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Rats counting rats: The use of conspecifics
as discriminative stimuli

HANK DAVIS and LAURIE HIESTAND
University of Guelph, Guelph , Ontario, Canada

Although a variety of experimental procedures have shown considerable evidence of "count­
ing" in animals, there is no evidence of numerical competence when conspecifics are used as test
stimuli. Here, we report evidence of a relative numerousness (2 vs. 4) judgment by rats that were
required to discriminate the number of free-ranging conspecifics in an arena. This discrimina­
tion was ultimately disrupted by vigorous social interaction between the subjects and the to-be­
counted rats. Attempts to restrict the movement of object rats in Experiment 2 did not lead to
reestablishment of the discrimination, although 2 animals did show evidence of a simple pres­
ence versus absence (0 vs. 5) discrimination, a precursor of numerical ability.

Extensive research indicates that rats can use the nu­
merical attribute of stimuli as a discriminative cue for per­
formance in a variety of situations (Davis & Memmott,
1982; Davis & Perusse, 1988b). For example , rats have
been required to discriminate the number of food pellets
(Capaldi & Miller, 1988; Davis & Bradford, 1991), bursts
of white noise (Davis & Albert , 1986; Fernandes &
Church, 1982), the ordinal position of tunnels (Davis &
Bradford, 1986), and the number of strokes delivered to
the vibrissae (Davis, MacKenzie, & Morrison, 1989).

Although these studies have demonstrated that a wide
range of stimuli can serve as the basis for numerical con­
trol , none has determined whether a rat can use the num­
ber of other rats present in a situation as a discriminative
cue . Because rats live and forage in social groups of vary­
ing sizes (Barnett, 1963), it is reasonable to investigate
whether they can perform differentially on the basis of
the number of other rats in a group.

In a related study, Husted and McKenna (1966) reported
that rats were able to discriminate between the presence
and absence of conspecifics, and could use this informa­
tion to determine whether or not leverpressing would be
reinforced. The detection of presence versus absence is
a precursor of numerical ability (Davis & Perusse, 1988b).
In the present experiments, we attempted to demonstrate
the most rudimentary form of numerical competence : the
distinction between many and few. This ability, termed
a relative numerousness judgment (Davis & Perusse,
1988b), has been established in a variety of nonsocial set­
tings (e.g., Davis et al., 1989; Fernandes & Church,
1982). Here, we tested whether rats could discriminate
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between the presence of many (4 or 5) versus few (l or
2) conspecifics.

Precautions to prevent subjects from detecting the pres­
ence of particular animals were taken by randomly se­
lecting "object rats " (i.e., those to be counted) from a
pool of up to 30 individuals.

EXPERIMENT 1

In Experiment 1, the subjects were placed in an en­
closure along with either 2 or 4 free-ranging conspecifics
and required to leave the arena using either a left or right
doorway, depending on the number of other rats present
in the enclosure (e.g. , if 2, go left; if 4, go right) .

Method
Subjects. Six female Long-Evans rats (Rattus norvegicus), approxi­

mately 10 months old , served as subjects . The animals were maintained
at 90% -95% of ad-lib weight. In addit ion, 30 rats of the same strain,
sex , and approximate age were used as object rats . These animals were
not food-deprived, All rats were housed individually in 24x 18x 18.5 em
wire cages and were allowed unlimited access to water .

Apparatus. The subjects were tested in a 1.5 x O.9 m arena, which
had a startbox (29 x 17.5 x24.5 cm) centered at one end . A guillotine
door allowed access from the startbox to the arena. The walls of the
plywood enclosure were 32 em high , and the floor was covered with
a layer of granulated corncob to a depth of approximately 5 em , Two
wooden tunnels were placed at the far end of the arena, opposite the
startbox. Each tunnel was 22 x 10x 8.9 ern, and could be entered through
a hinged door that swung freely unless restricted by a 2Q-cm-long ply­
wood insert . When restricted, the tunnel door could only swing open
about 2 em, thus preventing access. Both tunnels were baited with a
single flake of sugar-frosted cereal.

Procedure. Subject rats were initially trained over a period of 15 days
to enter both tunnels to receive food . At the beginning of every trial ,
a subject rat was placed in the startbox. The trial was begun when the
guillotine door of the startbox was raised . Once right-left train ing had
been initiated , a choice was recorded as soon as the subject either en­
tered thecorrect tunnel or nudged the incorrect tunnel door with its nose.
Both tunnels were baited on every trial , although the wooden insert pro­
hibited access to food in the incorrect tunnel.

When the subject made a correct response, it gained immediate ac­
cess to the food. After consuming the reward , it was removed to the
holding areawhere it was provided with another cereal flake while the
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Table I
Number of Correct Responses per Blocks of 2S Trials

in Experiment I

Subject

3 4
Trial
Block

I
2
3
4

Average

•p < .05.

15
10
10
15

12.50

2

17·
16
15
10

14.50

21·
17·
15
8

15.25

20·
14
17·
12

15.75

5

13
14
II
13

12.75

6

14
16
21·
14

16.25
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formal observation suggested that performance was most
successful on trials in which the subject was not distracted
by social interaction with object rats.

Discussion
Althoughnumericaldiscrimination does appear attainableunder these

conditions. our decision to allow object rats to range freely in the test
arena produced extensive social disruption of performance. We were
therefore unable to determine the extent to which the number of con­
specificscould serve as a discriminativecue for performance. This con­
dition was modified in Experiment 2.

EXPERIMENT 2

arena was set up for the next trial. When the subject made an incorrect
choice and found that the tunnel door was blocked, the experimenter
clapped once and said "No!" The rat was then removed to a holding
area that prevented it from seeing the enclosure. This "time out" re­
mained in effect for several minutes while the arena was prepared for
the next trial. Between trials, the experimenter raked the bedding ma­
terial to disrupt scent markings.

Two of the subjects (Subjects 3 and 6) were randomly selected to be
reinforced for entering the left tunnel when 2 object rats were present,
and the right tunnelwhen4 object rats were present. 'The remaining ani­
malswere trained underthe opposite requirement (i.e., 2 object rats, right
tunnel; 4, left tunnel). 'The selection of 2 versus 4 object rats in the en­
closure varied randomly over trials within a session. Individual object
rats were chosen so that no animal appeared more frequently thanonce
per session for each subject. Moreover, individual object rats appeared
in both the "2" and " 4" conditionsacross sessions, thereby precluding
correctperformance basedon the recognition of particularindividual rats.
When not required for a trial, the object rats were caged communally.
After completing a trial, each object rat was moved to a second com­
munal chamber where it was held until a new subject was run.

Subject rats were given five trials per daily session; sessions were
run6 days per week. One hundredtrialswere presented in Experiment I,
during whicheither 2 or 4 object rats were allowedto roarnunrestrained
in the test arena. All sessions were videotaped.

Data analysis . Performance was analyzed in blocks of 25 trials. The
criterionfor successful performancewasdetermined by a binomial prob­
ability table. A minimum of 17/25 correct responses was required for
a significant (p < .05) trial block.

Results
The data for Experiment 1 are summarized in Table 1.

Four of 6 subjects were successful on at least one trial
block in discriminating the presence of 2 versus 4 object
rats in the enclosure and in using this information as the
basis for correct performance. Three of these subjects
reached criterion during the initial trial block, but as they
became more involved in social interactions with object
rats, their performance deteriorated. In only 1 subject
(Subject 6) was there evidence of a "learning curve," that
is, a progressive improvement in performance over trials,
although even this animal reverted to its lowest level of
performance during the final block of trials.

In general, vigorous social interaction between the sub­
ject rat and the free-ranging object rats had a progres­
sively negative effect on performance . Even in cases where
the subject did not instigate social contact, it was often the
target of interactions by one or more of the object animals.
Moreover, because group membership changed on a ran­
dom basis, exploratory behavior typical of initial encoun­
ters continued to occur and yielded no reduction in the
amount of disruptive social behavior over sessions. In-

The presence of a freely interacting conspecific may
be a sufficiently salient stimulus to detract from a sub­
ject's attention or motivation to perform in tests of nu­
merical competence. There is considerable evidence that
rats are highly social, even within the relatively sterile
confines of experimental testing. For example, Davis and
Perusse (1988a) demonstrated that rats could be trained
to leverpress in order to receive social contact with a
human. In addition, Latane, Joy, Meltzer, Lubell, and
Cappell (1972) found that rats preferred to approach con­
specifics that were able to interact with them rather than
to approach anesthetized or restrained rats . Similarly,
Humphreys and Einon (1981) reported that rat subjects
chose unrestrained rats over drugged or caged rats in a
T-maze.

In Experiment 2, we attempted to minimize the disrup­
tive social influence of free-ranging object rats . The sub­
jects were again required to perform a relative numer­
ousness judgment between 2 and 4 conspecifics; however,
object rats were confined to individual wire-mesh cages
located within the test arena . In addition to retesting previ­
ously successful subjects from Experiment 1, experimen­
tally naive animals were exposed to the modified test pro­
cedure in Experiment 2.

Method
Subjects. Subjects 1-6, tested in Experiment I, also served as sub­

jects in Experiment2. In addition,4 naiveanimals(Subjects 7-10) were
tested. The pool of 30 object rats remained the same.

Apparatus. 'The arena used in Experiment 2 was identical to thatused
in Experiment I . 'The object rats were restrained individually in 22 X 8 X

8 cm wire-meshcages (l-cm-sq mesh) with shellacked wooden floors.
Procedure. The procedure used in Experiment I was also followed

in Experiment 2, with the exception that the object rats were no longer
allowed to move freely around the test arena. Instead, they were placed
in individual wire cages, which allowed the subject rats to investigate
them, but whichprecludedmore intenseinteraction. Sixcageswere posi­
tioned in the arena, three on each side, leaving a central alley for the
subjectrat to movebetweenthem. This procedurewas inforrna1ly termed
"rat at the zoo," since it encouragedsubject rats to visit individual cage
locations in order to discriminate numerical conditions. In the case of
Subjects 1-6, either 2 or 4 object rats were placedrandomly withinthese
six cages. The naive subjects (Subjects 7-10) were tested on a puta­
tivelyeasier discrimination between I and 5 object rats in Trial Block I,
and switched to the simplest0 versus 5 discrimination in the final trial
block.

As in Experiment I, object rats were selected so that no animal was
used more than once per day for each subject. The wire cages were
wiped to remove urine and feces when necessary, and were rinsed at
the end of every day. The subjects were run for a total of 50 trials. Sub-
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Table 2
Number of Correct Responses per Blocks of 25 Trials

in Experiment 2

Trial Subject

Block I 2 3 4 5 6 7 8 9 10

I 12 12 14 14 13 II 12 13 12 13
2 10 14 15 15 12 13 18* 13 19* 14

Note-Subjects 1-6 were tested with 2 versus 4 discrimination. Subjects
7-10 were required to discriminate between I versus 5 animals during
Trial Block I , and 0 versus 5 animal s in Trial Block 2. *p < .05.

jects 7 and 9 were required to exit left in the presence of I or 0 object
rats and to exit right when 5 animals were present. Subjects 8 and 10
were exposed to the opposite requ irement.

Results
The performance of all subjects is summarized in Ta­

ble 2. Despite minimizing the amount of social interaction
with object rats , none of the previously trained subjects
reached significant performance on either trial block.
Similarly, the naive subjects showed no evidence of rnak­
ing the relatively simple 1 versus 5 discrimination when
tested during Trial Block 1. Two subjects (Subjects 7 and
9) did show significant performance when the numerical
requirement was reduced to a presence versus absence
(0 vs. 5) discrimination in Trial Block 2.

Despite the use of cages, the subjects generally ap­
proached and attempted to interact with the restrained con­
specifics , as they had in Experiment I. There was con­
siderable oral contact by both subject rats and object rats
through the wire-mesh enclosure. One subject (Subject 2)
temporarily established a pattern of urinating on each ob­
ject rat it visited , thus suggesting the possibility that per­
formance would involve " partitioning and tagging," an
essential component of enumeration. Unfortunately, this
pattern did not remain in effect long enough to be evalu­
ated systematically .

GENERAL DISCUSSION

Although there is considerable ev idence that rats are capable of dif­
ferent forms of numerical competence (see reviews by Davis & Mem­
mott, 1982 ; Davis & Peru sse , 1988b), the evidence of numerical com­
petence using soc ial stimuli is cons iderably less devel oped . Husted and
McKenna (1966) demonstrated a precursor to numerical ability by show­
ing that rats could use the presence versus absence of other rats as a
discriminative cue for performance. We have replicated this effect here
in 2 animals during the final trial block of Experiment 2.

Unfortunately , our attempts to demonstrate a relati ve numerou sness
judgment were only marginall y success ful. In Experiment I , rats quickly
learned to discriminate the presence of 2 versus 4 conspecifics, although
interactions with the enumerated animals ultimately led to disruption
of performance. The physical restriction of object rats within the test
arena did not allow the more versus less numerical discrimination to
reemerge in Experiment 2, nor did it result in discriminative learning
in naive animals .

In short, although there is considerable evidence that rats are capable
of making numerical discriminations under a variety of settings, thesocial
arena doe s not appear to be an ideal setting for such demonstrations.
The present data sugges t that numerical discrimination of conspeci fics
may work best when using highly interactive animal s, the very pre s­
ence of which ult imately undermines the motivation and attention nec­
essary to perform the task .
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