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There is evidence suggesting aggression may be a positive reinforcer in many species. However, only a
few studies have examined the characteristics of aggression as a positive reinforcer in mice. Four types of
reinforcement schedules were examined in the current experiment using male Swiss CFW albino mice
in a resident-intruder model of aggression as a positive reinforcer. A nose poke response on an operant
conditioning panel was reinforced under fixed-ratio (FR 8), fixed-interval (FI 5-min), progressive ratio
(PR 2), or differential reinforcement of low rate behavior reinforcement schedules (DRL 40-s and DRL
80-s). In the FR conditions, nose pokes were maintained by aggression and extinguished when the
aggression contingency was removed. There were long postreinforcement pauses followed by bursts of
responses with short interresponse times (IRTs). In the FI conditions, nose pokes were maintained by
aggression, occurred more frequently as the interval elapsed, and extinguished when the contingency
was removed. In the PR conditions, nose pokes were maintained by aggression, postreinforcement
pauses increased as the ratio requirement increased, and responding was extinguished when the
aggression contingency was removed. In the DRL conditions, the nose poke rate decreased, while the
proportional distributions of IRTs and postreinforcement pauses shifted toward longer durations as the
DRL interval increased. However, most responses occurred before the minimum IRT interval elapsed,
suggesting weak temporal control of behavior. Overall, the findings suggest aggression can be a positive
reinforcer for nose poke responses in mice on ratio- and time-based reinforcement schedules.
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Aggression occurs among virtually all verte-
brates and many invertebrate species and is
associated with resource procurement, main-
tenance, and utilization (Scott, 1958; Nelson &
Trainor, 2007). In general, male aggression is
focused on resources such as food, territory,
and mates, whereas female aggression is
associated with protecting offspring (Miczek,
2001; Pfaff, Choleris, & Ogawa, 2005). Al-
though typically studied from an ethological
perspective, aggression appears to have many
characteristics consistent with operant behav-
ior (Dollard, Doob, Miller, Mowrer, & Sears,
1939; Looney & Cohen, 1982). In particular,
opportunities for aggression toward a conspe-
cific can function as a positive reinforcer. The
initial demonstration that aggression can have
positively reinforcing properties was shown by
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Thompson (1963) wusing Betta splendens.
Thompson provided male fish with a visual
image of a male conspecific contingent upon
engaging in an arbitrary swimming response.
These findings were subsequently replicated
and extended using key-pecking on a fixed-
ratio (FR) reinforcement schedule in male
roosters and lever-pressing in rats on a FR
schedule (Thompson, 1964; Van Hemel,
1972). Mice have also shown a place prefer-
ence for areas where previous aggressive
encounters have occurred, suggesting that
such encounters may serve as reinforcers
(Martinez, Guillen-Salazar, Salvador, & Simon,
1995).

The findings just reviewed show that arbi-
trary responses that access opportunities to
aggress can be established and maintained.
These results are important because they show
that aggression can function as a positively
reinforcing stimulus across a range of instru-
mental behaviors and species. One area
fundamental to establishing the reinforcing
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properties of a stimulus is to examine a range
of behavioral patterns characteristic of specific
reinforcement schedules. Such demonstra-
tions help develop confidence that the behav-
ior—environment relations being examined do
in fact reflect reinforcement processes. Re-
searchers studying aggression in mice have
begun to characterize response patterns on
different schedules of reinforcement. For
example, Fish, DeBold, and Miczek (2002a,
2002b, 2005) established nose pokes in mice as
an operant response to access agonistic en-
counters using either a FR 10 or a fixed-
interval (FI) 10-min reinforcement schedule.
Couppis and Kennedy (2008) established nose
pokes using a variable-ratio 5 (VR 5) reinforce-
ment schedule with access to an intruder
mouse. These studies show that access to
aggression can be established as positive
reinforcement in mice.

The purpose of the experiment reported
here was to replicate and extend the Fish et al.
(2002a, 2002b, 2005) findings across a broader
range of ratio- and time-based reinforcement
schedule requirements and to include embed-
ded extinction phases. Specifically, we studied
nose poking to access aggression under FR, FI,
progressive ratio (PR), and differential rein-
forcement of low rate (DRL) reinforcement
schedules. With more typical reinforcers such
as food or water, FR reinforcement schedules
typically produce long postreinforcement paus-
es followed by bursts of responding and rapid
schedule completion. FI reinforcement sched-
ules establish a response scallop where respond-
ing increases as the interval elapses. Using time
and ratio-based reinforcement schedules al-
lowed us to rule out coincidental changes in
nose pokes related only to a specific schedule,
and to examine the temporal distribution of
responding when agonistic encounters were
used as reinforcers. Next, PR reinforcement
schedules were used to analyze the motivational
salience of aggression. The highest ratio value
maintaining responding in PR reinforcement
schedules has been used as an index of
reinforcer efficacy (Li, He, Parrish, Delich, &
Grasing, 2003; Winger & Woods, 1985). Finally,
DRL reinforcement schedules were used to
show that large interresponse times (IRTs)
could be established to access aggression
(Doughty & Richards, 2002; Sabol, Richards,
Layton, & Seiden, 1995; Staddon, 1965).
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METHOD

Subjects

Male Swiss CFW albino mice were separated
into two groups at 21 days of age. ‘“‘Resident”
mice were housed with a dam and pups in
large polycarbonate cages (46 X 24 X 15 cm).
“Intruder’” mice were housed in groups of 2
or 3 male mice in small polycarbonate cages
(28 X 17 X 14 cm). Animals were approxi-
mately 3 months old at the start of the
experiments and had ad libitum access to
food and water outside of experimental
sessions. A 12:12 hr light/dark cycle (lights
on 6:00 AM) was in effect and all experimental
sessions occurred during the light-on cycle.
The protocol was approved by the Vanderbilt
Institutional Animal Care and Use Committee
and followed National Institutes of Health
guidelines.

Apparatus

The apparatus was composed of an alumi-
num operant conditioning panel (29 X 17 X
0.6 cm) inserted into the resident’s home cage
(Miczek & O’Donnell, 1978). The panel
included an ENV-313M infrared nose poke
sensor with stimulus light and an ENV-315M
house light (MedAssociates™, 1Inc.). The
apparatus was controlled by custom software
written in Microsoft Visual Basic for DOS
Version 1.0€ and run on a personal computer.

Procedure

Aggression screening. Resident males were
initially housed with a dam and left undis-
turbed for 3 weeks. Prior to aggression
screening, the dam was removed from the
home cage 5 min before the start of a session.
An intruder mouse was then placed in the cage
with the resident without the operant condi-
tioning panel. If the resident attacked the
intruder within 5 min on three consecutive
occasions, the mouse was deemed aggressive
and used in the experiment. If the resident did
not attack within 5 min, the intruder was
removed and the resident was left undisturbed
for another week. If the resident did not attack
the intruder following this period, it was
excluded from the experiment. A total of 15
mice were tested for aggression; 11 were
aggressive according to screening criteria.
Three mice were tested in the FR, FI, and PR
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conditions, and 2 mice were tested in the DRL
condition.

Shaping and reinforcing nose pokes. The dam
and pups were removed from a resident’s
home cage 5 min before the start of a session,
and the operant conditioning panel was
inserted. Each resident mouse started the
experiment with nose pokes on a continuous
(CRF) reinforcement schedule. The CRF
contingency was in effect for at least seven
sessions, with each session lasting 30 min. The
nose poke sensor with stimulus light remained
on throughout a session. The sensor with
stimulus light turned off when a nose poke was
emitted. The house light turned on and an
intruder mouse was placed in the resident’s
home cage for 6s. The house light then
turned off, the intruder mouse was removed,
and the CRF reinforcement schedule was
reset. Four intruder mice were used for each
resident mouse. One intruder mouse was used
per resident mouse during one daily session,
was presented to the resident each time the
nose poke requirement was met, and rotated
every day. In order to move into the designat-
ed reinforcement schedule, variability in base-
line responding for the last four sessions had
to be within 20% of the previous day’s baseline
session. Each mouse was moved into its
designated reinforcement schedule for further
shaping and served in only one reinforcement
schedule. The same reinforcement procedure
was used for each condition.

For the 3 mice assigned to the FR condition,
the contingency was moved to a FR 2
reinforcement schedule. After two responses
were emitted, an intruder mouse was placed in
the resident’s home cage. The FR 2 schedule
was reset after 6 s. Each session lasted 15 min.
The schedule was changed when: (a) response
rate was equal to or greater than two responses
per min and (b) the daily response rate per
min over the last four sessions was within 20%
of the previous day’s response rate. After four
sessions of stable responding on a schedule
value, another response was added to the
schedule requirement. This process continued
until an FR 8 schedule was established.

For the 3 mice assigned to the FI condition,
the contingency was moved to a FI 5-s rein-
forcement schedule. The first nose poke fol-
lowing a 5-s interval was reinforced by placing
an intruder mouse in the resident’s home cage.
Sessions lasted 60 min. In order to increase the
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FI time, the nose poke rate had to be within
20% of the previous session for four consecutive
sessions. After four sessions on a schedule value,
the time interval was advanced by 5 s. This
process continued until the mouse reached FI
60 s. Subsequent time intervals increased by
30 s until an FI 5-min schedule was established.

For the 3 mice assigned to the PR condition,
the contingency was moved to the step size
requirement for the PR reinforcement sched-
ule. The step size is the incremental increase
in response requirement before reinforcement
is delivered. Thus, a mouse was shaped up to a
FR 2 in the PR 2 reinforcement schedule. The
FR 2 reinforcement schedule was in effect
until a mouse emitted at least two responses
per min for four consecutive sessions. Sessions
lasted 15 min.

For the 3 mice assigned to the DRL
condition, the contingency was moved imme-
diately to a DRL 40-s reinforcement schedule.
Since DRL schedules maintain low rates of
responding, shaping nose pokes beyond the
CRF schedule was not logically appropriate.
When the reinforcement interval expired, the
next 40-s interval began. Any responses occur-
ring before 40 s had expired reset the interval.
The sessions lasted 60 min.

FR condition. Each resident mouse was run
for at least 10 sessions on the FR 8 reinforce-
ment schedule and until stable responding was
demonstrated. Stability criteria were met when
(a) nose pokes per min over the last five
sessions were equal to or greater than two
pokes per min and (b) the nose pokes per min
over the last five sessions were within 20% of
the previous day’s session. After stability
criteria were met on the FR 8 reinforcement
schedule, nose pokes were placed on extinc-
tion (EXT). During EXT, an intruder mouse
was not introduced after the resident emitted
eight responses. However, if the mouse emit-
ted eight responses the house light turned on
for 6 s. To meet EXT criteria, the response
rate per min was (a) less than one response
per min for two consecutive sessions, and (b)
the average rate per min in the last five
sessions of EXT was less than the response
rate in the last five sessions during the first FR
8 condition. Fach mouse was run for at least
five sessions in EXT. Once extinction criteria
were met, the FR 8 reinforcement schedule
was reestablished following the same stability
criteria as the first FR 8 condition.
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FI condition. Each resident mouse was run
for at least 10 sessions on the FI 5-min
reinforcement schedule and until stable re-
sponding was demonstrated. Stability criteria
were met when: (a) visual inspection showed
no downward trend over the last five sessions
and (b) the average nose poke rate per min
over the last 5 sessions was within 20% of the
last 10 sessions. The average index of curvature
(IC) for each session was calculated during
baseline conditions (Fry, Kelleher, & Cook,
1960). The IC is a measure of the proportional
distribution of responses across fixed intervals.
Intervals were divided into four equal bins for
each session using the following formula: IC =
[3R4 — 2(R1 + R2 + R3)]/4R4, where Rl was
the total number of responses occurring in
first bin, R2 was the total number of responses
occurring in the first and second bin, R3 was
the total number of responses occurring in the
first, second, and third bins, and R4 was the
total number of responses within a session.
The possible range of the index was from
—0.75 to 0.75. Positive values represented
faster responding in the latter bins, suggesting
accelerated responding toward the end of the
5-min interval. Lower values represented faster
responding in earlier bins.

After the stability criteria were met during
the first FI 5-min reinforcement schedule,
nose pokes were placed on EXT. During
EXT, each nose poke was recorded. If a
response was emitted upon the expiration of
the 5-min interval, the house light turned on
for 6s, but an intruder mouse was not
available. At least five sessions were run in
EXT. The EXT condition ended when a
mouse responded no more than once per
min for at least three consecutive sessions.
After meeting the extinction criteria, nose
pokes were reinforced on the FI 5-min
reinforcement schedule according to the
stability criteria in the first FI 5-min condition.

PR condition. Each resident mouse was run
for at least 15 sessions on the PR 2 reinforce-
ment schedule and until stable responding was
demonstrated. An initial attending response
was required to initiate each session. All
subsequent response requirements increased
by two responses after each reinforcer. The
session duration was determined by the break
point for each mouse. The break point repre-
sented the last completed ratio size before
aggression no longer sustained nose pokes. A 3-
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min interval with no responding constituted
the break point, which ended the session. The
schedule was changed when: (a) responding in
the last 5 sessions was within the range of
responding in the first 10 sessions, and (c)
responding in the last 5 sessions was without
decelerating trends upon visual inspection.

Once stability criteria were met, the aggres-
sion contingency was removed. A mouse was
run for at least 15 sessions during EXT. During
EXT, each nose poke was recorded. If a step
size was completed before the expiration of
the 3-min breakpoint, the house light turned
on for 6 s, but an intruder mouse was not
available. The EXT condition ended when a
mouse completed no more than one step size
per session for the last three sessions.

DRL condition. Each resident mouse was
run at least 25 sessions on the DRL 40-s
reinforcement schedule and until stable re-
sponding was demonstrated. Stability criteria
were met when: (a) proportional distributions
of postreinforcement pauses (PRPs) between
the last 10 sessions and last 5 sessions showed
no substantial differences upon visual inspec-
tion, and (b) the proportional distributions of
IRTs between the last 10 sessions and the last 5
sessions showed no substantial differences
upon visual inspection. After at least 25
sessions in the DRL 40-s reinforcement sched-
ule, the aggression contingency was switched
to a DRL 80-s reinforcement schedule for
comparison using the same stability criteria.
Each resident mouse was run for at least 25
sessions in the DRL 80-s reinforcement sched-
ule until stable responding was demonstrated.
Finally, the aggression contingency was again
placed on a DRL 40-s reinforcement schedule
when stability criteria were met on the DRL 80-
s reinforcement schedule.

RESULTS
FR Contingency

Figure 1 shows the average nose pokes per
min over the last five sessions for each mouse
in the FR 8 schedule analysis. Average nose
pokes per min ranged from 3.3 to 5.3 across
mice during the first baseline condition. Nose
pokes during EXT decreased significantly for
all mice (range, 1 to 1.9 per min) and
increased after the FR 8 reinforcement sched-
ule was reinstated (range, 3.5 to 4.8 per min).
Reinforcers earned per session were fairly
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Fig. 1. The frequency of nose pokes per min over the
last five sessions for the 3 mice on the FR 8 reinforcement
schedule. Baseline and extinction conditions are separated
by dashed phase lines.

consistent across all 3 mice (range, 6.2 to 9.6)
during the first FR 8 schedule condition and
during the second FR 8 schedule condition
(range, 6.2 to 8.8).

Figures 2 and 3 show the nose poke IRT and
PRP distributions over the last five sessions in
the FR 8 schedule analysis for each mouse.
Average IRTs per session were calculated by
computing the frequency of interresponse
intervals in 1-s bins. The PRPs were calculated
by computing the frequency of pauses in 30-s
bins, and Figure 3 shows the totals across the
last five sessions. All mice emitted the nose-
poke response in brief bursts (Figure 2). The
majority of nose pokes occurred within 1 s of a
previous nose poke. Pauses in responding after
the delivery of reinforcement peaked at
approximately 60 s in the first FR 8 condition,
and between 60 s and 90 s in the second FR 8
condition (Figure 3). The stop-and-run re-
sponse pattern is characteristic of FR rein-
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Fig. 2. Average interresponse times (IRTs) per session
over the last five sessions in 1.0-s time bins on the FR 8
reinforcement schedule. IRTs greater than 20 s were
incorporated into the 20-s bin. Black circles represent
the first baseline condition and open circles represent the
second baseline condition.

forcement schedules (Ferster & Skinner,
1957).
FI Contingency

Figure 4 shows the mean nose pokes per
min over the last five sessions for each mouse
in the FI schedule analysis. Mean nose pokes
in the first FI 5-min schedule condition ranged
from 1.9 and 3.5 per min for the 3 mice.
During EXT responding steadily decreased to
between 0.6 and 0.8 nose pokes per min.
Responding increased to between 1.5 and 2.4
nose pokes per min after reinstating the FI-5
min reinforcement contingency.

Figure 5 provides the cumulative response
rates summed over the last five sessions for
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Fig. 3. Total postreinforcement pauses (PRPs) from

the last five sessions in 30-s time bins for the 3 mice on the
FR reinforcement schedule. Black circles represent the
first baseline condition and open circles represent the
second baseline condition.

each mouse in the FI 5-min schedule analysis.
During the first FI 5-min schedule condi-
tion, the ICs were 0.35, 0.33, and 0.34 for the
3 mice. This IC patterns shows that most
responses occurred in the last two bins of
the FI 5-min schedule. During the second
FI 5-min schedule condition, the ICs were
0.31, 0.34, and 0.23 for the 3 mice. These
findings are consistent with the previous
FI 5-min schedule condition. The IC for
Mouse 202 did not recover as well as for Mice
200 and 201. Nonetheless, a higher response
rate toward the end of the 5-min interval was
observed for all mice. Eleven reinforcers were
programmed during the 60-min sessions. All
mice earned most reinforcement opportuni-
ties, suggesting the reinforcer was powerful
enough to sustain responding throughout the
60-min sessions.

Fig. 4. The frequency of nose pokes per min over the
last five sessions for the 3 mice on the FI 5-min
reinforcement schedule. Baseline and extinction condi-
tions are separated by dashed phase lines.

PR Contingency

Figure 6 shows the number of completed PR
schedules per session from the last five sessions
for each mouse. The mice completed between
6.4 and 8.6 schedules per session in the first
PR 2 schedule condition, and this decreased to
near-zero levels by the end of EXT condition.
Reinstating the reinforcement contingency in
the PR 2 schedule condition increased the
number of completed schedules to between
5.2 and 8.4 per session.

Figure 7 shows the mean PRPs for each mouse
in the PR 2 schedule analysis. Pauses in nose
pokes were between 30 s and 40 s on smaller PR
schedule values, but increased to approximately
60 s under higher PR schedule values. Reinstat-
ing the PR 2 schedule contingency after the EXT
condition resulted in PRPs again increasing as a
function of the response requirement.
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Fig. 5. The cumulative number of nose pokes per
quarter of the 5-min interval and corresponding index of
curvature (IC) for the 3 mice on the FI 5-min reinforce-
ment schedule, averaged over the last five sessions. Black
circles represent the first baseline condition and open
circles represent the second baseline condition.

DRL Contingency

The nose pokes per min over the last five
sessions for each mouse in the DRL analysis
are shown in Figure 8. During the first DRL
40-s schedule condition, nose pokes occurred
between 1.2 and 1.4 times per min. There was
some variability in the nose poke rate during
this initial DRL 40-s schedule condition. Nose
pokes per min decreased to between 0.7 and
0.8 during the DRL 80-s schedule condition.
The rate of nose pokes was more stable than in
the first DRL 40-s schedule condition. When
the DRL 40-s schedule condition was reestab-
lished, responding increased to between 0.9
and 1.2 pokes per min. The percentage of
reinforcers earned was computed by dividing
the number of opportunities scheduled for
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Fig. 6. The number of completed schedules per
session over the last five sessions for the 3 mice on the
PR 2 reinforcement schedule. Baseline and extinction
conditions are separated by dashed phase lines.

reinforcement per session (i.e., 78 opportuni-
ties for reinforcement in the DRL 40-s
schedule condition and 41 opportunities in
the DRL 80-s condition) by the number of
reinforcers earned. The mice earned between
45% and 48% of reinforcers per session during
the first DRL 40-s schedule condition, 46% of
reinforcers per session during the DRL 80-s
schedule condition, and 47% to 52% of
reinforcers per session during the second
DRL 40-s schedule condition.

The proportional distributions of IRTs and
PRPs for each mouse are displayed in Fig-
ures 9 and 10, respectively. The proportion of
IRTs per bin was determined by dividing the
number of IRTs occurring in a specified bin by
the total number of IRTs in the distribution.
The IRT distribution calculation did not
include the first responses after reinforcement
delivery (e.g., the PRPs) because these were
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Fig. 7. The average PRP durations per session in
seconds over the last five sessions for the 3 mice on the
PR reinforcement schedule. Black circles represent the
first baseline condition and open circles represent the
second baseline condition.

examined in a separate analysis, as described
below. The IRT distributions were typically
bimodal, with the first mode occurring at short
durations (i.e., bursts) and the second mode
occurring at longer durations (i.e., pauses).
Bursts are typically categorized as IRTs shorter
than 6 s (Richards & Seiden, 1991). The burst
category was removed from the analysis to
ascertain the pause duration. The proportion
of PRPs per bin was calculated by dividing the
number of PRPs in a specified bin interval by
the total number of PRPs in the distribution.
The IRT and PRP distributions changed
systematically with changes in the DRL re-
quirement. Both the IRT and PRP distribu-
tions shifted to the right when schedule
requirements increased from DRL 40-s to
DRL 80-s. Nonetheless, IRTs and PRPs were
not long enough to earn the majority of
scheduled reinforcers programmed on either
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reinforcement schedules.

DRL schedule condition. These results are
similar to those reported by other authors
using food or liquid reinforcement on DRL
schedules (Doughty & Richards, 2002; Farmer
& Schoenfeld, 1964; Staddon, 1965).

DISCUSSION

This experiment demonstrated that an
arbitrary response in male mice can be shaped
and then maintained by access to aggression
under various ratio- and time-based schedules
of positive reinforcement. Reinforcement
schedules included ratio, interval, and low-rate
response contingencies. In addition, the PR
schedule provided an index of the strength of
the motivation to access a conspecific for
aggressive bouts. These findings extend previ-
ous research by showing the robustness of
aggression toward conspecifics as a positive
reinforcer under various contingencies.

Although not directly measured in the
current experiments, informal observations
revealed that each resident mouse immediate-
ly attacked an intruder when it was placed in
the home cage. After the 6-s encounter,
resident mice continued to tail rattle for a
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Fig. 9. The proportion of IRTs in 5-s time bins over
the last five sessions for the 2 mice on the DRL
reinforcement schedules. The first DRL 40-s condition is
represented by black circles. The DRL 80-s condition is
represented by grey triangles. The second DRL 40-s
condition is represented by open circles.

few moments while exploring the home cage.
In previous work from our laboratory and
others, introduction of the intruder mouse
results in immediate and sustained aggression
(Couppis & Kennedy, 2008; Couppis, Ken-
nedy, & Stanwood, 2008; Fish et al., 2002a,
2002b). For example, Couppis and Kennedy
noted that resident mice meeting the operant
requirements for introduction of the stimulus
mouse attacked within 1 to 2 s and continued
biting and boxing until the intruder mouse
was removed.

The FR 8 conditions demonstrated that the
resident mice would emit a sequence of nose
pokes in order to gain access to an intruder
mouse for aggressive bouts. The response rate
decreased to near zero levels of responding
when the contingency was removed in the
extinction conditions and then rose again
when the FR 8 schedule was reinstated. The
IRT distributions in the FR 8 schedules showed
that nose pokes occurred in rapid bursts,
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Fig. 10. The proportion of PRPs in 10-s time bins over
the last five sessions for the 2 mice on the DRL
reinforcement schedules. The first DRL 40-s condition is
represented by black circles. The DRL 80-s condition is
represented by grey triangles. The second DRL 40-s
condition is represented by open circles.

leading to fast completion of the FR schedule
requirement. There were long PRPs after
reinforcement was delivered. The response
pattern of long PRPs followed by shorter IRTs
is characteristic of FR reinforcement sched-
ules.

The FI 5-min conditions demonstrated that
nose pokes were maintained over a temporal
distance, decreasing only when the aggression
contingency was removed, and recovering
when the aggression contingency was reinstat-
ed. On a typical FI reinforcement schedule,
responding is temporally distributed so that
infrequent responding occurs early in the
interval and increases as time in the interval
elapses (Ferster & Skinner, 1957). The IC
obtained for each mouse in the current
experiment suggested that responding was
minimal during the early minutes of an
interval and increased as time progressed
toward the expiration of the interval.

The PR schedules showed that between 5
and 10 reinforcement schedules were com-
pleted with ratio requirements of 10 to 20
responses before aggression no longer main-
tained nose pokes. When the aggression
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contingency was removed in the extinction
condition, nose pokes quickly ceased, but they
increased again when the PR schedule was
reintroduced. PRPs for all 3 mice increased as
the PR schedule value increased.

Manipulating the response requirement in
the PR reinforcement schedule provided some
indication about the strength of aggression as
a reinforcer compared to other commonly
used reinforcers. Mice have been shown to
complete up to 35 PR 3 reinforcement
schedules, with ratio requirements up to 105
responses, to obtain food reinforcement (Cha-
ney & Rowland, 2008). Hayward, Pintar, and
Low (2002) demonstrated that mice on a PR 3
reinforcement schedule that were allowed free
access to food and water complete approxi-
mately 54 reinforcement schedules (or 172
responses) for normal chow and up to 65
reinforcement schedules (or 195 responses)
for enriched chow. Mice on restricted food
intake complete 180 reinforcement schedules
for normal chow and 215 reinforcement
schedules for enriched chow, with response
requirements ranging from 540 to 645 re-
sponses. Thomsen and Caine (2005) demon-
strated that mice on a PRy, o.115 complete 5
reinforcement schedules for water reinforce-
ment and 10 reinforcement schedules for
food, with response requirements up to
approximately 70 responses. Thomsen and
Caine also found mice would complete up to
13 reinforcement schedules for cocaine. Final-
ly, Olsen and Winder (2006) demonstrated
mice complete between 100 and 300 PR
reinforcement schedules for cocaine, equating
to thousands of responses. The difference in
schedule completion for drug reinforcement
in the above mentioned studies may be related
to the response topography (i.e., lever presses
versus nose pokes). Nevertheless, the results
suggest that aggression as a reinforcer is not as
efficacious at maintaining responding as other
reinforcing stimuli on PR reinforcement
schedules.

The DRL conditions showed that a pro-
grammed timeout period for responding
could establish a low rate of nose pokes. The
DRL reinforcement schedules in the current
study established an IRT response pattern with
a bimodal distribution (i.e., an initial peak at
short IRTs followed by a distribution of longer
IRTs). Many of the IRTs were shorter than
those required by the DRL contingencies.
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Because the peak location of IRTs and PRPs
shifted to longer durations when the mini-
mum interval requirement was increased from
DRL 40s to DRL 80s, these conditions
demonstrated the temporal control that is
exerted by DRL schedules with aggression as a
reinforcer.

The current experiment confirms and ex-
tends the literature on aggression as positive
reinforcement in several ways. First, the effects
of aggression as a positive reinforcer were
directly tested in mice. Many studies demon-
strating the reinforcement of arbitrary re-
sponses with aggression have done so by
allowing access to the visual image of a
conspecific (Cherek et al., 1973; Thompson
1963, 1964; Thompson & Sturm, 1965).
Therefore, it was unclear in those studies
whether the reinforcer for the operant re-
sponse was the visual image of another animal,
the possibility of social contact, the ritualistic
behaviors leading up to aggression, or whether
the act of aggression is itself the positive
reinforcer. Whether the actual reinforcer is
aggression versus social contact can be exam-
ined in more detail by permitting visual and
olfactory contact with a female or intruder, but
preventing physical contact with the other
mouse. Observations in our laboratory suggest
that responding decreases when the resident
mouse is unable to physically contact the
intruder mouse, even though olfactory, visual,
and vibrissal contact could occur (Couppis &
Kennedy, unpublished data). Thus, it appears
as if the reinforcing aspect of stimulation is the
agonistic encounter.

Second, in the present experiment, aggres-
sion was directly shaped as a reinforcer without
using competing stimuli for reinforcement of
nose pokes. The Fish et al. (2002) study used
liquid reinforcement to shape nose pokes in
mice prior to ratio- and time-based reinforce-
ment schedule analyses. When liquid rein-
forcement was removed, nose pokes were
maintained in the presence of an intruder
mouse alone. Cherek, Thompson, and Heistad
(1973) directly demonstrated that pigeons
were more likely to peck a target key to access
aggression when the key was associated with a
conspecific, but responding was only main-
tained when food reinforcement was available
on an alternative key. Therefore, aggression
toward the conspecific may have been adjunc-
tive behavior induced by changes in food
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reinforcement associated with the other key.
When changes to the key associated with food
reinforcement produced an increase in the
time before reinforcement could be delivered
were programmed, higher response rates
occurred on the target key. In order to rule
out aggression as an adjunctive behavior in the
current experiment, competing reinforcement
was not used.

Third, the current experiment confirmed
and extended the findings of Fish et al
(2002a, 2002b, 2005) who showed nose pokes
were under schedule control of both ratio- and
time- based reinforcement schedules. One
possible explanation for changes in behavior
using discrete-trial sessions is that the nose
poke response occurs during natural explora-
tion of the home cage. Steady-state behavior
requires enough data to adequately determine
what influence the experimental condition has
over changes in the behavior (Sidman, 1960).
In the current experiment, a free-operant
procedure was used to provide multiple
opportunities to respond and gain access to
an intruder mouse, and multiple sessions were
conducted until stability criteria were met so
that the steady-state behavior patterns on the
different reinforcement schedules could be
observed.

Fourth, PR reinforcement schedules were
used to establish the motivational ‘‘break
point” for obtaining reinforcement. The
highest ratio value maintaining responding
in the PR reinforcement schedules was used as
an index of reinforcer efficacy (Li et al., 2003;
Winger & Woods, 1985). Reinforcing efficacy
is the capacity for a stimulus to establish and
maintain behavior (Griffiths, Bradford, &
Brady, 1979). The current experiment found
that the break point with aggression as the
reinforcer was lower than the break points that
have been typically obtained from mice with
other reinforcers (food, water, or cocaine).

In summary, we showed that access to
aggression can be a positively reinforcing
event for nose poke responses in mice.
Responding was first shaped and then main-
tained on various time and ratio based
reinforcement schedules, replicating and ex-
tending previous studies of aggression as a
reinforcer. The behavioral patterns that were
obtained using aggression as the reinforcer
were similar to those observed on these
different reinforcement schedules when food,
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liquid, or drugs are used as reinforcers. These
results suggest that responding maintained by
aggression on various reinforcement sched-
ules has many of the same characteristics as
responding maintained by other primary
reinforcers.
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