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their T-maze performance as hatchlings
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Abstract 1. This study examines the time courses of male mating behaviours using quail that were
categorised at 2d of age as high performance (HP) or low performance (LP) individuals in a T-maze.
2. Individually caged males from each T-maze category were observed for 5 min after a female of the
same category (HP or LP) was introduced into their home cages as a sexual partner at 4, 5, 6, 8, 10 and
12 weeks of age. The number of grabs, mounts and cloacal contacts performed by each male and his
copulatory efficiency (number of cloacal contacts/number of grabs; CE) were determined at each time
interval.

3. No differences were observed in the proportion of HP and LP males performing grabs at any of the
ages evaluated. However, a greater proportion of HP males showed mounting and cloacal contact
behaviour, coupled with a higher CE than did their LP counterparts at 5 and 6, 6 and 8, and 8 weeks of
age, respectively. At those ages, a higher mean number of mounts and cloacal contacts were also
observed. No significant sexual behaviour differences between HP and LP quail were observed at 10 and
12 weeks of age.

4. The results suggest that rapid negotiation of the T-maze in hatchlings is associated with accelerated
puberty in male quail. The differential reproductive behaviour of HP males during the development of
puberty does not remain extant in fully developed quail.

5. The finding of accelerated male developmental sexual activity responses in HP quail indicates that

selection for T-maze HP behaviour may allow males to be successfully bred at an earlier age.

INTRODUCTION

Many behavioural characteristics (such as aggres-
sion, mating behaviour, fearfulness, feather
pecking and sociality) vary substantially between
and within genetic strains of modern commercial
egg- and meat-type chicken stocks (Siegel, 1993;
Jones, 1996; Craig and Muir, 1998; Faure and
Mills, 1998). Some traits influence the bird’s
ability to adapt to their social and physical
environment and exert profound effects on the
productivity and welfare of farmed poultry
(Jones, 1996; Faure and Mills, 1998; Jones and
Hocking, 1999). Because these traits are sensitive
to genetic manipulation, the establishment of
selection programmes for both performance- and

welfare-friendly characteristics has been sug-
gested (Mench, 1992; Jones, 1996; Jones and
Hocking, 1999). Indeed, such genetic selection
may be the quickest and most reliable method of
eliminating harmful characteristics and promot-
ing desirable ones.

The T-maze test combines elements of fear
and social stress, both of which can damage
animal productivity and welfare (Jones, 1996;
Jones and Hocking, 1999). The test involves
measuring the time taken by the chick to leave
an isolation chamber, and reinstate visual contact
with its companions in a nearby enclosure.
Chicks are then assigned to one of two categories:
those that perform the task in a short time are
classified as high performance (HP) birds, and
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those that take a long time as low performance
(LP) birds. Broiler chicks classified as HP are
known to grow faster in the laboratory (Marin
et al., 1997) and under different commercial
conditions (Marin et al., 1999, 2003). High
performance chicks also show greater sociality in
their home cages as well as in runway tests (Jones
et al.,1999; Marin et al.,2003) and, in response to
an acute stressor, HP chicks had more benzodia-
zepine/GABA receptors (Marin and Arce, 1996)
and a lower adrenocortical response (Marin and
Jones, 1999) than their slower LP counterparts.
Thus, selection of commercially important poul-
try stocks for HP in a T-maze may provide avian
geneticists with a selection criterion for enhan-
cing production performance and well-being.
Although a selection programme based on
T-maze response has yet to be established, the
substantial variation in the T-maze responses
of individually tested, 2- to 3-d-old broiler chicks
and Japanese quail (Marin and Arce, 1996;
Jones et al., 1999; Marin et al., 2002) suggests
that selective breeding for HP would be possible
(assuming sufficient heritability for this trait
exists).

Female HP Japanese quail from a line
selected for reduced (low stress; LS) rather than
exaggerated (high stress; HS) adrenocortical
responsiveness (HP-LS quail) matured sooner
and had a higher early hen-d egg production rate
than LP-HS quail (Marin et al., 2002), with both
HP-HS and LP-LS quail showing intermediate
female reproductive performance. Furthermore,
rapid negotiation of the T-maze has been
associated with accelerated somatic growth and
puberty in male quail (Labaque et al., 2007).
In this study, reproductive development was
assessed measuring cloacal gland size and the
expression of cloacal gland foam which are
considered to be excellent indicators of male
gonadal and general reproductive development
as well as sexual activity (McFarland et al., 1968;
Sachs, 1969; Siopes and Wilson, 1975; Oishi and
Konishi, 1983; Delville et al., 1984). The above
findings suggest additional advantages that a se-
lection programme based on T-maze perfor-
mance may have beyond general improvements
in growth, sociality and stress hormone respon-
siveness: the potential to improve both male and
female reproduction.

Sexual behaviour in males is under the
control of androgen hormones (Mills et al.,
1997) and is also affected by bird fearfulness,
stress susceptibility and prior experience (Burns
et al., 1998; Marin and Satterlee, 2003). Sexual
behaviour of Japanese quail has both approach
and avoidance components (Burns et al., 1998;
Jones and Mills, 1999). For reproductive success,
potential sexual partners have to be attracted to,
and approach, one another. The tendency to

approach must be stronger than the tendency to
withdraw. Therefore, increased sociality and
success in previous copulatory encounters may
predict an enhanced tendency to approach
a partner while withdrawal may occur because
of fearfulness elicited by the other animal or
other cues and/or previous situations perceived
as stressful. Because of the links between T-maze
performance and social behaviour, the physiolo-
gical responses, somatic growth, and female and
male reproductive development cited above, it is
conceivable that T-maze classified quail may
differ during development in their male repro-
ductive behaviour as well.

In our study, the ontogeny of male repro-
ductive behaviour in HP and LP T-maze classified
Japanese quail chicks was evaluated by studying
temporal differences in the consummatory
components of sexual behaviour (neck grabs,
mounts and cloacal contacts). The study was
conducted at ages during which growing
photostimulated quail normally exhibit (1) no
sexual activity (all birds prepubescent), (2) rapid
increases in the numbers of copulatory-related
behaviours and mating attempts, and (3) full
sexual maturation (all birds being able to
consummate sexual encounters).

MATERIALS AND METHODS

Subjects and husbandry

Male Japanese quail (Coturnix coturnix japonica)
were used, taken from a larger population of
a 456-bird hatch. Egg incubation, chick brooding
and lighting procedures were similar to those
described by Jones and Satterlee (1996) with the
exception that chicks were brooded from d 1 in
mixed-sex groups of 38 within each of 12 brooder
cages measuring 85 cm x 45 cm x 50 cm (length x
width x height). Upon hatching, birds were leg-
banded in order to identify each bird. At 2d of
age, all birds were categorised as HP or LP birds
according to the time they took to traverse
a T-maze to reinstate contact with their compa-
nions (see below). At 21d of age, leg bands were
replaced with wing bands of the same colour and
number. Quail were sexed by plumage coloura-
tion at 28d of age, at which time 40 HP and
40LP males were randomly and individually
housed into the cages of two 5-tier cage batteries.
Forty HP and 40LP females were also
randomly housed in same category pairs into
the cages of one b-tier breeder cage battery. Each
cage measured 45cm x 20 cm x 25 cm (length x
width x height).

From hatch to 4 weeks of age, birds were fed
a starter ration (280g CP,11.71k] ME/kg)
and water ad libitum. From 4 weeks on, birds
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were switched to a breeder ration (210g CP,
11-51k] ME/kg) with feed and water continuing
ad libitum. The light regimen was 14 h light:10h
dark provided by fluorescent lamps and light
intensity was approximately 3501lux during the
lighted portion of the day. During the trial, birds
that died or escaped were not replaced. Thus,
37HP and 38LP males were included in the
statistical analyses at the end of the study.

Hatchling T-maze testing

The T-maze used was a smaller version of the
one described by Marin et al. (1997) for domestic
chicks. It consisted of an isolation chamber
(12-bcm x 12-5cm, length x width) leading to
a 15cm x5cm  (length x width) corridor  that
ended in two 5cm x 5cm perpendicular arms
(top of the T). A 10 cm x 10 cm (length x width)
mirror was situated at the junction of the
corridor with the perpendicular arms to facilitate
movement of the chick toward this point.

The T-maze apparatus was made of wood
and painted white. It was placed in a
25ecm x40 cm  (length x width) section of a
larger (60cm x40 cm) wooden brooder box,
also painted white. A wire-mesh was used to
separate the area within the box that contained
the T-maze apparatus from a separate 35cm X
40 cm (length x width) brooder box area that
contained 18 test quail on wood shavings litter
(see below). Food and water were freely available
in the brood area and an overhead lamp
provided light for the entire apparatus. Four
identical T-maze apparatuses were used in the
present study and they were situated in a sepa-
rate room from the one containing the brooder
cages. Ambient temperature and light intensity
were similar between the two rooms.

The T-maze responses of 432 quail were
measured at 2 d of age. Prior to testing, groups of
quail (n=18) were placed in the brood areas of
each of 4 T-mazes. Birds were allowed a 10-min
acclimation period before testing began (at
08:30 h). This arrangement allowed 4 experimen-
ters to test birds simultaneously and it was
continued until all 18 chicks from each T-maze
had been tested. At test, a quail was removed
from the brood area and placed in the centre of
the isolation chamber facing away from the
entrance to the T corridor. The time it took to
emerge from the arm of the T-maze facing the
brood area was then recorded. Exit from the
T-maze arm nearest the brood area allowed
a test chick visual contact with its companions.
The floor of the T-maze apparatus was wiped
clean after each test. To prevent them from being
retested, birds were lightly marked on the
head with a fast-drying non-toxic colour marker
before being returned to the brood area.

The procedures were repeated by each experi-
menter until all quail within a given experimen-
ter’'s T-maze brood area were tested. When this
occurred, the entire group of tested quail were
returned to their home cages. The procedures
were repeated with new groups until all 432 quail
had been tested. Quail that successfully nego-
tiated the maze in less than 20s were categorised
as HP chicks; those that took longer than 100s
were classified as LP birds. These time intervals
were chosen to include only those individuals
that occupied approximately the top and bottom
quartile of the T-maze performance distribution.
Birds with intermediate time scores (medium
performers) were not included in the study.

Home cage tests

Males were repeatedly tested in their home cages
at 4, b, 6, 8, 10 and 12 weeks of age. Because of
cage space limitations (that is, in order to clearly
determine the different sexual behaviours upon
post-test reviewing of the tape recordings, see
below), testing of HP and LP quail were
performed in the presence of one female of
either the HP or LP category. Females from each
T-maze category (HP or LP) were paired with test
males such that there were two test groups: HP
males treated with a HP female and LP males
treated with a LP female. The same pair combi-
nation was evaluated at each of the 6 testing time
intervals. At each time interval, tests were
conducted between 09:00 and 15:00h on two
consecutive days (approximately half of the birds
were tested each day). Within each time interval,
test order was randomised and each male tested
once only. Testing started when a given female
(HP or LP) was removed from her home cage,
wing band identified, transported approximately
2m, and placed inside her test male’s home cage.
Subsequently, behavioural events were recorded
during a 5-min period using a closed circuit
television system with a video camera placed
1m directly in front of the cage unit. This
arrangement made certain that the experimenter
was completely hidden from the chick’s view
during testing. At the end of a test period, the
female was removed from the male’s cage and
returned to her home cage. The males could not
see their intended potential mates from their
home cages.

A male quail initiates sexual activity by using
its beak to grab and hold the head or neck
feathers of the female (termed a ‘grab’). Once
the male has both feet on the female’s back (a
‘mount’), it arches its back and moves its cloaca
in contact with that of the female, making several
cloacal thrusts (‘cloacal contacts’). The number
of grabs, mounts and cloacal contacts were
determined by replay of the test recordings.
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Measurement of cloacal contacts is considered to
be an excellent indicator of completed copula-
tions and successful sexual performance (Beach
and Inman, 1965; Adkins and Adler, 1972). We
estimated the efficiency of copulatory behaviour
(the number of times that the copulatory
sequence is completed once it has been initiated)
by dividing the number of cloacal contacts by the
number of grabs for each test subject (Burns
et al., 1998). This variable was termed copulatory
efficiency. The numbers of HP and LP males
that performed grabs, mounts and cloacal con-
tacts during each of the time intervals were also
assessed as a proportion of the total HP or LP
group size. Copulatory behaviour typically
improves with practice (repetitive attempts)
(Domjan et al., 1986). Indeed, cloacal contacts
are often observed only after several copulatory
sequences are initiated. Thus, the proportion of
male individuals (HP or LP) having a copulatory
efficiency higher than 0-3 (at least one cloacal
contact made after three copulatory attempts;
CE>0-3) was also determined. This milestone
was chosen by identification of those birds within
the entire population (considering all HP and LP
quail) that at the end of the study possessed
a copulatory efficiency that excluded them from
being members of the bottom 30% of the
combined HP and LP population.

Data analysis

Differences in the proportion of HP and LP birds
that performed grabs, mounts and cloacal con-
tacts and who had a CE>0-3 at each of the
6 testing time intervals (at 4,5,6,8,10 and
12 weeks of age) were evaluated using a two-
sample proportion test (Analytical Software,
2000). Separate analyses were calculated for
each response variable measured, where a male
was considered successful and scored a ‘1’, if it
performed a mating behaviour at a given age,
and unsuccessful and scored a ‘0’, if it did not
perform a mating behaviour at a given age.

Copulatory behaviour data were evaluated
with repeated measures analyses of variance
(ANOVAs), with quail age (4,5,6,8,10 and
12 weeks of age) as the within-subject variable
(repeated measure) and T-maze category
(HP and LP) as the between-subject variable.
To better fit the assumptions of the ANOVA,
values were transformed to ranks (Shirley, 1987).
Separate ANOVAs were conducted for each
response variable measured. Fisher’s least sig-
nificant difference tests were used for post hoc
comparisons of treatment means. A probability
level of <0-05 was considered to represent
significant differences.

RESULTS

The Table shows the proportion of birds who
performed at least one or more grabs and
mounts and at least one or more cloacal contacts
and a CE>0-3 at the ages evaluated (4,5, 6,8, 10
and 12 weeks of age). At 4 weeks of age, no HP or
LP males exhibited sexual behaviour. However,
at 5, 6 and 8 weeks of age, an increasingly higher
number of males showed sexual activity. At 5
weeks of age, a trend (P<0-07) for a greater
proportion of males grabbing females was found
in the HP compared to the LP group. At 6 weeks
of age, almost all males (95 vs 97%, respectively,
for LP and HP) grabbed their test females at least
once and, at 8 weeks of age, all males (100%)
were showing female grabbing behaviour. At 5
and 6 weeks of age, a greater (P<0-05) propor-
tion of HP males mounted their similarly
categorised target females when compared to
their LP male counterparts. Beginning at 8 weeks
of age, 87 vs 95% (respectively for LP and HP) of
the males performed mounts and no differences
were found between the HP and LP male quail. A
small incidence of cloacal contacts were first
observed at 6 weeks of age, wherein a higher
(P<0-05) proportion of males performed cloacal
contacts in the HP (33%) than in the LP (18%)
group. The higher proportion of HP males
performing cloacal contacts than LP males was
maintained at 8 weeks of age. Thereafter, cloacal
contact behaviour seemed to peak and no further
T-maze category influences were evident. Similar
to the cloacal contact results, the number of
males performing a CE>0-3 was numerically
higher in HP than in LP male quail at 6 weeks
of age (P<0-09; 18 vs 33%, respectively, for LP
and HP) and greater at 8 weeks of age (P<0-05;
71 vs 84%, respectively, for LP and HP).

Figure 1 depicts the mean (=SEM) number
of grabs of HP and LP quail at 4, 5, 6, 8, 10 and
12 weeks of age. The number of grabs was
affected by quail age (number of grabs increasing
in time; Fy5 365 =31-19, P<0-001), but was not
affected by T-maze category (HP = LP; F; 75 =0-58,
P<0-44). No interaction (F5 365 =0-49, P=0-78)
between these treatments on the number of
grabs was found.

The number of mounts was affected by
T-maze category (HP>LP; F; 73=4-98, P<0-03)
and quail age (number of mounts increasing in
time; I 565 =32-86, P<0-001) and these treat-
ments failed to show a significant interaction
(F5.365 =1-85, P=0-10). Post hoc least significant
difference tests showed that the number of
mounts were similar in HP and LP quail initially
(at 4 weeks of age) and from 8 to 12 weeks of age
(by the end of the study). However, HP males
showed more (P<0-05) mounts than LP males
from 5 to 6 weeks of age (Figure 2).
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Figure 1. Age influences on male grabs (mean number per
5 min observation period £SEM) made on females in breeder
pairs that were categorised as high (HP) or low performers (LP)
in a T-maze at 2d of age.
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Figure 2. Age influences on male mounts (mean number per
5 min observation period £SEM) made on females in breeder
pairs that were categorised as high (HP) or low performers (LP)
in a T-maze at 2d of age. ““Means having no common
superscripts differ significantly (P < 0-05).

The number of cloacal contacts made by
males was affected by quail age (number of cloacal
contacts increasing in time; Fj 365 =38-26,
P<0-001) and there was an interaction
(F5.365 =2-23, P<0-05) between T-maze category
and quail age on the number of cloacal contacts
performed as well (Figure 3). Post hoc tests
showed that the mean number of cloacal contacts
were similar in HP and LP quail at 4 and 5 weeks
of'age, and from 10 to 12 weeks of age (by the end
of the study). However, as with the mounting
behaviour results, at the intermediate ages tested
(from 6 to 8 weeks of age), HP males showed more
(P<0-05) cloacal contacts than did the LP males.
Copulatory efficiency results generally mimicked
the number of cloacal contacts—higher copulatory
efficiency was observed in HP than LP quail from
6 to 8 weeks of age (Figure 4).
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Figure 3. Age influences on cloacal contacts (mean number
per 5Smin observation period £SEM) in male and female
breeding pairs that were categorised as high (HP) or low
performers (LP) in a T-maze at 2d of age. ““Means having no
common superscripts differ significantly (P < 0-05).

Copulatory efficiency

4 6 8 10 12
Age (weeks)

Figure 4. Age influences on copulatory efficiency (measured
as number of cloacal contacts/number of grabs per 5min
observation period £SEM) of males in breeder pairs that were
categorised as high (HP) or low performers (LP) in a T-maze at
2d of age. “*“Means having no common superscripls differ
significantly (P < 0-05).

DISCUSSION

Our findings demonstrate that T-maze classifica-
tion at the very early age of 2d post-hatching is
predictive of the onset of sexual behaviour.
Significant differences in several copulatory
behaviours during the early ages of sexual
development were observed between the two
classification groups (HP wvs LP). Evidently,
T-maze performance is related to a greater
range of behaviours than those directly asso-
ciated with the T-maze classification procedure,
and these relationships continue to be evident in
birds that are older than those used in previous
experiments (Jones et al., 1999; Marin and
Martijena, 1999). Behaviour early in life is not
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always predictive of later performance. For
example, Nol et al. (1996) found that dominance
ranking of quail is not stable during ontogenetic
development.

The differences in sexual behaviour
observed in the present study extend the effects
of the T-maze classification to new measures of
behaviour. Previous studies have shown that
T-maze classified HP males are more social and
have a reduced stress responsiveness (Jones
et al., 1999; Marin and Martijena, 1999).
The present findings indicate that T-maze classi-
fication also correlates with differences in various
measures of male sexual behaviour. The effects
on sexual behaviour are of particular interest
because they show that T-maze classification
based on non-sexual behavioural responses at
only 2d of age is related to sexual responses that
occur much later on and that are not in the
behavioural repertoire of the birds at the time of
classification. Both LP and HP test males were
tested only with like (same T-maze classified)
females because of the potential proposed
usefulness of the T-maze test in future selection
programmes. A selection programme would be
applied in very young birds where, in most cases,
the sex is unknown. In that case, the breeder
should only keep HP birds (males and females)
and discard the LP ones. Moreover, it should also
be easier to develop an HP line considering that
both males and females should be selected for
the same trait (HP in a T-maze). However,
because HP and LP quail differ in their social
responses and stress susceptibility, experiments
evaluating different T-maze pair combinations
would be needed to help elucidate the influence
of sex differences in social and stress responsive-
ness characteristics on mating behaviour.

As previously stated, the number of grabs of
a female by a male is indicative of the number of
times that a copulatory encounter is initiated
and the number of cloacal contacts have been
considered to be an excellent indicator of
a completed copulation (successful sexual per-
formance) (Beach and Inman, 1965; Adkins and
Adler, 1972). There were no significant differ-
ences in the number of grabs (a forerunner act to
actual copulation) performed by HP and LP
males at any of the ages evaluated in home cage
tests. This suggests that the libido in T-maze
classified birds does not differ. However, the
number of cloacal contacts and the copulatory
efficiency showed significant differences between
HP and LP quail (HP>LP) when those beha-
viours began to appear in the sexual activity
repertoire of the quail (from 6 to 8 weeks of age).
Because the differences between HP and LP
birds in the number of cloacal contacts and CE
are lost later in life (at 10 and 12 weeks of age),
our data further suggest that males from the HP

category are more effective than their LP
counterparts in completing a copulatory event
once it has been initiated only during the early
stages of sexual development.

The measurement of the proportion of quail
performing mounts and the use of absolute
numbers of mounts may be even more sensitive
than measurement of cloacal contacts in first
detecting HP vs LP developmental reproductive
differences in copulatory behaviour. Beginning at
5 weeks of age, a full week earlier than was found
for the significant T-maze group differences in
cloacal contacts and copulatory efficiency,
a higher number of HP than LP males had
mounted their females. At 5 weeks of age,
a trend for a greater proportion (P<0-07) of
males grabbing females was also found in HP than
in LP males. Perhaps use of a larger number of
observations would have allowed a higher degree
of confidence in detecting T-maze group differ-
ences in the proportion of males grabbing females
at this very early age. Nevertheless, the greater
number of male HP quail that performed mounts
at b weeks, a difference that continued at 6 weeks
of age, supports our thesis that the onset of
puberty (precociousness) was advanced in birds
that more quickly traversed the T-maze as hatchl-
ings. Even though the number of cloacal contacts
were still rising differently by T-maze group
(HP >LP) at 8 weeks of age, all males, regardless
of their T-maze category, were at least attempting
to initiate a sexual encounter (grab females by 8
weeks of age). This is not surprising, because
unless birds began to show sexual activity by this
time, they would be considered sexually dysfunc-
tional adults. Collectively, our previous findings
of the interactive effects of T-maze classified low
stress and high stress quail chicks on female quail
sexual maturation as evidenced by early egg laying
(Introduction and Marin et al., 2002), our study
showing earlier cloacal gland development in HP
compared to LP male quail (Labaque et al., 2007)
and the present findings on male copulatory
behaviour suggest that ability to rapidly negotiate
a T-maze as a chick is associated with accelerated
puberty in both quail sexes.

In prepubertal and pubertal Japanese quail,
cloacal gland hypertrophy and foam production
are androgen-dependent and highly positively
correlated with testes size as well as sexual activity
(Coil and Wetherbee, 1959; McFarland et al.,
1968; Sachs, 1969; Siopes and Wilson, 1975;
Oishi and Konishi, 1983; Delville et al., 1984).
Androgen involvement in sexual behaviour has
been demonstrated by experiments that have
shown copulatory behaviour is eliminated by
bilateral removal of the testes or by photic
castration during restricted photostimulation,
while such behaviours are restored under these
same conditions by treatment with exogenous
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testosterone (Beach and Inman, 1965; Sachs,
1969; Adkins and Nock, 1976). Recently, tem-
poral developmental differences were found in
cloacal gland size (HP>LP) and also in body
weight (Labaque et al., 2007). Thus, the acceler-
ated somatic growth may also be considered as
a factor influencing the accelerated puberty
found in HP male quail of the present study.
However, HP males also showed higher-body-
weight-adjusted cloacal gland size compared to
LP males (Labaque et al., 2007) during a very
similar (6 to 10 weeks of age) timeframe as that
used herein. These glandular findings suggest
that the present enhanced copulatory efficiency
of HP quail during weeks 6 and 8 is probably
a direct result of altered endocrinology
(increased testosterone) independent of somatic
growth. Because the present differences in
copulatory behaviour detected at 6 and 8 weeks
of age (HP>LP) were lost at 10 and 12 weeks of
age, it appears that any changes in testosterone
are transient because the increased sexual beha-
viour in HP males is not maintained at older
ages. However, it would be interesting to
determine whether T-maze category differences
in copulatory behaviour re-emerge in very aged
quail when circulating testosterone falls and
sexual senescence occurs (Ottinger et al., 1997).

Of relevance to the present study is the fact
that male quail selected for reduced (low stress,
LS) rather than exaggerated (high stress, HS)
plasma corticosterone response to brief restraint,
like the present HP males, also show an
accelerated onset of puberty (Satterlee et al.,
2002; Marin and Satterlee, 2004; Satterlee and
Marin, 2004; Satterlee ef al., 2007a, b).
In addition, quail from the LS line show lower
fearfulness, a non-specific reduction in stress
responsiveness and greater sociality than HS
quail (Jones et al., 1992a, b, 1994, 2002; Jones
and Satterlee, 1996). In avians, the administra-
tion of corticosterone or adrenocorticotrophin,
as well as activation of the hypothalamic-pituitar-
y-adrenal axis by various non-specific systemic
stressors, is associated with depression in the
hypothalamic-pituitary-testicular axis (Deviche
et al., 1982; Deviche, 1983; Edens, 1987; Joseph
and Ramachandran, 1993). Thus, it has been
proposed that the reported negative relation-
ships between corticosterone and male repro-
ductive function may reflect corticosterone-
induced alterations of pituitary gonadotrophin
hormone release and/or Leydig cell apoptosis,
phenomena that may simply underlie the com-
promised reproductive functioning found in HS
quail when compared to LS ones (Satterlee et al.,
2000, 2002, 2006, 2007b; Marin and Satterlee,
2004; Satterlee and Marin, 2004). Plasma corti-
costerone responses to a partial water immer-
sion stressor were lower in HP than LP chicks

(Marin and Jones, 1999) indicating a differential
susceptibility to stressful stimulation in T-maze
categorised birds. Therefore, because adrenocor-
tical stress responses are considered to be non-
specific in terms of the stressors that induce such
responsiveness, HP quail may also be less
sensitive to other stressors as well. In the present
study, while the quail were not intentionally
exposed to stressors, it may well be that periodic
differential adrenocortical responses in the direc-
tion of HP <LP may have occurred during daily
routine maintenance chores, and during the
unavoidable stress associated with bird capture,
transport and handling for the purposes of
hatching, leg and wing banding, housing and
copulatory behaviour measurements. Thus, the
aetiology of the accelerated ability to consum-
mate a sexual encounter found in HP quail in
the present study may be linked to a decreased
adrenocortical responsiveness.

It has been proposed (Jones, 1996; Jones and
Hocking, 1999; Jones et al., 2000; Satterlee et al.,
2000) that selection for reduced adrenocortical
responsiveness and/or reduced fearfulness and/
or heightened sociality may be worthwhile in
ameliorating the incidence of stress-induced
behavioural, physiological and morphological
responses that are associated with decreased
animal welfare and productivity in commercially
important poultry species. Two of these traits
(reduced adrenocortical responsiveness and
increased sociality) are apparent in HP birds.
Thus, assuming that HP behaviour is sufficiently
heritable, early age T-maze testing may provide
yet another useful alternative for poultry bree-
ders to identify genotypes that possess significant
potential for improved productivity and animal
welfare.

In conclusion, the present findings of accel-
erated male developmental sexual activity
responses in HP quail represent another favour-
able outcome that selection for T-maze HP
behaviour may provide—may allow males to be
successfully bred at an earlier age, thus reducing
the associated costs of male maintenance. Our
original proposal that selection for rapid negotia-
tion of the T-maze will probably reduce the
incidence of stress-induced behavioural, physio-
logical and morphological responses that are
associated with decreased welfare and productiv-
ity in commercially important poultry species is
consistent with other research (Jones, 1996; Jones
and Hocking, 1999; Jones et al., 2000; Satterlee
et al., 2000; Labaque et al., 2007).
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