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Animals are marked for identification in arange of experiments from behavior
and wildlife management, to reproduction and pharmacological studies. However,
little is known of the impact marks have on animals. The objective of our experiment
was to determine the impact of marking on aggression and stress in the domestic
fowl. Brailers, in groups of 10 and 50 were housed with 20%, 50% or 100% of the
birds marked. Aggressive interactions, given and received, were observed from 3 to
10 wks. Our results revealed that marked birds received significantly more aggression
than unmarked birds, and subsequently deliver fewer aggressions to pen mates.
Marked birds appear more stressed than their unmarked pen mates, especially in 20%
pens. Marked birdsin 20% pens aso had alower epinephrine response to manual
restraint. Our findings show that marks can impact both the aggressive behavior and

stress of the birds bearing them.
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Chapter 1: Literature Review

1.1 Aqgaressive behavior in the domestic fowl

Aggression in the domestic fowl (Gallus gallus domesticus) reared in
commercia conditionsis of importance from both welfare and production stand
point. Alleviating aggression would increase the quality of life of birds normally
subjected to aggression. Aggressive interactions may also cause aloss of
productivity, and birds may be bruised or otherwise injured from agonistic
encounters. Increased aggression is also of great concern for the well being of the

birds.

Aggressive behavior in domestic fowl is most often analyzed in close
relationship with social dominance (Candland et a. 1969). The maority of
aggressive interactions within a group, which has an established dominance
hierarchy, have been shown to be directed toward the subordinate individuals (Guhl,
1969). Aggressiveness has been linked to several traitsincluding previous
experience, body mass and comb size (Guhl and Ortman, 1953; Cloutier and
Newberry, 2002) as well asfamiliarity or lack there of, of the participants (Beaugrand
and Zayan, 1985; Blanchard et al., 1988). Familiarity was determined to be the
leading factor influencing dominance by Beaugrand and Zayan (1985). A winning
experience in arecent confrontation with another individua was found to be the

second most important factor to influence dominance and the outcome of future



aggressive encounters (Hsu et al., 1999; Hsu et a, 2001; Beacham, J. L., 2003). It
has been shown that prior loosing experience is correlated with the likelihood of
loosing in subsequent encounters (Hsu et al., 1999; Cloutier and Newberry, 2000;
Hsu et a., 2001). Itispossiblethat alosing cycle could be maintained by increased

stress caused by defeat.

1.2 Effect of group size on aggression

Estevez et a. (1997) and the model proposed by Pagel and Dawkins (1997)
both state that when group sizeislarge, socia hierarchies are not established because
itisno longer an efficient strategy. In large groups the cost of establishing the
relationship with another individual severely outweighs the benefit when the chance
of encountering that individual again becomes low (Pagel and Dawkins, 1997). In
addition the number of pair wise relationships that would need to be established
becomes increasingly great with increasing group size (Chase, 1985). The model of
socia dominance hierarchy proposed by Pagel and Dawkins (1997) suggests that the
establishment of such hierarchiesis only beneficial when there is ahigh likelihood of
re-encountering the familiar birds. Therefore, dominance hierarchies will not be
established in social situations in which the chances of encountering familiar birds are
low. Thetolerant hypothesis proposed by Estevez et a. (1997) suggests that broiler
chickens show plasticity of socia behavior dependent on their environment, increased
tolerance is apparent at larger groups. They proposed that a tolerant strategy is more

economical at large group sizes. Similarly, Hughes et al. (1997) found that the



apparent lack of individual recognition in large flocks of 700 birds minimized the
overall number of aggressive interactions within the group when compared to smaller
group sizes of 300 birds. This phenomenon causes significant reduction in the
aggressive interactions required to establish dominance relationships with increased

GS.

In astudy by Estevez et a. (2002) levels of aggressive interactions at afood
patch, were determined at four different group sizes (15, 30, 60, and 120), while
maintaining the same density in all groups. They found that aggressive behavior
around the food patches declined as group size increased from 15 to 120. Utilizing
the same group sizes (Kedling et al., 2003) found that intermediate group sizes might
be problematic in terms of incidence of behavioral problems. Hensin group sizes of
30 were found to be smaller in body mass and produce significantly smaller eggs,
possibly indicating an increase in socia disruption. They proposed that group sizes
around 30 birds could represent an intermediate group size between coping tactics for
small (ssimulating natural group size) and large group sizes. Nicol et al. (1999)
examined birdsin four group sizes, ranging from 72 to 368 birds, at varying rearing
densities. They found that aggressive interactions, again, were most frequent in the
small group sizes, and in larger flocks a non-aggressive tolerant tactic was adopted.
These studies show that regardless of whether density is constant or varying among
group sizes, birds maintained at larger group sizes are characteristically less

aggressive than when maintained at smaller group sizes. The only exception to thisis



in intermediate group sizes of about 30, between the natural state and large group

Sizes.

Studies on use of space in the domestic fowl in large flocks have shown that
birds do not establish territories which are characteristic of smaller flocks (Keeling
and Savenije, 1995). It has also been found to be much more difficult to control
detrimental social interactions, such as aggressive behaviors, in large flocks (Appleby
et. a. 1992). Group size has been shown to affect behavioral and physiological traits
in group housed fowl. Asgroup size increases birds show increased mortality and
damage to feathers and skin, reduced egg production and smaller eggs, reduced body
mass, increased fear response, but fewer aggressive interactions (Hughes and Duncan
1972; Adams and Craig, 1984; Tauson, 1998; Bilcik and Keeling, 1999; Nicol et a.,

1999; Kedling et a., 2003; Estevez et al., 2003).

1.3 Differential aggression based on recognition and physical “ badges’

McBride (1964) defined a social group as a*“unit of lowered intraspecific
aggression, which requires recognition of others.” However, littleis understood
about the way in which birds perceive one another in large groups. It has been shown
that, in large flocks, birds do not appear to recognize conspecifics as familiar or
unfamiliar when compared to birdsin small flocks (Hughes et. a. 1997). The number
of conspecifics, which abird can recognize has not been definitively established.

Guhl (1953) determined that hierarchies did exist in flocks up to 96 birds; however



individual recognition was not determined. Douglis (1948) showed that hens had the

ability to recognize up to 27 individuals.

Aggressive displays toward both familiar and unfamiliar conspecifics were extremely
rarein large groups compared with hensin small group sizes (D’ Earth and Keeling,
2003). Hensin large groups almost never initiated aggressive behaviors tward
familiar birds and were 10 times less likely to initiate aggressive behaviors toward
unfamiliar birds than were hens from small group sizes. D’ Eath and Keeling (2003)
determined that birds were far more likely to fight with an unfamiliar bird than a
familiar one when housed in small groups of 10. In large groups with 120 birds,
however, there was no difference in aggressive encounters between familiar and
unfamiliar birds. Lindberg and Nicol (1996) showed that less familiar birds are more
likely fight with greater frequency than will more familiar birds. Bradshaw (1991)
proposed that the formation of dominance hierarchies within groups of fowl, and their
propensity to show aggression toward unfamiliar birds, are probably related to
individual recognition. Chickens housed in large commercia groups may be unable
to establish large numbers of pair wise relationships and therefore they are unable to
form dominance relationships with them all (McBride and Foenander, 1962). Pagel
and Dawkins (1997) suggested that in large groups status signals take the place of
active dominance relationships, suggesting that identifiable marks, or “status badges’,
may increase the likelihood of recognition of the social status of the bird, but not the

individual itself.



In a study examining the effects of group size (Estevez et al., 2003) flocks of
chickens of varying group sizes but containing the same number of marked focal
birds were found to have decreasing frequencies of aggression given by the focal
birds as group size increased as expected. However, the rate of aggression received
by marked focal birds increased as group size increased. Since the number of marked
birds remained unchanged as group size increased, the percentage marked within the
group decreased with increasing group size. Hughes et al. (1997) reported asimilar
discrepancy between aggression received and given by marked focal birds. Estevez
et al. (2003) suggest the possibility of a methodological bias causing marked birds to
receive greater amounts of aggression from their flock mates. When marked
individuals compose a small portion of the social group, the markings could
distinguish them from the rest of the social group, causing them to be attacked with

greater frequency.

Guhl and Ortman (1953) made alterations to the physical appearance of
individual chickens by dying feathers, adding feather extensions and comb
alterations. These chickens were then returned to their original flock and the
reactions of the flock mates to these birds were noted. Altered birds, especialy those
with alterations to the comb and feather color, were met with significantly increased
aggression from their prior subordinates as well as the dominants. A prior study by
Guhl (1953) determined that prior subordinates attacked hens that had been removed
and dubbed upon their return to the original flock. In an study by Marks et a. (1960)

in which dubbed and non-dubbed pullets were intermingled, he found that dubbed



birds were relegated to the lower social status positions within the flock. Siegel and
Hurst (1962) determined that flocks of dubbed chickens exhibited greater frequency
of aggressive behavior than did flocks of non-dubbed chickens, suggesting that
aterations to the physical appearance of birds increases the frequency of aggressive
behaviors that they will receive. According to the social peck order in the domestic
fowl, the mgjority of pecks during aggressive encounters are directed toward birds at
the bottom of the socia order (Guhl 1969, McBride 1960). These results suggest
that the social order of birds can be atered by an increase in physical differences

among individuals within the group.

1.4 Kin Sdlection and Filial Imprinting

As precocious young, newly hatched chicks are immediately exposed to
conspicuous stimuli. The young chicks will quickly establish social preferences
toward these stimuli. Thisearly learning process (known asfilial imprinting) (Cook,
1993; Bolhuis, 1999) is divided into three main processes. analysis of the features of
the stimulus, recognition of the features or feature combination as afamiliar stimulus,
and association and implementation of the appropriate filial response (Bateson and
Horn, 1994). Ultimately, kin recognition and altruism depend on the indicators
present in the population. Visual and olfactory cues are often shown to be utilized by

individuals for this purpose (Hamilton 1964, Keller 1997).



Male aliances have been studied in many species and shown to be aresult of
kin selection or degree of relatedness. Populations of bottlenose dol phins have been
shown to form male alliances amost solely characterized by maternal relatedness
(Parsons et d., 2003). In studies of tadpoles (Waldman, 1985) individuals were
found to orient toward siblings in preference to non-siblings. However, in
populations in which there may be alow probability of correctly identifying kin, there
may be a decrease in the frequency of otherwise normally kin-biased behavior
(Keller, 1997). In other words, in popul ations whose members are all closely related
and have little phenotypic variation, there could be little evidence of selection for
certain individuals over others within the population. Commercial flocks of domestic
fowl arelikely closely related and show small of phenotypic difference within the
flock. However, the alteration of appearance of certain members such as by
artificially marking the birds would incorporate the phenotypic variability required

for kin selection to be a dominant force in motivating altruistic behaviors.

Kin recognition has been documented in domestic chicks. Chicks have been
shown to have the ability to learn to differentiate between two different calls made by
broody hens (Halpin, 1991). They aso exhibited preferences for their own mother’s
call and for those calls which were paired with moving stimuli. Discrimination and
preference for the mother’s call has been documented in several other species of birds
(Stonehouse, 1960; Rowley, 1980; Halpin, 1991). Early imprinting in the domestic

chick has been shown to be an irreversible process, which leaves the bird with a



preference for associations with conspecifics most similar in appearance to those with

which the individual was imprinted (Johnson, 1991).

In a study of adopted gull chicks (Bukacinski et. al. 2000), chicks were
rejected |ess frequently by adopting neighbors when a higher degree of band-sharing,
ameasure of genetic similarity, existed between the chick and the adopted parents.
Thisindicates that neighboring gulls were more likely to reject a chick that was more
distantly related. The means by which an individual can detect familiality in an
unknown individual are not fully understood, but it has been shown that more closely
related individuals are generally closer in physical appearance, anong other things,
than more distantly related individuals (Hamilton 1964, Hancock and DeBruine,
2003). Jaisson (1991) suggested that increased aggression can be instigated by the

perception of differences between individuals.

1.5 Stress and Animal Welfare

Stress, from a physiological perspective, is not inherently bad. It isthe type of
stressor and the degree of stress, which can cause problems for the organism (Haller
et a., 1997; Mostl and Palme, 2002). Unfortunately, there is no single means of
measuring stress. The physical and social environment of the animal can cause stress.
Theanimals' environment is dynamic, and the birds are constantly adjusting to the
stress of an ever-changing environment through behavioral and physiological

adaptation (Mostl and Palme, 2002). Numerous studies have shown aggression and



dominance order to be affected by the stress of an individual (Matt et a., 1996;
Hennessy et al., 2002; Wood et a., 2003). Male rats have been shown to have
significantly fewer aggressive encounters with conspecifics following exposure to
acute stress when compared with males that were not exposed to the stressor (Wood
et a., 2003). However, in astudy of aggressivenessin males using rats, they found
that males exposed to a chronic stressor exhibited significantly more aggressive
behaviors compared with control rats, as seen previously in other species (Mostl and

Palme, 2002).

Animal welfare has become an area of increasing interest and importance to
the public and industry. The drive to raise animalsin aless stressful environment has
prompted researchers to delve more deeply into the causes of stresson animalsin

production systems and the means by which it can be alleviated.

Environmental manipulation and breeding programs for increasing production
traits have come into public concern. Selection for production traits in commercial
flocks, such as increased body mass, egg size and egg number may be negatively
impacting animal welfare. Nicol et al. (1999) found that birds reared in smaller flock
sizes and lower stocking densities had the highest egg production. Several studies
have shown that broilers reared in smaller flock sizes have increased body mass (BM)
(Estevez et d., 1997). However, in order to increase the overall production and lower
production costs, there is a push to maintain birds at larger flock sizes and increased

stocking densities. Through genetic manipulation, broilers have increased in BM,

10



growth rate and yield greatly over the past several decades. However, birds now
suffer increased leg problems due to the extraweight they must carry which isan

important welfare concern (Kestin et al., 1992).

1.6 Indicators of Stress

Fluctuating Asymmetry (FA) portrays the subtle, random deviations from
symmetry in characters that ideally possess bilateral symmetry (Ludwig, 1932;
Palmer and Strobeck, 1986; Allenbach et al. 1999). Stress, both genetic and
environmental, is believed to be the major contributing factor to increased FA

(Palmer and Strobeck, 1986; Parsons, 1990; Mdller et al. 1995).

Fluctuating asymmetry has been positively correlated with an individual’s low
capacity to safeguard against stress, both environmental and genetic (Y ngvesson and
Keeling, 2001). In cannibalistic attacksin laying hensY ngvesson and Keeling (2001)
found that cannibalism victims were found to exhibit greater amounts of FA.
Similarly, Cloutier and Newberry (2002) analyzed the ornamental traits of laying hen
victims of cannibalistic attacks. They divided the victims into attacks on the head and
neck area, and attacks to other body parts. They found that victims of cannibalistic
attacks to the head and neck displayed larger combs relative to their flock mates.
However, they also found that victims of attacks to the head and neck area had a
higher degree of FA of the metatarsus and higher composite asymmetry. FA

measurements were also assessed in two genetically selected lines of Japanese quail

11



(Satterlee et al., 2000). The two lines were selected by their low stress and high stress
plasma corticosterone response to restraint. Both diameter and length of the shank
was measured for FA assessment. A significant increase in bilateral asymmetry of

the shank length was found in the quail bred for exaggerated stress response.

Tonic Immobility (T1) isaresponseto abrief period of physical restraint
which is characterized by areduced responsiveness “ catatonic-like” state (Jones,
1986). Typicaly the bird islaid upside down in a U- or V-shaped cradle and
restrained by light pressure on the sternum for a brief period. After thisinitia
restraint the bird voluntarily remains in the characteristic catatonic-like state for a
varied period of time afterward. Thisreaction isthought to be an evolutionary
adaptation to predation, in which the bird would enter the immobile state after it was
caught until the predator lightened or let go of its grip, giving the bird a chance to
escape (Jones, 1996). However, Tl isalso used to show the level of stressrelated to
the fear response of an individual (Jones, 1986). A long duration of immobility is

indicative of ahigh level of fear.

Body mass (BM) is acommon measure of the level of stress of an individua
used in many experiments with domestic fowl (Bilcik and Keeling, 1999; Nicol et al.,
1999; Keeling et al., 2003). BM has been shown to vary with the stress of an
individual. Estevez et a. (1997) showed that BM decreased with increasing group
size from 50 to 200 birds. They aso showed that this phenomenon was not due to

monopolization of resources by dominant individuals. They suggested a number of

12



stressors that could be responsible for this trend such as increased levels of
disturbance while resting, reduction of thermoregulatory capacity and deterioration of

the environmental quality.

1.7 Hormones and mediation of stress and aggression

Numerous researchers have eval uated the behavior and endocrinology of
aggressive and docile strains of adomestic fowl (Keer-Keer, et. al. 1996, Korte et. al.
1997, Hocking, et. a. 2001). There have been far fewer studies of the hormone levels
of docile and highly aggressive individuals within the same strains. Do the behavior
and hormonal patterns of the aggressors in acommon strain match those of an

aggressive strain?

Behavioral and physiological responses to stress are mediated by the
hypothalamic-pituitary-adrenal (HPA) axis and the sympatho-adreno-medullary
system (Mostl and Palme, 2002; Wood et. al., 2003). The adrenal gland and central
and peripheral nervous systems increase secretion of glucocorticoids and/or
catecholamines in response to unfavorable stimulations. Epinephrine (EP) is
synthesized and stored in the adrenal medulla and released to the body viathe
systemic circulation. Norepinephrine (NE) is synthesized and stored in the periphera
nerve endings. Both EP and NE also act as neurotransmitters of the central nervous
system (CNS). Dopamine (DA) is synthesized and stored in the periventricul ar

nucleus (PVN) of the hypothalamus and acts as a neurotransmitter of the CNS.

13



Catecholamines are fast acting hormones used by the body to cope with stress and are
indicative of acute stress. Hormonal catecholamines, EPI and NE, are connected to
the body’ s metabolic and cardiovascular preparation for an impending fight (Haller et
al., 1997). PlasmaDA has been found to be involved in the control of behavior and
an organism’ s ability to cope with stress (Haller et al., 1997; Driscoll et a., 1998;

Kuikkaet al., 1998; Mostl and Palme, 2002).

Aggression and dominance order are strongly associated with the stress of the
individual (Harding and Follet 1979, Matt et. al., 1996, Hiebert et. al., 2000,
Hennessy et. a., 2002). Hormonal parameters are often used to determine the effects
of the physical and social environment on the animal’s stress levels, glucocorticoids
being most commonly used stress indicators (Mostl and Palme, 2002). However the
key hormones used in overcoming stressful situations are both the glucocorticoids
and the catecholamines (Mostl and Palme, 2002). Since corticosterone (CORT), the
predominant glucocorticoid in birds, has afeedback system involved in aggressive
behavior (Kruk et al., 1998), catecholamines should be used as an additional indicator
of stress. Mabry et al., (1995) showed that aged rats have exaggerated sympathetic-
adrenal-medullary responses to acute swim stress at low temperatures. Mabry
measured both EP and NE plasma concentrations. Korte, et al.(1997) described two
lines of layers with distinct reactions to stress; active and passive behavioral
responses. They found that the passive response strain had a significantly higher
basal plasma concentration of CORT, while there was no significant difference in

basa NE or EP. Contrarily, in response to an additional manual restraint stressor, the

14



active response strain showed higher NE levels. Kruk, et al., (1998) suggested that
the increase in stress hormone levels, such as that of CORT, was due to the
stimulation itself and not caused by the stress of fighting. Japanese quail that had
been selected for short T1, or low fear response, had relatively low concentrations of
CORT in response to a stressor than did those birds selected for long Tl, or high fear
response (Launay, 1993 as cited in Korte et al., 1997). These results show that
hormonal indicators of stress are better looked at in combination, as suggested by

Mostl and Palme (2002).

Intermingling laying hens of different strains was also shown to increase the
social stress of the birds (Cheng et al., 2002). Hens of different strains selected for
high and low group productivity and survivability (HGPS and LGPS, respectively),
when intermingled with those of the Dekab XL strain (acommercial strain), were
found to have altered DA and CORT concentrations. LGPS hens had an increased
DA and CORT responses, when housed with hens from a different strain, compared
with HGPS hens. Layers from the Dekalb XL strain were also found to have an
increased CORT response to intermingled housing, when compared to the high

survivability strain.

Sgoifo et al., (1996) analyzed EPI, NE and CORT responses in rats of various
levels of aggressiveness, to both social stress (a defeat experience in an aggressive
encounter with an alien male) and nonsocial stress (presentation of a shock-prod).

Social stress was found to induce a much greater catecholaminergic and
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glucocorticoid effect than did the nonsocial stress. Aggressiveness was defined as the
latency to attack in an inevitable agonistic encounter. Comparison of high and low
aggressive animals determined that the more aggressive the animal, the greater the

chatecholaminergic reactivity to both social and nonsocial stressors.

Catecholaminergic reactivity to stress was measured in male tree lizards by
Matt et al. (1996). They discovered a significant and rapid increasein EP, NE and
DA infreeliving males as aresponse to amanual restraint stressor. From the results
of this experiment they suggested that catecholamines measured following restraint
requires that time to bleed be used as a covariate. Concentrations of EPl and NE
increased 10 to 30 times their basal levels during aggressive encounters and remained
high for a period following the encounter. DA was found to be slightly higher during
and following aggressive encounters, but not significantly different from baseline
levels. Variability of DA was considerably high and animals were not separated into

winner and loser categories for analysis.

An experiment on the behavior and hormone levelsin cats (Kojimaet a.,
1995) showed that NE increased only with threats but not with restlessness, while EP
and cortisol (the predominant glucocorticoid measured in most mammalian species)
levelsincreased with both threats and restlessness. This suggests that different
catecholaminergic responses between strictly active behaviors and aggressive
behaviors. Portaet al. (1995) showed that rats previously exposed to high levels of

EP had higher dopaminergic reactions to later stress than did those without previous
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exposure. The pretreated rats were also found to have significantly decreased free NE
concentrations and significantly increased free EP concentration. Thelr results
indicate that in addition to having different mediating abilities on the body’ s ability to

cope with stressful situations, there may be a feedback |oop between catecholamines.

Epinephrine concentrations are of high economic importance in the poultry
industry asit has been linked to productivity and survivability in laying hens (Cheng,
et a., 2001). Cheng showed that athough there was no significant differencein NE
levels aone between high and low group productivity and survivability (HGPS and
LGPS, respectively); the ratio of EP to NE was greater in the low group productivity
and survivability. These results indicate that the sympathetic-adreno-medullary
system is linked to the welfare and productivity of birds. HGPS birds have been
suggested to have a unique coping capability to their domestic environment as well as

their survivability.
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Chapter 2. The Effectsof Artificial Marking on Aggression

2.1 Abstract

Animals are often marked in awide range of experiments from behavior and
wildlife management, to reproduction and pharmacol ogical studies for identification.
However little is know regarding the consequences that marks may have for the
animals, particularly when only a small proportion of group members received them.
The objective of our investigation was to determine the impact of marking on the
level of aggressive interactions in the domestic fowl (Gallus gallus domesticus).
Specifically we wished to determine whether the effects may be different at different
experimental group sizes and when different proportions of individuals are marked.
We hypothesized that aggression to marked bird will increase as proportion of
marked birds in the group decreases and these effects will be evident in both large
and small GS We used 1260 one day old broilers that were divided into groups of 10
and 50. Within each of these group sizes we marked 20%, 50% or 100% (positive
control) of the individuals. Each group size by percent mark treatment combination
was replicated six times. Aggressive interactions of al individualsin the pen were
observed from 3 to 10 wks of age and we recorded whether the bird giving or
receiving the aggression was mark or unmarked. Our results revealed that, as
hypothesi zed, marked individuals received significantly more aggression per bird
than did their unmarked pen mates. Marked birds in both 20% and 50% groups

received significantly more pecks (0.083 and 0.065 pecks/bird/10 min, respectively)
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than the unmarked birds in 20% and 50% and marked birds in 100% groups (0.024,
0.021, and 0.033 pecks/bird/10 min, respectively, P<0.0001). Marked individualsin
20% groups aso received significantly more threats (0.095 threats/bird/10 min) than
their unmarked counterparts and the birds in 100% groups (0.045 and 0.052
threats/bird/10 min, respectively, P=0.0018). Moreover, marked individuals were
also found to deliver significantly fewer aggressive acts when housed in groups of 50
birds than their unmarked pen mates. Pecks delivered by unmarked birds in groups of
50 during period 4 in both 20% and 50% pens (0.086 and 0.074 pecks/bird/10 min,
respectively) were significantly higher than for marked birds (0.046 and 0.037
pecks/bird/10 min, respectively; P=0.0063). Our results provide strong evidence that
marking affects the level of aggression received by the domestic fowl. However the
differential results obtained when the totality of the group members are marked

suggest that marked birds become a “target” only when some are marked.

Key Words: aggression, aggressive behavior, marking, domestic fowl,

methodological bias

2.2 Introduction

In a study examining the effects of varying group size (Estevez et al., 2003) in
flocks of the domestic fowl, but containing the same number of focal birds across
group size (GS), focal birds were found to deliver fewer aggressive acts but to receive
more as GSincreased. In that study, since the number of marked individuals

remained unchanged as GS increased, the percentage marked within the group
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progressively decreased. Hughes et al. (1997) reported a similar discrepancy between
aggression received and given by focal birds. Estevez et a. (2003) suggested that
when marked individuals comprise asmall portion of the group, the markings could
distinguish them from the rest of the group members, causing them to be attacked at a

greater frequency.

Early studies on the social behavior of the domestic fowl by different authors
revealed that morphological changesimpair individual recognition of group members.
Guhl and Ortman (1953) changed the physical appearance of individual chickens by
dying their feathers, adding feather extensions and comb alterations. These chickens
were then returned to their original flock. Guhl and Ortman’s results indicated that
altered birds, and especially those with changes to the comb and feather color, were
met with increased aggression by dominants but also by birds that previously were
subordinate to the altered birds. Guhl (1953) demonstrated that subordinates attacked
hens that had been removed and dubbed upon their return to the original flock. Ina
related study by Marks et a. (1960) in which dubbed and non-dubbed pullets were
intermingled, dubbed birds had lower socia status than intact birds. Similarly, Siegel
and Hurst (1962) determined that flocks of dubbed chickens exhibited a greater
frequency of aggressive interactions than did flocks of non-dubbed chickens, possibly
due to increased difficulties with individual recognition of group members that were

dubbed.
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In asocial hierarchy of domestic fowl, the mgjority of aggressive pecks are
directed towards birds at the bottom of the social order (McBride, 1960; Guhl, 1969).
It isaso well established that less familiar birds fight with greater frequency than will
more familiar birds (Lindberg and Nicol, 1996). The number of conspecificsthat a
bird can recognize has not been definitively established. Douglis (1948) showed that
hens had the ability to recognize up to 27 individuals. Guhl (1953) determined that
hierarchies existed in flocks of up to 96 birds. However, individual recognition was

not assessed.

D’ Eath and Keeling (2003) demonstrated that birds were far more likely to fight
with an unfamiliar than afamiliar bird when housed in small groups of 10. Inlarge
groups with 120 birds there was no difference in the frequency of aggressive
encounters between familiar and unfamiliar birds. Bradshaw (1991) proposed that the
formation of dominance hierarchies within groups of fowl and their propensity to
show aggression toward unfamiliar birds are probably associated with individual
recognition. Chickens housed in large commercia groups may be unable to
recognize large numbers of individuals and therefore be unable to form stable

dominance relationships (McBride and Foenander, 1962).

Estevez et d., (1997) and Pagel and Dawkins (1997) suggest that the
establishment of ahierarchy isonly beneficial in small groups when thereisahigh
likelihood of encountering the same bird. Therefore, a dominance hierarchy will not

be established in situations in which the chances of encountering the same bird
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multipletimesislow. Furthermore, Pagel and Dawkin’s model (1997) suggests that,
in large groups where individual recognition may be difficult, status signals take the
place of active dominance relationships, and identifiable marks, or “status badges”,
may increase the likelihood of recognition of the birds' dominance status (Pagel and
Dawkins 1997). Itispossible, therefore, that artificial marks used for the purpose of
individual recognition in behavioral studies may inadvertently act as negative “ status
badges’ and affect the social relationships among birds within a group, particularly if
the number of these marked birdsislow in relation to the other, unmarked, group

members.

The purpose of this study was to test the hypothesis that artificial marks were
indeed a disruptive modification of the bird’'s appearance. We predicted that these
marks would attract increased aggression from conspecifics. Subsequently,
aggression given by these birds would be depressed. It is our contention that this
effect would be more severe as percent marked decreased and would be consistent for

al ages and GS.

2.3 Materials and methods

2.3.1 Animals and Management

See Appendix 6.1
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2.3.2 Experimental Design

This experiment was set up as an incomplete 2 x 3 x 2 factoria design. Pens
were set in arandomized complete block design, with seven complete blocks, to
control for location within the house. All birds were divided on day oneinto 42
groups of 10 or 50 chicks (21 pens per GS). Each of these groups were then assigned
randomly to one of three percentages of marking in which the number of total birds
marked was 20%, 50%, or 100% of the group. The group containing 100% marked
birds was our positive control group in which al individuals were marked, but none
was different from the other group members. The third factor was the marking or
lack of marking applied as awithin pen treatment. Pen size was constant for all
experimental group sizes; therefore bird density varied simultaneously with group
size. Rearing densities maintained from day one through week 11, were 2.22

birds/m? and 11.11 birds/m? for groups of 10 and 50, respectively.

Marked birds were tagged using adual marking system. Using the Swiftack®
system we attached two laminated paper disks approximately 3.5 cm in diameter to
either side of the neck of the bird. The disks were attached with a plastic filament.
Thisisafairly painless procedure and has been used in the past for individual bird
identification with good results (Cornetto and Estevez, 2001). Laminated paper disks
were used due to the light weight as well as the versatility to individual experimental
needs and ease of replacement. The disks were numbered to distinguish between

individua birds. All tag numbers used were double digit so that all birds carried

! Swiftack for poultry identification system. Heartland Animal Health, Inc. Fair Play, Missouri
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approximately the same amount of marking. Marked birds also carried an additional
mark on the back of the head area. The head mark was alarge black dot
(approximately 5-6 cm in diameter) made with a non-toxic marker. Retagging
occurred only in sporadic occasions as tags fell out, but remarking of the head mark

was necessary every two weeks from five to ten weeks of age.

2.3.3 Observational Techniques

Behavioral observations were taken from the alley between the pens. The
observer stood at the front of the neighboring pen to interfere as little as possible with
the interactions of the birds. Pens within a block were assigned to 10 minute periods
for observation within the same hour. Observations across blocks were balanced for
time of day and day within each week. Each pen was observed for 10 minutes, 5
times every 2 wk period from 3 to 10 wks of age. Observations included all
aggressive behaviors given, aggressive behaviors recelved, and identification of any
tagged individuals involved in the interaction. Aggressive behaviors recorded are
described below. Observational datawere recorded with the aid of a laptop computer

using the Observer software package from Noldus”.

2.3.4 Behavioral Definitions

2 Noldus Information Technology. 1995. Version 3.0 Wageningen, The Netherlands
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Behaviors observed (modified from Estevez et. al., 2002) were the following.
Avoidance, one bird actively evades another bird. Avoidances recorded the two birds
involved. Avoidance was counted toward the bird actively evading a conspecific.
Times avoided was counted toward the bird which was being avoided, when the
object of avoidance was apparent. Avoidance were considered received aggressions
because they imply alack of aggressive propensity. Times avoided were considered
with given aggressions because they imply a propensity for aggression as a possible
reason for conspecificsto avoid it. Chase was recorded when one bird took more
than 2 steps following another bird in an aggressive manner. Fight was noted when at
least one kick was delivered accompanied by at least one peck to the head. The fight
was noted as given by the bird that delivered the peck in the fight, if both birds
delivered pecks, both birds were noted separately as giversin the fight. Fight with
peck to the body, was considered when at |east one kick was delivered accompanied
by at least one peck to the body or legs. Peck, at least one peck to the head was
delivered. Peck to the body, at |east one peck to the body was given. Peck to the tag,
was recorded when at |east one non-aggressive peck was delivered to the
identification tag of amarked bird. Threat was considered when one bird stood with

head held higher than the other bird and at times with the neck feathers raised.

2.3.5 Statistical Analysis

Aggressive behavior data were analyzed as a blocked factorial using a Mix

Model repeated measure analysis of variance (ANOVA). Age of the birds was
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considered the repeated measure and was fit to an appropriate covariance matrix for
each behavior. Age of the birds wasfit into 4 periods of 2 wks each from 3 to 10 wks
of age. Variance partitioning was used to correct for heterogeneity of variance and
log transformation was used when needed to correct for normality. Aggressive
behaviors, both received and given by marked and unmarked individuals were
compared across blocks, marked treatment, GS, and period. Treatment groups for the
purposes of statistical analysis were a combination of the group size treatment,
percentage of birds marked, and within pen treatment, whether the birds were marked
or unmarked, making atotal of 5 treatment groups (marked birds from 100% marked
pens, marked birds from 50% marked pens, unmarked birds from 50% marked pens,
and marked birds from 20% marked pens, and unmarked birds from 20% marked
pens). Least square means were reported for all treatment groups, GS and periods.
Contrasts were used to determine significance using the Sidak adjustment to maintain
an experimental alphaof 0.05. Main effects and interactions were tested using
contrasts for marked compared with unmarked (in 20 and 50% marked groups only),
and for percentage marked between 20, 50, and 100% marked pens (using marked
birds only). Comparisons were made within treatment group, GS, and period.
Comparisons across treatment groups included comparisons within percent marked
pens, each treatment to control, and marked across al percent mixtures as well as
unmarked across all percent treatments. Datawere analyzed using SAS 8.2

software®.

3 SAS|Institute Inc., 1999 Version 8.2 ed. Cary, NC
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2.4 Results

2.4.1 Aggression received

Treatment by period interactions revealed that marked birds received
significantly more fights (Table 2-1, Fig. 2-1) than unmarked birds in 50% pens and
significantly more than the positive control (100% marked) during period 2.
Unmarked birds in 20% pens received significantly less fights than the control in
period 1. No significant differences were found in fightsin periods 3 and 4, nor due

to group size or on itsinteraction with other factors (Table 2-1).

Marked birds in both 50 and 20% pens were found to receive significantly
more pecks than their unmarked pen mates (Table 2-1, Fig. 2-2) and the marked birds
in the positive control group. No significant interactions were found between
treatment and group size for pecks received. A significant GS by period interaction
was found in the frequency of pecks received. Birdsin GS 50 were found to receive
significantly more pecks in period 4 than in period 2, while no differences were found
in the other periods or in the group size of 10 (Table 2-2). Similarly, asignificant
treatment effect was found for threats received. Marked birds in 20% pens received
significantly more threats than their unmarked pen mates (Table 2-1, Fig. 2-3) or the
birds in the 100% pens, but not significantly more than marked birds in 50% pens.
Frequency of threats was also higher for marked birds in 50% pens as compared with
unmarked, however these frequencies were not significantly different from each

other. A significant GS by period interaction was also found in threats received.
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Birdsin GS of 50 received significantly fewer threats per bird in groups of 10 in both
periods 1 and 2. No significant difference was found between GSin periods 3 and 4,

or within each GS across age (Table 2-1 and 2-2).

In GS 10, marked birds in 20% pens were found to avoid other birds
significantly more than their unmarked pen mates (Table 2-1, Fig. 2-4), the marked
birds of 50% pens, and the control birds. Marked birdsin 20% pens were found to
avoid conspecifics more frequently in GS 10 compared to GS 50 (Fig. 2-4). Analysis
of avoidances revealed a significant GS by period interaction. Birdsin GS 10 were
found to avoid conspecifics significantly more frequently than birdsin GS 50 during
period 1. No significant differences were found among treatment groups in the other
3 periods. Birdsin GS 10 avoided conspecifics significantly more often in period 1

than time periods 3 and 4 (Table 2-1 and 2-2).

Marked birds received significantly more pecks to the tag in 20% and 50%
pens compared to the birds of 100% pens during the first period (Table 2-1, Fig. 2-5).
Pecks to the tag in 20% and 50% pens were significantly more frequent during period
one compared to the later periods; however, this difference across periods was not
seen in 100% pens. No significant differencesin pecks to tag were found during the

other time periods (Fig. 2-5).

Other behaviors such as chase, peck to the body and fights with peck to the

body were extremely rare. Means and standard errors are represented in Table 3.
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Significant differences were found only in the pecks to the body in 20% pens, in
which marked birds received significantly more pecks to the body than their

unmarked counterparts (Table 2-3).
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Table2-1 Mode and ANOV A results for aggressive behaviors received.

Source df F P
Fight
Group Size (GS) 1,71 0.11 0.763
Treatment 4,71 4.89 0.0015
Treatment* GS 4,71 1.43 0.2343
Period 3,90 14.04 0.0001
Treatment* Period 12,126 2.50 0.0057
GS*Period 3,90 0.11 0.9561
Treatment* GS* Period 12,126 1.29 0.2303
Pecks df F P
Group Size (GS) 1,44 0.65 0.4254
Treatment 4111 16.83 0.0001
Treatment* GS 4111 1.32 0.2687
Period 3,113 477 0.0036
Treatment* Period 12,153 1.24 0.2632
GS* Period 3,113 4.28 0.0066
Treatment* GS* Period 12,153 1.63 0.0899
Threats df F P
Group Size (GS) 1,37 17.15 0.0002
Treatment 4,39 5.25 0.0018
Treatment* GS 4,39 0.46 0.7665
Period 3,64 2.20 0.0964
Treatment* Period 12,64 1.58 0.1134
GS* Period 3,64 4,09 0.0101
Treatment* GS* Period 12,81 1.70 0.0823
Avoidances df F P
Group Size (GS) 1,44 15.62 0.0003
Treatment 4,44 6.76 0.0003
Treatment* GS 4,44 4.36 0.0047
Period 3,69 5.66 0.0016
Treatment* Period 12,89 1.42 0.1733
GS*Period 3,69 4.80 0.0043
Treatment* GS* Period 12,89 111 0.3610
Peck at Tag Df F P
Group Size (GS) 1,30 8.27 0.0095
Treatment 2,20 5.85 0.0102
Treatment* GS 2,20 1.87 0.1806
Period 3,87 37.28 0.0001
Treatment* Period 6,87 494 0.0002
GS*Period 3,87 9.66 0.0001
Treatment* GS* Period 6,87 2.00 0.0740
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Table2-2 Mean + SEM number of aggressive behaviors for period x GS interaction
represented in number per bird in 10 min. AB letters represent significant differences
(P<0.05) between GS of the same period. ab letters represent significant difference (P<0.05)
between periods in the same GS.

Aggressions
Received GS Period 1 Period 2 Period 3 Period 4
Peck 10 | 0.058+0.0098"% | 0.041+0.0061"% | 0.028+0.0080"* | 0.042+0.0100"*
50 | 0.048+0.0098"® | 0.025+0.0061% | 0.045+0.0078°® | 0.074+0.0096"°
Threat 10 | 0.099+0.0157°% | 0.122+0.0236"® | 0.067+0.0138"* | 0.058+0.0102"*
50 | 0.047+0.0053%2 | 0.044+0.0040%2 | 0.051+0.0066"% | 0.053+0.0047"2
Avoidance 10 | 0.015+0.0036"% | 0.013+0.0027°%® | 0.002+0.0015*° | 0.006+0.0028"°
50 | 0.004+0.0011%2 | 0.004+0.0014*% | 0.004+0.0010*% | 0.001+0.00052
Peck to 10 | 0.072+0.0054"% | 0.008+0.0054"" | 0.002+0.0055*° | 0.000+0.0055"°
Tag 50 | 0.026+0.0054% | 0.006+0.0054%° | 0.001+0.0054*° | 0.003+0.0054""
Aggressions
Given
Threat 10 | 0.089+0.0142"% | 0.098+0.0120"* | 0.062+0.0144"% | 0.063+0.0105"*
50 | 0.042+0.004552 | 0.038+0.003652 | 0.046+0.0057°% | 0.043+0.0036"?
Times 10 | 0.029+0.0063*2 | 0.018+0.0048"% | 0.004+0.0032*° | 0.008+0.0038"%®
Avoided 50 | 0.005+0.001252 | 0.005+0.0014%2 | 0.005+0.0014*% | 0.002+0.0008"?
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Table 2-3 Mean + SE number of behaviorsreceived per bird in 10 min. ab letters represent
significant differences (P<0.05)

Behavior Received 100% 50% 20%

Marked Marked Unmarked Marked Unmarked
Chase 0.003+0.002°  0.005+0.002° 0.003+0.002* 0.006+0.002° 0.003+0.002°
Fight w Body Peck ~ 0.0005+0.0002° 0.0005+0.0002° 0.0+0.0002* 0.0+0.0003* 0.0+0.0003%
Peck to Body 0.002+0.002®  0.003+0.002® 0.002+0.002* 0.008+0.002* 0.0005+0.002°
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Figure 2-1 Mean fights received (+ SE) for each treatment and period. AB letters
represent significant differences (P<0.05) between periods of the same treatment; ab
letters represent significant differences (P<0.05) within the same period across
treatments.
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Figure 2-2 Mean pecks received (+ SE) for each treatment. ab letters represent
significant differences (P<0.05) across treatments.
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Figure 2-3 Mean threats received (+ SE) for each treatment. ab letters represent
significant differences (P<0.05) across treatments.
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Figure 2-4 Mean avoidances (+ SE) for each treatment and GS. AB letters represent
significant differences (P<0.05) between GS of the same treatment; ab letters
represent significant differences (P<0.05) within the same GS across treatments.
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Figure 2-5 Mean pecks to tag received (+ SE) for each treatment and period. AB
letters represent significant differences (P<0.05) between periods of the same
treatment; ab letters represent significant differences (P<0.05) within the same period
across treatments.
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2.4.2 Aggression given

Marked birds from 20% and 50% pens, as well as unmarked birds form 20%
pens, gave significantly less fights than did the control birdsin period 1 (Table 2-4,
Fig. 2-6). However, there were no significant differences in the frequency of fights
given by unmarked birds in the 50% pens compared to the control and other
treatments groups in period 1. During the second period unmarked birds from 50%
pens gave significantly more fights with pecks than did their marked pen mates, the
marked birds of 20% pens or the control birds (100% pens). No significant
differences in fights given were found between treatments in the third or fourth
periods. Fightswere given significantly more frequently in period 1 in 100% pens,

and in period 1 and 2 by unmarked birds in 50% pens.

There was atreatment by GS by period interaction for pecks given. There
was no significant difference in pecks given between marked and unmarked groupsin
GS 10 (Table 2-4, Fig. 2-7a). However, unmarked birdsin GS 50 for 20 and 50%
pens both exhibited a higher frequency of pecks during period 4 when compared with
periods 1 and 2, and when compared with period 3 in 20% pens. Therewasa
significant difference in the unmarked birds of 50% pens between time period 1 and
3. Unmarked birdsin GS of 50, of both 20% and 50% pens, were found to give more

pecks than their marked pen mates or the control birds during period 4 (Fig. 2-7b).
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Regarding the frequency of threats given, unmarked birds in 50% pens
delivered significantly more threats than any of the birdsin other treatments during
period 1 (Table 2-4, Fig. 2-8). In period 2 unmarked birds of 50% pens delivered
significantly more threats than control birds, but there was no significant difference
between them and their marked pen mates or the unmarked birdsin 20% pen. There
was no significant difference in threats delivered during periods 3 and 4. Unmarked
birds in 50% pens delivered significantly more threats during period 1 and 2 than
during period 4 (Fig. 2-8). Frequency of threats given was also found to be affected
by asignificant GS by period interaction. There was asignificant increase in threats
given in GS 10 compared with GS 50 for both periods 1 and 2 (Table 2-2) but not for
periods 3 and 4. During periods 1 and 2, birdsin GS 10 were avoided more often then

birdsin GS 50 (Table 2-2).

Unmarked birds in 20% pens were avoided significantly more often than their
marked pen mates (Table 2-4, Fig. 2-9), but not when compared with the control
birds. Unmarked birdsin GS 10 were avoided significantly more frequently than
were birdsin GS50. A significant GS by period interaction was also found in the
number of times abird was avoided. Birdsin GS 10 exhibited a significant decrease
in the number of instances of being avoided during period 3 compared to periods 1

and 2.

Regarding pecks to the tag, there was a significant interaction between

treatment, period and GS (Table 2-4). During period onein GS 10, marked birdsin
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50% pens delivered more pecks to the tag than any other treatment group (Fig. 2-10).
Unmarked birds of GS 10 in 50% pens delivered |ess pecks to the tag than their
marked penmates, but more than the control or the unmarked birds of 20% pens
during period one (Fig. 2-10). Marked birds of GS 10 in 20% pens delivered
significantly less pecks to the tag than birds of any other treatment during this period
(Fig 2-10). All birds of GS 10, except marked birds of 20% pens, delivered
significantly more pecks to the tag during period one than all other periods. No
significant differences in pecks to the tags were found between treatments during any
other period. During period one, unmarked birds of 50% pens as well as marked
birds of both 50% and 20% pens delivered significantly more pecks to the tag in GS
10 compared to birds of GS 50 of the same treatment (Fig. 2-10). No significant

differences were found between treatment or period in birds of GS 50.

Other behaviors such as chase, peck to the body and fights with peck to the

body were rare and no significant differences were found. Means and standard errors

are represented in Table 2-5.
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Table 2-4 Model and ANOVA results for aggressive behaviors given.

Source df F P
Fights
Group Size (GS) 1,73 0.37 0.5452
Treatment 4,73 7.58 0.0001
Treatment* GS 4,73 1.40 0.2439
Period 3,89 17.61 0.0001
Treatment* Period 12,125 3.71 0.0001
GS* Period 3,89 0.34 0.7960
Treatment* GS* Period 12,125 1.28 0.2393
Pecks df F P
Group Size (GS) 1,35 0.02 0.8828
Treatment 4,35 2.96 0.0332
Treatment* GS 4,35 111 0.3659
Period 3,125 2.58 0.0566
Treatment* Period 12,125 1.47 0.1424
GS* Period 3,125 4.32 0.0062
Treatment* GS* Period 12,125 2.47 0.0063
Threats df F P
Group Size (GS) 1,30 26.00 0.0001
Treatment 4,30 11.29 0.0001
Treatment* GS 4,30 2.74 0.0467
Period 3,61 1.50 0.2224
Treatment* Period 12,77 2.07 0.0293
GS* Period 3,61 2.76 0.0497
Treatment* GS* Period 12,77 153 0.1316
Times Avoided df F P
Group Size (GS) 1,40 23.33 0.0001
Treatment 4,39 12.63 0.0001
Treatment* GS 4,39 6.48 0.0004
Period 3,61 5.01 0.0036
Treatment* Period 12,76 1.72 0.0780
GS* Period 3,61 4.17 0.0094
Treatment* GS* Period 12,76 1.33 0.2171
Peck to Tag df F P
Group Size (GS) 1,31 9.02 0.0053
Treatment 4,90 5.83 0.0003
Treatment* GS 4,90 3.31 0.0140
Period 3,208 41.21 0.0001
Treatment* Period 12,207 2.89 0.0010
GS* Period 3,208 8.08 0.0001
Treatment* GS* Period 12,207 2.29 0.0094
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Table2-5 Mean + SE number of behaviors given per birdin 10 min. ab letters represent
significant differences across treatments for each behavior (P<0.05).

Behavior Given 100% 50% 20%

Marked Marked Unmarked Marked Unmarked
Chase 0.003+0.002* 0.002+0.002° 0.007+0.002* 0.003+0.002*  0.004+0.002%
Fight w Body
Peck 0.0005+0.0002% 0.0003+0.0002% 0.0001+0.0002% 0.0000+0.0002% 0.0000+0.0002*

Peck to Body 0.002+0.001°  0.002+0.001*  0.004+0.001*  0.001+0.001°  0.002+0.001°
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Figure 2-6 Mean fights given (+ SE) for each treatment and period. AB letters
represent significant differences (P<0.05) between periods of the same treatment; ab
letters represent significant differences (P<0.05) within the same period across
treatments.
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Figure 2-7 Mean pecks given (x SE) for each treatment and period in (a) GS 10 and
(b) GS50. AB letters represent significant differences (P<0.05) between periods of
the same treatment; ab different letters represent significant differences (P<0.05)
within the same period across treatments; (*) represents significant differences
(P<0.05) with in the same period and treatment across GS.
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Figure 2-8 Mean threats (= SE) given for each treatment and period. AB letters
represent significant differences (P<0.05) between periods of the same treatment; ab
letters represent significant differences (P<0.05) within the same period across
treatments.
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Figure 2-9 Mean times avoided (+ SE) for each treatment and GS. AB letters
represent significant differences (P<0.05) between GS of the same treatment; ab
letters represent significant differences (P<0.05) within the same GS across
treatments.
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Figure 2-10 Mean pecksto tag given (x SE) for each treatment and period in (a) GS
10 and (b) GS 50. AB letters represent significant differences (P<0.05) between
periods of the same treatment; ab different letters represent significant differences
(P<0.05) within the same period across treatments; (*) represents significant
differences (P<0.05) with in the same period and treatment across GS.
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2.5 Discussion

2.5.1 Aggression received

Artificial markings have previously been used for individual recognition;
however, Estevez et a. (2003) suggested that discrepancies between aggression given
and received by marked focal birdsin larger GS may be due to the focal birds
receiving a disproportionate amount of aggression when compared to unmarked birds.
No previous research has been done to examine the effect of the marks on the
aggressive behavior of the birds bearing them, or of the aggression of the rest of the
group toward them. Our results indicate that marked birds generally received
significantly more aggression than their unmarked counterparts. In behaviors that did
not show significant differences, due in part to high individual variance, there was
still an obvioustrend. The differences were most obvious in pens with fewer marked
birds. This supports our hypothesis that marking has an effect on the amount of
aggression received and thus as marked birds make up a smaller percentage of the
group, the amount of aggression that they receive increases. The only exception to
this pattern was seen in fights received, where fights received by marked birds were
greater than for the positive control birds only in pens with an equal proportion of
marked and unmarked (during period 2). Even though fights received were based on
the bird that received the peck during the fight, fighting is the only aggressive
behavior considered in this experiment that requires some aggressive propensity from

both individualsinvolved. A bird confronted by an aggressive bird in a pen could
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simply retreat or submit after receiving athreat or peck, or it could remain for afight.
When marked birds make up a greater portion of the group, they may be more likely
to fight back. These birds still receive more aggression due to the marks. However,
more time and energy is required by the unmarked birds to defeat their marked pen
mates. Thisis supported by our finding that marked birds in 20% pens avoided
conspecifics more often and more threats and pecks were received by marked birdsin

20% pens than in the positive control.

Artificial marking is a clear manipulation of the physical appearance of the
individual. As seenin previous studies of dubbed birds, and birds with physica
aterations to the feathers and comb, modifications of the physical appearance of an
individual will affect its behavior as well as the manner in which conspecifics behave
toward it (Guhl and Ortman, 1953; Guhl, 1953; Marks et al., 1960; Siegel and Hurst,
1962). Artificial marking, much like dubbing, attracts increased levels of aggression
from conspecifics. However, the mechanism for thisincreased aggression is not as
clear. We have evaluated our results considering several hypothesis; handling of the
birds could increase the level of aggression received by marked birds, the novelty of
the marks themselves could be attracting aggression, because marks increase the
physical dissimilarity causing increased aggression due to kin recognition theory, or

marked birds could be receiving more aggression due to the marks as status “ badges.”

Handling
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Handling is confounded with the marking process for all experiments utilizing
this methodology. Handling has been shown to alter stress and behavior in rats and
mice (Gariepy et a., 2002; Silveiraet a., 2004). Marked birds were caught and
handled much more frequently than unmarked birds in order to apply and maintain
the marks. Theincrease in stress and more gentle behavior caused by handling
(Gariepy et al., 2002; Silveiraet a., 2004) could have potentially caused the birds to
receive disproportionately more aggression than unmarked birds. 1f handling was a
primary factor in attracting aggression toward the marked birds, we would expect to
see the positive control birds also receiving high levels of aggression. Instead we see
that in most cases, marked birds of 20% and 50% pens received significantly more
aggression compared to both their unmarked penmates as well as control birds. This
hypothesis also does not provide an explanation for the increase in aggression

received by marked birds as percent marked decreases.

Attraction to the marks

Marks could present a novel stimulus that elicits fear and eventually
aggression from flockmates. Social and environmental novelties have been found to
elicit fear and increase aggression in chickens in numerous studies (Lindberg and
Nicol, 1996; Marin et. a., 2001; Jones et. a., 2002). To determineif the birds are
more aggressive toward the marked birds because the marks are novel stimuli, we
must examine the pecks directed at the identification tags. Although we did see some

pecks to the tags, supporting the possibility that the birds were, to some degree,
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attracted to the novel stimulus, this effect was only apparent during the first time
period. If novelty was the primary factor increasing aggression we would expect to
see greater frequency of pecks toward the marks and the tags and fewer threats and
fights which are not directed at the marks, but instead at the bird bearing the mark.
We a so noted more pecks to the body received by marked birds when the proportion
of marked was the lowest; clearly these attacks were not directed at the marks. If the
aggression was driven by the novel stimulus we would also have expected that the
level of aggression received by marked birds would decrease with time, and that is
not the case for many of the behaviors considered, such as threats, pecks and
avoidances. Aswith the kin selection theory and the handling hypothesis, we would
also expect to see increased aggression in the pens with al birds marked if the
aggression was due to the presence of anovel stimulus, or directed at the marks

themselves.

Kin recognition

Kin recognition theory offers a good explanation for the differencein
aggressive interactions received by marked and unmarked birds. Altruistic-like
behaviors, including cooperation and decreased aggression, are generaly linked to
kin selection (Keller, 1997). Kin recognition operates on the degree of relatedness
between individuals (Johnson, 1991; Keller, 1997). The obvious and intensely
studied question for any given speciesis how relatednessis assessed. Most vertebrate

species appear to use physical similaritiesto aid in assessing rel atedness between
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individuals (Hamilton, 1964; Johnson, 1991; Hancock and DeBruine, 2003). Jaisson
(1991) suggested that the degree of physical dissimilarity, indicating alow degree of
relatedness, might be aleading factor for increased aggression. This supports our
finding that as percentage marked decreases, thereby increasing the dissimilarity
between marked and the rest of the group, aggression received increases. A number
of studiesin birds also have shown that filial imprinting has alarge impact on an
individual’ s ability to discern relatedness of individualsin the future (Halpin, 1991;
Johnson, 1991; Bukacinski et al., 2001). Filia imprinting could explain our finding
that marked birds consistently received more aggression, even in groups of 50%
marked, in which there is the same level of difference between any bird and the mean
physical appearance of the group. Since marking was done on day one, filial
imprinting for the unmarked model is not a satisfying answer. Birds would have been
imprinted to whatever marked or unmarked model that they were introduced to on
day one and continue to be housed with throughout the observational period. If kin
selection was the only force affecting the aggressive behavior, we would not expect to
see any difference in marked and unmarked birds of 50% pens. In both 100% and
50% pens no bird appears any different from the mean phenotype of the pen, however
the variance is greater in the 50% pens as opposed to the 100% pens. Therefore, we
might expect to see an overal increase in aggression in the 50% pens when compared

to our positive control, but not between the marked and unmarked birds.

Satus “ badges’
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Marks appear to provide a compelling subordinate status badge similar to the
lower status observed when layers were dubbed (Guhl and Ortman, 1953; Guhl, 1953;
Marks et a., 1960). Status “badges’ have been suggested to help to identify the
social status of the bird in place of active dominance relationships of birdsin large
GS (Pagel and Dawkins, 1997). However, in this experiment we have shown that the
increase in aggression toward marked birdsis similar across large and small GS. This
alone does not debunk the theory; it does however, suggest that the mark presents a
conspicuous status badge, attracting aggression even in small GS. As these badges
occur in greater number in the group, they seem to attract less aggression. When they
arerare, they may infer alarger negative status. The status “badge” hypothesis
suggests that the effect of status “badges’ should be seen only in large GS. However,
we have shown their effect in both large and small GS. Pagel and Dawkin’s model
focused on dominant status “badges’ and marks may confer a negative status. As
negative status badges these marks may infer a decreased health or fitness, the affects
of which would be regardless of GS. Differentia levels of aggressive behaviors have
also been linked to differential stress coping capability as well asimmunocompetence
(Cheng et al., 2001; Denniset a., 2004). Marks themselves, by discolored plumage,
may indicate decreased health or presence of a parasite. As suggested by Hamilton
and Zuk’ s parasite hypothesis (1982), bright plumage of males, shown to be a
dominant status badge, may infer aresistance to parasites. This same mechanism
might hold true for other status badges such as marks. Artificial marks on the
plumage of males may infer the existence of, or susceptibility to, parasites or disease.

Thiswould explain the increase in aggression received by marked birds in both 20%
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and 50% pens over the positive control, in which al individuals were marked. If the
marks were to infer susceptibility to parasites, we would not expect an increase in
aggression when all birds are marked because there is no difference in the fitness of

the individuals.

2.5.2 Aggression given

Our data showed that the use of artificial marks not only increased the level of
aggression received by marked birds, but also decreased the amount of aggression
given. Inaddition, for all aggressive behaviors except for fights, aggression given by
unmarked birds was higher than the level observed for control birdsin the 100%

pens.

Decreased aggression given by marked birds is most likely due to the fact that
they are the targets of considerably more aggressive encounters. Recent studies have
determined that previous experience in aggressive encounters is one of the most
important determinants in the outcome of future aggressive encounters (Hsu and
Wolf, 1999; Cloutier and Newberry, 2000; Hsu and Wolf, 2001; Beacham, 2003).
The loser effect hypothesis (Hsu and Wolf, 1999) provides an explanation for the
birds that receive increased levels of aggression also giving decreased level s of
aggression. Previous losing experience greatly increases the probability of losingin

subsequent encounters. As the marked birds are attracting more aggression from
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birds in the pen, there is an increased probability for them to lose at least some of
those interactions. The losing experience will increase the probability that the bird
will lose subsequent encounters and therefore it will become less likely for marked

birds to be engaged in aggressive interactions.

The increased aggression of unmarked birds was most noticeable in pens with
alarger percentage of marked birds. Asargued earlier in fights received, groups with
more equal mix of marked birds and unmarked birds may represent a more unstable
group environment requiring more aggression to defeat the marked birds.
Alternatively, groups with more marked birds may simply present more targets for

aggression.

2.5.3 Conclusion

Artificial markings have long been used as a means by which researchers can
identify specific individuals under an experimental treatment. However, it is now
obvious that the marks distinguish the birds from each other aswell. Marking acts as
an additional treatment, increasing the level of aggression received by the individual
and decreasing the level of aggression an animal will deliver to conspecifics,
especially when the marked birds make up a smaller portion of the group. Our results
suggest that using artificial marks to distinguish individual s introduces a serious bias
into the results of any such experiment. Aggressive behaviors can be severely altered

by this seemingly harmless observational methodology. In comparison with our
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positive control the hypothesis of subordinate status “badges’ attracting increased
aggression to the birds bearing them makes the most compelling explanation for the
differences found in levels of aggression received. As seen in studies of selection on
plumage of wild birds, status “badges’ may confer information about the fitness of
theindividual. Marks may infer to the group that the bird bearing the mark is
diseased or of lower fitness. Regardless of the mechanism through which marked
birds receive increased aggression, our findings indicate that the welfare of the
animals and the accuracy of results from studies utilizing marks for individual

recognition may be severely compromised.
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Chapter 3: The Effectsof Artificial Marking on Stressand
Catecholaminer gic Reactivity

3.1 Abstract

Domestic fowl (Gallus gallus domesticus) marked for identification, have
been shown to receive increased aggression from their unmarked counterparts, while
they delivered fewer aggressive acts. Differential aggressiveness due to manipulation
of physical appearance suggests that birds may also be subject to differential levels of
stress and catecholaminergic reactivity. Stress and activity of the sympathetic-
adreno-medullary system was measured in marked and unmarked birds in pens of
group size (GS) 10 and 50 containing 20, 50, and 100% (positive control) birds
marked in the group, as well as from the most and least aggressive birds in 100%
pens. Body mass (BM), tonic immobility (TI) and fluctuating asymmetry (FA) were
assessed and blood samples were collected for hormone analysis. BM from the
second and fifth week revealed a significantly lower body mass in marked birds than
unmarked in 20% and 50% pens (P=0.0062 and 0.0017, respectively). No significant
difference was found in BM, TI, or FA between individuals of differential
aggressivenessin 100% pens. Plasma catecholamine concentrations following
manual restraint, reveal ed a suppressed EP response (P=0.0108) and an increase in
plasma DA (P=0.0382) in marked birds of 20% pens. Birds of differential
aggressiveness were found to have significantly different NE responsiveness to

manual restraint, with the most and least aggressive individuals having significantly
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depressed NE activity compared to the second and third most and least aggressive
birds. These finding indicate a decrease in activation of the active (fight or flight)
stress response, and an increase in stress on marked birds in groups with alow
proportion of marked birds. Birds which are the most and least aggressive when all
individuals are marked have different catecholamine reactivity. The effects of
artificial marks on stress suggest that marking affects the BM, T, and catecholamine
reactivity in some groups. Our results indicate that the application of marks for
identification acts as an additional treatment, increasing the stress on marked

individuals, especialy as marked individuals make up asmaller proportion of the

group.

Key words. Domestic fowl, catecholamine, stress, marking

3.2 Introduction

As described in chapter 2, marked birds in groups of 20%, 50% and 100%
marked were analyzed for differences in given and received aggressive behaviors.
We found that irrespectively of GS, marked birds in both 20% and 50% pens received
increased aggression. These finding were most apparent in groups with alower
proportion of marked birds. We aso determined that marked birds gave fewer

aggressive acts than their unmarked counterparts.
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Aggression and dominance order are strongly correlated with the stress of the
individual (Harding and Follet 1979; Matt et. al. 1996; Hiebert et. al. 2000; Hennessy
et. a. 2002). Numerous studies have shown that individuals receiving greater amount
of aggression, or being of lower socia status, exhibit increased levels of stress
(Sgoifo et al., 1996; Matt et al., 1996; Haller et al., 1997; Hiebert et al., 2000;
Hennessy et al., 2002; Wood et a., 2003). Hormonal parameters are often used to
determine the effects of the physical and social environment on the animal’ s stress
levels, glucocorticoids being most commonly used stress indicators (Korte et al.,
1997; Kruk et al., 1998; Cheng et al., 2001; Mostl and Palme 2002; Wood et al.,
2003). However the key hormones used in overcoming stressful situations are both
glucocorticoids and catecholamines (Hashiguchi, et a., 1997; Korte et al., 1997,
Mostl and Palme, 2002). A study of stressed and unstressed rats, showed that
stressed individuals delivered fewer aggressive acts following exposure to an acute

stressor (Wood et a., 2003).

BM isacommon measure of the level of stress of an individual used in many
experiments with domestic fowl (Estevez et a., 1997; Bilcik and Keeling, 1999;
Nicol et al., 1999; Keeling et a., 2003). BM has also been shown to be positively
correlated with rank and the frequency of double attacks (Cloutier and Newberry,
2000), possibly due to relatively less stress of the aggressors compared with those

receiving the aggression.
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Tl isaresponseto abrief period of physical restraint which is characterized
by areduced responsiveness “catatonic-like” state of reduced responsiveness to
stimuli (Jones, 1986). Typically the bird islaid upside down in aU- or V-shaped
cradle and restrained by light pressure on the sternum for abrief period of time,
usually 15 to 30 seconds. After thisinitial restraint the bird remainsin the
characteristic catatonic-like state for a period of time afterward, known asthe Tl
duration or latency time to right itself. Thisreaction isthought to be an evolutionary
adaptation to predation, in which the bird would enter the immobile state after it was
caught until the predator lightened or let go of its grip, giving the bird a chance to
escape (Jones, 1996). However, Tl isaso used to show the level of stressrelated to
the fear response of anindividual. Longer TI durations have been shown to be
indicative of increased level of fear of an individual (Jones, 1986). An increased fear
response to stress is also indicated by fewer inductions required to achieve Tl (Jones,

1986).

A newer approach to determine stressis the evaluation of FA. FA isa
measurement of the random deviations from symmetry in ideally bilateraly
symmetric characters (Palmer and Strobeck, 1986; Allenbach et a. 1999). Both
genetic and environmental stress are believed to be major factors contributing to
degree of FA (Palmer and Strobeck, 1986; Parsons, 1990; Mdller et al. 1995). FA has
been positively correlated with an individual’s low capacity to safeguard against

stress (Y ngvesson and Keeling, 2001; Cloutier and Newberry 2002).
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Hormone levels have aso been commonly used to determine levels of stress.
Activity of the sympathetic-adreno-medullary system, evident by increased plasma
EP and NE concentrations, has been linked to active and aggressive responses to
stress (Sgoigo et al., 1996; Haller et al., 1997; Korte et al., 1997; Cheng et al., 2002).
These hormones have also been shown to participate in many physiological processes
related to stress such as motivations and emotions in response to stimuli (Goldstein,
1981; Cheng et a., 2001). Sgoifo et al., (1996) analyzed plasma EP and NE
responses in rats, which exhibited various levels of aggressiveness. Once
aggressiveness of al individuals had been determined, each rat was exposed to both
social stress (a defeat experience in an aggressive encounter with an alien male) and
nonsocial stress (presentation of a shock-prod). Socia stress was found to induce a
much greater catecholaminergic effect than did the nonsocial stress. They also
determined that the more aggressive the animal, the greater the chatecholaminergic
reactivity to both social and nonsocial stressors. Aggressiveness was defined as the
latency to attack in an inevitable agonistic encounter. Comparison of high and low
aggressive animals determined that the more aggressive the animal, the greater the
catecholaminergic (EP and NE) reactivity to both social and nonsocial stressors. Matt
et a. (1996) determined catecholaminergic reactivity to stressin free living male tree
lizards. A significant increasein EP, NE and DA was determined in response to a
manual restraint stressor. Concentrations of EP and NE increased 10 to 30 times their
basal levels during aggressive encounters and remained high for 4 minutes following

the encounter.
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Stress response has been clearly shown to differ among individuals. These
different responses have been selected for in severa different lines of laying hens, by
selecting for birds of high and low feather pecking and high and low group
productivity and survivability, in attempt to obtain a greater understanding of the
different mechanisms utilized for coping with stress (Korte et a., 1997; Cheng et d.,
2001; Cheng et d., 2002). Korte et a. (1997) determined the adrenal and
neurosympathetic responsiveness of |aying hens selected for high and low feather
pecking (HFP and LFP, respectively), under both resting conditions and manual
restraint. Thetwo lines were found to differ in fear response and vocalizations. No
difference existed in baseline plasma NE or EP concentration (obtained through a
catheter). However following 1 min manual restraint, HFP chickens showed higher
plasma NE concentration. Results suggest that HFP chickens show an increasein
activation of the sympathetic-adreno-medullary axis, mediating active behaviora

response to stress.

Kojimaet a. (1995) studied the active and aggressive behavior in cats and the
response of the HPA and sympathetic-adreno-medullary axes. They found that NE
increased with threats but not with restlessness, while EP and cortisol levelsincreased
with both threats and restlessness. EP and NE, the hormones of the “fight or flight”
response, have been linked to the regulation of motivation and emotion in response to
various stimuli, and are often used to indicate an individual’ s ability to cope with
stress (Dillon et al., 1992; Haller et al., 1997; Cheng et a., 2001; Cheng et d., 2002).

EP and NE are involved in the organism’ s preparations for a prospective fight
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through metabolic changes as well as preparing the cardiovascular and nervous
systems (Haller et a., 1997). Aggressiveness of an individual can be induced by

either increased NE concentration or severe depletion of NE (Haller et a., 1997).

The purpose of this experiment is to test the hypothesis that marking animals
for identification purposes causes stress. We expected that marked birds will be
increasingly more stressed as percent marked decreases in both large and small GS.
Marked birds, which received higher frequency of aggression, are expected to exhibit
increased stress response, evidenced by decreased BM, and TI inductions and
increased TI durations, degree of FA and plasma DA concentrations. Since marked
birds also were found to deliver fewer aggressions to conspecifics we would expect to

find a decreased EP and NE response in these birds.

In this experiment we also tested a second prediction that birds of lower
aggressiveness, in pens with all birds marked, will also be more stressed. We
expected to see BM, TI, FA, and DA concentrations to indicate increased stress in
less aggressive individuals in the 100% pens. Measures of NE and EP we expected to
be increased in more aggressive individuals in 100% pens as they exhibit an active

and aggressive coping strategy.

3.3 Materials and Methods
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3.3.1 Animals and Management

See Appendix 6.1

3.3.2 Experimental Design

This experiment was set up as an incomplete 2 x 3 x 2 factoria design. Pens
were set in arandomized complete block design, with seven complete blocks, to
control for location within the house. All birds were divided on day one into 42
groups of 10 or 50 chicks (21 pens per GS). Each of these groups were then assigned
randomly to one of three percentages of marking in which the number of total birds
marked was 20%, 50%, or 100% of the group. The group containing 100% marked
birds was our positive control group in which all individuals were marked, but none
was different from the other group members. The third factor was the marking or
lack of marking applied as awithin pen treatment. Pen size was constant for all
experimental group sizes; therefore bird density varied simultaneously with group
size. Rearing densities were 2.22 birds/'m? and 11.11 birds/m? for groups of 10 and

50, respectively.

Birds were tagged using a dual marking system. Using the Swiftack* system
we attached two laminated paper disks approximately 3.5 cm in diameter to either
side of the neck of the bird. The disks were attached with a plastic filament. Thisisa

common and fairly painless procedure and has been used in the past for individual

* Swiftack for poultry identification system. Heartland Animal Health, Inc. Fair Play, Missouri
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bird identification with good results (Cornetto and Estevez, 2001). Laminated paper
disks were used due to the light weight as well asthe versatility to individual
experimental needs and ease of replacement. The disks were numbered to distinguish
between individual birds. All tag numbers used were double digit so that all birds
carried approximately the same amount of marking. Marked birds also carried an
additional mark on the back of the head area. The head mark was alarge black dot
(approximately 5-6 cm in diameter) made with a non-toxic marker. Retagging
occurred only in sporadic occasions as tags fell out, but remarking of the head mark
was necessary every two weeks. Aggressive behaviors were observed and assessed

until 10 wks of age as reported in chapter 2.

At week ten birds within 100% pens were ranked by number of aggressive
behaviors given from three to ten wks of age. The three birds exhibiting the highest
levels of aggression were labeled H1-H3 (H1 being the most aggressive in the pen
and so on) and the three birds exhibiting the lowest levels of aggression were |abeled

L1-L3 (L3 being the least aggressive in the pen).

3.3.3 Data Collection

At week 11 BM, TI, and FA were assessed from three marked and three
unmarked birds per pen taken at random. In addition, BM was also assessed at two
and five wks. In penswith 10 birds and 20% marked, only atotal of two birds were

marked. In thiscase all marked birds were sampled, and four unmarked birds were
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sampled in order to reduce the overall standard error of the pen. In 100% pens only
three marked birds were sampled. Tl was taken over two days before any other
measures were taken. The additional measures were taken over two days, measuring
complete blocks on the same day. BM and FA were taken immediately following
blood collection so that the time restrained could be controlled for in hormone

anaysis.

At week 11 BM, TI, and FA were assessed from the three most (H1-H3) and
three least (L1-L 3) aggressive individuals per pen, blood samples were a so collected

from the wing vein, as described above.

Live BM at two and five weeks of age was taken from the aisle outside the
pen, in order to minimize the transport stress. At 11weeks of age BM was obtained
directly following blood sampling and FA. TI was conducted following the
procedure as described by Jones (1986). In many cases induction required more than
one attempt; the number of induction attempts was recorded. Once the bird wasin
the characteristic Tl state, the T duration was recorded until the bird righted itself.
To reduce variation only two persons conducted the test and no other persons were
allowed in the testing areaduring Tl. We alowed each bird five minutes latency
time, after which any bird still in the cradle was removed. FA was taken of the right
and left shank length and width using digital calipers®. Individual character

measurements (ICM) were taken of the right and left shank length and width. The

® Digimatic Caliper, Mitutoyo Co., Ltd. Suzhou P.R. China
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ICM of shank length for right and left leg were obtained by measuring the length of
the metatarsus of each leg. The ICM of shank width was defined as the diameter of
the shank perpendicular to the spur. Measurements were taken while bird was
restrained for blood collection in order to obtain accurate measures while minimizing
the number of restraint periods on the bird. Relative FA was determined from the
ICM using the following standard equations (Yang et a.,, 1997; Mdller et d., 1999),

Relative FA = Absolute FA / Character Size

Absolute FA = | Right ICM — Left ICM |

Character Size = (Right ICM + Left ICM) / 2

Sampled birds were captured and restrained manually for no less than 45
seconds before blood sampling began. The time was recorded from the moment the
bird was picked up from its pen until the blood was completely drawn in order to
correct for difference in length of actual restraint time between birds. Three ml of
blood were collected from the wing vein of each sampled bird using a 23 gauge
needle and placed into heparinized tubes for HPLC analysis of plasma catecholamine
concentrations. Samples were immediately centrifuged and plasmaremoved. Plasma

was stored at -80°C until transported in dry ice to Purdue University for analysis.

3.3.4 HPLC Assay
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DA, EP, and NE were measured, in duplicate, from plasma samples using a
plasma catecholamine analysis kit®. Samples were deproteinized and acidified with
100uL 4 M perchloric acid. Samples were centrifuged at 13,000 x g for 10 min at
4°C, acid supernants were added and absorbed onto an alumina minicolumn with
internal standard, dihydrocybenzylamine. Minicolumns were set on arocker to alow
catecholamines to bind to the alumina. Columns were rinsed and eluted using
solutions provided by ESA, Inc. Eluents were injected into the reverse-phase
columns where catecholamines were detected by high performance liquid
chromotagraphy (HPLC) with an ESA Coulochem |1 electrochemical detection’. The
mobile phase flow rate was 1.3 mL/min. Catecholamine concentrations were
calculated from areference curve constructed using the provided standards.

Concentrations were obtained as picograms per ml.

3.3.5 Statistical Analysis

BM, TI, and FA, for marked and unmarked birds, were analyzed as a blocked
factorial using aMix Model anaysis of variance (ANOVA). Variance partitioning
was used to correct for heterogeneity of variance and log transformation was used
when needed to correct for normality. Data were compared across mark treatments
and GS. Treatments, for the purposes of statistical analysis, were a combination of
percentage of birds marked, and within pen treatment, whether the birds were marked

or unmarked, making atotal of 5 treatment groups (marked birds from 100% marked

8 ESA, Inc., Chelmsford, MA
"INC Biomedicals, Inc., Costa Mesa, CA
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pens, marked birds from 50% marked pens, unmarked birds from 50% marked pens,
and marked birds from 20% marked pens, and unmarked birds from 20% marked
pens). Least square means were reported for all treatment groups and GS. Contrasts
were used to determine significance using the Sidak adjustment to maintain an
experimental alphaof 0.05. Main effects and interactions were tested using contrasts
for marked compared with unmarked (in 20 and 50% marked groups only), and for
percentage marked between 20, 50, and 100% marked pens (using marked birds
only). Comparisons were made within treatment group and GS. Comparisons across
treatment groups included comparisons within percent marked pens, each treatment to
control, and marked across al percent mixtures as well as unmarked across all

percent treatments. Catecholamine data were analyzed by analysis of covariance
(ANCOVA), with the time taken to bleed the bird as the covariate. Treatment groups
and contrasts used were the same as for physiological data. Data were analyzed using

SAS 8.2 software®.

BM, TI, and FA datafrom birds ranked for aggressiveness in 100% pens,
were analyzed as a blocked factorial using aMix Model anaysis of variance
(ANOVA) using partitioning of variance. Variance partitioning was used to correct
for heterogeneity of variance and log transformation was used when needed to correct
for normality. BM, Tl and FA were compared across rank and GS. Least square
means were reported for all aggressiveness ranks and GS. Contrasts were used to
determine significance using the Sidak adjustment to maintain an experimental alpha

of 0.05. Catecholamine data was analyzed as an analysis of covariance (ANCOVA),

8 SAS|Institute Inc., 1999 Version 8.2 ed. Cary, NC
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with the time restrained before bleeding as the covariate. Data were analyzed using

SAS 8.2 software’.

3.4 Results

3.4.1 Effect of Marks

No significant treatment effect was found in BM at two wks (Table 3-1).
However, main effect contrasts revealed a significant effect of the marks when
considering marked and unmarked birds in both 20 and 50% pens (Fig. 3-1a). There
was no significant main effect of percent marked. BM at five wks was found to be
significantly different according to treatment group (Table 3-1) aswell asin main
effect contrasts of marking. Least square means and SEM are as follows:
1754+28.18g, 1675+28.18g, 1806+28.18, 1695+33.44, and 1742+26.36 for birds
from 100% pens, marked in 50% pens, unmarked in 50% pens, marked in 20% pens,
and unmarked in 20% pens, respectively. The only significantly different contrast
across treatments was between marked and unmarked birds of 50% pens. Although
there was no significant difference between marked birds in 20% and 50% pens and
the positive control, however, they were apparently smaller than control birds
(P>0.1911 and 0.0575, respectively). The main effect of marking revealed that

marked birds were found to be significantly less heavy, at week five, than unmarked

 SAS |Institute Inc., 1999 Version 8.2 ed. Cary, NC
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birds across GS and both 20% and 50% pen treatments (Table 3-1, Fig. 3-1b). Fina
mass, taken at eleven weeks, was not significantly different between treatment groups
(Table 3-1, Fig. 3-1c). In addition, final BM was found to differ significantly by GS
(Table 3-1, Fig. 3-2), showing that birdsin GS 50 were lighter than birds of GS 10.

BM at two and five wk was not found to differ significantly by GS.

TI duration revealed no significant differences between GS or treatments
(Table 3-1). However, the number of inductions required to induce Tl was
significantly different between treatments. Both the marked and unmarked birdsin
the 50% marked pen required significantly fewer inductions when compared to the
positive control (Table 3-1, Fig. 3-3). There was no significant differencein relative
FA measurements of shank length or width between treatments, nor was there

between group sizes (Table 3-1).

A significant treatment effect was found in plasma EP concentration. Marked
birds in 20% pens had significantly lower EP concentrations compared to their
unmarked counterparts and the positive control (Table 3-2, Fig. 3-4). No significant
GS or time effect on EP was found. NE was greater in GS 10 compared to GS 50
(Table 3-2, Fig 3-5). A significant quadratic effect of time was found verifying our
need to analyze catecholamine data against the covariate of time restrained (Table 3-

2). However, no significant treatment effect was found in NE concentration.
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A treatment by GS interaction of plasma DA concentration was found to be
significant. Marked birdsin 20% pens of GS 50 had significantly higher DA
concentrations than their unmarked counterparts (Table 3-2, Fig. 3-6). A significant
guadratic effect of time was found (Table 3-2). No significant differences were found

at GS 10 or in 50% pens.
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Table3-1 Modd and ANOVA resultsfor BM,TI, and FA

Effect DF F P
Mass 2 wk Treatment 4,54 1.86 0.1510
GS 1,54 4.65 0.0361
Treatment*GS 4,54 1.31 0.2933
Mass 5 wk Treatment 4,54 3.57 0.0118
GS 154 0.53 0.4687
Treatment*GS 4,54 1.10 0.3642
Mass 11 wk Treatment 4,46 1.02 0.4091
GS 1,12 22.94 0.0004
Treatment*GS 4,46 0.63 0.6438
TI Duration Treatment 4,47 0.74 0.5717
GS 1,13 0.01 0.9345
Treatment*GS 4,47 1.35 0.2668
Tl Inductions  Treatment 4,29 4.05 0.0100
GS 1,28 0.26 0.6149
Treatment*GS 4,29 0.67 0.6187
Rel FA Width  Treatment 4,23 0.34 0.8479
GS 1,28 0.57 0.4560
Treatment*GS 4,23 0.67 0.6218
Rel FA Length  Treatment 4,23 1.60 0.2109
GS 1,28 0.02 0.8758
Treatment*GS 4,23 0.22 0.9261
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Table3-2 Modd and ANCOV A results for catecholamine concentrations

Hormone Effect DF F P
Epinephrine Treatment 4,121 343 0.0108
GS 1,121 1.87 0.1736
Time 1,123 0.02 0.8822
Norepinephrine  Treatment 4,50 2.00 0.1082
GS 1,52 4.52 0.0382
Time 1,109 11.56 0.0009
Time* Time 1,111 6.90 0.0098
Dopamine Treatment 4,32 1.27 0.3017
GS 1,25 0.52 0.4758
GS* Treatment 4,31 2.89 0.0382
Time 1,102 37.30 <0.0001
Time*Time 1,100 21.30 <0.0001
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Figure 3-1 Mean BM (x SE) for marked and unmarked birds (from 20 and 50%
marked pens only) taken at (a) week two, (b) week five, and (c) week eleven. ab
letters represent significant difference (P<0.05) between means.
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Figure 3-2 Mean 11 wk BM (x SE) for birds of size each GS. ab letters represent
significant difference (P<0.05) between means.
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Figure 3-3 Mean number of inductions (+ SE) for all marked and unmarked groups.
ab letters represent significant difference (P<0.05) between means.
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Figure 3-4 Mean plasmaEP concentration (pg/mL) (x SE) for each treatment. ab
letters represent significant difference (P<0.05) between means.
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Figure 3-5 Mean plasma NE concentration (pg/mL) (x SE) for birdseach GS. ab
letters represent significant difference (P<0.05) between means.
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Figure 3-6 Mean plasma DA concentration (pg/mL) (x SE) for each treatment and
GS. AB letters represent significant difference (P<0.05) between GS of the same
treatment. ab letters represent significant difference (P<0.05) between treatments of
the same GS.
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3.4.2 Effect of Aggressivenessin 100% Pens

No significant differences were found in BM, FA, number of Tl inductions
and Tl duration between birds of different aggressiveness. However, birdsin GS 50
were found to have significantly lower BM compared to birdsin GS 10 (Table 3-3,

Fig. 3-7).

No differences were found in plasma EP or DA concentration between birds
of different aggressiveness. However, NE responsiveness to time restrained was
found to differ significantly dependant on the aggressiveness of theindividual (Table
3-4, Fig. 3-8). NE increased logarithmically, therefore analysis and figures are
represented as the log of the concentration. H1 birds showed a negative relationship
between log NE and time restrained, which was found to be significantly different
from both H2 and L2 birds (Fig. 3-8) both showing a positive relationship. L3 birds
exhibited similar negative relationship between Log NE and time restrained
(however, L3 birds were analyzed using a much shorter range of time than H1 birds).
The slope of L3 was found to be significantly different from H2, H3, L1, and L2

birds, all of which had a positive slope (Fig. 3-8).

Although not significant, a strong trend was seen in plasma DA concentration

between GS 10 and 50 (Table 3-4, P=0.0845).
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Table 3-3 Modd and ANOVA resultsfor BM,TI, and FA

Effect DF F P
Mass Rank 5,25 0.81 0.5539
gs 1,66 11.68 0.0122
gs*rank 5,25 0.84 0.5317
Length FA Rank 5,66 0.46 0.8050
gs 1,66 1.10 0.2985
gs*rank 5,66 0.46 0.8057
Width FA Rank 5,66 0.46 0.8050
gs 1,66 1.10 0.2985
gs*rank 5,66 0.46 0.8057
TI Duration rank 5,62 2.01 0.0900
gs 1,62 0.49 0.4880
gs*rank 5,62 0.48 0.7898
Tl Inductions  rank 5,59 0.88 0.5017
gs 1,59 112 0.2942
gs*rank 5,59 0.28 0.9220
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Table3-4 Modd and ANCOV A results for catecholamine concentrations

Hormone Effect DF F P
Epinephrine Rank 541 041 0.8409
GS 1,42 0.30 0.5843
Time 1,44 0.03 0.8533
Norepinephrine Rank 5,37 191 0.1157
GS 1,37 0.77 0.3849
Time 1,26 2.33 0.1389
Rank* Time 1,36 2.61 0.0413
Dopamine Rank 534 1.64 0.1752
GS 1,37 3.15 0.0845
Time 1,40 13.02 0.0009
Time*Time 1,40 11.93 0.0013
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Figure 3-7 Mean 11 wk BM (zx SE) for birds of size each GS. ab letters represent
significant difference (P<0.05) between means.
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Figure 3-8 Slope plasma NE concentration over time restrained (pg/mL) for birds
each aggressiveness rank. ab letters represent significant difference (P<0.05) between
means.
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3.5 Discussion

3.5.1 Effect of marks

BM at early ages, showing that marked birds were smaller than their
unmarked penmates, indicates a decrease in growth rate of marked birds. This
reduction in BM may have been related to an increase of the stress levels due to the
marking and the increased aggression that marked birds received (Chapter 2).
Decrease in mass has been employed in previous studies to indicate high stress
(Bilcik and Keeling, 1999; Nicol et al., 1999; Keeling et a., 2003). It could also be
indicative of a pattern of monopolization of the food source by the more aggressive
unmarked birds. Estevez et al. (1997) determined that low body mass at larger groups
was most likely not due to monopolization of resources by dominant birds, astime
spent at the feeder and drinker was independent of GS. Therefore, it isunlikely that
the results of BM in this experiment would be related to limitations of resource
access. Thelack of differencein BM seen at week 11 can be explained by the broiler
growth curve (Prescott, et al., 1985; Goliomytis et a., 2003). The growth rate of
broilersincreases rapidly until about the sixth week at which time the growth rate
beginsto slow down. By week 11 BM of the broiler begins to plateau and the growth
rate approaches zero (Goliomytis et a., 2003). The effect of marks decreases the

growth rate of broilers but does not significantly cause birds to have lower fina BM
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if enough timeisgiven to the birdsto grow. GS, however, was shown in this study,
in agreement with several previous studies (Estevez et a., 1997; Keeling et al., 2003),
to have a significant effect on the final BM. Assuggested by Estevez et d., (1997),
lower BM seen in larger GS, with increased density, could be due to a number of
stressors including increased levels of disturbance while resting, reduction of

thermoregulatory capacity, or the deterioration of the social environment.

TIl, anindicator of stress related to the fear response of an animal, showed no
difference in duration between birds of different marked treatments. However, fewer
inductions were required to achieve T for both marked and unmarked birds in 50%
marked pens than the control. Decreased number of inductions is indicative of
increased fear related stress response (Jones, 1996). These results showed that pens
with an equal proportion of marked and unmarked individuals, there was an overall
decrease in number of required TI inductions, which may be indicative of an increase
of the level of fear. A more equal mix of marked and unmarked birds may have a
group or pen effect of increased fear and stress which may incite increased activity, as
shown by increased fights. We have little data supporting this because the
experiment was designed to detect differences in treatment groups of marked and
unmarked birds, which may be much greater than effects on the entire pen or “mixed
group”. A more equal mix of marked and unmarked birds may increase the
fearfulness and vigilance of al individuals. Gvaryahu et a. (1996) noted increased
stress in groups in which they intermingled heavy and light strains of laying hensin a

50:50 ratio; results that appear quite similar to the results of this experiment. Vaone
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and Wheelbarger (1998) noted that in mixed-species flocks of varying percentages,
white-crowned sparrows exhibited increased frequency of vigilant behaviors,

indicative of increased anxiety.

No difference was noted in FA measurements of the shank length and width
between treatments or GS. FA measurements were taken at week 11, five weeks past
the normal date of slaughter. At this point birds had reached alarge BM and leg
problems were starting to become apparent in several birds (personal observation).
These leg problems may have added to the variability found in the leg measurements,

making it harder to find differences between the treatments or the GS.

In this experiment we have shown some differential catecholaminergic
reactivity in birds, from similar genetic background, due to marks (as indicated by
EP) and GS (asindicated by NE). Numerous studies have provided evidence of
differential catecholaminergic reactivity and behavioral adaptations due to selection
in the domestic fowl (Dohms and Metz, 1991; Castanon et a., 1995; Cheng et al.,
2001). Differencein EP in our experiment appeared to be due to manipulation of

physical appearance with artificial marking when the proportion of marked islow.

In response to manual restrain we found a depressed EP response in marked

birds of 20% pens, indicating a decrease in active response to stress (fight or flight
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response) compared to both their unmarked counterparts as well as marked birds of
50% pens and the control birds. Our findings suggest that the marked birds in small
proportion, which were also met with increased aggression, have a suppressed active
coping strategy associated with activation of the sympatheti c-adreno-medullary

system, as shown by decreased EP levels.

We found no difference in NE response between birds of different marked
treatment groups. Catecholamines, especially EP and NE, have been linked to
motivation (Haller et a., 1997). A lack of difference in NE levels accompanying the
differential EP response may suggest that NE is not involved in aggressions
motivated by the presence of subordinate status “badges.” It is aso possible that the
level of replication used in this experiment was not sufficient to detect potentia low

level differences among our treatments.

DA was found to be greater in marked birds in 20% pens of GS 50, suggesting
an increase in stress on these birds. No difference was found in 20% groups of GS
10, however, fewer marked birds were available in these groups for sampling. This
reduced number of birds per pen may have reduced the sensitivity, decreasing the
power of our analysis. It isalso possible that the stress was not as great on marked
birds of 20% pensin GS 10 due to the reduced stocking densities. The increased DA
concentration seen in birds of 20% pensin GS 50 may be due to an additive effect of

two stressors. 1) lower percent of marked birds, and 2) increased GS with increased
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stocking density. Our findings from Chapter 2 suggest that marked birds from 20%
pens may receive more aggression than marked birds from 50% pens. GS and density
has a so been shown to have an effect on the stress of birds. As shown in our BM
data, birds from GS 50 are more stressed than birds of GS 10. Studies of dominant
and subordinate animals have determined an increase in stress in subordinate animals
asindicated by BM, aswell as differential activity of the HPA and sympathetic-

adreno-medullary axes (Shively, 1998; Fano et al., 2001).

Birds bearing artificial marks were found to receive more aggression from
their unmarked counterparts (Chapter 2). Our results suggest that these markings
may also cause an increase in stress on the animals bearing them especialy in large
GS when they make up a smaller portion of the group, as evident by lower BM in
marked birds and increased DA response in marked birds of GS 50 and 20% groups.
Theincreasein stressis likely caused by increased defeats as indicated by increased
pecks received by marked birds of both 20% and 50% pens and increased threats
received by marked birds in 20% pens only (Chapter 2). The elevated stress of the
animal may in turn make it atarget for further aggression from their unmarked
counterparts. This elevated stress was not seen in our positive control pens in which
al birds were handled and marked. The suppressed EP response observed in marked
birds of 20% pens suggests a strategy of decreased active and aggressive response to

stress in birds when they make up a smaller portion of the group.
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3.5.2 Effect of Aggressivenessin 100% Pens

Our findings of BM, TI, FA and DA levelsin high and low aggressive birds in
100% pens show no evidence of increased stress on birds of lower aggressiveness
when al birds are marked. This suggests that when al birds are marked, the normal
levels of aggression exhibited by broilers, does not seem to have an impact on the
stresslevels. The lack of differencesin stressindicators was found across both large
and small GS. These findings are opposed to our hypothesis that differential levels of
aggressiveness between high and low aggressive birds within a group would
significantly affect the level of stress on the birds. Our results suggest that
differencesin levels of aggression in broilers do not have an effect on stresslevels as

measured by BM, TI, FA, and DA.

Birds with differential aggressiveness, when all birds were marks, showed no
difference in EP concentrations but did exhibit different NE responsiveness over time
dependent on aggressiveness rank. The most aggressive bird (H1) per pen had a
decreased NE response to manual restraint, while the second and third most
aggressive birds (H2 and H3) had increased NE response. In an extensive review of
catecholamine involvement in aggression (Haller et a., 1997), NE in excess, or
depletion, has been suggested to mediate increased aggressiveness, although far fewer

models suggest that NE can mediate aggressive response in depletion. H1 birds had a
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more suppressed NE response than any other ranked bird except for the least
aggressive bird (L3), which showed a uniquely depressed response. It must be noted
that the depressed NE response of L3 birds, however, was estimated over a severely
truncated time of manual restraint due to alack of viable samples from longer
bleeding times. Therefore, the cal culated response of L3 birds is not as extrapol ated
to later times for comparison with other bird rankings. Our results suggest a
distinctly different activation of the sympathetic-adreno-medullary system by the
most aggressive individual and the least aggressive individual in a group, while the
remaining ranks all seem to have similar, catecholaminergic response to manual
restraint. Interestingly, the distinctive NE responses held true across both large and
small GS. These findings suggest that birds with very high or very low levels of
aggressiveness within agroup may have different sympathetic-adreno-medullary
responses. Unique catecholaminergic responses may mediate aggression differently
dependent on both the motivation for aggression and the degree of aggressivenessin

relation to the rest of the group.

Conclusion

Our findings from the effects of GS 50 and in 20% pens, showed that the less
aggressive marked birds had higher DA levels and decreased BM, suggesting that
they may have been more stressed. The increase in stress seen in 20% pens of GS 50,

could be due in part to stress due to intermingling marked and unmarked birds in
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unequal proportions. Stress could be caused by the manipulation itself or from a

possible increased intensity of the aggressions from greater perceived differences.

EP may have more of arole in aggressions mediated by feedback from
behavior such as the winner and loser hypothesis models, in which levels of
aggressiveness are due to previous experience. It is possible that lack of a depressed
EP response in the less aggressive birds of this study, could be indicative of a
different strategy for coping with stressin birds which are naturally less aggressive.
Artificial marks, when used on asmall proportion of the group, have an impact on the

stress and catecholamergic activity of the birds that bear them.
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Chapter 4: Summary and Conclusion

Our results showed clear evidences that the aggressive profile of an individual
can be manipulated by the presence of marked birdsin the group. As hypothesized
by Estevez et d., (2003), marked birds receive increased aggression from flockmates
when housed with unmarked birds. Increased aggression received by marked birds
was most significant when the portion of marked birds in the pen was low.
Subsequently, unmarked birds delivered significantly more aggression than their
marked penmates, or the control birds, especially when the marked and unmarked

birds were in equal proportions.

We also found evidence that suggests marked birds may be under more stress
than unmarked birds, especialy in larger GS with asmall proportion of marked birds.
Birdsin larger GS were also found to be more stressed than birdsin smaller GS, as
indicated by our BM data. The catecholaminergic “fight or flight” response as
indicated by EP response to manual restraint, revealed a depressed responsein
marked birds when they were housed in 20% pens. However, a NE response was not
different between marked and unmarked birds, different responses were only evident
in birds of different aggressiveness ranksin control pens. Birdsin larger GS were
also found to have significantly decreased NE responses compared to birds of smaller

GS, possibly dueto an overall reduction in aggressiveness in birds of larger GS.
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Our finding that marked birds received aggressive interactions from
conspecifics with greater frequency than did the birds in pens with all birds marked
suggests that the marks themselves were not attracting the aggression, nor isthe
handling having a great effect on the level of aggression received. Rather, these
results suggest that the difference in appearance between marked birds and their
unmarked counterparts seems to fuel thisincrease in aggression. At first glance then,
kin selection theory seemed to provide a reasonabl e explanation for increased
aggression toward marked birds in pens with 20% and 50% marked. However, in
altruistic-like behaviors resulting from kin selection we would expect that only
marked birds in 20% marked pens would receive increased aggression from
conspecifics. In both 100% and 50% pens no one bird is any more different from the
mean marked “ phenotype” than any other. In the case of 100% pensall birds were
marked and the mean and median phenotype was marked. In the case of 50% marked
pens half of the birds were marked and half are not. Therefore all birds were
presented equal number of birds that were different from and similar to itself. Under
kin selection theory we would predict that this situation would present a paradigm of
overall increased aggression received by both marked and unmarked birds due to their
apparent lack of relatedness. However, this did not agree with our findings. Kin
selection may have an effect on the increased aggression received by marked birds,

but it alone cannot explain the differences we observed in this study.

The tolerance hypothesis (Estevez et al., 1997) and Pagel and Dawkin’s model

(1997) suggest that in larger GS dominance hierarchies are not established because it
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may not be beneficial or because the chance of meeting the same bird againislow.
Status “badges’ were suggested as an explanation of how abird’s status might be
recognized without the need for individual recognition of the bird itself. This
explanation is most fitting for our findings of the effects of marks. However, contrary
to the model proposed by Pagel and Dawkins (1997), in our experiment we found that
eveninsmall GS an artificial mark may relegate its bearer to an apparent low status
as determined by the amount of aggression received. Additionally, Hamilton and Zuk
(1982) proposed that differencesin plumage in wild birds might infer resistance or
susceptibility to parasites. These mark “badges’ may infer lower fitness, increased
susceptibility to disease or the presence of parasites. Regardless of what information
the marks may infer about the birds bearing them, the effect of the marks as status

badges” is evident in both large and small group sizes.

Our finding that marked birds gave less aggression than their unmarked
penmates supports the loser hypothesis that birds that were attacked more often (and
probably |ose some encounters) will be more likely to lose in subsequent encounters.
Therefore, these birds would be less likely to initiate aggressive interactions with

conspecifics.

Our results also suggest that marked birds were more stressed than their
unmarked pen mates as indicated by decreased growth rate in marked birds across GS
and percent marked pens. Stress levels of marked birds increased as their

representation in the group decreased, as indicated by increased DA concentrations in
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marked birds of 20% pensin GS50. Theincrease in stress may be attributed to the
increase in aggression they received. However, birdsin our positive control group,
ranked for aggressiveness, had no notable differential stress response between high
and low aggressive individuals. When high levels of aggression received are due to
marked birds intermingled with unmarked birds, the marked birds become more
stressed, as evident by decreased BM, unlike the less aggressive birds in pens where
al birds are similarly marked. BM was also found to be affected by the GS. This
finding supports the finding of Estevez et a. (1997), that BM was lower in larger GS.
They propose that this phenomenon could be due in part to increased frequency of
disturbances, reduced thermoregulatory capacity, and deterioration of the

environment.

The hormones responsible for the “fight or flight” response, being EP and NE
would be expected to be greater in the more aggressive unmarked birds compared to
their marked pen mates. They would also be expected to increase in the more
aggressive ranked birds compared to their low aggressive counterparts. Marked birds
in 20% pens showed a decreased EP response, while no NE response was noted
across the treatment groups. Our results suggest that a decrease in EP levels, was
induced only when the marked birds make up a small proportion of the group. NE
has been more commonly noted as being linked to the aggressiveness of an individual
(Haller et al., 1997), but it is necessary to point out that our data were collected from
plasma samples and hypothalamic expression was not obtained. Ranked birds H1 and

L3 in 100% pens, however, exhibited differential NE responses, but showed no

111



difference in EP response. The highest ranked birds (H1) had a decreased NE
response compared with al other ranks, except for the lowest ranked birds (L1).
However, the remaining high aggressive birds H2 and H3 were all increased over L1,
suggesting that aggressiveness can be mediated by NE both in excessand in

depletion.

Our findings suggest that catecholamine activity might be induced
differentially dependent on the motivation of aggressiveness. Birds with a natural
aggressive tendency may mediate their aggressive behaviors through different
mechanisms than birds that become aggressive when presented with a bird bearing a
subordinate status “badge” that may infer the presence of disease or parasite. NE
response was aso found to be depressed in birds from larger GS. Thisisindicative of
asuppression of the “fight or flight” response of the sympathetic-adreno-medullary
system. A decreased responsiveness of the “fight or flight” reaction seems to support
the findings of Estevez et al. (1997) and Pagel and Dawkin’s model (1997) that larger
group sizes exhibit relatively lower levels of aggression. However, the difference
observed in NE levels of birds from different GS may also be related to the different

stocking densities in which they were housed.

Marking not only affected the aggressive behavior of the marked birds, it had
additional physiological ramifications including increased stress and depressed
responsiveness of the sympathetic-adreno-medullary system. Marking a bird not only

eased in the identification of the bird, it increased the aggression that was directed
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toward the marked bird, decreased the amount of aggression that bird was likely to
give, and created an archetype of high stress and low active or aggressive
responsiveness, as noted reduced aggressive behaviors given, especially when marked
birds make up only asmall portion of the group, as seen by severely reduced
aggression given and depressed EP response. Marks appear to be inferring additional
information to the birds nearby. Whether this information confers susceptibility to

disease, parasites, or simply information about status is unclear from these data.
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Appendices

6.1 Animals and Management

One thousand two hundred and sixty, one-day old male broiler chickens
(Gallus gallus domesticus) were obtained from acommercial hatchery. The birds
were transported to the University of Maryland’s Applied Poultry Research Facility
in Upper Marlboro, where they were housed and observed. A total of forty-two
1.88m x 2.5m (4.5 m® of floor space) pens, were utilized for this experiment. Each
pen was initially equipped with two brooder lamps that were removed after the
brooding period at 2 wks of age. One tube feeder and aline of nipple drinkers were
installed in each pen. Feeders were restricted by the use of PV C corrugated tubing so
that a constant amount of feeder space per bird was provided to birds at al group
sizes. A three phase commercia diet was provided ad libitum. The starter diet
(19.00% crude protein (CP) and 2800.0 kcal/kg metabolizable energy (ME)) was fed
from 1 to 21 days of age. The grower diet (17.00% CP and 2801.7 kcal/kg ME) and
finisher diet (19.00% CP and 3251.7 kcal/kg ME) were fed from 21 to 35 and 35 to
84 days of age respectively. An artificial lighting program (14L:10D) was followed.
A standard temperature program was followed (Table 6-1). Automatic wall curtains
opened to allow circulation with fresh air and natural lighting when set temperature

was exceeded in the house.
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Table 6-1 Temperature schedule followed during the experiment.

Age (Days) Temperature (F)
1-3 93-90
4-5 90-88
6-7 88-87
8-9 87-86
10-11 85-84
12-13 84-83
14-15 83-82
16-17 81-80
18-19 79-78
20-21 78-77
22-23 77-76
24-25 75-74
26-28 74-72
29-84 72-71
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6.2 SAS Sample Programs

Model 1. The follow ng sanple programis an ANOVA with
repeat ed neasures for Pecks to the head in Marked and
Unmar ked treatnment groups. Simlar prograns were used
for all aggressive behavior analysis. Each behavi or was
fit to the appropriate matri x. Below are expl anati ons of
t he variabl es and abbreviations used in this program

BM FA and Tl were analyzed with simlar prograns,

wi t hout the repeated neasures.

Chase — chase

Threat — threat

Ph — peck (or peck to the head)

Pb — peck to the body

Pt — peck to the tag

Fightph — fight (or fight with a peck to the head)
Fight pb — fight with a peck to the body

Avoid - avoid

bl ock - block within the house (1-7)

trt - five treatments (100%vrar ked, 50%vrar ked,
50%unmar ked, 20%var ked, 20%unmar ked)

gs - two group (10 and 50)

perc - percent marked (100, 50, 20)

pen - pen nunber (1-38 -- sone m ssing)

mark - marked or unmarked

birdid — lab id for bird

timep — the time period in which the observation was
taken (there were four tinme periods of two weeks each)

Titl el 'Rachel Dennis';
dm 'l og; clear;out;clear;";
Title2 ' Aggressions G ven';

options | s=76 ps=49 pageno=1;
dat a one;

input perc$ trt$ gs block timep pen mark$ chase threat ph
pb pt fightph fightpb avoi d;

DATALI NES;
(Data lines omtted for sanple)
run;
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Title3 ‘Fight w peck head’ ;
Proc print uniform
qui t;

proc means dat a=one n;
cl ass tinep;

var nph;

qui t;

proc means dat a=one n;
cl ass bl ock gs perc;
var nph;

qui t;

proc means data=one n;

cl ass bl ock gs perc mark;
var nph;

qui t;

proc sort data=one;

by bl ock gs perc mark tinep;
qui t;

proc print data=one uniform
qui t;

Title4 "Proc m xed and resids Aggression Gven';
Title5 "As a 2 way factorial (conplete)’;

Title3 'Pecks to the Head G ven';

dat a one;
set one;
nph= ph /5;

if nph >0 then bin=1;
el se bi n=0;
run;

proc m xed dat a=one covtest;
class block trt gs tinmep perc mark pen;
nodel nph=gs trt gs*trt
timep tinmep*trt timep*gs tinmep*trt*gs/ddf m=kr
out p=r esi ds;
random bl ock bl ock*gs*perc;
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repeated tinmep / group=gs subject=Dbl ock*gs*perc*nmark

type=cs r rcorr;

contrast 'Main Effects';

contrast ' GSs GS 1 -1;

20U 50M 50U,

contrast ' Mark 2050 (20&50 only)’

1 -1;

contrast ' Perc_2050 (20&50 only)’
1 1 -1 -1,

contrast * Perc_M (Marked only)’

0 0,

1 0 0 -1 0;

contrast '2 Factor Interactions';
contrast ' Mark 2050*Perc_ 2050
-1 1;

contrast ' GS*Mark_ 2050

1 1-1-1 1;

contrast ' GS*Perc_2050'
-1-1 1-1 1;
contrast ' GS*Perc_M

0O 0 0 0 O,
0-1 1 0 O

contrast '3 Factor Interaction';
contrast ' GS*Mark_2050*Perc_2050'
1-1 1 1-1;

50y,

estimate ' 20m 50m 100m vs 20u 50u’
zsti mate ' 20m vs. 20u’

gjsti mate ' 50m vs. 50u’

ostimate ' 20mvs. 50

géti mate ' 50m vs. 100m
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trt

GS*trt

GS*trt

GSFtrt

GSFtrt

GS*trt

*100M 20M
0 1 -1
trt 0
1 -1 0
trt
0 1 -1

O 0 1-1-1

O 0 1-1 1

1-1-1 1 O

1-1 0 0 O

O 0 1-1-1

*100M 20M 20U 50M

trt -2

-2 3 -2



estimate ' 20m vs. 100ni trt 1 -1 0 0
0;

| smeans tinep*gs/ pdiff;
qui t;

proc print data=resids;
qui t;

dat a resids;
set resids;
resid = resid/stderrpred;

proc pl ot data=resids;
pl ot resid*pred

resi d*perc

resi d*mark

resi d*gs

resid*trt

[ vr ef =0;

qui t;

Model 2. The follow ng sanple programis an ANCOVA for DA
in Marked and Unmarked treatnment groups. Simlar
prograns were used for all catechol am ne anal ysis. Bel ow
are explanations of the variables and abbreviations used
in this program

day is the day the assay was run (5 days)

nunber is the |ab nunber given to that vial (nunbers 13-
100 each day, not uni que)

run is the replication -- each blood sanple was run in
duplicate (2 runs per sanple)

NE - norepi nephrine concentration

EPI - epi nephrine concentration

DA - dopam ne concentration

bl ock - block within the house (1-6)

trt - five treatments (100%vrar ked, 50%vrar ked,

50%unmar ked, 20%var ked, 20%unnmar ked)

gs - two group (10 and 50)

perc - percent marked (100, 50, 20)

pen - pen nunber (1-38 -- sone m ssing)

mu - marked or unmarked
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sanple - bird fromtreatnent per pen (between 1 and 4 per
trt gs bl ock conbo)

birdid — lab id for bird

time - time in seconds it took to bleed bird -- covariate

Titl el 'Rachel Dennis';

dm 'l og;clear;out;clear;';

Titl e2 ' Dopam ne concentration of Marked and Unmar ked
Treatnments’;

options | s=96 ps=33 pageno=1;

dat a one;
i nput day nunber run NE EPlI DA block trt$ gs perc$ pen
nu$ sanple birdid$ tine;

DATALI NES;
(Data was omtted for sanple)
run;

proc sort data=one;
by bl ock pen gs perc mu trt day birdid sanple tinme run;
quit;

proc print data=one uniform

var bl ock pen gs perc nmu trt day birdid sanple tinme run
NE EPI DA

qui t;

dat a one;
set one;

| DA=I og( DA)
run;

Titled4 '"Proc m xed and resids cat';
proc m xed dat a=one covtest;
cl ass bl ock pen gs perc nmu trt day birdid sanple run;

nodel | DA= gs trt gs*trt
time
time*tinme
/[* time*trt 0.1260 */
/[* time*gs 0.1102 */
/[* time*gs*trt 0. 3534 */

[ ddf mekr out p=resi ds sol ution;
random bl ock bl ock*gs*perc bl ock*gs*perc*nu
bi r di d( bl ock*gs*per c*nu) day;
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mat e
mat e

esti
esti
esti
esti
esti
esti
esti

mat e

mat e

mat e '

mat e '
mat e '

nt er cept
nt er cept
nt er cept
nt er cept
nt er cept

trt
trt
trt
trt
trt

100m
20
20u’
50
50u’

ntercept gs 10
nt ercept gs 50

| smeans trt*gs /pdiff;

qui t;

proc pl ot data=resids;

pl ot
resi d*gs

resi d*perc

resi d*nu
[ vref=0;
qui t;

proc univari ate data=resids nornal
resid,

var
qui t;

resi d*pred

121

nt er cept
nt er cept
nt er cept
nt er cept
nt er cept
nt er cept
nt er cept

pl ot ;

RPRRRPRRRER

trt
trt
trt
trt
trt
gs 1 O;
gs 0 1;

coocor
ocooro
ocor oo
oOorooOo
oLl



Bibliography

Adams, A. W., and Craig J. V., 1984. Effect of crowding and cage shape on
productivity and profitability of caged layers. A survey. Poultry Science, 54:
238-242

Allenbach, D.M., Sullivan, K.B., and Lydy, M.J., 1999. Higher fluctuating
asymmetry as a measure of susceptibility to pesticidesin fish. Environmental
Toxicology and Chemistry, 18(5): 899-905.

Appleby, M.C., Hughes, B.O., and Elson, H. A., 1992. Poultry production systems:
behaviour, management and welfare. Wallingford, CAB International.

Bateson, P. and Horn, G., 1994. Imprinting and recognition memory: aneural net
model. Animal Behaviour, 48:695-715

Beacham, J. L., 2003. Models of dominance hierarchy formation: effects of prior
experience and intrinsic traits. Behaviour, 140:1275 — 1303

Beaugrand, J.P., and Zayan, R., 1985. An experimental model of aggressive
dominance in Xiphophorus helleri (Pices, Poeciliidag). Behaviora
Proceedings, 10: 1-52

Bilcik, B., and Keeling, L.J., 1999. Changes in feather condition in relation to feather
pecking and aggressive behaviour in laying hens. British Poultry Science, 40:
444-451

Blanchard, R. J., Hori, K., Tom, P., and Blanchard, D.C., 1988. Socia dominance
and individual aggressiveness. Aggressive Behaviour, 14: 195-203

Bolhuis, J. J., 1999. Early learning and the development of filial preferencesin the
chick. Behavioural Brain Research, 98:245-252

Bradshaw, R. H., 1991. Discrimination of group members by laying hens Gallus
domesticus. Behavioral Proceedings, 244 143-151

Bukacinski, D., Bukacinski, M., and Lubjuhn, T., 2000. Adoption of chicks and the
level of relatedness in common gull, Larus canus, colonies:. DNA
fingerprinting analyses. Animal Behaviour, 59:289-299

Candland, D.K., Taylor, L.D., Leiphart, J.M., and Solow, S.P., 1969. Heart rate,

aggression, and dominance in the domestic chicken. Journal of Comparative
and Physiologica Psychology, 1: 70-76

122



Castanon, N, Perez-Diaz, F., and Mormede, P., 1995. Genetic analysis of the
relationships between behavioral and neuroendocrine traits in Roman high and
low avoidancerat lines. Behavioral Genetics, 25:371-384

Chase, 1.D., 1985. The sequential analysis of aggressive acts during hierarchy
formation: an application of the jigsaw puzzle approach. Animal Behavior,
33: 86-100

Channing, C.E., Hocking, P.M., and Jones, R.B., 1998. Feather pecking in adult
laying hens. can it be associated with pecking at inanimate objects?
Behaviour, Welfare, Husbandry and Environment, 39(Supplement): S15-S16

Cheng, H.W., Singleton, P., and Muir, W.M., 2002. Socid stressin laying hens:
differential dopamine and corticosterone responses after intermingling
different genetic strains of chicken. Poultry Science, 81: 1265-1272

Cheng, H.W., Eicher, S.D., Chen, Y., Singleton, P., and Muir, W.M., 2001. Effect of
genetic selection for group productivity and longevity on immunological and
hematologica parameters of chickens. Poultry Science, 80:1278-1285

Cheng, H.W., Dillworth, G., Singleton, P., Chen, Y., and Muir, W.M., 2001. Effect
of genetic selection for group productivity and longevity on blood
concentration of serotonin, catecholamines, and Corticosterone of laying hens.
Poultry Science, 80: 1278-1285

Cloutier, S., and Newberry, R.C., 2000. Recent social experience, body weight and
initial patterns of attack predict the socia status attained by unfamiliar hensin
anew group. Behaviour, 137:705-726

Cloutier, S., and Newberry, R.C., 2002. Differencesin skeletal and ornamental traits
between laying hen cannibals, victims and bystanders. Applied Animal
Behaviour Science, 77:115-126

Cook, S. E., 1993. Retention of primary preferences after secondary filial imprinting.
Animal Behaviour, 46:405-407

Cornetto, T., and Estevez, 1., 2001. Influence of vertical panels on use of space by
domestic fowl. Applied Animal Behaviour, 71:141-153

D’Earth, R. B., and Keeling, L. J., 2003. Social discrimination and aggression by
laying hensin large groups. from peck ordersto social tolerance. Applied
Animal Behaviour Science, 84:197-212

Dennis, R., Zhang, H.M., Bacon, L.D., Estevez, | and Cheng, H.W. , 2004.
Behavioral and physiological features of chickens diversely selected for
resistance to avian disease. 1. Selected inbred lines differ for behavioral and
physical responsesto social stress. Poultry Science, IN PRESS

123



Dillon, J.E., Raleigh, M.J., McGuire, M.T., Bergin-Pollack, D., and Yuwiler, A.,
1992. Plasma catecholamines and social behavior in male vervet monkeys
(Cercopithecus aethrops sabaeus) Physiology and Behavior, 51:973-977

Dohms, J.E., and Metz, A., 1991. Stress— mechanisms of immunosuppression.
Veterinary Immunology and Immunopathology, 30:89-109

Douglis, M.B., 1948. Social factors influencing the hierarchies of the domestic hen:
interactions between residents and part-time members of organized flocks.
Physiological Zoology, 21: 147-182

Driscall, P., Escorihuela, R.M., Fernandez-Teruel, A., Giorgi, O., Schwegler, H.,
Steimer, T., Wiersma, A., Corda, M.G., Flint, J., Koolhaas, J.M., Langhans,
W., Schulz, P.E., Siegdl, J., and Tobena, A., 1998. Genetic selection and
differential stressresponses. The Roman lineg/strains of rats. Annuals of the
New York Academy of Science, 851:501-510

Estevez, I, Kedling, L. J., and Newberry, R. C., 2003. Decreasing aggression with
increasing group size in young domestic fowl. Applied Animal Behaviour
Science, 84:213-218

Estevez, |., Newberry, R. C., and Kedling, L. J., 2002. Dynamics of aggression in
the domestic fowl. Applied Animal Behavior Science, 76:307-325

Estevez, |., Newberry, R.C., and de Reyna, L.A. 1997. Broiler chickens: atolerant
socia system? Etologia, 5: 19-29

Fano, E., Sanchez-Martin, A. A., Castro, B., Alonso, A., Brain, P., and Azpiroz, A.,
2001. Sicial stress paradigmsin malemice: variationsin behavior, stress and
immunology. Physiology and Behavior, 73:165-173

FreireR., Singleton, P., Chen, Y., Muir, W.M., Pgjor, Ed., and Cheng, H.W., 2001.
The relationship between physiological parameters and behavioral response to
social stress among three genetic lines of laying hens. Poultry Science,
80(Supplement 1):280.

Gariepy, J, Rodriguiz, R.M, and Jones, B.C., 2002. Handling, genetic and housing
effects on the mouse stress system, dopamine function and behavior.
Pharmacol ogy, Biochemistry and Behavior, 73: 7-17

Goldstein, S.D., 1981. Plasma norepinephrine as an indicator of sympathetic neural
activity in clinical cardiology. American Journal of Cardiology, 48:1147-
1154

Goliomytis, M., Panopoulou, E., and Rogdakis, E., 2003. Growth curves for body

weight and major component parts, feed consumption, and mortality of male
broiler chickens raised to maturity. Poultry Science, 82: 1061-1068

124



Guhl, A.M., 1953. Social behavior of the domestic fowl. Kansas State Agriculture
Experimental Station Tech Bulletin, 73: 1-48

Guhl, A.M., and Ortman, L.L., 1953. Visual patternsin the recognition of individuals
among chickens. The Condor, 55: 287-298

Guhl, A.M., 1969. Social behavior of the domestic fowl. Kansas State Agriculture
Experimental Station Tech Bulletin, 73: 3-48

Gvaryahu, G., Salev, U., Robinzon, B., and Snapir, N., 1996. Intermingling heavy
and light strain chickens may cause social stress. Poultry Science, 75:849-
851

Haller, J, Makara, G.B., and Kruk, M.R., 1997. Catecholaminergic involvement in the
control of aggression: hormones, the peripheral sympathetic, and central
noradrenergic systems. Neuroscience and Biobehavioral Reviews, 22:85-97

Halpin, Z.T., 1991. Kin recognition cues of vertebrates. Book Chapter in Kin
Recognition. Cambridge University Press, pp 335-357

Hamilton, W.D., 1964. The genetic evolution of socia behavior. I,11. Journa of
Theoretical Biology, 7:4 17, 17-52

Hamilton, W.D., and Zuk, M., 1982. Heritable true fitness and bright birds arole for
parasites ? Science, 218(4570) :384-387

Hancock, P. J. B., and DeBruing, L. M., 2003. What's aface worth: noneconomic
factorsin game playing. Behavioral and Brain Sciences, 26:162-163

Harding, C.F., and Follet, B.K., 1979. Hormone changes triggered by aggressionin a
natural population of blackbirds. Science, 203:918-920

Hashiguchi, H., Ye, S.H., Morris, M., and Alexander, N., 1997. Single and repeated
environmental stress: effect on plasma oxytocin, corticosterone,
catecholamine, and behavior. Physiology and Behavior, 61 :731-736

Hennessy, M.B., O’'Leary, SK., Hawke, J.L., and Wilson, S.E., 2002. Social
influences on corticosol and behavioral responses of preweaning,
periadolescent, and adult guinea pigs. Physiology and Behavior, 76 : 305-314

Hirschenhauser, K., Mostl, E., Peczely, P., Walner, B., Dittami, J., and Kotrschal, K.,
2000. Seasonal relationships between plasma and fecal testosterone in
response to GNRH in domestic ganders. General and Comparative
Endocrinology, 118: 262-272

125



Hocking, P.M., Channing, C.E., Waddington, D., and Jones, R.B., 2001. Age-related
changesin fear, sociality and pecking behavioursin two strains of laying hen.
British Poultry Science, 42 :414-423

Hsu, Y., and Wolf, L.L., 1999. Thewinner and loser effect : integrating multiple
experiences. Animal Behaviour, 57 :903-910

Hsu, Y, and Wolf, L.L., 2001. The winner and loser effect : what fighting
behaviours are influenced? Animal Behaviour, 61 :777-786

Hughes, B. O., and Duncan, I. J. H., 1972. The influence of strain and environmental
factors upon feather pecking and cannibalism in fowls. British Poultry
Science, 13:525-547

Hughes, B.O., Carmichael, N.L., Walker, A.W., and Grigor, P.N., 1997. Low
incidence of aggression in large flocks of laying hens. Applied Animal
Behavior Science, 54: 215-234

Jaisson, P., 1991. Kinship and fellowship in ants and social wasps. Book Chapter in
Kin Recognition. Cambridge University Press, pp 60-93

Johnson, M.H., 1991. Information processing and storage during filial imprinting.
Book Chapter in Kin Recognition. Cambridge University Press, pp 335-357

Jones, R. B., Facchin, L. and McCorquodale, C., 2002. Socia dispersal by domestic
chicksin anovel environment reassuring properties of afamiliar odourant.
Animal Behaviour, 63: 659-666

Jones, R.B., 1986. The tonic immobility reaction of the domestic fowl: areview.
World' s Poultry Science Journal, 1442:82-96

Jones, R. B., 1996. Fear and adaptability in poultry : insights, implications and
imperatives. World's Poultry Science Journal, 52 :131-174

Kedling, L.J,, Estevez, |., Newberry, R.C., and Correia, M.G., 2003. Production-
related traits of layers reared in different sized flocks : the concept of
problematic intermediate group sizes. Poultry Science, 82 :1393-1396

Keeling, L., and Savenige, B., 1995. Flocks of commercia hens. organized groups
or collections of individuals? In: Proceedings of the 29™ Congress of the
ISAE. Universities Federation for Animal Welfare, Potters Bar, UK, pp. 187-
188

Keer-Keer, S., Hughes, B.O., Hocking, P.M., and Jones, R.B., 1996. Behavioura

comparison of layer and broiler fowl: measuring fear responses. Applied
Animal Behaviour Science, 49:321-333

126



Keller, L., 1997. Indiscriminate altruism: unduly nice parents and siblings. Trends
in Ecology and Evolution, 12:99-103

Kestin, S.C., Knowles, T.G., Tinch, A.E., and Gregory, N.G., 1992. Prevaence of
leg weakness in broiler chickens and its relationship with genotype.
Veterinary Record, 131:190-194

Kojima, K., Maki, S, Hirata, K., Higuchi, S., Akazawa, K., and Tashiro, N., 1995.
Relation of emotional behaviors to urine catecholamines and cortisol.
Physiology and Behavior, 57(3):445-449

Korte, SM., Beuving, G., Ruesink, W, and Blokhuis, H.J. 1997. Plasma
catecholamine and corticosterone levels during manual restraint in chicks
from ahigh and low feather pecking line of laying hens. Physiology and
Behavior, 62(3): 437-441

Kruk, M.R., Westphal, K.G.C., Van Erp, A.M.M., van Asperen, J., Cave, B.J., Slater,
E., deKoning, J., and Haller, J., 1998. The hypothalamus: cross-roads of
endocrine and behavioural regulation in grooming and aggression.
Neuroscience and Biobehavioral Reviews, 23: 163-177

Kuikka, J.T., Tiihonen, J., Bergstrom, K.A., Karhu, J., Rasanen, P., and Eronen, M.,
1998. Abnormal structure of human striatal dopamine re-uptake sitesin
havitually violent alcoholic offenders. afractal analysis. Neuroscience
Letters, 253:195-197

Lackovic, Z., and Relija, M., 1983. Evidence for awidely distributed peripheral
dopaminergic system. Federal Proceedings, 42:3000-3004

Launay, F., 1993. Consequences compartementales et physiologiques de selections
pour |’emotivite et |’ attraction sociale chez la caille japonai se (Conturnix
japonica). Thesis, University of Rennes, France

Lindberg, A.C., and Nicol, C.J., 1996. Effectsof socia and environmental
familiarity on group preferences and spacing behaviour in laying hens,
Applied Animal Behavior Science, 49: 109-123

Ludwig, W., 1932. Das rechts-links problem im tierreich und beim menschen.
Springer, Berlin, Germany.

McBride, G., 1960. Poultry husbandry and the peck order. Poultry Science, 1:65-68.

McBride, G. and Foenander, F., 1962. Territorial behaviour in flocks of domestic
fowls. Nature, 194: 102

127



McBride, G., 1964. Social discrimination and subflock structure in the domestic
fowl. Animal Behavior, 12: 264-267

Mabry, T.R., Gold, P.E., McCarty, R., 1995. Age-related changesin plasma
ctecholamine responses to acute swim stress. Neurobiology Learning and
Memory, 63(3): 260-268

Mahagna, M., Nir, |., and Nitsan, Z., 1994. Influence of the presence of 3-day old
chickens on the behavior of meat and egg-type posthatch counterparts.
Applied Animal Behavior Science, 40:143-152

Marin, R. H., Freytes, P., Guzman, D., and Jones, R. B., 2001. Effects of an acute
stressor on fear and on the social reinstatement responses of domestic chicks
to cagemates and strangers. Applied Animal Behaviour Science, 71: 57-66

Marks, H.L., Siegdl, P.B., and Kramer, C.Y ., 1960. Effectsof comb and wattle
removal on the social organization of mixed flocks of chickens. Animal
Behavior, 8:192-196

Matt, K.S., Moore, M.C., Knapp, R., and Moore, 1.T., 1996. Sympathetic mediation
of stress and aggressive competition: plasma catecholaminesin free-living
maletree lizards. Physiology and Behaviour, 61(5):639-647

Mathew, S.J., Coplan, J.D., and Gorman, JM., 2001. Neurobiological mechanisms
of social anxiety disorder. American Journa of Psychiatry, 158:1558-1567

Miura, Y., Takahashi, M., Sano, N., Ohzeki, Y., Meguro, Y., Sugawara, T., Noshiro,
T., Watanabe, H., Shimizu, K., and Abe, K. 1989. Plasmafree dopaminein
human hypertension. Clinical and Experimental Hypertension A.
11(Supplement 1):227-236

Mgller, A. P, Sanotra, G.S., and Vestergaard, K.S., 1995. Developmental stability in
relation to population density and breed of chickens Gallus gallus. Poultry
Science, 74:1761-1771

Mgller, A. P., Sanotra, G.S., and Vestergaard, K.S., 1999. Developmental instability
and light regime in chickens (Gallus gallus domesticus). Applied Animal
Behavior Science, 62:57-71

Mostl, E., and Palme, R., 2002. Hormones as indicators of stress. Domestic Animal
Endocrinology, 23: 67-74

Nicol, C.J., Gregory, N.G., Knowles, T.G., Parkman, I. D., and Wilkins, L.J., 1999.
Differential effects of increased stocking density, mediated by increased flock
size, on feather pecking and aggression in laying hens. Applied Animal
Behaviour Science, 65:137-152

128



Pagel, M., and Dawkins, M.S., 1997. Peck orders and group size in laying hens:
‘future contracts for non-aggression. Behavioural Processes, 40: 13-25

Palmer, A. R., and Strobeck, C., 1986. Fluctuating asymmetry: Measurement,
analysis, patterns. Annua Review of Ecological Systems 17:391-421

Parsons, K. K., Durban, JW., Claridge, D.E., Bacomb, K.C., Noble, L.R., and
Thompson, P.M., 2003. Kinship asabasisfor aliance formation between
mal e bottlenose dolphins, Tursiops truncates, in the Bahamas. Animal
Behaviour, 66:185-194

Parsons, P. A., 1990. Fluctuating asymmetry: An epigenetic measure of stress.
Biological Reviews Cambridge Philosophical Society, 65:131-145

Prescott, N.J., Wathes, C.M., Kirkwood, J.K., and Perry, G.C., 1985. Growth, food
intake and development in broiler cockerels raised to maturity. Animal
Production, 41: 239-245

Porta, S., Epple, A., Kvetnansky, R., Leitner, G., Emsenhuber, W., and Radkohl, W.,
1995. Temporary increase of plasma epinephrine affects stress responses 24 h
later. Physiology and Behavior, 58(2): 223-228

Rowley, 1., 1980. Parent offspring recognition in a cockatoo, the galah, Cacatua
roseicapilla. Australian Journal of Zoology, 28:445-456

Satterlee, D.G., Cadd, G.G., Jones, R.B., 2000. Developmental instability in Japanese
Quail genetically selected for contrasting adrenocortical responsiveness.
Poultry Science, 79:1710-1714

Sgoifo, A., De Boer, S.F., Hadler, J., and Koolhaas, J.M., 1996. Individual
differences in plasma catecholamine and corticosterone stress responses on
wild-typerats: relationship with aggression. Physiology and Behavior,
60(6): 1403-1407

Shively, C. A., 1998. Social subordination stress, behavior, and central
monoaminergic function in female cynomolgus monkeys. Biological
Psychiatry, 44.882-891

Siegel, H.S,, and Hurst, D.C., 1962. Socia interaction among females in dubbed and
undubbed flocks. Poultry Science, 41: 141-145

Silveira, P.P., Portella, A.K., Clemente, Z., Bassani, E., Tabgara, A.S., Gamaro,
G.D., Dantas, G., Torres, I.L.S,, Lucion, A.B., and Dalmaz, C., 2004.
Neonatal handling alters feeding behavior of adult rats. Physiology and
Behavior, 80: 739-745

129



Smit A.J, Lieverse, A.G., van Vedhuisen, D, and Girbes, A.R., 1995. Dopaminergic
modulation of physiological and pathological neurohumoral activation in man.
Hypertension Research, 18(Supplement1):S107-111

Stonehouse, B., 1960. The king penguin, Aptenodytes patagonica, of South Georgia.
London, H.M Stationery Office

Tauson, R., 1998 Health and production in improved cage designs. Poultry Science,
77:1820-1827

Vaone, T. J., and Wheelbarger, A. J., 1998. The effect of heterospecifics on the
group-size effect in white-crowned sparrows (Zonotrichis leucophrys). Bird
Behavior, 12: 85-90

Waldman, B., 1985. Olfactory basis of kin recognition in toad tadpoles. Journal of
Comparative Physiology, 156:565-577

Wood, G.E., Young, L.T., Reagan, L.P., and McEwen, B.S., 2003. Acute and chronic
restraint stress ater the incidence of socia conflict in malerats. Hormones
and Behavior, 43:205-213

Yang, A., Dunnington, E.A., and Siegdl, P.B., 1997. Developmenta stability in
stocks of White Leghorn chickens. Poultry Science, 76:1632-1636

Y ngvesson, J., and Keeling, L.J., 2001. Body size and fluctuating asymmetry in

relation to cannibalistic behaviour in laying hens. Animal Behaviour, 61:609-
615

130



