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Yfirlysing héfundar

Hér med lysi ég pvi yfir ad ritgerd pessi er byggdinum eigin athugunum, er samin af mér
og ad huan hefur hvorki ad hluta né i heild veri§ddram adur til haerri préfgradu.
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Abstract

Overstocking of Icelandic dairy heifers with regémdhe animal feeding place ratio has
become more common during the last years. Ratttleri8 known about the behavioural
consequences for heifers of this management proegadhich imposes a competitive
situation on the animals.

The aim of this study was to investigate the eff@ftstocking density at the feeding rack on
both the social and maintenance behaviour of leifaurthermore, it was the aim to study
possible interactions of stocking density with sloeial status of the animals.

Two groups of nine Icelandic dairy heifers eachemgsed in a cross over design applying
competition levels of four (competitive situaticar)d nine (control situation) feeding places
for nine heifers respectively. For the evaluatibthe time budgets, i.e. lying, feeding and
standing, two video recording periods of three dz=gh were performed. Agonistic
behaviours for determination of the social ordet #eed intake related behaviours such as
manipulating or smelling in the feed were obserseectly.

Regarding agonistic behaviours at the feeding rdisiglacements occurred on average five
times more often with increased competition atfé®el rack than during the control situation.
With increased competition, heifers of both rardesdied to spend less time eating (3.8 hours
during competition vs. 4.2 hours during controk; p.061).

When comparing high and low ranking heifers, intd out that low ranking heifers spent
significantly more time lying, both during contrahd competition (13.2 hours low ranking
heifers vs. 10.8 hours high ranking heifers dudgogtrol and 13.5 hours low ranking heifers
vs. 11.0 hours high ranking heifers during compmtjtp = 0.002). There were no significant
differences in the feed intake related behavioithee between high and low ranking heifers
nor between control and competitive situation

In conclusion, the time budgets of the heifersheirtbehaviour in the course of the day did
not change substantially, but agonistic interactimereased markedly during the
competition. Because of the increased agonisterations it would not be advisable to have
a restricted feeding area and expose animals bydl@mpetition during feeding.
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Utdrattur

Sidusta aratug hefur faerst i voxt ad kvigur & Biladu hystar i stium par sem atplass vid
fédurgang eru feerri en gripirnir. Petta leidir dhjdemilega til samkeppni um atplass, en faar
rannsoknir hafa verio gerdar & ahrifum pessa akvigarkmioid med pessari rannsokn var
ad kanna hvada ahrif fjoldi gripa & hvert atplastiha samskipti kviganna og annad atferli
peirra. Auk pess atti ad skoda hvort stada gripsuningarrédinni skipti mali fyrir hvernig
pbeim reidir af i samkeppni um atplass.

Tveir hépar med niu islenskum kvigum hvor voru éitacross-over-tilraun par sem fjogur
(samkeppni) eda niu (viomidun) atplass voru fyir kvigur. Til ad skra atferli kviganna
voru paer myndadar tvisvar sinnum i prja solarhridfanyndbandsupptokunum var skrad
atferli s.s. hvild, at og hvar peer stodu. Samskigjanna var skrdd beint og virdingarrod
innan hopsins reiknud. Einnig var atatferli einsa@ghnusa, finna lykt og éta skrad med
beinni athugun prisvar sinnum a daga.

Vardandi samskipti kviganna vid fodurganginn koljds ad kvigur voru u.p.b. fimm sinnum
oftar reknar fra sinu atplassi vid samkeppnisadstde@dur en hja vidmidunar hopnum. bPad
var tilhneyging til ad vio samkeppnisadsteedur seddithattsettar og lagsettar kvigurnar i
u.p.b. halftima skemur en vid eitt atplass a g8i@ kist. a moti 4,2 kist. p =0,061).

Pegar atferli hattsettara og lagsettara kviga gedlsaman kom i ljos ad lagsettar kvigur lagu
lengur en hattsettar, baedi vio samkeppnisadstagpudmiounaradstaedur (13,2 klist. hja
lagsettum kvigum & maéti 10,8 kist hja hattsetturiglan fyrir viomid og 13,5 kist. hja
lagsettum kvigum a maéti 11,0 kist. hja hattsettwigkm vid samkeppni, p = 0,002). Enginn
munur fannst i athegdun kviganna, hvorgi milli étium og lagsettum kvigum nor milli
samkeppni og viomidun.

Nidurstodurnar syna ad atferli kviganna breytidti elerulega yfir daginn, en 6gnanir og
slagsmal séust i verulega auknum meeli medan & pamikadsteedum sto6d. Ut fra pessum
nidurstédum ma draga pa alyktun ad samkeppni urdsja kvigum geti haft neikveed

ahrif & velferd gripanna.

Lykilord: samkeppni, virdingarrdd, atferli, kvigur
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1. Introduction

So far only a very few researches about the IcétaDdttle have been carried out, especially
not about their behaviour or welfare. This studg\warformed in order to get some
information about their behaviour in situationshwalifferent stocking density. However, for
the beginning some information about their origndl atilisation today ought to be given.
The arrival of cattle in Iceland is very much imoection with the colonisation of Iceland
during the years 874-930. Genetic studies have shbat Icelandic cattle is very much
related with the Norwegian native breeds Doelagmalrk and Blacksided Troender and
Nordland cattle. The exact genetic relation betwesgtive North European cattle breeds and
their divergence from commercial cattle breedsrws$een found so far. But it has been
found out that the separation of Icelandic cattié Blacksided Troender and Nordland cattle
took place 1105-1326 years ago and longer agoatitdr breeds. Since the settlement of
Iceland, the cattle has been isolated on Icelarid awery few exceptions (Adalsteinsson,
1981; Kantanen et al., 2000; Torfason and Jénmamd€£H01). During the {dcentury some
Danish beef cattle and Holstein heifers were ingzbrtater, in 1933, a Galloway bull was
imported and there were about 300 Galloway crosa#te in Icelandic. Still later, in 1976 a
project was launched leading to the importatioseshen from Galloway bulls, but besides
that, Icelandic cattle stayed without any breedinilyience from abroad (Adalsteinsson,
1981). Anyway, Kantanen at al. (2000) characteriredcelandic cattle as “scientifically,
historically and culturally unique”.

Icelandic cows reach a weight of 300 to 500 kg @amdabout 120-130 cm high. They are used
for milk - and meat production (Torfason and Jondsson, 2001). The average milking yield
of the 24,000 cows was 5,229 kg in the year 20@4r({@asamtok Islands, 2005).

1.1. Individual distance

An important attribute to social group life is tfaet that every animal tries to maintain its
individual distance, meaning on the one hand tlaeegach animal requires for its basic
movements such as standing, lying down and getifim@rooming etc. (Fraser and Broom,
1990). However, individual space is more than fyece which an animal requires for these
movements. It indicates and characterises the mimmistance that an animal allows
another animal to come close before it reacts,stops the other animal with a move or
gesture to come closer. Individual space is “ncegapersonal space which is the same at all
times and for all individuals” (Potter and Broon®8Y, p. 130). For example high ranking

cattle claim a greater individual distance than tawking cattle. The individual space for



cattle ranges between 0.5 m (Sambraus, 1969) amtb412 m for varying space allowance
(Kondo et al., 1989). Cattle defend their spacé agonistic behaviours, which results in
more movements of low ranking cattle in order toid\the individual space of high ranking
animals (Reinhardt, 1980; Craig, 1986; Fraser ami®, 1990).

The correlation between space, density, groupasigeagonistic behaviour changes
with age. Confined calves, at the age of 6 to 18timg did not show a significant correlation
between group size and agonistic behaviour. Tmeladion between group size and
agonistic behaviour was on the other hand sigmifiéar adult cattle. Consequently, with the
increase of group size agonistic behaviour increése. Both calves and adult cattle showed
a significant correlation between agonistic behavend space allowance. When space
increased and group size decreased, agonistiaati@ns decreased and the distance to the
nearest neighbour increased (Kondo et al., 198&)o/Aling to Kondo et al. (1989), this
difference between calves and adult cattle is dube different stages of development of a
dominance order in these two age groups. In caslablishment of a social order starts at an
age of about 3-6 months (Schein and Forman, 18&8jjrding to Stricklin et al. (1980) cattle
start to establish a dominance order soon afteniwga

Under (semi-) natural conditions or at pastureviatial space is not often violated
since there is enough space. It is though ignofeehveocial interactions, such as licking and
horning take place, and of course also when clgthe (Schloeth, 1961; Reinhardt, 1980).

1.2. Social behaviour patterns with regard to the e stablishment of social
relationships

The behaviour patterns described in the followihgpters lead to the establishment of social

relationships between members of a group. Dominaraer is the sum of those relationships

(Beilharz and Zeeb, 1982, Wierenga, 1990). The dante value of each animal is the “ratio

of the number of subordinate animals to the tatahiber of known dominance relationships

of that animal” (Wierenga, 1990, p.12).

1.2.1 Cohesive behaviours

Not only aggressive or agonistic behaviour patteetermine the relationship between two
and more members of a group. For instance Sch(@861), Reinhardt (1980) and Reinhardt
and Reinhardt (1981) noted positive interactionsatresive bonds, which keep a group
together in their (semi-)natural environment. Setiiq1961) described several ways cows

show in order to have social contact such as sbckahg or horning. Reinhardt (1980)



described bonds, which are built on their kin ielawith each other, i.e. mothers with their
calves. Cows also prefer grazing or licking pagnarhich are not only based on kin relation
but also on attachment (Reinhardt and Reinhar@J1)19

1.2.2 Agonistic behaviour patterns

The only agonistic behaviour where no physical aonis involved is threatening. According
to Schein and Fohrman (1955) and Schloeth (196&)intvolved animals have some distance
between each other and the animal which is thresjdowers its head, puts itin a
perpendicular position to the ground and is fativegopponent. There is no contact for it is
“an intended aggressive act” (Reinhardt et al. 6198 127). The threatened animal has two
possibilities to react: it can respond with a threhich could lead to a fight, or walk away
from the threatening animal. The last option isenmymmon (Schein and Fohrman, 1955).
An agonistic behaviour including physical contacthe so called head but. One animal
directs a blow with its forehead or horns at ano#remal’s side of the neck, shoulder, rump
or upper leg. The animal receiving the but is eddlrating (Schein and Fohrman (1955),
Reinhardt (1980) and Stricklin and Graves (198Dh)s kind of aggressive interaction
appears most often in cattle (Reinhardt, 1980).

Displacements can be defined as interactions whemgnal gives up its position
because of a threat or head but of another aniRehbardt et al., 1986, Wierenga, 1990).
Fights develop if the butted animal retaliates ¢hetand Fohrman, 1955) and form the rarest
agonistic social interaction (Reinhardt, 1980)alfight, animals can be in several positions
towards each other and change them permanentlygitime fight, e.g. circling around each
other for different periods of time and then boutiesr head in each other’s bodies when the
fight erupts (Schein and Fohrman, 1955). Reinh@@B0) observed that the opponents
would also bounce on each other with their forebdeaht to front and try to push one
another. This lasts until one animal withdrawssaioo weak to fight back or one animal is
able to chase the other away (Schein and Fohrni®a5, Reinhardt, 1980). A fight does not
need to be decided after one collision or inteaagtit can consist in several encounters which
can be very different in numbers between diffeemimals (Schein and Fohrman, 1955).
Fights occur most often among animals which areeclo the dominance order. Tension
resulting in fights also take place when a highknag animal is weakening for some reason
and the lower ranking animals try to overrule thevpusly stronger animal. The higher-

ranking animal tries to get back its former positand has often to fight hard for that. So this



kind of incidences ending in a fight build up qustewly over some time and could be
divided in three stages: threatening, aggressiveig and chasing (Schloeth, 1961).
Another agonistic behaviour pattern is chasing: amenal is running after another in

order to drive it away, and, in some cases, buitingthe end (Schloeth, 1961).

1.3. Development and benefits of social relationshi ~ ps and dominance order

The social hierarchy of cattle is built on socelationships which all social living animals
develop in their groups. It has a great influencehe life of each individual as well as on the
whole group (Grant and Albright, 2001), since ithe dominance order which determines the
position of an individual in the group.

Individuals in a herd know each other, which igraportant precondition for the possibility
to predict the outcome of an encounter (Sambrai&;,1Bernstein, 1981). By that cattle
know their relation to each group member: eithés gubdominant or dominant to the other.
The social relationships are learnt by each indi@idrom former encounters and have to be
relearned from time to time. It is often the highemked animal, which “reminds” the
subordinate animal of its position (Beilharz an@&Zel982; Reinhardt, 1980; Bernstein,
1981).

Established dominance orders are complex in mag&scae. an animal with a low
dominance value can be dominant over an animal avitigher dominance value (Sambraus,
1975; Reinhardt, 1980; Wierenga, 199Dhce established, dominance order remains rather
stable for a long time (Schloeth, 1961; Sambraas@sterkorn, 1974; Reinhardt and
Reinhardt, 1975; Beilharz and Zeeb,1982; Reinhetrdt., 1986). On the other hand, the
dominance order is also flexible or dynamic undstain circumstances, since it is influenced
when new members join the group, old members dieembers try to move up in the order
(Reinhardt and Reinhardt, 1975; Reinhardt, 1980n&ein, 1981)Reinhardt and Reinhardt
(1975) state, that flexibility is always there, aase “a shift in rank position is the very
ambition of every low ranking animal” (ReinhardidaReinhardt, 1975, p. 315). Sometimes
these changes of positions in the dominant ordegpéra i.e. a former subdominant animal
dominates over a former dominant animal. This ccoumly in about 5-10% in two years of
the established relationships (Sambraus and Osterk®74; Reinhardt, 1980). Wierenga
(1990) found a change in relationships of 6.7 %lbpairs in one year in confinement.

Dominance order has several advantages for greumglanimals. For example the
outcome of a contest is predictable, hence botlidinginant and the subdominant animal can

reduce their involvement in contests. By that ibk of injury in consequence of a fight is



reduced and thus both parts benefit from the astadd relationship (Bernstein, 1981,
Reinhardt et al., 1986). Hence dominance ordergmtsvthe members of a group from
constant fights or quarrels among each other. éangequence, injuries related to agonistic
social encounters decrease. Social order is aéskeistone in social groups in the sense, that
aggression in groups may be kept at its minimumn({edt and Reinhardt, 1975; Beilharz
and Zeeb, 1982).

The possible disadvantages for low ranking cadtlstay with the group, e.g. to wait
for access to resources, cannot be of great vacause they do not “seek to obtain improved
grazing away from the herd” (Phillips and RindtD20p. 51) because this would be against
the cohesive bonds which let the cows stay togethieerds, for protection among other
things (Reinhardt, 1980; Reinhardt and Reinhar@B11 Phillips and Rindt, 2002).

1.4. Social behaviour in semi- natural environment and in confinement

In their natural habitat, cattle live in mixed gps i.e. female and male animals together,
only for a certain time of the year. The compositid the herd changes during the seasons
because the males separate from the female groogtsofithe time except during the mating
season (Schloeth, 1961; Reinhardt et al., 1986)afor difference between free-living
animals and those living in confinement consisttheagreater distribution of age in the free-
living animals (Schloeth, 1961). As already sa@mswild groups cattle develop stable social
relationships, which often remain for a long tingelfloeth, 1961; Sambraus and Osterkorn,
1974; Beilharz and Zeeb,1982; Reinhardt, 1980).

In commercial housing conditions, beef cattle, érsifand dairy cows are put together
in groups according to their age, weight and/oviogltime. Under these circumstances,
however, they still develop a relatively stable dwance order (Sambraus, 1975; Leaver and
Yarrow, 1980; Stricklin et al., 1980; Stricklin abnyou, 1981; Miller and Wood-Gush,
1991).

Animals living in their natural environment do ri@ve many reasons to act
aggressively against each other (Reinhardt andnaein (1981 c.f. Rowell 1974)), but do
always show a certain level of agonistic behavidlnder (semi-) natural conditions, space or
feed would usually not be the reason to fight ¥dnen both resources are abundant. Only
when feed is scarce or little space available@attimking place, cattle get aggressive and
chase each other away in order to get access @bhli961; Metz, 1983; Craig, 1986).
Cattle use their position in the dominance ordepfwority of access to certain sources e.g. to

the best grazing spot and space at the drinkingeplan these occasions the dominant



animals prevail most of the time (Reinhardt, 1986ilharz and Zeeb, 1982). So access to a
limited resource indicates dominance (Craig, 1388) is therefore often a privilege for

dominant animals (Reinhardt, 1980).

1.5. Influence of housing and management on the beh  aviour of cattle

Since the animal’s behaviour is its “most immed&tpression of its interaction with the
environment” (Metz and Wierenga, 1987, p. 14) passible to assess how well animals cope
with their environment based on their behaviour.

Space allowance forms one of the most pronoundésteices between their (semi-)
natural environment and being housed inside. & h&s a very big influence on both the
social behaviour of cattle and the behaviour pastei each individual (Metz and Wierenga,
1987; O’Connel et al., 1989). Since space allowam@attle housing systems is usually
rather low, animals meet more often, which incredke incidences when their individual
distance cannot be maintained, resulting in moom&tjc interactions (Metz and Wierenga,
1987). This puts a strain on the social relatiopslalready established (Reinhardt, 1980).
With the higher level of agonistic behaviour in ioement than at pasture, cattle show that
their individual space is being violated and thefedd it (O’Connel et al., 1989; Fraser and
Broom, 1990). Agonistic interactions increase vd#treasing space allowance
(Kondo et al., 1989). Thus, aggressive behavioonlg a consequence of the cattle’s
unfulfilled requirement of individual space sintésinot their natural habit to stay together so
close to each other (Fraser and Broom, 1990; MedA/ierenga, 1987; Potter and Broom,
1997). Further more, Metz (1983) regards aggresasam punishment for the receiving
animal, with the consequence of reduced welfar¢hf@ranimal receiving aggression.

Alterations of behaviour patterns, such as eatimjlging time also have often been
observed to be affected by competition for a resein terms of reduced feeding space
allowance (Friend et al., 1977; Keys et al., 19&gver and Yarrow, 1980; Metz and
Mekking, 1978; Frank and Magnusson, 1994; Olofs4889). On the other hand, there are
also some studies where no alteration or effe¢hercattle’s behaviour was found, but those
are rather rare. For example, in one study, masyggre was reduced from 105 cm to 15 cm
per cow. Mean total feeding time decreased duhegitme with the reduced manger space,
but not significantly. There was either not a diéfiece between the number of cows standing,
lying or feeding nor changed the amount of aggvesisehaviour among the animals
(Collis et al., 1980). In another study the highmsnpetition level was at 2.5 animals per

feeding place but that did not have any influencé¢he time low ranking cows spent at the



feeding rack or in the cubicles. Time budgets ditldiffer between high and low ranking
cows (Stumpf et al., 2000).

1.5.1 Influence of housing on synchrony

In (semi-)natural environments or at pasture, eattiow synchrony in many behaviour
patterns such as feeding, resting and drinking (@il et al., 1989; Miller and Wood-Gush,
1991). Allelomimetic behaviour resulting in synchyamay be seen as another evidence for
the need of a herd to remain in contact and to\eeha a social unit (Metz und Wierenga,
1987; Miller and Wood-Gush, 1991). However, syndyrdecreases in confinement but is
kept at a certain degree though, especially whesmahals can feed at the same time and it is
easy for them to get a feeding place (Potter amsf@r 1987; O’'Connel et al., 1989; Miller
and Wood-Gush, 1991). Synchrony is reduced wham ikenot enough feeding space or
lying places for each animal at the same time. itag end in competition and reduced
animal welfare (Potter and Broom, 1987, Miller aWdod-Gush, 1991).

1.5.2 Influence of space at the feeding rack on interactions among cattle

The situation at the feeding rack is special, bsealthough feed is abundant it is provided
on a very limited area and the number of animatspting for feed is potentially high

(Metz, 1983). The influence of competition deperadspng others, on factors such as
duration or time that feed is available, desigtheffeeding rack, e.qg. its length, the design of
the feed barriers and the feeding space for eash Tee composition of the group (e.g. age)
is also an important influencing factor on the amtaf interactions (Metz and Mekking,
1978; Potter and Broom, 1987, Grant and AlbrighD). Metz and Mekking (1978) state
that cows in confinement actually always competarey each other for feed.

When dairy cows were offered 1 m space at the fgedick per animal, the distance
among the cows increased compared with 0.5 m sjgéite higher space allowance at the
feed alley the range in inter-cow distances waatgrgMcLean, 2003; DeVries et al., 2004).

It has often been shown in cattle herds that tbaaton of feeding space, either by
reducing its length or providing fewer eating ptiean animals, leads to a higher aggression
level in the whole group (Metz and Mekking, 1978t 1983; Frank and Magnusson, 1994;
Olofsson, 1999; Stumpf et al., 2000; DeVries et2004). The level of agonistic behaviour
decreased when the feeding space was enlarged)ftom to 1 m (DeVries et al., 2004).

A high level of aggression in the group could léaa higher incidence of lameness,

because falling and slipping on concrete or sldttauts, e.g. in pushing contests, often leads



to injuries on the feet (Potter and Broom, 198hisTis more likely to occur when
displacements and chases increase in competitivatisins (Metz, 1983; Grant and Albright,
2001).

1.5.3 Influence of reduced access to feed on feeding behaviour and

performance of cattle
When housed cows are provided with one feedingegb&e animal they spend between
3.8 and 5 hours per day feeding (Friend et al.718@ys et al., 1978; Olofsson, 1999). By
decreasing the number of feeding places per aranthby that increasing competition at the
feeding rack, feeding time of cows and heifers éased (Keys et al., 1978; Metz and
Mekking, 1978; Frank and Magnusson, 1994; Longentea@l., 1999; Olofsson, 1999). In
contrast, Collis et al. (1980) did not find a sigrant difference in feeding time when less
feeding space per animal was available. On the tidred feed intake or consumption rate of
cows and heifers did not change significantly uratenpetitive conditions (Reynolds and
Campling, 1981; Frank and Magnusson, 1994; Longgnbkaal., 1999). Olofsson (1999)
obtained contrary results because feed consumipiiveased when the number of cows per
feeding station was increased from one to fourheigeeding activity and higher daily
mealtime was observed when feeding space was senlg®eVries, 2004).

When the time of access to feed was increased &bours to 20 hours, dry matter
intake of cows increased slightly, but had noaftan the dry matter intake expressed as
percentage of body weight (Erdman et al., 1989).

Considering daily weight gain or growth under caiodis with reduced number of
feeding places, daily weight gain decreased in tdoisheifers and dairy cows (Keys et al.,
1978; Metz and Mekking, 1978; Frank and Magnus4684). Longenbach (1999) on the
other hand did not find any negative effects omghoor performance of the heifers. This was
also true for the effects on milk production inrglagows (Frank and Magnusson, 1994). In
fattening bulls, Gottardo et al. (2004) did notfiany difference in performance, but the

competition level was not high.



154 Influence of competition on resting behaviour
Under normal conditions, i.e. with no competitian &ny resource, cattle spend about 50% of
the day lying or resting (Friend and Polan, 197dmb, 1976; Friend et al. 1977; Olofsson,
1999). Friend et al. (1977) and Olofsson (1999ntbthat lying time decreased with
increasing feed bunk density. Stumpf et al. (2008)the other hand, did not find any
alteration in the duration of lying when competitiat the feed bunk increased.

However, there might also occur changes in theglpatterns throughout the day, i.e.
cattle modify their lying behaviour patterns areldown at different times of the day than

without competition (Metz and Mekking, 1978).

1.6. Aim of this study

Housing systems and their management can have mgjact on cattle, both on their social
and maintenance behaviours. Adaptation to the enwient can be facilitated by giving cattle
the possibility to express their normal behaviours.

It is common practice in Icelandic dairy cattle Ibarsdry to overstock dairy heifers
with regard to the animal feeding place ratio. @a dther hand rather little is known about
the behavioural consequences for heifers of thisagament procedure, which imposes a
competitive situation on the animals.

The aim of this study was to investigate the eff@ttstocking density at the feeding
rack on both the social and maintenance behavioeiters. Furthermore, it was the aim to
study possible interactions of stocking densitynviite social status of the animals.



2. Materials and methods

2.1. Animals

19 heifers and 1 first-calf cow of the Icelandiedd were used in this study. The animals
were randomly assigned to two groups, Group 1 andi6s2, according to their age and
expected date of calving. The age of the animafgged from 20 to 34 months. Most of the
heifers were expected to calve in November andémreinber 2005, but some later. One
heifer was not pregnant.

The two groups were formed in the first week ofdbetr 2005 so the animals got used
to each other, although most of them had beenhegéat a group before. The heifers were
dyed a few days after the groups had been formid,numbers from 1 to 10 (Group 1) and
11 to 20 (Group 2) on their back/small of the bankl shoulders.

Initially there were ten animals in each group, toe (Nr. 14) gave birth the day
videotaping started (380ct.), so it had to be removed. In order to haeestime competition
level in both groups, an hour before the secondogdaphy period started (1Nov.), a
heifer (Nr. 3) was also taken from the other group.

2.2. Feeding

Roughage, i.e. always the same kind of silage faftermath, was given once a day at

9 o’clock in the morning. The feed was pushed ufhéevening between 9 and 10 pm.
During the second period in November the situaitiotihe evenings was different, because
most of the silage had been eaten at about 11.enmdifers had no silage over the night.

This fact was only discovered when the videos vesadysed.

2.3. Experimental set-up

The animals were kept in pens with slatted floord @ane cubicle for each animal. The size of
the cubicles differed slightly between the pensytivere 1.90 m long and 1m wide in Pen 1
and 1.80 m long and 0.90 m wide in Pen 2. The haaging space was 0.40 m space

(Figure 1). The cubicles were covered with rubbatam

The passage way between the cubicles was 1.90 enamidl 6.60 m long in Pen 1 and 6.10 m
in Pen 2. The width of the passage way leadinhed¢eding alley was 2.60 m in Pen 1 and
2.10 min Pen 2.

The feeding alley was 2.30 m wide in both pens&nulong in Pen 1 and 7.50 m in Pen 2.
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The feeding racks (headlock feed barrier) diffeasth from pen to pen. They were 0.90 m
high in Pen 1 and each feeding place 65 cm wid&im1 and 0.80 m high and 53 cm wide in
Pen 2.

cubicles / wall

passageway \

v

/

water 'C

feeding alley

feeding racks >

Figure 1. Layout of the pens.

A cross-over treatment was applied. The groups weiier offered one feeding place per
animal (control) or four feeding places per ninerals (competitive situation).

In mid-October (17 Oct.), Group 2 started in the competition treatm&he feeding
places were reduced by blocking the five outerifegeglaces of the feeding rack.

The heifers got 11 days (127" Oct.) to adjust to the competitive situation
whereafter both groups were video-recorded foretilays continuously (3831 Oct).
Hereafter, the treatment was crossed over to Gtodjme heifers of Group 1 also had 11 days
(31%'Oct.-10" Nov.) to get used to the competition treatment.nlbeth groups were video
recorded for three days again (414" Nov.).

Treatments were organized as shown in Table 1.
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Table 1.

Layout of the experimental set-up

11 days
(17"-27" Oct.)

3 days
(28" —31'Oct.)

11 days
(31%'Oct.-10" Nov.)

3 days
(11"-14" Nov.)

Adjustment competition

Group 2 | stocking density: 4 Video recordings Adjustment control: Video recordings
feeding places for 9 competition 9 feeding places for 9 | control
animals animals
Adjustment Adjustment competition

Group 1 | control: Video recordings stocking density: 4 Video recordings

animals

9 feeding places for 9

control

feeding places for 9
animals

competition

2.4. Behaviour observations

2.4.1 Time budgets

Time budgets of the heifers’ behaviour patternsevegralysed using the video recordings.
Two video cameras were used for each pen. One eatogered the feeding rack and feed
alley, and one camera the lying area and passageWwhg cameras that pointed at the
cubicles, took one picture every minute, the casmpanting at the feeding rack took 5
pictures every second.

Initially video recordings lasted from 93815 Oct. and from 1%- 15" Nov., but due
to technical reasons (because it was not possihled the first and last nights’ video
records), only three days out of each filming pgigould be used (2831 Oct and
11M-14" Nov.). When evaluating data only over daytime o records of 270ct. were
included. The remaining three day-periods lastethf®8:40 in the morning on the first day to
08:20 in the morning on the last (third) day.

Analysis from video recordings:

The video recordings were analysed using scan sagngti 5 min intervals. The
behaviour was categorised into:
1) Feeding: heifer with its head through the feedenckr
2) Standing on the feeding alley: heifer standindhim area which was defined as the
feeding alley, i.e. behind the feeding rack
3) Lying: heifer lying in one of the cubicles
4) Standing in a cubicle: heifer standing with twdaur feet in a cubicle
5) Standing on the passageway: heifer standing iar& which was defined as passage
6) Lying on the feeding alley: heifer lying in the argefined as feeding alley.
Drinking was not recorded because it was to diffitisee whether the heifers were

actually drinking or not. Neither was the heifdrsking at the mineral rock evaluated. Both

12



situations were therefore counted as “standindherpassageway”. A heifer lying on the
feeding alley was defined as “lying” when the datae analysed.

Lying behaviour was also analysed with regard togyeriods by dividing the
periods in less than an hour, one to two hours,toatbree hours up to nine hours and longer.
Those periods were counted per day. A lying pewad defined as an interval which was not
interrupted for at least 15 minutes.

2.4.2 Social behaviour

For determination of the dominance value (DV) dftebeifer, the social behaviour was
directly observed using continuous behaviour samgpllhe observer was situated about
2-3 min front of the feed bunk in an elevated posi(3 m). The heifers were not obviously
disturbed by the observer. Observations took piaceng both adjustment periods

(17" 27" Oct. and 3%Oct.-16"Nov.) and during both video recording periods
(28"-31%'Oct. and 11-14"Nov., respectively) (Table 2).

During the adjustment periods, heifers were obskfeeabout two hours after they
had been fed or until there was obviously no morepetition for feeding place, i.e. when
there were fewer heifers than feeding places. @Quwideo recording periods data was
collected directly for two hours after they had inéed and additionally for 1 hour around
midday and 1 hour in the afternoon (Table 2).

The following behaviour patterns were directly netmal to determine the dominance
order, according to the following definitions ofcga behaviours (Laister at al., 2006):
Head butting
“Interaction involving physical contact where thea is butting/hitting/thrusting/striking/
pushing the receiver with forehead or horn bash wiforceful movement. The receiver does
not give up its present position.”

Threat:

Interaction, which involves no physical contacteTactor lowers its head “to about halfway
between the normal position and the ground, eyestaéid towards the opponent, and the
broad forehead on a plane perpendicular to thengréacing the opponent” (Schein and
Forman, 1955, p. 47).

Chase:

“The actor makes the other animal flee by followfagt behind it, sometimes also using

threats like jerky head movements”, i.e. head buts.
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Displacement:

“Interaction involving physical contact where thaa is butting/hitting/thrusting/striking/
pushing or penetrating (shoving itself between difeer cows or between a cow and a wall or
any equipment where there is obviously not enoygite for both animals to be there) the
receiver with forehead, horn base or any othergfatie body with forceful movement. The
receiver gives up its present position (walking yfea at least half a cow-length or stepping
aside for at least one cow-width)”.

For the determination of the dominance order ingitoeeips, the number of
displacements, chases and threats performed byhe#eln was summed up for each heifer. A
heifer was dominant over another heifer when oriehpgerformed two more agonistic
interactions than another heifer. When there wearyninteractions (eight or more), the
difference of the number of agonistic interactibesween two heifers had to be greater than 2
for one heifer to be clearly dominant over anothefer.

The dominance value (DV) for each heifer was cal®aa as follows (e.g. for cow A):

No.of cowssubdominattocow A
No.of knowndominanceelationsips of cow A

(Wierenga, 1990).

The displacement index (DI) was also calculatethénfollowing way:

No.of activedisplacemets
No.of activedisplacemets+ no.of receivedlisplacemats

(Galindo et al., 2000).

This coefficient was calculated in order to compgawth the dominance value, but it was
not further used in this study.

Furthermore the number of displacements which fake during feeding was
evaluated from the video records during the samieg® feeding behaviour was observed
directly (see next chapter). The observation perladted twice for four days (#B0" Oct.
and 11" 14"Nov.):

- after heifers were fed in the morning for 45 mmto one hour each group

- around midday for half an hour each group

- in the late afternoon for half an hour each group
These data were evaluated to determine the effectnopetition at the feeding rack on the

agonistic behaviour. Total observation time addedouabout two hours per day per group.
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Table 2.

Summary over data evaluation

11 days 3 days (28.-31.10.) 11 days 3 days
(17.-28.10.) (31.-11.11) (11.-14.11)
Group 2
Adjustment Video recordings competition Adjustment | Video recordings
Competition Control control
- Data from direct observations:
- Data from direct | - Social behaviour (dito) - dito - dito
observations: (4 days: for 2 h after feeding + 1 h midday
-Social behaviour | + 1 h afternoon)
(head butting, - feeding behaviour (feeding, manipulating,
threat, chase, smelling, other) (4 days: for 2 h after
displacement) feeding + 1h midday + 1 h afternoon), se¢
(11 daysfor2 h |Fig. 2
after feeding)
- Data from video:
- behaviour scan sampling feeding, standjng
on the feeding alley, lying, standing in a
cubicle, standing on the passageway, lying
on the feeding alley) (3 days)
- no. displacements (4 days: for 2 h after
feeding + 1 h midday + 1 h afternoon)
- changing feeding place (4 days: 2 h after
feeding + 1 h midday + 1 h afternoon)
Group 1 | Adjustment Video recordings control Competition | Video recordings
Control competition
- dito - dito - dito - dito

2.4.3 Feeding behaviour

Feeding behaviour was directly observed on twoysadservation periods (#B0" Oct.

and 11" 14" Nov.) using scan sampling at 1 min intervals thiees a day:

after heifers were fed in the morning for abouti& up to one hour each group

around midday for about half an hour each group

in the late afternoon for about half an hour eaciupg.

Total observation time patterns varied sometimas fday to day, depending on the relative

situation at the feeding rack, i.e. number of heifeeding.

The groups were observed separately by direct waten, each for 15 minutes at the time,

as shown in Figure 2.

Group

Group

1 15 min
observation
2 |

15 min
observation

15 min
observation

15 min
observation

15 min
observation

15 min
observation

Figure 2 Schematical setup of observation periods for feggtighaviour for each group, the
black box marking the 15 minutes observation time.
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The analysis of the data revealed the percentatfeedirst four behaviour patterns described
below.

Smelling the feed:

Heifer with its head through the feeding rack, nrmgvihe head above silage and neither
feeding nor digging/manipulating silage.
Manipulating/tossing in the feed:

Heifer with its head through the feeding rack, tung the silage with the nose and also
moving the silage with the nose and digging indifege with its nose, sometimes coming up
with silage in the mouth and feeding.

Feeding

Heifer with its head through the feeding rack aheweing silage and/or taking in silage.

Doing something else/nothing:

A heifer with its head through the feeding rack &oking another heifers’ head or being
licked by another heifer. A heifer doing nothingstanding with its head through the feeding
rack and just watching the surrounding.

Changing feeding place:

Heifer with its head through the feeding rack, mgkihe head back through the rack and

putting it through the rack at another place. TH@haviour pattern may last up to two minutes
when a heifer has to find a free place at the fepdack.
To determine how often a heifer changed its feeglage, data was collected from the video
records during the same observation periods, fgdahaviour was collected directly, i.e.
twice for four days for 2 hours after the heifersrgvfed, 1 hour around midday and 1 hour in
the late afternoon. The number of feeding placexgba was extrapolated as events per 15
minutes attendance at the feeding rack for eadkmei

Feeding data was also analysed with regard touh#er of meals and bouts of the
heifers. Meals and bouts and feed bunk attendaece @ounted continuously from the video
records. A meal was defined as a feeding perioémtwas not interrupted for more than 20
minutes. When this period however was interruptedess than 20 minutes these periods in

between were counted as bouts.
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2.5. Statistics

All statistical analyses were carried out usingdbftware package Minitab Release 14
(Minitab® Statistical Software).

To determine the correlations between the dominaalee and other features Pearson’s
correlation coefficients were calculated (n = 18).

Frequency of agonistic behaviours at the feediol vgere analysed using ANOVA.

For further statistical analysis, General Linearddis were calculated. Time budget
parameters, visits to the feeding rack and avedagation of visit per day, meals, bouts and
bouts per meal and lying periods were analysedggtkeatment (control or competition),
rank (high or low ranking) and the interaction begéw treatment and rank into account as
fixed effects.

Feeding behaviour patterns were analysed usintgiesd, time of the day (morning, midday,
afternoon) and interaction between treatment and of the day as fixed effects. Regarding
‘changing feeding places’ behaviour, rank and tohthe day was taken into account.
Differences between the two treatments or betwieemvto rank groups during the course of

the day were assessed using the T-test.
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3. Results

3.1. Dominance values and dominance order
For Group 1 a total of 610 agonistic interactiomsad butts, displacements, threats and

chases) were observed, in Group 2, 722 agonig#cactions took place (Table 3).

Table 3. Number and frequency of agonistic behaviour past@ver 28 days for both groups

Head butt Chase Threat Displacement Sum

no. % no. % no. % no. % No.
Gr.1 255 41.8 21 3,4 46 7.5 288 47.2 610
Gr.2 311 45.8 6 0,8 40 5.5 345 478 722

The dominance value ranged between 0 and 0.83dopat and between 0.17 and 1.00 in
Group 2. The distribution of the dominance values slightly different in both groups
(Table 4a and 4b). For the distinction between laigth low ranking animals, a threshold of
DV = 0.5 was chosen, i.e. heifers with a DV of 0@l lower were regarded as low ranking
heifers (Rank 2).

In both groups the social dominance order wasineat but complex, i.e. there were
some low ranking heifers dominant over a high ragkieifer, but were subdominant to many
other heifers (Table 4a and 4b, Figure 3a andIBl}roup 1 there was one heifer (no. 2)
which did not dominate any heifer. In Group 2 thees one heifer (no. 19) which was
dominant over all heifers with the exception of twtsettled relationships with two other
heifers (no. 11 and 20). But there was no heifdclvivas subdominant to all other heifers in
Group 2. Two heifers which had the same dominaatgevhad an indeterminable
relationship because they showed the same numiagyooistic interactions (between heifer
no. 6 and 8, and no. 1 and 7). Only in one caseenin® heifers had the same dominance
value, one of the heifers was dominant over therdfheifers no. 11 and 17) (Figure 3a and
3b).
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Table 4a and 4b. Dominance values (DV), number of subordinate atéraad unclear
relationships for each heifer in Group 1(left) a@doup 2 (right). A heifer dominates over
the heifers listed underneath, if there is no armext to the heifer's number. The end of the
arrow marks the heifer which is dominant over tleeer where the arrowhead ends

No. of unclear No. of unclear
Heifer DV  subordinate relationship Heifer DV  subordinate relatioimsh
No. animals eifar, No. No. animals ifee No.
9a 0.83 6 1 19 1.00 6 11, 20
84 080 4 2,5,6 16 0.83 5 12, 18
6 0.80 4 57,8 20 4 0.67 4 17,19
4 0.63 5 18 'a 0.60 3 12,16, 17
1 0.50 3 7,9 12 4 0.50 3 16, 18
7a 0.50 3 1,6 13 0.38 3
10 | 0.29 2 2 15 0.29 2 11
5 0.17 1 6, 8 11 0.17 1 15, 19
2 0.00 0 8,10 17 0.17 1 18, 20

@)

Figure 3aand 3b. Formation of the dominance order of Group 1tflahd Group 2 (right),
respectively.
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The displacement index (DI) was also determinectémh heifer by dividing the number of
practised displacements by the number of receigalatements. This index was calculated
for comparison with the dominance (DV) value ontylahowed a high correlation with the
DV.

Age and chest girth were also highly correlated/@l as DV and chest girth, but the
correlation between DV and age was lower (Tabl@bgse measurements and correlations
were performed in order to find out whether theezencorrelations between physical criteria

and position in the dominance order.

Table 5. Correlations between age and chest girth, domiearadue (DV) and age, DV and
chest girth, DV and dominance index (Dl), (n = 18)

r

Age — chest girth 0.81
DV!- age 0.77
DV — chest girth 0.81
DV - DI? 0.89

1) Dominance Value
2) Dominance Index
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3.2. Effect of competition at the feeding rack ont  he interactions between

heifers
The number of displacements during feeding wasuawedl from the videos for the same
periods when eating behaviour had been directlgmesl, i.e. on four days: after the heifers
have been fed, around midday and in the late afternThis time summed up to about two
hours per day per group.

o2}

a1
L

I

| high ranking heifers
B low ranking heifers

w

N
L

no. of received displacements per heiferin 2 h

[y

control competition

Figure 4. Average number of received displacements perrhiaifzhours at the feeding rack
for 8 high and 10 low ranking heifers during conttamd competition.

The difference between the average number of displants per heifer during control and
competition was highly significant (n = 36, p <019.

During the control situation high ranking heiferere displaced 0.5 times on average, but low
ranking heifers 2.4 times in two hours. The differe between high and low ranking heifers
during control was significant (n = 18, p = 0.01@uring the competitive situation high
ranking heifers were displaced 5.6 times on avesagielow ranking heifers 6.5 times in two
hours (Figure 2).
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3.3. Behaviour patterns of high and low ranking hei  fers in competitive and non
competitive situation
The treatment had no significant effect on the tbudgets of the heifers; however, it tended

to affect feeding time so that during the compatitheifers fed, on average, for about half an
hour less (Table 6).

Table 6. Ls means for average time budgets (h) and Stanbaxdiation for heifers during
control and competitive situation and results @& &malysis of variance, (Total DF: 35)

Average high low
Behaviour Treatment  all heifers StDeV* ranking ranking p-value p-value p-value
heifers  heifers
Interaction
Hours Hours Hours Treatment Rank treatment-
rank
Control 4.2 0.6 4.2 4.1
Eating Competition 3.8 0.6 3.9 3.7 0.061 NS NS
Control 12.1 2.2 10.8 13.2
Lying Competition 12.4 2.5 11.0 13.5 NS 0.002 NS
Standing in Control 2.8 1.0 2.9 2.7
cubicles Competition 2.9 1.5 3.4 2.6 NS NS NS
Standing on Control 2.2 1.4 2.8 1.7
feeding alley Competition 2.1 1.0 2.5 1.9 NS 0.029 NS
Standing on Control 2.7 1.7 3.2 2.3
passageway Competition 2.8 1.4 3.3 2.4 NS 0.099 NS
Sum of standing on
feeding alley and  Control 4.9 2.7 6.1 4.1
passageway Competition 4.9 1.9 5.8 4.3 NS 0.023 NS

1) Standard Deviation

Heifers in both groups were divided into high aod ranking heifers. For the results their
average time budgets for the behaviour patterns determined without considering their
affiliation to their initial groups (total DF: 3%Yable 6). There was a significant difference

for lying time so that low ranking heifers lay fabout two hours longer than high ranking
heifers, both during control and competition (p.6d2). On the other hand, high ranking
heifers stood significantly longer at the feedifigya(p = 0.029) and there was also a
significant difference between the sum of standinthe feeding alley and on the passageway
(p = 0.023) (Table 6).
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3.3.1 Feeding behaviour

3.3.1.1 Attendanceto the feeding rack, meals and bouts

During the competition the heifers’ visits to tleefl bunk was reduced by one visit, which
corresponds to their reduced time spent feedinopgdine competition, but the difference of
the feed bunk visits was not significant. The agerduration of feed bunk visit was the same

for the two treatments (Table 7).

Table7. LS means, Standard Deviation of visits to theifigehck and average duration of
visit per day for 8 high and 10 low ranking heifeltgring control and competition,
(total DF: 35)

Average no. of visits Average min per feed
Treatment Rank to feed bunk StDev'  bunk visit StDeV*
1 15.8 2.9 16.7 3.9
Control 2 15.4 2.3 16.4 1.7
1 14.4 3.0 16.9 5.6
Competition 2 14.9 3.1 15.4 2.3

1) Standard Deviation

Table 8. LS means and Standard Deviation of meals, boutdants per meal for 3 days,
(total DF: 35)

Treatment Rank Meals StDev Bouts StDev  Bouts per meal  StDeV*
1 28.0 4.5 47.4 8.7 1.7 0.2
Control 2 26.4 4.5 46.2 7.0 1.8 0.4
1 27.9 6.2 43.3 9.1 1.6 0.3
Competition 2 25.3 3.3 44.7 9.2 1.8 0.3

1) Standard Deviation

In Table 8 the meals and bouts for 3 days aredliSibere was no significant effect of either

treatment or rank .

3.3.1.2 Feeding behaviour patterns

When feeding behaviour of the heifers was obsediexttly, 4284 recordings were collected.
The four categories of the feeding behaviour whvehne observed at three different times of
the day were similar for both control and competit{Table 9). The type of treatment and

time of the day did not have an influence on trealieg behaviour of the heifers.
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Table 9.LS means of the frequency of four feeding behayatierns per day at three
different times of the day, (total DF: 106)

Treatment Time of the day % Eating % Tossing % Smding % Other
Control Morning 60.0 12.3 23.2 4.5
Midday 63.5 10.0 19.5 6.9
Afternoon 64.9 7.7 21.9 5.5
Total 62.8 10.0 215 5.7
Competition Morning 67.3 13.1 17.4 2.2
Midday 67.1 114 17.1 4.4
Afternoon 59.9 115 22.4 6.2
Total 64.8 12.0 19.0 4.3

3.3.1.3 Change of feeding places

Changes of feeding places were determined perafay I5 minutes’ interval. There was a
highly significant difference between the compeétsituation and control, as during control
heifers changed places on average twice per 15tesut during competition only once
(Table 10).

The time of the day also had a significant influma the frequency of changing feeding
places, as heifers changed places once per 15animuthe morning, but twice at midday and
in the afternoon (Table 10). Rank did not haveiaflyence on this frequency.

Tablel0. LS means of the number of changing feeding plaeeday for the different
daytimes and for 8 high and 10 low ranking heifdusing control and competition,
(total DF: 106)

Treatment Rank Morning Midday Afternoon p-value
1 2.8 2.6 1.9 Treatment: p = 0.007
Control 2 1.4 2.2 3.2 Time of the day: p = 0.041
1 1.0 1.8 2.1 Rank: NS
Experiment 2 0.4 1.1 2.2

3.3.1.4 Feeding behaviour in the course of the day

As shown in Figure 5, the heifers did not changértfeeding behaviour substantially in the
course of the day when feeding places were restkictor was there a significant difference
between high and low ranking heifers. After silage been given, a varying number of
heifers began to feed in the morning, but overddng the frequency of feeding heifers stayed

between 20 and 25% until it declined in the night.
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There was no period during the day when there wsagraficant difference between
high and low ranking heifers in the competitiveiatton. The only significant differences
between high ranking and low ranking heifers oadiduring control, at 6-8 pm (n = 18,
p = 0.013) and 4-6 am (n = 18, p = 0.044).
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08-10 10-12 12-14 14-16 16-18 18-20 20-22 22-00 00-02 02-04 04-06 06-07

time

% observations

—e— control, low ranking heifers —=— control, high ranking heifers
—— competition, low ranking heifers —e—competition, high ranking heifers

Figure 5. Percentages of 8 high and 10 low ranking feedigifehs at the feeding rack during
a 24 hours period, data for both control and conitpmt situation.

To find out which heifers were the first ones tedefter silage was given, the percentage of
high and low ranking heifers present at the feedaulf was determined every five minutes
for the first two and a half hours after feedingFigures 6 and 7 the points of time when
silage was given were fixed to one point at 9 am.

After feeding, the high ranking heifers occupied teeding rack for the first quarter
(09:05-09:15) during competition (Figure 6). Foe thext quarter, more low ranking heifers
were present at the feeding rack. After that tlogertion of high and low ranking heifers was
balanced for a short time. One hour after feedirfigd5-10:45), more low ranking heifers
occupied the feeding rack for about three quadéees hour. For the rest of the 2.5 hours
there was no difference between the frequencygisf and low ranking heifers at the feeding
rack.

Considering the average number of heifers at tedifg rack during competition, all
four feeding places were occupied for about tret fiour, i.e. there was a 100% utilisation.
After that there were 2-3 heifers at the feedingk r@0-75% utilisation) for the rest of the
2.5 hours.
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Figure 6. Percentage of 8 high and 10 low ranking heiferthatfeeding rack during the first
2.5 hours after feeding silage during the compamtiti

During the control situation the proportions wererenbalanced, since all heifers had access
to a feeding place (Figure 7).

Regarding the number of animals at the feeding, raclaverage 7 heifers were
feeding for the first 20 minutes during the consibliation (77.8% utilisation). Thereafter the
number of heifers declined rapidly to two to thhedfers (22-33% utilisation) by the time of
one hour after feeding and stayed stable for thieafethe time of the 2.5 hours (Figure 7).
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Figure 7. Percentage of 8 high and 10 low ranking heiferthatfeeding rack during the first
2.5 hours after feeding silage during control.

3.3.2 Lying behaviour

3.3.2.1 Lying periods
The significant difference between high and lowkiag heifers for total lying time (Table 6)

was accompanied by the significant difference efribmber of lying periods for high and
low ranking heifers (p = 0.032) (Table 11).

Table 11. LS means and Standard Deviation of lying perieds8fhigh and 10 low ranking
heifers per day during control and competition #fldDF: 35)

Treatment Average no. of lying
Rank periods per day StDeV! p-value
1 7.1 2.1 Rank: 0.032
Control 2 8.1 1.1 Treatment: NS
1 6.1 14
Competition 2 7.3 1.5

1) Standard Deviation

When classifying the lying time periods in boutdesfs than an hour, one to two hours’, two
to three hours’ duration and so on, it appearetmiust of the lying periods lasted between
one and two hours, followed by less than one hdaifers seldom lied down for more than

three hours continuously (Figure 8). There wasifferénce between high and low ranking
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heifers, with two exceptions during control. Lomkéng heifers had significantly more lying
periods between two and three hours and betweea #d four hours (p = 0.005 and

p = 0.019, respectively).
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<1h 1-2h 2-3h 3-4h 4-5h 5-6 h 6-7h 7-8h 8-9h >9h
length of lying periods

Figure 8. Frequency of different durations of lying periqus day during control and
competition.

3.3.2.2 Lying behaviour in the course of the day

With regard to the lying behaviour of the heifdrere was no difference between control and
competitive situation, i.e. high and low rankingfees did not change their behaviour in the
course of the day (Figure 9). The difference oftald®% which existed between high and
low ranking heifers from 8 am to 18 pm was not gigant, with one exception at 12:00 to
14:00 pm for the control situation (n = 18, p =120 Another significant difference came up
later between 22 and 24 pm (n = 18, p = 0.001}hAtsame time, or between 20 and 22 pm
and 22 and 24 pm differences tended to be signifidaring the competitive situation

(n =18, p=0.057 and p = 0.029, respectively).

28



100,0
90,0

70,0

60,0 | W

500 | F——

40,0 A /

30,0

20,0 - V

% observations

10,0
0,0 T T T T T T T T T T T
08-10 10-12 12-14 14-16 16-18 18-20 20-22 22-00 00-02 02-04 04-06 06-08
time
—e— control, low ranking heifers —=— control, high ranking heifers

—— competition, low ranking heifers —e— competition, high ranking heifers

Figure 9. Percentage of 8 high and 10 low ranking lying éesifduring a 24 hours period,
data for control and competition situation.

3.3.3 Standing on the passageway and the feeding alley

High and low ranking heifers did not change theih&viour of standing on the passageway
and the feeding alley during competition when conmggwith the control situation (Figure
10). During control there were three periods whetded to differ regarding the percentage
of high and low ranking heifers standing on thespgseway and the feeding alley. These
periods were between 12-14 pm (n = 18, p = 0.0&&}yyeen 16-18 pm (n = 18, p = 0.096)
and between 22-24 pm (n = 18, p = 0.007). For tmepetitive situation the significant
differences between high and low ranking heiferseva similar times, or between 14-16 pm
(n =18, p =0.035), 20-22 pm (n = 18, p = 0.02&) bhetween 22-24 pm (n = 18, p = 0.041).
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Figure 10. Percentage of 8 high and 10 low ranking heifersidiiag on the passageway and
the feeding alley during a 24 hours period, datadontrol and competitive situation.

3.3.4 Standing in cubicles
The percentage of heifers standing in the cubide®d between 5 and 20% over the day for
all heifers both during control and competitionisTbehaviour was not influenced by the

treatment, nor did the rank of the heifers plagla.r
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4. Discussion

4.1. Social dominance order

The distribution of dominance values was balanced®th groups, i.e. there were the same
numbers of animals that can be regarded as lovhighdranking animals. Due to the low
numbers of individuals in each group, the heifeeseronly divided in high (DV > 0.5) and
low (DV < 0.5) ranking animals in the present study. Theidante structures of the groups
in this study were different to some extent, sithexe was one heifer in Group 1 which was
completely subdominant, but there was no heifectwinas dominant over all other animals.
However, in Group 2 there was no heifer which wasdeminant to all others but one heifer
that was dominant over all other members of thegreith the exception that it had unsettled
relationship with two heifer. These different séstuctures, i.e. the occurrence or absence of
a cow or heifer which is dominant over all herd nbens has been found in some herds, for
example by Beilharz and Mylrea (1963), Wagnon, B)96ambraus (1970) and Beilharz and
Zeeb (1982). Wierenga (1990) described a so-callgth-animal in one of his herds as well
as an omega-animal in another herd, i.e. a cowhwhigs subordinate to all other group
members.

In both groups the order appeared complex just azany other investigated herds
(Beilharz and Mylrea, 1963; Reinhardt, 1973; Sambrd 975; Collis, 1976; Beilharz and
Zeeb, 1982; Reinhardt, 1980; Oberosler et al., 1®982renga, 1990). However, Reinhardt et
al. (1986) studied a herd of semi-wild Scottishiiggnd cattle and found that this herd had
developed a linear hierarchy with two exceptiongaofnplex dominance order implies that
low ranking animals are dominant over single angnwehich have a higher DV. This occurred
several times in both groups as well as in easliedied groups (Collis, 1976; Metz and
Mekking, 1978; Reinhardt, 1980; Wierenga, 1990).

For the correlations between dominance value (DWM)age contrary results are
presented in the relevant literature. In this gtV and age were correlated as found in
some other studies (Schein and Fohrman, 1955; &uhAtkeson, 1959; Sambraus, 1970;
Beilharz and Zeeb, 1982; Reinhardt et al, 1986)wéier, other authors did not find any
correlation (Schloeth, 1961; Collis, 1976). The sapplies to the correlation between DV
and chest girth, which served as a measure of weridhis study. In the present study, this
correlation was even higher than between DV and Agerrelation between DV and chest

girth has also been reported by Beilharz and My(i€63).
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4.2. Agonistic interactions between the heifers

Compared to other studies of social behaviour ttiezan the present study the repertoire of
agonistic behaviour patterns was qualitatively Entut differed quantitatively. A reason for
this difference might be found in the fact that pinesent study was performed in confinement
and additionally under competitive circumstancesdntrast, earlier researches, which
described and measured the repertoire of agomhistiaviour patterns, were often carried out
under semi-natural conditions (Schloeth, 1961; Raridt, 1980; Reinhardt et al., 1986).

The agonistic behaviour pattern most often obseceedisted in displacements with
47.5% of all agonistic interactions for both groupbis was often preceded by head buts, in
most of the cases, towards the heifer which wadatied later. In the studies of Reinhardt
(1980) and Reinhardt et al. (1986) butting wasntlwst common agonistic behaviour pattern
under semi-natural conditions, though with différeates, 56.6% and 22% respectively. In
both studies threatening was the second commonsiigdmehaviour pattern (30.2% and
14%, respectively), unlike in the present studyeretthreats occurred only for 7.5% and
5.5% in Group 1 and 2, respectively. Chasing oecliat different rates during the present
study for Group 1 and 2, or in 3.4% and 0.8% ofdages, respectively, also compared to
1.8% (Reinhardt, 1980) and 9% (Reinhardt et aB6)9

4.3. Effect of competition at the feeding rack ont  he interactions between
heifers

In the present study, the number of displacememtb® feeding rack was significantly about
five times higher during competition than duringitrol time. This supports the results of
Metz and Mekking (1978), Wierenga (1990), Frank Bfatyjnusson (1994); Olofsson (1999),
Stumpf et al. (2000), DeVries et al.(2004) and Huyzet al. (2006). According to Metz
(1983), an increase of aggression in a herd isegtdtonsequence of restricted food supply,
because competition for feed leads to aggressteesaictions. Stricklin and Gonyou (1981)
and Wierenga (1990) even observed, that subdomamamtals displaced dominant animals
more often in the competitive situation than una@m-competitive conditions. This could
partly be an explanation for the increased aganishaviour, both in the present study and in
the study of Wierenga (1990).

Additionally overcrowding has an influence on allals but some are more affected
than others (Potter and Broom, 1987). Though “disginents” were one of the measurements
used to distinguish between low and high rankintehg the results show that the influence

of competition is more on some than on other arsmalthe present study, weaker heifers
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were more often displaced at the feeding rack #staomger heifers (Figure 4) like in other
studies where lower ranking animals were more afisplaced than higher ranking animals
(Potter and Broom, 1987; Metz and Wierenga, 198izzdy, 2006). This difference was only
significant for the control time but not for thenspetition time in the present study. A reason
for the non-significant difference during competiticould be that now, low ranking animals
displaced high ranking animals nearly as ofterhag tvere displaced in order to get access to
feed. This behaviour was also observed by Stricktid Gonyou (1981) and Wierenga

(1990).

4.4. Feeding behaviour
4.4.1 Feeding behaviour patterns and feeding behaviour in the course of the

day
The only significant difference of feeding behavitetween control and competition
situation was found for the length of feeding tirbering competition, the heifers, on
average, spent about half an hour less on feedargduring control time. Keys et al. (1978)
obtained similar results with yearling Holsteinfees when feeding space was reduced from
0.81m/head to 0.20 m/head and feeding time deatdem® 4.8 to 3.6 h/day. Experiments
with dairy cows under conditions similar to thegaet study also revealed a reduction in
feeding time from 5.6h/day during the control sitoia to 4.8h/day during the competitive
situation (Frank and Magnusson, 1994). On the dihad, Stumpf et al. (2000) and Collis et
al. (1980) did not find any difference for the tim@wvs spent at the feeding rack under
competitive conditions.

In the present study, heifers visited the feedauk one time less per day during
competition than during control, but this differengas not significant. The average duration
of an attendance was the same with around 16 nsntitese results are comparable to those
of Collis et al. (1980) and the ones of Frank aremgNusson (1994). The animals had access
to feed ad libitum in those studies. However, imgneases no clear definitions of feeding
periods have been provided and there for differemnteesults between studies might also be
due to different definitions used.

There was no significant difference between higinet lower ranking heifers
regarding feeding time, the number of feed bunks/isor the number of meals and bouts
neither during control nor during the competitidhis is in contrast to the results of Leavers
and Yarrows (1980) where subdominant heifers hsldyhtly longer feeding time but a lower

number of visits to the feed bunk and a signifibalawer rate of feeding than dominant
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heifers, which resulted in reduced silage intakengucompetition. Stricklin and Gonyou
(1981) found middle and low ranking beef cattleihngunore meals than higher ranking
animals, but the total time spent feeding did nffed In the studies of Campling and Morgan
(1981) and Potter and Broom (1987) dominant cowddd to spend more time feeding than
subdominant cows. Also Olofsson (1999) demonstrttatithe feeding time decreased
significantly for cows with low DV during the comiiteve period.

In the present study no change of the diurnal fegtdiehaviour during competition
could be stated compared with the control situafidms is in contrast to the findings of Metz
(1983) and Olofsson (1999) who found a shift irdfeg times of cows when the feeding
space was reduced so that feeding increased dhengght.

4.4.2 The first 2.5 hours after feeding and synchrony in feeding behaviour
The competition level was highest for the first Bdurs after feeding. After that, each heifer
had its first meal. For the rest of the day thesgributed their meals equally over the day and
avoided getting in a high competition level agdinus confirming earlier studies (Friends and
Polan, 1974; Keys et al.,1978; Longenbach et 8091

At this point of time, the effect of the dominarareler appeared most clearly, because
high ranking heifers dominated at the feeding fackhe first 20 minutes in the present
study. Friend and Polan (1974) observed prioritgahinant cows as well. In a second study,
Friend and Polan (1978) stress, that dominancéamimportant in determining access to
feed” (p. 65). When other characteristics of thesavere regarded as well, dominance
played a less important role. However, in a contipetsituation, dominant cows had priority.

Under non-competitive housing conditions, O’Conmeelal. (1989) and Miller and
Wood-Gush (1991) only observed synchrony in feedthgn fresh feed had recently been
given. After one hour the percentage of animaldifegehad fallen to 30% and remained at
25% for the rest of the day, as it was observeatierpresent study. A possible explanation of
this lack of synchronisation could be that syncisation indoors is much less prevalent than
e.g. at pasture (O’Connel et al., 1989; Miller &ddod-Gush, 1991). Miller and Wood-Gush
(1991) also regard the loss of synchrony indoomsnaimdicator of reduced welfare. However,
only little research has been carried out on thecebf reduced synchrony on the welfare of
animals. Nevertheless, synchrony in terms of thesibdity that all animals can perform a
behaviour at the same time (Miller and Wood-Gu&91), e.qg. like at pasture, cannot be
performed in a competitive situation like in thegent study due to the impossibility for the

animals to start feeding at the same time.
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4.4.3 Feeding behaviour patterns
Feeding behaviour patterns such as active feediagjpulating and smelling the silage were
chosen in order to study possible effects of tifhe day of access to the feeding rack on the
quality of silage that was still at the manger.c8icattle try to select feed, a small change was
expected in the cause of the day, with more sngeiimmanipulating in the late afternoon.
But the proportion of each behaviour pattern ditlal@nge much during the three
observation periods. The behaviour associated fegtiing activity amounted to around 90 to
95% in this study, whereas active eating was rembwith 60 to 65% and manipulating
silage with 20 to 25%. The rest of the time, (5%4s spent in doing something else, such as
grooming, scratching at the rack and/or idling. Séheesults are similar to those of Manson
and Appleby (1990) who determined actual feediniy Wwead down with 65%, manipulating
feed with head up with 27% and grooming and lookirmund altogether with 9%.
Schwartzkopf-Genswein et al. (1999) determinedifegednd non-feeding activities in
relation to the time at the feed bunk and foundta of 84% of feeding activity.

The fact that there was no difference between éiaboural patterns during the day
nor between the treatments in the present study dxmuattributed to the good quality of the

silage and its sufficient quantity.

4.4.4 Changing feeding places
In this study, the rank class had no influencehanftequency of chances of feeding places.
Wierenga (1990) reported that dominant cows digalaubdominant cows more often during
overcrowded conditions in order to change theidiieg place or to get some space to turn.
Stumpf et al. (2000) also observed that dominamsochanged their feeding places more
frequently and displaced subdominant cows morenaftefeed bunk density decreased.
The time of the day had a highly significant infhee on the number of changing
feeding places in terms of an increase in theradtam. An explanation for that could be that
the number of animals at the feeding rack was aviess in the course of the day. So in the
morning, when silage had been given and densityeafteeding rack was highest, heifers
tended to stay longer at one place. This was asoribed by Stumpf et al. (2000). Later in
the day during the present study, when densitiyeat@¢eding rack was less, heifers could
move more freely, hence they also could changdriggraces more easily.
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4.5. Lying behaviour

In this study no difference of lying behaviour lretcourse of the day nor in the lying time
budgets was observed between control and compepgdod. Olofsson (1999) obtained the
same results in his study with cows, however wittiglner competition level than in the
present study. Metz and Mekking (1978) on the oltlaerd found an alteration in the diurnal
lying behaviour or rhythm of their cows, but lyitijme remained unchanged. Time budgets of
lying time were alike, also compared with otherar@cstudies, as they were around 50% of 24
hours (Friend and Polan, 1974; Hindhede at al.9;1@%ofsson, 1999).

A significant difference concerning the lying belwawr of the heifers occurred on the
other hand when time patterns of higher and loweking heifers were compared. Both
during control and competitive situation, the lowamking heifers were lying for a longer
time. Some lower ranking heifers stayed lying dowhen silage was supplied (data not
shown), which might be interpreted as avoidandbefover-)crowding at the feeding rack.
Wierenga (1990) found a significant difference begw dominant and subdominant dairy
cows for lying time only during overstocking. Thgsin contrast to Stumpf et al. (2000)
because in the latter study no difference in rgdiime between dominant and subdominant
heifers during their competitive situation at teeding rack was observed.

The decreasing proportion of lying heifers maiogtween 10 pm and 12 pm is
because at that time heifers stood at the feediclg The high percentage of heifers lying
during the night until in the early morning is aBtehaviour pattern which has often been
observed in cattle (Sambraus, 1971; Potter andrByd987; Overton et al., 2002).

In this study, the percentage of lying periodsiffedent duration was determined.
Since most periods lasted between one and two hitisss in accordance with former
studies where the lying periods lasted on averag@den one hour and one and a half hour
(Friend et al., 1977). The longer lying periodsthis study lasting for 5 hours and longer,
were mostly observed during the second observatoiod of this study where silage was not
sufficient throughout the night. So, shortly aft@idnight, a few heifers went to lie down and
more heifers followed in the course of the nighd did not get up until the next morning. An
explanation for these few long lying periods cookdthat “clean bunks would presumably
dissuade the cattle from attending” the feeding (&chwartzkopf-Genswein et al., 2002,
p.185). This is supported by longer lying timesoivs who were fed on alternate days
compared with cows who were fed daily resultinghorter lying time (Phillips and Rindt,
2001)
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4.6. Standing at the feeding alley and the passagew ay

High ranking heifers stood on average significatdhger at the passages than low ranking
heifers. This is surprising in the light of theults of Olofsson (1999) and Stumpf et al.
(2000) with cows. Actually, there is no clear exyaton for that, other than that lower
ranking heifers chose to lie down or stayed lyingyethan higher ranking heifers, rather than
standing around.

There was no difference in the time the heifersispanding at the passages between
control and competition periods. Olofsson (1999) Stumpf et al. (2000) obtained contrary
results, because standing time for subdominant amevsased during the competitive
situation in these studies.

The peak which occurred between 10 pm and 11 pguk&il0) in the present study is
mainly because during this period of the day silage pushed up. Heifers reacted by
attending the feeding rack like they do when frieah is supplied, but during the second
observation period (after the cross over in Noveinbkthis study there was not enough
silage for the night. In consequence of this unioate change in management routine the

heifers stood on the feeding alley instead of gagifage.

4.7. Standing in the cubicles

The treatment did not have any influence on the tine heifers were standing in the cubicles,
nor did the rank class. This is in contrast to &aihd Broom (1987), because in their study,
low ranking cows stood longer in the cubicles. Thegcluded that cubicles were used as a
safe standing area.
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5. Conclusion

The heifers did not change their behaviour drayicathe course of the day when
comparing their behaviour during control and contiegt but they also reacted quite
individually to the competitive situation. Thereme@nly small adjustments or changes in the
feeding behaviour because of the treatment. Howeating for half an hour less during
competition than during control might lead to undddy less food consumption, although
not analysed in this study.

An important result was that agonistic behavioutgras were five times higher
during higher stocking density and competition tdaring the control situation. A high level
of aggression is certainly not a way to ensure gouochal welfare. The fact that there is
competition for food in confinement anyway, confathby displacements during the control
situation, should not be intensified by increagingipetition. Furthermore, animals,
especially low ranking animals, may avoid visitithg feeding rack, because of the increased
possibility to get involved in aggressive encousitdihus the feeding rack becomes an
undesirable area to stay at, strengthened by théhfat aggressive interactions also take place
during feeding. In addition, by reducing the feedapace, the natural motivation to eat
synchronously is disturbed. However, if we acchpt farm animal should be given the
possibility to perform their natural behaviour as &s possible, this indicator may be viewed
as an indicator of impaired welfare. Because odelresults it is not advisable to keep heifers
at higher stocking rates than feeding places améadole.
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