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ABSTRACT One challenge faced by ethologists in poul-
try welfare is helping birds to form functionally success-
ful groups over time through the expression of appro-
priate behaviors. Searching for phenotypic variability,
we developed in Japanese quail a density-related per-
manence (DRP) test that enables us to classify young
birds (while in groups) according to their individual
permanence in boxes containing a high or low density
of confined conspecifics (HD or LD, respectively). This
study addressed the question of whether contrasting
DRP quail behavior may reflect underlying differences
in social responses. Birds were classified at 11 d of age
in an apparatus consisting of 2 boxes interconnected by
a central region delimited by sliding doors. Each box
contained at its distal end either 12 or 3 conspecifics
confined behind a glass (high or low density, respec-
tively). The doors were closed 9 times every 1 h, and
positioning of 36 experimental birds was registered. If
birds were found in the box containing high density,
low density, or in the central region, they received a 1,

—1, or a 0 score, respectively. Birds with final summed
scores of >3 or <—3 were categorized as HD or LD,
respectively. Same category groups (HD or LD) were
evaluated in their home box (undisturbed) and in a
resident /intruder test when 38 d old. A higher propor-
tion of LD than HD groups (5/6 vs. 1/6, respectively)
showed at least one aggressive pecking event during a
1-h trial. The LD groups also showed a higher number
of aggressive pecking events than HP groups. When
an unfamiliar intruder (either HD or LD) was incorpo-
rated during 5 min in the HD or LD box, LD resident
quail showed shorter latencies and a higher number
of aggressive pecking events toward the intruder bird
than their HD counterparts. The early individual per-
manence in the DRP test could be considered a con-
sequence of a different adaptability strategy for group
living. This novel test could be relevant for selection
programs aiming to obtain birds better suited for rear-
ing in high-density conditions.

Key words: stocking density test, agonistic behavior, social interaction

INTRODUCTION

It is well known that individuals of various species
differ consistently in their behavioral and physiologi-
cal reactions to mild challenges, even when they are
of the same size and age and belong to the same sex
and population (Wilson, 1998; Gosling and John, 1999;
Koolhaas et al., 1999; Bell, 2007a; Koolhaas et al.,
2007). Consciously or unconsciously, an important part
of the domestication process of animals and the devel-
opment of modern strains of farm animals has been and
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is presently based on the identification and selection of
animals according to their individual differences (Hale,
1962; Belyaev, 1979; Briggs and Briggs, 1980; Wood-
Gush, 1983). However, there are complex traits that
are difficult to quantify because of their multicausality,
one of them being the ability of a given animal to live
within a densely populated group of conspecifics. This
trait would involve a trade-off among several underly-
ing behavioral characteristics of individuals (aggression,
territoriality, animals’ environmental preferences, fear-
fulness, and the need for social contact, among others;
Keeling, 1995; Jones, 1996). Thus, the social ability to
live in a densely populated group of conspecifics would
not be susceptible to being defined as a simple behav-
ioral trait, but more appropriately, in our opinion, to be
consider a complex response that could be associated
with a behavioral syndrome or a coping style.
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In classic studies of behavioral syndromes or coping
style, animals are subjected to a set of physiological or
behavioral assessments, or both, and consecutively cat-
egories are defined using the individual set of results,
to finally label each animal, for example, as bold or shy,
more or less aggressive, active or passive, proactive or
reactive, and so on (Wechsler, 1995; Sih et al., 2004;
Bell, 2007b). Although this line of work has proven to
be very useful in a large number of experiments, scien-
tists working in this area (Webster and Ward, 2011) re-
port a concern related to the general testing conditions.
It is mentioned that in most of these studies, animals
are tested in isolation or in individual boxes with only
visual or tactile access to conspecifics, thereby failing to
take into account social influences (such as conformity
and facilitation) on the expression of their behavior.
Interestingly, Albentosa and Cooper (2005) exposed
the same concern in another area closely related to the
animals’ ability to live in a densely populated group
of conspecifics: their studies on animals’ environmental
preferences.

Considering the above, and combining with elements
of animals’ personality and environmental preference
studies, we developed a new behavioral test aimed to
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identify quail individuals (within a social group) dif-
fering in their permanence in boxes containing either
a high or a low density (and number) of confined con-
specifics. The test was named the density-related per-
manence (DRP) test. The main feature of this test
is that individual social responses are evaluated while
individuals are in groups. The classification apparatus
(Figure 1) basically consisted of 2 boxes interconnected
by a central region. Each box contained at its distal end
either a high density (12 birds) or low density (3 birds)
of conspecifics confined behind a glass. The boxes and
the central region of the apparatus are separated by
sliding doors, and therefore birds can temporarily be
confined and identified at their locations. By register-
ing throughout the day where they were found (box
containing high density, low density, or in the central
region), birds were categorized according to their per-
manence in proximity to either a high or a low density
of conspecifics category (HD or LD, respectively; for
further DRP procedural details, please refer to Materi-
als and Methods section below).

After applying the DRP test, we observed that the
animals showed enough individual variation in this ear-
ly social response (D. A. Guzman and R. H. Marin, un-
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Figure 1. Schematic drawing of the apparatus used to categorize birds according to their permanence in proximity to a low or high density
of conspecifics: A) sliding doors in closed position before the release of the birds, B) sliding doors in open position, and C) sliding doors in closed

position after free ambulation of quail with the apparatus.
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published data), and therefore, it could be considered a
useful tool to discriminate subpopulations that differ in
their social behavior. Considering the potential possi-
bilities of occurrence of methodological problems faced
by group-testing animals, the first question that arises
is whether this early individual DRP is an isolated be-
havioral response to the particular experimental condi-
tions (context-dependent), or if it could be considered
part of a different adaptability of the birds for group
living. Taking into account that if any different adapt-
ability for group living between HD and LD birds ex-
ists, it should be reflected in different aspects of social
interactions, this first study focuses on the evaluation
of social cohesion and aggressive behaviors within same
category undisturbed groups (HD or LD) and on the
reaction of HD and LD groups toward the introduction
of an unknown conspecific (either HD or LD).

MATERIALS AND METHODS

Birds and Rearing Conditions

This study was conducted with 1,224 Japanese quail
(Coturniz coturniz japonica) taken from a larger popu-
lation of animals obtained from 6 incubation series (6
batches). At hatch, chicks were leg-banded to main-
tain individual identification and housed in mixed-sex
groups of 70 to 75 birds, in white wooden rearing boxes
(90 x 90 x 60 cm, length x width x height, respec-
tively). A wire-mesh floor (1 cm grid) was raised 5 cm
from the base to allow the passage of excreta. Each box
had a feeder covering the entire front of the box, 16 au-
tomatic nipple drinkers, and a lid to prevent birds from
escaping and heat loss. Each box was also provided
with a heating system that allowed maintaining brood-
ing temperature at 37.5°C during the first week of life,
with a weekly decline of 3.0°C. Quail were subjected
to a daily cycle of 141 (300 to 320 1x):10D during the
study. Lights were turned on at 0600 h and turned off
at 2200 h. Leg bands were replaced with permanent
wing bands at 21 d of age. A quail starter diet (28%
CP; 2,800 kcal of ME/kg) and water were provided ad
libitum throughout the study.

Experimental Details and Procedures

DRP Test. Classification of quail in the DRP test was
conducted when they were 11 d of age. The classifica-
tion apparatus consisted of 2 boxes interconnected by
a central region (Figure 1). Each box contained at its
distal end a high or low density (and number; 12 and 3
birds, respectively) of conspecifics (stimulus birds) con-
fined behind a glass. The boxes and the central region
of the apparatus were separated by sliding doors, and
therefore birds could be temporarily confined at their
location. When birds were 10 d old, groups of 36 experi-
mental birds and 15 stimulus birds were positioned in
each of 4 identical apparatuses as shown in Figure 1A.
Immediately, the sliding doors were opened to allow
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the experimental birds to freely ambulate through the
boxes of the apparatus (Figure 1B).

At 11 d of age and every 1 h (starting at 0800 h), the
sliding doors were closed and the experimental birds
were confined (Figure 1C). All birds were individual-
ly and gently removed for identification (see below),
and immediately placed in the central region of the
apparatus (Figure 1A). According to where they were
found (box containing high density of conspecifics, low
density of conspecifics, or in the central region of the
apparatus), each bird, respectively, received a 1, —1,
or a 0 score. After all experimental birds were scored
and placed in the central region, the sliding doors were
opened and quail were again able to freely ambulate
within the apparatus for another hour (Figure 1B).
This procedure took less than 4 min and was repeated
9 times throughout the day, and the scores for each
animal were summed. Birds with final values >3 or <
—3 were respectively categorized as HD or LD. After
the classification process, all birds (except those used
as stimulus birds) were randomly housed back in their
rearing boxes. Stimulus birds were not further used in
the study and were donated to a quail farm.

After classification of all experimental quail, a total
of 208 birds were categorized as HD and 220 birds were
categorized as LD.

Home Box Housing. At 31 d of age, birds were sexed
by plumage coloration and rehoused in white wooden
home boxes. Boxes measured 115 x 43 x 44 cm (length
x width x height, respectively), and contained a bell
waterer, a feeding trough and two 8-W helical fluores-
cent lamps (placed at 40 cm high) in one of their ends
(Figure 2). Lamps provided between 300 to 320 Ix il-
lumination at ground level.

The sectorized location of food, water, and light was
provided with the intention to produce a gradient of
resources in the test arena to increase potential com-
petition (Leone and Estevez, 2008). About one-third of
the total box area contained the water, food, and high-
est intensity of light and was termed the area of high
concentration of resources.

Birds to be tested as “residents” (see below) were
allocated in same-category groups of 6 HD or 6 LD
quail (3 males and 3 females within each group; HD or
LD home boxes). Birds to be tested as “intruders” (see
below) were housed in identical boxes as their resident
counterparts to avoid the added novel environmental
effects when placed in those boxes for testing. Assum-
ing that HD and LD quail could differ in their social co-
hesion or aggressive behaviors, or both, intruders were
maintained in mixed-category-sex groups (110 cm?/
bird density) to avoid conditioning them to leave in a
particular social situation (either with less or high level
of aggressions) that could affect (exacerbate) their be-
havior when tested in the resident-intruder test. These
housing conditions were similar to those often used in
commercial breeding scenarios (Shanaway, 1994) .

Ten home boxes were used to assess the social in-
teraction of classified birds for each batch. Two boxes



2570

GUZMAN ET AL.

45 cm.

i 116 cm. ,
Eeferences
Bell Q Feeding az”) Helical fluorescent
waterer trough laraps
]  Area of high concentration of 2 Resident birds
22 yesonrces (eithcr HD or LD)

Figure 2. Home cage used to assess social interaction of birds classified by their permanence in proximity to a high or low density of confined

conspecifics (HD or LD, respectively).

were used to evaluate the HD and LD home cage social
interaction and the other 8 remaining boxes were used
for the intruder-resident test (see below).

Home Box Social Interaction. At 38 d of age, from
0800 h, behaviors of undisturbed same-category groups
(within HD or LD home boxes) were evaluated during
1 h. For behavioral video analysis, a camcorder was
placed 1.5 m above each home cage 1 wk before assess-
ment to avoid any disturbances on the experimental
day. Through direct observation of the video record-
ings, the number of aggressive pecking events (an indi-
vidual pecking another in some area of its body) was
registered. Repeated pecks directed at the same animal
within 3 s were considered part of the same aggressive
event. Videos were also analyzed using Behavior Col-
lect software (Tietjen, 1981), providing the location of
the 6 birds within the home box (coordinates on the
test arena). The coordinates were registered every 30
s during the 60-min time period. Based on these co-
ordinates and using the Matlab program (MathWorks
Co., Natick, MA), we calculated the average distance
between HD and LD birds and also estimated the per-
centage of birds found in the home box area with a high
concentration of resources.

After completion of the study, a total of 6 HD and 6
LD experimental groups were evaluated.

Intruder-Resident Social Interaction. At 38 d of
age, from 1000 h, the behavioral reactions of same-
category (either HD or LD) birds (residents) toward
the introduction of an unknown conspecific (HD or
LD; intruder), as well as the reactions of the intruder

toward the residents, were assessed. Thus, there were
4 resident-intruder group combinations: HD intruder
birds placed in HD resident home boxes, HD intruder
birds placed in LD resident home boxes, LD intruder
birds placed in HD resident home boxes, and LD in-
truder birds placed in LD resident home boxes. The sex
of the intruder birds was also annotated for subsequent
consideration in the data analysis. A total of 21 HD
and 21 LD intruder birds were individually, and only
once, placed for 5 min in either an HD or LD home box.
Thus, in total, 21 HD and 21 LD resident groups were
evaluated.

For behavioral video analysis, a camcorder was
placed 1.5 m above each cage 1 wk prior to assessment
to reduce disturbances during the experimental day.
Through direct observation of the video recordings, the
latency to the first aggressive pecking event among resi-
dents, the number of aggressive pecking events among
residents, the latency to the first aggressive pecking
event from residents toward the intruder bird, the num-
ber of aggressive pecking events performed from resi-
dents toward the intruder bird, the latency to the first
aggressive pecking from the intruder toward the resi-
dent birds, and the number of aggressive pecking events
from the intruder toward the resident birds were regis-
tered. The videos were also analyzed using the Behav-
ior Collect program (Tietjen, 1981), providing every 3
s (and during a 5-min trial) the coordinates on the test
arena of the 6 resident birds and also the location of
the intruder bird. Based on these coordinates and using
the Matlab program (MathWorks Co., Natick, MA), we
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Table 1. Home box social interaction behaviors (mean + SEM) of birds categorized by their permanence in proximity to a high or

low density of confined conspecifics (HD or LD, respectively)

Variable HD home box LD home box P-value

Average distance among resident birds (cm) 44.87 £ 1.89 45.22 £ 3.27 0.92

Percentage of birds found in the home box area with high concentration of 48.2 £ 8.1 384 £ 6.1 0.35
resources (%)

Number of aggressive pecking events among residents! 0.02 £ 0.02 0.30 = 0.15 0.05

Proportion of home boxes in which aggressive pecking events between birds were 1/6 5/6 0.002

verified

Walues were collected during a 1-h test period and expressed per 5-min intervals to facilitate comparisons between data from this test and the

intruder-resident test (see Table 2).

calculated the average distance among resident birds,
the percentage of resident birds found in the home box
area with a high concentration of resources, the per-
centage of test time the intruder bird spent in the home
box area with a high concentration of resources, the
percentage of test time that the intruder bird spent
ambulating, and the total distance ambulated by the
intruder bird within the box during the test.

Statistical Analysis

A one-way ANOVA was used to examine the effects
of the category of the birds (HD and LD) in the average
distance among birds, the average percentage of time
the birds spent in the area of high concentration of
resources, and the number of aggressive pecking events
within their home boxes. The number of aggressive
pecking events was transformed to ranks to better fit
the ANOVA assumptions (Shirley, 1987). A proportion
test (Statistix, Analytical Software Co., Tallahassee,
FL) was used to assess differences in the proportion of
HD and LD home boxes in which at least one aggres-
sive pecking event was observed.

Continuous variables registered in the resident-in-
truder test were analyzed by 3-way ANOVA. The tests
evaluated the effects of the category of the resident birds
(HD and LD), the effects of the sex and the category of
the intruder bird (HD and LD) as well as their interac-
tions. Analysis of variance assumptions were verified.
A proportion test (Statistix, Analytical Software Co.)
was used to assess differences in the proportion of HD
and LD boxes in which at least one aggressive pecking
event was observed. Because one resident bird escaped
from a HD box during testing, data from that box were
not considered in the analysis.

In all cases, a P-value of <0.05 was considered to
represent significant differences.

RESULTS

Home Box Social Interaction

Results of social interaction behaviors registered
within home boxes of HD and LD birds are depicted
in Table 1. Analysis of variance showed a significantly
higher (F1 19 = 4.76; P = 0.05) number of aggressive
pecking events among LD residents than among their

HD counterparts. The proportion of home boxes in
which at least one aggressive pecking event was veri-
fied was also significantly higher (P < 0.002) in the LD
home boxes (5 of 6 boxes showing aggressive pecking
encounters) than in the HD home boxes (only 1 of 6
boxes showing aggressive pecking encounters).

Significant differences were not found in the average
distance among HD and LD birds (Fy 19 = 0.008; P =
0.92) or in the percentage of birds found in the home
box area with a high concentration of resources (F1q 19
= 0.92; P = 0.35).

Intruder-Resident Social Interaction

No effect of the category or the sex of the intruder
birds (HD or LD) was observed on the variables ana-
lyzed in this test. No interactions were observed either
in any of the variables measured between the sex and
the category of the intruder birds or between the sex
of the intruders and the category of the resident group
where they were introduced. Therefore, results of social
interaction behaviors among residents and among resi-
dents and an intruder bird within home boxes of HD
and LD birds are depicted in Table 2 by pooling male
and female data.

Significant main effects of the category of the resi-
dent birds were found in the latency to the first aggres-
sive pecking event among residents (HD > LD; Fy 37
= 5.54; P = 0.02), the number of aggressive pecking
events among residents (HD < LD; Fq 37 = 9.88; P =
0.003), the latency to the first aggressive pecking event
from residents toward the intruder bird (HD > LD;
Fy 37 = 5.42; P = 0.02), the number of aggressive peck-
ing events performed from residents toward the intrud-
er bird (HD < LD; Fy 37 = 4.02; P = 0.05), the average
distance among resident birds (HD < LD; Fq 37 = 4.79;
P = 0.03), and in the total distance ambulated by the
intruder bird within the box during the test (HD < LD;
Fy 37 = 6.47; P = 0.01). The proportion of home boxes
in which at least one aggressive pecking event among
resident birds was verified was significantly higher (P
= 0.01) in the LD boxes (12 cases out of 21) than in
the HD boxes (3 cases out of 20). A higher proportion
(P = 0.05) of LD compared with HD resident groups
also performed at least one aggressive pecking event
toward the intruder bird (8 of 21 LD groups vs. 3 of 20
HD groups).
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Table 2. Social interaction behaviors (mean = SEM) among residents and among residents and an intruder bird within home boxes
of birds categorized by their permanence in proximity to a high or low density of confined conspecifics (HD or LD, respectively)

Variable! HD resident box LD resident box P-value

Latency to the first aggressive event among residents (s) 259 + 19 186 + 24 0.02

Number of aggressive events among residents? 0.03 £ 0.02 0.49 £ 0.14 <0.01

Latency to the first aggressive event from residents toward the intruder 280 + 12 206 + 27 0.02
bird (s)

Number of aggressive events toward the intruder bird 0.20 £ 0.11 1.85 £ 0.76 0.05

Average distance among resident birds (cm) 40.74 + 2.33 48.09 + 2.23 0.03

Total distance ambulated by the intruder bird (cm) 441 + 48 819 + 134 0.01

Latency to the first aggressive event from the intruder toward the resident 295 + 3.9 275 £ 14 0.18
birds (s)

Number of aggressive events from the intruder toward the resident birds 0.1 £0.06 0.33 £0.21 0.31

Percentage of test time that the intruder bird spent ambulating (%) 51.7 + 3.8 61.3 + 3.8 0.08

Percentage of time the intruder bird spent in the home box area with high 47.9 £+ 8.8 43.4 £ 7.6 0.74
concentration of resources (%)

Percentage of resident birds found in the home box area with high 52.4 £ 5.8 44.9 + 4.8 0.30
concentration of resources (%)

Proportion of home boxes in which aggressive events among resident 3/21 12/21 0.01
birds were verified

Proportion of home boxes in which aggressive events toward intruder 3/21 8/21 0.05

bird were verified

IBehaviors were collected during a 5-min test period.
2Values are expressed as an average per resident bird.

No significant main effects of the category of the resi-
dent birds (HD or LD) were found in the latency to the
first aggressive pecking event from the intruder bird
toward residents (Fy 37 = 1.78; P = 0.18), the number
of aggressive pecking events from the intruder bird to-
ward residents (Fq 37 = 1.05; P = 0.31), the percentage
of test time that the intruder bird spent ambulating
(F1,37 = 3.05; P = 0.08), the percentage of test time the
intruder bird spent in the home box area with a high
concentration of resources (Fq, 37 = 0.10; P = 0.74), or
in the percentage of resident birds found in the home
box area with high concentration of resources (Fq, 37 =
1.07; P = 0.30; Table 2).

DISCUSSION

Individual quail were classified as HD or LD at 11 d
of age while remaining in groups of 36. At 38 d of age,
and after 1 wk of rehousing in same-category groups of
6 HD or 6 LD quail, their home box (undisturbed envi-
ronment) behavior was evaluated. In comparison with
the number of groups composed of HD birds, a sig-
nificantly higher proportion of groups composed of LD
birds showed at least one aggressive pecking event dur-
ing observations (5/6 LD groups vs. 1/6 HD groups).
Furthermore, within LD groups, a higher number of
aggressive pecking events (aggressive pecking) was
observed. When kept in small groups, domestic fowl
form pecking orders that, once established, are char-
acterized by a low frequency of aggressive interactions
among group members (Guhl, 1953; Maier, 1964). At
first glance, 2 possible explanations for these behav-
iors would be that a) LD birds, at least at the age
tested, are inherently more aggressive than HD birds
(e.g., they require or perform more aggressive pecking
interactions to maintain their hierarchy ranges), and b)
it takes longer for LD birds than HD birds to stabilize a

social group, and thus, in the time window in which we
conducted this study, the higher number of aggressive
pecking events observed within the LD groups were still
a consequence of the continued attempts to establish
their social hierarchies. It is known that both adult
quail and chicken in small groups increased aggressive
pecking interaction as a consequence of regrouping (pos-
sibly tending to establish hierarchy ranges); however, it
is considered that this phenomenon mainly occurs in
the first 24 h after birds are being exposed to this social
stress situation (Wood-Gush, 1971; Edens et al., 1983;
Zayan, 1987a; Bradshaw, 1992; Odén et al., 2000). In
our study, HD and LD groups were evaluated after they
had remained together undisturbed in groups of 6 for
a full week. Interestingly, when an unknown HD or LD
conspecific (intruder) was incorporated during 5 min
within established groups of same HD or LD category
birds (residents), LD residents showed a shorter laten-
cy to initiate aggressive pecking events and performed
a higher number of these events toward the intruder
bird than their HD counterparts. Thus, the literature
on this subject and the set of results mentioned above
would suggest that the main explanatory scenario is
that LD birds are inherently more aggressive than HD
birds. Nevertheless, Estevez et al. (1997) hypothesized
in a study with domestic fowl that social organization
to establish dominances within large group is estab-
lished through a tolerant social system characterized by
low aggression. Indeed, using a cost-benefit argument,
Pagel and Dawkins (1997) suggested that a dominance
hierarchy will only be established when the chances of
reencountering the same bird are relatively high, which
will be more likely in small rather than large social
groups. In subsequent studies, it was also proposed that
aggression is a dynamic process, with decisions about
aggressive behavior being made facultatively according
to the relative costs and benefits of different behavioral
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strategies at a given time and place (Estevez et al.,
2002). Interestingly, in this study the higher aggression
reported for LD quail when tested in their home-box
small group is showing a behavioral characteristic that
is associated with their social performance when initial-
ly tested in the DRP apparatus at a much younger age
and within a much larger social group (36 experimental
plus 15 stimulus birds), where a tolerant organizational
system would be operating. Indeed, even though not
systematically measured, it is important to mention
our subjective impression that no aggressions were evi-
dent during DRP testing or in other studies where we
have worked with quail at this age.

Retreat from an aggressive pecking encounter is
considered one of the strategies to minimize physical
damage and end a potentially dangerous contention
(Rushen, 1984; Odén et al., 2004). Consistently, intrud-
ers exposed to the LD group of residents also showed
an increased distance ambulated compared with the in-
truders exposed to the HD group of residents, suggest-
ing that within LD boxes, higher efforts were made by
the intruders to escape from chases of their aggressive
conspecifics and to avoid or minimize physical encoun-
ters. The frequency of chases may indicate the degree
to which the dominant individual does not accept the
subordinate’s appeasement behavior (McBride, 1964).

Social competition is potentiated in gallinaceous
birds by factors such as unfamiliarity, crowding, and
frustration (Guhl, 1968; Craig et al., 1969; Duncan and
Wood-Gush, 1971), and individually, these factors can
evoke an increase in the frequency of aggressive peck-
ing. It is noteworthy that in the resident-intruder test
(that includes the presence of 6 resident birds plus an
intruder), the number of aggressive peckings observed
among the residents (both in the HD and in the LD
boxes) showed numerical values of about an order of
magnitude higher than the observed in the HD and LD
home boxes (that remained undisturbed during obser-
vations—without an intruder). Interestingly, the num-
ber of aggressive pecking events also remained higher in
the LD groups than in the HD groups. These findings
suggest that the presence of a strange bird was also
able to destabilize both the LD and the HD resident
group structure, or at least stimulate behaviors con-
sistent with the reinforcement of the birds’ hierarchy
(Edens, 1987; Cloutier and Newberry, 2002).

The observed aggression on intruder-resident social
interactions were independent of the category (HD or
LD) of the intruder. These results suggest that at least
on a short-term social interaction basis, individual rec-
ognition of physical or behavioral characteristics that
would allow resident birds to respond differentially be-
tween LD or HD intruders are not evident. Although
the study of submissive, defensive, or retreating be-
havior of birds categorized as HD or LD exceeded the
purposes of this study, future similar tests with larger
home boxes, increased scan time, and appropriate film-
ing techniques possibly will allow us to explain the lack
of difference found in relation to the category of the
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intruder birds. Considering that density and group size
could influence aggression behavior (Nicol et al., 1999),
further studies should be performed to determine if the
observed birds’ behavior in the DRP test are specifi-
cally related to the density of the stimulus birds, or
whether the different group sizes of the stimulus bird
could be an influential variable.

Absence of discrimination or social interactions
would suggest that individual recognition does not oc-
cur (Barnard and Burk, 1979). In the resident-intruder
test, although values of aggressive pecking interactions
among residents and from residents toward the intrud-
er bird are not susceptible to be directly statistically
compared, more than 6 times numerically higher values
were observed both in the HD and LD home boxes from
the residents toward the intruder birds than on aver-
age among each of the 6 residents. These data are fully
in line with revisions describing that agonistic interac-
tions are more frequent toward unfamiliar than toward
familiar conspecifics (Hughes, 1977; Zayan, 1987b) and
are also consistent with the hypothesis that the resident
birds (regardless of their DRP category) recognize each
other as members of a group.

Aggressive pecking events in home boxes (without
disturbance) were an order of magnitude greater among
LD resident birds than among HD resident birds. Dif-
ferences of this magnitude were also found by Chang et
al. (2009) when they compared home cage aggressive-
ness within groups composed by wild Japanese quail
versus groups conformed by a domestic strain of Japa-
nese quail. These important range differences between
HD and LD groups can be considered an evidence that
at least within Japanese quail populations, there is still
enough genetic variability to modulate this character.
Thus, a breeding program that incorporates the HD-
type behavior in the DRP test as a selection criterion
could be worthy to help minimize aggression within
bird populations.

In many species of precocial birds, social attraction
and the maintenance of social cohesion are important
behavioral features (Lorenz, 1935; Wood-Gush, 1971).
In domesticated species, social attraction has impor-
tant influences on a wide variety of behavior patterns
that can be related to both economic performance and
animal welfare (Carmichael et al., 1998). Interestingly,
when a strange conspecific was introduced in the envi-
ronment, HD residents presented a more compact social
group (smaller interindividual distances among resident
birds) that the LD group, which suggests that HD are
more sociable than their LD counterparts. This result
is consistent with the criteria used to categorize our HD
and LD subpopulations in the DRP test. Alternatively,
smaller interindividual differences (or enhanced social
proximity) could also reflect a fear response toward a
frightening or stressful stimulus that in this case could
be the presence of an unfamiliar intruder conspecific
(Marin et al., 2001; Guzmén and Marin, 2008). Howev-
er, open-field, tonic immobility, and plasma corticoste-
rone response studies performed with HD and LD quail
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suggest that the contrasting response in their interin-
dividual distances was unlikely to have reflected dif-
ferences in underlying fearfulness or stress susceptibil-
ity but that sociality was probably a highly influential
variable (D. A. Guzmén and R. H. Marin, unpublished
data).

The preferences shown by HD birds to remain in ar-
eas with a high density of congeners during the bird’s
categorization process at 11 d of age, together with
observed social interaction responses of the HD and
LD group of residents at 38 d of age, both while undis-
turbed in the home cage or when in the presence of an
intruder counterpart, suggest that the HD quail would
be most suited for rearing in high-density breeding con-
ditions that are currently often used both at the small
and industry-scale level. However, further studies with
birds at older ages and in other production system situ-
ations would be worthwhile to confirm that proposal.
The results further suggest that the early individual
social permanence in close proximity to an area with a
given density of conspecifics (either high or low), is not
an isolated behavioral response (context-dependent) to
one particular experimental conditions, but could rath-
er be considered part of a different adaptability strat-
egy of the birds for group living. Further studies are
currently underway to help evaluate this hypothesis.
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