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ABSTRACT Broiler chicks that traverse a T-maze
quickly to reinstate contact with their companions (HP,
high performers) are known to grow faster, are more
social, and have a reduced plasma corticosterone re-
sponse to acute stress than slower chicks (LP, low per-
formers). High-performing quail from a line selected for
reduced rather than exaggerated (high-stress) adrenocor-
tical stress responsiveness also show enhanced female
reproductive performance when compared with LP-
high-stress quail. Herein, time courses of male sexual
development were evaluated in genetically unremarkable
quail that were categorized at 2 d of age as HP or LP in
the T-maze. Body weight, cloacal gland volume (CVOL),
proportion of individuals that produced cloacal gland
foam, intensity of foam production, and CVOL relative
to BW (RCVOL) were determined weekly from 4 to 10

wk of age, and again at 22 wk, along with absolute and
BW-adjusted testes weight. Although CVOL and RCVOL
were initially similar in both T-maze groups, both vari-
ables were greater (P < 0.05) in HP than in LP quail
between 6 and 10 wk of age. High-performing birds also
showed a trend (P < 0.1) of greater cloacal gland foam
than their LP counterparts from 5 to 7 wk. From 8 wk
on, all birds were in foam production. Intensity of foam
production results generally mimicked those found for
CVOL and RCVOL. Body weights were higher (P < 0.05)
in HP than LP quail from 5 to 7 wk. No T-maze group
differences were found in any of the variables at 22 wk
of age. The results suggest that rapid negotiation of the
T-maze is associated with accelerated growth and puberty
in male quail, although the enhanced reproductive devel-
opment of HP males does not remain extant in aged
adults.
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INTRODUCTION

Selective reproduction, commonly known as genetic
selection, is probably the quickest and most reliable
method of promoting desirable characteristics and elimi-
nating harmful ones in poultry and other farm animals
(Craig and Swanson, 1994; Jones, 1996; Jones and Hock-
ing, 1999). The substantial variation in behavioral charac-
teristics that exists within, as well as between, populations
of poultry provides considerable scope for selective
breeding (Jones et al., 1991; Jones, 1997; Faure and
Mills, 1998).

Substantial individual variation is also evident in the
T-maze responses of individually tested, 2- to 3-d-old
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broiler chicks (Marin and Arce, 1996, Marin et al., 1997b;
Jones et al., 1999; Marin et al., 2002). The T-maze test
combines elements of fear and social stress, both of which
can damage productivity (Jones, 1996). The test involves
measuring the time taken by the chick to leave an isolation
chamber, traverse a short corridor and a perpendicular
arm, and reinstate visual contact with its companions in
a nearby enclosure. Chicks are then assigned to 1 of 2
categories: those that performed the task in a short time
are classified as high-performance (HP) birds, and those
that performed the task in a long time as low-performance
(LP) birds. Broiler chicks classified as HP are known to
grow faster (Marin et al., 1997a, 1999, 2003), show greater
sociality (Jones et al., 1999; Marin et al., 2003), and, in
response to an acute stressor, have a higher number of
benzodiazepine y-aminobutyric acid receptors (Marin
and Arce, 1996) and a lower adrenocortical respon-
siveness (Marin and Jones, 1999) than their slower LP
counterparts. Furthermore, broiler chick sex does not af-
fect T-maze solution times (Marin and Arce, 1996). These
findings suggest that T-maze behavior, if found to be a
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heritable trait, might be a useful selection criterion for
poultry breeding programs intended to improve the
birds” productivity and welfare.

Interestingly, in Japanese quail, the ability to negotiate
a T-maze has recently been shown to interact with genetic
propensity to react to stress. Specifically, Marin et al.
(2002) found that HP quail chicks 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-day egg pro-
duction rate than LP-HS quail. In that study, HP-HS and
LP-LS quail showed intermediate female reproductive
performance. These findings suggest yet another advan-
tage of using T-maze performance in selection programs:
the potential to improve female reproduction. It should
be noted here that Japanese quail are not only considered
to be a useful model for the extrapolation of data to
chickens and other commercially important poultry spe-
cies (Kovach, 1974; Mills and Faure, 1992; Jones, 1996),
but, in many countries, they are also an important agricul-
tural species for meat and egg production (Caron et al.,
1990; Baumgartner, 1994; Jones, 1996) as well.

Because of the numerous links between T-maze perfor-
mance and the other behavioral, physiological, somatic
growth, and female reproductive development and per-
formance responses cited above, it is conceivable that T-
maze-classified quail may differ in their male reproduc-
tive characteristics as well. In Japanese quail, cloacal
gland (CG) hypertrophy and foam production are well
known to be androgen dependent and highly positively
correlated with testes size as well as with sexual activity
(Coil and Wetherbee, 1959; McFarland et al., 1968; Sachs,
1969; Siopes and Wilson, 1975; Oishi and Konishi, 1983;
Delville et al., 1984). Thus, measurement of CG size and
expression of CG foam are considered to be excellent
nondestructive indicators of male gonadal and general
reproductive development. Therefore, in the present
study, the ontogeny of male reproductive development
in HP and LP T-maze-classified quail chicks was evalu-
ated by studying temporal differences in various parame-
ters that reflect CG size and foam production. The study
was conducted over a range of time that spanned ages
during which growing, photostimulated quail would be
expected to have no CG development and foam produc-
tion (i.e., all birds being prepubescent), rapidly devel-
oping CG growth and foam production, and full develop-
ment of the CG with all birds in foam production (i.e.,
100% of birds having reached puberty).

MATERIALS AND METHODS

Animals and Husbandry

Genetically unremarkable male Japanese quail (Cofur-
nix coturnix japonica) were used in the present study. The
birds evaluated (see below) were taken from a population
of a single 432-bird hatch. Egg incubation, chick brooding,
and lighting procedures were similar to those described
elsewhere (Jones and Satterlee, 1996), with the exception
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that chicks were brooded from d 1 in mixed-sex groups
of 36 within each of 12 brooder cages, each measuring 85
x 45 x 50 cm (length x width x height). Upon hatching,
birds were leg banded to maintain the identity of each
bird. At 2 d of age, all birds were categorized as HP or
LP birds according to the time they took to traverse a
T-maze to reinstate contact with their companions (see
below). At 21 d of age, leg bands were replaced with
wing bands of the same color and number to maintain
permanent bird identity. Quail were sexed by plumage
coloration at 28 d of age, at which time 44 HP and 44 LP
males were randomly and individually housed into the
cages of two 5-tier cage batteries, each battery comprising
50 cages. Each cage measured 45 x 20 x 25 cm (length x
width X height).

From hatch to 4 wk of age, birds were fed a starter ration
(28% CP; 2,800 kcal of ME/kg) and water ad libitum. From
4 wk on, birds were switched to a breeder ration (21%
CP; 2,750 kcal of ME/kg) with feed and water continuing
ad libitum. Birds were subjected to a daily photoperiod
cycle of 14L:10D. Light intensity was approximately 350
Ix during the lighted portion of the day, with lights-on
occurring at 0600 h daily. Daily maintenance and feeding
chores were done at the same time each day (0900 h).
During the trial, 2 birds that died and a bird that escaped
were not replaced. Thus, 42 HP and 43 LP males were
considered for statistical analyses at the end of the study.

T-Maze Testing

The T-maze used was a smaller version of the one
described by Marin et al., (1997b) for domestic chicks. It
consisted of an isolation chamber (12.5 X 12.5 cm, length
x width) leading to a 15 x 5 cm (length x width) corridor
that ended in two 5 x 5 cm perpendicular arms (top of
the T). A 10 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 25 X 40 cm (length x width)
section of a larger (60 x 40 cm) wooden brooder box, also
painted white. Hardware cloth wire was used to separate
the area within the box that contained the T-maze appara-
tus from a separate 35 x 40 cm (length x width) brooder
box area that contained 17 or 18 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. The T-maze apparatus was situ-
ated in a separate room from the room containing the
brooder batteries. Ambient temperature and light inten-
sity were similar between the 2 rooms.

The T-maze responses of 424 quail were measured at
2 d of age. Prior to testing, groups of chicks (n = 17 or
18) were placed in the brood areas of each of 4 identical
T-maze apparatuses. Birds were allowed a 10-min accli-
mation period before testing began (at 0830 h). This ar-
rangement allowed 4 experimenters to simultaneously
test 4 individuals. At test, a quail was removed from
the brood area and placed in the center of the isolation
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chamber facing away from the entrance to the T corridor.
The time it took to exit 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. Tested birds
were lightly marked on the head with a fast-drying non-
toxic color marker before being returned to the brood
area to prevent retesting. The procedures thus far were
repeated by each experimenter until all quail within a
given experimenter’s brood area were tested. When this
occurred, the entire groups of tested quail were returned
to their brooders. The procedures described above were
then repeated with new (untested) groups of quail (n =
17 or 18) until all 424 quail had been tested. Quail that
negotiated (successfully completed) the maze in less than
20 s were categorized as HP chicks, whereas those that
took longer than 100 s were classified as LP birds. These
time intervals were chosen to include only those individu-
als that occupied the top and bottom quartile of the T-
maze performance distribution. Birds with intermediate
time scores (medium performers) were not included in
the present study.

Traits Measured

Cloacal gland size measurements, length (mm) and
width (mm), were made by using a digital calliper. Clo-
acal gland volume (CVOL) was calculated from these
measurements according to the formula proposed by
Chaturvedi et al. (1993):

4/3 x 3.5414 x a x b?,

where a is 0.5 times the long axis and b is 0.5 times the
short axis. In addition, 2 measures of CG foam production
(CFP) were made: proportion of individuals that pro-
duced CG foam (PICF) and intensity of CFP. Cloacal
gland foam production was quantified by subjective scal-
ing of the amount of foam ejected upon manual expres-
sion (squeezing) of the foam gland by using a scale of 1
(no foam expressed) to 5 (maximum amount of foam ex-
pression).

Cloacal gland volume, PICF, CFP, and BW measure-
ments were made in all HP and LP quail at 4, 5, 6, 7, 8,
9, 10, and 22 wk of age. After the last measurement, all
birds from each T-maze category were killed by cervical
dislocation and their testes were removed by blunt dissec-
tion to determine testes weight (TW). Each individual’s
TW, CVOL, and BW were used to calculate TW relative
to BW (RTW) and CVOL relative to BW (RCVOL).

Statistical Analyses

Cloacal gland volume, CFP, BW, and RCVOL were
subjected to repeated-measures ANOVA that examined
the main effects of T-maze category (HP and LP), time
of sampling (4, 5, 6, 7, 8, 9, 10, and 22 wk of age; the
repeated measure), and their interaction. To better fit the
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Figure 1. Mean (+SE, error bars) cloacal gland volume (CVOL) in
Japanese quail categorized as high (HP) or low (LP) performers in a T-
maze at 2 d of age. “’Means with no common letter differ (P < 0.05).

assumptions of the ANOVA, CFP values were trans-
formed to ranks (Shirley, 1987). Testes weights and RTW
data (measured only at 22 wk of age) were subjected to
1-way ANOVA that examined the main effect of T-maze
category. Where appropriate, Fisher’s least significant dif-
ference tests were used for post hoc comparisons of
means. To evaluate T-maze category differences in PICF,
the proportion test (Analytical Software, 2000) was used.
This test compared the number of birds that were produc-
ing foam (successes) as a proportion of the sample size.
To further examine the association between CVOL and
TW and between RCVOL and RTW, Spearman rank cor-
relations were also performed. A P-value of <0.05 was
considered to represent significant differences.

RESULTS

Figure 1 depicts the mean (+SE) CVOL of HP and LP
quail at4,5,6,7,8,9,10, and 22 wk of age. Cloacal gland
volume was significantly affected by T-maze category
(HP > LP; Fi43 = 5.86; P < 0.02) and quail age (CVOL
increasing in time; F755; = 789.28; P < 0.001), but these
treatments did not interact (P = 0.15) to affect CVOL. Post
hoc least significant difference tests showed that mean
CVOL were similar in HP and LP quail initially (at 4 and
5 wk of age) and by the end of the study (at 22 wk).
However, HP quail showed a significantly greater (P <
0.05) weekly CVOL than LP birds from 6 to 10 wk of age.
Mean RCVOL (CVOL relative to BW) was also affected
by T-maze category (HP > LP; F; g3 = 3.96; P < 0.05) and
quail age (increasing in time; Fysg; = 611.41; P < 0.001).
Similar to CVOL results, post hoc tests showed a higher
(P <0.03) RCVOL in HP birds than in LP birds only from
6 to 10 wk of age (data not shown).

No birds were in foam production at 4 wk of age. At
5 wk, about 32% of the birds began producing CG foam.
A trend for a greater PICF in HP than in LP birds was
detected at 5 (P < 0.10), 6 (P = 0.09), and 7 (P < 0.08) wk
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Figure 2. Proportion of individuals producing cloacal gland foam
(PICF) in Japanese quail categorized as high (HP) or low (LP) performers
in a T-maze at 2 d of age. “#Proportions with no common letter differ
(P < 0.05), unless otherwise indicated on the graph.

of age (Figure 2). Beginning at 8 wk and thereafter, all
birds were in foam production.

Cloacal gland foam production results generally mim-
icked those found for CVOL (i.e., higher CFP was ob-
served in HP than LP quail beginning at 6 wk of age and
ending at 10 wk of age), although these group differences
were statistically significant (P < 0.02) only at 7 wk of age
(Figure 3). At 6,9, and 10 wk, T-maze group differences
(HP > LP) narrowly failed to reach significance (P < 0.07
in all 3 cases). Mean (+SE) BW of HP and LP quail at each
of the 8 age intervals of measurement are shown in Figure
4. Body weights were significantly higher (P < 0.05) in
HP quail compared with LP quail at 5, 6, and 7 wk of age.

(P < 0.07)

=]
h,i

—o— HP
—o— LP
1'aa,b
/ L
~ / .
4 56 7 8 910 22

Age (wk)

Figure 3. Mean (+SE, error bars) cloacal gland foam production (CFP)
in Japanese quail categorized as high (HP) or low (LP) performers in
a T-maze at 2 d of age. *"Means with no common letter differ (P < 0.05),
unless otherwise indicated on the graph.
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Figure 4. Mean (+SE, error bars) BW in Japanese quail categorized
as high (HP) or low (LP) performers in a T-maze at 2 d of age. *"Means
with no common letter differ (P < 0.05).

Mean (£SE) TW and RTW measured at the end of the
experiment (22 wk of age) did not differ between HP
(2.282 + 0.065 g and 0.017 £ 0.0005 g, respectively) and
LP (2.234 + 0.057 g and 0.016 £ 0.0004 g, respectively)
quail. Spearman rank correlations from combined data
of all HP and LP birds showed a positive significant rela-
tionship between CVOL and TW (Rs = 0.32; P < 0.003)
and between RCVOL and RTW (Rg = 0.36; P < 0.001).

DISCUSSION

Cloacal gland size and foam production in photostimu-
lated male Japanese quail are well known to increase with
increasing age (Siopes and Wilson, 1975; Chaturvedi et
al., 1993; Marin and Satterlee, 2004). Thus, the continual
temporal increases in all of the CG measurements, CVOL,
PICF and CFP, in birds of both T-maze chick groups of
the present study were expected outcomes.

At 4 or 5 wk of age, no differences in CVOL or CFP
were observed between HP and LP quail, suggesting that
T-maze classification did not alter CG size or the gland’s
ability to produce foam at these very early ages. However,
CVOL and CFP were greater from 6 to 10 wk of age in
HP quail than in LP quail. These results suggest that
sexual development is accelerated in birds of the HP cate-
gory. Furthermore, because similar HP > LP temporal
developmental differences were also found in RCVOL
during the same time frame of 6 to 10 wk of age, these
findings collectively suggest that the enhanced CG size
and foam production in HP chicks during this time is
likely a direct function of an altered endocrinology (see
below) and is independent of somatic growth (i.e., concur-
rent changes in BW; see below). The HP > LP CG size
and CFP differences detected at these earlier ages were
lost by 22 wk of age, further indicating that the augmented
reproductive development in HP males is not maintained
in aged adults.

Interestingly, the PICF measure may have been even
slightly more sensitive in first detecting HP > LP develop-
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mental reproductive differences. Beginning at 5 wk of
age, 1 and 2 wk earlier than what was found for the
significant T-maze group differences in CVOL and CFP,
respectively (see above), a higher number of HP than LP
birds had begun foam production, although this differ-
ence was only of marginal statistical relevance (P = 0.10).
Perhaps a larger number of observations would have
allowed detection of PICF T-maze group differences at
this very early age. Nevertheless, the greater HP PICF at
5 wk, a trend that continued at 6 (P = 0.09) and 7 (P =
0.08) wk of age, well supported our thesis that the onset of
puberty (preciousness) was advanced in birds that more
quickly traversed the T-maze.

Even though CVOL and CFP were still rising differ-
ently by T-maze group (HP > LP) beyond 7 wk of age,
at 8 wk of age and thereafter, all birds were producing
at least some CG foam, regardless of their T-maze cate-
gory. This is not surprising because eventually all birds
should begin to produce some foam (i.e., reach a recogniz-
able state of puberty) or they would be considered sexu-
ally dysfunctional adults. Collectively, the findings of our
former study of the interactive effects of T-maze-classified
LS and HS chicks on female quail sexual maturation and
early egg lay (see the introduction section and Marin et
al., 2002) and the present male findings suggest that a
quail chick’s ability to rapidly negotiate a T-maze is asso-
ciated with accelerated puberty in both quail sexes.

Cloacal gland hypertrophy and foam production are
known to be androgen dependent and highly positively
correlated with testes size as well as sexual activity (see
the introduction section). Thus, because of the HP > LP
differences in CVOL, CFP, and PICF between 6 to 10 wk
of age, we hypothesized that HP quail likely also possess
both higher TW and blood levels of testosterone during
these intermediate ages. Unfortunately, we did not mea-
sure TW during this pubertal development period be-
cause doing so would have required killing birds, and
thus not allowing any further repeated measures on the
temporally sampled birds (i.e., a habitual loss of n and
power of statistical testing with increasing time). Like-
wise, we decided not to sample blood for testosterone
measurements at each of these ages to avoid adding any
further stressors beyond the unavoidable stressors that
likely accompanied the collection of the 7 repeated weekly
(4 to 10 wk of age) CG measurements. Thus, TW and
RTW were determined only at the end of the study (22
wk). Although TW and RTW were similar between the
HP and LP groups by this time (i.e., in aged adults),
we nevertheless found moderate but highly significant
positive relationships between CVOL and TW and be-
tween RCVOL and RTW at this age when all data were
combined. This result suggests that CG hypertrophy may
even somewhat reflect testicular size in aged birds that
are no longer sexually developing.

It has been proposed that full spermatogenesis occurs
in the Coturnix when a left and right TW of 500 mg is
achieved (Mather and Wilson, 1964; Purcell and Wilson,
1975). Although daily sperm production was not mea-
sured in the present study, at 22 wk of age, all birds were
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in foam production of an apparently maximal amount,
as expected, and they had greatly exceeded (range: 5.3-
to 14.5-fold; data not shown) this 500-mg TW threshold.
Therefore, it is highly likely that full spermatogenesis was
extant in both HP and LP quail at this late age. The finding
of similar TW and RTW in both HP and LP quail at 22
wk of age is also not surprising because male quail of
that age would be about 11 to 13 wk beyond their sexual
peak. However, it would be interesting to determine
whether T-maze category differences reemerge in very
aged quail when blood levels of testosterone and sexual
senescence are known to occur (Ottinger et al., 1997).

Of particular relevance to the present study, male quail
selected for a reduced (LS) rather than exaggerated (HS)
plasma corticosterone response to brief restraint, similar
to HP males in the present study, have an accelerated
onset of puberty (Satterlee et al., 2002; Marin and Sat-
terlee, 2004; Satterlee and Marin, 2004; Satterlee et al.,
2007a,b). Quail from the LS line have also been shown to
possess lower fearfulness, a nonspecific reduction in
stress responsiveness, less developmental instability, and
greater sociality than HS quail (Satterlee and Johnson,
1985; Jones et al., 1992a,b, 1994, 2000, 2002; Jones and
Satterlee, 1996; Satterlee et al., 2000). In avians, the admin-
istration of corticosterone or adrenocorticotrophin, as
well as activation of the hypothalamic-pituitary-adrenal
axis by various nonspecific systemic stressors, is associ-
ated with depression in the hypothalamic-pituitary-testic-
ular axis (Deviche et al., 1982; Deviche, 1983; Edens, 1987;
Joseph and Ramachandran, 1993). Thus, we have pro-
posed that the negative relationships between corticoste-
rone and male reproductive function reported in the liter-
ature may reflect corticosterone-induced alterations of pi-
tuitary gonadotrophic hormone release, Leydig cell
apoptosois, or both—phenomena that may underlie the
compromised reproductive functioning found in HS quail
when compared with LS birds (Satterlee et al., 2000, 2002,
2006, 2007b; Marin and Satterlee, 2004; Satterlee and
Marin, 2004). Interestingly, plasma corticosterone re-
sponses to a partial water immersion stressor were lower
in HP than LP chicks (Marin and Jones, 1999), indicating
a differential susceptibility to stressful stimulation in T-
maze categorized birds. Therefore, because adrenocorti-
cal stress responses are classically considered to be non-
specific in terms of the stressors that induce such respon-
siveness, it is conceivable that HP quail may be less sensi-
tive to other stressors as well. Therefore, in the present
study, although the quail were not intentionally exposed
to stressors, it may well be that periodic differential adre-
nocortical responses in the direction of HP < LP may have
occurred during daily routine maintenance chores and
during the unavoidable stress associated with bird cap-
ture, transport, and handling for the purposes of hatching,
leg and wing banding, housing, and collection of the
CG measurements. Thus, the etiology of the accelerated
reproductive development found in HP quail in the pres-
ent study may have stemmed from a decreased adreno-
cortical responsiveness.
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In addition to the differences in stress susceptibility
between the HP and LP broiler chicks mentioned above,
HP chicks are known to grow faster under different rear-
ing conditions (Marin et al., 1997a, 1999, 2003) and show
greater sociality (Jones et al., 1999; Marin et al., 2003).
Given the demonstrated negative effects of corticosterone
on BW (Bartov, 1982; Satterlee and Johnson, 1985; Puva-
dolpirod and Thaxton, 2000), Marin et al. (2003) proposed
that the superior growth rates found in the more sociable
HP birds may simply reflect the possibility that they can
devote more of their feed and bodily resources to growth
rather than using energy to respond to social or other
stressors. These authors further suggested that HP-type
birds may be better suited to being reared in very large,
high-density (crowded) groups. Interestingly, beginning
at4 wk of age, quail in this study were reared in isolation,
where the more sociable HP birds would have been ex-
pected to be more ill-suited. However, birds from the HP
category still showed a significantly higher BW from 5
to 7 wk of age than their LP counterparts. The present
results also suggest that the phenomenon of better growth
rate in HP birds can be generalized to include another
poultry species (Coturnix). Comparisons of growth rates
and circulating levels of corticosterone in HP and LP quail
reared at different densities may help further elucidate
the mechanisms that underpin rapid growth in HP indi-
viduals.

In conclusion, the present findings not only confirm
previous studies that showed better growth rates in HP
birds, but they also provide evidence of yet another intu-
itively desirable reproductive outcome associated with
HP in the T-maze, which augments the previously docu-
mented female precociousness and heightened egg lay:
accelerated male puberty. Because of the positive relation-
ships between CG development, testicular size, and sper-
matozoa production (Siopes and Wilson, 1975; Kirby et
al., 1996; Amann, 1999), retention of HP males in breeding
programs or selection for this trait may allow males to
successfully breed at an earlier age and thus reduce the
costs associated with male maintenance. A study of male
reproductive behavior of T-maze-classified birds is cur-
rently underway. Preliminary results indicate that a
higher number of HP than LP male quail are able to
successfully copulate at an earlier age (Marin and La-
baque, unpublished data).

It has been proposed (Jones, 1996; Jones and Hocking,
1999; Jones et al., 2000; Satterlee et al., 2000) that selection
for reduced adrenocortical responsiveness, reduced fear-
fulness, heightened sociality, or their combination may
be worthwhile in ameliorating the incidence of stress-
induced behavioral, physiological, and morphological re-
sponses that are associated with decreased animal welfare
and productivity in commercially important poultry spe-
cies. Two of these traits (reduced adrenocortical respon-
siveness and increased sociality) are apparent in HP birds
as well. Thus, assuming that HP behavior is sufficiently
heritable, early-age T-maze testing may provide yet an-
other useful tool as an alternative to poultry breeders
interested in identifying genotypes that possess signifi-
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cant potential for improved productivity and animal
welfare.
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