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OLTFACTORY CUES AND MOVEMENT:

STIMULI MEDIATING INTRASPECIFIC AGGRIESSION
IN THE WILD NORWAY RAT

JEFFREY R. ALBERTS® anp BENNETT G. GALEY, Je?

MceMaster University, Hamillor, Ontario, Canada

Male sibling pairs of wild rats were established in enclosures and their ag-
gressive, amicable, and sexual behavior obscrved following the introduction
of conspecifics. It was found that: («) Intact male rats behaved amicably
toward familiar male conspecifics, both aggressively and sexually towards
unfamiliar anestrous and estrous female conspecifics, and aggressively toward
unfamiliar male conspecifics; (b) anosmic males exhibited amicable and
sexual behavior toward unfamiliar males, but did not inidate aggression to-
ward them; (¢) the storing of a member of a resident pair in a cage with
or without wood shavings, urine, and feces from a foreign colony did not
affect behavior toward him by his cage mate; (d) the storing of a foreign
male in the wood shavings, urine, and feces of a colony did not affect behay-
ior of that colony toward him; (e) cessation of movement on the part of
an intruder of either sex inhibited attack; (f) immobile anesthetized male
intruders elicited aggression; (g) when presented simultancously with mov-

ing and anesthetized intruders, resident rats attacked only the former.

The social interactions to be observed
within a colony of wild rats (Rattus nor-
vegicus) are typically peaceful, the members
engaging in a variety of stereotyped amica-
ble behaviors involving cutaneous contact.
With the exception of recently parturient
females, who defend their nest sites against
intrusion, overt fighting is rarely observed
among members of an established colony
(Barnett, 1963; Iibl-Kibesfeldt, 1961;
Galef, 1970; Lorenz, 1966). Wild rats resi-
dent to an area will, however, readily at-
tack unfamiliar conspecifics intruding into
the vieinity of their nest sites (Barnett,
1958, 1963; Eibl-Eibesfeldt, 1961; Galef,
1970; Lorenz, 1966; Telle, 1966).
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The fact that wild rats behave amicably
toward fellow colony members while behav-
ing aggressively toward unfamiliar intrud-
crs indicates that they are able to discrimi-
nate members of their own colony from
strangers. There is, however, little informa-
tion available concerning the cues enabling
wild rats to distinguish friend from foe. The
present series of studies was designed, first,
to determine the stimuli necessary for wild
rats to discriminate familiar from unfamil-
iar conspecifics, and sceond,; to investigate
the way in which these stiinuli funetion in
the maintenance of colonial mtegrity.

ExpPERIMENT 1

In the present experiment a variety of
intruders were introduced into the home
cages of pairs of male wild rat siblings. The
experiment was performed to define the
range of intruders eliciting aggressive be-
havior from resident males and to establish
the adequacy of our apparatus and proce-
dures for the investigation of the aggressive
behavior of wild rats.

Method

Subjects

Subjects in all the experiments reported bidow
were second, thind, and fourth gencration lab-
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oratory-bred male wild rats (2. norvegicus), di-
rect descendants of feral animals captured on the
wharves of Philadelphia and ¢n a farm in eastern
Maine. Hooded rats of the Lou,-Evans strain were
obtained from the Canadian Breeding Farms.

Apparatus

All observations were carried out via closed-
circuit television monitored in Tooms separate
from experimental animals.

Experiments were conducled in cages, to be
referred 1o below as home cages (3 X 3 X 3 ft.),
construcled of %-in. plywood. The galvanized
sheet-metal floor of each enclosure was covered to
a depth of 2 in. with wood shavings, half of which
were replaced every 3 wk. so as to maintain
colony-specific odors within each cage. A single
12 X 12 X 5 in. nest box, which opencd onto the
home cage via a 3 X 3 in. door was attached to
each cage.

Procedure

Residents. Twelve pairs of wild male siblings
were weighed, marked by shaving so as to be
distinguishable on closed-circuit television, and
introduced (1 pair per enclosure) into the home
cages described above. Fach pair of resident rats
was given 4-6 wk. to become established in its
home cage and habituated to maintenance proce-
dures. During this period the residents were fed
powdered Purina Laboratory Chow for 3 hr/day.
Overhead lights were illuminated for the duration
of the feeding period (1:30-4:30 r.v.), providing
regular periods for observation. Following 4-6 wk.
of habituation, each pair of residents was observed
for at least 4 3-hr. fceding periods prior to ini-
tiation of experimental manipulations. During
these observation periods, base-line levels.of inter-
resident interaction were established. On the final
day of each pair’s habituation period, 1 male
resident from each of 4 home cages was removed
for 24 hr. to a holding cage. These animals were
returned to their home cages at the beginning of
the next feeding period, and interactions between
members of reunited resident pairs were observed
for the first V2 hr.

Intruders. Following habituation and estab-
lishment of base lines, a series of intruders were
introduced into home cages during the first Y2 hr.
of daily feeding periods. A period of at least 1 wk.
scparated the introduction of any 2 intruders into
a single home cage. Four types of intruders were
cmploved: (a) Unfamiliar male wild rats, experi-
mentally naive animals, born and reared in rooms
separate from residents, were introduced in-
dividually into 4 home cages; (b) unfamiliar male
domesticated rals (180-250 gm. male Long-Evans)
were placed in 8 home cages for observation;
(¢) unfamiliar anestrous domesticated female rats
were ovariectomized and allowed at least 2 wk. to
recover from surgery prior to introduction into 6
Lhome cages (V& hr. before introduction cach was
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observed in the presence of an indicalor domestic
male—none elicited sexual response from the
males); (d) unfamiliar domesticated estrous fe-
males were provided by subcutancously injecting
the ovariectomized females from the preceding
group with .5 mg. of estradiol valerate (Delestro-
gen, Squibb) followed 42 hr. later (6 hr. prior to
introduction) by injection of 1.0 mg. medroxy-
progesterone acetate (Depo-Rovera, Upjohn).
(Thirty min. prior to introduction into a home cage
cach female was observed in the presence of an
indicator domestic male—all females in the pres-
ent group elicited sexual behavior from the indi-
cator male and responded with full lordosis; order
of presentation of estrous and ancstrous females
was counterbalanced across home cages.)

Scoring. The experimenter observed home cages
during Y2-hr. periods of Intruder presence via
closed-circuit television and scored Interactions on
the basis of slow-motion analysis of videotapes.

The aggressive behavior patterns. directed to-
ward unfamiliar intruders by wild rats are similar
to those described for the domesticated rat (Bar-
nett, 1963; Grant, 1963; Grant & Mackintosh,
1963) but are performed with far greater vigor by
individuals having wild genotypes (Barnett, 1963).
Of the postures and activities commonly associated
with aggression in rats (Barnett, 1958; Grant &
Mackintosh, 1963), the “lateral” or “threat” pos-
ture, “boxing” or “upright” posture, and “attack”
were Initially sclected for quantification.

Unfortunately, animals differed to such an ex-
tent in their fighting styles that ordinal scaling of
the data proved impractical. Some animals would
direct a single prolonged attack at an intruder
while others would attack in a scries of brief. dis-
crete episodes. Lateral displays appeared and faded
gradually, were intersperscd with chases and at-
tacks, and performed to different degrees of com-
pleteness on different occasions. As there appeared
to be no way of measuring the relative intensity
or amount of aggressive behavior in such variable
behavior patterns, we did not attempt to do so. We
have chosen instead to report only the presence or
absence of classes of response elicited by various
stimulus animals, as this procedure seems to give a
less arbitrary picturce of the interactions than any
ordinal quantification scheme we could develop.

‘Amicable behaviors (“allogrooming,” “crawling
under,” “walking over,” and “huddling” [Bar-
nett, 1963]) were similarly recorded, as was the
presence or absence of feeding during the period
of intruder presence. The scoring of male sexual
behavior was confined to those aspects of resident
behavior (mounting and thrusling) most readily
observed via the system uscd. Intromissions and
ejaculations were not recorded.

Results

Baseline Interaction of Restdent Pairs

As can be scen in the left-hand portion of
Tigure 1, amieable behaviors were observed
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Fra. 1. Amicable and aggressive behaviors exhibited by residents in response to the introduction of
male conspecifies. (Stippling indicates a behavior exhibited by a single resident, and cross-hatehing a
behavior exhibited by both members of a resident pair.)

in all resident pairs following the return of
the resident removed for 24 hr. Feeding
began within 5 min. of food presentation,
and both residents spent most of the first 14
hr. of food availahility at the feeding howl.
No aggressive interactions were obscrved
within resident pairs following return of the
temporarily removed resident nor were any
observed during observations of undis-
turbed cage mates.

Responses to Unfamiliar Male Intruders

Tigure 1 also depicts the behavioral
events occurring during the V4-hr. introduc-
tion of unfamiliar wild and domesticated
males. It is clear from examination of the
fizure that an introduced strange male in-
terfered with feeding, did not clicit amica-
ble behaviors, and did elicit considerable
aggression.

During observation periods in which
strange males were introduced into home
cages, events followed a fairly regular se-
quence. When the experimenter entered a
room for the purpose of introducing an in-
truding malé ito a home cage, both resi-
dents entered the next box. After a few min-
utes, one or both residents would approach
the intruder cautiously in the stereotypic
“stretched -attention posture” (Grant &
Mackintosh, 1963). The resident’s approach
usually culminated in vigorous sniffing di-
rected particularly at the intruder’s anogen-
ital area. Overt aggressive displays usually
followed this sniffing, the lateral display

with accompanying piloerection developing
gradually from a preliminary posture in-
volving an arching of the back and mincing
gate. Overt attack occurred suddenly; the
duration and intensity of cach element of
stch sequences varied considerably.

The presence of the intruder in a home
eage occasionally led to a partial break-
down of interresident amicability. Interresi-
dent sniffing increased in frequency and
brief instances of interresident aggressive
behavior were observed in 2 of 12 home
cages during situations of apparent confu-
sion. For example, during aggressive bouts
or chases directed at an intruder, residents
would sometimes collide or come into close
proximity and assume a boxing stance or
lateral  postures vis-d-vis one another.
These confrontations, unlike displays di-
rected toward intruders, were brief and
ended peacefully after mutual sniffing by
the residents.

The response of intruders to overt attack
included fleeing, assuming submissive and
boxing postures, or in the case of domestic
males after pacticularly viclous attacks, ¢
collapse best described as  “cataleptic”
{Grant & Mackintosh, 1963). In the case of
all 6 intruders which respounded to attack by
becoming motionless, the residents’ atiack
behavior immediately terminated and ye-
curred only when the intruder resumed gross
movement.

When intruders terminated attacks either
by becoming mationless or by taking refuge
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in the nest box and sucer~sfully defending
it, residents frequently exhihited lateral dis-
plavs and dug in the wor | shavings near
the mtruder.

Iesponses to Unfumiliar Femnale Rals

As ean be seen in Figure 2, the response
of male residents to both cstrous and ancs-
{rous intruding females was extremely vari-
able. Both types of females clicited both
sexual and aggressive behaviors on the part
of males. The initial response of males to
females in the 2 groups was indistin-
guishable (aggressive in the case of 4 cs-
trous and 3 anestrous females and sexual in
the ense of 2 females In cach group).

Throughout the observation period anes-
trous females vigorously resisted attempts
to copulate, and the {requenecy of aggressive
infersetions with males remained constant.
Testrous females did not resist those males
who mounted, and in those cages where
mules responded sexually rather than ag-
gressively to estrous females the frequency
of negressive actions deercased during the
course of observation.

Discussion

The generality of the results described
above to other situations is, of course, open

to question. In the present study, resident
pairs were all «iblings, cstablished colonies
were of very small size, the arcas in which
they lived of limited extent, and intruders
were placed in enclosures only during col-
ony feeding periods. Variation in any of
these parameters could have affected the
frequency of occeurrence of the behaviors
observed.

The procedures used were selected on the
hasis of Telle’s (1966) field obscrvations of
aggression directed toward intruders by
feral rat colonics, =0 as to control variables
of mmportance while maximizing the proba-
bility of ageressive encounters. Telle’s stud-
1es mdieate that (a) many feral rat colonies
consist of family groups, (b) defense of the
arca immediately surrounding the nest site
1s most intense, (¢) the attack of intruders
1s most frequently carried out by only 2 or
3 colony members, and (d) aggression to
intruders is most, frequently observed while
members of small colonies are traveling to
and from feeding sites. It 1s of relevance to
note that the details of our observations of
residents” reactions to intruders parallel
Telle’s observations of the behavior of
small feral colonics very closcly.

Tu general, our observations of resident
response to the intrusion of foreign males
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F1G. 2. Amicable, aggressive, and sexual behaviors exhibited by residents in respouse to the intro-
duction of unfamiliar female conspecifies. (Stippling indicates a behavior exhibited by a single resident,
and eross-hatehing a behavior exhibited by both members of a resident pair [Cages 9 and 14 contained
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are in agreement with those of Barnett
(1958), who emphasized the high probabil-
ity of resident attuek m such civeumstances.
Our obzervations of resident male response
to female intruders show a mueh higher
probability of attack directed toward
strange females than Barnett (1958) re-
ported and are in closer agreement with the
fictd obszervations of Telle (1966), who n-
troduced 47 male and 52 female marked
wild rats into the territories of 25 wild rat
colonies and observed no differences in rate
of acceptance as a function of sex.

The data reported above demonstrate that
in our experimental situation aggression can
he reliably elicited by the introduction of
foreign males and provide evidenee that the
present procedures are suitable for the in-
vestigation of aggressive behavior in wild
rats.

The remainder of the present paper 1s
concerned with an analysis of the cues
cliciting aggression in wild rats.

LxperiveNT 2

Virtually all observers of wild rat behav-
ior have suggested that olfactory cues play
an important role in the wild rat’s diserimi-
nation of familiar from unfamiliar conspe-
c¢ifies. There are 2 picces of evidence in sup-
port. of this suggestion. First, fights between
rats are almost always preceded by investi-
gative sniffing (Barnctt, 1958, 1963; Cal-
houn, 1962; Steiniger, 1950) and second,
during periods of colony disturbance due to
the intrusion of a stranger, there is an in-
crease in what Barnett (1963) has lahelled
mterresident “recognition suiffing.”

The present experiment was designed (a).
to directly investigate the importance of ol--

factory cues in eliciting attack dwected to-
ward unfamiliar conspecifics and, (b) to de-
termine the way in which olfactory cues act
to inhibit or clicit aggression. Two alterna-
tive but not mutually exclusive interpreta-
tionz of the differential responding of male
wild rats to familiar and unfamiliar conspe-
cifies are available. Tt is possible that cues
emanating from familiar conspeeifies may
serve (o inliibit aggressive hehavior, or al-
ternatively, that cues emanating from unfa-
miliar conspeeifies may serve to elicit ag-
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gression. The results of the present experi-
ment, provide data bearving on these inter-
pretations,

Method
Subjects

Resident pairs of wild rats from § howme cages
and 8 male hooded rats served as subjeets in the
prescut experiment.

Procedure

The member of cuch of 4 resident pairs which
had exhibited the least aggressive behavior during
Experiment I wus removed from its home cage and
placed in an individual holding cage. The wmore
aggressive  cage mates of these animals wore
capiured, anesthetized with cther, and rendered
anosmic by bathing the olfactory mucosa with 10%
zine sulphate solution using the method of Alberts
and Galef (1971). Anosmic animals were returned
(o their home cages immediatcly following treat-
ment. and testing was mitiated during the sub-
sequent feeding period 24 hr, later. During this
feeding period anosmice residents were observed for
% hr. following the introduction of an unfamiliar
domestic rat into their home cage. Following re-
moval of this intruder, the familiar resident was
returned (o 1ts cage mate, and interactions between
the pair were observed for a further Y2 hr. Ten
days following zinc sulphate treatment this test-
ing procedure {(removal of the less aggressive
resident, followed byv introduction of a male
hooded intruder, followed by return of the less
aggressive resident) was repeated.

Results

As can be seen in Figure 3, the most
striking consequence of rendering the more
aggressive member of each resident pair an-
osmic was the disappearance of aggressive
behaviors directed toward unfamiliar con-
speeifies and their replacement in 12 of the
16 observed interactions by stereotvped
amicable behavior patterns. Returned resi-
dents continued to be treated amicably.

Unexpectedly, the loss of olfactory sensi-
tivity resulted in some of the anosmic resi-
dents attempting copulation with both fa-
mihar and unfamiliar introduced animals.
Tn all cases but one in which anosmie resi-
dents exhibited aggressive behavior, the ap-
gression was initiated by the introduced an-
hnal duving the anosmic animal’s attempts
at copulation. These attacks intiated by
the introduccd animal resulted either in
counteraggre=sion or the assuming of a
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Fra. 3. Amicable, aggressive, and sexual behavior exhibited by zine sulphate treated (anosmic)
residents in response to the introduction of familiar and unfamiliar male conspecifics.

“submissive posture” (Grant & Mackin-
tosh, 1963) by the anosmie resident. The
assuming of a submissive posture by an in-
tact wild rat during an aggressive interac-
tion with a domesticated conspecific is very
rarely seen.

Discussion

The data indicate that normal olfactory
function 1s a necessary condition for wild
rats to diseriminate effectively between fa-
miliar and unfamiliar conspecifics. Loss of

olfactory sensitivity did not appear to im-
pair recognition of a fellow rat as a conspe-
cific; both unfamiliar intruders and return-
ing cage mates were responded to with ster-
eotyped amicable and copulatory patterns
normally elicited by familiar conspecifics;
but anosmia does appear to preclude initia-
tion of intraspecific aggression. The sim-
plest desceription concordant with the data
is that rats are capable of responding to
conspecifics as such in the absence of olfac-
tory cues, but will only initiate aggression



OLFACTORY CULS

towards unfamiliar conspeeifics if they are
able to smcll them. The extreme visual nov-
elty of the unfamiliar intruders in the pres-
ent experiment and their failure to clicit
aggression emphasize the importance of ol-
factory cucs in the iitiation of aggressive
behavior toward unfamiliar conspecifics.

A study in which unfamiliar anesthetized
male domestic rats were presented to resi-
dent pairs while placed in either intact or
perforated sealed plastic “Baggies”, adds
additional support to the present conclu-
sion. All 4 resident pairs attacked the anes-
thetized intruders presented in perforated
bags, while none of the 4 resident pairs at-
tacked intruders in intact bags.

The fact that anosmia results in the loss
of aggressive responses to unfamiliar con-
specifics rather than in the acquisition of
ageressive behavior towards familiar ones,
indicates that it i1s the unfamiliar odor of
strange rats which elicits aggressive behav-
ior in wild rats. The data does not preclude
the possibility that, in addition, the smell of
a familiar rat may serve to inhibit aggres-
sion.

The observation of sexual behavior inap-
propriately directed toward male conspeeif-
ics by anosmic rats and the observation of
sexual approaches by intact males to anes-
trous females in Experiment 1 suggest that
male wild rats may not exhibit sexual be-
havior in response to a pheromone excreted
by female conspecifies, but instead respond
sexually to conspecifies which are not the
source of inhibitory olfactory cues identify-
ing them as males.

Barnett and Stoddart (1969) observed
that intact sixth to ninth generation labora-
tory-bred wild rats mount intruding males,
but they did not see similar behavior in
cither recently trapped or first to third gen-
eration laboratory-bred wild rats (Barnett,
1958). Male domesticated rats are com-
monly observed to mount one another. Duzr-
ing the series of experiments reported here
only anosmic male wild rats mounted other
males. It is possible that continued breeding
in captivity results in some olfactory in-
pairment, leading to the abnormal behaviors
observed.

IN AGGRESSION

EXPERIMENT 3

The results of the preceding experiment
indicate that wild rats identify intruders
into their colony on the bhasis of aggres-
sion-eliciting olfactory cues which thosc in-
truders emit. Previous workers have sug-
gested a number of possible sources of odor-
iferous substances which would allow mem-
bers of a colony to respond differentially to
one another and to intruding conspecifics.
Lorenz (1966) has pointed to colony nesting
material as the source of colony specific
odors; Iibl-Eibesfeldt (1970) has suggested
that male urine contains the important
cues; and Steiniger (1850) has indicated
that cutaneous contact with members of a
strange colony is suflicient to make a rat a
stranger to its original clan. The various
sources of the suggested olfactory cues have
in common the underlying assumption,
made explicit in Eibl-Eibesfeldt’s (1970)
description of the wild rat colony as a
“closed anonymous group,” that colony
members are reacted to as either possessing
the “colony odor” or the odor of a foreign
colony rather than as familiar or unfamiliar
individuals. Since, according to this inter-
pretation, the important cues for recognition
of a rat would be externally imposed on the
individual, thiey should be readily available
for experimental manipulation.

In the present experiment, an attempt
was made to alter the familiarity of both
familiar and unfamiliar rats by manipulat-
ing olfactory cues previously suggested as
mmportant i allowing colony members to
discriminate fellow members from stran-
gers.

The present experiment is most easily de-
scribed as 2 separate studies. In the first
study, experimental manipulations were un-
dertaken to produce acceptance of an unfa-
miliar rat by a resident pair, while the scc-
ond study was designed to produce rejection
of a member of a resident pair by its
home-cage mate.

Method
Study 1

Fight aduli male wild rats, unrelated and un-
familiar to tiwe established resident pairs, were
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anesthetized with Equi-thesin (intra)ritoneal (ip)
mjeetion of 22 ce per 100 gm. hedy weight),
scrubbed thoroughly with an emo! fying deter-
gent soap solution (Phisohex), and rinsed with
water aned aleohol. Fach washed rat was placed for
7 davs in a plastic holding cage (12 X 17 X 8V
m.) containing urine and feces-impregnated shav-
ings {aken from one of the 8 home cages used in
thix study, Twenty-lour hours before iesting, the
fur of each of these rats was moistened with ap-
proximately 15 ce of fresh urine collected from the
members of the resident pair in whose shavings he
was being kept, and fresh feces were deposited in
his holding cage. Urine and feces were collected
by placing both members of cach resident pair
overnight in a metabolism cage. Treated rats were
assumed  {o earry  odors representative of the
colony in whose shavings they had been kept.
Rats introduced into the same colony that had
contributed the shavings are referred to below as
“mdlched intruders”, and rats introduced into a
colony other than the one contributing their shav-
mngs as “unmatehed intruders,”

Mutched and unmatehed iniruders were miro-
duced in counterbalanced order into 8§ home cages
containing Intact resident pairs, and their inter-
actions observed for successive Y2-hr. periods. One
week later the less aggressive resident was re-
moved from each of the 4 home cages 3 hr. before
the feeding period, and the response of the more
aggressive resident {o maiched and unmatehed 1n-
truders and the returned resident observed during
successive Ye-hr. periods. In the following week the
more nggressive member of each of these resident
pairs was removed, and observations were made of
the behuvior of the less aggressive resident toward
matehed and unmateched intruders and toward its
returned cage mate.

Study 2

In the present study an attempt was made to
render the less aggressive member of 8 resident
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pairs “unfamiliar” by exposing them to the odor
of forcign colonies. The procedure was identical to
that of Study 1 of this experiment execept that
members of resident pairs were {reated insicad of
foreign rais.

The less aggressive member of each of 4 resident
pars was removed from ils home cage, washed, and
placed in a plastic holding cage containing shavings
from a home cage other than its own. Yive to seven
dayvs afler removal, and 21 hr. before being re-
turncd to their own home cages, these rats were
hathed in the urine of the members of the resident
pair in whose shavings they were being kept. They
were returned to their own home cages, and their
mteraction with their more aggressive cage mate
observed for V2 hr.

The less aggressive members of 4 additional
resident pairs were removed from their home cages,
washed, and placed for 7 days in 1 of 4 3 X 3 ft.
holding cages. cach containing 5 adult male Long-
Tovans rats which had bheen living in those cages
for 2 wk. prior to the introduction of the wild rat.
The usual Ve-hr. observations of interresident in-
teraction were made following the return of the
treated resident to its original home cage.

Results and Discussion

The major results of Experiment 3 are
reported in Figure 4. It s clear from exami-
nation of the figure that regardless of treat-
ment procedure, unfamiliar rats were re-
sponded to aggressively, and returned mem-
bers of resident pairs amieably. Data de-
serihbing the behavior of single residents
after the return of their unmanipulated
cage mates are not presented in the figure,
but was amicable in all 8 instances. The
data indieate that the manipulations per-
formed did not affect the ability of resi-
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Trg. 4. Amicable and aggressive behaviors exhibited by individual residents and resident pairs in
response to the introduetion of matched and unmatebed male conspecifies. (Stippling indicates a be-
havior exhibited by a single resident, and cross-hatching a behavior exhibited by both members of a

resident pair.)
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dents to diseriminate fellow colony mem-
bers from unfamiliar intruders,

These observations do not support pre-
vious deseriptions of the wild rat colony as
u closed anonymous group (IKibl-Kibesfeldt,
1970} in which membership 1s determined
by the possession of a colony specific odor.
Further, they are not consistent with hy-
potheses stating that acceptance into a col-
ony 1s determined by an individual pos-
sessing olfactory cucs acquired externally
by contact with the urine or feces of fellow
colony members or with other eolony mem-
bers. To the contrary, our data suggest that
conspecifies are reacted to as familiar or
unfumiliar on the basis of their individual
seent.

Of course, the apparent primacy of indi-
vidual odors in determining colony mem-
bership in the very small colonies used here
doex not preelude the possibility that such
ctes are less important and colony specific
udors more important in determining the re-
sponse of colony members to conspecifies in
larger wild colonies. Tt 1=, however, relevant
to note that Telle {1966} has interpreted
the results of his exeeptionally thorough
fickl studies of R. norvegicus as indicating
that members of large colonies of rats in the
wild recognize one another as individuals
and not as a result of their having a com-
mun colony scent. Telle’s findings in the
field are thus consistent with our laboratory
results.

Unfortunately, our obscrvations give no
indication of the source of the olfactory
stimull which might serve to identify indi-
vidueals, though the high frequency of ano-
genital sniffing prior to the occurrence of
apgressive behavior suggests that secretion
of glands concentrated in the anogenital
area may be important.

EXPERIMENT 4

The results of Iixperiment 2 indieated
that olfactory cues are of primary impor-
tance in cliciting aggression, while the re-
<ults of Bxperiment 1 indicated that the be-
havior of residents towards an unfamiliar
introduced conspeecifie was in some measure
muenced by the behavier of the intruder
w=elf. In particular, 1t was obsgerved that

IN AGGRESSION 24
immobility on the part of an unfumiliar
conspecific appeared to mhibit aggressive
behavior in residents. The present experi-
ment was undertaken to examine the role of
movement by an unfamihar anmal n
cliciting and directing aggression.

Method

Eight male, five anestrous, and five estrous fe-
male Long-Evans hooded rats were anesthetized
(ip injection of .25 mg. Equi-thesin per 1 kg. body
weight) and introduced singly into the home cages
of resident pairs.

One week later, 8 additional male Long-Evans
rats were anesthetized, and each immobile rat and
an untreated male Long-Kvans rat simultanecously
introduced into each of the 8 home cages used in
the first part of the expertinent. Ohservations werc
made in the usual fashion.

Results

Single Imtruders

The responses elicited by immobile fe-
males were quite variable. Three of the five
females in both estrous and anestrous states
were attacked and bitteir by members of
resident pairs. However, some of these bit-
ing attacks appeared to lick effeet, pilo-
erection was absent, and the biting itself
looked rather more like feeding behavior
than the usual ageression. The lack of seri-
ous disruption following mtroduction of an-
esthetized females is further indicated by the
the fact that 5 of 10 residents fed in the
presence of unconscious female mtruders.

In response to the introduction of a single
immobilized unfamiliar male rat, 1 or both
members of all resident pairs exhibited high
levels of aggressive behavior. The uncon-
scious rat was the recipient of vigorous lat-
eral threat postures and vicious attacks. In
addition, members of the 8 resident pairs
spent considerable periods of time digging
and pushing wood shavings in the vieinity
of the immobile intruder, with the result
that 1t was often hali covered by wood
shavings pushed around by pilocrected resi-
dents.

Perhaps most important is the observa-
tion that during the 14 hr. that an immobile
male intrudcer was present, members of 4 of
the 8 resident pairs behaved aggressively
toward one another, Interresident ageres-
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sion was observed only in the immediate
vieinity of the immobile intruder and was
of brief duration, ending as shon as 1 of the
residents assumed a submiss:ve posture.

DPairs of Intruders

Behavior observed following simultane-
ous mtroduction of mobile and immobile in-
truders was consistent across the 8 resident
pairs. Given 2 intruding rats differing only
in mobility, motionless intruders were in-
vestigated but never attacked, while the
moving intruder was the reeipient of vigor-
ous lateral approaches and attacks. No in-
terresident aggression was obscrved in the
presence of intruder paitrs.

Discussion

The data indicate that both mobile and
immobile unfamiliar male rats represent
suflicient stimuli for the elicitation of ag-
gressive behavior. IHowever, it appears that
a moving conspecific is a more adequate
stimulus for the release of aggressive be-
havior than an immobile one. When both
immobile and mobile intruders are present,
1t 1s the latter which is attacked ; when only
an immobile intruder is present, both “dis-
placement digging” (Barnett, 1963) and
“redirected aggression” (Bastock, Morris, &
Movnihan, 1953) toward an inappropriate
target occur. Current interpretations of
both displacement and redirected behavior
would indicate that the immobile Intruder
15 not a totally adequate stimulus for the
release and direction of aggression in the
wild rat.

CONCLUSION

The results of the investigations reported
above indicate that the response of wild
Norway rats to conspecifics is determined
by a multitude of stimuli perceived via sev-
cral sensory modalities. Response to a con-
specific as such (amicable and sexual be-
havior) can occur in the absence of olfac-
tory inputs. On the other hand, the initia-

JEFFREY 1.. ALBERTS AND BENNETT G. GALEF, Jr.

tion of aggression would appear to be de-
pendent on olfactory stumuli arising {rom
an unfamiliar individual. Both the duration
and direction of aggressive behavior is fur-
ther modified by the behavior of target ani-
mals.
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