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INTRODUCTION

Continual intensification of production practices has
contributed to the controversy over the well-being of
chickens maintained for meat and eggs. The controversy is
multidimensional and research is needed to address whether
contemporary husbandry practices subject chickens to non-
optimal levels of stress. Too much or too little stress may
be detrimental, suggesting an intermediate optimum (Gross
and Siegel, 1981). Non-optimal levels of stress may
decrease productivity, decrease feed efficiency, and reduce
resistance to disease (Gross and Siegel, 1980; Gross et al.,
1984).

Evaluation of the well-being of chickens has included
scrutiny of physiological and behavioral traits as well as
production criteria. Used separately, none of these
assessments provides a complete evaluation of well-being. A
dearth exists in research designed to evaluate physiological
and behavioral traits concomitant to production criteria of
genotypically different populations of chickens maintained
under different environmental conditions.

The development of a procedure(s) to evaluate the well-
being of chickens, as well as the elucidation of the causes
of stress, would be beneficial not only to the chicken but
to the poultry industry. Accordingly, the objective of this

research was to develop methods to evaluate the well-being
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of chickens in genotypically different populations. The
evaluation attempts to interface behavioral, physiological,

and production criteria.



REVIEW OF LITERATURE

Criteria for evaluating the well-being of domestic
animals include behavioral, physiological, immunological,
genetic, and production characteristics. None is complete
by itself (Dawkins, 1980; Mench et al., 1986).

Schelderup-Ebbe (1913) stated that the hen has a
certain sound for each and every emotion. Acoustical
messages may also reveal information concerning the location
and the exterior environment of the bird (Smith, 1965;
Marler, 1977; Maier, 1982). Although poultry farmers
routinely use sound to subjectively assay flock disposition,
only recently has there been interest in the écientific
assessment of vocalization as a diagnostic tool. Folsch
(1980) noted that the friendly call was more common for
chickens maintained on deep litter than for those kept in
battery cages, with the wire netting floor system
intermediate. Subsequently, Stone et al. (1984) used
audiospectrographic analyses to compare vocalizations of
commercial egg layers that were maintained in battery cages.
They found a relationship between distress vocalizations and
frequency of agonistic encounters suggesting that acoustical
sounds could be used in evaluating the well-being of
chickens.

Acoustical properties of some of the more common calls

of the adult domestic chicken and the association of these
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vocalizations with their accompanying behavior was studied
by Konishi (1963) and Collias and Joos (1953). Stone (1983)
built on their findings and developed a catalog of
vocalizations. Caution, however, should be used in
generalizing the implications of vocalization behaviors in
husbandry settings because of variation in behaviors among
breeds of chickens (Siegel, 1984) and because emitence
vocalizations may be sensitive to the presence as well as
age and sex of the receiver (Marler et al., 1986).

Playbacks are a second dimension in using vocalizations
as a diagnostic tool. Dunnington et al. (1984) found
through the utilization of playbacks, that chickens
responded via head-shaking to recorded rooster vocalizations
but not to mechanically generated noise. This finding may
be attributed to the social implications of male
vocalizations in comparison to the lack of biological
meaning of generated noises (Dunnington et al., 1984). 1In
contrast, Sherry (1977) found that baby chick vocalizations
were meaningless to a brooding hen unless they were
accompanied with its presence.

Stereotypic behavior has been defined as behavior
repeated in a very constant way (Hurnik et al., 1985). An
example of stereotypic behavior is head-shaking in the
domestic chicken. Although it may be premature to classify

head-shaking as a disturbed or abnormal behavior (Dunnington
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et al., 1984, Dunnington and Siegel, 1986), it has been
suggested that this behavior may indicate frustration
(Siegel et al., 1978), serve to increase sensory input
(Bareham, 1972), be a response to environmental stimuli
(Hogan, 1965; Hughes, 1983; Dunnington and Siegel, 1986), or
act as a physical releaser which reduces the stress of
caging (Duncan, 1970). It is known that the frequency of
head-shaking differs for genetically diverse populations
(Siegel et al., 1978) and age (Dunnington and Siegel, 1986).
This variation is consistent with the thesis of genetic
differences in degree of response to stressors (Gross et
al., 1984) and perceptions of external stimuli (Siegel,
1984).

Measurement of behavioral, physiological, and
immunological responses in different environmental settings
may be useful in elucidating the well-being of chickens
(Marsteller et al., 1980; Mench et al., 1986). Plasma
corticosteroid levels increase in response to environmental
stressors (Edens and Siegel, 1975), with a stressor defined
as any situation that elicits defensive responses (Selye,
1963). When domestic chickens are restrained by hand,
plasma corticosteroid levels begin to increase within 45
seconds, making it a difficult measurement to accurately
obtain (Siegel, 1980). The complexity of using plasma

corticosteroid as a measure of stress and the effect of
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obtaining blood was discussed by Craig and Craig (1985) and
Craig et al., 1986). An alternative method for the
measurement of responses to stressors is the
heterophil/lymphocyte ratio. This criterion is based on
stressors causing a decrease in the number of lymphocytes
and an increase in the number of heterophils in blood.
Because the heterophil/lymphocyte ratio is more stable than
the concentration of corticosteroid in the blood (Gross and
Siegel, 1983), it may be a better measurement of stressors
in poultry farming situations.

An interaction between stress and disease resistance
exists such that although stressors often depress disease
resistance, sometimes they enhance resistance (Siegel,
1980). For example in chickens, increases in social stress
lower resistance to viral infections such as Newcastle
disease, Marek's disease, and to the bacterial component of

Mycoplasma gallisepticum while increasing resistance to

bacterial infections caused by Escherichia coli or

Staphylococcus aureus (Gross, 1962, 1972; Gross and Siegel,

1965, 1973; Gross and Colmano, 1969). Therefore, the
existence of stressors may be determined by evaluating the
response to specific pathogens, while also realizing that
the pathogen per se may be a stressor.

It should also be noted that productivity and

resistance to environmental changes may be increased by the
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socialization of animals (Gross and Siegel, 1982).
Intuitively, it seems that responses to stressors would be
decreased by socialization.
The résearch just described provides insights into the
concept of well-being. The research proposed attempts to
interface techniques from several disciplines in a problem

orientation on the assessment of well-being in the chicken.



MATERIALS AND METHODS

Stocks and routine husbandry. Chickens used in this

experiment were from White Leghorn lines selected 11 |
generations for a high antibody (HA) and low antibody (LA)
response to sheep red blood cells (SRBC) (Siegel and Gross,
1980). Two hundred-forty chicks from each line were brooded
on litter in eight windowless 1.5 x 3.7 m pens with
continuous light. A ration consisting of 209% protein and
2685 kcal/kg in mash form and water were provided ad
libitum. At 28 days of age, the pullets were discarded and
30 cockerels per flock were kept for the duration of the
70-day experiment. A flock was defined as a group of chicks
of common genetic stock, socialization and playback regimes.

Experimental procedures. A 2 X 2 x 2 factorial

experiment with variables in addition to genetic stock being
socialized vs. non-socialized and playbacks vs. no playbacks
was designed. For traits measured during discrete time
periods age was included as a variable. Socialization
consisted of five minutes of soft conversation and gentle
handling of a majority of the chicks within a flock. This
procedure was conducted on three separate days each week
from day of hatching until 28 days of age. Playbacks
consisted of a contentment call emitted by a White Leghorn
pullet that was 56 days of age. The recording was verified

by audiospectrographic analysis (Figure 1) and played to
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the chicks via a UHER 2000 Report IC tape recorder. The
recording was played for 30 consecutive minutes on three
separate days each week, commencing when the chicks were one
day of age. The eight flocks (one of each subclass) were
maintained so that those not receiving playbacks and/or
socialization were separated from those flocks that were
subjected to playbacks and/or socialization (see Figure 2).

At 3, 17, 28, 42, 56, 63, and 70 days of age, body
weights were obtained for each chick. Feed consumption data
was obtained on a pen basis. for weight periods O to 28, O
to 42, 0 to 56, O to 63, and O to 70 days of age. The
litter was sifted at 28 and 70 days of age for determination
of feed wastage.

At 29 days of age, a random sample of 20 chicks per
flock were inoculated via the brachial vein with 0.1 ml of
0.259% suspension of SRBC. Six days later (35 days of age),
chicks were bled and antibody titers determined to the log 2
by the hemagglutination procedure described by Wegmann and
Smithies (1966). From chicks not receiving SRBC antigen, a
random sample of 10 per subclass were bled at 29 and 56 days
of days of age and the number of heterophils (H) and
lymphocytes (L) counted from a blood smear which was stained
within 7 days of preparation (Gross and Siegel, 1983).

Sixty cells were classified per slide with analysis of

variance conducted on log 10 for number of heterophils and
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lymphocytes and on the H/L ratio.

At 56 days of age, media-propagated Mycoplasma

gallisepticum was injected into the posterior thoracic air

sac of all chicks whose wingbands ended with an even number.
Examination and scoring for air sac lesions were made 14
days after inoculation. Scoring for air sac lesions was on
a scale of O to 4 in increments of 0.5 with a score of O
indicating no observable lesions and 4 being much thickening
with extensive exudate.

Social encounters, headshaking and comfort scores were
measured between the ages of 28 and 35, 49 and 56 and 63 and
70 days. For each observation, there was a 2-minute
acclimation period before data were obtained. Frequency and
intensity of social encounters were recorded for each flock
during four 1l0-minute observation periods (40 minutes total)
within each age class (28 to 35, 49 to 56, and 63 to 70 days
of age). Observation days were the same for all flocks.
Encounters were defined and given intensity scores (Siegel
and Dudley, 1963; Marsteller et al., 1980) as follows:

l1: No observable aggression-avoidahce
2: Threat, avoidance

3: Peck, avoidance

4: Threat, flee

5: Peck, flee

6: Chase-Threat, flee
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7: Chase-Peck, flee
8: Flight, no observable submission.
Observational units for analysis were the sum of the four
10-minute periods (40 minutes) per flock per age class.
Headshaking was considered as any rapid, side-to-side
flick of the head not associated with eating or drinking
(Dunnington et al., 1984). Observational units for analyses
were the same as social encounters. Comfort scores were
obtained for each flock during four S5-minute observation
periods during each age class. At the end of each
observation period, a score was assigned to the flock.
Scores ranged from 1 to 10 with the lowest score reflecting
least comfort as determined by the behavior of the chicks
toward the observer. Descriptions of chicks were as
follows:
1: All in corner, a majority facing away from
observer
2: All in corner, a majority facing observer
3: Majority in corner, none within 1.2 m
of observer
4: Majority in corner with at least 5 within
1.2 m of observer
S5: Majority not in corner with at least 5
within 1.2 m of observer

6: Majority not in corner, with at least 10
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within 1.2 m of observer

7: None in corner, at least 5 within
1.2 m of observer

8: None in corner, at least 10 within
1.2 m of observer

9: None in corner, at least 3 touch
(i.e., peck or perch on) observer

10: None in corner, at least 10 touch
observer.

Frequencies and intensities of social encounters and
frequencies of headshaking were analyzed on the sum of the
four 10-minute periods per flock (40 minutes total).
Comfort scores were analyzed as the square of the value for
the four observations per flock.

Vocalizations of each flock were recorded during four
S5-minute periods (20 minutes total) for each of the
£ollowing ages: 28 to 35, 49 to 56, and 63 to 70.
Recordings were obtained using a UHER 2000 Report IC tape
recorder and were analyzed with a Uniscon II real time
spectrum analyzer. To reduce error in classification and
counting of calls each 5-minute period was evaluated twice
with the average being used for analyses.

Seven prevalent sounds (Figures 3-9) were categorized
as either contentment (calll-calll) or distress

(callé4-call7) calls (Schelderup-Ebbe, 1913; Collias and
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Joos, 1953; Konishi, 1963; Stone et al., 1984) with Cl being
representative of the vocalization used for playback (Figure
4). The classification of C4 as a distress call is variant
from Gottlieb's (1968) description of the call emitted by
25-day duck embryos. Each of the seven sounds were also
assigned an intensity value which correspond with the amount
of distress associated with the call (Andrew, 1964). Thus
Cl, which was considered least distressful, was given a
score of 1 and C7 which was considered most distressful was
scored 7.

Total number of calls, intensity per call, and
contentment to distress call ratio (C/D) were analyzed with
the observational unit being the sum per flock of the four
S-minute periods within an age period. Prior to analysis

C/D ratios were transformed to arc sine square roots.



RESULTS!?

Body weight and feed conversion. The LA males were

significantly heaviér than those from the HA line at 3 days
of age and thereafter (Table 1), a result consistent with
previous comparisons between these lines (eg. Siegel and
Gross, 1980). Both lines responded similarly in growth to
the husbandry procedures, as evidenced by lack of line by
playback and line by socialization interactions. Commencing
at 17 days, socialization by playback interactions were
significant for body weight. As seen in Figure 10, the
pattern among the four subgroupé was consistent over time
with rankings in descending order; socialization only,
playbacks only, both playbacks and socialization and neither
playbacks nor socialization. The socialization by playback
interaction suggests an intermediate optimum of stimuli
because chicks receiving either playbacks or socialization
were heavier than those exposed to both playbacks and
socialization or not exposed to either stimulus.

Differences in feed conversion between main effects and
interactions involving them were not significant through 63
days of age. Since values were cumulative and there was a
reduction in variation, by 70 days, differences were
significant with lower feed conversion ratios for HA than LA

1Analysis of variance of the various traits are presented in
Appendix Tables 1 to 5.

23



Table

1. Means and standard errors for body weight (g) for males
at various ages by line, socialization, and playback

Age Line — Socialization Playback

(days) HA LA Yes No Yes No

3 36.410.3b 38.0%+0.3a 38.410.3a 36.0% 0.3b 37.7+40.3a 36.7% 0.3b
17 91.9+1.2b 105.4t1.5a 100.3%t1.5a 97.0t 1l.4a 98.7+1.3a 98.6% 1.5a
28 134.0+2.4b 174.5t2.8a 156.9%3.1a 152.0+ 2.8a 156.0t2.7a 153.0% 3.1la
42 319.1+5.7b 384.5%5.8a 361.7+6.4a 347.2t 6.6b 357.5t6.2a 350.7% 6.9a
56 534.948.1b 566.3t8.9a 552.9t+8.6a 550.4f 8.8a 551.4%7.7a 551.8% 9.7a
63 644.819.6b 683.5t9.3a 667.7+9.3a 662.9+t 9.9a 664.418.3a 666.1%+10.9a
70 763.819.6b 822.319.9a 794.249.5a 795.0+10.8a 790.2%9.la 799.2%+11.2a

a,b Means within a main effect and age with different letters are

significantly different from each other at P £ .0S5.

144
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chicks, socialized than non-socialized ones, and for chicks
subjected to playbacks than for those not receiving
playbacks (Table 2). First order interactions were also
significant for feed conversion to 70 days of age. Although
socialization lowered feed conversion ratios of chicks from
both lines, improvement was greater in the LA (4.1 vs 3.7)
than the HA 1line (3.8 vs 3.7). In contrast, playbacks
enhanced feed conversion of HA (3.9 wvs 3.6) but not LA
chicks (3.8 wvs 4.0). Playbacks did not enhance feed
conversion as much for non-socialized as for socialized
chicks (4.0 vs. 3.6) while respective values for chicks not
receiving playbacks were similar (3.9 and 3.8).

Physiological traits and resistance to Mycoplasma

gallisepticum. Chicks from the LA line had fewer

heterophils and more lymphocytes, and therefore, a smaller
H/L ratio than HA chicks at 29 days of age. By 56 days,

differences among lines were no longer significant (Table

3). Neither socialization nor playbacks influenced these
traits at either age. Since of the 18 first order
interactions

for number of lymphocytes (L), heterophils (H), and H/L
ratios, only one (socialization by playback at 29 days of
age) was significant, it was attributed to to chance.

Expectedly, when considering the previous history of

these lines (Siegel and Gross, 1980), HA chicks had higher



Table 2. Means and standard errors- for feed conversion (feed g/gain

g) from 3 days of age to subsequent ages by line, socialization and

playback
Age Line — Socialization Playback
(days) HA LA Yes No Yes No
28 2.71+.20a 2.73%.15a 2.67t.18a 2.77+.18a 2.71+.19a 2.73%.17a
42 3.61t.08a 3.39%.19a 3.47+.12a 3.53%.19a 3.31t.11a 3.69t.12a
56 3.68t.13a 3.94t%.13a 3.70+.10a 3.92t.16a 3.75%.20a 3.86+.06a
63 3.72t.13a 3.98%.15a 3.69t.09a 4.01t.16a 3.77+.20a 3.93%.08a
70 3.731.10b 3.91t.13a 3.69+.09b 3.95%+.12a 3.77+.17b 3.86%+.06a

a,b Means within
different at

a main effect with different letters are significantly

P s .05.
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Table 3. Means and standard errors for number of heterophils (H),
lymphocytes (L), and H/L ratios at 29 and 56 days of age
Age (days)
29 56
H L H/L H L H/L
Line
HA 26.7+1.5a 33.3t1.5b 0.80%.15a 22.1%+1.3a 37.9%1.3a 0.58%t.07a
LA 21.3%#1.1b 38.7%tl1l.1a 0.55%.05b 23.9t1.6a 36.1t1.6a 0.66+.13a
Socialization
Yes 23.81+1.4a 36.2t1.4a 0.68+.10a 22.311.5a 37.7+1.5a 0.62t.09a
No 23.9%+1.3a 36.2t1.3a 0.68t.13a 23.7+1.5a 36.3t1.5a 0.65%.11la
Playback
Yes 24.0%+1.3a 36.0%t1.3a 0.66t.09a 24.2+1.6a 35.8t1.6a 0.68%t.12a
No 23.6%+1.4a 36.4*1.4a 0.65t.14a 21.8%+1.3a 38.2+1.3a 0.57%+.08a
a,b Means within a main effect and age with different letters are

significantly different from each other at P £ .05.
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titers to SRBC antigen than LA birds (Table 4). Although
there were no differences in titers between either
socialization or playback treatments, the line by playback
interaction was significant with playbacks having an
opposite effect on the different lines. LA chicks had
higher titers to SRBC antigen when subjected to playbacks
(4.4 £+ .3 vs 3.3 £ .2), while HA chicks had lower titers
when subjected to the same treatment (7.8 * .4 vs 8.4 + .5).
Neither line by socialization nor socialization by playback

interactions were significant.
Playback main effects and first order interactions were
not significant for lesion scores. Socialized birds had

significantly Thigher lesion scores to a Mycoplasma

gallisepticum challenge than those that were not socialized.

Scores for air sac lesions were generally lower than that
observed for these lines (Gross et al., 1980). Although not
significant, there was a trend of higher lesion scores for
line LA than HA chicks (Table 4).

Behavior Traits. No differences were noted among ages

for either frequency or intensity of social encounters
(Table 5). Frequencies and intensities of social encounters
were similar for both 1lines, while 1lower values were
obtained for nonsocialized than for socialized flocks and
for those receiving playbacks than for those not receiving

playbacks. Significant interactions included socialization
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Table 4. Antibody titers to sheep red blood cell antigen
antigen (SRBC) at 35 days of age and lesion
scores to Mycoplasma gallisepticum

SRBC M. gallisepticum

Line

HA 8.1 £ .3a 1.26 £ .13a

LA 3.9 £ .2b 1.42 £ .15a
Socialization

Yes 5.9 £ .4a 1.65 £ .14a

No 5.9 £ .3a 1.05 £+ .13b
Playback

Yes 6.1 £+ .3a 1.26 £ .13a

No 5.7 £ .4a 1.43 £ .15a

a,b Means within a main effect with different letters
are significantly different at P £ .0S.



Table 5. Means and standard errors for behavioral criteria per
flock by line, socialization, playback, and age

Social Encounter

Frequency Intensity Headshaking Comfort Score 1,2
Line
HA 14.5 £ 3.0a 60.4 £+ 13.0a 36.3 £ 3.2a 33.4 t 2.4a
LA 18.5 £ 2.1a 69.7 + 8.8a 34.5 + 4.3a 26.6 + 1.8b
Socialization
Yes 19.9 £ 2.6a 79.4 £ 11.1a 34.2 £ 3.2a 33.2 t 1.8a
No 13.1 £+ 2.3b 50.6 + 9.4b 36.7 £+ 4.3a 26.7 + 2.4b
Rlayback
Yes 13.4 £ 2.7b 53.4 £ 10.5b 37.3 £+ 3.9a 33.3 t 1.8a
No 19.6 £ 2.3a 76.7 £ 10.7a 33.6 £ 3.5a 26.7 t 2.4b
Age (Days)_
28 to 35 19.4 £+ 2.2a 74.5 %t 8.7a 45.4 + 3.9a 27.0 t 3.0a
49 to 56 13.0 £+ 3.1a 53.0 + 13.4a 36.9 + 3.4a 31.8 t 2.3a
63 to 70 17.1 + 4.0a 67.6 £ 17.3a 34.0 £ 2.9 31.3 % 3.2a

1€

1 Analyses performed on squares.
2 Analyses performed without age main effect.
a,b Means within a main effect with different letters are significantly
different at P £ .05.
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by line }and socialization by age for both frequency and
intensity (Table 6) and line by age for intensity (Table 7).
The socialization by line interactions for both frequency
and intensity occurred because the LA chicks showed no
change in social encounters, while socialized HA chicks had
more intraflock encounters with greater intensities than
their nonsocialized counterparts. 1In the socialization by
age interaction, socialized 63 to 70 day old chicks had
higher frequencies and intensity scores than their
nonsocialized counterparts. Although the 1line by age
interaction was significant, there were no consistent
patterns.

No differences were found between lines, socialized-
nonsocialized, and playback-no playback flocks for frequency
of headshaking (Table 5). There was a progressive decline
in the frequency of this behavior with age, with the values
obtained between 28 and 56 days of age being greater than
those between 63 and 70 days.

Comfort scores were similar across ages (Table 5). For
other variables, values were higher for HA than LA line
chicks, for socialized than for nonsocialized flocks and for
flocks subjected to playbacks than nonplaybacks.
Significant interactions were socialization by playback and
socialization by line. In the case of the former, chicks

not exposed to playbacks or socialization had lower comfort



Table 6. Means and standard errors for socialization by age
interactions in frequency and intensity of social
encounters per flock

Socialization Socialization

Yes No Yes No
Line
HA 21 % 4a 7 % 1b 89 + 19a 31+ 5b
LA 18 t 3a 18 t 3a 69 t 1lla 69 % 14b
Age (days)_
28 to 35 22 + 2 16 £ 3 82 x 7 66 t 15
49 to 56 12 t 4 13¢5 53 £ 19 55 t 21
63 to 70 25 t 4 73 102 + 22 33+ 9

a,b Means and standard errors within a row with different letters
are significantly different at p £ .0S5.

€€
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Table 7. Means and standard errors for line by age
interaction for intensity of social encounters
per flock

Line
HA LA

Age (days)

28 to 35 63.0 + 14.2 86.0 + 8.2
49 to 56 36.5 + 18.8 69.5 £ 17.3
63 to 70

8l1.8 .+ 30.8 53.5 £ 17.6
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scores than those that received playbacks and/or
socialization. For the latter, socialized, HA chicks had
higher comfort scores than chicks that had either an LA
genotype and/or were not socialized (Table 8).

Vocalizations. From the first observation period (28

to 35 days) to the subsequent ages, numbers of calls
increased, intensities remained similar, and C/D ratios
decreased (Table 9). Line HA chicks emitted more calls but
of a lower intensity than those from line LA, resulting in a
C/D ratio that was considerably greater for line HA than LA.
There was no difference between socialized and nonsocialized
chicks for number of calls, intensity per call or C/D
ratios. Also number, intensity, and C/D of calls were
similar for playback and no playback flocks.

Significant interactions for C/D included line by age
and socialization by playback. The line by age, interaction
was because the difference between lines from 28 to 35 and
49 to 56 days of age disappeared as the chicks became older
(Table 10). For the latter, chicks that were not socialized
or exposed to playbacks had the‘highest C/D ratio followed
by those that received socialization regardless of playback
regimen, and finally by those that did not receive
socialization but were subjected to playbacks.

The only significant interaction for intensity of calls

was line by age. The interaction was such that the
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Table 8. Means and standard errors for socialization by
playback and socialization by line interactions
for comfort score per flock.

Socialization
Yes No

Playback

Yes 33.7 £ 2.9a,A 33.0 £ 2.5a,A

No 32.8 £ 2.5a,A 20.5 £ 2.1b,B
Line

HA 38.3 + 1.7a,A  28.5 % 3.5b,A

LA 28.2 £ 1.2a,B 25.0 £ 3.5a,A

a,b Means and standard errors within a row with different
letters are significantly different at P < .0S5.

A,B Means and standard errors within a column with different
letters are significantly different at P < .0S.



Table 9. Means and standard errors for number of calls,
intensity of calls, and contentment/distress
call ratio (C/D)

Number of Intensity

Variable Calls of Calls Cc/D
Line

HA 435 + 17a 4.80 + .06b .23 t .05a

LA 377 £ 14b 5.19 t .05a .06 £ .01b
Socialization

Yes | 407 £ 17a 4.99 t .05a .14 £ .03a

No 405 t 15a 5.00 £ .07a .16 £ .05a
Playback

Yes 406 t 16a 5.02 t .06a .11 £ .03a

No 405 17a 4.97 + .07a .18 £ .05a
Age (days)

28 to 35 345 £ 19b 5.06 t 1lla .28 + .07a

49 to 56 436 t 18a 5.01 + .05a .09 + .02b

63 to 70 437 18a 4.91 £+ .05a .07 £ .01b
a,b Means within a main effect with different letters

are significantly different at P £ .05.
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Table 10. Means and standard errors for line by age
and socialization by playback interactions
for contentment/distress call ratios by

flock
Line
HA LA
Age (days)
28 to 35 .47 £+ .13a,A .09.+ .02b,A
49 to 56 .14 £+ .04a,B .05 £+ .02b,A
63 to 70 .08 £+ .02a,B .05 + .02a,A
—Socialization
Yes No
Playback
Yes .15 £ .05A .07 £ .03B
No .12 £ .03A .24 £ .09A

a,b Means and standard errors within a row with different
letters are significantly different at p s .0S.

A,B Means and standard errors within a column with

different letters are significantly different at
ps .0S5.
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intensity of calls emitted by LA chicks was highest from 28
to 35 days and then decreased with age whereas the HA chicks

did not establish a pattern with age (Table 11).
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Table 11. Means and standard errors per flock for
line by age interactions for average
intensity per call

Line
HA LA
Age (days)
28 to 35 4.71 + .15b,A 5.42 + .09a,A
49 to 56 4.90 £ .08a,A 5.12 + .06a,B
63 to 70 4.78 + .08b,A 5.05 t .05a,B

a,b Means and standard errors within a row with different
letters are significantly different at p s .0S5.

A,B Means and standard errors within a column with

different letters are significantly different
at p s .0S.



DISCUSSION

Chickens used for commercial egg and meat production
are far removed from their junglefowl ancestors. Selection
for thousands of generations has modified thresholds and
intensities of behavioral and physiological responses to
environmental stimuli (Siegel, 1984), yet, as discussed by
Price (1984), the patterns of response are similar for
domestic animals and their ancestors. In commercial poultry
production, as in the wild, chickens are routinely exposed
to situations that may influence their well-being. Their
responses may depend not only on the past history of the
particular strain (fhe background genome) but on the prior
experience of the individual. A further complicating factor
in commercial poultry production is the human - chicken
relationship which may mask or enhance responses to
stressors (Gross, 1983; Gross And Siegel, 1983). Lastly,
genotype by environment interactions may be of importance.

The experiment reported in this thesis measured
physiological, behavioral and production traits in White
Leghorn lines in several husbandry settings. The emphasis
was to evaluate the effect of the human-chicken relationship
and chicken-chicken relationships by having the experimenter
socialize with the chickens and by using auditory playbacks
of contentment vocalizations. H/L ratios suggested a mild

stress for all flocks, which was not unexpected as

41
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measurements were obtained during the period of peck order
formation.

The suggestion of an intermediate optimum amount of
stimuli for response by chicks (Gross and Siegel, 1981) was
borne out by the socialization by playback interaction for
body weight where chicks exposed to playbacks or
socialization were superior to those receiving both or
neither of these stimuli. That playbacks may parallel the
positive attfibutes that socialization affords (Cross, 1986;
Gross and Siegel, 1982) could have important implications
for the poultry industry since playbacks are easier to
implement than socialization and remove variations caused by
the human element. Genotype by environment interactions,
however, may be a factor in the degree of response.

In this experiment, feed conversion improved more in
response to socialization in LA than HA chicks whereas
playback response was greater for HA than LA chicks.
Another example of such interactions was that titers to SRBC
antigen increased LA chicks and decreased slightly in HA
chicks subjected to playbacks. Therefore, the degree of
positive attributes realized from playbacks and/or
socialization may differ among stocks. Regardless of these
caveats, chicks that received socialization or playbacks had
higher comfort scores (reaction to humans) than their

counterparts. This observation is consistent with the
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findings of Hemsworth et al. (1986a,b).

Stone et al. (1984) studied two strains of hens in
battery cages and found differences between strains with the
one exhibiting the most agonistic encounters also having the
greater frequency of distress calls. The setting was quite
different in the experiment reported here which involved
young cockerels raised on litter.

The increase between 35 and 49 days and subsequent the
plateau in frequency of calls may have been associated with
formation of peck orders which occur during this age period.
An inconsistency, however, appeared between intensity of
calls and the C/D ratio. The former (a quantitative
measure) changed only modestly suggesting 1little change,
while the latter decreased dramatically with age suggesting
that distress calls were relatively more common. Further
analysis of C/D ratios due to a significant line by age
interaction showed a general consistency over time in
percentage of calls 1, 2 and 3 in line LA with an increase
in call 4 at the expense of calls 5 and 6 (Appendix Table
6). In line HA, however, there was consistency for the
percentage of calls 5 and 6 but a shift in time from calls 2
to 4. This shift is a threshold type change from
contentment to distress classification. Such discrete
classification may be feasible as a diagnostic tool in

evaluating the situation in flocks and is consistent with
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the thesis of Stone et al. (1984). This inference is
consistent with the view of Marler (1986) that chicken calls
are produced with 'intent to inform' rather than being
merely 'informative'. If this is the case, our
understanding the 'language' of the chicken could be vital
to its husbandry. Intuitively it would seem that exposing
them to contentment or pleasure notes should increase their
well-being and wultimately, their production. The data
obtained in this experiment is consistent with this

reasoning.



SUMMARY
The experiment reported in this thesis was conducted to

measure physiological (heterophil number, lymphocyte number,

response to M. gallisepticum challenge, titers to sheep red
blood cell antigen), behavioral (vocalizations, headshaking,
comfort score, frequency and intensity of social
encoﬁnters), and production (body weight and feed
conversion) traits to 70 days of age in cockerels reared
under settings designed in the context of environment
enrichment. White Leghorn males from lines selected for
high (HA) and 1low (LA) antibody response to SRBC were
hatched and reared on litter, under continuous light, with
feed and water provided ad libitum. To minimize caretaker
effects, the experimenter was responsible for routine care
of the flocks. Commencing at 28 days of age chicks in some
flocks were handled gently (socialization), while other
flocks received playbacks of a contentment call. Thus the
experiment was a 2 x 2 x 2 factorial with two stocks,
socialized - nonsocialized, and playback - no playback.
Comparisons between HA and LA were generally consistent
with past history for these lines. That is, cockerels from
line LA weighed more, had inferior feed conversion ratios
and had lower SRBC titers than those from line HA.
Interactions between main variables were fairly common

for behavioral criteria suggesting that degree of behavioral
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adaptations vary among stock and environmental settings, and
may be a more sensitive assay of well-being than
physiological and/or production criteria. On the other
hand, processes using existihg behaviors and habituations
may enable animals to successfully circumvent the need for
physiological adaptations (Siegel, 1984). Thus it is
valuable for poultry farmers to capitalize on positive
behavioral responses of chickens in their flocks.

Generally, the <chicks responded favorably toward
socialization and playbacks as measured by feed conversion
and comfort scores. In some cases (e.g. body weight) the
lack of additivity suggest an intermediate optimum of
stimuli, as chicks exposed to playbacks or socialization
were superior to those receiving both or neither of these
stimuli.

The results from this thesis show that there are easily
implemented husbandry practices which may improve the
productivity of chickens through 70 days of age. Since
prior experiences can have effects subsequently in life,
studies are needed to determine the effect of the human -
chicken socialization and playbacks during the growing
period on physiological, behavioral, and production
responses in laying flocks. Moreover, research is needed to
evaluate the presence and duration of sensitive periods to

environment enrichment in poultry production.
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Appendix Table 1. Analyses of variance for body weights
(transformed to log 10) at various ages

Source of Mean squares (x103) at ages (days)
variation df 3 17 28 42 56 63 70
Line (L) 1 36** 367** 1486** 373**  31* 36%*%  55%%
Social. (S) 1 94** 23 16 29+% 1 1 <1
Playback (P) 1 18%** 1 19 8 1 <1 <1l
LxsS 1 2 18 9 11 11 5 2
Lx?P 1 2 1 9 1 <1l <1 <1
SxP 1 <1 95*% ]152*%% ]134%%* 27* 25%* 7
Error!? 2 8 12 6 6 5 3

*P < .05; **P < .01l.

1df were 450, 430, 433, 220, 213, 211, 211 at 3, 17, 28,
42, 56, 63, and 70 days of age, respectively.



Appendix Table 2.
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Analyses of variance for feed

conversions to various ages

Source of

Mean squares (x103) from hatching to ages

variation df 28 42 56 63 70
Line (L) 1 1 99 135 134 63*
Social. (S) 1 19 7 98 206 135%*
Playback (P) 1 1 286 24 49 14%*
L xS 1 123 23 40 68 60*
Lx?P 1 2 33 230 165 89*%
S x P h 593 51 5 8 33%*
Error 1 41 123 S 6 <1
*P < .05; **pP < .01.



Appendix Table 3.  Analyses of variance for lymphocytes (L),
heterophils (H), and H/L ratios at 29 and 56
days of age, antibody titers to sheep red
blood cell antigen (SRBC), and lesion scores
to Mycoplasma gallisepticum

Mean squares (x103) at ages (days)

Source of 29 56 SRBC M gallisepticum
variation df H* L' H/L H' L' H/L Titer Score?

Line (L) 1 1042*% 728*%* 4010** 96 102 710 774%* 62

Social. (S) 1 6 1 1 91 36 168 <1 963
Playback (P) 1 11 <1 50 171 150 845 3 69

LxS 1 298 31 23 843 127 341 4 4

LxP 1 10 15 173 403 30 26 32+ 42

SxP 1 496 351* 2002 2 109 882 1 63

Error? 158 80 521 231 88 428 6 107

*P < ,05; **p < ,01.

1Analyses were made on log 10.

2df was 80 at 29 days, 74 at 56 days of age, 166 for SRBC,
and 107 for M. gallisepticum.

3Mean square x 102,

SS



Appendix Table 4. Analyses of variance for various behaviors

Source of variation df Frequency Intensity Comfort Headshaking
Line (L) 1 96 513 1135#%# 20
Social. (S) 1 280* 4959++ 780%* 38
Playback (P) 1 228+ 3243+ 8374+ 81
Age (A) 2 167 1929 - 1853+
LxsS 1 280* 4959+ + 370+ 122
LxP 1 48 900 138 17
LxA 2 86 4319+ - 262

S xP 1 24 852 562+ 33

S x A 2 284+ 5177+ - 170
PxA 2 138 2147 - 523
Error 92,172 29 436 701 78

*P 5 .05; **p £ ,01.

lAnalyses were made on squares; Mean Square x 10-3;

made without age variable.

2Error df for frequency intensity and headshaking.

3Error df for comfort.

Analyses were

9s



Appendix Table 5. Analysis of variance for vocalization criteria

Calls

Source of variation df Number! Intensity? c/D2
Line (L) 1 807%+ 378%% 71%4
Social. (S) 1 1 1 1
Playback (P) 1 <1 7 12
Age (A) 2 1800** 37 85*%*
LxsS 1 48 9 1
Lx?P 1 41 7 1
LxA 2 340 115¢* 55%%*
SxP 1 338 44 22%
S xA 2 8 15 21
PxA 2 221 7 2
Error 81 100 14 5

*P § .05; **p £ ,01.
1Mean square x 10-2
2Mean square x 102,

LS
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Appendix Table 6. Number of total calls and percentages of
types of calls within an age group for
each flock by line, socialization, and
playback

HA LA

NS S NS S

CALL NP P NP P NP P __NP P

28 to 35 Days of Age

1 <1l <1l <1l <1 1 <1 <1 <1l
2 25 15 16 22 4 1 4 9
3 6 4 11 8 4 2 1 3
4 1 4 6 4 5 7 13 12
S 31 28 18 17 31 16 10 12
6 33 49 49 48 39 74 71 63
7 3 1 1 1 15 1 1 1

Total 384 382 351 348 257 351 381 302

49 to 56 Days of Age

1 <1 <1l <1 <1l <1 <1 <1l <1l
2 21 1 4 6 6 <1 4 <1l
3 3 2 3 3 1 1 4 1
4 11 23 11 15 12 35 17 34
5 29 39 51 40 41 17 30 15
6 36 32 30 34 40 47 45 49
7 1 3 1 1 1 1 1 1

Total 488 400 500 398 446 431 383 442

63 to 70 Days of Age

1 1 6 6 6 S 2 3 <1l
2 4 1 1l 1 5 <1 <1 <1l
3 1 1 1 <1l - 1 <1 1 1
4 33 25 33 26 11 26 18 41
S 26 40 27 34 31 29 40 19
6 34 26 31 33 46 43 38 38
7 1 1 2 1 1 1 1 1

Total 384 535 537 510 366 459 385 319

HA - high antibody line P - playbacks S - socialized
LA - low antibody line NP - no playbacks NS - not socialized
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PHYSIOLOGICAL AND BEHAVIORAL RESPONSES OF GENETIC
LINES OF CHICKENS TO PHYSICAL AND AUDITORY STIMULI

by
John Michael Metz
(ABSTRACT)

Physiological, behavioral and production traits of
White Leghorn cockerels from lines selected for high and low
antibody response to sheep red blood cell antigen were
measured to 70 days of age in several husbandry settings.
Chicks were reared in pens with wood shavings, in windowless
rooms,-with continuous light and feed and water available ad
libitum. Socialization, to enhance chicken-human
relationships, and auditory playbacks of contentment calls
were used as husbandry procedures in the context of
environmental enrichment. Socialization involved gentle
handling of a sample of the birds while playbacks were of 30
minute duration. Both were conducted three times per week
with socialization performed from 1 to 28 days and playbacks
from 1 to 70 days of age. The experiment was a 2 x 2 x 2
factorial with two stocks, socialization - nonsocialization
and playback - no playback. To minimize extraneous effects,
the area where the flocks were located was restricted to
personnel involved specifically with this experiment. That
is, the same individual (usually John Michael Metz) who
obtained the data also performed the routine husbandry.

None of the husbandry settings appeared to create a stress



as measured by heterophil/lymphocyte ratios and production
of antibody to sheep erythrocytes. Behavioral and
production criteria showed that chicks responded favorably
toward socialization and playbacks as measured by feed
conversion and comfort scores, with the effects of the
stimuli paralleling each other. The lack of additivity
suggests an optimum intermediate of stimuli. Contentment to
distress call ratios decreased with age. Concomitantly
there were increases in social encounters among flock-mates
which were probably associated with the formation of peck-
rights. Genotype by husbandry setting interactions were
fairly common suggesting that the degree of response to
these stimuli varies among populations. This result was not
surprising because of the intense selection in closed
chicken populations. The data suggest that playbacks of
contentment calls or enhancement of the chicken - human
relationships can increase the well-being of young flocks of
chickens. The degree of response, however, may vary among

populations.
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