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Abstract
Dairy cows are often mixed into new social groups for management reasons, but this is
recognized as a cause of social stress. The objectives of this study were to investigate the effect of
regrouping on social behaviour, self-licking and milk production of mid-lactation cows introduced
in pairs, and to see whether individual variation in aggression is consistent before and after
regrouping. In 7 replications (n=7), 14 mid-lactation cows were introduced in pairs into an
established group of filler (resident) cows. After regrouping, agonistic contacts and displacement of
the introduced cows increased during the first 3 and 2 days, respectively. Compared to baseline (the
day before regrouping), the number of social licking events between the introduced cows and the
resident cows in the pen did not change after regrouping, but the proportion of social licking
between the two introduced cows increased sharply after regrouping (38 ± 9 %) compared to
baseline (10 ± 9 %). Duration of social licking decreased declined after regrouping; whereas, selflicking increased on the day of regrouping. Compared to the resident cows, milk production of the
introduced cows significantly decreased on the first 2 days after regrouping, and showed a negative
linear association with agonistic contacts received and with displacements lost. Two measures of
aggressive behaviour (proportion of agonistic contact initiated and proportion of displacements
won) were relatively consistent before and after regrouping (R2 = 0.75 and 0.68 respectively),
suggesting that the differences reflected individual differences in aggressiveness, rather than social
status within a given group. In the present experiment, low-and high-aggressive individuals were
not different in milk production, social licking and age at first calving, but low-aggressive cows had
higher 305-day projected milk production (12,928.0 ± 580 kg) than high-aggressive cows (10,530.0
± 530 kg). Individual variation in aggression was not associated with body weight, although the
heaviest cow in the group won all encounters before and after regrouping. The findings of this study
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provide the first insights that introducing cows in pairs may mitigate the effects of social stress
during mixing.
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Preface
The effects of regrouping on social behaviour, self-licking and milk production of cows
introduced in pairs into a new social group. The study was designed collaboratively by Kalab
Tesfa, Dr. Dan Weary and Dr. Marina von Keyserlingk. Kalab Tesfa executed the experiment and
collected all data. Kalab Tesfa was primarily responsible for data analysis, for interpretation results
and preparation of the thesis under the supervision of Drs. David Fraser, Marina von Keyserlingk
and Doug Veira. Co-authors edited drafts of the thesis. Kalab Tesfa successfully completed the
ethics training requirements of the Canadian Council on Animal Care (CCAC) / National
Institutional Animal User Training (NIAUT) Program (Certificate number: 4545-10; Date Issued:
December 15, 2010.
This research was conducted under the animal care protocol A10-0162 for Dairy Cattle
Welfare: Behaviour, lameness and disease, issued by the University of British Columbia Committee
on Animal Care.
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Chapter 1: General Introduction
1.1

Dairy cattle industry and cow welfare
In the last two decades, North American dairy farming has become increasingly intensive.

For example, from 1993 to 2011, the number of Canadian dairy farms and cows declined by 56.6%
and 21.9% respectively, while milk production increased by 14.5% and average herd size increased
from 53.3 to 80.6 (CDIC, 2011).
Free-stall and tie-stall barns are the two widely used cow housing systems used by Canadian
dairy farmers, accounting 23% and 75% respectively. In British Columbia, free-stall barns are the
most common, accounting for 91%, followed by 6 % tie-stall and 3% of farms using the robotic
system (CDIC, 2011). Compared to tie-stall, cow housing in free-stalls reduces producer labour
cost, but also provides cows the freedom to exercise and to perform social behaviour (Stookey,
1994).
Parallel to industry intensification, animal welfare has emerged as a growing research area
greatly influenced by social and ethical concerns (Fraser, 2008). Animal welfare research has
focused on three main themes: the animal’s health and biological functioning, the animal’s affective
states, and the animal’s ability to live a “natural” life (Fraser et al., 1997). These areas of concern
are also captured in the Five Freedoms: freedom from hunger, thirst and malnutrition, freedom from
physical and thermal discomfort, freedom from pain, injury and disease, freedom from fear and
distress, and freedom to express normal patterns of behaviour (OIE, 2011).
1.2

Cow social behaviour and free-stall housing
As cows are social animals, the free-stall system benefits cows with freedom to exercise and

to perform social and other natural behaviour (Stookey, 1994). Within this system, however, the
quality of life of cows is dependent on the specific features of the interaction between the cow and
1

its environment. Features such as stall design, flooring type, space and design of the feed bunk,
stocking densities, regrouping management and the behaviour of handlers have important effects on
cow welfare (Rushen et al., 2008).
1.2.1

Stocking density
In free-stall barns, overstocking refers to housing more cows than the number of stalls in a

pen and/or providing less feed bunk space than the recommended space of 0.6 m per cow (Grant
and Albright, 2001).

Previous work has shown that overstocking increases competition and

displacement of cows by group-mates in stalls or at the feed bunk (DeVries and von Keyserlingk,
2006; Fregonesi et al., 2007a; Hill et al., 2009; Proudfoot et al., 2009). As well as increasing social
aggression and competition for resources among pen-mates, high stocking density at the feed bunk
is also accompanied by a decrease in feeding time (DeVries et al., 2004; Huzzey et al., 2006) and
increased feeding rate (Olofsson, 1999). Similarly high stocking density at the lying area can also
result in decreased lying time, for example, relative to 100% stocking density (i.e., 1 stall and 0.6 m
of feed bunk space per cow), lying and ruminating time of cows was decreased when stocking
density at the stall increased to 109, 120, 133, and 150% (Fregonesi et al., 2007a).
Previous work also reported that competitive interactions and displacements were much
higher at the feed bunk than at the lying stalls (Val-Laillet et al., 2009). This suggests that the
design of the feeding area is especially important for minimizing competition and displacements,
for example, by providing more space per cow (DeVries et al., 2004; Huzzey et al., 2006), or by
adding physical barriers between feeding positions (DeVries and von Keyserlingk, 2006).
1.2.2

Bedding type and depth
Poor bedding type and inadequate depth of bedding are associated with poor cow comfort as

indicated by reduced lying time (Tucker and Weary, 2004). Lying time has also been shown to
2

decrease when sand bedding levels in free-stalls were not maintained (Drissler et al., 2005).
Similarly, cows housed in tie-stall barns spent more time lying when the depth of both straw and
sawdust bedding was increased (Tucker et al., 2009). Cows also spent more time lying in the stall
bedded with dry sawdust compared to wet sawdust (Fregonesi et al., 2007b; Reich et al., 2010) and
spent more time perching on wet compared to dry sawdust bedding (Fregonesi et al., 2007b). Dairy
calves also showed a clear preference for sawdust bedding compared to concrete flooring (Camiloti
et al., 2012), and calves lay for a longer time on drier sawdust bedding than on wet sawdust
Camiloti et al., 2012).
1.2.3

Regrouping
Regrouping of unfamiliar animals often increases agonistic behaviour of farm animals

including cows (Hasegawa et al., 1997; von Keyserlingk et al., 2008; Neisen et al., 2009), pigs
(Hyane and Gonyou, 2006; Samarakone and Gonyou, 2008), horses (Christensen et al., 2011),
sheep (Sevi et al., 2001) and goats (Fernández et al., 2007; Andersen et al., 2008). This increased
agonistic behaviour commonly leads to stress-related behavioural and physiological reactions
(González et al., 2003; Miranda-de la Lama et al. 2012), social instability (Andersen et al.2008),
reduced feed intake, lying time, milk production (von Keyserlingk et al., 2008), and body weight
(Nakanishi et al., 1993). In goats, regrouping increased escape behaviour and concentration of
plasma and metabolites cortisol (Andersen et al., 2008; Patt et al., 2012).
Problems associated with regrouping are greater for introduced animals than resident ones
(Bøe and Færevik, 2003; Schirmann et al., 2011), and for heifers introduced singly than those
introduced in a pair or a group (O’Connell et al., 2008). Introducing cows into a new social group as
a pair or group of three is recommended because the presence of a companion may have a calming
influence (Sato and Tarumizu, 1993; Takeda et al., 2000), allows for the provision of social
3

facilitation (Dindo et al., 2009), reduces social tension (Boissy et al., 2007), and generally lowers
the stress response of animals to aversive situations (Boissy et al., 2007).
Studies have shown that heifers introduced in pairs or group of three had fewer agonistic
interactions (Bøe and Færevik, 2003; Niesen et al., 2009), and integrated into a herd more easily
(Gygax et al., 2009). Similar, O’Connell et al. (2008) also found increased activity when heifers
were introduced in pairs rather than individually into established social groups. The authors
interpreted the increased activity as a reflection of reduced fearfulness resulting from the presence
of companion.
In contrast to the above advantages, Menke et al. (2000) found a higher rate of agonistic
interaction after the integration of three heifers rather than a single heifer, suggesting that mixing of
multiple group-mates into a new social group may also increase behavioural disruption among
resident cows.
Social licking behaviour may play an important role in positive social facilitation or calming
if an individual is mixed in the presence of familiar group-mates. Phillips and Rind (2001), noting
an increase of social licking by primiparous cows after mixing with multiparous cows, considered
the behaviour to be a means to reduce social stress. In contrast, in stable social groups, a decrease of
social licking was reported to accompany an increase of displacements at the feedbunk due to
overstocking (Val-Laillet et al., 2009), and due to regrouping when cows were introduced singly
into a new social group of 11 cows (von Keyserlingk et al., 2008). Researchers have recommended
further studies on the relationship between social licking and social competition after regrouping
(Val-Laillet et al., 2009).

4

1.3

Agonistic social behaviour and social instability after regrouping
After mixing, cows typically have a period of social instability while dominance relations

are established (Kondo and Hurnik, 1990). The degree and duration of social instability among
members of a group may vary depending on a variety of factors (Bøe and Færevik, 2003). Animal
factors include breed, age, sex, temperament and the previous mixing experience of individuals.
Environmental factors include feed availability (feed quality, quantity and accessibility), and space
available per animal (Bøe and Færevik, 2003). A lesser degree of agonistic interactions, plus earlier
re-establishment of social stability after regrouping, are usually assumed to indicate good welfare
(Kondo and Hurnik, 1990).
One method of assessing social stability or establishment of dominance relations after
regrouping is to compare behaviour after regrouping with a baseline level (before regrouping) (Bøe
and Færevik, 2003). Studies indicate that social instability of regrouped cows lasts for 3 to 7 days
(reviewed by Grant and Albright, 2001), and that social and locomotion behaviours are altered for 5
to 15 days (Bøe and Færevik, 2003). In studies at the UBC Dairy Education and Research Centre,
for example, agonistic interaction of mid-lactation cows returned to its baseline levels at 3 days
after regrouping (von Keyserlingk et al., 2008), and feeding rate and rumination time of prepartum
cows returned to baseline levels at 2 days after regrouping (Schirmann et al., 2011).
A second method of assessing social stability, proposed by Kondo and Hurnik (1990), is to
investigate the proportion of non-physical to physical agonistic behaviours. According to Kondo
and Hurnik (1990), social stability is established when non-physical agonistic interactions
predominate over physical agonistic interactions, and/or the ratio of physical to non-physical
interactions remains comparatively stable. However, this has rarely been studied.
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1.4

Individual variation
Behavioural and physiological variation has been reported among conspecific individuals in

response to the same stressors (Koolhass et al., 1999; Carere et al., 2010). This individual variation
is likely due to differences in some combination of early experience (extrinsic) and biological
variables (intrinsic) (Brouček et al., 2008; Koolhaas, 2008). For example, behavioural variation
among individuals has been associated with age, size and body weight differences (Brouns and
Edwards, 1994), dam parity, gender and sire lineage of the individual (Brouček et al., 2011), and
early life experience including social housing and mixing (Bøe and Færevik, 2003).
Individual variation in response to a stressor can be either short-lived or stable (consistent)
over time and across situations (Jensen et al., 1995). Individual differences that are consistent over
time and across situations have been called “personality” (Forkman et al., 1995; Carere, et al.,
2010), “temperament” (Réale et al., 2007), “behavioural syndrome” (Sih et al., 2004) or “coping
styles” (Wechsler, 1995; Koolhaas et al., 1999). These are seen as alterative response patterns to a
stressor (Koolhaas et al., 2010) consisting of a correlated set of behavioural and physiological
characteristics (Coppens et al., 2010) or a consistent emotional and behavioural response of animals
to different situations (Réale et al., 2007).
Based on the behaviour of mice in social conflict, Henry and Stevens (1977) suggested the
presence of two distinct physiological response patterns. Later, this thinking was expanded by
Benus et al. (1987) when they described two coping styles (active and passive) using two genetic
lines of aggressiveness, whereby, male mice were selected either for short attack latency (SAL) or
for long attack latency (LAL). In social conflict, mice of the SAL strain showed high levels of
aggression, while mice of the LAL strain showed low levels of aggression. Studies on mice and
rodents have generated the idea that individuals showing high levels of aggression represent the
6

active coping style which is related to activation of the fight-flight response described by Cannon
(1929). In contrast, individuals showing low levels of aggression represent the passive coping style
which involves predominantly the conservation-withdrawal response (Engel and Schmale, 1972).
Further research has suggested a wide range of correlated responses. High aggressive or
active coping style has been associated with low immobility, low flexibility, short attack latency,
high defensive burying, low HPA-axis reactivity and high reactivity of the sympathetic nervous
system (Koolhaas et al., 1999; Koolhaas, 2010). In contrast, low aggressive or passive coping
animals show high immobility, high flexibility, long attack latency, low defensive burying, high
HPA-axis reactivity and high parasympathetic reactivity in response to stressful situations.
According to Koolhaas et al. (2010) the difference in flexibility between the two coping
styles of individuals is also related to how individuals adapt to the environment. Active-coping
individuals tend to rely on previous experience or on rather rigid internally organized responses and
appear better adapted to stable rather than to dynamic social conditions. Alternatively passivecoping animals tend to rely on more detailed appraisal of the current environment and do better in
unpredictable and unstable social conditions.
In studies of rodents and pigs, aggressiveness is often measured in a ‘resident-intruder’ test,
where a conspecific intruder is introduced into the home pen of the resident, and the speed or level
of attack by the resident is recorded (Kemble, 1993; Erhard and Mendle, 1997). After mixing or
regrouping into new social groups, high-aggressive individuals in the resident-intruder test were
injured more often, but became more dominant (Fokkema et al., 1995). In mice, high-aggressive
animals generally trigger aggression at mixing, but most often lose the fight to the resident
(Hilakivi-Clarke and Lister, 1992). Similarly, high-aggressive pigs in a resident-intruder test
showed a high level of aggression, more injuries and slower group integration after mixing than
7

low-aggressive pigs, and in groups containing both high- and-low aggressive pigs, the highly
aggressive pigs became dominant (Erhard et al., 1997).
Recently individual variation in aggression or coping style has been linked to life history
(Boon et al., 2007; Biro and Stamps 2008; Réale et al., 2009), metabolic rate (Martins et al., 2011)
and immunity or oxidative status (Koolhaas, 2008; Réale et al., 2010; Costantini et al., 2012). In
sheep, docile (low-aggressive) males tended to have delayed reproduction and greater longevity
(Réale et al., 2009), whereas bold (high-aggressive) ewes tended to show earlier age at first
reproduction, and increased weaning success (Réale, et al., 2000). Furthermore, high-aggressive
pigs showed faster growth rate and produced piglets with heavier birth weight at their first
parturition, compared to low-aggressive pigs (Mendl et al., 1992).
In humans, oxidative stress is recognized as one of the factors affecting the progression of
disease, ageing and life span (Salmon et al., 2010). Recent animal studies have also reported a link
between individual differences and oxidative stress physiology in mice (Costantini et al., 2008;
Rammal et al., 2010), greenfinches – Carduelis chloris (Herborn et al., 2011), and in wild alpine
marmots – Marmota marmota (Costantini et al., 2012). In general, a higher baseline non-enzymatic
antioxidant capacity was found in low-aggressive animals than in high-aggressive ones, and
conversely, high-aggressive animals tend to have higher levels of reactive oxygen species (Rammal
et al., 2010).
Individual variation is documented widely across many species; for example, in rats (Benus
et al., 1987), non-human primates (Suomi, 1997), birds and laying hens (Verbeek, 1999; Korte et
al., 1999) and in pigs (Hessing et al., 1993, 1994; Forkman et al., 1995; Jensen et al., 1995; Erhard
and Mendl, 1997; Ruis et al., 2000; D’Eath and Burn, 2002; Geverink et al., 2003; Bolhuis et al.,
2004). However, in dairy cows, the existence of such individual variation and its relationship to
8

coping styles and other welfare indicators has been documented in relatively few studies (Van
Reenen et al., 2002; Van Reenen et al., 2005).
1.5

Problem and objectives
A previous study of regrouping at the UBC Dairy Education and Research Centre has shown

that mixing cows singly into new social groups results in high aggression and competition until new
dominance relations are established, combined with reduced lying and milk production (von
Keyserlingk et al., 2008). In that study, mid-lactation cows were introduced individually into a new
social group of 11 cows.
In this study, we repeated the main features of the previous work, but we introduced cows in
pairs rather than singly, and we collected more extensive information on social behaviour and selflicking. The objectives were: (i) to investigate how regrouping affects social behaviour, self-licking
and milk production of cows introduced in pairs into a new social group, (ii) to determine the
relationship between individual milk production and behavioural responses to regrouping, and (iii)
to compare the milk production response to regrouping of introduced cows vs. resident cows. In
addition, in order to explore the role of individual differences in regrouping, we used observations
of aggressiveness before regrouping to: (i) investigate whether individuals show consistent variation
in aggression before and after regrouping, and (ii) see how individual variation in aggression is
associated with social licking, milk production, age at first calving and body weight.
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Chapter 2:

Effect of Regrouping on Social Behaviours, Self-licking and Milk Production of

Mid-Lactation Dairy Cows Introduced in Pairs

2.1

Introduction
In modern dairy farms with large herd size, dairy cows are commonly reared in free-stall

housing system. Cows in a free-stall have greater freedom for movement and exercise, and have
more opportunity to perform social interactions (Stookey, 1994). However, for management
purposes, cows in free-stalls are often regrouped with unfamiliar herd-mates (von Keyserlingk et
al., 2008), and this regrouping can induce stress-related behavioural and physiological reactions
(Miranda-de la Lama et al., 2012), increase aggressive interactions (Bøe and Færevik, 2003) and
decrease feeding behaviour (von Keyserlingk et al., 2008).
There is also some evidence that regrouping is much more stressful for introduced animals
than resident animals. For example, on the day of regrouping, feed intake of introduced cows
declined by 9% compared to baseline whereas that of home resident cows did not change
(Schirmann et al., 2011). Furthermore, an elevated concentration of cortisol metabolites and shorter
feeding time was reported in introduced goats compared to resident goats (Patt et al., 2012).
A previous study showed the effect of regrouping on social behaviour and milk production of cows
mixed individually into a new social group of 11 cows (von Keyserlingk et al., 2008). However,
there is evidence that the presence of a familiar animal can mitigate the negative effects associated
with the new social situation (Boissy et al., 2007; O’Connell et al., 2008; Dindo et al., 2009; Neisen
et al., 2009). The following study, therefore, tested the response of cows introduced in pairs into
new social groups. It also included more detailed observations on social and other behaviours.
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The objectives were: (i) to investigate the effect of regrouping on social behaviour, selflicking and milk production of mid-lactation cows introduced in pairs into a new social group, (ii)
to determine the relationship between the social behaviour response to regrouping and milk
production of the introduced cows, and (iii) to compare the milk production response to regrouping
of introduced cows vs. resident cows.
2.2

Materials and methods

2.2.1

Animals, housing and management
A total of 24 mid-lactation Holstein cows were used. They included 14 “focal” or “moved”

cows (those whose behaviour was studied) and 10 “filler” or “resident” cows that made up the
group into which the focal cows were introduced. Both selected “focal” and “filler” cows were
healthy and confirmed pregnant. Focal cows (6 primiparous, 8 multiparous) ranged from parity 1 to
4 (mean ± SD: 1.9 ± 1.0) with days in milk (DIM) of 121-228 (193 ± 29), body weight (BW) of
620-810 kg (690 ± 59), and 305-days adjusted milk yield of 8,160-14,330 kg (11,896±1,711). Filler
cows (3 primiparous, 7 multiparous) ranged from parity 1 to 4 (3.1 ± 1.4) with DIM of 148-228
(198 ± 27), BW of 500-760 kg (678 ± 75) and 305-days adjusted milk yield of 10,810-14,220 kg
(12,673 ± 1,234). Data were collected from July to mid-September 2011 at The University of
British Columbia Dairy Education and Research Centre, in Agassiz, British Columbia, Canada.
Before regrouping, focal and filler cows were housed as 2 separate groups, each in a freestall pen 7.2 by 13.5 m equipped with 12 stalls configured in 3 rows (Fig. 2.1). Stalls were bedded
with river washed sand and were raked 2 times daily when cows were away from the pen for
milking. Bedding was replaced with fresh sand roughly once in 2 weeks. Before and after
regrouping, cows in both pens were kept at 100% stocking density with one stall and 60 cm space at
the feed bunk per cow. The “baseline pen” housed the focal cows before regrouping and the
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“regrouping pen” housed the filler cows. The two pens were separated by 30 m to prevent social
contact between the two groups.
Cows were managed according to the guidelines set by the Canadian Council on Animal
Care (CCAC, 2009), and were given ad libitum access to a Total Mixed Ration (TMR) for highproducing cows. Fresh feed was delivered twice daily at about 0600 and 1500h. Fresh water was
available ad libitum from self-filling bins that were cleaned twice a day when cows were in the
milking palour. Experimental cows were milked twice daily at about 0830 - 0900, and 1700 - 1730.
Feed was pushed close to the cows usually 3 times daily at roughly 1100, 1900 and 2200. Manure
was cleaned from the alley by automatic scraper 7 to 8 times per day.
2.2.2

Experimental design
The cows were chosen from the herd based on convenience. Numbers from 1 to 14 were

assigned to each focal cow by a randomized procedure. Numbers were marked by hair dye on the
animal’s sides. Allocation of cows into replicates was done according the assigned number with 1
and 2 in the first replicate, and so on.
Before experimental regrouping started, each pen contained 12 cows, and cows in each pen
(group) were stabilized for 7 days. In replicate 1, after 2 days baseline behavioural monitoring on
the focal cows (e.g. cow 1 and 2) in the baseline pen, the 2 cows were moved to the regrouping pen
at roughly 09:00 and the same behaviours recorded for an additional 5 days. At the same time 2
cows from the filler group were moved out of the filler group to the farm and another 2 focal cows
(e.g. cow 13 and 14) from the dairy centre were added to the baseline pen.
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Figure 2. 1 Schematic diagram of the Experimental home pen for 12 cows

In replicate 2, focal cows 3 and 4 were monitored for baseline behaviour in the baseline pen
and then moved to the regrouping pen where observation continued for 5 days. At the same time,
focal cows 1 and 2 were returned to baseline pen. The same reshuffling pattern was repeated in the
remaining replications by moving a new pair of focal cows to the regrouping pen, and in exchange,
the 2 previously monitored focal cows in the regrouping pen were returned to the baseline pen. This
maintained 100 % stocking density in both pens.
2.2.3

Data collection
Behaviour was observed for the 2 selected focal cows in each of 7 replications during 7 days

(2 days before regrouping and 5 days after). To fit into farm routines, behavioural observations were
carried out in 5 1-hour observation periods beginning at approximately 06:30, 09:00, 13:00, 15:30
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and 18:30. Cows were regrouped immediately after milking at about 09:00 i.e. roughly 3h after
fresh feed delivery (at 06:00).
Behavioural recording included all instances of physical and non-physical agonistic contacts
and displacement, frequency and duration of social licking initiated and/or received by focal cows,
together with self-licking, throughout the entire pen. Behaviours were recorded individually for
each focal cow in a replicate by direct observation of a single observer using continuous recording
method according to the definitions in Table 2.1. During the experiment, milk yields of focal and
filler cows were automatically recorded at each milking.
2.2.4

Data analysis
The pair of cows or replicate was treated as the experimental unit (n=7). Individual records

of each cow in a replication were averaged to represent the experimental unit value in the analysis.
As cows were regrouped at about 09:00, to keep the time of observation consistent, the
observational day was considered to begin at 09:00 and end at just before milking the next morning
at 06:30. The 5 h of observation per day for each cow were summed, and daily results were reported
as values per 5 h. Finally, data were summarized by replication and day. Given that the
experimental day began at 9:00, this provided 5 days of complete data (i.e. 1 day before regrouping
and 4 days after regrouping). Replication was included in the model, but was not significantly
different.
To establish inter-observer reliability, data were collected in 10 sessions by 2 trained
observers and correlations were computed for each behavioural category.

The coefficient of

determination (R2) between the 2 observers was 99, 98, 92, 85 and 70% for total physical agonistic
contacts, non-physical agonistic contacts, displacement, social licking and self-licking, respectively.
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Because behavioural measurements were repeated on cows (i.e. before and after
regrouping), data were analyzed by the PROC MIXED procedure in SAS (2011, version 9.3) for
repeated measures ANOVA. Estimates of least square means and standard errors were generated for
each variable using the LSMEANS statement. The contrast statement was used to test the effect of
regrouping on the parameters by comparing each values on the day of regrouping (d 0) and after the
day of regrouping (d +1, d +2, d + 3) against the value on the day before regrouping or baseline (d 1).
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Table 2. 1 Definition of behavioural categories

Social behaviour

Description

Agonistic physical contacts

Physical contacts including head-to-head, head-to-neck, head-to-body and body-tobody made while animals were competing for resources, excluding physical contact
that occurred before, during or after social licking.

Agonistic

non-physical

(threats)

contacts Activities judged to be threatening, including head swing directed toward another
cow, chasing of a cow without contact, and eye-to-eye contacts that were visible to the
observer causing displacements.

Displacement

Withdrawal of one cow from another including withdrawal of the head from the feed
bunk rail, and withdrawal from a lying stall or position in the alleyway, after any
physical or non-physical agonistic contacts from another cow. The displacement was
scored as a physical displacement if it followed physical agonistic contact or nonphysical displacement if it followed non-physical agonistic contact. A cow was scored
as losing the displacement if it withdrew from another cow and as winning the
displacement if another cow withdrew from it

Social licking

Repeated back-and-forth licking by a cow using the tongue on body parts of another
cow except the anal area (Fraser and Broom, 1990). Separate social licking events
were scored when the actor cow stopped licking for 15 sec or any time the recipient
cow became the actor.

Self-licking

Licking by a cow of her own body
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To test for normality and the presence of outliers, Proc Mixed Model was used to generate
residuals for each variable; these residuals were then screened for normality and outliers using the
Proc Univariate Procedure of SAS (2011, version 9.3). The normality assumption was met for all
variables. However, outliers were detected for social licking and milk yield. Thus, the effects of
outliers on the LS means, standard error and p-value were examined by repeating the analysis with
and without the outliers. As outliers for social licking had no major effect on the estimates, the LS
means, standard error and p-values are presented without excluding the outliers, but 2 outliers of
milk yield to regrouping were deleted. Before records of individual cows within a replicate were
averaged, parity (primiparous vs multiparous) was tested as a fixed effect, but was found to be not
significant and was therefore excluded from the final analysis.
Proc Regression Procedure in SAS was used to examine the relationship of milk yield with
the amount of agonistic and non-agonistic social behaviour initiated and received. Daily milk yield
records of each cow on the day and 3 days after regrouping were used as the dependent variable.
Records of social behaviour of cows on the same measurement days were used as independent
variables. Milk yield before regrouping was used as a covariate.
Initially, for each cow, the percentage of social licking events (the number of social licking
between pair focal cows divided by the total social licking of focal cows among all cows in the pen
multiplied by 100) performed between the 2 focal cows was calculated for the day before, the day
of, and the day after regrouping. Data were then summarized by replication. Proc GLM was then
used to test whether the percentages differed between the two time periods.
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2.3

Results

2.3.1

Agonistic contacts and displacements
The mean number of physical agonistic contacts and physical displacements increased

sharply on the day of regrouping (d 0) and then declined over d +1 to d +3 (Fig. 2.2). In contrast the
mean number of non-physical agonistic contacts and non-physical displacements showed much less
change over the days observed in this study. As a result, physical contacts and displacements greatly
out-numbered the non-physical on d 0, but the number of physical and non-physical events was
quite similar by d +3 (Fig. 2.2).

(A)

Displacements (events/5 hrs)

50
Agonistic contacts (events/5 hrs)

45
40
35
30
25
20
15
10

(B)

30
25
20
15
10
5

5
0

0
-1

0

+1
Day

+2

+3

-1

0

+1
Day

+2

+3

Figure 2. 2 Agonistic behaviour14 focal cows introduced into social group in pairs (n=7) before the day
of regrouping (d -1), on the day of (d 0) and the days after of regrouping (d +1, d +2, d +3). Results
show physical (triangles) and non-physical (diamonds), instances of agonistic contacts (A) and
displacements (B). Data are based on 5 h of observations per day.
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After regrouping, total agonistic contacts increased on d 0 (P < 0.01) and tended to decline
on subsequent days (Table 2.2). The result was explained entirely by an increase in agonistic
contacts received by the focal cows (P < 0. 01), as there was no change in agonistic contacts
initiated by the focal animals (P > 0.05).
After regrouping, focal cows were displaced by others more often up to d +2 than before
regrouping (Table 2.2), with the largest occurrence on d 0 (P < 0.001). Focal cows displaced others
more often on d 0 (P < 0.05), but not on the subsequent regrouping days (P > 0.05).
2.3.2

Social and self-licking
After regrouping, social licking events were not different from the baseline day (P > 0.05;

Table 2.2), although events tended to decrease on d 0 (P = 0.09). After regrouping, the duration of
social licking was lower than baseline on 3 of the 4 days (P < 0.05; Table 2.2). Self-licking by focal
cows increased on the d 0 (P < 0.05), but not on subsequent days (P > 0.05).
Before regrouping, the proportion of social licking events performed between the pair of
focal cows was 10 ± 9 %. After regrouping, including the day of regrouping, the proportion
increased to 38 ± 9 % (P < 0.05).
2.3.3

Milk production
Before regrouping, milk production (kg/d) was 32.1 ± 1.4 and 33.5 ± 1.2 for focal (moved)

cows and filler (resident) cow, respectively, and it did not differ between the focal (moved) and
filler (resident) cows (P > 0.05, Table 2.3). After regrouping, milk production of focal cows
decreased on average by 1.5 kg on the day of regrouping, but milk production on the day of
regrouping and on subsequent days was not different from baseline (P > 0.05). Milk production of
resident cows showed no differences in response to cows being introduced into the group (Table
2.3). Focal cows produced less milk than resident cows on d 0 and d +1 (P < 0.05, Table 2.3).
19

Regression analysis showed that milk production of focal cows after regrouping had a
negative linear relation to total agonistic contacts received (P = 0.01) and to displacements lost (P =
0.03), but there was no relationship with other social behaviours (P > 0.05, Table 2.4).
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Table 2. 2 Least Square means (±SE) of agonistic contacts (physical and non-physical combined), displacement, social licking events, social
licking duration and self-licking events on d -1 (before regrouping or baseline), d 0 (on the day of regrouping) and d +1, d +2 and d +3 (after
regrouping) for mid-lactation Holstein focal cows introduced in pairs (n=7) into social group of filler cows, and cows observed 5 h per day.
Time period relative to regrouping
Parameter

Baseline (d -1)

d0

d +1

d +2

d +3

Total

39.0 ± 5.2

65.4 ± 5.2**

53.9 ± 5.2*

52.7 ± 5.2*

48.2 ± 5.2

Initiated

20.6 ± 4.6

24.3 ± 4.6

14.6 ± 4.6

17.9 ± 4.6

17.6 ± 4.6

Received

18.4 ± 5.0

41.1 ± 5.0***

39.4 ± 5.0**

34.8 ± 5.0**

30.6 ± 5.0**

Total

18.3 ± 3.3

42.5 ± 3.3***

27.1 ± 3.3*

25.8 ± 3.3

20.1± 3.3

Won

9.5 ± 2.3

15.6 ± 2.3*

7.6 ± 2.3

9.1 ± 2.3

6.5 ± 2.3

Lost

8.8 ± 3.7

26.9 ± 3.7***

19.4 ± 3.7*

16.7 ± 3.7*

13.6 ± 3.7

Total

2.1 ± 0.5

1.1 ± 0.5

1.6 ± 0.5

1.7 ± 0.5

2.6 ± 0.5

Initiated

1.2 ± 0.4

0.6 ± 0.4

0.9 ± 0.4

0.7 ± 0.4

1.4 ± 0.4

Received

0.9 ± 0.3

0.4 ±0.3

0.8 ± 0.3

1.0 ± 0.3

1.1 ± 0.3

Social licking duration (min/d)

5.6 ± 1.1

2.5 ± 1.3*

4.5 ± 1.2

1.5 ± 1.0*

2.2 ± 1.1*

Self-licking (events/d)

6.6 ± 1.4

10.3 ± 1.4*

6.6 ± 1.4

8.6 ± 1.4

7.1 ± 1.4

Agonistic contacts (events/d)1

Displacement (events/d)

Social licking (events/d)

Significantly different from d -1:

*P < 0.05; **P < 0.01; ***P < 0.001;

1

Data/d indicates data collected during 5 h of observation on each day
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Table 2. 3 Least Squares means (±SE) of milk production (kg/d) for introduced 14 focal cows (moved)
and 10 filler cows (resident) on the day (d 0), after (d +1, d +2, d +3) of regrouping compared to the
day before regrouping (d -1).
Time period relative to regrouping*
Cows

Baseline (d -1)

d0

d +1

d +2

d +3

Focal cows

32.1 ± 1.6

30.6 ± 1.1

30.3 ± 1.0

31.4 ± 1.0

31.4 ± 1.6

Filler cows

33.5 ± 1.6

34.6 ± 1.1

33.8 ± 1.0

34.6 ± 1.0

33.9 ± 1.6

P-value**

0.55

0.02

0.03

0.06

0.29

*Milk production of the focal and filler cows was not different from baseline on the day of regrouping and on each of
the 3 d following. **Statistical significance of the difference of focal cows vs. filler cows on each day.

Table 2. 4 Regression analysis of after regrouping milk yield (as dependent variable) of focal cows
introduced in pairs (n=7) against independent variables of agonistic contacts (physical and nonphysical combined), displacements (physical and non-physical combined) and social licking events,
data (both milk yield and behaviours) recorded on d 0, d +1, d +2 and d +3.
Regression of milk yield after regrouping
Behaviour

slope ± SE (kg)

t-value

P

Initiated

0.02 ± 0.02

1.23

ns

Received

-0.03 ± 0.01

-2.28

0.03

Won

0.04 ± 0.03

1.35

ns

Lost

-0.04± 0.02

-2.14

0.04

Initiated

0.11 ± 0.22

0.51

ns

Received

0.04 ± 0.26

0.17

ns

Agonistic contacts

Displacements

Social licking events
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2.4

Discussion
In this study, the introduction of pairs of cows into an established group was followed by a

large increase in displacements, especially on the day of regrouping, as has been commonly
reported in earlier work (von Keyserlingk et al., 2008; Schirmann et al., 2011). However, by
studying social behaviour in more detail, the present study has shown that the change involves a
large increase in both physical agonistic contacts and physical displacements on the first day, with
steady declines in both of these behaviours over the next 3 d. In contrast the non-physical agonistic
contacts and non-physical displacements showed much less change over the same period. By the
fourth day after regrouping (d +3), the ratio of physical to non-physical behaviour had returned to
baseline levels, suggesting that social stability had been re-established according to the criteria of
Kondo and Hurnik (1990).

This finding is also in accord with the results reported by von

Keyserlingk et al. (2008).
Before regrouping, the focal cows received and initiated roughly similar numbers of
agonistic contacts, and they won as many displacements as they lost. This changed greatly after
regrouping, and even by d +3 the focal cows continued to receive about twice as many agonistic
contacts as they initiated and to lose twice as many displacements as they won. This suggests that
even after social stability had been established, the introduced cows continued to be of lower social
status than before regrouping. In accord with our result, introduced mice into a group tend to trigger
aggression at mixing, but most often lose to the residents (Hilakivi-Clarke and Lister, 1992).
In previous work, mid-lactation dairy cows introduced singly into a new social group
showed a large increase in displacements lost, a large decline in the amount of social licking,
(especially social licking initiated, which remained depressed for 3 d i.e. on the day of regrouping
and on the subsequent 2 d after regrouping), and a reduced milk yield on average by 3.7 kg, on the
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day of regrouping (von Keyserlingk et al., 2008). Although the present study was not an
experimental comparison of introducing cows singly versus in pairs, the comparison of the results
(cows introduced in pairs) with the earlier study (cow introduced singly) showed some similarities
and some differences.
The increase in displacements lost was at least as great as in the previous study, and it
remained elevated on d 0, d +1 and d +2. This suggests that the presence of a familiar partner did
not have any obvious effect in preventing social aggression. In another regrouping study, Holstein
heifers mixed as pairs into new social groups appeared to spent more time together, lay down more,
produced greater milk components, and were more active than heifers mixed individually
(O’Connell et al., 2008), suggesting that the presence of a familiar individual lowered the stress
response to regrouping.
There is conflicting evidence for the effect of regrouping on social licking in cattle. Phillips
and Rind (2001) found increased social licking after regrouping, but others found a decrease (von
Keyserlingk et al., 2008). Results of the present show, on the day of regrouping (d 0), the average
duration of social licking declined compared to baseline. On the same day (d 0) the number of
social licking events tended to decline (P = 0.09) when agonistic contacts were highest and
gradually returned to baseline levels by d +3 when social groups were relatively stable and
aggression decreased. Similarly, Sato et al. (1993) found a difference between two herds of cattle in
the duration of social licking; the difference was attributed partly to herd instability whereby cows
in the more stable herd had longer duration of social licking. Thus, the current findings presented in
this thesis are most consistent with view that social licking is a sign of social stability.
After regrouping, the present results also showed an increase in self-licking on the day of
regrouping (d 0) compared to the baseline period. This increase of self-licking may be linked to
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stress arising as a consequence of regrouping, as there are several reports of self-licking in response
to aversive situations. For example, an increase of self-licking was reported among birds exposed to
social conflict (Manning and Dawkins, 1992), mammals exposed to novelty (Munksgaard et al.,
1996; Herskin et al., 2004), rabbits housed in barren cages without a shelter or hay (Hansen and
Berthelsen, 2000), and calves housed in restricted space (Ferrante et al., 1998) or housed
individually rather than in groups (Kerr and Wood-Gush, 1987).
Whether or not social licking played a direct role is difficult to determine. However, the
stress-reducing effect of a familiar partner may explain why focal cows in this study showed no
reduction in milk production on the day of regrouping compared to the baseline level, unlike cows
introduced singly (von Keyserlingk et al., 2008). Similarly, in previous studies, the beneficial
effects of social licking in reducing social stress have been associated with positive correlation
between being licked vs. milk production and weight gain (Napolitano et al., 2007). In other studies,
social licking recipient cows also reported to have lower heart rate (Takeda et al., 2003; Sato and
Tarumizu, 1993; Laister et al., 2011) and show behavioural changes such as stretching the licked
part of the body, a slight raising of the tail, and half closing of the eyes (Sato et al., 1993). It has
been argued that such physiological and behavioural changes are a clear indication of the role
social licking plays in reducing social stress associated to positive affective state (Boissy et al.,
2007).
Another possible reason for the difference in milk production results between the two
studies, i.e. the present study and von Keyserlingk et al. (2008), could be due to differences in
feeding behaviour arising from differences in timing of regrouping and fresh feed delivery between
the two studies. Cows in the present study were regrouped immediately after milking at 09:00roughly 3 h after cows had access to fresh feed, whereas cows in the von Keyserlingk et al (2008)
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were regrouped at 06:00 before fresh feed delivery. Previous research has shown that cows are
highly motivated to access fresh feed (DeVries and von Keyserlingk, 2005) and the hours
immediately following fresh feed delivery are associated with high displacement activity (DeVries
et al., 2005) and reduced feeding time (DeVries et al. 2003). Given that the cows in the current
study were able to consume fresh feed for 3 h before being regrouped the negative effects leading to
decreased milk production on the day of regrouping compared to baseline of the introduced cows
may have been mitigated. Moreover, milk production of the focal cows was lower compared to
resident cows on each of the days following regrouping, suggesting that regrouping is more stressful
for introduced cows than for resident cows, as shown clearly by the negative regression association
individual milk yield of focal cows with agonistic contacts received and displacements lost. On the
day of regrouping, dry matter intake of introduced prepartum cows reduced by 9% compared to the
baseline, but resident prepartum cows not (Schirmann et al., 2011).
2.5

Conclusion
The present results suggest that regrouping of mid-lactation cows in pairs into a new social

group increases agonistic contacts, displacement and self-licking behaviours, but decreases duration
of social licking among newly introduced cows compared to baseline values. The milk production
results suggest regrouping is more stressful for introduced cows than resident cows, especially for
those that received the most agonistic contacts and were displaced most often. Mixing of midlactation cows in the presence of a companion may be beneficial, perhaps partly by allowing them
to engage in more social licking activities that may reduce the social stress of mixing.
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Chapter 3:

Individual Variation in Aggression and Its Relationship with Social and

Physiological Variables in Lactating Cows Regrouped in Pairs
3.1

Introduction
As noted in chapter 1, behavioural and physiological variation has been reported among

conspecific individuals in response to stressors (Koolhaas et al., 1999; Carere et al. 2010). Some
individual variation is believed to be stable or consistent over time and/or across situations (Jensen
et al., 1995; Koolhaas et al., 1999), and is likely due to differences in some combination of
biological factors and the early life experience of individuals (Brouček et al., 2008; Koolhaas,
2008). These consistent individual differences have been called “personality” (Forkman et al., 1995;
Carere, et al., 2010), “temperament” (Réale et al., 2007), “behavioural syndrome” (Sih et al., 2004),
or “coping styles” of individuals (Koolhaas et al., 1999).
The presence of two distinct and extreme physiological response patterns among individuals
of the same species was first suggested by Henry and Stevens (1977). This thinking, combined with
research on two genetic lines of mice selected based on their aggressiveness, was later expanded to
describe two coping styles (Benus et al., 1987). Active-coping mice show high levels of aggression
associated with the fight-flight response (Cannon, 1929); whereas, passive-coping mice show low
levels of aggression and a conservation-withdrawal response to stressors (Engel and Schmale,
1972).
Although such individual variation is widely documented across many species, in dairy
cows there has been limited research on consistent individual differences in aggressiveness and
coping styles in relation to animal welfare (Van Reenen, et al., 2002). Knowledge of such individual
variation could play a role in reducing social stress in situations such as social mixing and/or high
stocking density. For example, mixing high-aggressive animals might impair their welfare, as high-
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aggressive animals are more likely to suffer from injuries (D’Eath, 2002; Haller et al., 2006) and
possible distress after losing fights (Mendl, 1995; Boissy et al., 2007). In the conceptual framework
developed by Réale et al. (2010) it was stated that low aggressiveness of individuals was associated
with high levels of sociability and parental care, low growth rate, delayed reproduction and long
longevity. In contrast, these authors stated that high aggressiveness was associated with low levels
of sociability and parental care, faster growth rate, early reproduction and short longevity. However,
there appears to be no scientific studies substantiating these proposed associations. The present
study is thus the first attempt to investigate these associations.
The present study used data collected in Chapter 2 to address two further objectives: (i) to
investigate whether individuals show consistent variation in aggression before and after regrouping,
and (ii) to see how individual variation in aggression is associated with social licking, milk
production, age at first calving and body weight of cows.
3.2

Materials and methods

3.2.1

Animals, housing and management
This study used the data from the 14 focal cows described in Chapter 2. Briefly, the cows

were observed for 5 h per day on 2 days before regrouping and 5 days after being mixed in pairs
into a new group of 10 cows. Each cow was weighed twice (i.e. during the stabilization period and
again at the start of each replicate), and the records of each focal cow were averaged for analysis.
Age at first calving (days) was retrieved from the breeding records of the dairy centre; and the 305day Mature Equivalent (ME) milk production of each cow was calculated from days in milk using
Dairy Comp 305 software (Comp 305, Valley Agriculture Software, Tulare, CA, US).
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3.2.2 Statistical analysis
Individual differences in aggressiveness were identified based on the Displacement Index
(DI) adapted from Galindo and Broom (2000) and Mendl et al. (1992). “Diplacement Index” is the
number of times that an individual displaced other cows expressed as a percentage of the total
displacements that involved the individual.
Specifically:

(

)

(

)

Each Index was calculated for each of the 14 focal cows for 2 periods: the 2 days of baseline
observation before regrouping and the 5 days of observation after regrouping. Cows were classified
into 3 groups based on the Displacement Index (DI) before regrouping using the criteria of Galindo
and Broom (2000): high-aggressive (HA: DI ≥ 60), middle-aggressive (MA: 40 < DI < 60), and
low-aggressive (LA: DI ≤ 40). Based on these criteria, the 14 cows consisted of 5 low-aggressive, 3
medium-aggressive and 6 high-aggressive cows. Aggressive cows during the baseline period were
nearly always successful when they engaged in an aggressive interaction.

However, when

regrouped and subjected to a socially unstable situation they frequently initiated an aggressive
interaction but did not necessarily win it. Thus, in addition to the Displacement Index, the Initiated
Aggression Index (IAI) was also used to assess the aggressiveness consistency of individuals before
and after regrouping. “Initiated Aggression Index” is the number of agonistic (considering both
physical-and non-physical) contacts initiated by an individual as percentage of the total agonistic
contacts that involved the individual. Each variable was examined for presence of outliers and
29

normal distribution; one outlier was identified from the in the case milk yield and duration of social
licking data and these data points were removed prior to the final analyses. Measures of individual
consistency before and after regrouping (coefficient of determination, slope ± SE and P-value) were
calculated for both the Displacement Index and Initiated Aggression Index using Proc Regression
procedures of SAS (version 9.3). Following preliminary analyses it was determined that the
inclusion of the 3 medium-aggressive cows had little effect on the estimates and thus these cows
were excluded from analysis, leaving n=11 cows (i.e. 6 high-aggressive and 5 low-aggressive) in
the final data to assess individual variation in aggression consistency and in the variance analysis of
all other variables. The regression of the Displacement Index score after regrouping on body weight
was analyzed in a similar way.
Mixed model was used to test individual difference between 6 high- and 5 low-aggressive
cows after regrouping for agonistic contacts, displacements, social licking behaviour and milk yield
variables. The aggressiveness category for each cow (high-aggressive vs. low-aggressive) was fitted
as a fixed effect with two levels. Cows fitted as subject for repeated measures and pair was included
in the model. Age at first calving was analyzed using GLM model. For the analysis of milk yield
after regrouping, daily milk yield before regrouping was fitted as a covariate. Initial analysis of
variance tested for an interaction between milk yield before regrouping and cow aggressiveness
category; this interaction was not significant and therefore was dropped in the final analysis.
3.3

Results

3.3.1

Consistency of individual aggression variation
The Displacement Index after regrouping was strongly related to the Displacement Index

before regrouping (R2 = 0.68; P = 0.002, Fig 3.1A). Similarly, the Initiated Aggression Index after
regrouping was strongly correlated to that Index before regrouping (R2 = 0.75; P < 0.001; Fig 3.1B).
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The Displacement Index after regrouping was closely related to the Initiated Aggression Index
during the same period (R2 = 0.96; P < 0.001; Fig 3.2A). There was no relationship between the
Displacement Index and body weight (R2 = 0.07; P > 0.05, Fig 3.2B). However, the heaviest focal
cow won 100% of displacements, whereas the third-lightest focal cow failed to win any
displacements (Fig 3.2B).

Displacement index (after)

100(A)
Slop ±SE = 0.64 ±0.14 R2
= 0.68; P = 0.002
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Figure 3. 1 Consistency of individual variation in the Displacement Index (A) and Initiated Aggression
Index (B) before and after regrouping of mid-lactation Holstein cows (n=11).
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Figure 3. 2 Relationship between Displacement Index, Initiated Aggression (A) and between
Displacement Index after regrouping and body weight (B) for mid-lactation Holstein cows (n=11).

3.3.2

Differences between high-aggressive and low-aggressive cows
After regrouping, high-aggressive cows more often initiated agonistic contacts (P < 0.01)

and displaced other cows (P < 0.01) than low-aggressive cows (Table 3.1). High-aggressive cows
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also received far fewer agonistic contacts (P < 0.001) and were displaced less often by others (P <
0.01; Table 3.1). No differences between high-aggressive and low-aggressive cows were found for
social licking events, or self-licking events (P > 0.05; Table 3.1).
After regrouping, there was no difference in milk production between high-aggressive (30.1
± 1.1 kg/d) and low-aggressive cows (29.8 ± 1.3 kg/d, P > 0.05). However, projected 305-day
mature equivalent (ME) milk production was higher for low-aggressive cows (12,928 ± 580 kg)
than for high-aggressive cows (10,530 ± 530 kg; P = 0.01). Taking into consideration age at first
calving, it was predicted that high-aggressive cows would be younger at first calving compared to
low-aggressive cows. Contrary to our prediction, the present result of age at first calving was found
(734 ± 9 days) for high-aggressive cows and (737 ± 9 days) for low-aggressive cows.
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Table 3. 1 Least Square means (±SE) for agonistic contacts, displacements and licking behaviours of 6
high-aggressive and 5 low-aggressive Holstein cows, data measured on the day ( d 0) and after the day
( d +1 to +4) of regrouping.

Cow category
Behavioural

High-aggressive

Low-aggressive

Initiated

26.0 ± 6.0

11.4 ± 6.0*

Received

25.8 ± 4.5

40.4 ± 4.8*

Displaced others

13.7 ± 2.3

5.6 ± 2.5*

Displaced by others

12.3± 3.0

25.5 ± 3.4*

Initiated

1.2 ± 0.4

1.2 ± 0.4

Received

1.0 ± 0.3

0.5± 0.3

Social licking duration (min)

3.6 ± 0.8

2.5 ± 0.9

Self-licking (events)

7.7 ± 1.1

8.2 ± 1.2

Agonistic contacts ( events)

Displacement (events)

Social licking (events)

*Means in the same row differed significantly (P < 0.01)

3.4

Discussion
In order to define individual differences in aggression as a reflection of coping style,

individuals would be expected to demonstrate consistent variation. The results of the current study
indicate that consistent individual differences in aggression before and after social mixing, in both
displacements and initiated aggression were present. Furthermore, the 2 indices (i.e. Displacement
Index and Initiated Aggression Index) are closely correlated, suggesting that they represent a single
trait. The measurements (before and after regrouping) involved almost completely different groups
of pen-mates, indicating that the differences between cows are relatively consistent regardless of the
group, and are therefore not merely a reflection of the dominance rank of the animals in a specific
group.
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Previous studies have also reported consistent and stable individual differences in aggression
among mice and pigs (Koolhaas et al., 1999), and especially in larger animals such as cattle over
years (Van Reenen et al., 2005). Van Reenen et al. (2002) also found a consistent individual
variation in behavioural reactivity of cows to udder preparation between two stages of lactation.
Our results showed no differences between high-aggressive and low-aggressive cows either
in the amount of social licking (number or duration) or in age at first calving. The present results of
social licking contrasts with the study of Réale et al. (2010) who stated that high-aggressive (active
coping) individuals are likely to have low sociability compared to low-aggressive (passive coping)
individuals.
Previous studies have found that body weight, sex and age of animals are important factors
in determining which animals win agonistic encounters (Jensen et al., 1996). For example, in pigs,
body weight is often so strongly correlated with fighting ability that the largest animals in a group
are likely to win a fight (Andersen et al., 2000). In other studies, however, aggressiveness
characteristics of individuals were not affected by body weight of the intruder or the resident pig
(Erhard and Mendl, 1997; D’Eath and Pickup, 2002). The present results also show that no
association between body weight and Displacement Index of introduced cows, despite the heaviest
introduced cow in the group having won all displacements after regrouping.

These findings

correspond with the findings of pigs by Erhard and Mendl (1997) and D’Eath and Pickup (2002).
The consistent individual variation in aggression before and after regrouping, and the lack of
relationship between aggression scores and body weight, seems to suggest that an individual
difference in the propensity to be aggressive is independent of body weight.
Our results show no difference in milk production after regrouping between high-aggressive
and low-aggressive cows. However, low-aggressive cows had greater projected 305-day ME milk
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production than high-aggressive cows. Hence, individual variation in aggressiveness may be
associated with long-term effects as reflected by milk producing ability.
3.5

Conclusion
Results of the current study show that individual differences in aggressiveness among mid-

lactation cows are fairly consistent characteristics before and after social mixing, and it correlates
with the projected 305-day milk production, but not with body weight of individuals. This
consistent individual variation in aggression before and after social mixing may reflect alternative
coping styles of mid-lactation Holstein cows.
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Chapter 4: General Discussions
4.1

Social stress
In modern dairy production, especially in North America, free-stall housing is typically

associated with an increase in herd size and management practices that often results in increased
social crowding and social mixing, which in turn causes social stress. Understanding the effects of
management practices that perpetuate crowding and social mixing on the individual animals housed
within these systems can provide useful insights with the aim of improving the welfare of
gregarious animals (Rushen et al., 2008). The existence of individual differences in behaviour may
also be important in understanding the complex social relations among animals living in a social
group (Koolhaas et al., 1999).
The present work of mixing Holstein cows in pairs led to an increase in agonistic contacts
and displacement behaviour for 3 d and 2 d, respectively, and showed that aggressiveness
differences among mid-lactation cows is a consistent characteristic before and after regrouping.
Collectively these results suggest this consistent individual variation in aggression may reflect
alternative coping styles of individuals.
Previous work focusing on dairy cattle housed in free-stall housing has shown that a large
number of physical agonistic interactions take place (DeVries and von Keyserlingk, 2005; Huzzey
et al., 2006; Val-Laillet et al., 2009), and dairy cows are able to vary their feeding rate (Proudfoot et
al., 2009) in response to increased stocking pressure. Social mixing also led to an increase of
displacements and a decrease in time spent feeding (von Keyserlingk et al., 2008).
Although cows that were regrouped in the present study failed to show a decline in milk
production on the day of, and subsequent days after regrouping, they did produce less milk than the
resident cows in the new pen compared to the resident cows in their home pen. This finding may
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suggest that the degree of social stress arising following regrouping is greatest for those cows that
are physically moved into a new pen but more work is needed to fully elucidate this finding.
However, this result suggests that regrouping in pairs may mitigate, at least to some degree, the
negative effects of regrouping on milk production.
Previous studies noted that regrouping is much more stressful for introduced cows compared
to resident cows (Bøe and Færevik, 2003; Schirmann et al., 2011). In resident-intruder aggression
test, intruder mice often trigger aggression at mixing but most often lose the fight to the resident
mice (Hilakivi-Clarke and Lister, 1992), and are likely to sustain more social stress and injuries
(Fokkema et al., 1995), especially for the aggressive intruder animals that lost the fights. The
current agonistic results support this claim in that after mixing introduced focal cows received twice
as many agonistic contacts as they initiated, and lost twice as many displacements as they won to
resident cows, which may have contributed to the introduced focal cows producing less milk than
resident cows.
Animals introduced singly into established social groups have been reported to engage in
more agonistic contacts with the residents (Bøe and Færevik, 2003; Niesen et al., 2009), and
integrate into new social group more easily (Gygax et al., 2009), and produce less milk (O’Connell
et al., 2008) than animals introduced in pairs or a group of three. In contrast, Menke et al. (2000)
found higher agonistic contact when heifers introduced in group of three into the social group
compared to those heifers introduced singly.
In comparing the present study where cows were mixed in pairs with the previous study by
von Keyserlingk et al. (2008) where cows were introduced individually, the average increase in the
number of displacements received by introduced cows was similar in both studies. However, after
regrouping, the decrease in milk production and social licking events of the present study did not
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differ from baseline. The presence of a familiar partner during mixing is worthy of consideration as
a management practice that reduces social tension. This is supported by the result that after
regrouping, the percentage of mutual social licking between pairs of regrouped cows is sharply
increased, and these pairs were observed to stand together at the pen gate, follow one another in
alleyways, and take neighbouring positions at the feed bunk especially on d 0 and d +1.
4.2

Linking social stressor and individual differences in aggression
Individual animals differ in many ways, including their response to a particular social

stressor such as crowding and social mixing. Stress responses vary between species, breed, sex, age
(body weight), as well as individual characteristics such as copying styles and social status within a
group. Social status is more flexible than coping styles, indicating that social status of individuals
can be changed depending on context, but its coping styles remain elemental to the animal
(Lindberg (2001). Thus, the use of coping styles measures can be helpful to predict social stress
responsiveness of individuals in advance (Schrader, 2002).
In many species, individual variation in aggression has shown a link to metabolic rate
(Martins et al., 2011) and immunity (Koolhaas, 2008; Proudfoot et al., 2012). In sheep, lowaggressive males have been shown to have delayed reproduction and greater longevity (Réale et al.,
2009), whereas high-aggressive ewes were associated with earlier age at first reproduction, and
increased weaning success (Réale, et al., 2000). Furthermore, high-aggressive pigs also exhibited
faster growth rates and produced piglets with heavier birth weight compared to low-aggressive pigs
(Mendl et al., 1992). High-aggressive pigs were also shown to be at increased risk for injuries and
slower group integration than low-aggressive pigs (Erhard et al., 1997). In farm animals, individual
behavioural and neuroendocrine differences have also been linked to susceptibility to disease
(Proudfoot et al., 2012).
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In the present study, individual differences in aggressiveness showed an association with the
305-day milk production; namely, that low-aggressive cows produced more milk than highaggressive cows, suggesting individual variation in aggression may be associated with long-term
biological differences reflected in milk producing ability.
4.3

Limitations and future research
Studies of individual differences in many animal species have been related to the biological

characteristics of the individual. Such differences may provide useful information, for example in
dairy cattle, questions concerning why cows exposed to the same social environmental stressors
show different stress responses, and why discrepancies exist in the degree of susceptibility to
lameness and disease. Moreover, whether individual differences in aggressiveness can provide
insights into why certain heifers show delayed reproduction and why some multiparous cows show
reproduction (embryonic) failure remain. Other variables such as risk of survivability and longevity
of cow may also be linked to individual variation in aggression and feeding behaviours are worthy
of future research.
In other species, despite the fact that some work has shown that individual differences in
aggression are linked to disease susceptibility, longevity and reproductive success or failure, such
intraspecific variability in animal behaviour (e.g. aggression) is not yet fully elucidated. Much
work remains to determine how knowledge regarding individual differences may impact
management decisions and breeding practices on commercial dairy farms. Clearly, the aim is to
prevent or alleviate adverse consequences, and to improve farm animal welfare in the dairy cattle
industry.
My study provided a more in depth analyses of how social behaviour is impacted when cows
are regrouped in pairs. Most interesting is that this is the first evidence suggesting a possible link
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between individual difference in aggression and milk producing ability of Holstein cows. This
association between individual aggressiveness and milk production appears to be dependent, at least
in part, on the temperament of the individual animal.

This may be due to differences in

neuroendocrine response to the lactogenic (prolactin and growth hormones) and oxytocin hormones
but more work is required to fully understand these relationships.
The discussion presented in the current study, particularly Chapter 2, relied heavily on the
work previously reported by von Keyserlingk et al. (2008). Ideally to fully elucidate the effects of
regrouping cows in pairs it would have been beneficial to incorporate a treatment effect, for
instance comparing the effects of regrouping a single cow or a pair. However, despite not being a
controlled comparison I feel that there are some insights to be gained by comparing the studies,
particularly because they were run in the same research facility. However, determining the effects
of regrouping a pair of familiar cows verses two unfamiliar cows on social tension in a controlled
study should also be investigated.
Another area of potential interest is to undertake additional research aimed at understanding
the complex relationship that exists between animals housed together, and the role individual
differences in aggression in mitigating social stress.

Understanding the relationships between

behavioural and physiological indicators of welfare and productivity, particularly with respect to the
linkage between individual aggressiveness and susceptibility to diseases and lameness, reproductive
success or failure and longevity of cows should also be explored. Lastly, more information is
needed to fully understand the links between milk production and neuroendocrine physiological
indicators of stress, such as secretion of milk synthesis and ejection hormones in response to social
mixing cows.
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