farm animals 
(Romeyer and Bouissou 1992; Manteuffel et al 2004), and 
vocalisation assessments in behavioural studies are a source 
of important information about the physiology and welfare 
state and related to the expression of social behaviours 
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(Stehulova et al 2008; Meen et al 2015; Herbut et al 2021; 
Lecorps et al 2018). 

 

4.2. Factors season of birth and father lineage 
 

At 12 months, it tended to have the shortest and 
longest total standing time in group SB3 and group SB1. The 
trend was maintained until the age of 19 months. A similar 
situation was shown in the time of crossing the labyrinth. SB3 
heifers needed the least time at the age of 12 months, and 
SB1 heifers were the slowest. To explain, we have two 
options, namely, influences of cold stress and prenatal stress. 
Calves are the most susceptible to cold stress right after they 
are born. In Slovakia, calves born in the late winter and early 
spring often experience sustained cold periods during the 
first weeks of life. For newborns, the lower threshold 
temperature is about 15°C. Under this threshold, the calf 
must to use limited body energy reserves. A negative energy 
balance could be developed (Anderson and Bates 1984; 
Buttler et al 2006; Nonnecke et al 2009; Angrecka and Herbut 
2015; Roland et al 2016). 

The increased energy expenditure to warm the body 
results in a series of physiological and behavioural responses. 
This ability to adapt to a lowering of the energy intake is, 
without doubt, beneficial to the survival of the individual 
(Gordon 1997; Krachun et al 2010; Miguel-Pacheco et al 

2015; Bell et al 2021). According to authors Shetty (1999), 
and Han and Dingemanse (2015), behaviour is focused mainly 
on the distribution of time and energy for the necessary 
activities. 

Miguel-Pacheco et al (2015) and Budzynska and 
Weary (2008) demonstrated that the movement time reflects 
dairy calves' energy intake. This can explain why the SB1 
heifers were the slowest in solving labyrinth tests. During the 
early neonatal period, adverse climatic conditions disrupt 
thermal balance and may result in behavioural changes in 
early and later age (Carstens 1994; Collier et al 2006).  

The prenatal stress (stress experienced by the mother 
with impact on the foetal ontogeny) can cause longer-term 
behavioural changes in the offspring (Broucek et al 2002; 
Gräbner et al 2009). Braastad (1998) reported that prenatally 
stressed animals show a reduced exploratory behaviour and 
impaired learning ability.  

Some authors concluded that heat stress during 
gestation also influenced the calves and kids' activity patterns 
and exploratory behaviour in early life (Laporta et al 2017; 
Coloma-García et al 2020). This may explain the rapid 
solution of labyrinth tests by a group of heifers born between 
July and September (SB3). However, studies exploring the 
effect of uterus heat stress on dairy cattle behaviour, 
especially labyrinth behaviour, are lacking. 

 

Table 4 Spearman correlations of labyrinth behaviour at 12 and 19 months of age. 

Test Time of standing (s) Time of crossing (s) Number of vocalisation 

1 r 0.6271 0.5112 0.1639 

p 0.0000*** 0.0002*** 0.2698 

2 r 0.4613 0.4622 0.2086 

p 0.0012** 0.0011** 0.1590 

3 r 0.3262 0.1807 0.4472 

p 0.0256* 0.2179 0.0018** 

4 r 0.5308 0.5060 0.3636 

p 0.0002*** 0.0003*** 0.0123* 

5 r 0.4864 0.4982 0.2003 

p 0.0006*** 0.0004*** 0.1763 

6 r 0.3389 0.4038 0.4465 

p 0.0202* 0.0047** 0.0018** 

Total for all 

tests 

r 0.6660 0.7703 0.5471 

p 0.0000*** 0.0000*** 0.0001*** 

  *P  0.05; **P  0.01; ***P  0.001; r = Correlation coefficient, P = P-value. 

 
In ethological tests at 12 months, the highest 

vocalisation reaction was observed in group SB1, and the 
quietest heifers were group SB3 and SB4. At 19 months, there 
were no significant differences between the vocalisation 
response according to the season of the birth. This is probably 
related to the slower passing of labyrinth tests by SB1. These 
heifers had more difficulty solving individual issues; they 
were uncertain and mooed the most. It seems that season of 
the birth is a critical factor determining animals' ability to 
respond to environmental change. Increases in the 
productive capability of domestic animals can compromise 
thermal acclimation and plasticity, requiring greater 

investments in housing systems that reduce the variability of 
the thermal environment. 

Some sires showed a higher level of activity and better 
ability to learn in the maze (Kovalcikova et al 1988; Broucek 
et al 2003; Arave et al 1992a). But our results obtained during 
observations in the labyrinth test did not confirm this 
hypothesis. During the research of the labyrinth behaviour, 
the influence of the Father factor was not proven either in 
the time of standing or in the time of its crossing. The 
problem probably lies in a suitable method of testing. It is also 
possible that the Holstein breed animals are not easy to 
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evaluate because of their very docile temperament and 
discipline. 

However, significant significance was recorded in the 
distribution of heifers by fathers in the 12th month. Generally, 
the group ascended after F4 had the most vocalisation and 
group F1 the least in all tests. The father lineage influences a 
large part of the population, so its genetic qualities are 
effective as a stabilisation factor. The entire adaptability of 
the population through the fathers can be important. 

 

4.3. Consistency of labyrinth behaviour over time  
 

The partial goal of this study was to explore if dairy 
heifers are consistent over time in resolving situations. 
Repeatability between the parameters of labyrinth behaviour 
at the age of 12 months and 19 months was very high. 
Significant positive correlations were calculated in all three 
indicators. Similar findings were also mentioned by other 
authors (Kovalcikova and Kovalcik 1987; Bünger and 
Kaphengst 1987; Jensen et al 1999), who compared the 
behaviour in open-field tests in heifers and calves.  According 
to Schuster et al (2017), the behavior is repeatable and 
depends on animal personality, genetic background and 
environment of rearing. It was suggested that shorter 
intervals between tests and presenting the same object in all 
tests will improve the repeatability of the test results 
(Meagher et al 2016). We agree that the shorter the period 
between observations, the higher the repeatability. Seven 
months was not in the present experiment for too long. But 
even so, the high stability of these behavioural parameters 
was confirmed. 

Long-term consistency in responsiveness to labyrinth 
tests has not been studied so far in dairy heifers. Also, there 
is limited information on relationships between the 
responsiveness of dairy cattle to learning ability tests. We 
proposed that the reactivity of calves to labyrinth tests is 
mediated by traits related to standing, locomotion, 
exploration, and vocalisation. The personality traits changes 
in cattle around sexual maturation are probably owing to 
major physiological changes that are accelerated at this time 
(Schuster et al 2017; Müller and von Keyserlingk 2006; Meale 
et al 2017; Lecorps et al 2018; Neave et al 2020). Our findings 
suggest that learning traits of dairy heifers change over 
ontogeny but become more consistent after sexual maturity. 
 

5. Conclusions 
 

This study was conducted to determine whether 
factors of the rearing, the season of the birth, and father 
lineage affect dairy heifers' behaviour from the 360th to the 
570th day.  

Heifers reared in individual housing (CR) appear the 
least adaptable at the labyrinth. Heifers raised by foster cows 
(US) showed the best orientation in the labyrinth facility and 
were the most adaptable. Heifers SB3 across the labyrinth the 
fastest; the slowest were heifers SB1. We found the long-
term consistency of behavioural responses to the labyrinth.  

The effect of the fathers' genotype was manifested 
only in the number of vocalisations during the labyrinth tests. 
The results indicate that the method used to rear heifers and 
the season of birth may significantly impact their later 
behaviour in puberty and first pregnancy. 
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