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Glossary

English German Swedish

biting lice Haarlinge/Federlinge pals atare
breed Rasse ras

to butt mit dem Kopf stofRen stanga till
climatic chamber Klimakammer klimat kammare
coat length Felllange palslangd
coniferous forest Nadelwald barrskog
conspecific Artgenosse artfrand
crepuscular dammerungsaktiv skymningsaktiv
to crouch kauern kura

cubicle Liegebox liggbas

dairy cow Milchkuh mj6lkko
deciduous forest Laubwald l6vskog

diurnal pattern Tagesrhythmus dagsrytm

fat layer Fettschicht fettlager

fur Fell pals

grazing pattern Weideverhalten betesmonster
heifer Farse kviga

lactating
muzzle
pasture
precipitation
predator

to ruminate
shelter

to shiver
suckler cow
swamp

laktierend, milchproduzierend

Schnauze

Weide
Niederschlag
Raubtier
wiederkauen
Schutz; Unterstand
zZittern

Mutterkuh

Sumpf

lakterande, mj6lk producerande
mule
bete
nederbord
rovdjur
idissla
skydd; ligghall
huttra
diko
karr




Summary

In today’s agricultural environment it is possible for free-rangiritieceo behave almost as
natural as they would in the wild. Usually free-ranging céittt2in mixed age groups and
the cows and heifers mate naturally with breeding bulls whicipaearily stay with the
herd. Besides feeding of mineral supplements feeding only happeng dumter time and
concentrates are seldom fed. The animals are able to cope \igdemifenvironmental
challenges like low temperature, high wind speed or precipitapaio a certain degree by
adapting physically and changing their behaviour. This means dkis¢ are capable of
living outdoors even during winter without physical suffering, if @@rtconditions like
access to food, possibilities of protection or good body condition arith lzea fulfilled.
Little is known about the correlation between weather and theofusatural or artificial
protection by cattle in Northern Europe and the results of thecéered out studies and
observations of the animal owners are very diverse. Age and expenathcevinter
weather and pregnancy play a role as well as outdoor ra$iygung cattle which makes
early physical adaptation possible and which lets them leatagbion behaviour as young
animals. There is little knowledge about the influence of weathehe cattle’s behaviour
in semi-natural environments.

The aim of this study was to investigate the behaviour of &tle tauru¥ kept in semi-
natural environment during winter time and to study the effect of weathdgldggrotec-
tion and experience on the behaviour.

The study was carried out in the southwest of Sweden on the fasgteila on a pasture of
12 ha which had not been used for agriculture for at least eight {Azatsction was avail-
able by coniferous forest which was situated both on and around the pasture dividng it i
four protection categories: In forest; Near protection, wind abandoded Near protec-
tion, wind facing side; No protection. From DecembB8r2006 till March 22 2007 ten
cows and ten heifers of Black Angus and Black Angus-Charolaiskceests were ob-
served as focal animals during a total of 240 hours. Each animd&bNeaged one hour at

a time and recordings were made with instantaneous samplégnatute intervals for
body position and general behaviour and continuously for social behaviour. Fouohours
observations were carried out each day and these observation tineeadjested to the
position of the sun. Temperature, wind speed and solar radiation were measuradhmsoth i
animals’ surrounding every four minutes and at the most exposedfsiha pasture per
hour and later per 15 minutes. The different variables were combireedingle measure
called Wind Chill Temperature (WCT). All collected data veaslysed with a Poisson-
regression model-link, logistic regression model-link functions, thedfan two-way
analysis of variance by ranks, the Wilcoxon signed ranks test and the Sign test

To get an overview of the behaviour of the cows and heifers the peyesmtathe differ-
ent body positions and the general and social behaviours were shawatskgpfor morn-
ing and afternoon. The animals were lying more in the mornings th#dreiafternoons.
The cows and heifers were feeding more in the afternoons, probablysbdeading took
place at noon from the end of January on. However, in December theaodwsifers
spent more time feeding in the afternoon as well, even though feeding took plze ésite
afternoon. Social behaviours were of aggressive nature for about the cfocial re-
cordings. Aggressive social behaviours were shown 21.9 percentage Ipoigsoften
while feeding from the feedracks and silage bales on the ground than while nag.feedin



During the four months of observations the cows and heifers were forést in 12.4 %,

near protection in 10.4 % and without protection in 77.2 % of the recordimgggal, there

were no significant differences in the number of recordings wherdiws and heifers
were lying without protection compared to lying in the foresthéf proportionate percent-
ages of lying per protection category were compared, the aoavfeifers were lying sig-
nificantly more in the forest compared with lying without any @ction (p < 0.001). Rest-
ing (lying, ruminating, showing no activity) was quite similail] #te frequency of resting
in the forest was significantly smaller if compared withtings without any protection
(p < 0.001). The comparison of the proportionate percentages of riesthmgforest com-

pared with no protection showed significant differences (p < 0.01).

During precipitation, i.e. rain, snow and hail, the cows and heifecpiénted the forest
2.71 times more often than when there was no precipitation (p < 0.05)gMificant in-
fluence on the use of protection was established for the WCT alomeevdr, in 75 % of
the observation hours the WCT in the animals’ surrounding was at2lé&stigher than
at the most exposed spot of the pasture. The mean temperatereddiith 1.8 °C
(p < 0.001) and the mean wind speed differed with 1.7 m/sec (p < 0.001) hehese
areas.

The general behaviours lying, feeding and ruminating werenfllenced by WCT, pre-
cipitation and precipitation at different WCT. Without precipitatibe tows and heifers
were lying less (p < 0.001), feeding more (p < 0.001) and ruminatasg(je< 0.001) at
low WCT. During precipitation they behaved the other way around anel lyieg more
(p < 0.001), feeding less (p < 0.001) and ruminating more (p < 0.001) at low WCT.

Social behaviours were influenced by WCT, precipitation and precgmtait different
WCT as well. When there was no precipitation, social behavioursah(pok 0.001) and
aggressive behaviours (p < 0.001) were less likely to be shown wh&#Qfewas high,
whereas during precipitation the probability to show social behavioudgal (p < 0.001)
and aggressive behaviours (p < 0,001) was bigger when the WCT was low.

The number of other cattle within a two-cow-lengths-ambit arobedfidcal animal was
influenced by WCT and wind speed but not significantly by pretipn. At lower WCT

(p < 0.001) and higher wind speeds (p < 0.01) there were more animals Hreundal
animal than at higher WCT and lower wind speeds. Furthermore, in the forest thencbws
heifers had less other animals close to them than without any protection (p < 0.01).

The heifers and cows had found similar microclimates, but to do dwetfes tended to
frequent the forest more than twice as often as the cows (p = OlG38)al the heifers
were also lying more than twice as often as the cows (p < 0.05).

The rare observations of direct behavioural changes due to weladhetree difficulties to
measure those changes. Still, they point out the importance thateexpe cattle can
have for the protection behaviour of a herd. Keeping animals indnaige groups and giv-
ing some individuals the chance to evolve life experience and tlabitgpto influence
the behaviour of a whole herd is essential if the animals arelgpiors at least for some
time of the year.

The results indicate that the animals adapted to the circumstandebehaved differently
according to the weather and degree of protection. The cows anc lvegie able to find



warmer microclimates even without always having to frequenegtiog objects. The cir-
cumstances around feeding seem to hold a considerable stress lpespeiteally at lower
temperatures. However, to have conspecifics for protection duridgtemiperatures and
high wind speeds seems to be important for cattle both when no otheatiprote avail-
able and when there is other protection. Experience seems to play a cenfoalgattée in
the way of protecting themselves from weather and the abilifynd suitable microcli-
mates. The results indicate that the heifers did not have ittee Sdlls to find similar mi-
croclimates outside the forest as the cows. Further reseatbtisdopic has to be done in
order to learn more about the relations between different faotdysef production with
free-ranging cattle.



1. INTRODUCTION

In today’s agricultural environment it is possible for free-rangintieceo behave almost as
natural as they would in the wild. The cows and heifers are mksgly in mixed age
groups and are usually naturally mated by breeding bulls whighotamly stay with the
herd. During winter time the animals are merely fed silaggay and/or hay and only get
mineral supplements but no concentrate. Therefore behavioural studieshasgecondi-
tions are very important in order to gain knowledge about cattl&sataand normal be-
haviour in general just as their behaviour in a natural environment wmoéd by hu-
mans.

Adaptation to temperature

One of the most central factors for animals in coping witretheronment is temperature.
Especially in the winter time the temperature is a very itapbifactor regarding produc-
tion as well as animal welfare in free-ranging cattlehé temperature falls below the so
called Lower Critical Temperature (LCT) the animals muastease their metabolic heat
production by shivering or other thermogenic processes in order to keteiugody
temperature (BRISTOPHERSON1985). The higher demand for energy may influence pro-
duction and even result in weight l0SSHEGSTOPHERSON1985). The LCT varies greatly
depending on the stage of reproduction (Table 1) but also on physichfi@mes such as
coat length or fat layer which not only differ between setiet also between breeds
(CHRISTOPHERSON1985). Investigations of the
LCT, however, usually have been determined

single-kept animals in restricted environmer ~ '20l¢ 1t Estimations of the LCT for beef

cows of 500 kg weight

such as stalls and climatic chambe (CHRISTOPHERSON.985)
(CHRISTOPHERSON1985). Therefore neither th

effects of a group nor of wind, precipitation ¢ Reproduction stage ~ LCT in°C
radiation have been regarded in the L( Early pregnancy -13
(CHRISTOPHERSONL985). Late pregnancy 26

The Effective Environmental Temperature is t
temperature the animals experience and is in
enced by other factors in the environme
(BAKER 2004). For example at a temperature ot
-20 °C with sunshine but no wind, a cow in early pregnancy might deeifortable
whereas she might already be in cold stress at -2 °C wathgstvind and heavy snow-rain
on wet ground. The factors that can influence the Effective EnventahTemperature all
include heat loss by conduction, radiation and convectiewgB 2004). Figure 1 illus-
trates the relations between Effective Temperature, food intakatenance energy re-
guirements and energy gain.

Animals have different abilities to adapt to cold stress. Re&tio short, sudden cold are
shivering, erection of fur, concentrating the blood circulation intdotiayy, which results
in a drop of temperature of skin and extremities, as well asvizemal changes such as
crouching, crowding together, seeking shelter or lying down to keejimibs warm and to
loose less energy by reducing surface-volume-ratieiNdsoN et al. 2004). For the first
two to three weeks, longer lasting cold results in raisingnégbolism rate by production
of the hormones adrenalin, noradrenalin and thyroxin and some cortdstEDHNSSON
et al. 2004). Later on the metabolism rate decreases and otherdnaphations like ther-
mal-change-systems for extremities, good isolation by fat thick fur are made
(JoHNssoNet al. 2004). Furthermore brown fat or brown adipose tissue (BATpley a
minor role in withstanding cold in adult animal®lssonet al. 2004). In juveniles BAT

Lactating -47
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Figure 1: Influence of the Effective Temperature on foodkietanaintenance energy
requirements and energy gain (fromrn®NER1988).

is mainly placed around the neck, the shoulders, along the spinal rabrich #he chest
(ECkeRT et al. 2000). In BAT oxidation reactions happen inside the cellswargrich in

enzyme systems of the fat metabolism and therefore it qumidgluces a lot of heat
(ECKERT et al. 2000). Adult animals have decreased brown fat layers bQutrepeated
exposure to cold it can rise agaiofdissoNet al. 2004).

Diurnal pattern

Cattle have a very strict diurnal behaviour pattern. A study dirégeranging Chillingham
wild cattle in northern England byAdL (1989) revealed that daylight grazing during win-
ter time took up 75 % of cattle activities. Being crepuscafamals grazing peaks occur
around sunrise and sunset whereas there is low activity at midd&gz & Bouissou
1975, RASER 1983). Therefore grazing in cattle is adjusted to sunlighG@gs & REID
1951 in KhFEZ & Bouissou 1975) which plays a very important role for the daily routine
especially in the northern countries where solar radiation isdearily very weak and day
length differs a lot between summer and winter. Other behaviousarenfluenced by
the quite stereotyped grazing pattermigkz & Bouissou 1975) so that possibly the time
with a low activity level during midday might decrease in largteven disappear on very
short winter days.

Light intensity influences cattle behaviour as well. Calve&@fman Friesian, Simmental
and their crossbreeds kept at four different levels of lightiyg20, 100 and 130 lux)
showed wide differences in varying behaviouraBENMANN et. al. 1984/1985). At the
lowest level of lighting resting behaviour lasted longest and ma@st frequent whereas
feeding increased with higher light intensityAfINENMANN et. al. 1984/1985). The dura-
tion and frequency of social behaviours increased significantly mgher light intensity
and the duration of locomotion, exploration and licking of objects wassamificantly
higher with increasing light intensity ARNENMANN et. al. 1984/1985). Generally these



calves showed a much higher activity level at the highest Igénsity in comparison to
the lowest light intensity.

Use of protection

During winter time cattle are affected by low temperatwiad, rain and snow. In a pilot
study QARsBO (2005) found that there were great differences in the use of pootécth
due to weather but also due to habituation of the animals to usesh#ikeance between
both food and shelter and water and shelter. Accurate weatheursraasts, though,
could not be made in this MSc report.

Earlier studies showed that cattle seem to prefer centeas do0 perform various behav-
ijours. In a student project on beef cattle kept on a ranch insdbéh of Sweden
BENGTSsSONet al. (1982) pointed out that these areas all had common chatmstevisch
were an overall view of the area, either flat surrounding with po@st stand or hilly
more dense grown landscape and nearby protection against wind and rainek dley
did not make any specification about what behaviours were performthese favourite
areas. In a study byeRBo (2000) dairy heifers, which had been raised indoors but left
outdoors in the summer and the following winter in the area of Upakden, lay down
only in shelters during the winter time. They first lay down ondpen ground in April
(ReDBO 2000). By contrast, the beef breeding bulls kept at Dagnas, 20 km sdskiraf
in the southwest of Sweden, which stay outdoors all year round, neverncese their
shelter, even if there is heavy rain- or snowfall (Ida Lindstifromas Torsein, personal
communication). These bulls often lie down such a long time, that wiseowts they get
“snow blankets” on their backs. Despite that they never seem foratsetion they do not
show any negative effects on their health because of this behaviour.

BEAVER & OLSON (1997) found that experienced Angus X Hereford cows grazed more
frequently in an area protected from weather than inexpedefsegus X Hereford cows.
Due to these results M¥MUTH (2003) points out the importance of early adaptation of
animals to winter weather and proposes two rules: Heifers shoukidesl outdoors and
cows have to be brought to their winter pasture early enoulgé édle to adapt to the cir-
cumstances. This knowledge indicates that there is a learninggitageng place in which
cattle learn how to properly protect themselves from weathéur&lly, older cattle which
have experienced winter weather many times before are skitled in protecting them-
selves than younger, less experienced cattle. Howevewestllittle is known about this
just as the preferences of where cattle perform differenwvimira and if that is dependent
on weather.

10



2. AM

The aim of this study was to investigate how beef caites tauruy behave when kept in
a semi-natural environment during winter and how their behaviaifasted by weather,
experience and pasture section with the so given protection.

The following questions have been formulated:

1. Do cattle show resting behaviours in all different protection categoriesiop#sture?

2. Do cattle use different protected sections of their pasture depending on ther®eat

3. Do cattle spend different amounts of feeding, ruminating and kgspgectively de-
pending on the weather?

4. Do cattle perform social behaviour in equal frequency independent of the weather?

5. Does the distance between cattle differ according to the weatliegree of protec-
tion?

6. Do cattle seek better protection from weather with increasing degreperfence?

It was predicted that cattle would not rest in all differentgmiodn categories of their pas-
ture and prefer to rest in sections which are well protectedvirmich and precipitation and
at the same time also protected from predators.

They would use different protected sections during different types of weather.

Cattle would feed and ruminate the same amount of recordings ndeygeof weather
whereas they would lie more in warm sunny and very cold snowy weather.

Social behaviour would be performed with a higher frequency in wagath&r whereas in
cold weather the frequency would decrease.

The distance between cattle would be bigger in warm than in calthere Cattle would
spread out more in the forest than close to it, but not as much as in the open field.
They would seek better protection from cold, windy and snowy weathkrinagreasing
degree of experience and react to weather changes faster than lesneggderattle.

11



3. MATERIAL AND METHODS

3.1. Material

The study was carried out on the farm Trestena (58°19’ N, 13°29’ Enldputh of Skara
in the southwest of Sweden (Figure 2) on a pasture of about 12 ha weldévation of in

average 130 m above sea lev
The pasture was slightly hilly witr
one steeper slope with in total aj
proximately 10 m between th
lowest and the highest poin
About 5 of the pasture was cov
ered with coniferous forest an
birch forest. Deciduous forest an
coniferous forest surrounded th
fenced pasture at three sides. T
pasture was marked off by a nor
tarred road in the south which we
lined by coniferous forest and
small open field which again wa
surrounded by coniferous fores
Since this area had not been us
for agriculture for at least eigh
years, the ground was covere
with a thick grass layer partly
overgrowing stones and sma
rocks before the cattle wer
brought there. One swamp wit
bushes and low trees was close
the gravel road and the ground
parts of one of the coniferous fol
ests was also quite wet. An aeri
line with three electric cables run
ning from west to east parted tr
forests. A man-made water sourc
was available. For more detaile
information see Figure 3.

Sweden

International boundary

By

*  National capital

——— Railroad

Road

o §0 100 Kilometars
L] 50

100 Miles

Figure 2: Map of Sweden. X marks the farm Trestena (from
www.lib.utexas.edu/maps/europe/sweden.jpg

In the beginning of the study the herd consisted of 82 cows and leditdiferent breeds,
most of them crossbreeds of beef breeds. Eleven heifer calvesdbareb February i3
and April £' 2006 and 14 calves born in July and August 2006 accompanied the herd as
well as three breeding bulls. The bulls were brought to thél spen field south of the
road which marks off the study pasture on Decemb®2086. Two orphan twin calves of
dairy breed born in July 2006 were brought to a stable the samd&luayolder heifer
calves were separated from the herd on Janfa®p@7 and the younger calves were sepa-
rated on January 94 0ne heifer had to be shot on FebrudWaZter being badly injured

in a storm and due to not being pregnant three animals were slaughtereduamyP&bin
January all animals had to be treated against pediculosis ésalisaused by biting lice),
but besides that all cattle were healthy throughout the winter.

12
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Figure 3: Map of study field in Trestena.
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All cows and heifers were weighed and checked for body conditiontihree (December
14" 2006, January 192007 and April 28 2007). The body condition of the cows and
heifers ranged between 1.5 and 5.0 with a mean of 3.7 for all lsramdweighings (1.0:=
"severe underconditioning”, 5.0:= “severe overconditioning”; for furtiormation see
appendix, p. 61). The weighings and checks for body condition were pastuahyacarried
out by Charlotte Hallén Sandgren from the Swedish Animal Hegdtivice (Svenska
Djurhélsovarden).

The cattle were fed grass silage with low energy and praencentration from three
feedracks which were moved to different spots to avoid destroyingyrinend. The
feedracks were filled up every second or third day, whenever necessary.

The owners of the cattle had applied for and received permission iatheeattle out-

doors without shelter during winter 2006-2007. According to regulations dbweslish

Animal Welfare Agency cattle must have access to dry, dednprotected areas. There-

fore one or two bales of silage were placed on different spotsegbdsture with every
feeding, though never inside the forest to avoid damaging theldayn and protected ar-

eas there. If the sheltered areas in the cattle’s wintéurpasneaning the coniferous for-

ests, would have become too wet and would not have offered adequate protection anymore,
straw beds would have been built up in the forests (Tomas mpp@isonal communica-

tion). However, this was not necessary throughout this winter.

3.2. Methods

Since the area was too big and woody no other method for behavioural studies like this was
possible than focal sampling. Twenty focal animals were pickearding to their age and
therefore experience with winter weather and pregnancy amndbtieed. Ten cows born
between 1997 and 2002 and ten heifers born in 2004 were selected randorelyetmbBr
six and from January on seven heifers were Black Angus-Chacotssbreeds and all
other focal animals, both cows and heifers, were of pure Blagu®rReserve animals
were selected with the same criteria as the focal dsirRaserve cows were of Black An-
gus breed and reserve heifers were Black Angus-Charolaiscreds. All focal and re-
serve animals were born and raised on two nearby farms amedkegt outside all year
round for at least several years, but “probably all their IfBdbmas Torsein, personal
communication). Thus all of them had experienced at least twersiatound Skara and
were used to the weather conditions at these latitudes abevesst of the herd. The focal
animals had body conditions between 2.0 and 4.5 with a mean of 4.0 atalinsssure-
ments. The focal cows had a slightly higher body condition scoretfra)the focal heif-
ers (3.9). All animals were supposed to be pregnant. Later itouasl fthat three of the
focal heifers were not pregnant. After being badly injured stoam on January 13and
14" one of those three non-pregnant Black Angus-heifers had to beegplith a preg-
nant Black Angus-Charolais-crossbreed from January on.

Observations were made four hours per day on 15 days per month fremiec! 2006

to March 22 2007. Each day there was one period of two hours in the morning and a sec-
ond period of two hours in the afternoon. Observation times were adjodtieel position

of the sun. The data about the position of the sun were taken from vasmhshlen.sdor
Jonkoping which is the town closest to Skara for which data about thepaxithe sun

was available and which suits best to the longitude of Skara.ifBharid second hour of
observation (further on called “observation hour 1” and “observation hour 28 sugp-

14



posed to start 15 minutes and 90 minutes respectively after suhastird and fourth
hour of observation (further on called “observation hour 3” and “observation4ipur
started 75 minutes and 150 minutes respectively after the hjgbgson of the sun. Each
observation hour lasted for 60 minutes. A time buffer of 15 minutes befarafter the
exact beginning was allowed in order to be able to find the focal animal. If tHexfoceal
could not be found within these 30 minutes, it was allowed to pick one oégbeve ani-
mals (a cow for a cow and a heifer for a heifer) which evercondd find first. See Table
2 for the real starting times of the observation hours.

Table 2: Mean minutes, standard error of mean, median, muimn and maximum of
observation hours 1 and 2 after sunrise and of pl®n hours 3 and 4
after the highest position of the sun

Observation hour 1 2 3 4
Mean 15.54 79.98 70.28 135.87
Standard error of mean 1.269 1.340 0.873 1.205
Median 14 79 70 134.5
Minimum -1 63 51 115
Maximum 54 114 94 155

For each week the median of sunrise and highest position of the sun was taken and rounded
to the closest number that could be divided by five. The startirgg timere calculated with
these median times. In order to get data under the most random coneitevgsfocal
animal was observed three hours per month, each time duringredifbbservation hour,
but at most one hour per day. Every month a different observation holgftvast within
each individual. At the end of the observation series each focal l[dmathdoeen observed
three times in each observation hour and 12 hours altogether. Aftelafrgewith observa-
tions (further on called “observation days”) every focal animal l@eh observed one
hour. In the mornings always one cow and one heifer was observedeasahte was done
in the afternoon. The order of this was selected randomly for fiveessive observation
days. For the next five observation days the order was reversedtanthat the same
cow-heifer-order as during the first five observation daysestaagain (for exact order see
appendix, p. 62). However, the focal animal for each hour was picked rgnd@etieen
each observation of the same focal animal were at least twovatise days, still there
were always at least three days between each observatiorAnoexample of the exact
timetable with dates, observation hours, cattle numbers and gtanties is given in the
appendix, p. 63.

General behaviour was recorded with instantaneous recording witkeavai of four min-
utes & 15 intervals / observation hour). Within each interval social behavimportant
for this study were recorded continuously. All social behaviours exoepintermediate
pressing” and “Scrabbling” were also recorded if the focal anre@dived the behaviour.
The recorded behaviours are listed in Table 3 and Table 4. Dueotdingcmethods the
general behaviours had a possible range from 0-15 times per houasvtieeesocial be-
haviours had a minimum of 0 and an undefined maximum per observation hour.
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Table 3: Ethogram of the recorded body positions and geneehlaviours

Behaviour group

Behaviour

Definition

Body position

No further grouping Standing

Max. 1 leg does not touch ground, no forward
movement

Walking Max. 3 legs touch ground, forward movement
Running Max. 2 legs touch ground, fast forward movement
Lying Body touches ground, no weight on legs
General
Feeding Eating silage Picking, chewing or swallowing silage
Eating vegetation Picking, chewing or swallowing vegetation
Drinking Sucking and swallowing water
Ruminating Ruminating Regurgitating or chewing on partly digested food
No activity No activity No visible activity
Only while lying
Head up Head held up, no visible activity
Head on the ground Head touches ground, no visible activity
On the side Lying lateral, legs more or less stretched out
Exploring Licking on something Passing tongue over ground or object
Sniffing Sucking in air holding head in the air or close to
ground or object
Looking Focussing or observing something and following it
with eyes and/or head
Grooming Licking themselves Passing tongue over own body part
Scratching on somethindgrubbing body on object
Scratching themselves  Rubbing body with claw
Other Other Other behaviour
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Table 4: Ethogram of the recorded social behaviours

Behaviour group Behaviour Definition
Positive Sniffing on others Sucking in air holding head very close to adttér ¢
Licking others Passing tongue over body of other cattle

Aggressive

Other

Touching head with  Touching head of other cattle with own head/muzzle
head/muzzle

Touching other body Touching body part except for head of other cattle
part with head/muzzle with own head/muzzle

Threatening cattle ~ Showing aggressive dominant behaviour towards
other cattle without touching

Driving off cattle Trying to make other cattle move by showing
aggressive dominant behaviour and moving towards
it without touching

Pushing Pressing other cattle away often with head
Butting Swinging head with force against body of other cattle
Fighting

Pushing head-to-head trying to overpower each other
or to gain access to flanks often with short chase

Mounting others Climbing on other cattle from the back with front
legs placed around flanks

Kicking Kicking with hind leg in direction of other cattle

Scrabbling Pawing with front claw on ground so earth is

dispersed, often front claw slams in own abdomen
producing a dull sound

Intermediate pressingBYy pressing own body between two other cattle
forcing one or both of them to move

Leaning with body on Putting weight of own body on other cattle
other cattle

Scratching on other Rubbing part of own body on other cattle (mostly
cattle (rubbing) rubbing forehead on horn or heel)

The pasture was divided into the four different protection categtineforest”, “Near
protection, wind abandoned side”, “Near protection, wind facing side” amdgidtec-
tion”. The two “Near protection...”-categories were the areas lwhiere close to every-
thing which could protect the cows and heifers from wind and weathlerasuicee groups,
stone walls, bushes, solitary trees and also the forest. 5-10 mcdistathe protecting ob-
ject was allowed to be still in the “Near protection...”-catggdepending on size and
height of the protection. According to the wind direction these aveesthen classified as
“wind abandoned side” or “wind facing side” during the observation.Figare 4 for a
map of the study field with available protection.

Other animals in a two-cow-lengths-ambit (ca. 5 m) around thé éodaal’s head were
counted to estimate the distance between the cows. The estimets as follows: “The
more individuals in the two-cow-lengths-ambit the closer theyt@esach other.” No dif-
ference was made between cow, heifer, bull or calf, only ifotke calf was within this
ambit it was noted additionally even though it was also counted wrgeith the other

individuals.
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Trestena

Stationary weather station
Birch with stone wall

Broad leaved-tree

* 0 O ®

Discrete spruce
—  Overthrown tree
@ Tree group
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-o—0- Aerial line

& Protection 4
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© Katharina Graunke

Figure 4: Map of study field in Trestena which shows the grrtidn available for the animals. The perma-
nent green marks the forest the animals could tm in

Temperature, wind speed, relative humidity and solar radiationmeasured with a port-
able weather station (Lutron, LM-8000) about 1.1 m above the ground (appt@Xieight
of the head of the focal animals) within the surrounding of thel faianal every four
minutes and any kind of precipitation was written down per intervakafionary weather
station (Vaisala, WXT 510) was put up at one spot of the pastuzee there was no pro-
tection from weather e.g. by forest (Figure 4). This @tasidditionally measured precipita-
tion. All measures of the stationary weather station were m@amisour and from Febru-
ary 19" 2007 on means per 15 minutes respectiveljle measures from the stationary
weather station were synchronized to the real time of the regsrdif behaviour and
weather with the portable weather station so that each intesvallgcated recordings of
the stationary weather station from the corresponding hour and 15 snnesfeectively.
For the statistical analyses the weather data, exceplétive humidity, was combined to
a single measure called Wind Chill Temperature (WCT) gine€iC for each weather sta-
tion. The following equation developed from Environment Canada’s Wind Clogr&m
(2003) and modified by JckeR et al. (2007) was used:

! Because of apprehension of lacking memory capabigymeasures were first saved as means per hour.
Later this was found baseless and the means weee g&r 15 minutes.
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W =13.12 + 0.6215 xJ — 13.17 x 10+ 0.3965 x T, x V16

W: = wind chill index based on °C
Tair. = air temperature in °C
V: = wind speed in km/h

If the wind speed was 0.2 m/sec or below, this equation would add sotseoutiie tem-
perature and hence in this case the original temperatureseds According to Environ-
ment Canada’s Wind Chill Program bright sunshine might reducefféa of wind chill
by 6-10 units. The observer noted that a bright cloudless wintendBgstena’s latitude
never had a light intensity below 20 000 lux and a sunny day with songsahever had a
light intensity below 15 000 lux. Light intensity of the stationargather station was
measured in kW/mz2 which is not convertible into lux. Thus values iridken from the
portable weather station in the surrounding of the stationary westtiten were com-
pared with measures from the stationary weather station in k¥skan at the same time.
15 000 lux correspond roughly with 0.1 kW/m?2 and 20 000 lux with 0.2 kW/m?2. Therefore
sunlight was included as follows: If light intensity was above 15I00@portable weather
station) and 0.1 kW/m?2 (stationary weather station) respectévelyits were added to W
and if light intensity was above 20 000 lux (portable weather statimh)).2 kW/m? (sta-
tionary weather station) respectively 10 units were added. The vessilcalled the Wind
Chill Temperature, given in °C.

3.2.1. Statistics

For statistical analyses all measures were combined pervabsa hour although in dif-
ferent ways. From temperature, wind speed and Wind Chill Tempegatuesan per hour
was calculated as well as for the number of animals in the ambit of the focal.anim
Relative humidity was very different between the two wea#tetions even when test
measurements of the two stations were made right next lhootfaer. Probably the relative
humidity measurements of the portable weather station weremech influenced by
wind speed since sudden drops of the humidity were noted a couple ofwheasthe
wind speed increased. Thus, relative humidity was not included in statistics.

The protection categories had codes which became higher thedésstipn the category
offered (1:= “In forest”, 2:= “Near protection, wind abandoned side”,'Rear protection,
wind facing side”, 4:= “No protection”). The median from the notestqumtion categories
per interval was determined for each observation hour.

The investigated behaviours lying, feeding, ruminating and sodialvi@urs were counted
per hour. Due to the summary of the social behaviours to frequerasiémur, the whole
observation hour had to be treated as missing if the focal aninsabwteof sight of the
observer during some time in one interval, since this intervalktheastreated as missing.
For the percentage of recordings of body positions, general and sele&alidurs every
single recording of every focal animal and every hour was ssé¢ldat n = 21 and all 3600
intervals except for the missing data went into calculations.

Since after rain, snow or hail the ground stays wet or covert&dswow or hail for some
time and since that might influence the animals’ behaviour theeWtmir was declared as
with precipitation, even if it was only during one interval. Thegisnary weather station
could not measure snow properly. Hence, if precipitation was noted by the observer but not
from the stationary weather station the noted precipitation waseatiofb the precipita-
tion measurements of the stationary weather station.
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Statistical analyses were done with SPSS 13.0 (SPSS Inc., a8/ version 2.5.1 (The
R Foundation for Statistical Computing). The collected data, exoephd weather data,
showed no normal distribution as it is usual for behavioural data and which playedra r
choosing the statistical tests and models. For the different gpestypotheses were for-
mulated and different tests and models were used as appropriate.

To evaluate differences of quantitative data of two or more ceilagables the Friedman
two-way analysis of variance by ranks and the Wilcoxon sigrndds reest were conducted
(question 1). With the Sign test measured data from two relategles was tested for
differences (Wind Chill Temperature, temperature and wind spieeari@able and station-
ary weather station, question 2).

To estimate the influence of different factors on the responsablesi Generalized Linear
Mixed Models were used which enable to regard time-dependenindivédual correla-
tions of the particular units of observation (= each observed cow died).hEor count
data a Poisson-regression model-link was used (questions 3 to 5) atid legression
model-link functions for multinomial data (question 2). To answer que6timsth models
were computed.

According to the longitudinal character of the data an autoregressivelation process
with order one (AR-1) was used as correlation structure in figargeralized linear mixed
regression models. The shapes of the Poisson- and logit link-functioasy(lgistic re-
gression) are shown below:

Poisson regression: count = egp € B1X1 + ... +PpXp)

exp Bo + BuXy + ... +PpXp)
1+ exp [30 +B1X1 + ... +[3po)

Logistic regression: P (¥ 1% =x) -

In the Poisson model the response was a count variablg; ang, were the estimates of
the log-linear effects of the different factors, X, X, on the response. Tested factors were
Wind Chill Temperature and wind speed of portable and stationarthevestation, pre-
cipitation, age group, month, observation day and observation hour depending on the ques
tion. Y; was the binary aim variable which indicated the presence observable event in
comparison to a reference category. In the multinomial contexidesimgy the four possi-
ble response categories three logistic models with “No proté€ctis reference category
were computed: “In forest” vs. “No protection”, “Near protection, wibaredoned side”
vs. “No protection” and “Near protection, wind facing side” vs. “No protection”.

The results are presented as “factor” per unit or categactoF“1.00” would mean that
there is no effect on the response by the appropriate variabbet@é smaller than 1.00
means that the response becomes smaller by the factor per caiegory, a factor bigger
than 1.00 makes the response bigger by the factor per unit or category.

To describe the influence of variables on different behaviours or e#n@bles graphs
were made as follows: The estimated number of a variable abehaviour (y-axis) was
calculated with the belonging factor so that the median or meabeatuwh recordings of
this variable was reached at the mean value of the variable oratkie. The axes cover
the range of minimum and maximum of the belonging variables.
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3.2.2. Hypotheses
The following questions were asked and the hypotheses tested:
1. Do cattle show resting behaviours in all different protection categoriesiopdsture?

Ho:= “Cattle show resting behaviours in equal shares in akreifit protection catego-
ries of their pasture and do not show a preference for well protected sections.”

H,:= “Cattle prefer to rest in well protected categories of their pasture.”

The shares of resting behaviours per focal animal in each ébuhelifferent protec-

tion categories regarding the total amount of recordings in thereliff categories were
compared with each other as well as the total amount of thegéshaviours in the
categories. First resting was defined as lying (= “I)inthen the focal animals was
resting when it was lying, ruminating or showing no activity‘esting”). Since the

two “Near protection...”-categories were relatively smalcomparison with “In for-

est” and “No protection” those two most extreme categories there tested against
each other. N = 19, because the shot heifer and her replacementeeddaken out

of the statistics since they both were not observed over the whald p#ile the oth-

ers were.

2. Do cattle use different protected sections of their pasture depending on ther®eat
Ho:= “The use of different protected pasture sections is independent of the weather
Hi:= “The use of different protected pasture sections is dependent on the weather.”

Model “In forest” vs. “No protection”. n = 189
Model “Near protection, wind abandoned side” vs. “No protection™ n = 168
Model “Near protection, wind facing side” vs. “No protection”. n =171

The WCT and precipitation of the stationary weather station wszd for the analysis
since this would have been the assumed worst weather possible for the focal animal.

3. Do cattle spend different amounts of feeding, ruminating and lyaspectively
depending on the weather?

Ho:= “Cattle spend equal amounts of feeding, ruminating and lyespectively
independent of the weather.”

Hi:= “The amounts of feeding, ruminating and lying behaviour resmdge differ
according to the weather.”

Since the WCT of the portable weather station was the negdet@ture for the focal
animals and since the animals react to what they experiBisc&/CT was used. For
ruminating and lying precipitation noted by the observer was uséeé imodels. Feed-
ing could only be performed unprotected and therefore the precipitatiGurasents
of the stationary weather station were used which was workingfiramy observation

day 9 and which once had a battery break down. Therefore n = 20%dimgeand

n = 238 for lying and ruminating.
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4. Do cattle perform social behaviour in equal frequency independent of the weather?
Ho:= “Cattle perform social behaviour in equal frequency independent of the wéather

Hi:= “The frequency in which cattle perform social behaviour is dependent on the
weather.”

The Wind Chill Temperature of the portable weather station and ¢egjpation noted
by the observer were used for analysis because this waspgeeesaxed situation for
the cows and heifers (n = 230).

5. Does the distance between cattle differ according to tlaheeor the degree of pro-
tection?

Ho1:= “The distance between cattle is independent of the weather.”
Hi1:= “The distance between cattle is dependent on the weather.”

Ho2z:= “The distance between cattle is independent of the degreprodéction
(feedracks excluded).”

Hi2:= “The distance between cattle is dependent of the degree etfwat (feedracks
excluded).”

To test the influence of the degree of protection the measuremleatsthe focal ani-
mals were eating silage were excluded as this could only bermped unprotected.
During two hours the focal animal was only eating silage sdhiatr reason n = 236
whereas n = 238 while testing the influence of the weather (W& T€pld weather the
cows and heifers could have chosen to crowd closer together even eddiegf and
therefore eating silage was not excluded for this analysithdfarore the WCT of the
portable weather station and the observer-noted precipitation were used.

6. Do cattle seek better protection from weather with increasing degreperfence?

Ho:= “Cattle seek equivalent protection from weather independent mfdbgree of
experience.”

Hi:= “Cattle seek better protection from weather with increasing dedmgerience.”

The influence of the age (possible age categories were cowedlied) fon different
variables was tested together with the different models usadsteer the other ques-
tions. As a result the number of n differs between 168 and 238.
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4. RESULTS

4.1. Body positions and behaviours in general

The focal animals were standing for more than % of the observations (Figuhey)wére
lying more in the two morning hours than in the two afternoon hours aseralking did
not seem to be influenced by day time (Figure 5). Running wasretdyded a few times
in the animals (Figure 5).

Morning Afternoon

m Standing
Walking

W Running
Lying

Figure 5: Percentage of recordings of different body posgiperformed by beef cows and heifers in the
morning and afternoon from December to March (n13.2

The biggest difference in behaviour between morning and afternoon viiag the coldest
month February with a mean temperature of -3.2 °C and a mean W{Z'B 6. The cat-

tle were then lying almost of the recordings in the morning whereas they were only lying
3.6 % in the afternoon (Figure 6). They also walked more than agigauch during the
afternoons compared to the mornings in February (Figure 6).

February - morning February - afternoon

m Standing
Walking

m Running
Lying

Figure 6: Percentage of recordings of different body posgigerformed by beef cows and heifers in the
morning and afternoon during February (n = 20).
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Over the whole observation period the biggest difference in generalibetsabetween
morning and afternoon was feeding which was 13.7 percentage points rotlier morn-
ing than in the afternoon (Figure 7). The percentage of recordfrmgsninating, no activ-
ity and exploring were between 4.0 and 6.0 percentage points lower afteh®oon than
in the mornings (Figure 7). Only the behaviour groups grooming and ottiexbloat the
same percentages in the mornings and in the afternoons (Figure 7).

Morning Afternoon

33%

8%

29%
0

30/0 9.9%

13.9%

Feedin

28.6%] i

uminating
2 5% -

6 5% m No activity

2 5 Exploring

° Grooming

29.2% 24.8% Other

Figure 7. Percentage of recordings of different behavioursfqyened by beef cows and heifers in the
morning and afternoon from December to March (n1}.2

About % of all social behaviours were of aggressive nature and no26vinhad a posi-
tive intention (Figure 8). Other social behaviours which could najrbaped into being
either positive or aggressive were shown in 6.2 % of the recordirged¢r8). 51.1 % of
all social behaviours took place while feeding and 86.6 % of those belsawere of ag-
gressive nature. The percentage of aggressive behaviour whileedaotd was consider-
able less (64.7 %) whereas the percentage of positive behaviour madeosp/awhile
not feeding (6.8 % while feeding).

The cows showed and received less social behaviours than the (aiales 5). Only the
aggressive behaviours “Threatening cattle” and “Driving offi@attere performed much
more often by cows than by heifers (Table 5). Most common agggesshaviour both
while feeding and not feeding was “Pushing” with almiasof the recordings of aggres-
sive behaviours followed by “Driving off” (28.3 %). With 48.6 % of the pusiti
behaviours “Sniffing on others” was by far most common, followed lbgking others”
(20.6 %) (Table 5).
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Table 5: Frequency of social behaviours shown for cows agitets each performed and received

m Positive
m Aggressive
m Other

Figure 8: Percentage of recordings of social behavioursd#di into positive,
aggressive and other from December to March (n ¥ 21

Behaviour . . Cow Heifer
Social behaviour - - Total

group Performed Received Performed Received

Positive Sniffing on others 62 48 111 52 273
Licking others 11 32 39 35 117
Touching head with 20 14 39 25 98
head/muzzle
Touching other body 14 20 23 20 77
part with head/muzzle

Aggressive Threatening cattle 167 72 141 118 498
Driving off cattle 209 120 166 152 647
Pushing 187 127 213 185 712
Butting 85 47 137 86 355
Fighting 2 0 26 1 29
Mounting others 0 0 2 0 2
Kicking 3 0 2 0 5
Scrabbling 3 - 13 - 16

Other Intermediate pressing 58 - 69 - 127
Leaning with body on 0 0 1 0 1
other cattle
Scratching on other 9 5 10 6 30
cattle (rubbing)
In total 830 485 979 680 2974
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4.2. Where did the animals lie and rest?

Lying was significantly different (p < 0.001; n = 19; Figure 9jha four different protec-
tion categories. The cows and heifers were lying unprotectedia necordings than in
the forest (Figure 9), although this difference was not sigmifi¢p = 0.435; n = 19; Figure
9). There were only few recordings of cows lying near protection (Figure 9)

100 -

90 -
80 -
70

60 -

O Lying
@ Other behaviours

50 -
40 -

Percentage

30

20
10 - 5.1 :
N N
Total In forest Near Near No
protection, protection, protection
wind wind facing

abandoned side
side

Figure 9: Percentage of lying in total and in the differendtection categories (n = 19).
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However, regarding the proportion of lying in the different protectiategories the ani-
mals used the four different protection categories significaliffigrent (p < 0.001; n = 19;
Figure 10). If the category "No protection” was compared Wiih forest” the beef cows
and heifers preferred to lie in the forest (p = 0.002; n = 19; &igQ). Fourteen animals
were lying proportionately more in the forest (regarding thd tteber of recordings in
the two categories), four proportionately more unprotected and onelidomot lie at all
while being observed.

100 -
90
80
70
60
50 - : Igilr?:r behaviours
40 ~
30
20
10 -
0 - T

Total In forest Near Near
protection, protection, protect|on
wind wind facing
abandoned side
side

Percentage per category

Figure 10: Percentage of lying in total and per protectionegdry (n = 19).
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The four different protection categories were used for ressiggificantly different
(p < 0.001; n = 19; Figure 11). The cows and heifers rested unprotectegphificantly
more recordings than they did in the forest (p < 0.001; n = 19; Figyrdn total, 18 ani-
mals have been recorded resting more often unprotected and omenasifeecorded the
same number resting in forest and without protection.

100 -
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80 11463

70 +—
%’) 60 - 31.5
c 50 O Resting
]
] .
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o

30 - 3 A

20 - i

10 - 93 2.6 2.9

1.6
04 3.1 3.3
Total In forest Near Near No
protection, protection, protection
wind wind facing
abandoned side
side

Figure 11: Percentage of resting in total and in the differprdtection categories (n = 19).
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When the proportion of recordings in the different protection categeras regarded, the
focal animals used the four protection categories for redgiimgy( ruminating, showing no
activity) significantly different (p = 0.001; n = 19; Figure 12). Thasarly preferred to
rest in the forest (p < 0.001; n = 19) when compared with the cat&gorprotection”.
18 of 19 focal animals then rested proportionately more in the fordgtpne heifer rested
proportionately more unprotected (Figure 12).
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Figure 12: Percentage of resting in total and per protectiaegory (n = 19).

29



4.3. How did the cattle protect themselves?

The use of the four different protection categories depended on @toipgxcept for the
category “Near protection, wind abandoned side” which did not seemitdlienced by
precipitation. However, the categories “Near protection, wind abaddgide” and “Near
protection, wind facing side” were used quite seldom, thus statistgnificances are dif-
ficult to prove.

The forest was used with a more than 2.7 bigger probability if thase precipitation
(p = 0.018; factor: 2.71). The cows and heifers had a tendency to fraheecdtegory
“Near protection, wind facing side” more than 3.5 times as oftdrere was precipitation
(p = 0.060; factor: 3.52) while the category “Near protection, wind abaddside” did

not seem to be influenced by precipitation. The WCT did not havaignificant impact
on the use of the protection categories.

Since this was not anticipated the WCT from the portable weatagon was tested for
differences to the stationary weather station. To exclude possibletdisifis by the equa-
tion used to calculate the WCT, the temperature and the wind dpeedigere also tested.
All three test variables were significantly different be-

tween the two weather stations (p < 0.001) with WCT
and temperature at the stationary weather station bei 124 o
lower than in the focal animals’ surrounding in 185 an 11—
196 hours respectively and with wind speed at the sl 10
tionary weather station being higher than in the su > o] o
rounding of the focal animals in all 206 hours. Irg
91.7 % of the observation hours the mean WCT wig 8
higher in the surrounding of the focal animal than &2 7—
the stationary weather station. The means of tt§ 6—
weather variables of the two weather stations showe(2 ¢
difference of 1.8 °C (temperature), 3.7 °C (WCT) an £ E 57
1.7 m/sec (= 6.1 km/h; wind speed). See Table 6 forti8.8 4
minimum, maximum, mean and standard error of mee§ 5 3—
of temperature, wind speed and Wind Chill Temper: 2 @ o
. . .0 =
ture of the two weather stations during the observatic2 g
hours. Figure 13 shows the differences between poB = 19
able and stationary weather station. In 75.0 % of tt% 0—
observation hours the animals had found microclimat o 1
where the WCT was 2 °C or more warmer than at tt £ o]
exposed spot of the stationary weather station regal @ )
less of the protection categories. In 2.9 % of the hou -3 8
the temperature was lower where the focal animal w. -4— °
than where the stationary weather station was but t 5— o
wind speed was never higher.

Figure 13: Differences of WCT 1
portable and stationar
weather stations in
(n = 205).
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Table 6: Minimum, maximum, mean and standard (std.) erfanean of temperature (n = 206) and
WCT (n = 205) in °C and of wind speed (n = 206)nrsec for portable weather station
(PWS) and stationary weather station (SWS) caledldtom the means per observation
hour

Minimum Maximum Mean Std. error of mean

PWS SWS PWS SWS PWS SWS PWS SWS

Temperature -11.6 -12.5 13.8 11.3 2.3 0.5 0.32 0.33
WCT -16.9 -22.7 21.0 16.6 0.4 -3.3 0.38 0.46
Wind speed 0.0 0.4 6.6 9.4 1.2 2.9 0.07 0.12

4.4. Impacts on common behaviour

The common behaviours lying, feeding and ruminating were all infecebg Wind Chill
Temperature and precipitation although partially different.

If there was no precipitation, the cows and heifers were Iyiitig almost 20 % higher
probability at a higher WCT than a lower WCT (p < 0.001; facto® 1.1C; Figure 14,
turquoise line). During precipitation the probability for lying wasnhe ¥ smaller than
without precipitation (p = 0.012; factor: 0.76) and the higher the WCTesiseprobable it
was that they were lying during precipitation (p < 0.001; faddd®0 / °C; Figure 14,
brown line). During later observation days the probability for lymas significantly
higher (p = 0.008; factor 1.02 / observation day).

Feeding was influenced by precipitation and WCT as well. Withedipitation the prob-
ability of feeding was smaller if the WCT was higher(0.001; factor: 0.92 / °C; Figure
14, blue line) while during precipitation they fed with a signifibahtgher probability at a
higher WCT (p < 0.001; factor: 1.05 / °C; Figure 14, red line). Altogettie probability
of feeding was 25 % lower if there was precipitation (p < 0.001; factor: 0.75)

If the WCT was high the probability for ruminating without pre@pdn was significantly
higher than at low WCT (p < 0.001; factor: 1.07 / °C; Figure 14, griee but during
precipitation the probability to ruminate was smaller at high€T (p < 0.001; factor:
0.96 / °C; Figure 14, yellow line). However, during precipitation the prababor rumi-
nation had a tendency to be higher (p = 0.095; factor: 1.12).
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Estimated no. of recordings per observation
hour
~

0 1 T T T T T T T T T T T T T 1 1 1 1
-7 -15 13 11 9 -7 5 3 -1 1 3 5 7 9 11 13 15 17 19 21

WCT portable weather station

Lying w/o precipitation —— Feeding w/o precipitation Ruminating w/o precipitation

——Lying during precipitation —— Feeding during precipitation Ruminating during precipitation

Figure 14: Estimated number of recordings per observation tafuying, feeding and ruminating at differ-
ent WCT of the portable weather station. Median Ipeiof recordings per observation hour:
lying = 0; = 0.25 taken as median; feeding = 4; ruminating =M&an of WCT = 0.4 °C. Feed-
ing exceeds the possible maximum number of reqgsdper observation hour at -15.5 °C
(n = 238 for lying and ruminating; n = 205 for feied).

32



4.5. Impacts on social behaviour

The focal animals were more likely to show social activityew the WCT was low
(p < 0.001; factor: 0.93 / °C; Figure 15, blue line) and over 20 % ledy tixgoerform

social behaviours when there was precipitation (p < 0.001; factor: O.difhgDprecipita-

tion, though, they had a greater probability to show social activibeiWCT was higher
(p < 0.001; factor: 1.03 / °C; Figure 15, red line).

Aggressive behaviour was influenced by WCT, precipitation, observatioandagbserva-
tion hour. The probability to show aggressive behaviours was significantly higlearthe

WCT was low (p < 0.001; factor: 0.92 / °C; Figure 15, yellow lind)emw there was no
precipitation (p < 0.001; factor: 0.80), during earlier observation daysQyG4; factor:

0.97 / observation day; Figure 16) and in the earlier observation ¢oar.003; factor:

0.88 / observation hour). On certain days the animals had a slighttgrgpeabability to

perform aggressive behaviours in later observation hours (p < 0.001; fabtbr.observa-
tion hour). During precipitation the probability to show aggressive Isbelzaviours was
higher if the WCT was higher (p < 0.001; factor: 1.03 / °C; Figure 15, green line).

72
66
60

54
48
42
36
30 -
24
18

12 | \ /_//

6 ——

Estimated no. of recorded social behaviours
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-7 -1 -13 .11 9 v 5 -3 -1 1 3 5 7 9 11 13 15 17 19 21

WCT portable weather station

— Social behaviours w/o precipitation Aggressive behaviours w/o precipitation
—— Social behaviours during precipitation Aggressive behaviours during precipitation

Figure 15: Estimated number of recorded social behavioursotaltand aggressive behaviours at different
WCT of the portable weather station. Median nurmidfeecordings per observation hour: social
behaviour in total = 9; aggressive behaviour = 6glth WCT = 0.4 °C (n = 230).
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Estimated number of recorded aggressive behaviours
per observation hour
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1 5 9 13 17 21 25 29 33 37 41 45 49 53 57

Observation day

Figure 16: Estimated number of recordings of aggressive behasiper observation hour for continu-
ing observation days. Median number of recordings pbservation hour: aggressive
behaviours = 6, reached between observation dagr@D31 (n = 230).

Positive behaviours were not affected by WCT and observation houtsebptobability
of performing positive behaviours during precipitation tended to be I¢wer 0.055;
factor: 0.83).

The other social behaviours which could not be grouped into positive or siggresre
not affected by any variable.

34



4.6. The distance between cattle

A high number of animals in the ambit of the focal animal wasifscantly more probable
if the WCT was lower (p < 0.001; factor: 0.98 / °C; Figure 17) ancertitan 25 % less
likely in successive observation months (p < 0.001; factor: 0.73 / moighreF18).
Increasing wind speed in the animals’ surrounding made them likelseto come closer
together (p = 0.002; factor: 1.08 / m/sec). In the forest the cowbeifeds were almost
45 % more likely to be spread out than without protection (p = 0.002; f4ci& / protec-
tion category). Precipitation did not have any significant impadhendistance between
the cattle.
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WCT portable weather station

Figure 17: Estimated number of animals in the focal animalsib# at different WCT of the portable
weather station. Mean number of animals in the tea~length-ambit of the focal animal = 5.
Mean WCT = 0.4 °C (n = 238).
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Figure 18: Estimated number of animals in the focal animatebit for the four observation months. Mean
number of animals in the focal animals’ surroundper observation hour = 5, reached between
January and February (n = 238).
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4.7. The role of experience

Cows had a tendency to frequent the forest with a probabilityHaashialf as high as heif-
ers (p = 0.053; factor: 0.43) and to use the category “Near protewiioth,abandoned
side” with a probability more tha¥ smaller than heifers (p = 0.085; factor: 0.29). Never-
theless, the differences between the WCT of the portabléharstationary weather station
showed no differences between the age groups in median and qBrtiles 19), merely
the upper whisker and the distribution of the
outliers were different. The cows had fol

lower outliers whereas the heifers had one; 125 o

the other hand the heifers had three upper ¢ 11—

liers and the cows one which lay within tf 10 o

range of the upper whisker of the heifers. 9 o o
8_

The probability for lying was more thal -]

two times higher in heifers than in cow 6

(p = 0.037; factor: 0.45), but ruminating ar
feeding was not influenced by age group.

There was a tendency that cows were |
likely to show and receive social behaviou
than heifers (p = 0.055; factor: 0.78). Tt
probability of cows to show and receive po:s

Difference of WCT between portable and stationary
weather station in C
w
l

O_
tive behaviours was overs smaller than of 1]
heifers (p = 0.038; factor: 0.62). However, a

. , -2

group did not affect aggressive and other ¢ o 8
cial behaviours. 3=

-4— o
The number of animals in the ambit of the f 5 ©
cal animals did not differ between the ai I I
groups as well. Heifer Cow

Age

Figure 19: Differences of WCT of the t
weather stations in °C shown !
the two age groups heifer a
cow (n = 205).
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4.8. Additional observations

Direct and immediate changes in the behaviour as a reaction tleeweauld be observed
only five times. Two times the herd crowded together aftenger period of strong rain
with wind speeds up to 9.3 m/sec. Still, not every animal was failpwie herd, once for
example the focal animal was not accompanying the others. tBotls the cattle were
seeking protection at the same spot in the pasture which wasedd adxt to a coniferous
forest. Two other times the cows and heifers were slowly, dee tae other, going into
the forest during a snow storm. It took at least 45 minutes umistlall animals had
come into the forest. The most direct change in the behaviouolvsasved on March 18
2007 in the afternoon. It was a sunny afternoon with some clouds and mestd\weif-
ers were resting in the sun, many lying with closed eyes. Suddenly the oldé40cpsars
old) started to walk towards a coniferous forest and forced exavyand heifer lying in
her way to stand up and follow her (no typical behaviour for her) whextaemely dark
and thick cloud came. Within 15 minutes the light intensity dropped dosm bver
22 000 lux to 2 000 lux and most animals had followed the old cow into thst jose be-
fore a heavy hail storm began. Again though, not all animals hawvéadl her and four
cows and heifers were observed in the open field eating dré@edrack in the middle of
the hail storm.

After about 20 observation days it was noticed that the cows artsheibstly were lying
in such a way that the front part of their body was lying soraéwtgher than the back
part (Figure 20 and Figure 21) even when the surrounding was fiatr¢F21). From then
on it was observed that the cows and heifers in fact did always the described way.
Only in calves not older than two weeks and once in a heifer ifausnsl that they were
lying flat and some calves were even lying head downbhill.

During calving from February till April 2007 the owners of thetleathecked the herd

twice every night around 2400 h and 0400 h. It was observed that usually every animal was
inside the forest and resting there except for some which weedinfy outside at the
feedracks. Observations (undertaken by Kristina Lindgren, JTI Uppgam 0600 h till

2200 h which were made on three days during December and February shategdter

1900 h and before 0600 h (one morning in December) and 0800 h (two morningsun Fe
ary) respectively almost all animals were in the forésiee standing or lying except for
some which were feeding from the feedracks in the open area.
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Figure 20: All cows and heifers lie higher with front parttbkir body than with back part.
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Figure 21: Even in a flat surrounding this cow chooses a sgutre she can lie higher with the front part of
the body.
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5. DISCUSSION

5.1. Body positions and behaviours in general

With an average of 79.8 % standing and 13.4 % lying throughout the fouvatiser
months December 2006 till March 2007 the cows and heifers showed aiouiiée t&n-
dency in the apportionment of body positions as the nearly wild livmtir@§ham cattle

in northern England which stood 71.4 % and were lying 14.9 % in summer atet ol-
servations made over two yearsa(H 1989). Walking, though, played a much bigger role
in the Chillingham cows (13.1 % @#tdL 1989) versus 6.8 % in this study), most probably
because the study included summer when the cattle were nothkre¢as the cows and
heifers of this study were constantly fed throughout the observaimhsherefore in no
need of walking longer distances searching for grazing grourigs.winter 2006-2007
was unusually wet in the southwest of Sweden which was also anutaireatuation for
the animals. Still, in both studies the female animals werestliying the same amount of
recordings. Obviously, the animals found enough reasonably dry placesdown and
made use of them.

The big difference in the apportionment of body positions between manthgfternoon

in February 2007 may result from the cold mornings (mean temperétaréC and mean
WCT -9.8 °C) and could be interpreted as a first adaptation to tledo¢ animals were
lying almostYs of the recordings in the mornings mostly ruminating or showing tiatsc
and thereby most probably saving energy whereas in the afterromnsvere feeding
52.3 % of the recordings, a behaviour that naturally can only berped standing. With

a mean temperature of -2.3 °C and a mean WCT of -5.2 °C the amimaigted less and
were more active in the warmer afternoons. Another aspect fedtimg time which was
changed from late afternoon after the observations to noon in-betfneéfio observation
periods in the end of January. Therefore the feedracks were emtpg/mornings and full

in the afternoons at feeding days. Feeding days, though, were only seven of the 15 observa-
tion days in February. The more than twice as high percentage pbuatsking in Febru-
ary afternoon match the high percentage of feeding, since whidendgehe cows and
heifers were more likely to move (between the different #egdr and between feedracks
and the water source) than while ruminating or showing no activity.

The apportionment of the general behaviours with the differencesedetmorning and
afternoon can as well be explained by the cooler mornings avittean temperature of
-0.5 °C and a mean WCT of -5.2 °C (afternoons: mean temperature 1.5 A€ W&
-1.3 °C). The cows and heifers were resting over 50 % of the regertfirthe mornings
but were also showing more explorative behaviour. This can be explamiba feeding
time in February and March (around noon) when the animals fed 20.0 and 28rGgurce
points respectively more in the afternoon which means that they $mdirtee to explore.
Vice versa in January the focal animals explored and atsmggd more in the afternoon
while the amount spent feeding was hardly different between thedaytimes. Having
had pediculosis in January the animals were in need to find objecthion they could
scratch themselves. The cows and heifers were probably not mempgnuch at night
which becalmed the itching so that in the mornings theyds# Itching than later in the
day and therefore had less intention to explore and groom in the morning.

The evolutionary unnatural situation for cattle to feed close to dmanse many times

with physical contact as it happens at feedracks, could be respdsitire higher per-
centage of aggressive behaviours while feeding than while noneeslill, showing ag-
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gressive behaviour in almo%t of the recordings while not feeding is quite much. How-
ever, REINHARDT et al. (1986) found a similar proportion of social behaviour in semi-wild
living Scottish Highland cattle kept all year round on a 5 ha end@osuhe Rhein-Taunus
Naturpark, Germany (77.4 % agonistic encounters, 22.6 % non-agonistiaciiaes).
Information about the apportionment of different social behaviours in sthdres was
very scarce and it was striking that the literature about Isbelzaviour in cattle hardly
describes positive social behaviours or female-female interagtidnse-ranging cattle as
also Bouissouet al. (2001) points out. This might be a hint that cows and heifen®tdo
communicate much positively. On the other hand the lack of descriptiobenayesult of
the very complex and subtle way of communicating which is eagéylooked or possibly
too difficult to detect as K.L (1989) points out. Duration of behaviours, though, was not
measured in this study. Positive behaviours like licking or sniffingothers may take
longer than aggressive behaviours such as pushing or buttingforberething about the
actual time spent with either positive or aggressive behaviours can be said.

Pushing and driving off were behaviours which were mostly perforohese to the
feedracks in order to gain or keep access to food. Therefore it is2noligat those two
behaviours were the most common aggressive behaviours, both while feadingpt
feeding. The positive behaviours sniffing and licking are, acogrth H\FEZ & Bouissou
(1975), the two most common positive interactions in domestic @attlevere also most
common in this study.

5.2. Where did the animals lie and rest?

In 54.8 % of the recorded resting incidents in the forest, the cowvbeifers were lying,
whereas the percentage of lying when resting unprotected wably6. This shows
that the cattle did react to protection. They adapted to the citances and changed their
resting behaviour by standing rather than lying when they welewti protection. Al-
though it could have been the other way around: They changed their erasitdoyrrather
going into the forest if they had the intention to lie down, even thaugttal they did not
lie more often in the forest than unprotected. One reason for istdr&ting than lying
when unprotected is certainly the inability to flee immediatedyn other cows or danger
when lying or to run and scare off predators at once since tbegsrof standing up takes
about 7 seconds ((STAFSON& LUND-MAGNUSSEN1995). Without protection the animals
are both more easily spotted and reached than in the forest. Funtbewsting includes
sleep (only lying) and a half-asleep dozing state (both lyingstamtling) which cattle of-
ten reach while ruminating €R.LIPs 2002). In these states they certainly perceive their
environment subdued and possible danger might not be noticed right AWwtne more
important it is for cattle to be hidden or to have alert conspecHicleast while lying. An-
other aspect is the fact that from inside the forest (safely and more from the edge) the
outside surrounding is quite easily observed, whereas from the odésadls in the darker
inside of the forest can hardly be seen. This gives animatg)linside the forest addi-
tional time to react before they themselves are spotted.e€Btiag behaviours rumination
and no activity, both including the dozing state, can be performedirsgaand if doing so
there obviously was no great need for the cows and heifers to move fartgdrawdood
into the forest. When one just regards resting behaviours while rsaidd@i8 % of them
were performed in an unprotected area and only 12.2 % in the foresstiidy by &vFT

et al. (1985) the cattle rested up to ¥ of the daytime within aril@@dius of the water
source during winter. Fence lines and fence corners were also favoured Sessii@§NFT
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et al. 1985). However, these yearling heifers hardly had shsitee they lived on short-
grass steppe in northeastern ColoradangS et al. 1985).

5.3. How did the cattle protect themselves?

Even though the probability to frequent the forest instead of stayipgptected was more
than 2.7 times higher if there was precipitation, the cows and fieiéed the forest only
during 12.4 % of the recordings. The category “Near protection, vacihd side” was
frequented in only 4.5 % of the recordings, though being used with a %5 kiigher
probability during precipitation. In 88 of the 240 observation hours (= 3617iég was at
least one interval with precipitation and only in 17.0 % of those hoarfodal animal was
more than half of the measurements in the forest. In comparisonh&ihours completely
without precipitation the animals were in 9.2 % of those observation hmanes than half
of the measurements in the forest. However, precipitation wgiglgloverstated since an
hour was classified as with precipitation as soon as there orscpre@pitation no matter
of duration and intensity and still the factor is high. If duration aspkdally intensity
were regarded the results might be different, yet this waspossible in this study.
VANDENHEEDE et al. (1995) reported a significant higher occupation rate afreah-built
shelter without bedding from 0.4 |/m2 rain per hour and from duration lefst 2 h rain.
Moreover, they mentioned that rain with lower intensity or shalteation could also be
pleasant for cattle. However, their study was made during thensumonths at a mean
temperature of 14.1 °C. Shorter rain and rain of lower intensity &rltmnperatures espe-
cially around 0 °C and a little more may have the same effetteoanimals as longer rain
and higher intensity at higher temperatures whereas snow mightahguite different in-
fluence. Snow is rather dry especially at colder temperatumgthe animals might not be
as affected as by rain. FurthermoresN®ENHEEDE et al.’s (1995) study did not regard
wind speed which also is an important factor in thermal stresisyarly in combination
with rain.

The differences between the means of temperature oWwtheveather stations at first do
not seem to be very big. Yet, 1.8 °C mean difference in temperatinia @20 m (maxi-
mum distance between stationary weather station and pasturé iergpéate much and
absolutely relevant. The same is true for wind speed and WCT. 6l différence on
average in wind speed makes a big difference for the animalslbas 3.7 °C mean dif-
ference in Wind Chill Temperature.

In 16 of the 17 hours when the Wind Chill Temperature at the statioveather station
was higher than in the focal animals surrounding (portable westi#itgon) the cows and
heifers were at spots of the pasture where the solar radia®iower than at the exposed
spot where the stationary weather station was situated. In sasee the focal animals
were in the forest where naturally the solar radiation ishnmhowver than outside especially
at sunshine. Only in one hour the wind speed in the surrounding ofddlehfeifer (body
condition score 4.0), was partially much higher than where the statiorgather station
was placed (but not on average in the whole hour). The focal animajhth@mained in
the same area not farther away than 75 m from the statioremthev station. The heifer
was eating silage from different feedracks and from gesibmle on the ground throughout
the whole hour so obviously in this case feeding was of greater mnperthan protecting
herself from wind. Furthermore, in only two observation hours with ativegdifference
in WCT it was partly raining very lightly at average temgteres of 5.6 °C and 5.0 °C
respectively. The mean temperatures during hours with higher AtQhe stationary
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weather station never even came close to the Lower Cilteaperature of a beef cow in
early pregnancy (-13 °C). The seven heifers and seven cows whichlbaér WCT in
their surrounding in one or two observation hours had a mean body condarenasall
three weighings of 4.2 and were thereby slightly fatter thafotted animals in total (4.0).
Body condition surely plays an important role in the need to find th& comfortable
microclimate. TCKER et al. (2007) found that thinner cows had significantly higher
maximum and lower minimum mean body temperatures than high-condittomexdand
that the probability for them was higher to lie with the frogisi®ent and the hind legs
touching the body which is a way to save energy by minimizingsesvolume-ratio. The
higher maximum and lower minimum body temperaturescKER et al. 2007) imply that
thinner cows are in greater need to find protection in order to beabkkep their body
temperature constant.

5.4. Impacts on common behaviour

At higher WCT precipitation is rain or snow rain which means waitle at lower WCT
precipitation is rather dry snow. Obviously, the cows and heifeid mioe¢ to lie as much
when it was wet. Especially the higher probability to lie atdoMVCT while precipitation
than at higher WCT shows this. Not regarding WCT the animals shawenilar reaction
if only precipitation was considered with an almost 25 % lower prababil lie down
during precipitation if compared with no precipitation. The higher proibalar lying in
later observation days corresponds with the weather. From observayio?l d#l 45
(January 18 till February 28 2007) the temperature was mostly below 0 °C and it rained
(not snowed!) only on 3 days. In March (observation day 46 till 60) it usually raghety |
and shortly and the temperature was mainly well above 0 °C (agh&&¥CT). In general
the ground was very dry and dried fast after rain. For all tressons the animals were
lying down more often in later observation days than in the beginning of observations.

Cattle can either feed or ruminate and therefore the probabibtidseding and ruminat-
ing at different WCT with or without precipitation were opposed.oxtdr temperatures
the animals have a greater need for energy and for that reaedrto eat more. Feeding
was only possible at the feedracks and at one or two separge Isdkes on the ground
and only as long as food was available. Usually the feedraetes mearly empty a couple
of hours before the next feeding took place and the last bitekagé svere not easy to
reach for the animals. As a result it was more important®rcows and heifers to feed
much as long as food was available especially when it wasrcéldether explanation for
less feeding at higher WCT is day length. Higher WCT oecumainly during observa-
tions in March when the median day length was 11 h 20 min (from ecdith February
the median day length was 7 h 36 min). As cattle mostly feedglday light and twilight
they had much more time to feed in March when WCT was quite Tilgey also had time
for a midday rest then, as it has been describeddsg& Bouissou(1975) and RASER
(1983), since in the late afternoon, when observation hours had ended, fillviaiyist.
During December and January observations not only began with day bkeak fFebru-
ary and March) but in addition ended with dusk and therefore covered most of the day light
period except for 90-120 min around noon. During those two months feeding was probably
mainly compressed into the short day and longer breaks could not be cffardesti-
mated higher number of recordings of feeding was the resulsiand rumination could
take place at any spot of the pasture and at any time it inatumd to be opposed. While
precipitation the influence of WCT was exactly vice versa. i@uprecipitation the protec-
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tion categories “In forest” and “Near protection, wind facimg’swere frequented with a
higher probability if compared to “No protection”. Food was only providetthé category
“No protection”. As a result the animals were more likely toinate than to feed during
precipitation. Another aspect could be that rumination, as part of idigeptoduces heat.
l.e. that during cold temperatures with precipitation rumination could Is@urce for
warmth and with its calmer character also save energy. Yeétngdorecipitation the influ-
ence of the Wind Chill Temperature on feeding and ruminating, thouglerse, was not
as strong as without precipitation.

5.5. Impacts on social behaviour

The cows and heifers were more likely to be socially aatiken it was cold. At colder
temperatures the metabolism rate increases in the animtis first two to three weeks
caused by the release of — among others — the (stress) horadoeeslin and some corti-
costeroids (JHNSSON et al. 2004) which also set the body in alert (“fight-or-flight-
response”) (WHNER & GEHRING 1995). Adrenalin and cortisol (a corticosteroid) are re-
lated to aggressivenessABNETT et al. 2000). The stress level for the cows and heifers
increased additionally during colder times, since then they needeszl food in order to
compensate for the higher energy demand caused by the incressedgplism rate. The
higher requirement of food entails more competition at the feedr&ckthermore, the
colder it became, the greater the need for the cattleoMasdt and defend the best places
to protect themselves from weather. Therefore the animals had looéh physical and
more social stress during colder temperatures. An increaseial activity is only conse-
quential. This is supported by the fact that only aggressive but nditvpasicial behav-
iours were influenced by the Wind Chill Temperature.

The lower probability to show aggressive behaviours in the morningspomds with the
higher percentage of lying during the mornings (16.4 % vs. 10.4 % inftdér@aons).
While lying the animals usually show no other activity exdeptruminating, neither so-
cial nor general. The increased probability to perform aggrebsivaviours in the after-
noons when regarding the day can be associated with the feedingtadicplace every
second or third day at noon (from the end of January on) and aftér edmapetition for
food increased. After the feeding usually all cows and heifersenfiately wanted to eat.
Each of the three feedracks could serve about 22 animals, dependinghahsare. With
85 adult head plus 22 calves aged between 6 and 11 months in the beginniBgadntt
head plus up to 50 calves of at most 6 weeks of age in the end, theaspgecéeedracks
and at the silage bales on the ground was limited and competitionAsighe animals got
used to the feeding rhythm and as days became longer it wasembsigat at feeding not
all cows and heifers immediately stormed to the food. This measured by a slightly
lower probability to show aggressive behaviours during later observation days.

During precipitation the cows and heifers were less likely tadb&e which is shown with
a 25 % smaller probability to feed and with a tendency to rummate. Ruminating can
be regarded as rest for the animals. During that time tieeyc (socially) active. Besides,
when they protected themselves from precipitation the focal &inzal to go into the
forest where they were wider spread which may have reducesbara} stress. The forest
also made it more difficult to come close to other animatssiase there were many over-
thrown trees and a lot of fallen off branches. If additionallyngkiumination and the
cows’ and heifers’ protection behaviour into account it is consequgrhat the probabil-
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ity to show social activity during precipitation was smalleuriBg precipitation social
activity was more probable when the WCT was higher, which meanshie animals were
not only more likely to show social behaviours in general but alsesgjge behaviours
when it was raining rather than when it was snowing. This cansignahat rain is more
stressful and more unpleasant to the animals than snow.

The tendency to show positive social behaviours less often durinigifaten fits to the

lower probability to show activity in total. In general there waker little positive behav-
iour. If even more data was collected the result might be more distinct.

5.6. The distance between cattle

In the forest the cows and heifers could not come close togetheasily as outside and it
might not have been as important. In the forest they were profeatedvind and precipi-
tation and they probably felt more secure from predators. Therdkeyadid not necessar-
ily need conspecifics for protection from weather or predatarsower temperatures the
animals could protect and warm each other with body heat and exhe#h. bn order to
perceive the difference the cows and heifers had to come tbgsther, since radiation of
body heat does not reach too far and exhaled warm breath risesxasdfast with the
surrounding cooler air. Moreover, bodies can also be wind shield. As ahasging more
animals in their ambit gave the focal animals better proteatmn Wind. Since precipita-
tion comes from above — except if there is very strong wind — atfienals cannot give
protection from it. Furthermore, especially rain can be seenveall between the bodies
and therefore body heat does not play a role in protection duringipagon. Thus, a
change in behaviour regarding the distance between cattle duringitatean is not rea-
sonable for protection.

The mean number of animals in the focal animals’ ambit was vitvieh resulted in

15.7 m? per head on average in the 78.5 m? big ambit where animals weezlcding is

much space and sensible changes in WCT are difficult to produce.veigveesmaller
ambit where animals in the focal animal’'s ambit were counteghtnfiave given a more
precise view, because then only cattle would have been counted whichheweldhad

more influence on the microclimate by body heat or wind protection.

5.7. The role of experience

The fact that cows had the tendency to frequent the forest andtdgoxy “Near protec-
tion, wind abandoned side” much less than heifers is quite surprigilhgth® cows were
able to find suitable microclimates even outside the forest, smékdéan and the distribu-
tion of the values of differences of WCT between portable and stgtiareather station
were (almost) the same. This could be due to more experiencalgovith weather but
also with different habitat types and how much protection they offethe cows. The
cows found appropriate microclimates without having to use the feeegtmuch. This
can be seen as an argument to keep cattle in mixed age greppsialty when heifers
experience their first pregnancy and birth and for the firg tare for a calf, the presence
of older, calmer and more prudent cows can calm the heifers @oavgive them the pos-
sibility to learn from the cows. The learning effect should noairderestimated, it might
even influence productivity since the heifers and their calveaaiclrtake advantage of
the cows’ experience.
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However, the higher number of lower outliers of the cows could beaieepl with the
slightly higher mean body condition score of 4.2 in comparison to 3.9 ofdtiers.
Additionally, the cows weighed 625 kg on average whereas the sheitaghed 561 kg,
although the cows and heifers had about the same shoulder height. @nis timat the
cows must have had a bigger body volume than the heifers. Since volume (place of produc-
tion of body heat) increases cubically (with “x3") whereas bedsface (place of heat
emission) increases quadratically (with “y?”), the surface-velratio becomes smaller
with increasing body volume if height and body shape are the sarnerdig to Berg-
mann’s rule the cows must have had less body heat loss than theedbdseifers which
made it not as essential for the cows to always be in the warmest area.

The heifers had a more than twice as high probability to lteeasows which may be ex-
plained by their need to temporarily reduce their surface-velatn@ By lying the ani-
mals can also actively reduce body surface which is exposeaido Fundamental behav-
iours like rumination and feeding always have to be performed to a certeirt. et focal
cows and heifers were fully grown and except for three andtlateheifers respectively
they were all pregnant. As a consequence they had quite sphyaical conditions and
the recorded frequency of feeding and ruminating did not differ, 8@l heifers probably
had a higher body heat loss than the cows. The amount of consumed food amabfiipd
though, was not measured and neither the absolute time of food intaké peMaybe
there could have been found differences between the two age levels.

The herd of the observed cows and heifers was merged from mamkyroups of cattle.
Older animals are usually more secure and have a more pernpéamEnin the hierarchy
of a group than younger animals. That might be the reason why tlsedtdwiot need to
show and receive as much social behaviour as the heifers. ifuwstiee facial expressions
are rather poor in cattle ¢8LOETH 1961, Bouissouet al. 2001) and communication, es-
pecially in female cattle, is often very subtle so that reitmg is very difficult, possibly
not only for humans (K.L 1989) but also for younger cattle. If so, this could be a reason
for why the younger heifers were more likely to express thieesdédy observable behav-
iours, though aggressive behaviours were not influenced by age. The covwentypube-
fended and asserted themselves with the same probability asfére.Hewas not possible
to find differences in the other social behaviours probably becausavdreymost likely
not performed often enough.

The advantage of a smaller distance between the animals coggerotiection from cold-
ness obviously is something that is learned by cattle very early in tee®liierwise there
must have been a difference between the two age groups.

5.8. Additional observations

The rarely observed direct changes in behaviour as a resultabfievecorrespond with
experiences of the german teaching and experimental farmsskléland Kalchreuth and
several other private farms. According tolGe (2000) the cattle of different beef breeds
(Fleckvieh, Limousin, German Angus and their crossbreeds) on thesgerman farms
were using human-built shelters only after long lasting predipitabgether with low
temperatures and strong windJeE (1996) describes similar experiences from a third east
german farm, Paulinenaue, where during three wet-cold days and inigtebruary 1996
the use of shelter was observed. The author points out that the siseltef obviously
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depended less on weather conditions than on the presence or absencenaf swsitilating
lying places outside the shelter and the distance to foggE(Z996).

The incident when the oldest cow of the herd forced others to starollap, her and in
that way protected them from bad weather illustrates an ititegespect in animal behav-
iour as well as in production. The biggest proportions of slaughtered hbadfdireeds in
Sweden are young bulls and heifers which are slaughtered at agevage of 18 months
(bulls) and 23 months (heifers) €BSLE 2007). These young animals are usually kept in
homogenous groups of very little experience. The better grapwtg they find and the
better they protect themselves from weather when grazing starpathe higher weight
gain the animals will have.EBVER & OLSON (1997) found that, grazing in unprotected
areas during winter time, 7- to 8-year-old cattle usedsangih higher standing crop sig-
nificantly more than 3-year-old cattle. Younger cattle also usgmotected areas more
frequently than older cattle and lost more weight (p < 0.001) and bagkfat0.06)
(BEAVER & OLSON 1997). Depending on herd size, keeping one or several old animals
with a herd of young cattle — possibly older breeding bulls and dafertinon-pregnant
older cows — might improve performance and thereby increaseahibifit despite the fact
that those old animals need food and have to be handled. On the organicCfdRankh,
Revingehed, in the south of Sweden one old cow or bull goes with teringrgaung
animals (Carl-Axel Dahlgren, personal communication). They Inaade very good ex-
periences with this strategy both for the learning process otlmanimals protect them-
selves in following winters and the growing ability in youngleafurther research in this
field could clarify the validity of this presumption.

The preference of the cows and heifers to lie higher with the front part obdusireven if
the surrounding was flat is presumably connected with rumination. Aimarg for this is
that only calves younger than two weeks, with other words prerumiabsisc have been
observed to lie plane or even head downhill. Ruminant cattle need tatergases from
the rumen (8vBRAUS 1978, RILLIPS 2002). Lying higher with the front part of the body
probably eases that and thus this position is more comfortable far escribing the
architecture of cubiclesHr.LIPS (2002) writes: “[...] cows prefer them [the cubicles] to
have a solid front, which may limit lunging space but gives greatafort and a feeling
of enclosed personal space”. A reason for the described preferfesmle fronts could be
that, by moving in and out of the cubicles, bedding material is pusbedtfre middle
against the solid front and builds a little heightening there. Théoshdkpression which
emerges might come close to a lying place a cow would chinosatural environment
(Figure 22). In the literature there could not be found descriptionsiotyihe of lying
preference and also some experienced researchers and fardheesthar noticed nor read
about this before.

The observations made in the late evening, at night and in tlyeneaming let assume
that the animals mostly rested during darkness and in cold mornimg &od that they
preferred the forest to do so. In a study BxS et al. (1985) the cattle preferred to rest in
low-laying areas and on lower slopes. Over half of the restimg during night they were

on south-facing slopes §€SFT et al. 1985). However, these animals had hardly shelter and
lived on shortgrass steppe in northeastern Coloragter{St al. 1985). Occasional periods

of food intake during nights have often been reported (e.g.Anelck 1950, HAFEZ &
Bouissou 1975, ARNOLD & DUDZzINSKY 1978, 3MBRAUS 1978, &NFT et al. 1985, HLL
1989). 4iBE (1996) documented a sudden increase of animals using shelter witfalhight
and a drop at daybreak andABsBo (2005) described the use of shelters as mostly during
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Figure 22: The absent snow marks off the place where a cowyivals especially at the left end of the ly
place a heightening is noticeable.

early and late observations. Furthermore, they both point out that thecdigbetween
food and shelter and the presence of insulating lying places se¢ernedf higher impor-
tance than weather. Nevertheless, in both studies the cows and pegfierred to seek up
shelter during darkness if the mentioned conditions were fulfillecs indicates that cattle
may feel safer and more secure being surrounded by protectiegtoburing darkness.
Regarding the importance of the visual sense for cattleRIBHT & ARAVE 1997) the
obvious difference between day and night makes perfect sense. Bbisdreed cattle the
forest replaced the human-built shelters and was therefore of greatesampor
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6. CONCLUSIONS

This study showed that the behaviour of beef cows and heifarg butdoors during win-
ter time is highly influenced not only by parameters ofrtbavironment such as weather,
type of protection and day length but also from other herd membedgdestuation and
experience with winter weather and pregnancy. The feeding eitus¢iemed to be most
stressful for the animals. The evolutionary unnatural situatioee €lose to conspecifics
often with physical contact as it happens at feedracks resualta increasing number of
social interactions, especially in an increase of aggresshavioeirs. Before the animals
got used to the feeding rhythm and before the days became Idregbmited space at the
feedracks seemed to be an extra source of stress. A low W@3ased the stress at the
feedracks (measured by a higher probability to show aggresdmawibars) but the ani-
mals did not show any change in their protection behaviour. However, the cows and heifers
were very well able to find microclimates which were mordasle for them than the
weather on the most exposed spot of the pasture where the sjati@adiner station was
placed. Obviously, the animals were able to adapt to their environmdnpratected
themselves by changes in behaviour, regarding general behaviour adsbaviour as
well as the use of protection and grouping behaviour. By crowdinghiergespecially the
wind speed can be decreased which is possibly the most importemtféacthe experi-
enced weather situation of an animal. Precipitation, though, did netamy impact on the
distance between the animals but influenced all other investifpaieaviours (except for
positive and other social behaviours) often also in combination with €. Whe influ-
ence of experience was very distinct. By far the cows didregtient the forest as often as
the heifers (tendency) and the cows were lying less tharabaiften as the heifers. Yet,
the cows were able to find similar microclimates as theshei#ven without behaving the
same way. The heifers were also socially more active tth@igows even though the age
level had no impact on aggressive behaviours. The very rare observédcdaeges in
behaviour caused by weather show that it is very difficult, maylp@ssible, to statisti-
cally measure obvious and immediately perceivable changes in behduie to weather.
Still, the incident when the oldest cow (10 years) forced other ao@$eifers to stand up
and follow her into the forest to protect them from a heavydtarm points out a factor
which should not be underestimated in the importance for production. Mixedragps
where experienced older cattle go with inexperienced young (possilblyrowing) cattle
could benefit the learning process and the physical adaptations whdrgpithe animals
for fierce weather conditions and prevent them from losing body conditiring those
times.
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7. ZUSAMMENFASSUNG

Die Bedingungen, unter denen Rinder in der heutigen Kulturlandschadt igreilandhal-
tung leben, ermdglichen es ihnen, sich fast so natirlich zu verhaiiersie es in der
Wildnis tun wirden. In der Freilandhaltung bestehen Herden meigfemmischten Alters-
gruppen und die Kihe und Farsen werden von Zuchtbullen, die zeitweilig iHedde
leben, auf nattrliche Weise gedeckt. Von Mineralfutter abgesehelgesrfFutterungen
nur in den Wintermonaten, wobei Kraftfutter nur selten zugefuttiedt Bis zu einem ge-
wissen Grad sind die Tiere in der Lage mit verschiedenen umaelghen Herausforde-
rungen wie niedrigen Temperaturen, starkem Wind oder Niederschlagziemwerden, da
sie sich korperlich anpassen und ihr Verhalten entsprechend andernkbaen Rinder
durchaus auch im nordeuropaischen Winter im Freien leben, ohne physisudte zu
nehmen, wenn bestimmte Voraussetzungen wie der Zugang zu Faltetzr80glichkei-
ten und eine gute korperliche und gesundheitliche Verfassung gegetbediser den Zu-
sammenhang zwischen nordeuropaischem Wetter und der Nutzung von natiobiehe
kinstlichen Schutzmdéglichkeiten durch freilebende Rinder ist werkgnogé. Aul3erdem
variieren die Ergebnisse der wenigen Studien und Beobachtungen dealt€restark.
Alter und Erfahrung mit Winterwetter und Schwangerschaft spieleenso eine Rolle wie
die Aufzucht von Jungrindern im Freien, die frihzeitige korperliche ssyragen maoglich
macht und die die Jungtiere Schutzverhalten von klein auf lernen UGisst den Ein-
fluss des Wetters auf das Verhalten von Rindern in Kulturlandschaftgedoch wenig
bekannt.

Das Ziel dieser Studie war es daher, das Verhalten von RirBlesrtguru$ zu erforschen,
die im Winter in einer Naturlandschaft gehalten werden, und dievidushg von ver-
schiedenen Wetterverhaltnissen, vorhandenen Schutzméglichkeiten unduigéahder
Tiere auf ihr Verhalten zu studieren.

Die Studie wurde im Stdwesten Schwedens auf der Farm TrestEamer 12 ha grofien
Weide durchgefuhrt, die seit mindestens acht Jahren nicht mehritsothaftlich genutzt
wurde. Schutz bot Nadelwald sowohl innerhalb als auch angrenzend umidie W¥aim,
sodass die Weide in vier Schutzkategorien unterteilt werden konnWaldh schutznah —
windabgewandt, schutznah — windzugewandt, ohne Schutz. Von 4. Dezember 2006 bis
22. Marz 2007 wurden zehn Kihe und zehn Féarsen der Fleischrassen BlackuAdgus
Black Angus-Charolais-Kreuzungen als Fokustiere 240 Stunden beobaathkst Fé&us-
tier wurde 12-mal je eine Stunde beobachtet und die Datenerfass$oiggeesowohl kon-
tinuierlich (Sozialverhalten) als auch in 4-Minuten-Intervallen (Kdppsition und allge-
meines Verhalten) an vier Stunden pro Tag, wobei sich die Beolngsizeiten nach dem
Sonnenstand richteten. Temperatur, Windgeschwindigkeit und Sonneneinstrahldag wur
sowohl alle vier Minuten im Umkreis der Fokustiere gemesseauwas pro Stunde bzw.
pro Viertelstunde an der ungeschutztesten Stelle der Weide. Bighieztenen Variablen
wurden zu einem einzigen Wert, der sogenannten Wind Chill Tempe &iCe), zu-
sammengefasst. Alle erfassten Daten dieser Arbeit wurdereimet Linkfunktion des
Poisson-Regressionsmodells, Linkfunktionen des logistischen Regressaeils, der
Friedmans-Zwei-Weg-Rangvarianzanalyse, dem Wilcoxon-Vorzeiahgrilest und dem
Vorzeichentest analysiert.

Um eine Ubersicht Uiber das Verhalten der Kithe und Farsen zu bekommen, wurde- die H&

figkeit der verschiedenen Kdrperpositionen und des allgemeinen sosvieodalen Ver-
haltens jeweils fir Vormittag und Nachmittag in Prozent daefjfesvormittags lagen die
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Tiere haufiger als nachmittags. Die Kiuihe und Farsen fral3émmitdags Ofter, vermutlich
da die Fitterungen ab Ende Januar mittags stattfanden. Allefcaffgs sie auch an den
Dezembernachmittagen 6fter, obwohl die Fitterung zu dieser ZeipaensNachmittag
erfolgte. Soziale Verhaltensweisen waren zu etwa % aggredsater. Wahrend des
Fressens an Futtertischen und Silageballen am Boden wurde aggrassifialten um
21,9 Prozentpunkte haufiger gezeigt als wahrend anderer Verhaltensweisen.

Wahrend der vier Beobachtungsmonate waren die Kihe und Farsen 12,4 %zeégchA
nungen im Wald, 10,4 % schutznah und 77,2 % der Aufzeichnungen ohne Schutz. Insge-
samt gab es keinen signifikanten Unterschied zwischen der Haufigkeider die Kihe
und Farsen ohne Schutz lagen und mit der sie im Wald lagen. Vatgiean die anteili-
gen Prozentsatze der Verhaltensweise Liegen in den verschieSehetzkategorien, so
ist dieser Anteil im Wald signifikant hoher verglichen miegen ohne Schutz (p < 0,001).
Sehr ahnlich zeigte sich die Verhaltensweise Ruhen (d.h. Li¥generkduen, keine Ak-
tivitat), allerdings war die Haufigkeit von Ruhen im Wald sidefit kleiner als Ruhen
ohne Schutz (p < 0,001). Bei Beachtung der Haufigkeit des Aufenthaler jeweiligen
Schutzkategorie zeigten sich signifikante Unterschiede auch beigieich von Ruhen im
Wald und Ruhen ohne Schutz (p < 0,01).

Bei Niederschlag, d.h. Regen, Schnee und Hagel, suchten die Kilhe unddé&ird&’ald
2,71-mal haufiger auf als in Zeiten ohne Niederschlag (p < 0,05).uEdevkein signifi-
kanter Einfluss der WCT auf die Nutzung von Schutz gefunden. Jedoch Warinder
Beobachtungsstunden die WCT in der Umgebung der Fokustiere mindest@nsober
als an der ungeschutztesten Stelle der Weide. Die mittlerpératar unterschied sich um
1,8 °C (p < 0,001) und die mittlere Windgeschwindigkeit unterschied sict,arm/sec
(p < 0,001) zwischen den beiden Umgebungen.

Die allgemeinen Verhaltensweisen Liegen, Fressen und Wiedaerkdueen von WCT,
Niederschlag und Niederschlag zu unterschiedlichen WCT beeinflugsin \ie WCT
niedrig war, lagen die Kiihe und Farsen ohne Niederschlag seltere0,(j01), fraRen
haufiger (p < 0,001) und wiederkduten seltener (p < 0,001). Wahrend Aeitdheder-
schlag verhielten sich die Tiere genau umgekehrt. Sie lagenduigar WCT haufiger
(p < 0,001), fral3en seltener (p < 0,001) und wiederkéuten haufiger (p < 0,001).

Auch das soziale Verhalten wurde von WCT, Niederschlag und Niedsgsbkl unter-
schiedlicher WCT beeinflusst. Ohne Niederschlag war die Watirddinkeit geringer,
dass soziales Verhalten insgesamt (p < 0,001) und aggres®vealteén im Speziellen

(p < 0,001) beobachtet wurden, wenn die WCT hoch war, wohingegen die Wamrschei
lichkeit bei Niederschlag groR3er war, soziales Verhalten iasge®@ < 0,001) und aggres-
sives Verhalten im Speziellen (p < 0,001) zu zeigen, wenn die WCT hoch war.

Die Anzahl von Rindern in einem Zwei-Kuhlangen-Umkreis um das Fokuwstiele von
WCT und Windgeschwindigkeit beeinflusst, jedoch nicht signifikant von Nset&ag.

Bei kalteren WCT (p < 0,001) und héheren Windgeschwindigkeiten (p < 0,01) befande
sich mehr Tiere im Umkreis der Fokustiere als bei htheren WCHhieddgeren Windge-
schwindigkeiten. Desweiteren hatten die Kihe und Farsen im WaldjeveArtgenossen

um sich als ohne Schutz (p < 0,01).
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Die Kuhe und Farsen fanden &hnliche Mikroklimata, aber die Farsenemwsstu den
Wald mehr als doppelt so haufig wie die Kiihe aufsuchen (p = 0,053). Inddagan die
Farsen auch mehr als doppelt so haufig wie die Kiihe (p < 0,05).

Die seltenen Beobachtungen von direkten Verhaltensanderungen, diesaietter zu-
riickzufiihren sind, zeigen die Schwierigkeit, solche Anderungen zu medssdings
heben sie die Bedeutung hervor, die erfahrene Rinder fir das Schutevedier Herde
haben kdnnen. Tiere in gemischten Altersgruppen zu halten und einigen Indididuen
Chance zu geben, Lebenserfahrung zu sammeln und die Fahigkeiviakelnt das Ver-
halten einer ganzen Herde zu beeinflussen, ist grundlegend, wenn diezUnearelest
zeitweise im Freien gehalten werden.

Abschlie3end bemerkt zeigen die Ergebnisse, dass sich die Tiereiderungsverhalt-
nissen anpassten und sich dem Grad des Schutzes entsprechendnethekéihe und
Farsen waren in der Lage, warmere WCT zu finden, ohne dabesmdityerweise die drei
schitzenden Weidegebiete aufsuchen zu missen. Die Umstande um disé ienhal-
ten ein beachtliches Stresspotenzial fur die Tiere, vor allernibéiigen Temperaturen.
Eine ausreichend grof3e Anzahl von Artgenossen zu haben, ist jedoch aidgrgtfir
das Schutzverhalten von Rindern bei niedrigen Temperaturen und hohen Windgeschwin-
digkeiten, sowohl wenn keine anderen Schutzmaoglichkeiten bestehentalsenucweite-
re Schutzmoglichkeiten vorhanden sind. Erfahrung scheint eine zeRoldezu spielen,
sowohl fur die Art wie sich Rinder vor Wetter schitzen als ailcihfe Fahigkeit, passen-
de Mikroklimata zu finden. Die Ergebnisse induzieren, dass dierfarskt die gleichen
Fahigkeiten hatten, &hnliche Mikroklimata auf3erhalb des Waldes znfsw wie es die
Kihe konnten. Weitere Forschungen zu diesem Thema sind daher nétighuiiiereden
Zusammenhang verschiedener Faktoren zu lernen, die die FleischproduitiRindern
in Freilandhaltung beeinflussen.
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8. SAMMANFATTNING

Forutsattningar for att halla notkreatur utomhus vintertid i dagens jdeslandskap
mojliggor att de kan bete sig nastan sdsom de skulle gordillsiéind. For det mesta halls
utegangsdjur i blandade aldersgrupper och hondjuren betéacks av avelstjorédy vistas
en kortare tid med flocken. Bortsett fran mineralfoder sker utigdbara under vintern
och kraftfoder ges sallan. Till en viss grad kan djuren klara ia ohiljoméassiga ut-
maningar sasom laga temperaturer, hoga vindhastigheter och nedermirdajeanpassa
sig fysiskt och &ndra sitt beteende. Det betyder att notkrkah leva utomhus aven under
vintern utan att lida fysiskt om vissa kriterier sdsom godatilty till foder, skydds-
mojligheter, gott hull och god héalsa ar uppfylida. Det finns intengéket kunskap kring
sambanden mellan vader och anvandningen av konstgjorda eller natudigskyéd fran
notkreatur i Nordeuropa och resultaten av de fa studier som finnswdjur@gares
observationer skiljer sig mycket fran varandra. Djurens alder ods dafarenheter av
vintervader och av draktighet har betydelse, liksom uppfodning av ungnohugcsa att
fysiska anpassningar kan ske tidigt i livet och sa att de djogan lar sig hur de kan hitta
skydd mot daligt vader. Vadrets inverkan pa notkreaturs beteenddenkalls i om-
vaxlande terréng ar inte val studerat.

Syftet med den har studien var att undersoka beteendet hos notkBestuairuy som
holls utomhus i omvéaxlande terréng vintertid samt att studerkteffa av vader, tillgang
till skydd och erfarenhet pa beteendet.

Studien utférdes pa Trestena, belaget mellan Skara och Falképiydydssa Sverige.
Djuren vistades pa ett 12 ha stort omrade som inte hade anvamsifwgh skogsbruk pa
minst atta ar. Skydd fanns genom granskog pa och omkring oméadtt@mnradet kunde
indelas i fyra skyddskategorier: i skogen, ndra skydd — lasila, skydd — icke lasida,
utan skydd. Fran 4 december 2006 till 22 mars 2007 observerades tio kar kdgdi av
Black Angus och Black Angus-Charolais-korsningar som fokaldjwleu totalt 240
timmar. Fokaldjuren observerades under en timme varje gang gistreengar gjordes
kontinuerligt (socialt beteende) och i 4-minuters-intervall (kroppspasr och generellt
beteende). Observationer gjordes fyra timmar per dag och obseriidéoms anpassades
till solens position. Temperatur, vindhastighet och ljusintensitetesatar 4:.e minut i
fokaldjurens om-givning och per timme respektive per kvart i den exgstnerade delen
av hagen. De olika variablerna sammanférdes till ett enda vartd @& Wind Chill
Temperature (WCT). Data analyserades med en linkfunktion av Posg@ssion,
linkfunktioner av logistisk re-gressionsmodel, Friedmans tvavagsneanalys, Wilcoxon
signed rank test och Sign test.

For att fa en Overblick 6ver djurens beteende sammanstalldes andelarna ka Kepps-
positionerna samt de generella och sociala beteendena uppdefat pEspektive efter-
middagar. Pa férmiddagarna 1ag djuren oftare an pa eftermiddafjuman at oftare pa
eftermiddagarna, troligen pa& grund av att utfodring skedde vid lunclticbfth med slutet
av januari. Aven under de eftermiddagar i december da utfodring skedtigd efter-
middagen at djuren oftare under eftermiddagarna an under férmiddagarnéarGnagey
registreringarna for sociala beteenden var av aggressiv natuteledn aggressiva
beteenden var 21,9 procentenheter hdgre nar djuren at fran foderbordefinoshsflage-
balar pa marken, &n nar de inte at.
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Under de fyra observationsmanaderna befann sig djuren i skogen under har4 %kydd
under 10,4 % och utan skydd under 77,2 % av registreringarna. Totalnsstidiet ingen
signifikant skillnad i antalet registreringar av att liggan skydd eller i skogen. Jamfor
man andelarna av att ligga i de olika skyddskategorierna sa féredrog korna ochéeigo
ligga i skogen jamfort med att ligga utan skydd (p < 0,01). Féeebeltet vila (ligga,
idissla, ingen aktivitet) var antalet registreringar att viékogen signifikant mindre &n vila
utan skydd (p < 0,001). En jamforelse av andelar per skyddskasagatt vila i skogen
med att vila utan skydd visade att djuren aven foredrog att vila i skogen (p < 0,001).

Under nederbord, dvs. regn, sné och hagel, uppsokte djuren skogen 2,71 ganger oftare &n
nar det var uppehall (p < 0,05). Ingen signifikanta inverkan av W& @&nvandningen av

skydd kunde finnas. And& var WCT i fokaldjurens omréde i 75 % av observations-
timmarna minst 2°C hogre an i hagens mest exponerade del. Tempetatundhastighet

skilide sig ocksa signifikant at mellan omradena d& medelteypen var 1,8°C hdogre

(p < 0,001) och medelvindhastighet var 1,7 m/sec lagre (p < 0,001) dam bgfenn sig

an i hagens mest exponerade del.

De generella beteendena ligga, ata och idissla paverkades ay ké@erbord och
nederbord vid olika WCT. Vid uppehallsvader lag djuren mindre (p < 0,00bjtae

(p < 0,001) och idisslade mindre (p < 0,001) nar WCT var lag. Vid uppehdgisvar for-

hallandena omvanda och de lag oftare (p < 0,001), at mindre (p < 0,001) ssthdili
oftare (p < 0,001) nar WCT var lag.

Socialt beteende paverkades ocksa av WCT, nederbord och nederb6ikaityoT . Vid
uppehallsvader var det mindre sannolik att sociala beteenden samnfprta@001) och
aggressiva beteenden visades nar WCT var hogt (p < 0,001). Darendet wanligare att
socialt beteende sammanlagt (p < 0,001) och aggressivt beteen@@(d xvisades under
nederbord.

Antalet notkreatur i en tva-kolangders omkrets omkring fokaldjure¢rnkades av WCT
och vindhastighet men inte signifikant av nederbérd. Vid lagre WiGI'@,001) och hogre
vindhastighet (p < 0,01) var det fler djur nara fokaldjuren &n vid hd¢td och lagre

vindhastighet. Darutover hade fokaldjuren fa andra djur nara sig nar dekogen an nar
de var utan skydd (p < 0,01).

Vid jamforelsen mellan kor och kvigor kunde de bada grupperna hktanie
mikroklimat, men for att hitta dem behdvde kvigorna stka upp skogen mer antdubbel
sa ofta som korna (p = 0,053). Totalt l&g kvigorna mer an dubbelt s&aftakorna

(p <0,05).

De fa observationerna av direkta forandringar i beteendet pa gwuwédar som sags i
denna studie visar pa svarigheterna i att mata sadana forandéindarlyfter de fram den
betydelse erfarna notkreatur kan ha for skyddsbeteendet i én Altichalla notkreatur i

blandade aldersgrupper och ge vissa individer chansen att samlaatinsieet och att
utveckla formagan att paverka beteendet hos en hel flock ar grundlaggandgjrea

halls utomhus atminstone under delar av aret.

Avslutningsvis indikerar resultaten att djuren anpassade sigrtiéllandena och betedde

sig olika beroende pa graden av skydd. Djuren kunde hitta varmkrektimat utan att
nodvandigtvis uppsoka skydd. Forhallandena kring foderplatser och utfodringsratine
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utgdr en véasentlig stresspotential for djuren — séarskilt vid tégsperaturer. Anda ar
artfrander ytterst viktiga for skyddsbeteendet hos notkreaturaged temperaturer och
hoga vindhastigheter, bade nar inget annat vaderskydd &r giiigioch nar det finns
andra skyddsmojligheter. Erfarenhet verkar spela en ceotlalhrur notkreatur skyddar
sig fran vadret och for deras formagan att hitta lamptigaoklimat. Resultaten indikerar
att kvigorna inte hade samma formaga att hitta liknande mikroklisaafor skogen som
korna. Ytterligare forskning inom detta omrade &ar nodvandig foraadt $ig mer om
sambanden mellan olika faktorer vid kéttproduktionen med utomhushallning.
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Table 7: Cow-heifer-order from December till March; C = cot#,= heifer

15

15

15

December
Observation day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Observatonhour1 H C H C€C H € H C H C H C H C H
Observatonhour2 C€C H C H C H C H C H C H C H C
Observatonhour3 € H H H C H C C C H C H H H C
Observatonhour4 H C € C H C€C H H H C H C C C H
January
Observation day 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Observatonhour1 € H C€C H C H C H C H C H C H C
Observatonhour2 H C H C H € H C H C H C H C H
Observatonhour3 H C € C H C€C H H H C H C C C H
Observatonhour4 C€C H H H C H C C C H C H H H C
February
Observation day 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Observatonhour1 H C H C€C H € H C H C H C H C H
Observatonhour2 C€C H C H C H C H C H C H C H C
Observatonhour3 € H H H C H C C C H C H H H C
Observatonhour4 H C C€C C H C€C H H H C H C C C H
March
Observation day 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Observatonhour1 € H C€C H C H C H C H C H C H C
Observatonhour2 H C H C€C H € H C H C H C H C H
Observatonhour3 H C € C H C€C H H H C H C C C H
Observatonhour4 C€C H H H C H C C C H C H H H C
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Table 8: February as example for the timetable of observetiwith date, cattle number and starting time

February Observation hour 1|Observation hour 2| Observation hour 3| Observation hour 4
Start  Animal Start  Animal Start  Animal Start  Animal
Th 1
Fr 2
Sa 3
Su 4
Mo 5
Tu 6
We 7 8:05 1315 9:20 155 13:35 109 14:50 1267
Th 8
Fr 9 8:05 2028 9:20 204 13:35 183 14:50 127
Sa 10 8:05 1415 9:20 146 13:35 1309 14:50 114
Su 11 8:05 116 9:20 1303 13:35 191 14:50 149
Mo 12 7:50 1260 9:05 121 13:30 152 14:45 186
Tu 13
We 14 7:50 127 9:05 1315 13:30 1267 14:45 155
Th 15 7:50 1309 9:05 109 13:30 2028 14:45 183
Fr 16 7:50 146 9:05 1415 13:30 116 14:45 1303
Sa 17 7:50 191 9:05 149 13:30 114 14:45 204
Su 18 7:50 152 9:05 186 13:30 1260 14:45 121
Mo 19 7:35 183 8:50 127 13:30 155 14:45 1309
Tu 20
We 21 7:35 149 8:50 1267 13:30 1315 14:45 109
Th 22 7:35 1303 8:50 114 13:30 204 14:45 2028
Fr 23
Sa 24 7:35 121 8:50 191 13:30 1415 14:45 116
Su 25 7:35 186 8:50 152 13:30 146 14:45 1260
Mo 26
Tu 27
We 28
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