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ABSTRACT

Some rodent populations are composed of smaller local popula-
tiens or demes. Such demes are reproductively isolated s=ven when
they are in close proximity. Territcoriality has been advanced as
an isolating mechanism and olfactory variables are strongly
implicated, This research investigated olfaction in the isola-

tion of house mouse {Mus musculus) demas.

Experiment 1 provided male and female mwice with a choice
between fresh ailr and odors frowm males or females frowm the sanms

or an adijacent denme, More time was spent with the sams denme

Lnde

odors. The odors of menbers of an adjacent deme were avoided,

Experiment 2 tested reactions to urine and feces. These odors
are assnnad to be associated with territorial marking. Odors
originated from males or fermales from the same or an adjacent
deme. The total time and freguency of contact with an codor
source were recorded, More time was spent with the odors of the
same group. The odors of adjacent group males were <contacted
rmost freguently.

Experiment 3 was designed to determine whether the olfactory
preferences displayed in Experiments 1 and 2 were vreflected din
the Dbreeding choices of deme members. A male was confined with
two females from his own deme and two from am adjacent dens {for

rea replications). The fregquency of inseamination, as

vy

each of £

o

evidenced by vaginal plugs, was the dependesnt measure. Hhen the

subjects were placaed together aggressive encounters were Ccommpon -



place. ¥o bresding took place. Therefore, the freagu=sncy of

D

aggressive encounters -between menbers of the same dem2 as the
nmale, or another adjacent deme was adopted as +the dependent
measure 1n lieu of the original measurse. Results showed that
aggression was twice as common between the members of two
different demnes as betwesn the members of a single deme,

4 second series of experiments (Expéeriments 4, 5 and 6)
attempted to determine 1if the rTesults of the first three

experiments were a function o©of the physical proximity of the

demes tested. Close proximity could increase the probability

that +the test animals had previously sencountered either the
adjacent deme members or theilr own odors. For this series of
experiments, the fother" group stimulus odor animals were cap-

tured several miles distant from the trapping site which yielded
the test subjects. Results for this seriss of =xperiments were
very similar to those of the first experimental series. These
Tesults are discussad with relation to Dbetwsen deme sexual

isolation, territoriality and genetic fitness.
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OLFACTORY PREFEREINCES AND ETHOLOGICAL REPRODUCTIVE ISOLATION
BETWEEN DEME POPULATICN GROUPINGS OF FERAL HQUSE MICE

{183 HUSCULUS)

The production and detection of odorous substances are intim-
ately involved 1in rodent reproduction, Both alterations to
female reproductive physiology and the behavioral reactions to
these «changes have been well documented, A few of +thes=s
reactions include sexual maturation, courtship, mating, post-
copulatory =events and parental Dbehavior. Social status and
spacing behaviors of individuals within a population are also
related to reproductive activity, and olfactory variables are
operative here as well.

The social structure of many small mammal populations isz
characterized by mechanisms which sesm to limit the movement of
individuals to a rigidly defined area. The vehaviors associated
with home range and territorial maintenance are generally consid-
ered responsible for this limitation to individual movemenit. It
has also been recognized that breeding is restricted +o indivi-

the

0

duals occupying territories, The territory then 1l1imit

o
D

T

2ad .

;

number of potential matings which wmay occur within an

Theretore, 1t must have a dapressing effect o

o)

1 gene flow within a
population.
Both behavioral and direct genetic evidence suggest that some

rodent populations may be sub-dividad into smallsr inbreeding



[

groups or demes within the larger local population. Tt i
possible that olfactory processes are involved in the establish-

ment and/or maintenance of deme-type breeding uni The litera-

6]

ture reviewed below will in general consider olfactory involve-
ments in rodent reproductive behavior. The guestion of ‘the
involvement of these stimuli in spacing and inter-and intra-
specific sexual isolation will receive particular attention. A
series of experiments designed to assess the role olfactory
preferences play in intraspecific sexual isolation will +then be
described.

Qlfactory Involvements in Reproductive Behavior

Sexual Maturation

A close relationship between olfaction, sexual behavior andg
endocrine functioning has ©been demonstrated for a number of
rodent species. One such relationship is that botween olfactory
stimuli and the reproductive physiolcgy of the female house mouse
{(Mus mgggg;gg)ﬁ' For instance, Vandenberg ({196Y) thas reported
that the sexual maturation of females is hastened by exposurs to
the odor of adult male mice. The age at which a femals wnouse
tfirst displays estrous 1is inversely related to the duration of
exposure,

Accel=sration of female maturation was achieved when fenmales

U}

cata

=

were exposed to the sociled bedding of male mice. Tais ind:
that the effect is odor-induced. The effact was most pronounced

when the females ware exposed to the bedding of wale mice which

\l)
o
1
o
o
i

3

had been housed n:s either in the same cage oOr eparated




by a wire mesh partition. This =tfect could also be produced by
27 posing immature females to the odor of adult Temale wice,.
However, in this second case the effect was not significant.
Unfortunately, Vandesnberg did not expose his females to control

odors obtained from males housed near diestrous females or other

j®]
U

1

Q

males, Therefore, it is difficult to determine the spaecifi

0

factors of the stimulus odor which may contribute to thi

process.

s ot e s s s s b s S o s s st

Grouping of females. The close relationship batween olfaction

1

and reproductive physiology has been further dsmonstrated by a

number of studies which link olfactory variables to periods of

fewale sexual recaptivity. Typically, a2strous cycling {(heat) is

0}

curring period of female sexual rCeceptivity which

L]
It

a regularly
occurs each four to five days. The intervening +time between
periods of estrous 1is one of low sexual receptivitvy Xnown as
diestrous or anestrous.

Typical estrous periodicity can be altered by prolonging +the
entire cycle. This lengthening of the estrous-to~- esirous period
can occur by a) prolonging the diestrous portion of the cvcle, or
b) inducemant of pseudo-pregnancy. HWhitten {1955) has b2en able
to demonstrate both of these effects. He showed that pseudo-
pregnancy could be induced when female mice were housed in spall

groups (N = 4). #Hhitten {1956a, 195%b) also foand that estrou

9

cycling was eliminated by an olfactory bulbectomyv. This ara-

o
ie)

ticn also resulted in a reduction of ovary size. Other ress2arch-

ers (Lee & Boot, 195bH) later demcnstrated that odor mediated the



rolongin: of estrous <c¢yclin in groups of female mice. The
: . C p

reported that this etffect could not be reproduced in Dbulbecto-
mized subjects. However, +this operation does not wmarkedlv

influence the estrous cycling of rats {Rosen, Shelesvak &

Zacharlas, 1940y or guinea pigs {Ponovan & Koprina, 1965).
Whitten (1959) has alsc reported that the grouping cf famale

mice {group N = 30) can suppress female estrous by producing a

period of prolonged diestrous. Parks and Bruce {19561 found that

physical contact was not necessary to to produce this effect.

i

Male-induced _estrous _sSynchrony. The influsnce of a wals

{

nouse?s odor upon the female's reproductive phvysiology is perhaps
the best known 1nteraction between olfactory variables and
endocrine processes. Numerous authors {Bronson & Marsden, 196&;
Chipman & Fox, 1966; WMarsden & Bronson, 1964 #hitten, 1956az
Whitten, et al., 1968) have reported that the odor of a male
mouse can shorten (accelerate) the intervening time between
periods of female sexual receptivity. When groups of females ars
exposad to the odor of a male the acceleration of their estrous
cycles can result in an increased number of females <c¢oming into
heat on +the third night night following the odor presentation.
This is called a synchronization of estrous cycling. Just the
presence of a mal2 nmouse in an animal room can provids sutficient
stimulation to influence the estrous cycling of femals mice.

This effect has been termed the "Whitten effect,?

Q

It 13 generally believed that this synchronization of estrous
cycling may he mediated by the air-transported odors of nals

bladder urine {Brown-Grant, 1966; Whitten, et al., 1968). Bron~=

i



son  and  HWhitten (1968) report that the source of the estrous
synchronizing odor is not preputial in origin, but Gaunt (1Y68)
was able to reproduce the effect by administering preputial
homogenatas.,

Scott and Pfaft {1Y969) found that castration eliminates the
compound from the male's urine which produces estrous-synchronvy,
Testosterone replacement treatments evidently restore +this com-
pound, and <conseguently 1its estrous-syachronization effect, to
the male's urine., Scott and Pfaff also reported that female nmice
spend more time sniffing the odor of normal male urine than that

produced by <castrated males, Findings of thi

n

sort prompted

Bronson and Whitten (1968) to speculate that the urine compound

]

which produces estrous-synchronization 1s =ither a product of

androgen- maintained tissue or an androgen metabolite,

o

Discriminpation of, and Preference for Different Ph

Not omnly can olfactory stimuli alter reproductiva physiology,
but hormonal states may influence sexual preference. For

instance, Carr and Caul {1962) ftound that sexually-sxperienced

3

male rats prefer the odor of an estrous female to that of a

diestrous female rat, Several authors {Carr % Caul, 1962:; Carr &

~

Pender, 1958; Carr, Solberg & Pfaffman, 71962) have also reportsd
that castration elimipated this preference. However, tha castra-
tion does 1pot eliminate the male rat's ability to discriminate
the estrous state.

The available data suggest that sexual ex ience is reguired

o]

“o
<

[}
{

betore a male rat will show a preference for the odor of estrous

oy}



conspecifics (Carr, Loeb & Dissinger, 1965: Stern, 1970y, The

data pressnted by Pfaff and Pfaffman {71969) support this posi-

o]

tion, but their results also indicate that +thz odor of fenal

O

urine alone may Dbe sufficient to produce this preference.
However, these authors used an experimental design which <con-=-
founded the sexual experience and castration variables. This
makes their conclusions difficult to interpret,

The preference of female for male rats may also be dependent
upcn reproductive physiology. Diestrous, sexually naive fenales
did not display a preference for the odor of either normal or
castrated males, but both sexuvally experiencad and =estrous
temales consistently preferred the odor of normal males (Carr et
al., 1965},

carr, Wylie and Loeb (1970) have investigated the homotypical
{sam2 saX) odor preferences of rats. Male rats show=ad no
preference for the odor of other male rats over all combinations
of sexual-experience and gonadal states. However, sexuélly-naive
estrous females preferred the odor of non-receptive fenales.
This odor preference was not maintained for either seXually

experienced or naive diestrous females.

Copulatory _Behavior
Some evidence indicates that olfactory processes may mediate

the consunmatory portions of rodent sexual behavior {copulation)

0

as well as their reproductive

g

hysiology. This was deponstratzd
by the =elimination of mounting behavior in both male {(Murphy &
Schnzider, 1970) and 2arly-androgenized fenale {Doty, <Carter &

Clemens, 19717) hamsters whose olfactory bulbs had been removed.

6



Rats which had received this operation showed a reduction in
their ejaculation frequency (Beach, 1942; Heimer & Larssor,
1967) . However, previous copulatory experisnce may ke an iampor-
tant factor for this species, for postoperatively the malss which
had prior sexual experience displayed increased times to ejacula-
tion, and thelr inter-intromission latencies did not differ fronm
those of normal rats. Inexperienced male rats were deficient in

both measures {Bermant & Tayvlor, 1969).

Post-Copulatory ?hﬁsiological Effects

Several authors {Rowars & Alexander, 19673 Husted & ﬁcKenna,
1966) have described +the adbility of rats and nice fto use
olfactory cues to discriminate between individuals. This topic
will be discussed 1lat=ar. However, +*this process of 1inter-
individual identification may mediate a phenomena known as the
"Bruce effact.” It was Bruce who first described a process in
which +*he «cdor of a strange {non-stud) male could prevent ova
inplantation in recently inseminated female nice (Mus) {Brucs,
1959, 1960, 1965). Following a pregnancy blockagse ths fenmale
mice returned to their norwal estrous cycling. The effect has
also been described for deer mice, Peromyscus {Bronson, Elef-

theriou & Garrick, 1964) and meadow mice, MNicroitus pennsvylvanicus

e T o T e s e i S o okl 3o e o Ve 390, e -0 M ot

{Mallory, Clulow & Langtord, 1971).

1}

U

#hen bulbectomized females did not show the *MBruce effect,”

(

Bruce and Parrott {1960) intimated that olfactory processes might
mediate this behavior. ThelrT supposition was supported whap it

wvas found that the etfect could bs duplicated by a¥posing

urine of previously unfamiliar males

J

inseminated females to the

L



{Bruce, 19553 Bruce 5 Parrott, 1960: Dominic, 1964, 1965, 1966) .,
An indaividual recognition process is probably a factor contribut-
ing to this effect, for re-exposure to ths original male failed
to block {for a s=2cond time) the pregnancy. Since the odors of
females or castrated males do not produce a pregnancy block this
process could be dependent upon the gonadal <condition of the
male.

he Question of Infraspecific_Population Units

Reproductive Isolating_Meschanisnms

A major concern of evolutionary theory has peen the identifi-

cation of those factors which maintain a species? identity, in

other words, ths ©process of species formation, This topic
involves a phenomenon kpown as reproductive isolation. The tern

reproductive isolation refers to the weans by which genetic

-

interchange between potentially inbreeding populations 1is

~

o

he)

vented or hindered, There are several ways in which reproductive
isolation can be achieved. For example, behavioral or physiclog-
ical wmechanisms may effectively prevent copulation betwyeen the
mempers of +two species or, if mating does occur, other mechanisms

can come into play which will prevent the production of off-

SPrind. Also, 1f vyoung are produced, the hybrid decendents o
the mating could themselves be less viable or less fertile than
the products of a within-group mating. The following discussion
will be concerned with the first of these reproductive 1solating

mechanisms, the pr2-mating isclation mechanisns,

Pre-mating sexual isolation can ©be achisved in three wavs,

7



First, the members of potentially interbreeding populations <can
have differing habitat preferences cr requirements. Therefore,
they may only occasionally meet one ancther and there would only
be a few occasions when interbreeding could occur. Also,
potential mates could become sexually receptive at Jdifferent
times of the vyear. It this happened the populations would bhs
considered to be scasonally isolated. Another possibility, and
the one most intimately connected with the theme of the following
review, 1is that the hypothetical species or populations may
possess certain behavioral mechanisms which dictate a preference
for intraspecific or intra-populaticon matings. This last form of
reproductive 1isolation 1is often referred to as "ethological" or
"behavioral” isolation,

There are, of course, a number of ways 1in which ethological
isolation could be achieved. In light of the literature reviewed
above it could be assumed that one of these is a species specific
differential sensitivity +*o <chemical stimuli. In other words,
the members of a species may be attracted only by the odor of
homospecifics, while the odors of heterospecifics are neutral or

aversive., Ehrman {19869) and Ewing and Manning {1967) have

[0}

[}

nte

evidence that such a process may operate for Drosophi-

pres
la Similar olfactory-ma2diated sexual isolation has also been
described for Sceloporus lizards {Hunsaksr, 1962) and some rodent

s s e D o el e L

species {Doty, 1972, 1973 Godtrey, 1958: #Moor=s, 1965; Smith,

The study of reproductive isclation has usually been limited

g



to interactions Dbetween species. However, since svolution nust

also occur at infraspecific levels, it is reasonable to

o

ssume
that similar mechanisms regulate Dbreeding within the species.

of

0]

The research discussed below is concern2d with the existenc
oltactory- mediated sexual isclation between infraspecific popu-
lation nnits. The first topic to be reviewed in introducing +this
research will be the question 0f the existence of these infraspe-
cific population units.

Wright {193171) in an early theoretical paper discussed several
hypothetical genestic structures of populations below the species
level. The first of these was termed the "isolation by distance"
model, It assumed that populations were not divided into
subunits, In this model the physical limits of the dispersal
distances of individuals within a local population wers the only

determinants o©of breeding patterns for th2 population as a whole,

In the second, or "island” model, populations were divided into
distinct inbreeding units <called demes. ¥Within a deme mating

could be random, but physical barriers or behavioral segregating
mechanisms tended to 1isclate a deme within the greater popula-
tion. Thus, behavioral isolating mechaniswms could limit between-
deme reproduction, erpetuating and augmenting the isolation

affect, An 1nvestigation of some oif these pehavioral isolating

U)

mechanismns which perpetuate a deme type population division is a

v

6]

of t

s

1S researchs

€3]

major thene

Individual Movemant

\J

Patte cf _dispersal. The members o¢f wmany spall marnpal

iQ)

populations can be considered as either dispersing or non-

10



dispersing individuals. After weaning, the young of many small

a of

b

mouse-lik2 mammals become transient, dispersing from the ar:

their birth (Calhoun & Webb, 19533 Getz, 1961; Terman, 1961).

9

This dispersal has been explained in a variety of ways. For
instance, Krebs, Gains, Kellesr, #®yers and Tamarin {1973)

reiterated a hypothesis presented earlier by Chitty {1967) who
contaended that some members of a population possessed a genetic
predispositicn for dispersal. On the other hand, Christian and
Davies {1964) have presented evidence which suggests that cartain
behavioral-physiclogical mechanisms may be sensitive to popula-
tion growth. The mechanisms of dispersal are not howavar, a

concern of this paper

Area_ restricted movement. The nondispersing members of the

population evidently spend a considerable, but wunkncwn, propor-
tion of theilr 1life within a relatively restrictaed area ({Besr,
1961; Getz, 1961; Watts, 1970). This atea is usually referred to
as a home range. Although there is some controversy surrounding
the proper definition of +the term, it generally refers to the
area used by the animal as it goes about its normal dav-to-day
activities {Burt, 1943; Dice, 1952). These home ranges, of
course, vary in size depending upon the species, the hapitat and
the population they support, Some typical home range estimates
for scome of the more common rodents are as follows: meadow vole,

Hicrotus 0.02-0.58 acres (Brown, 1975); d=ser

o]
l
m
b,
<
W
ot
P
Q
0
“

mouse, Peromyscus maniculatus, 0.74-~1.67 acres {Brown, 1975) and
the feral house mouse, Mus musculus, 0.0029-0.33 acres (Quadango,

1¥968) .

11




Aggression_as_an_Infraspecific Isolating Mechanisnm

Not only do mice live in a restricted area, but when predation
is low and the food supply adequate, they will remainr +there for
fairly 1long periods of tim=. Anderson (1964, 1967) has revorted
that in such an environment house mice, Musg musculus, can rempain
within their restricted home ranges for at least a year. HReimer
and Petras {1967) have produced similar rTesults. If +tfhess
relatively permanent home ranges are used fairly exclusively by a
mouse or group of mice, and 1f other mice are not allowed into
the area {that is, the home ranges are territories), +then it
might Dbe expecta2d that the linited movement hetween areas wculd
have a depressing effect on gene flow within the larger popula-

tion, A  number of studies have demonstrated that strange mice

are not readily integrated into established populations {Ander
son, 1964, 1967; Anderson & Hill, 1965; Brown, 19533 Calhoun &
Webb, 1953; Crowcroft & ERovwe, 19633 tlurray, 1967; Reimer §

Petras, 1967: Holfe & Summerlin, 1968) . Several of thes

O

authors, and others, have implicated a territorial system main
tained by 1interpersonal aggression in this segregation effect
(Crowcroft, 1955; Crowcroft & Rowe, 1963; Davis, 1958;: ¥olfe &

Summerlin, 1968) . In addition, several authors (Anderson, 1964,

1967; Anderson & Hill, 1965; Rasmussen, 1964%; PReimer & P:

v

tras,

1967, 1968; Sealander & Yang, 1969; Sealander, 1970) have

suggestad that this antagonism towards strangers and territorial
maintenance may isolate a population into smaller breeding units.

The above evidence indicates that ¥right's "island” model may

12



best iliustrate the mating structure of some rodent vooulations.
- = i

Such inbreeding infraspecific populations are commonly referred
to as denmes.
The house pmouse {HMus musculus) is often cit=d as an sxample of

a species which exhibits a deme-type bresding pattern conforming
to Wright's Yisland? amodel (Anderson, 1964; Sealander, 1970).
Territorial behavior is generally considered to be the bhehavioral

mechanism which isolates the individual population units. As has

been mentioned above, house mice do display ar=2a-related
dominance. In fact, FEibl-Eibesfeldt {1950) has described thsz

territories of house mice as communal, that is they are defended

2]

Jon

%

by an extended family or tribe., Behaviors of this type could
probably isolate a larger population into dinbreeding subunits
even in the absence of physical barriers 1o inter-deme migration.

Reimer and Petras (1967) have tested the notion that bshavior-
al limiters to individual movement such as territorial defence
can isolate potentially interbreeding populations of house nrice,
Mas nmusculus, into deme-like units. In this study the mice wersa
housed in a "population cage" which consisted of a series of 16
nest Dboxes connected by a runway complex. The subijects, mice of
genetically distinct origins, were introduced into the individunal
nest boxes in genetically mixed groups, 511 +*he subijects and
theair eventual offspring were marked and their location checked

daily. In a short while the mice began +to form groups or

"tribes”, These "iribes” were made up of a dominan* male and the

animals of either sex which allied with him in the defense of a
nest box, or series of nest boxes. The groups were not allied

13



according to their genetic origins, and contrary to the raports
of Anderson and Hill, the females aided in defense of the +ribal
nesting area.

Reimer and Pestras found that once the boundaries of a tribal
territory were established, they remained remarkapbly stable over
a number of generations. The boundary stability remained =2ven as
the population increasad tenfold to a density of 10 mice/square
foot. A problem with this study 1s that although groups of
animals remained in defined areas for 1long periods of time,
Reimer and Petras inferred that only +territorial defense besha-
viors maintained the sagregation. Thelr inferences were based
upon occasional observations of aggressive ancounters, number of
wounds, and absence of movement between aresas. Circumstantial as
it 1s, Reimer and Petras c¢oncluded from these data that the
aniwmals found within =ach defended area constitutad a stable
inbreeding family unit or deme,

As has been mentioned, Reimer and Patras speculated that the
segregation between groups of mice in their study could have been
induced by the territorial exclusion of non-group members, This
type o0f social Dbehavior has ‘been discussed as important in
initiating isolation betwessn small local gene pools (Anderson &
Hiil, 1965; <Christian, 1970 ; Reimer & Petras, 1957). Thiessen
and Dawber (1972) have demonstrated that this may indeed be the

case. In their experiments territorial Hongolian gerbils

-4
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€s anguiculatug) excluded strangers from  their ‘thone

erio

territory”, The intruders were forced to cross a water batrier

to safety even though gerbils rarely enter the water when allowed

0
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a choice, Thiessen and Dawber also found that animéls which had
eamigrated subssaquently avoid the odor of the animal from whose
territory they had been excluded. The above inferencas have been
lent further support from the electrophoretic analysis of ths

breeding patterns of feral house mouse populations.

Electrophoretic Evidence

The genetic structure of the house mouse, musculus, has

been studisd more than that of any other species of small maamal.

Gel electrophoretic procedures allow the detection of fine-scale

variation at a number of gene loci which control the structure of

0

hemoglobin and certain enpzymatic prcteins, The relative fraquen-

0]

cy of specific electrophoretically detscted genetic markers
within a population is generally considered to be indicative of
the idnter-intra group breeding vpatterns of that population
{Rasmussen, 196i4),

Recent studies of house mice populations have shown genetic
heterogensity between populations 1living in adjacent barns
{Anderson, 1964, 1967; Lewontin & Dunn, 1960; Petras, 1967a,
1967b; Reimer & Petras, 1968; Sealander, 1970), and even within
the same barn ({Sealander, 1970). Although house mice do display

clinal genetic differentiation, this <factor «can probably be

0]

rejected as an =explanation .of the table between-population
electrophoretic variation described Dbecause these differences
have been detected for mice living within the same building.

411 the above evidence indirectly supports a hypothesis of
Peromryscus local breeding structures advanced by Blair in 1953.

Trap records of the dispersal patiterns and of individual wmous=



movements within a population occupying a continuous habitat

suggested to Blair that the breeding sttucture of th

6]

population
wvas composad of inbreeding family units of relatively small size.

Several studies {Anderson, 19864, 1967; Reimer & Petras, 1968:

Sealander, 1970) have predicted that a deme may pe composed ©f as
few as ten individuals. As was indicated above, thess authors
have also suggested that territorial and home range maintenancs
behaviors may be responsible tor the long-term divisicn of a
population into demetic nnits.

If interpersonal aggression and territorial defense behaviors
eciftic

are responsible for mating segregation between infra

1}
]
el

population units, then it may be asked; "How are strangers or
their territories r=cognized?.” In other words, what stimulus
components are responsible for the maintenance of a deme-like

breeding systen?

Qlfaction_as_an_Intrademe Isolating Mechanisn
Several authors have reported that sniffing dincreases in

frequency prior +to an aggressive confrontation between mice

¥

{Banks, 1962; Llcyd & Christain, 1967). The aggressivs defense

of a territory has generally been attributed to the males of a
population (Reimer & Petras, 1967; MacKintosh, 1970). Archer

(1968) has shown thaft an aggressive reaction is most likely when
a male mouse is exposed to the odor of a strangs male. Also, if
a mouse is taken from a previously established hisrvarchy, rubhed
with the urine of a strange male and returnsd to the group, it
will be met with aggression by other members of the group. 1In

addition, there is ample evidence shewing that dominant males



urine-mark an area @more frequently +than do subordinate mics
{Desdjardins, HMaruniak & Broenson, 1973; Eisenberg, 1962, 19633
Ralls, 1971). HMarking may take the form of depositing ssbacsous

gland secretion upon chjacts in the environment as the HMongclian

gerbil does. Other rodents 1like the deer mouse, 2eromyscus
mapiculatus, mark with urine, Eisenberg {1962) reported that

som2 species of Peromyscus use this means of marking all ar=sas of
t

potential contact with strangers., He {Eisenberg, 1963) helieved
that in the wild marked areas "npust be considered as areas of
information exXchangs; sSeveral animals living in proximity could
communicate their individuality and reproductive condltion
without ever coming into physical contact {p. H41).7"

These Pmarkesd areas? are often considered i1indicative of
territorial boundaries., Mice are reportad to be reluctant +to
cross established territorial boundaries {Reimer & Petras, 1967;
MacKintosh, 1970). Nyby, Thiessen and ¥Wallace (1970) found that
for gerbils, Meriones unguiculatus, the reduction in the marking
behavior of subordinates was olfactorily mediated. It has been
suggestaed that the secretions of the preputial gland are the
source of this odor (NcKinny & Christain, 19707 Mugford & Howell,
1970) . These secretions have also been reported as highly
attractive to temale conspecifics {Bronson & Caroom, 1971).

As has been noted, many aspects of rodent reproduction seen to
be mediated by olfactory cues. The literature reviswed above has
linked olfactory stimuli to the territorial defense related

behaviors o©of ©bcundary marking, interpersonal aggression and

dominance. These pehaviors have 4imn turn been discussed in

17



relation to within-population mating patterns. An important next
gquestion might pej; "What processes maintain eproductive 1isola-

tion between thess population subunits?.” One obvious possibili-

ty 1s the olfactory identification and separation of subspecific
grcup memrbers, Before the o¢lfactory 1isolation of demes is

considered, it might be instructive to review evidence of the
inter- and 1intraspecitic discriminations and preferences of
rodents,

Reproductive Behavior

Interspecific Effects

Interspecific _discrimination. It was mentioned esarlier that

there is evidence which indicates that rodents <can recognize
members of their own species on the basis of olfactory cues,
This ability was first demonstrated by Powers and Alexander

{1967) . They presented adult mice {(Mus I

j=

nusculus) with a simple
Y-maze discrimination task. The adult mice of either sex were
able to choose between the odors of male house mice {Hus

c¢ulus) and deer mice ({Peromyscus maniculatus) when reinforced

=
=

with drinking water., These findings were partially confirumed by

Hahn and Simnmel {1968). However, their study did not report the

sex of the stimulus mouse. Alsoc, the presence c¢f visual and
auditory cues @maks an exclusively olfactory interpretation
impossible, This study did, however, suggest that the long tern

accumulation ot urine and fecal matter, as used by Bowars and
Alexander, 1s not a prereguisite for forming the discrimination,

Although mics can discriminate species membership using c¢nly

-2
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oltactory «cues, this discriminatory ability does not necessarily

“+

mean that clfactory cues actually influence mate sSelection, and
thus operate as an isolating mechanisa. A lock at rodent
preferences might partially clear up this problen.
Interspecific_prefasrences. Several studies have suggested
that olfactory <cues may be important in influencing conspecific
mate selecticn. For instance, Smith {1965) axamined the time
spent by allopatric and sympatric male cactus mice, Peromyscus
sremicus, and California nmice, Peromyscus californicus, in t
middle compartments of a linearly arranged five cowmpartment

Chamber. The extrems compartments of Smith's test chanbker vwere

o)

separated from the adjacent ccompartments by wire nmesh.
homospecific female was housed 1n one of these end chaambers and a
heterospecific female in *the other. The sympatric male cactus
mice, Peromyscus e€reicus, spent most time n=ar the homospacific
female, an intermediate amount of time in the nautrTal compartment
and the least time in the compartment nearest the heterospecific
femalza. The allcpatric males displayed an opposite reaction.
They spent less time near the homospecific females and mors time
near the heterospecific ones than did the sympatric males, Thessa
data tend to support HcCarley?s {1964) suggestion that in some
species 1solating mechanisms are reinforced in symrpatric areas.
One of the flawé of Smith?*s study was that he did nct report the
estrous condition of the stimulus females. These findings would
perhaps have been of more valuse had the reactions to both astrous
and diestrous females been examined.

In a2 similar study, Moore {1965) found that both sexes of the

19



deer mouse, Peromyscus maniculatus rufinus, speat wmore *fime in
the area o0f a +three-compartment chamber which had pravicusly
housed a homospacific mouse for eight hours. This area was
preferre over on2 which had been occupied by a heterospecific

old field mouse, Peromyscus pelicnotus, for a similar period.

Because Moore's study used previous occupancy as a stinulus
rather than another animal, his results are more compatable with
an olfactory hypothesis than are Smith's. Also, Mooref's results
are more interpretable than are Smith’s because Moore used only
estrous females in his study.

The studies reviewed above have given more attention tc the
oltactory preferences of the male rodent than to those of the
femals rTodent, A4 statement by Godfrey {1958} perhaps explains

this emphasis. He wrote, "It may well be that females are mors

[

discriminating than males 1n their cholce of a mate, but nal
mammals move about more when sexually aroused, and their chcice
is therefore easisr to score {p. 50)." Reacting to the nsqglect
of the female rodent within the olfactory literature, Doty {1972,
1973) designed a series of studies tc investgate the olfactory
preferences cof sympatric species of Percuyscus females.

Dotyis {1972, 1973 studies found that estrous female deer

mice, Pergmyscus maniculatus, preferred th= odor of homospeci-

fics. However, female white-footed mice, Peromycus lsucopus,

failed to show a differential reacticn to the odors of either

species. Doty suggestad that only some species, in This case

Peromyscus manpiculatus, utilize wurine-transported odors as an

isolating mechanism. Doty also found that male white-footed mice

a@
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avoided the odcr of males of both species. These data perhaps
relate to the aggression and territorial marking litsraturs
mentioned earlier.

With the excepticn of Doty?'s scmewhat confusing results, it
does appear that at least some species of rodents within the
genus Peromyscus are able to utilize odor for i1ntra- and
interspecific communication. In fact, the preferences reported
by both Moore and Smith indicate that olfaction could be the
basis of interspecific ssxual isolation for at -least one group of
rodents.,

Subspecific prefsrences. In a previous section it was men-

tioned that olfactory stimuli wmay contribute to reproductive
isolation below the species level, Godfrey (1958) presented
evyidence which 1indicated that bank voles, Clethrionomys, may b2

reproductively isolated at a subspecific level, He presented the

males of two gecgraphically distant forms {races) of Cleth-

riopomys Dbritannicus (Kintyre and Edinburgh races) with a group
of temales, half of which were examined for indications of mating
activity {vaginal plugs). It was found that the males of Dboth
races selectively inssminated the females of thelr cwn race.
,
Godfrey suggestad that these differential rates of insemina-
tion might be mediated by olfactory rprocesses. To test this
notion he pressented the odcrs of two groups {presumaply different
species, or races on the verge of speciation) of fewale bank

voles to male voles in a Y-maze situation. The males approachsd

the odor of homospecific females in prefersnce to the altarnate
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odor. Also, in scme instances, the males chose the odor of the
fewmales from their own locality in preference to females fron
other localities, Tests which used hybrid voles for stimulus
odors indicated that these animals ye2re usually discriminated
against.

Although Godfrey's data for intra-racial olfactory discrimina-
tion were not conclusive, they do suggest that olfactory cro-
cesses may be involved in subspecific reproductive isolation. A

problem with this supposition is that the Clethrionomys used by

1]

Godfrey originated on widely separated islands and were probably
on the verge of speciation. In fact, several taxonomists havse
treated the local races used by Godfrey as full species (Godfrey,
1958) . Therefore, there is some doubt that this study is really
an example of subspecific ethological reproductive isolation,

Many of the studies reviewed above have indicated +that some
rodents are capable of wmaking fine olfactory discriminations,
However, only Godfrey has presented evidence +for subspecific
olfactory discriminations. Although no study has actually dealt
specifically with the olfactory segregation of population group-
ings, there 1is evidence which indicates that some infraspecific
ditfferences can te dstected by rcdents.

Interindividual discrimipaticn. The olfactory discrimination

of the members of an infraspecific pcpulaticn unit could be based
apon one& of, or a <combipation of two processes. Recognition
could be due eithsr to genetically determined differences in odor

preduction or detection, or to the ddentification of atea

0]
1

epa

cltactory identities for individuals within a population, Most
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of the interspecific discrimination and preference data which
have besen reviewed so far favor the first of these possibilities,
prevvr, several studies have indicated that rodents may alsc b=
able to detect individual differences in odor. Tor instancs,
Husted and McKenna ({19606) demonstrated that 1n an operant
situation rats could learn a discriminatory response in  the
presence of a second rat. Although these authors did not
specifically test for the operation of olfactory variables, they
did «report that the rats directed a great deal of sniffing
behavior toward the stimulus animal?s anal region, Husted and
McKenna further suggestad that clfactory stimull were important
cues for the forming of the discrimirnation,

Bowers and Alsxander (1967) have reported the results ¢f an
experiment which dealt more directly with the possibility that
oltactory processes may medlate interindividual discriminaticns.
evarded with

In this study C€57Bl1 nmice, Hus e

i

usculus, we

L]

drinking water when the "correct" choice between twc nonralated
mice o0f the same inbred strain was wmade, These authors reported
that all animals tested were able to perform the discrinmination.
In a similar study, Hahn and Simmnel {1968} replicated the results
reported by Bowers and Alexander {(1967) . However, Hahn and
Simmel also found that male mice, Mus musculus, discriminated
between individual 1litter mates. Unfortunately, this study did
not exclude possible visual and auditory cues. This omission
makes a strictly olfactory interpretaticn ilmpossible.

It 1s poeossible that individual recognition processes may

mediate a number of the olfactory-linked phenowmena which have

[\
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been described, For 1instance, certain physiological processes
like the Bruce effect could be trigger=sd by +the recogniticn or
nonraecognition of <certain 1individual odor complexes. Also, as
has been discussed, dominance posession of an area, group
membership and aggression seem to have an olfactory component,
Rodants may well depend upon the relative olfactory #¥familiarity®
of an individual +*o monitor +the social structure of their
population.

As has Dbeen pointad out, many aspects of rodent behavior arse
mediated by the olfactory detection c¢f chemical stimuli. 211l of
these processes, including the social aspects of rodent behavior,
are intimately related to rodent reproduction, and therefore to
the evolutionary history of the species, Pravious discussion has
indicated that many aspects of rodent reproduction such as the
avoidance of, or attraction to, potential mates may consaquently
influence the breeding patterns of the species., These processes
may in turn be determined by patternms of individual recognition
ot local population membership. Therefore, it appears as though
olfactory . processes may mediate, or enhance, the relative sexual
isclation betuween local sub-units of a larger population. This
is the possibility %o which the tollowing research is dirscted,.

Purpos

D

The literature reviewed 1in the preceding ssction suggestad
that iimits to individual movement inposed by territorial and
home rangs maintenance pehaviors may 1isolate some small mammals

into inbreeding subunits within the larger genseral population,
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Electrophoretic analysis technigques have ravealed that genetical-
ly distinct infraspecific breeding units do =2xist for some
species of wild wice., Indeed, several authors contend that these
smaller breeding units are maintained by +the movement limiters
mentioned above {Anderson, 1964z Anderson & Hill, 171965; Rasmus-
sen, 1964; Reimer & Petras, 1967, 1968; Sealander & Yang, 1969;
Sealander, 1970).

Many of the studiss reviewed above have attempted to demon-
strate segregation between groups of rodents on the basis of odor
produztion or detection. However, these olfactory studies are
somewhat limited 1in their attempts to identify the ecological-
behavioral factors which influence the process of speciation to
which +the question of idnfraspecific reproductive isolaticn is
inextricably link=d. On2e factor which has limited the gensrality
of these studies® tfindings dis their general use of inbred
strairs. This becomes a special limitation in 1light of avidence
which suggests that the olfactory identity o©of the hous2 mouse

(fus musculus) may be reduced or eliminated by inbreeding {Bruce,

T i st sy s oy oo e

1968) . Also, the Smith {19%55) study which presumed o assess
oltactory rprocesses as a possible interspecific isolating

mechanism did not clearly exclude other potential identification
cues such as auditory and visual stimuli. Tinaily, the nmajority
of studies which have attempted to implicate olfactory wvariables

in the speciation process and which made use of wild populations

EN

ibility

@]
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ed the

oS

19}

have only conside olfactory isolating

H
3

mechanisms as operating between genus and/or species (Bowars

-
&

Alexander, 1967; Doty, 1972, 1973,: Moore, 1965; Smith, 1965).



As Wilcock {1972, p. 533) has commented, "Since it is within
species that evoluticnary process is +*aking place, 1t follows
that som= understanding of behavioral evoiution wmnust arise
through comparison within spscies,™ Barlier olfaction studies
did not really address this aspect of the problem, That is, to
examine adequately stilmuli or processes which may operats as
sexual isolating mechaniswns in species formation, it 1s necsssary
to focus attention upon those aspects of a population within
which etholcgical isolation would be most meaningful., If evolu-
tion is a dynamic process, behaviors maintaining the distinction
beween species must be manifest kelow the species level.

It is possible that olfaction is invoived in infraspecific

sexual isolation,. Several studies have implicated olfactory

M

processes in various social interactions among rodert conspecif-

r

ics. These social interactions include +the very movement-
limpiting devices mentioned earlier, Olfactory wvariables have

beesn implicatad in rodent aggression {Archer, 1968; Lee, 1970;
Mugford & Newell, 1970) and dominance (Carr, ¥artorano, & Kramges,
1970; Desjardins, Maruniak & Broenson, 1973). Such olfactory-
mediated component ©behaviors may be the basis for, or at least

reinforce, the territorial maintenance which is b=lieved involved

U

in the formation and segregation of infraspecific poepulation

{

units {Nyby et al., 1970; Thiessen § Dawber, 1972).
The only study which approaches an adegquate assessment nf the

relationship between olfactory preferences and mating choilcz at

D

val

U

iL

subspecific 1 is Godfrev?is (1958). Godfrey's inclusicn of

differential in loser look at

0

emination data certainly allcwed a ¢
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the possible relationship between olfactory variablss and the

0]

cies forming

[0}

actual breeding patterns contributing to the 3p
process. However, as with other studies in this ar=a, Godirey
may have been svaluating potential isolation between groups which
waere already guite distinct. Godfrev himself noted that many
taxonomnists have classified the "subspecificY forms he used 1in
his +tests as "full species.” And Godfrey classified these fcras
as being at least on the "yerge o; speciation.”

To summarize, certain rodent species s=zem to poss2ss  a
well-defined potential for fine clfactory discriminations, Also,
there 1s a relationship between olfactory variables and certain
rodent social behaviors. Finally, thes=s behaviors ssem to be
related to the kinds of mechanisms suggested as important in
intraspecific sexual isolatiorn processes,. If these Dbeshavioral

relationships are conn=acted in this way, it then becomas impor-

jox

{

afine +the rezal

b

tant to reexaming this area in an attempt to
relationships ©between these variables., Therefore, the purposes
of this series of studies vere as follows:
{a) to determine if the members of a single rodent species
can discriminate population membership using only olfactory
cues;:
{by to determine 1f this phencmpenon occurs in wild
populations;

{c) te determine 1if these olfactory prefsrences are

reflected in actual mating patterns;

]

territorial

(=

{d) to determine 1f olfactory components

and/or aggressive bhehaviors c¢ould function to maintain

27



different population preterences.



EXPERIHENT 1

A complex of bpehaviors may segregate a population into smaller
deme-like hbreeding units. Several considerations are involved in
determining if rodents show a differential preference between
members of gecgraphically distinct populations when only odor
cues are avallable. TFirst, conventional methods of determining
an 1ndividual?'s ©preference petween, for example, homo- and
heterospecific groups generally involve a subiject choosing cne of
several stimulus odors. Unfortunately, an experimental dJdesign
which presents odors simultaneously possesse some built-in
limitations. The response2 to one odor may be influenced by +the
presence 0f the other odor{s). For instance, it is conceivables
that the odor of an estrous female when paired with that o¢f a
male could alter the expeacted reaction to esither, or both odors.
Also, it was possible that the physical <characteristics of ons
test odor could alter the other odor or mix with it in some
manner. The possibility of alterations to the subjects? sensory
processes by exvosure to an odor complex cr mixture was another
possibility that couldnot be diswmissed.

A second problem with this type of choice methodology was that

"nreference" vyas defined by subdject?s spending more time with o
]

0]

i

5

odor sourcs than another., This does not allow one to say whether
this reflects a preference for that odor andy/or an aversion to
the other. One way of minimizing these potential problems was o

pair each stimulus odor w#with air, rather than another animal®s

N
e
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odor. In this way attraction and avoidance could =asily be
scored., Also, *the problems of odor mixing or alteration were
reducad to the ccmbination of a stimuolus odor and presumably
neutral fresh air. An added benefit of this design was that a
situation involving a choice between two individuals was probably
an unlikely event in the wild. A more <compon choice would

propably Dbe one of approaching or avoiding another individual or

Since this study is concerned with interpopulation reactions
within +the «confines of the theories discussed earli=sr, test
population sanmpling could represent an important problem. The
samplings must be as nearly i1dentical as possible and yet
represent distinct, potentially inbreeding units, The data
discussed previously suggest that the typircal rodent beshavicrs of
home range and territorial maintenance offer a convenient solu-
tion to this problem. If test animals were trapped fronm
geographically distinct areas, {for imnstance between adjacent
farm buildings as in the Anderson, 1964:; and the Reimer & Petras,
1968 studies), completely foreign groupings could e obtained,
To assure that ths populations tested were indesed distinct social
groups, a trapping, marking, and retrapping program was carried
outa.

The primary purposes of Experiment 1 were as follows:

0

.
4
1

o
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{a} to determine 1f differential preferences exi
populations as a Zunction of the odors produced by popula-
tion members,

(b} to esxamins pattearns of relative attraction and aversion
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accompanying these preferences,

Hethod
subljects
Because this seriss of studies deals with a possible movement-

limiting mechanism betvwesn autonomous, naturally occurilng groups
of house mice, all subijects were 1live +trapped. Several 1ive

trapping proceduras are comnmonly used for small mammal population

o)

studies. However, mnone of these 1s especlially applicable for
describing the spatial relationships between individunals and +the
groups they compose. Mathods designed for small mammal popula-

tion studies, dincluding that suggested bv +the Internatiocnal

Bioleogical Program {IBP), are such that the guadrants themselves

ot

as well as the recommended trap-to-trap distances are too grea
for accurate monitoring of relatively small-scale novements
within the géneral population. In fact, an assumed qualitication
imposed upon thes2 trapping methods 1is that the area trapped nust
pe larger than the home range of the animals belng studied. This
limitation is especially apparent when the populations under
study are as swmall as the estimated size of the sub-population
groups *this study is concerned with., Petras {1967a, 136703 has
estimated +the size of a deme +*tc¢ range bhetween 5 and 80
individuals., The findings of Anderson {1965) and Sealander
{(1970) agree with these estimates, In addition, Reimer and
Petras {19Y68) have reported the distance moved Dby marked deme
members varies between trappings. If these distances are related

to the area occupied by a deme it is clear that a relataively
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small area must b2 trapped if the objective involves collecting
only the members of a single deme in the most practical manner.

A review of trapping uwethods enmployed in small group investi-
gations indicates that both grid distance and the +trap retrap
perinds are pragmatically determined by the individual investiga-
tors (for =xample, see Calhoun and ¥Webb, 1953; Reimer and Petras,
1968; Rasmussen, 19843 Sealander, 1970). The trapping method
used in the series of studies reported here was designed as a
practical solution to the particular sampling required by this
study.

As indicated, conventional population sampling methods are not
well suited to deal with relatively small, sub-population group-
INgS.» Thus, one should consider some possible requisites for

.

trapping programs designad to investigate those swmaller scale

D

spatial relationships., First, a trapping program which attempts

[¢

to capture, or menitor small groups within the general popula-
tion, such as the hypothetical tribes or dem=as this ressearch is
concerned with, must encompass an area large enough to cover nmost
of the area utilized by the group?’s members, In addition, the
trapping area wmnust be small enough to fall well within the

red, Also,

)]

estimated home vrange of the grcups being consid
because o0f the area’s population density, a relatively high trap
density, {ie. 1low trap-to-trap distance) must be used so that
most of the groups' members can be captured.

Time 1imits for the trap-retrap periods also have a theoreti-

cal limit. These pariods nmust be long enough +*to allow the

mrajority of transients to pass through the area without enccunt-



ering both the trap and retrap perioads. Also, some mechanism
must be devised to minimize the possibility of including the
transgient members of neighboring demes 1n the sub-population
samrle. The probability of capturing and r=capturing thess
neighboring deme members would increase with longer trapping
periods. However, Anderson {1965) and Sealander (1970) have
reported deme-typ2 population groupings so stable that +his final
limitation may not actually present a problen.

The trapping procedure used in this study was designed with
these particular gqualifications in mind, Live +trapping was
conducted both within and between granarises, Traps set within
granpnaries were placed at approximately one meter intervals about

the inside perimeter of the building, and in any other location

®
ot
\’)

which appeared promising {on overhead rafters, C.}». The same
general placement schemps was used for locating traps outside the
building, In addition, four traps {(two rows of two traps =sach)
were placed betwean the granaries. Live traps were of two tyres;
a metal trap of the MSherman® variey and home-made masonite

traps. Both +*traps measured approximately 23 cmn. x 7.5 cm. X

7.5 cm., Traps were alternated in placement according to the type

of trap constuction. This procedure eliwminated the trapping grid
problems discussed earlier.
Housa mice trapp=ad within each granary were martked by toe

clipping and released. The single trap location of each marked

0]

mouse was recorded for sach subseqguent recapture. Using this
procedure, and following <each mouse for 16 or more recaptures

{and thirty cr more days at each location the home rangse of
! 4
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each individual mouss could be defined., This procedure wminimized
the possibility of counting transients as members of the study
population. In all cas=s house npice were captured only within
granaries, Individual mice apparently used the entire building
as a home range. However, in no case were mice found crossing
from one granary to another. This is remarkable considering the
relatively small distance separating the granaries {two to eight
meters) at a trapping location. This finding was consistent with
those o©f Anderscn {1965) and Sealander ({1970) mentioned =arlier.

As mentioned above, the subjects themselves were acguired by
live trapping. There were three sets of subjects. Thaese wersa

reproductively mature male and female hcuse nmice (Mus nusculus).

f

Each set was 1live trapped in se?arate locations in souther:
Manitoba. Two trapping sites were located 1n the ¥innipeg region
and are designated as: Township 9, Range 3 East, Section 19 and
Section 30. Thes2 trapping sites were Separated hy about 1.5
miles, The third trapping location was located about 30 nmiles
south of the first two and is described as: Township 7, Range 2
Fast, S=ction 13.

Each subiject s2t o0f populations was compos=2d of animals

trapped in two {and at the third location, three) adijacent wooden

]

o)
b

ters.

tfarm granaries separated from one ancther by two to eight m

™
[

The mice iphabiting a single granary at a trapping site a

87

collectively or individually hereatter referred *o as: the

W

“test” population, the f"same” populaticn or group, or a denm

menber (s) . In all cases these terms refar to the larger of the
porulations <collected at a single granary trapping site. The



subjects trapped at the other granariés at the same location
comnprised the smaller populations and are reterred to as: the
other population or group, or an alien deme member{s).

A set of subjects, of two populations, was used for each of
these replicaticns of the basic experiment. Test subjects, four
males and four females, were randomly chosen from the larger of
the population groups. Two YVsame’ group members Wers also
randomly selected from this set c¢f subjects and served as =same
deme stimulus odor sources. Likewis=s, two animals were chosen
from the smaller population and provided +the fother” cdor
stimuli.

A4s was mentioned, the populaticns from which the "sama” and
"other" subijects came vwere of two sizes, a Mlarger” and a
"smaller”™ population. This study was conducted in a y=ar in
which the mouse population was guite low. The general scarcity

ot mic= in southern Manitoba at this *in

D

may in part axplain an
unusual aspect of the population studied. At each location whicha
housaed a population large enough to be used as a "test" subject
population, a rather large {12 to 19 individuals) group of nice
was tound to inhabit c¢ne granary while nearby granaries were

either uninhabited or contained but from two to five mice. An

D

~y2ral facitors could

i

effort was made to determine if any of s

explain these differences. The size of the buildings, their
relative protection from the wind, the possible uss of pesticides
and the past history of graln storage were considarad. Mone of

these factors proved helpful ip explaining the population size

discrepancies discussed. Therefore, when considering the follow-

35



D

ing series of experiments and their results several things should
b2 kept in mind. First, the population structure of the subijects
used here may not be normal and second, 1f this is the usual
population pattern, some as yet unknown behavioral variable may
be generating these discrepancies,

When the subjsects were brought 1into captivity, each swmall
social group or autcnomous population was maintained in its own
{separate) room for the duraticn of its captivity. The colony
rooms did not share a common ventilation system. The mice were
maintained on a diet cf "Teklad?” mouse and rat food. Food and
vate wer2 always avallable in the home cag=. The subjects wers
maintained on a 12:12 light-dark cycle with lights off at 1800
hours. All testing was conducted during the normal "“awake" phase

of the subjects? activity cycle.

/1

Tests were conducted in 8 identical test chambers constructed
of 16 gauge welded stesl. Fach test chamber measured 35.3 cm. X
10 cm. x B.2 ¢tm., and was divided into three egual conrpartments

by a 16 gauge steel partition. Each compartment partition was

pierced by a round hole 3.8 cm. 1in dianmster, the lower eadge of

0]

yhich was 2 cm. above the flcor of the chanmber, thus forming a
hurdle. The fiocor of each end compartmant formed a treadle. A
lever attached to a rTear corner of this treadle operated the

timars used to record the amount of time a subject spent in  =ach

compartment. The apparatus 1s shown 1n Figure 1.
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The «chambers which housed the stimulus animals during the
experiment were the same as the test chambers, except ’that the
stimulus chanbers were not divided into separate compartments,
Aiso, the stimulus animal <chambers did =not have +treadle-type
floors, Both the test and stimulus animal compartments were
fitted with air-tight metal {16 gauge) steel 1lids. Since such
lids are also 1light-tight, all testing was done in a dark
condition. Also, red 1lighting was used continuously in the
testing room.

The problems of odor control led to the c¢reation c¢f an air
transport system designsd to assure proper air flow and maxiwmally
effective flow rates of the odor stimuli. Fresh air from a

central compressed air source was filtered and forced at =a

regulated down-line pressure of 10 p.S.i. through a 3.8 cn,
I.D. polyethylene pipe and into a stimulus animal compariment.
The air and any odor stimuli then passed through 0,33 cn. T.D.

(0.43 cm. 0.Ds) flexible plastic tubing and into one of the end
compartments of a test chamber. Flexible +tubing like that used
for odor control was used to direct fresh air from a central
distributor +to the appropriate test chamber. Down-line pressurs
for the fresh air source was the same as that of the odor source.

The design of this experiment reguired that the various test
cders be directed to a different test chamber and end compartment

for each phase of the =eXperiment. To facilitate the rapid

W

coupling of the stimulus odor and fresh air hoses, a 0.43 cr.

I.D. copper tube passed through the center of sach extrems end

29



wall of each test chamber. This arrangement provided an air-
tight, push-fit connsction.

The air and any accompanying odor then circulated through the
compartment into which it was introduced, through the intercon-
necting passageway to the center ccmpartmant where it was

exhausted via a 0.43 cn. I.D. vent locat2d4 in the center of the

D

tficor of the middie test compartment., The air was forced through
0.43 <Cm. 1.D. plastic tubing and into a 3.8 cn. T.D.
polyethylene pipe by a squirrel-cage type tan which directed the
air and the ocdors it containsd into the bhuilding’s exhaust
ventilation systen,

In addition, the test rooms did not house any experimental
animals while the study was in progress.
Design

Three sets of subijects vwere tested, Fach group of test
subjects was ccllected from a different area as described
previously. ZFach group, or population of test subjects contained
tive male and five fesrale mice. One male and one fewmale from
each population was randomly chosen as a stimulus animal for the
test set., ¥No test animal was ever used as a stimulus animal.

Fach test animal was permanently assigna2d to a test chamber which

<
9]

2t,

[0)]

it alone occupied for all the tests within a
Each ta2st subje2ct was exposed to each of the four stinrulus

odor conditions. That 13, a male and female from the same den

o

as the test subject and a male and female from another adjacent

deme. All tests for a single group within Experiment 1 tookK

place on the sanmns day. That is, experiment 1 containing the




tests of three groups lasted three davs. The order of the
presentation of the seriss of stimulus cdors was counterbalanced.
This ccunterbalancing scheme 1s depicted in Table 1. 1In addi-
tion, the compartment {left or right) into which a stimulus was
presented was also systematically ccunterbalanced., This counter=
balancing scheme 1s shown 1in Table 2. All test animals were
exposed to each cdor for a 60 minute test session.

As has been indicated, there were three replications of the
basic experiment. ¥When the three replications were conmpleted, a
preliminary analysis was done to determine if replications should
be included as a factor in the analysis. A3 x 2 x 2 x 2
factorial amnalysis of variance with the third and fourth fFactors
repeated was used as the major overall analysis. The factors
were {a) replications; {b) test animal sex; {c¢) origin of group,
the origin being =ither an animal from the same populaticn as the
test group , or an animal from an adjacent Yother™ population
trapped at the same site and {4) stimulus animal sex.

When the initial analysis did not reveal significant dif-
ferences betwsen the thres test groups (the analysis of variancs
for the first factor may be found in Appendix A) +the data for the
three replicaticns were pooled for the analysis. Two separated
analyses, one for time Spent with the stimulus odor and one for
time with the fresh air source were performed. This final
analysis was a 2 x 2 x 2 factorial analysis of variance with +thea
last two factors repeated. The factors were b, C, and 4
respectively {see above). This design wmesets the requirements

cited by Kirk (1968) for the classic three factor split-plot

L



y TABLE 1

Counterbalancing Scheme for Presentation of the Stimulus Odor

Test Compartments

1, 5 2, 6 3, 7 4, 8

1 A B C . D

2 B c D a

Trial 3 c D' A B




TABLE 2
Counterbalancing Scheme for the Side of the Apparatus

the Odor Stimuli were Presented on

Test Subject (S)

1, 5 2, 6 3, 7 -4, 8
1 Right left Left Right
2 Left Left Right Right
Trial
3 Left Right Right Left

4 Right Right Left Left




repeated measures design with two repeated factors. The Geisser
and Greenhouse {1958) procedure was used to determine the ¥ value
with repeated measures. Their procedurse 1s gensrally used to

combat the problems of the assuwmption of homogeneity of the

e
i

]

magnitude of the correslation between levels of +the rTepeated

¥

factors inherent in this design. Multiple comparisons using
Tukey's procedure {¥irk, 1968) were calculated for all main
effects and interactions tested by the analysis of variance. The
“time spent npnear an odor condition, and the time spent in the
vicinity of a fresh air {presumably neutral) condition w=are the

dependent variables.

Because this study is ultimately concerned with breseding
patterns, only reproduétively mature adults wers tested. All
male subjects? testes were scrotal. The estrous condition of the
females was assured by injecting them daily with a single 10ug.
subcutaneous dose ¢f estradiol Lbenzoate {EB) in 0,1 mnl, of
sesame ©0il. Following the fecurth injection of EB, a 500ug.
progesterone injection in 0.1 ml., o0f sesame o011 was adminis-
tered. A11 1injections were administered at approximately 11400
hours. Testing was begun approximately focur hours after the
fiftth (and each subseguent) EB injection. To confirm estrous, a
vaginal smear was sexanmined from all females at the time of the

fitth injection. Vaginal smears were also a2xamined from all test
N
and stimulus tzmales on the day theyv were to be used within th

{w

experiment,

W

The sudden placement of an animal into an unfamiliar enclosur

uy



could possibly =licit an alarm or stress r=2action. Thess
reactions have been linked with urine-transported androgen m=a2tap-
olites whose odor «can elicit a reaction in other individuals
{Carr, HMartorano & Krames, 1970). To minimize the chances of
this occurring, a series of "familiarization trials® wserse con-
ducted prior to testing, All animals were handled and allowed to
explore the apparatus for 2 hours daily for 4 consecutive days
before testing was begunh, This included the stimulus or test
compartment which sach animal would occupy during testing. All
the "familiarization trialsY were conducted in a "fresh air® odor
condition. Following a day?’s "familiarization trial®, and after
each actual test, the entire test apparatus was c¢leansd with a

srong laboratory cle=anser (Alconox) and water. The stimulus odor

chambers were cleaned after each Mfamiliarizaticn trial® and
following a day*s test session, Whenever the subijects were

handled, Dboth during the "familiarization trial” and the actual
testing, gloves were used. A separate pailr of gloves was usad
for handling of each population tested.

Immediately prior to =each test session the tubing which
directed the odors and air flows to =each of the test chanmber

compartments was coupled to meet the requirements of ths test

which was about to be conducted. A f"white” masking nols=e was
turned on. The air flow apparatus was activatsd and each test

Q
)

animal was transferred from 1ts hcme cage to the centering devi

{see insert, Figure T) of the test chamber. The centering device

pl

was then raised and the test session begun.

The first odor «condition was begun at 1800 hours. This



coincided with +the normal active pcrtion of the mouse dayv. Red
lighting was provided during this period. All tests were 60
minutes in length. The inter-trial interval was approximately 45
minutes, This time was reguired to clean the test apparatus and
adjust the air-flow equipment to meet the reguirements of the
next test, Following =each +test and during the inter-trial
intervals, all animals were returned to their hom2 cages where
food and water were available. This was done to combat any
possible fatigue or deprivation effects. This precaution did not
eliminate the possibility of fatigue effects setting in during
the later tests of a day. However, since the subijects are not
required to perform a task, or "work®, thes probability of fatigue
effects contaminating the data was felt to ke small. Although
the stimulus animals were removed from the stimulus odor compart-
ments betwesn trials, these compartments were not cleanad until
after all the day’s tests had been completed,

When the three replications were completed, a preliminary
analysis was done to determine if replications should be incliuded
as a factor in the analysis., A 3 x 2 x 2 x 2 factorial analysis
of variance with the third and fourth factors repsatsd was used
as the m@majcr overall analysis., The factors ware {a) replica-
tions; (k) *test animal sex; (c) origin of group, the origin bheing
2ither an animal from th2 same pcpulation as the test \groupy or
an animal from an adjacent "other? populaticn trapvad at the sama
site and {d) stinulus animal sex.

Yhen the initial analysis did not reveal significant dif-

N



ferences between the three test groups {(the analysis of variance
for the first tactor may be found in Appendix A) the data for the
three replications were pooled for the analysis. Two separated
analyses, one for time spent with the stimulus odor and onse for
time with the fresh air source were performed, Tha final
analysis was a 2 x 2 x 2 factorial analysis of variance with the
last two factors repeated.

Tables 3 and 4 summarize the results of the analysis of
variance performed on the data of Experim=nt 1. The analysis
indicated that for the +time gpent near an odor sSource measursa
{Table 3) the origin ¢f group {(F = 196.85, df= 1/22, P < 0.00M)
and stimulus animal sex {(F = 210,75, df = 1722, P < 0.001) main
effacts were significant, In addition, the test animal sax x
origin of group {f = b5.36, df = 1/22, P < 0,030} interaction was
siginificant. The analysis of variance for the other sources
{test animal sex; test animal sex x stimulus animal sex; origin
of group x stimulus and the test animal sex ¥ origin of group x
stimulus animal sex) did not reach significance at the 0.05
level.

The summary of +the analysis of variance for the second
measure, the tim2 spent near the fresh air source {Table 4)

shoved that significant difterences were found within the origin

=
~d




Analysis of Variance for Time Spent Near an Odor Source

TABLE 3

Source daf MS F P
Test Animal Sex 1 836823.00 3.29 0.083 (NS)
Subj. w. Groups 22 254068.63
Origin of Group 1 33126736.00 196.85 <0.001
Test Animal Sex X

Origin of Group 1 901904.00 5.36 0.030
Origin of Group X

Subj.w. Groups 22 168280.75
Stimulus Animal Sex 1 60710960.00 210.75 <0.001
Test Animal Sex X

Stimulus Animal Sex 1 90098.00 0.31 0.582 (NS)
Stimulus Animal Sex X

Subj. w. Groups 22 288066.86
Origin of Group X

Stimulus Animal Sex 1 736918.00 4.04 0.057 (NS)
Test Animal Sex X

Origin of Group X

Stimulus Animal Sex 1 435107.00 2.38 0.137 (NS)
Origin of Group X

Stimulus Animal Sex

Subj. w. Groups 22 182483.25




TABLE 4

Analysis of Variance for Time Spent Near Fresh Air Source

Source daf MS - F P
Test Animal Sex 1 317515.00 2.86436 0.0105 (NS)
Subj. w. Groups 22 110850.19
Origin of Group 1 25503808.00 136.95 <0.001
Test Animal Sex X

Origin of Group 1 1247383.00 6.70 0.017
Origin of Group X

Subj. w. Groups 22 186225.94
Stimulus Animal Sex 1 42585328.00 192.506 <0.001
Test Animal Sex X

Stimulus Animal Sex 1 105536.00 0.48 0.497 (NS)
Stimulus Animal Sex X

Subj. w. Groups 22 221147.88
Origin of Group X )

Stimulus Animal Sex 1 9643770.00 68.20 <0.001
Test Animal Sex X

Origin of Group X

Stimulus Animal Sex 1 1759589.00 12.44 0.002
Origin of Group X

Stimulus Animal Sex X

Subj. w. Groups 22 141395.31




0of the group {(F = 136,95, df = 1,22, P < 0.001) and stimulus

animal sex {F = 192.56, df = 1,22, P < 0.001) main effescts, as
well as the test animal sex x origin of group {F = 6.70, df =
1722, P = 0.,017), origin of group X stimulus animal sex (F =
68.20, df = 1/22, 2 < 0.001) and the test animal sex x origin of

group x stimulus animal sex (F = 12.44, 4f = 1,22, P = 0.002)
interactions. The other main effects and interactions for this
measure were not significant {P > 0.05).

To elarify further the results of this experiment, =ach of
these significant factors will be explored in greater detail
beiov, In the <case of interactions, these will be further
elucidated with the results of Tukey's post-hoc ratio for mean
comparisons Kirk, 1968)., Generally, cnly those results signifi-
cant at the (.05 criterion level are reported. Also, although
the two dependent measurss were necessarily subjected to separate

analyses, +they dc¢ <complement each other. Therefore, thelr

ot

analysis will be presented together. The reader?s understanding
of the maln efiscts, +their interactions and the comparisons
within the interactions may bhe facilitated by reference to Tables
5 and 6 which display the cell means for odor and fresh air times
respectively.,

The origin of group effect Treached significance for both
independent measures. These Tesults revealed that regardless of
their own s2x, or the stimulus animal®s sex, the test subijscts
speat significantly more time near the odors of animals fronm
their own group (F = 186,85, 4f = 1/22, P < 0,001 . The fresh

air analysis for this source was also significant {F = 136.95,
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Cell Means for Time Near an Odor Source

TABLE 5

(in seconds)

Stimulus Odor

Test Animal Sex

Origin of Group Stimulus Animal Sex Female Male Marginals
Same Group Male 1847.00 1270.50 1558.75
Same Group Female 3066, 33 2881.67 2974.00
Other Group Male 168.42 248.92 208.67
Othef Group Female 2007.50 1941.25 1974.38
Marginals 1772.31  1585.58 1978.95




TABLE 6
Cell Means for Time Near Fresh Air Source

(in seconds)

Stimulus Odor

Origin of Stimulus Test Animal Sex

Group Animal Sex Female Male Marginals
Same Group Male ' 493.83 . 1173.92 833.88 -
Same Group Female 132.75 138.67 135.71
Other Group Male . 2657.33 2339.92 2498.63
Other Group 'Female 486,92 578.42 _ 532.67
Marginals 942.71' 1057.73 1000.22




df = 1722, P < 0.001). This analysis then revealed that not ocnly
did the mice used in this experiment prefer the odors of members
of their own deme, but they actually avoided the odors of animals
originating in a social group adjacent to their own. That 1is,
these subjects spent more of their time in ths apparatus near the
fresh air source rather +than near the odors of a membsr of
another dems=,

Not only did the subjects react differently to odor sources
fron their c¢wn aad another grcup, but the analysis of variance
for both time near the odor source and time near the fresh air

source (Tables 3 and 4) vielded significant results for the test

animal sex x origin cf greup interactions (¥ = 5,36, d4f = 1/22, P
=, .03, for odor time; ¥ = $£.70, df = 1/22, P < 0.017, for
fresh air). The post-hoc analysis of results helped identify

turther how subjects reacted to the wodors of stimulus animals
from their own or the other group. This analysis revealed that

both males {qg = 11/71, df = 1,22, P < 0,01y and f

D

males {g =
16.34, d4df = 1,22, P < 0,01) displayed a pre=ferasnce for the odors
of their own group. In addition, both sexes spent mor2 time near
the fresh air source when given a choice between this odor source
and that of another deme trapped in the same area (g = 9.12, 4f =
/22, P < 0,001 for maless; g = 14,29, df = 1,22, P < (.01 for
females). These eoffects can ba seen in TFigure 2.

Figure 2 also shows that both sexes spent the majority of the
test period nearer the "same” odor source rather than near the

fresh air source. The analysis further revealed that under this

condition, males spent more time near the fresh air sourcs
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{g = 13. 79, df = 1722, P < 0.07). This <comparison did nox
reach significance for the first dependent measure (g = 4,06, df
= 1/22, 2 > 0.05). Along this same line, when coniroﬁted with
the odors of an alien group, both male and femals subjects spent
more time pear the fresh air source. These reactions can be saen
in Figure 2. This multiple comparison also‘showed that females
spént more of the test period avoiding the odors of other dene
members than males did (g = 4.54, 4f = 1/22, P < 0.05).

The major analysis revealed that stimulus animal sex was a
significant factor for ©both measures, Briefly, these analyses
{Tables 3 and #) indicated that +the odors of female stimulus
animals were preferred over those of males (F = 210.75, 4f =
1/22, P < 0.001)., The ocdors of males were also avoided more than
female odors (F = 192.56, df = 1,22, P < 0.001). That is, nore
time vas spent near a fresh air source than near a male's odor,

Given these results, it might be interesting to determine if
test subjects respond differently by sex to the odors of male and
temale stimulus animals. However, the analysis of variance
{Pables 3 and 4) indicated that the test animal sex ¥ stimnlus
animal sex interaction did not atrproach significance for either
measure. Therefore, caution should be exercised in accepting any
significant vresults revealed by the tcllowing multiple compari-
sons. These results are, nonetheless, reported here because the
ma jor theoretical interest of this research was with finer grain
contrasts, such as the male or temale test subject’s reaction +to
male or female stimulus animal?s odors, rather than in combined

differences as *tested in the major analysis.
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As was hinted at by the significant stimulus animal sex wmain
effects reported earlier, these fine grain comparisons revealed

that female stimulus odors were preferred by both test females (g

= 14,00, 4df = 1/22, P < 0.01) and males {g = 15.67, 4f 1722, P
< 0.01) over male odors. As night be expected, the inverse of
this relationship was true for fresh air times. In other words,
male subjects spent more time away from the odors of other males
more than those cof ftemales (g = 14,56, 4f = 1/22, P <€ 0.01) .  The
female subjects also avoided the odors of males more than females
{g = 13.38, df = 1/22, P < 0.01). Theses resnlts can be s=2en nore
clgarly in Figure 3.

Finally, we might ask if test animals respond differently to
the odors of males or female subjects on the basis of which group
they represent. This origin of group X stimulus animal sex
interaction (Tables 3 and 4) was shown to be significant for the
fresh air *time measure (F = 68,20, df = 1/22, P < 0.001), but did
not guite rTeach significance for the time near the odor source
measure {F = 4,04, 4f = 1,22, P < 0,057). Although wmultiple
comparisons are introduced for both measures, the same caution as
mentioned =earlier 1is advanced for comparisons following the

non-significant interaction.

As ¢can be seen in Figure 4, the odors of famales from the test
subject?s own dem2 were most highly preferred. This preference

was signiticant when compared with the time a subject spent in

the vacinity of the odors of a female from an alisn group g =

I

11.69, 4f = 1,22, P < €.01), or males from the same group (g

@

L\

14.29, df = 1,22, P < 0.01). Both these odors were praferred
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over those of an alien male, Hore precisely, the odors of mnmales
from the same group as that of the test subject were mor=s highly
preferred than those of alien group ftemales {g = 17.83, d4f =
/22, P < 0.01)»

The alien group male odors were avoided more *than other
stimulus odors. That is, test animals spent more time 1in  the
fresh ailr portion of the apparatus when the test odors came fron
tforeign males than from males of the same group as themselves (g
= 20.26, df = 1722, P < 0.01) cr alien females {g = 22,62, df =
1722, P < 0.01). It should be pointed out here that this was the
only choice «coembination 3in which +the fresh air source vas
actually preferred over the odor source. These differences can
also be seen in Figure 4. In addition, more time was spent
avoiding the odors of nmales from the same deme as the subject
than odors of females of that grcup {gq = 8.03, df = 1,22, P <
001) % The reiaticnship betveen the time a subject spent in the
odcr portion of the apparatus as opposed to time in the fresh air

ar=a can be explored by referring tc Figure 4.



The finding that feral house mice prefer, or at least spend
more time near, the odors of mice originating from the same deme
as themselves and avoid the odors ot adjacent dome members 1s
interesting and suggests that clfactory processes may be impor-
tant in reproductive 1solaticn of subpopulation unité. As
mentioned earlier, a number co¢f studies have demonstrated that
small groups of mice, like demes, car remain saparated from one
another even though they share commcn home ranges or territorial

boundaries {Anderscn, 1964, 1967; Anderson and Hill, 1965; Reinme

=

& Petras, 1967, 1968: Sealander, 1970). It is possible that the
olfactory identity of either <familiar "same” deme menbers, or
mice belonging tc another deme may mediate this group segregation
process.

The isolation of these deme-type sub populations is generally
believed to be maintained by a sccial system based upon the group

defense of dcminance areas or territories (Anderson & Hill, 1965,

{

Reimer & Petras, 1967; Sealander, 1970). Defense of the terri-
tory is usually atiributed to the males within the group. These
individuals freguently patrol the boundary areas often marking
them with cdorous urine, feces or special glandular deposits

{Anderson & Hill, 19865; Crowcroft, 1955; Crowcroft

&g

Rowe, 1963
Eisenberg, 1962; s5hillito, 1963; Thiessen, Blum & TLindzesy, 1970).

In addition, lagerspatz {1964) demonstratad that male nmice ar

)

inherently more aggressive than females. Ther

©

fore, if the home
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range or territorial boundaries are maintained by some olfactory
process, the odors of strange males would be avoided more than
any other stimulus animal sex, origin of group stimulus odor
combination. These results were obtained for Experiment 1.

In summary, the results of Experiment 1 indicated +that house
mice preferred the odors of wmembers of their own group and
avecided those of wmice from an adjacent dene. This result
suggests that olfaction could indeed mediate the <continued
segregation of smaller groups within the general population. In
addition, the tact that the test subjects actively avoided the
deme memrbers who are thought to be the defendsrs of the
between~-deme boundaries (the males of an adjacent group) furtﬁer
supports this supposition.

If a social system based upon the group dsefense of dominance
ar=as or territoriss is to be effective in inhibiting or
preverting outsiders from breeding within the organized group its
presence would have to be communicated to potential invaders. In
fact, a territorial system would operate most efficiently if the
borders of the prohibited area could be made *"known"” even if +thea
Howner” was not there. Since odor is not only integral with the
animal as it moves about engaging imn its daily activitiss, but
also remains after thes animal has gone, it can serve as a long
term reminder of the animal’s passage. As has been mwmentioned,
rodents may leave urine or fecal deposits in key places through-

out their home rTangss or territories as odorous signs of

Townershlip” available for scrutiny by passers-hy {Eisenberg,
1962 Ralls, 1971). Thase marked areas may elicit intense



investigation bv animals new to the area (FEisenberg, 1962,1963)
cr conplete avoidance by individuals who have been defeated by
the territory "owner" {Thiessen & Dawber, 1972).

It is possible that the individuals within side-by-side social
groups, 1like demes, have been involved in aggressive confronta-
tions. These confrontations were most likely integral with the
establishment of the borders of the area{s) used exclusively hy
cne or the other of the population subgroups. These groups?
relative positions of area-related dominance and subwmission could
easily have become associated with, and reinforcsd by, the odor
cues unique to each population. It is r=asonable then to expect
that individuals will teact differently when confronted with the
ocdecrous deposits left by 2ither a member of their own group or a
member of a nelgaboring unit., The purpose cf Expariment 2 was to
demonstrate that the odorous substances remaining in formerly
occupied areas <an bs utilized by a mouse to determine 1f the
previous occupant was a member of its own or an alien social
group. In addition, Experiment 2 attemptaed to define the
attraction, investigation or avoidance consequences of this
detection,

Method

The subjects for this experiment were thz same as those used

mained the sane.

Il

in Experimant 1. All maintenance procedures re¢

The estrous condition of female subjects was maintained by the
daily administration of EB inijected subcutaneously at the sanme
5

o
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timas and in the same manner as described in  Experiment 1.
Vaginal smears w=2re examined before the davis testing to confirnm

the estrous condition of the female subjects.

The apparatus consisted ot a black, polyetaviene coated

plywood box, 50cm. x 50cm. x 25cm. This hox was covered with a

black plastic tarp. The tarp had several dozen pencil-sized
holes for air entry. The only purpose of the tarp was *to

counteract the P"corner effect™ ccmmen to open field situations,
A hardware cloth 1id was fitted over the black *tarp cover. The
floecr o©of this box was covered with clean sawdust to a depth of
about 1.25 cm. A small grid, made of 2 cm., brass rods spaced 2

Ch . apart measuring 10 c¢m. on a side, was placed in +the cent

D

T
of the larger conpartment. This small grid also rested on a
savwdust area. However, the sawdust under the grid containsd
urine, feces and other debris from beneath the cage of one of the
stimulus animals, The entire grid was connected +to a body
capacitance switch making +the recording of the freguency of
investigation and time in contact with the grid possible.

Desig

[}

A3 x 2 x 2 x 2 factorial analysis with the last +two factors
repeated conmprised the pajor analysis. The Tactors in this
analysis were the same as those of Experiment 1. The replication
factor can be found in Appendix 2. The Geisser and Greenhcuss
{1958) procedure for determining F values with repeated measures
was again amployed. However, 1n Experiwent 2 +the dependent

measures consisted of (a) the time a subiject was in contact with

(o)



the stimulus cage and {b) the number of discrete contacts the
subject made with the stimulus cage,

As  with EBxperiment 1, Experiment 2 was composed of three
replications., Subjects of each replication were randemly
assigned to either the stimulus or test condition., ¥hen thea
three replications ware completed, the preliminary analysis was
done to determine 1f replications should be included as a factor,
collapsing across all other factcers.

The data for +the three replications were pooled when no
significant effects were found in the preliminary analyses. Two
major analvses, one for the time spent in contact with the cdor
source and one for the number of contacts with the odor source
were performed, These analyses wer2 of a 2 x 2 x 2 factorial
type as described previously for Experiment 1.

Fach population within a test set was composed of five mals
and five female sSubjects. One male and one female mouse {fron
each of these populations was randomly assigned as a stimulus
animal for the test set., Each subject was exposed to all four
stinmulus odor conditions. The series of stimuius odor presenta-
tion was counterbalanced as in Experiment 1. The counterbalanc-

ing schewms 1s depicted in Figure 2.

Test apnpimals were exposed to each odor for a 10 minute teast
session., The intertrial interval was also 10 minutes. 3Al1ll tests

within a single replicatiocn tock place on the same day.

211 animals were confined within their home cages whare food

e

and water were ccntinuously availiable, For a period of three



days prior to testing, a layer of clean sawdust, approximately
2.5 ¢cm. deep, was in place beneath the cages. This sawdust area
collected the urine, feces, and other debris which fell through
the cages?! hardwars cloth floors. Thirty minutes pricr to
testing, the sawdust from below a stimulus animal?s home cage was
placed in a new paper bag containing approximately 153 cubic cm.
of sawdust and was shaken for 60 seconds. The savwdust was then
placed on the flccr of the apparatus under the contact grid to a
depth of about 1.25 cm. The uripe and feces contained within the
sawdust served as a stimulus odor. The remainder of the floor of
the test apparatus was covered with clean sawdust to a similar
depth, The contact grid was placed in the center of the large
cubicle and the capacitance switch aﬂd.recording 2quipment were
connected to the contact grid., The ™yhite" masking noiss was
then turned on.

A test animal was placed in the apparatus and the recording
session was begun. A day's testing started at 1800 hours. The
tests were run 1n the same order as in Experiment 1. A single
reglication was run on each of three davs. Test animals vwere
always introduced into a corner (the corner location was randomly
varied) of the test cube. The subject was placed with its head
facing the center of the cube. The number of contacts and the
total time the test animal was in ccntact with the stimulus cage
yere recorded. All test sessions lasted 10 ninutes. Following
2ach test the subject was returned to its home cage for a 10
minute interval. At this time the contact grid was removed fron

the test cube and thoroughly cleaned with a strong laboratory for



th2 next test in the same manner as described above.

A habituation procedure was not used for Experiment 2 bacauss
it was felt that the potential for a test subject’s learning cues
other than clfaction associated with its exclusive use of an area
was greater than the procedural danger of possible alarm reac-
tions by a subjsct +to a strange envircnment., Also, it was
recognized that if a population unit contained both dominant and
subordinate odor source animals a potential for confounding was
present. However, this danger was minimized Dby the use of a

design containg several replications. In addition, these experi-

(7]

ments were attempting to test the reactions of the members of
subpopulation units to odors representative of an alien groups?
possessed area, regardless of individual dominance status.

Resuits

The analyvsis of variance for the first dependent variable, the
time a test subject spent 1in contact with an odor source, is

presented in Table 7. This table shows that the reactions to the

i

origin of group {F = 130.13, df 1/22, P < 0.001 and stimulus

animal sex {(v = 208,97, df 1/22, P < 0.001) variables were

significant. The following interactions also reached signifi-

cance: test animal sex X origin of group (F = 15.92, d4f = 1,22,
P = 0.001), test animal sex x stimulus animal sex (F = 10,27, df
= 1/22, P = 0,004y and origin of group ¥ stimulus animal sex (F =
10.35, df = 1,22, P = 0,004). The test animal sex main effect

and the test animal sex % origin cf group x stimulus animal sex

three-way interaction were not significant at the 0.05 criterion
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TABLE 7

Analysis of Variance for Time in Contact with an Odor Source

Source df MS F P
Test Animal Sex 1 0.94 0.00 0.986 (NS)
Subj. w. Groups 22 3010.06
Origin of Group 1 295170.13 130.13 <0.001
Test Animal Sex X

Origin of Group 1 36106.94 15.92 <0.001
Origin of Group X

Subj.w. Groups 22 2268, 21
Stimulus Animal Sex 1 344639.94 208.97 <0.001
Test Animal Sex X

Stimulus Animal Sex 1 16944.12 16.27 0.004
Stimulus Animal Sex X

Subj. w. Groups 22 1649.22
Origin of Group X

Stimulus Animal Sex 1 20891.83 10.35 0.004
Test Animal Sex X

Origin of Group X

Stimulus Animal Sex 1 2.16 0.00 0.974 (NS)
Origin of Group X

Stimulus Animal Sex X

Subj. w. Groups 22 2018.52




level,

These results are discussed 4in detail in the following
paragraphs. However, since the two derpendent measures of Experi-
ment 2 are not related 1in the sSame manner as those of +the
previous experiment, they are discussed successively rather than
simultaneously. Yhere appropriate, the interactions are more
finely -examined with Tukey's post-hoc ratioc for mean comparisons
{Kirk, 1968). Ganerally, only those results which reach=d
significance at the 0,05 criterion level were reported. The cell
means which comprised these relationships can be found in Table
8.

The major analysis as shown in Table 7 showed a significant

130,13, df = 1722, P < D.001). Test

I

origin of group effect (F
subjects spent a greater proportion c¢f the test pericd in contact
¥ith an area containing the odors of members of +their own denme
than with one housing the odors of another, adjacent deme.

The significant test animal sex x origin of group interaction
{F = 15.92, df = 1,22, P = 0,007 indicated that the time a
subpject was 1n contact with the odors of a group, as praviously
mentioned, was related to the sex of a subject. A closer look at
this interaction, as shown in Figure 5, indicated that female
supjects spent wmore time 1n contact yith the odor areas of

members of their own group than with those of the members of the

ot her group (g 15.40, df = 1/22, P < 0.01) . HMales were also 1n

contact with +the odors c¢i members cf the same deme longer than

¥ith the other odors (g .82, df = 1/22, P < 0,01). Other

comparisons within this analysis were nct significant,



TABLE 8

Cell Méans for Time Spent in Contact with An Odor Source

(in seconds)

" Stimulus Odor

Group of Stimulus Sex of Test Subject .
Origin Animal Sex Female Male Marginals
Same Male 243.40 178.14 210.77
Same Female 307.46 294.74 - 301.10
Other Male 64.51 76.22 70.37
Other Female 186.97 252.43 219.70
Marginals 200.58 200.38 200.48

mssr e oo
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The stimulus animal?s sex (Table 7) also significantly
influenced the proportion of the test period the subjects were in
contact with an odor source {F = 208.97, df = 1,22, P < 0.001).
Regardless of the sex of the subject, or the group from which the
stimuius animal originated, subjects spent more time in contact
with the odors of female subjects than with males?! odors.

In addition, the test animal sex ¥ stimulus animal sex
interaction showed that the sex of the subiject was important in
determining bew long a mouse was in contact with either male or
female stimulus odors (F = 10.27, df = 1722, P = 0.004).
Maultiple comparisons indicated that females contacted the odor
areas of stimulus females for a greater proportion of the test
period than they did those of males {g 11.24, df = 1,22, P K<
0,01)- Male subjects alsc contacted those female odor areas for
longer periocds than the male stimulus odors (g = 17.65, d4df =
/22, P =< 0.01). The other ccmparisons were non-significant.
These results are shown in Figure 56,

Mot only did test animals react differently to stimulus odors
according to the sex of the donor, but also to the stimulus
animals' origin. This is reflected in the signiticant origin of
group x stimulus se¥ intseraction reported in Table 7 {(F = 10.35,
af = 1/22, P = 0.004%) s This interaction was =2xamined using the
same post-hoc coamparison as was used to analyze the other
interactions. These fine-grainad comparisons revealed that teost
subijects, regardlsess of sex, spent more time in contact with

odors of females from th2ir own deme than with those femals mice
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tfrom another adjacent social grocup (g = 8,61, 4f = 1,22, P <
0.01) or those of males from their own group {g = 10.34, df =
1722, P < 0.01) ., In addition, subjects spent more +time in
contact with the odors of females from an alien deme than near
those of males ftrom that group (g = 17.09, df = 1/22, P < 0.01).
reas containing the oders of same deme males were conptacted for
more of ths test period than were the odors of a donor male of
another group {g = 14.86, df = 1/22, P < 0.01). Figure 7, which
shows these comparisons, illustrates that subjects spent the nmost
time in contact with the odors ot females from the same deme as
themselves, while alien male odors accumulated little contact
time compared with other stimulus animal sex x group of origin
cdcr combinations,

The analysis of variance of the second dependent variable, the
frequency cf contacts with an odor source, revealed that the test
animal sex {(F = 20,50, d4f = 1,22, P < 0.001) main effect was
significant, as were the test animal sex x origin of group (F =
26,76, df = 1,722, P < 0.001), group of origin x stimulus animal
sex {F = 37.45, df = 1,22, 2 < (0.,0017) and +test animal sex ¥
origin of group x stimulus animal sex {(F = 46.80, df = 1/22, P <
0.001) interactions., These analyses, along wWith those which did
not reach significance at the 0.05 confidence level, are sum-
marized in Table 9. Cell means for these results can be found in
Table 10.

As shown in Table 9, the test animal sex main effect was
significant (F = 20.50, 4f = 1,22, P < 0.,001}. These rasults

shoved that wmale subjects contacted the odor source mors
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TABLE 9

Analysis of Variance for Frequency of Contact with an Odor Source

Source df MS F P

Test Animal Sex 1 2656.50 20.50 <0.001
Subj. w. Groups 22 129.62
Origin of Group 1 27.09 0.75 0.396 (NS)
Test Animal Sex X

Origin of Group 1 969.01 26.76 <0.001
Origin of Group X

Sub. w. Groups 22 36.21
Stimulus Animal Sex 1 49.59 0.53 0.476 (NS)
Test Animal Sex X

Stimulus Animal Sex 1 263.34 2.80 0.109 (NS)
Stimulus Animal Sex X

Subj. w. Groups 22 94.13
Origin of Group X

Stimulus Animal Sex 1 1725.51 37.45 <0.001
Test Animal Sex X

Origin of Group X

Stimulus Animal Sex 1 2156.50 46,80 <0.001




TABLE 10

Cell Means for Frequency of Contact with An Odor Source

Stimulus Odor

Group of Stimulus Test of Sex Subject

Origin Animal Sex Female Male Marginals
Same Male 12,83 10.83 11.83
Same Female 16.58 26.92 21.75
Other Male 4.42 34.08 19.25
Other Female 10.17 14.25. 12.21
Marginals 11.00 21.52




frequently than did females. Male and femals test subjects also
reacted differently to the odors of stimulus animals from either
their own, or another deme., This is reflected in the significant

test animal sex x origin of group interaction seen in Table 9 (F

.= 26,76, d4f = 1722, P < 0.001). ¥hen this relationship was

examined more closely, the multiple <comparisons indicated that
vhen the odor area contained odor stimull frcm members of a group
other than that a test male belonged to, he contacted it more
freguently than when the odors originated with a member of his
own group {g = 8.38, df = 1/22, P < 0.01). H#ales also contact=d
the odors of these alien mice more frequently than females did (g
= 9,08, df = 1/22, P < 0.05). These relaticnships can be seen in

Figure 8. The other differences seen in this figur were

&)

nonsignificant.

Not only d4id male and fempale test animals react differently *c
the odors of members of their own or cther groups, but regardless
of sex the subjects also reacted differently to these ocdors when
they originated with either male or female stimulus aninals
{origin of group ¥ stimulus animal sex, F = 37.4b5, df = 1/22, P <
0.001), Multiple <comparisons revealed that test subjects con-
tacted the odors of females from their own groups more freguently
than they 4id those o©0f either males from the éame deme as
themselves {gq = 7.57, df = 1,722, P < 0.05), or females fronm
another adjacent dsne {g = 7,57, df = 1,22, P < 0.0%). These
relationships are shown 1n Figure 9. Althoungh nonsignificant {g
= 5.38, df = /22, ? > (.05), the odcré of mgles from an adjacent

group were also contacted more freguently than eithsr those of

83



males from the same group or females from the other group. Other
differences displayed in this figure, but not reported here, did

not reach significance at the 0.05 criterion level.
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EXPERIMNENT 3

So far the results of fthis experimental ssries have demon-
strated that feral house nice respond differently +to odors
originating from their own or another den=. In the <case of
Experiment 1, these odors were ailr-transported whils excretory
products representing home ranges or territories comprised the
odor source for Experiment 2. Specifically, Experiment 1 showed
that mice spent more time in the vicinity of air transported
oders originating with a member of their own deme than with the

atter

e

oders of mice from an adjacent but different group. Thesse
odors were also avoided., That is, more time was spent near a

raesults indicated that it

]

fresh air source than near them. Thes
1s possibilie for olfactory processes to mediat2 reproductive
isolation hetween small, adjacent groups of mice.

This segregation process is commonly believed to be regulated
by the grcup ownership of an area or territory (Anderson, 1956,
1967; Anderson & Hill, 1965; Reimer & Petras, 1967; Sealander,
1970% . The Dboundaries of thess territories are often marked in
some manner by ths owners {Desjardins, Maruniak & Bronson, 19733

Risenberqg, 1962, 1963; Ralls, 19713 Theissen & Dawber, 1972).,

Dther mice are reluctant +to cross these marked +territoerial
boundaries {Reimer & Petras, 1967; Mackintogh, 1970). Expariment
2 was designed to assess differences in the reactions of mice to

areas containing odorous materials associated with the animals

{29 territorial markers) as distinct from the animals them=-

4
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selves., The results demonstrated that differences did Xxists

]

Subjects spent more time in contact with an area containing the

D

odcrs of the same deme than one containing the odors of less
familiar mice. Johnson {1973) reported that males scent mark
more frequently than temales do. The results of Experiment 2
were consistent with this tinding. Male mice contacted the odors
of alien mice wmore frequently than they contacted areas with
stimulus odors f£rom mice of their own group. Eisenberg {1963)
reported that urination spots in burrows were investigated
thoroughly by intruders. The high freguency of male contact with
alien odor areas reported here could be interpreted as being an
example of this type of investigation. Eisenberg also noted that
Heteromvid rodents marked areas previously marked by another
animal. Ralls {1971) re2ported a number of similar results,
Therefore, the high freguency of contact with alien cdors by male
mice could be associated with such marking. Fwer {1968) has
argued that scent marking in a strange environment is +the means
by which a fearful animal "reassures® himself. Kleiman (1965)
has argued that frequent urine marking may be evolutionarily
derived from fear-induced urination.

It 1is «<¢lear that the high freguency of contact with alien

h

e ftor those odcecrs.

'}

aren

Q

odors probably dos2s not constitute a pre
The results of Experiment 1 and the time measurs of Experiment 2

indicate *that more time 1is spent with familiar or sams-dene

odors. It appears that +this 1is probably where the preference
lies and that frequent contact with alien odors probably repre-

sents marking and/or investigation of the area. These result

2]

8
P
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lend support to the notion that olfactory identification may
mediate reproductive isolation based onrn territorial defense.

Although these data suggest +that olfactory cues may be
involved in interdemetic reproductive isolation, theay are never-
theless limited becauss a preference for an odor complex may bear
little relation to the actual pating patterns of a population.
indeed, aside frcm the electrophoretical evidence reviewed pre-
viously, 1little =avidence exists tc suggest that isolation does
occur at this level., The free ranging situation presents some
obvious difficulties in monitoring social encounters and any
assortativ2 mating resulting from them. Thus, +the problem <can
probably be studied best in the laboratory. Godfrey {1958) used
a rather interesting technigue for assessing relative sexual
isolation. He allowed a male vole access to a group of fazmales
composed of voles of two species oOr subspacies.

A male's relative preference for mating with +the r=presenta-
tive groups of females was measured by merely noting a female?s
development of vaginal plugs, an indication of insemination.
This technigque mav be easily adopted *to the assessment of
relative sexual isolation between population units.

The purpose of Experiment 3 was teo determine if differences in
the frequency of insenminpation occur when a male 1s allowed a
cholce between receptive females of two population units. In
other words, Expsriment 3 tested for the possibility of relative

sexuyal isolation between demes.
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he subjects usad in this =experiment were taken from the
subject pool used in Experiments 1 and 2, and consisted of three

adult males and twelve mature, estrous females. 3Six of the

{®
g
0

females were from the same populations as the malss, and six w
frcm populaticns in adjacent demes. All were maintained in the
same mann2r as the subjects of the first two experiments except
that the fur of the females frcm the Mother” population were
marked with a dye to facilitate identification,

The apparatus consisted of a black, polyurethane coated
plyweond box 50 cm. x 50 cm. x 25 cm. This box was covered with
a hardware <c¢loth 1id and was partitioned into four equal
compartments. The 1inside walls of each compartment were 24 cm.
X 24 cm., ¥ 25 ¢m. The space at the center of the cube where the
partitions did not meet remained as a copnecting passageway
between each of the compartments. The floor of the apparatus was

covered with about .25 cm. of sawdust,

e e o e s

5

%hen this experiment was begun, it was found that ths subjscts

reacted in a manner which had not been pr

D

dicted. The subijects
engaged in a great deal of aggressive behavior and mating s=semad
unlikely. Thus, the proposed dependent measure, the presence or

absence of a wvaginal plug, becams inapplicabls., In view of this,
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an alternative measure was introduced.

As was mentioned; much aggression took place when the animals
were released 1into a common space. Therefore, the freguency of
aggressive bouts was used as the dependesnt measure. Aggressive
bouts were scored as occurring either within a subject set or
deme {sam2), or bastween subject sets, or demes {oth=ar). Only the
more severe aggressive interactions consisting of striking with
teeth, sguealing when Dbitten and rolling and scratching (two
animals) as described by Scott (1966) were recorded.

The original, planned experimental design <can be found in

Appendix B,

To assure that the female subjects of Experiment 3 were in a
sexuyally receptive condition, they recsived the same geries of
hormene injecticns as has been described for other experiments,
Vaginal smears from female subjects were exmined on the day of
testing to wverify their estrons state. One hour after the last
vaginal smear was taken, the estrous femals subijscts /from each
population were randomly assigned to a test compartment of the
tour-compartment chamber. LA test male was then placed in another
compartment and the trial begun. Thus, for each test session the
subiject composition was as follows: a =single male; +twoe fenales
from the same deme; and two females Irom another, adjacent den=2.

ct freely within the

v

The test animals were allowed to -inters

o

_,}4
Y"
(h

apparatus for 2 hours. The freqguency of aggressive intera
between members bealonging to a single deme were rtecorded as

Tgama®  aggression. Aggressive bouts between mnice belonging to



different demes wer=2 recorded as Yother” aggrassion. All  sub-
jects were then removed from the test apparatus and returned to
their home cages.

Three replictions of this experiment were conductad, Each
replication wutilized new subjects. The apparatus was thoroughly
cleaned with a strong laboratory cle=ansar {Alconox} and water and
the sawdust f£loor covering reneved before each replication. As
has ©Dbeen mentioned, the procedure described here is considerably
different from that originally planned. The original procedure

can be found in Appendix B.

As has been noted, the measure enmrloyed in Expsriment 3 was
devised "on the spot”™ when other planned comparisons proved
impossible to implement., This placed several restrictions on the
data. As mentioned previouly, the composition of the test groups
was unegual for Dboth size and sex. That is, in each session
there wvas a mrales and two females from one deme, and two females
from another adjacent dene. Because only females from the
adjacent deme were marked, aggressive interactions could only be

scored as occcurring between members within a single deme (same),

il

or between members belonging to differsnt demes (other)., Thi:

J

combination could result in ten different interindividual aggres-
sive interaction possibilites.
Six of these2 possibilities would be for "othar® interacitions

and four for ¥same?” interactions. Thus, 1f 1% 1s assumed that

D

aggressive interactions are equally probable between all sub-

I
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jects, "other" interactions would outnumber "same" intsractions
by a ratio of six-to-four. In cther words, the "othar" aggres-
sion scores were unavoidably i1nflated. In addition, +the scores
reflect both male-ftesmale and female-female interactions, Thé
latter could not be <considered as evidance for Trevroductive
isclaticn. Because of these factors a statistical analysis could
not be done. Therefore, only central tendency data is presented.
Both mean and wmedian frequencies fcr aggressive encounters
between members of the same and other groups of mice are shown in
Table 11. It is clear that, on the average, %other" aggressive
interactions were over twice as freguent as "same" interacticns.
If the assumption o©of an egual prebability of aggression is
pursued, +then the expected frequency would be 22. Since female
mice are less likely to fight (Lagerspetz, 1964) most of the
"other" observed aggression counld be attributed to male-female
interactions, Therefore, it seems reasonable to conclude that
Y"other” aggessive interactions were 1ndeed more frequent, and

that +they are <consistant with +the notiocn of raproductive

isolation.

INe)
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TABLE 11
Mean and Median Number of Aggressive Bouts

Between "Same” and "Other" Deme Members

Group Male Female Median Mean
Same (N=3) (N=6) 12 14.67
Other (N=0) (N=6) 31 34.00




EXPERINMENT &4

The possibility that territorial defence may be responsible

for the reproductive isclation of potentially inbreeding popula-

3

tions o©of house mice has been discussad. The results of Experi-
ments 1 and 2 lent support to this notion. That is, both +these
experiments demonstrated that mice spend more time near the odors
of mice originating from their owuwn deme, whereas they avoided the

odors of mice ot another adjacent deme, Experiment 1 utilized

o]

air transported stimuli while Experiment 2 used urine and feces,
products often associated with territorial ©Dboundary marking.
Experiment 3 was designed to determine 1if differences in the
frequency of insemination occurred when a male was given a choice
between females of his own group c¢r another deme. Had a male
bred with females cf his own group rather than the Yother” group
tfemales, a strong case for oclfactorily mediated reproductive
iso;ation wvould have been made, However, as has been noted,
breeding did nct occur in the +test situation describsd in
Experiment 3. Instead, aggression occurred with considerable
trequency. As a result of this, +the despendent measure for
Experiment 3 was changed from the freguency of insemination of

"same” and Yother" females {as evidenced by the presences of

vaginal plugs) %o the freguency of aggression between "same® and
“"other” group Rmembhers, The results of Experiment 3 indicated

that aggressive encounters with "other" group females wers norea

than twice " as frequent as aggressive bouts b2twean Ysama" group
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members. Although reproductive isclaticn was not illustrated by
ditferences in +the freguency of insemination between the two
groups? membpers, the results of Ixperiment 3 suggested that
reproductive isolation may occur between the groups in guestion.
The high rate of aggressiéﬂ suggests that in the wild stats
receptive females would not bresed with males from another deme.
That 1s, in a situation in which the animals were not forced into
confrontation {as the experimental design dictated) the %Pothert
deme females would probably have avoided or escaped the encounter
had they met the strange male at all. This supposition is
supported by the results of Experiments 1 and 2 which showed that
the odors of males from another dene were avoided. Algo, in
general, females sp=nt very little time in contact with the odors
of males.

Although most available evidence 1is basesd upon tests using
male mice only, the evidence clearly indicates +that aggression
between =ven familiar mice <can be gxpected when the odors of
unfamiliar mice are present (Archer, 1968; Mugford and Yowell,
1970) . Mackintosh and Grant {196b6) TrTeporte results which
indicated that the degree of wunfamiliarity of a nmouse’s body
odor, not the relative strangeness of the stimulus mouse was

responsible for these aggressive exchanges, These T

0]

sponse

0

nay
perhaps apply to any unfamiliar animal, regardless of sex. This
is indicated by several findings, Reimer and Pstras (1967)
reported that <female micz2 almest never becom= members of demes
adjacent to their cwn. Alsc, Crecwcroft and Rowe {1963) opservad

a complete absence 0of aggressive pehavior within family grouping



of house mice. However, all members of the fawmily group
displayed aggression +towards strange mice of either sex. In
addition, #Wolfe and Summerlin (1968) reported that when corganized
groups of cotton rats {(Sigmodon hispidus) were housed with the
memnbers of unfamiliar groups general social disintegration and
aggression were COommon occurences. Although not conclusive, such
findings indicate that perhaps the results of Experiment 3 were
not unusual, ds was said, the high rate of aggression with
Wother" group females probably does reflect that sexual isolation
would occur in a more natural situation.

The‘research reviewad above, and the results of Experiment 2
and 3 have a case for olfactorilly based interdemetic isolating
mechanisms, Beyond these results we can ask 1f aggression at
territorial Dboundaries and the subseguent avoidance of odors ars
a rrerequisits for such isolation, In other words, 1s ‘the
interdemetic avoidance displayed in the first thrse experiments
acquired by virtue of prior inter-deme interactions or by sgom=
other mechanism bas=ad upon mutual aversion to any "strange" odor.

Several studies have introduced evidence which indicates that

many reactions are associlated with prior aggressive or dominance

related confrontations. For example, Breonson & Eleftheriou
(1964, 1965) presented svidence indicating that mice subjected %o

detfeat display increased aétivity of the pituitarv-adrenocortical
complex when exposed to the odor of the mouss who defesated them.
carr, Martorano, and Xrames {1970} denonstrated that defeated
mice prefer the odors of strange mice tc those of the wmouse who

deteated then. In addition, Nyby, Thisssen and #Wallace ({197C)



showed'that male gerbils (Meriones unguliculatus) marked an area
lesg frequently when it had previously been marked by an animal
who had defeated them. Also, Desjardins, Maruniak and Bronson
{(1973) found that while dominant male mice marked their entire
cage, subordinates marked only its corners. This evidence then
indicates that prior dominance associations are important in
interindividual avoidance strategies.

On the other hand, 1t 1is, possible that <relatively strange
odors, or odors vwhich are not as familiar t0o a mouse as those of
members of 1ts own social group, =elicit reactions which could bDbe
int=arpreted as interdemetic isocolating mechanisms. A number of
studies have demcnstrated +that strange nmice are not readily
integrated into astablished ©populations (Anderson, 1964, 1%67;
Anderson & Hill, 196%; Brown, 1953:; Calhoun & H#Hebb, 1853 ;
Crowcroft & Rowe, 19633 HMurray, 19673 Reimer & Petras, 1967;
Wolfe & Sumwmerlin, 1968). And, as 1is well knowh, aggressive
interactlions otftten occur when mice who are strangers to one
another are placsad together (Banks, 1962; Lliovd & <Christian,
19673 Mugford & HNowell, 19703 Wolfe & Suwmmrerlin, 1968). 1In fact,
Holfe and Summerlin {1968) found that when groups of cotton rats

{Sigmodeon hispidus) trapped in areas several mnmiles apart were

17

placed together, npore aggression and general social disintegra-
ticn occurred than when the groups were trapped in the same area.
Several authors have implicated olfactory variables in rodent
aggression {Archer, 1968; Lee, 1970: Hugford & Wowell, 1970).
Therefore, we can ask if the ditferences obtained in Tuperi-

3

ments 1, 2 and 3 can be attributed to the fact that the "Mother?”
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stimulus odors were less familiar than the "same" odor stimuli.

Or, were the observed differences due to a kind of learning

[}

process? Since the probability of inter-deme aggression would he
greatest at territorial boundaries, perhaps a mouse could associ-
ate +this probability with the odors of individuals found thare.
If so, the members of alien groups weould not be avoided, or would
be avoided less, if these stimulué animals could not possibly
have been known to the test animal beforehand.

Therefore, the purpose of the follcwing series of studies was
to determine the preference and avoidance ccnsaquences of sub-
jects exposed to the odors of an unfamiliar mouse. This series

of experiments did not define if the reaction to an odor conmplex

vas learned or unlearned. Nor did they help to define the

1O WH

0]

process involved in acquiring the response., They did, ver,
help to determine if probable previous contact was a prerequisite
tor the response. In cther words, do=zs the odor of a mouse fron
another deme have consequences dependent on the proximity of that

group to origin of the test animal?

Although the preceding experiments and those described in the

,
{8

following sections cannot be statistically compared, different
outcomes suggest different possibilities. For example, if avoi-
dance were based only on the basis of proximity and prior
interaction, then avoidance of ‘Ycther” odors would =not be
axpected to occur in the following experiments. ©Or, if avoidancea
were Dbased only on unfamiliarity (independent of prior interac-
tion), then little difference would Dbe expected between the

results of the Experiment discussed previously and Experiment 4.
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More specifically, Experiment 1 has established tha
mice can differentiate between the odors of mice from their own
cr another group. Basically, the study demonstrated +that nice
prefer +thes odors of wmembers of their c¢wn deme, especially
females, while the odors of mice from anothsr adjacent group ars
aveoided. This avoidance was gquite rigid when the stimulus odor
was that of an adjacent group mals, The "other"” stimulus odors
for that experiment originated from mice trappad but a few meters
away from the test animals.

This experiment was almost identical to Experiment 1, ezxcept
that Experiment 4 attempted to determines 1if familiar mice wers=
still preferred when the ¥Yother" group odor originated with a
totally unfamiliar mcuse. In other vwords, could soms sort of
olfactorally based isolating mechanism exist between groups which
had not previously acguired mutual avoidance type social habits?

riment 4,

[0

This than was the purpose of Exp

The test subijects ftor this experiment were the same as those
used in Experiment 1. However, the "other” stimulus subjects
used in  Experiment 4 were not from populations immediately
adjacent to the test population as was the case for Experiment 1.
The stimulus subject populaticns were collected from locations
gecgraphically separated by several miles from the test subijscts?

origin., All subijects used in the experiment were aquired and

maintained in +the same manner as described in Experiment 1. In



addition, the =estrous condition of +the female subjects was
maintained by the daily administration of EB injected subcu-
taneously at the same +*imes and 1in the same manner as in
Experiment 1.
Apparatus

The entire olfactory apparatus, including the test chambers,
stimulus animal compartments and alr transport system remainsd as

described for the pravious experiment.

Bxperiment 4 utilized the same factorial analysis asz did
Fxperiment 1, The same counterbalancing schemes for both odor
source and odor-fresh air presentation were also used. The only
ditference Dbetween this design and the previous one is that for
this experiment the Pother"™ stimulus animals wers another,
non~adjacent population +trapped 1in a separate location rather
than being trapped in the same area {group of farm buildings) as
the test subjecis. This then 1s a change in the conmposition of,
but not the analysis of the repeated factor €., All othesr aspects
of the design were the same as for Experimant 1.

Procedure

The genaral procesdure used fcr Ezxperiment 4 was previously

described in Experiment 1.

As in Experiment 1, +the results Zfor the +time dependent
variables, time near an odor source and time near a fresh air

source, will be presented together for Txperiment 4,
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The major analysis results for the time a test subject spent

ke

near an odor source 18 shown 1in Table 12, This analysis of
variance vislded significant main effacts fot the test animal sex
{(r = 271,17, df = 1722, 2 < 0.001), origin of group {F = 321.09,
df = 1/22, P < 0.001) and stimulus animal sex {(F = 203.00, d4f =
122, P < 0.001) variables. The test animal sex X origin of
groups {F = 15.94, 4f = 1,22, P < 0.001), test animal sex X
stimulus animal sex {(F = 8.29, df = 1,22, P = 0.009) as well as
the test animal sex x origim of group x stimulus animal sex (F =

22.65, df = 1/22, < 0.001) interactions were all significant.

jav]

The origin ¢f group X stimulus animal sex dinteraction did not
approach significance at the 0.05 criterion level. As with
previous experiments, results which did not meet this criterion
genarally are not reported unless they facilitate understanding
of the results. Also, as betore, interactions vwere examined
post-hoc with Tukey'!s ratio for mean comparisons. Cell means for
these results are reported in Table 13.

Table 18 displays the analysis of variance for the time spent
near a fresh air scurcse, Here 1t can be Seen that the corigin of
groups (¥ = 112.01, df = 1,22, P < 0,007 and stimulus animal sex
{(r = 150,10, 4t = i/22, P < 0.007) main effects veached
significance, The origin cf group ¥ stimulus animal sex {r =
63.22, df = 1,22, P < 0.001) interaction was the only interaction
which reached significance for this measure., The cell m=2ans for
all interactions of this analysis can be found in Tabls 15,

The significant test animal sex effect {(¥F = 21,17

)
¥
Pt

]
———

N
N
N

el

P € 0,001 for the first dependent measure, the time spent near
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Analysis of Variance for Time Spent Near

TABLE 12

an Odor Source

Source af MS F P
Test Animal Sex 1 5104139.00 21.17 <0.001
Subj.w. Groups 22 241055.25
Origin of Group 1 72658832.00 321.09 <0.001
Test Animal Sex X .

Origin of Group 1 3607601.00 15.94 <0.001
Origin of Group X

Subj. w. Groups 22 226284.94
Stimulus Animal Sex 1 320037376.00 203.64 <0.001
Test Animal Sex X

Stimulus Animal Sex 1 1303390.00 8.29 0.009
Stimulus Animal Sex X

Subj. w. Groups 22 157319.13
Origin of Group X

Stimulus Animal Sex 1 191887.00 1.23 0.280
Test Animal Sex X

Origin of Group X

Stimulus Animal Sex 1 3535843.00 22.65 <0.001
Origin of Group X

Stimulus Animal Sex

Subj. w. Groups 22 156105.31

(NS)




TABLE 13

Cell Means for Time Spent Near an Odor Souce

(in seconds)

Stimulus Odor

Group of Stimulus Sex of Test Subject

Origin Animal Sex Female Male Marginals
Same | Male 2831.83 1366.08 2098.96
Same Female 3280.92 3048.92 3164.92
Other Male  230.92 308,25 269.58
Other Female 1626,50 1402.25 1514.38

Marginals : 1992.54 1531.38 1761.96




Analysis of Variance for Time Spent Near Fresh Air Source

TABLE 14

Source af MS F P
Test Animal Sex 1 15402.00 0.05 0.827 (NS)
Subj. w. Groups 22 316587.31
Origin of Group 1 50576032.00 112.01 <0.001
Test Animal Sex X

Origin of Group 1 13920.00 0.03 0.862
Origin of Group X

Subj. w. Groups 22 451496.13
Stimulus Animal Sex 1 35948864.00 150.10 <0.001
Test Animal Sex X

Stimulus Animal Sex 1 202952.00 0.85 0.367 (NS)
Stimulus Animal Sex X

Subj. w. Groups 22 239503.93
Origin of Group X

Stimulus Animal Sex 1 20058608. 00 63.22 <0.001
Test Animal Sex X

Origin of Group X

Stimulus Animal Sex 1 102835.00 0.33 0.575 (NS)
Origin of Group X

Stimulus Animal Sex X

Subj. w. Groups 22 317300.13




Cell Means for Time Spent Near the Fresh Air Source

TABLE 15

(in seconds)

Stimulus Odor

Group of Stimulus Sex of Test Subject
Origin Animal Sex Female Male Marginal
Same Male 390.50 362.75 376.63
Same Female 54.33 79.58 66.96
Other Male 2845.92 2639.00 2742.50
~ Other Female 550.42 658.42 604.42
‘Marginals 960.29 934.96 947.63

N\



an odor source, indicated that female subjects spent more time
near an odor sonrce than males did. In addition, the significant
origin of group ettect {(F = 321.0Y, df = 1,22, P < 0,001
suggested that regardless of sex, test wmice spent a greater
preoportion of the test period near the odors of members of their
own deme than those of a conmpletely alien animal. This same main
effect was alsoc significant for the fresh air time measure (F =
112.01, df = 1,22, P < 0,001 . It indicated that the odors of
strange mice were avoided. That is, mice spent more tim2 in the
vicinity of the fresh air source when given a choice between that
and the odor of another, unfamiliar mouse {F = 112.01, 4f = 1,22,
P < 0.001) .

The combination of these findings, the test subiject x origin
of group interaction, was significant (F = 15.984, df = 1/22, ° <
0.001) for the tim= spenit near an odor source, When this result
was lookeﬂ at in more detail {Figqure 10) it was found that bLoth
male and female subjects spent more +time near the odors of
members of their own dewme than near those of unfamiliar animals
{g = 16.70, 4df = 1,22, 2 < 0.01, for males; g = 26,28, df = 1,22,

P < 0,01, for females), Female subjects also spent more +time

I

neat the odors ¢f members of their own group than wmales did {g
8.61, df = 1722, 2 < 0.01).

Figure 10 also shows that neither sex spent much tims avoidin

i

D

the odors of members of their own deme, whereas a great deal o

€

between the

W

fresh air time was accumulated when the choics wa
odors of strangers., Although the test animal sex ¥ origin of

group interaction did not resach significance {F = .03,
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df = 1/22, P = 0.8862) for the fresh air measure, a post-hoc
comparison was performed because these finer comparisons were of
greater theoretical interegt than the combined differences tested
by the main analysis, However, caution must Dbe wused when
interpreting the results of multiple comparisons performed on
non-significant interactions. This analysis then, revesaled that
both male and female test subjects avoided the odors of unfami-
liar mice significantly more than they did the odors of mice fron
the same deme as themselves (g = 10.41, df = 1/22, P < 0.01, for
males; q = 10.76, df = 1,722, P < 0.01, for females). That 1is,
they spent more time near +the fresh air source than near the
strange mouse odor. Other difteresnces displayed in Figur=s 10 did
not reach signiticance at the criterion level.

The stimulus animal sex factor (Tables 12 and 14) vas
significant for ©both the time spent in the vicinity of both the

odor sourca

o~
,d
H

Fo= 203.64, df = 1,22, P < 0.0017) and the fresh air

source {F = 150,10, 4t 122, P < 0.,001). The first result

indicat=d that the odors of female stimulus animals were pre-
ferred ovar those oif males regardless of the sex of the test

subject or the origin of +the stimulus odor. Conversely, the

second finding suggested that the odors of males were avoided.

Fh

That is, more tims was spent on the fresh air side of +the
apparatis when the odors of a male were present than under a
female odor condition.

The test animal s=2x x stimulus animal sex interaction Tables
12 and 14) #as significant for the time spent near the odor

source {F = 8,29, df = 1/22, P = 0.009), but not for the tine



near the fresh air source {F = 0.85, df = 1/22, P = 0,367)., As
with the previous non-sigificant interaction, these results were
submitted to the post-hoc analysis described *here. However, the
post-hoc analysis of nonsignificant results is a guestionably
procedure and may not be viewed as statistically conclusive. As
can be seen in Figure 11, subjects cf bhoth sexes spent more time
in the vicinity of female odors than male odors (g = 14.30, d4f =
1/22, 2 < 0.01, for male subjects; q = 9.50, df = 1/22, P < 0.01,
for females). Just the opposite trend is shown for the time a
subject spent avoiding an odor. That 1is, male subjects spent
more time 1in the fresh air <compartment when the choice was
between this and the odors of ancther male than they did when the
choice involved a female?s odor {g = 11.32, 4f = 1/22, P < 0.01).
In addition, female subjects spent mcre time near the odors of
male stimulus animals than males did (q = 7.04, df = 1/22, P <
0-.05). Other comparisons were not significant.

Not only did test animals react differently to stimulus odors
according to the sex of the donor, but Tigure 12 suggests that
this ditference was also related to the stimulus animal’s origin.
This is the origin ot group x stimunlus animal sex interaction
described in Tables 12 and 14, The major analvsis of the time
near the odor source measure for this interaction did not vyield
significant results (F = 1,23, 4f = 1,22, P = 0,280). As wuith
octher non-significant interactions, this one was also submitted

to a post-hoc analysis. Again, caution must be exercised when

accepting these ra2sults. The fresh air analvysis for this
interaction was significant (F = 62,22, df = 1,22, P < 0.001).
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Inspection of Figure 12 indicates that the test subjects spent
the greatest amount of time with the odors of female meabers of
their own deme and the least time with alien male odors. A
closer examination of these results r=2veal that the odors of
females fronm the same deme as the test subject ware opreferred
over those of males from that group (9 = 13,19, 4f = 1/22, P <
0.01) and also ovaer those of unfamiliar fenmales {g = 58,48, d4df =
1/22, P < 0.0%1). More timé was spent in the vicinity of odors of
males from the same group (g = 64,82, df = 1/22, P < 0.01) and
alien female odors {q = 15,40, df = 1/22, P < 0,01 +than with th=e
odors of unfawmiliar males.

Mot only were the odors of unfamiliar males preferred lsast,
but more time was spent avoiding them +than any othsr odor,.

[

Subvjects remalned in the fresh air compartment longer when ths

]

odor choice originated with an alien group male than with an
unfamiliar female {g = 19.85, df = 1,22, P < 0,01, or a malea
frem the test subjectis own deme (g = 18.69, 4df = 1/22, P <
0.01). The odors of females from the same group as the sSubject
elicited the least avoidance, Ccmparisons not discussed here did

not reach significance at the 0.05 criterion leavel,

118



EXPERINENT 5

The results of Experiment 4 were remarkably similar to those
of Experiment 1, 1In both experiments, subjects spent =signifi-
cantly more tim2 near the odors of members of another, strangs
deme., In addition, the odors of members of the alien deme were
avoided more than these of same deme menmbers. That is, subijectis
chose to spend thelr tim2 near the fresh air source when an alian
members odor was present in the opposite test compartment. Thea
results o©f Experiment 4 indicate that prior exp=rience with the
odors of a neighboring deme is nct necessary for that odcr to be
avolded, This suggests that the rrchable olfactorily madiated
reproductive isolation discussed in relation to the preceeding
experiments may ke Dbased upon reactions to unfanmiliar or non-
colony odors, rather than the association of a particular odor
with known territorial boundaries.

The purpose ot Experiment 5 was to determine 1if odors
associated with territorial marking, such as urines and feces,

would elicit the same patterns of contact time and fregquency as

o

wvere displayed in Experiment 2., If these patterns vwere the sans,
we could conclude that reactions to territorial markers do unot
require prior experience with that odor complex. However,
results that differ from those c¢f Experiment 2 would inpdicate

that some kind of prior @xperience with those odors was reguired

for between dems isoclation to occur.
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Method

(1))

ubject

1

The test subjects used in Experiment 5 and their conditions of

maintenance remained the same as has been described for th

¥}

previous =xperiments, The mwpajor difference was that, as for
Experiment 3, the "other” stimulus subjects were collected in
locations other than those from which the tesst subjects canme.
Acguisition and maintenance cof all subjects remained as described
in Experiment 1.

All asp=cts of the apparatus ramained the same as  vas
described fcr Bxperiment 2.
Design

All aspects of the experimental design and data analysis for

®

Experiment 3 Tremalned the same as those of Experiment 2,

Procedur

1

The procedure used for Experimept 4 was the same as that

e

previously describsd for Experiment 2.

As w¥With Bxperiment 2, the results for the time in contact and
freqguency of contact with an oder source are prasented separate-
iv. The analysis of variance for the time in contact with the
odor source dependent measure is presented in Table 16, Thea
analysis indicatead a signiflcaht main effect for the origin ot
group (¥ = 194,16, 4f = 1,22, P < 0.001) and the stimulus aninpal
sex {F = 225,47, df = 1,22, P < 0.0017) factors. In addition, the

test animal sex X stimulus animal sex (F = 29.34, df = 1/22, 7 <
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Analysis of Variance

for Time in Contact with an Odor Source

TABLE 16

Source df MS F P
Test Animal Sex 1 3545.34 2.81 0.108 (NS)
Subj. w. Groups 22 1263.45
Origin of Group 1 353005,75 194,16 0.001
Test Animal Sex X

Origin of Group 1 27350.71 15.04 0.001
Origin of Group X

Subj. w. Groups 22 1818.13
Stimulus Animal Sex 1 496972.25 225.42 0.001
Test Animal Sex X

Stimulus Animal Sex 1 64677.36 29.34 0.001
Stimulus Animal Sex ,

Subj. w. Groups 22 2205.13
Origin of Group X

Stimulus Animal Sex 1 37849.88 20.55 0.001
Test Animal Sex X

Origin of Group X

Stimulus Animal Sex 1 2820.99 1.53 0.229 (NS)

rOrigin of Group X
Stimulus Animal Sex X
Subj. w. Groups 22 1841.48




U0.001) and the origin of group x stimulus animal sex {F = 20,55,
df = 1/22, P < 0.001) 1interactions ware significant, The
analysis of variance for the other sourceé {test animal sex main
effect and the test animal sex x origin of group x stimulus
animal sex three-way interaction) did not reach significance at
the 0.05 critericn lavel.

Thes= significant factors will be exrlored in greater detail
below. Interactions are further elucidated with the results of
Tukey?s post-hoc ratio for mean comparisons {Kirk, 1968). In
general, only +thoss results which reached significance at the
0. 05 criterion level are reported. Table 17 shows the cell means
for the time subjects spant in contact with an odor sourcs,

As was sald, the origin of group factor was significant.
These results revealed that regardless of their own sSex, or the
stimulus animal’s sex, the test subjects spent significantly more
time in contact with the odor areas cf members of their own dene
{F = 194,16, df = 1/22, P < 0.001) .

The analysis of variance (Table 16) revealed that this result
contributed to a significant test animal sex ¥ origin o©of group
interaction (¥ = 15,04, df = 1,22, P = 0,001 . A post-hoc
analysis further identified subjects? reactions to the stipulus
odors of animals from either their own or an unfamiliar group.
As seen in Figure 13, both male and female subjects spent a
greater proportion of the test period in contact with an area

containing the odors of membasrs c¢f their own deme than with on2

il

bearing an unfamiliar deme’s odois {g 17.82, 4f = 1/22, P <

0,001, ftor females; g = 10.60, df = 1/22, P < 0.0017, for males).
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TABLE 17
Cell Means for Time in Contact with an Odor Source

(in-seconds)

Stimulus Odér

Origin of ) Stimulus Test Animal Sex ‘
Group Animal Sex Female Male Marginals
Same Group Male 249.40 165.04 207.22
Same Group Female 290.83 331.98 311.40
Other Group Male 43,81 48.65 46.23

Other Group Female 186.35 273.33 229.84

Marginals 192.60 204.75 198.67
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In addition, wmales contacted the unfamiliar deme’'s odors longer
than females did {g = 5,73, df = 1/22, P < 0.01).

The major analysis also indicated that the stimulus animal sex
factor was significant. Specifically, subjects spent wmore time
contactihg the ar=as which contained the odors of female stimulus
animals than thos2 housing male ocdors {F = 225.47, 4f = 1/22, P <
0.001)

This effect 1is reflected in the significant test animal sex x
stimulus animal s=2x interaction (F = 29.34, 4f = 1/22, 2 < 0.001)
reported in Table 16. Multiple comparisons indicated that areas
containing the odors of a female stimulus animal were contacted
for a greater proportion of the test period than those containing
male odors. This was true for both mals {g = 20.44, 4f = 1,22, P
< 0.01) and female {g = 9,60, df = 1,22, P < 0,01 test aninmals.

In addition, male test subjects sp

0]

nt more time contacting these
females odors than did female subijects {q = 7.54, 4f = 1,22, P <
0.05). All other comparisons were nonsignificant {Figures 14).

A gquestion which hinges upon the significant stimulus animal
sex and group of origin main effects 1is how test subijects,
regatrdless of sex, 7reacted tco the odors of mnmale or female
stimulus animals based upon the group +*o which the stimulus
animal belongs., This raelationship is reflected in the signifi-
cant origin of group X stimulus animal sex dinteraction ssen in
Table 16 (F = 20.55, 4f = 1,22, P < 0.001). This interaction,
and the relationship it represents 1is despicted in TFigurs 15,
This figure and post-hoc analysis revealed that in gensral the

test subjects spant mpore time in contact with the odors of femalse
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stinmulus animals from the same dene. This was +true when the
comparison was Dbetween these odors and those of unfawmiliar
females {g = 9,38, 4f = 1/22, P < 0.01) or even wmale subjects
frem the test animal?s own group {g = 11.34, 4f = 1722, P <
0.01)s The test subjects allocated both the odors of unfamiliar
females (g = 20,00, df = 1,22, P < 0.01) and those of males of
their own deme {g = 18.44, df = 1,22, P < 0,01} more contact time
than the odors of unfamiliar males. These latter odors, that is,
these of unfamiliar males, were contacted for a smaller propor-
tion of the test pariod thean any other origin of group x stimulus
animal sex combination,

The analysis of variance for the sscond dependent variable,
the frequency of contact with an odor containing area, 1is
summarized in Table 18, The analysis revealed significant test
animal sex x origin of group ({F = 31,71, df = 1/22, P < 0.001),
origin of group x stimulus animal sex (F = #44.09, 4f = 1/22, ¢ <
0.001), and test animal sex x origin of group ¥ stimulus animal
sex {F = 61.63, df = 1,22, P < 0,001 interactions. Th=2 origin
of group, stimulus animal sex main effects and the test anpimal
sex ¥ stimulus animal sex interaction did not reach significance
at the 0.05 criterion level for this measure.

As betfore, these significant factors will be lookad at in
tiner detail, Wheare appropriate, the results of Tukey?s post-hoc
ratio for mean comparisons {Kirk, 1968) are pressented. Unless
otherwiss specitied, only those results significant at the 0,05
criterion level are reported, Table 19 shows the cell means for

the various main effects and interactions discussed helow.
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Bnalysis of Variance for

TABLE 18

Frequency of Contact with an Odor Source

Source df MS F P
Test Animal Sex 1 3026.25 75.19 0.001
Subj. w. Groups 22 40.25
Origin of Group 1 157.59 3.38 0.080 (NS)
Test Animal Sex X

Origin of Group 1 1480.50 31.71 0.001
Origin of Group X

Subj. w. Groups 22 46,79
Stimulus Animal Sex 1 68.34 1.78 0.195 (NS)
Test Animal Sex X

Stimulus Animal Sex 1 36.26 0.95 0.341 (WS)
Stimulus Animal Sex X

Subj. w. Groups 22 38.30
Origin of Group X

Stimulus Animal Sex 1 1449.26 44.09 0.001
Test Animal Sex X

Origin of Group X

Stimulus Animal Sex 1 2025.84 61.63 0.001
Origin of Group X

Stimulus Animal Sex X

Subj. w. Groups 22 32.87




TABLE 19

Cell Means for Frequency of Contact with an Odor Source

Stimulus Odor

Origin of Stimulus Test Animal Sex

Group Animal Sex Female Male Marginals
Same Group Male 15.58 11.00 13.29
Same Group Female 17.08 28,42 22.75
Other Group Male 3.75 33.25 18.50
Other Group Female 8.08 16.75 12.42

Marginals 11.13 22,35 ‘ 16.74




As shown 1in Table 18, the test animal sex factor was
signficant (F = 75,19, df = 1/22, P < 0.001). This finding
indicated that males contacted the odor-area more frequently than
temales did. Although the origin of group factor did not reach
significance for this measure, {(F = 3,38, af = 1722, P = 0.080),
+he interaction of these main effects , the test animal sex X
oraigin of group was significant (¥ = 31.71, 4f = 1,722, P < 0.01).
Multiple <comparisons indicated +that while female test animals
contacted the odors of members c¢f their own deme more Ifrequently
than those of an alien deme (g = 7.84, df = 1,22, P < 0.07),
males contacted the foreign odors more fregquently +than female
subjects did (g = 14,13, df = 1722, P < 0.01). These comparisons
are shown in Figure 16,

The wmajor anpalysis {Table 18) alsoc indicated that the origin
of group x stimulus animal sex was significant {F = 44.09, df =
1722, P < 0.001) even though neither of the component main
effects reacted significance {origin c¢f group, ¥ = 3,38, d4df =
/22, P = {0,80; stimulus animal sex, F = 1.78, df = 1/22, P =
0.1958), The relationships which formed this interaction are
shewn in Figure 17. As can be seen, the odors of female stimulus
animals from the same deme as the test subjects? were contacted
more fregquently by test animals than any other stinulus odor
combination. These comparisons were significant for the frequen-
cy with which the odors of male stimulus animals from the sanmns
deme (q = 7.75, 4f = 1/22, P < 0.01) or those of females fronm

another group {g = 8,01, df = 1722, ? < 0.01) than the test
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subjects were contacted. The odors of males from the other group
vere not contacted as freguently as females from the same dene as
the test subijects, However, thelr odors were contacted more than

thcse of either males of the same group as the test subject {g =

i

4,04, 4f = 1,22, P > 0,05) or females from an adijacent deme (g
4,98, dtf = 1/22, P > 0.05). Neither of these last comparisons
reached significance. The other comparisons did not approach

significance.
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EXPERINMENT 6

The results of Experiment 5 essentially wmirrored those of
Experiment 2, Ain both experiments subjects spent more time in
contact with an area housing the odors of members of their own
deme than with that containing another group?s odors. Although
less time was spent in centact with the odors of alien mice, male
subjects contacted these alien cdors more freguently than they
did those of members of their own deme. The results of all other
experiments dindilcate. that these males probakly do not prefer the
alien odors., Therefore, the same rationale may be utilized to
clarify these results as was suggested for similar results
reported in Experiment 2. More specifically, it was suggested

that <the high frequency with the unfanmiliar odor may he the

result of ¢ither the test males'’s intense investigation of this
odor, or marking the alien odor as his own.

The results of Experiment 4 and 5 have indicated +that

strangensess, rather than previous possible aggressive contact,

[

ferences for the odors of nembers of the test

{

dictates pr¢
subjects? own deme and avoidance of alien groups' odors. There-
fore, we could asg 1if the aggression and probable raproductive
isolation observed in Experiment 3 would also occur when denes
¥ith no previous histery of contact vere allowed to interact.

This was the purpose of Experinment 6.

1480



lethod

The subijects of Experiment 6 were of the same nunbers and
composition and were trapped and maintained in the same manner as
the subjects for Experiment 3. The major difference between the
subjects of this and the previous experiment was that the "other"
subjects in this experiment were trapped in arsas several niles
distant from where the "same” population was captured rather than
adjacent to them.

Pa

3411 aspects of the design for Experiment & were the

4]
o3
=3
0]
&
1]

those described in Experiment 3.
The apparatus for Experiment 6 was the same as that used for

Experiment 3.

The general procedure used for Exgeriment & was previously

described in Experiment 3.

For the same reasons as were given in Experiment 3, the data
of Experiment 6 are discussed with reference to central tenden-
cies only. Mean and median aggression frequencies for aggressive

encounters between members of the same and unfamiliar groups of

T



mice ar®2 shown in Table 20.
As with the results of Experiment 3, it can be seen +hat
aggression was directed towards members of an unfamiliar dene

over twice as frequently as towards members of the same group.
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TABLE 20
Mean and Median Number of Aggressive Bouts

Between "Same" and "other" Deme Members

Group Male Female Median Mean
Same (N=3) (N=6) 22 16.67
Other (N=0) (N=6) 43 46.33




DISCUSSICON

The formation of species, or speciation, can occur in a
variety of ways, one o©f which is +the gradual divergence of
porulations until they become reproductively isolated or non-
interbreeding (Mayr, 1963). Reproductive isolation «can occur
either before mating takes place or after fertilization has
occurred. One of the former mechanisms is ethological isolation,
which involves the use of signals. These signals are thought to
be universally species-specific {Marler, 1957). Several authors
have implicated olfactory processes as the signaling mechanism{s)
which sexually isolates various species of mice {Bowars &
Alexander, 19675 Doty, 1972, 1973; Moore, 14Y65).

However, evolution +takes place within species {¥ilcock,1972)
and thus reproductive isolation might be expected to occur below
the species 1level ({¥Wright, 1931). The research reported above
has dealt with the guestion of vhether olfactory signals play a
role in this isolation.

With respect to the question of the =zxistence of subspecific
population groups, hcuse mice {(Mus musculus) are often cited as
an examnple of a sp=acies whose populations are organized into
small, relatively autonomous, reproductively isolated groups
{Anderson, 1964, 1967; Andersonf& Hill, 1965; Rasmussen, 1964
Reimer & Petras, 1967, 1968; Ssalander & Yang, 1969 Sealander,
1970) - These demes often occur 1in areas of sharply defined,

patchy habitat discontinuities. Anderson {1954, 1967) reported
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that ftarm buildings, such as granaries, form just such a habpitat.
The populations wused 1n this study were trapped in farnm
granaries. They were therefore commensal and trapped in a highly
discontinuous habitat. Trapping data from the present experi-
rents indicated that although the granaries were separated by but
a few meters resident mice did not cross between the granaries.
In fact, although traps were positioned both inside and outside
the Dbuildings, no mouse was ever trapped away from its Yhome"
granary. Also, 1if transient mice were in the study area, aone
were ever trapped in or near the granaries. The trarpping results
then indicate that the mice used in this study probably comprised
small local popunlations or demes like thoszs described above. 1

The results of Experiments 1 and 2 suggest the involvement of
olfactory variables in the reproductive isolation of demes. In
Experiment 1, both male and female subjects spent more time near
air-transported odors originating from the same deme as them-
selves than near the odors of adjacent dewe members. Eisenberq
and Kleiman {1972) speculated that this differentiation would be
likely.

Schultz and Tapp (1973) argued that preferences for the odors
of same group memnbers may facilitate group cohesion. This
process probably 1involves the reccgnition of familiar group or

individual odors. 'The findings of Bowers and Alexander (19e7y ,

L

Hahn and Simmal (1968) and Husted and HMcKenna {1966) indicat=z
that this discrisination is possible. Lockley {1561) raportad
that rabbits freguently mark one ancther in encounters between

colony members, He argues that such marking could be a mechanism
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for reinforcing familiarity between group membérs,

Howaver, group cohesion and subseguent reproductive 1isolation
from adjacent demes 1s more easily achiesved if the nmembers of
other groups are also avoided. Both male and female subjects in

Experiment 1 avoided the odors of mice trapped nearby, who were

Q

members of another deme. That is, they spent more +*ime n=ear
fresh air scurce than near the odors of "other" deme members.
Female subjects spent more of the test period avoiding these
"other”™ odors than males did. These findings are consistent with
the finding that strange mice are not readily integrated into

established populaticns {Anderson,196U; Crowcroft Rowe, 1963

-

Lidicker, 1976 Murravy, 1967; Reimer & Pe=tras, 19673 #¥olfe &

Summerlin, 1968).

ot

Several studies {Bowers & Alexander, 1967: Dag & Hindsor,

P

1971 have shown that the sex of congpecitics can be identified
by odor cues. The results of Experiment 1 dindicated that the
subjects of this experiment distributed their preferences for
air-transported odor stimuli by the sex of the stimulus animal.
Basically, both male and female test subijects preferred the odors

ot female stimulus animals over those of males. Schultz and Tapp

(D

{1973) report that although +the results of many tests ar
conflicting, generally the data indicate that this pattern of
preferencaes 1is to be expected. Conversely, the odors of males
were avoided by test subjects of both sexes, That is, more tine
was spent near the fresh air source than near the odors of males.

The avoidance of wmale odors by other males is fairly well

documentad (Doty, 1973; Moore, 1Y65)., However, 1little actual

P Y
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support can be cited for the finding indicating that females also
avoid thesz odors.

Experiment 1 also indicated that the odors of females from +he
same deme as the test subject were most preferred. This
preference was followed in descending order by the tine spent 1in
the vicinity of odors originating with females cof an adijacent
deme, males from the =same deme and firally, males from the
adjacent deme. WMot only was this last odor least preferred, but
it was actually avoided, These findings rteflesct both the
preferences for female stimulus odors and the odors of the same
deme members previously discussed, It is interesting that +the
odors of females from an adjacent deme were preferred ovar those
or males of the same deme as the test subject. Since a
discussion of reproductive isolaticn makes sense only if females

of reproductive condition are considered, all female 3ubjects

.

used 1n these experiments were in estrous. These results may
have been different had diestrous females been included in the
tests.

Although evidence shows that even alien females are not
readily accepted into established denes, {Anderson, 1964, 1867;
Lidicker, 1976: Reimer & Petras, 1967: dolfe % Summarlin, 1968)
their acceptance would probably not constitute much of a +hreat
to the groups' <cohesion within the limits imposed by available
focd supply and space, for females are less aggressive than nales
{Lagerspetz, 1964). Diestrous females would probably thrsaten

rou cohesion least. In addition the accseptance of non-
7 -

threatening females into an established group would serve to
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broaden the g2ne pool and enhance the inclusive fitness of +he
male members of the deme. That is, the net genetic representa-
tion of those males 1in the genetic composition of succeeding
generations would increase (Barash, 1977). Since males are nore
aggressive and have the most to lose in fitness, so to speak, by
allowing other males to breed with females from their group, it
would not be suprising to find that the odors of males frcm an
adjacent deme were avoided since these animals pose the greatest
threat to both group cohesiveness and inclusive fitness.

These findings support both the data-based and theoretical
conceptions of rodant society advanced here and in other authors?
works {Anderson & Hill, 19657 Brown, 1953; Crowcroft & Rowe,
1963; Lidicker, 1976; Murray, 1967; Reimer & Petras, 1967).
Further, Ralls {1971) stated that many animals scent wark mwmore
frequently than usnal following an encounter with an individnal
with whom they normally do not associate. She contended that in
a variety of spscies the scents of conspecifics produce similar
effects and cited reports of sugar gliders, rabbits, hamstars and
marmosets as examples of animals which mark more frequently than
usual when exposad *to the odors of members of another social
grcup or to strangers.

In fact, olfactory variables have been implicated in rodent
aggression {Archer, 1968; Lee, 1970; Hugford & Nowell, 1970,
Boparz, 1968) and dominance (Carr, Mfartorano & ¥rames, 19703
Desjardins, Maruniak & Bronson, 1973y . Likewise, olfactory-

mediated bahavicrs may b2 the basis tor, or at least reinforce,

I

o

37
T L

territorial maintenance {Uvyby et al., 1970; Theissen & Daw

e

k4
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1972). Territorial maintenance is belisved involved in +the
formation of and segregation of intraspecific population units
{Anderson & Hill, 1965; Theissen & Dawber, 1972; Reimer & Petras,
1867, 1968; Sealander, 1970).

Therefore, olfactory variables associated with territorial
marking may be important in isolating small groups, such as
demes, within the general population. The results of Experiment
1 indicated that this may be the case. However, that experiment
utilized the air-transported odors an individual "carried” around
with him. Presumably, these would be sebacsous in origin.
Experiment 2 attempted to assess preferences for and freguency of
investigation of odors which are presumably more directly asso-
ciated with the territorial marking {e.g. urine and feces) than
the odor stimuli used inp Experiment 1., These odorous products
have often been associated with +territorial border wmarkings
{Anderson & Hill, 1965; Crowcroft, 1955; Crowcroft & Rowe, 1963;
Eisenberg, 1962; Shillito, 171963). These marking posts presumably
communicate "ownership” of the area they enclose {Eisenbherq,
1962;. Eisanberg & Kleiman, 1972; Ralls, 1971). Marking posts
commonly =licit intense investigation by animals new to the area
{Eisenberg, 1962, 1963; Eisenberg & Kleinman, 1972) or avoidance

by individuals who have previously been defeated by the territory

5

Howner¥ {Thiessen Dawber, 1972) . If territorial wmarking

Q

effectively delimits the movement of, and integration of swnall,
local populations, like demes, Teactions +o urine and feces
markers should depend upon whether the "intruder" is a member of

the marking animals? deme or ancther, adjacent deme. The results
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of Experiment 2 indicate that these differences do occur.

Both male and female subjects spent more time in contact with
an area containing the excretory products of members of their own
deme than one containing the products of another adjacent deme.
This result was similar to the tindings of Experiment 1 and
indicates that territorial markings, as well as body odors, can
influence the preferencas ot mice tor the odors of animals of

either the san

)]

s ©Or another group than themselves., In cther
words, mice approaching a marked area will avoid it 1if 4t has
been marked by the mnmewmbers of an adjacent deme. The present
finding reflects and in part clarifies the trapping results which
indicated a non-existent cross-over rate betwaen the areas
occupied by adjacent demes. As has been mentioned, the traprping
results of this study «coincide with those reported by other
agthors {Anderson, 1964, 1967; Reimer & Petras, 1968; Crowcroft
and Rowe, 1963, Lidicker, 1976; Sealander 1970). Also, 1in
keeping with the Tesults of Experiment 1, both male and female
subjects preferred or spent more time in contact with the odorous
products of female stimulus animals than with those c¢f wmales,
Again, w2 can assume that sinpce temales are less aggressive than
males {Lagerspetz, 1964), the areas marked by them would probably
constitute a lesser threat than the male-marked areas. This
explanation may also account for the manner in which subijects
distributed the time they were in contact with a male or female
odor source originating fromn either their oWwn, or an adjacent
deme. Relatively little time was spent contacting the odor area

of amn adjacent group male as compared to either that of a malse
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frow the same dema as the test subject or a female from either
dene.

Contact with an alien group male could ceoncelvably pose a
threat to both the cohesiveness of the invaded group, and 1its
physical well  baing, Odorous deposits which indicate +that
contact with such an individual is likely would best be avoided,.
The ~results of both Experiments 71 and 2 indicate that this
avoidance dces occur,

The contact frequency data of Experiment 2 indicate that nmales
contacted an odor source more often than females did, Since
males are more aggressive than females {Lagerspetz, 19Y64) and
scent mark and patrol territorial boundaries more fregquently than
females {Eisenberg, 1963; EZisenberqg & Kleiman, 1972; Johnson,
1973; Ralls, 1971; shillito, 1963), their higher rate of odor
investigation would bhe expected. 1In addition, we might speculate
that since males would have the most *tc lose by the disruption of
the established group of which +they are members, inclusive
tfitness c¢ould be enhanced and oprotected by investigating a
strange odor. Hales would then investigate the odors of intrud-
ing males frequently, but not spend much time near the potential-
ly dangerous odor source. The results of EBxperiment 2 indicate
that males behaved in this way. This explanation then, may in
part account for the seemingly contradictory evidence indicating
that while the odors of nales from the othef group uWers
investigated, or «contacted more freguently than thoss of malas
from the same group, subj=acts spent more time in contact with

male members of their own group rather than with the males of



other demes. In addition, the oders of females from the same
deme as the test subject were contacted longer and more frequent-
ly than any stimulus animal sex x origin of group cdor combina-
tion. There are several possible explanations for this result.
First, same group females may constitute +the only totally
non-threatening odor source. Or, because +the group's cohesion
and fitness are threatened when renber females are left unat-
tended, these odors may be contacted longesr and nore freguently
to insure the safety of their owner against violation.

Finally, we can ask how these findings would be reflected in a
situation 1in which a males was given access to females of his own
and an adjacent deme. ILxperiment 3 was designad to answer these
guestions, Hales «could enhance their fitness by breading or
attempting to breed with the adjacent group females first. It
they adopted this policy, their genes would become more frequent
in the overall gene pool. This would be reflected in a higher

frequency of insenmination (as indicated by the ©pressnce of

®
[0

vaginal plugs) of the adijacent deme females. Also, 1if these
females were imseminated by a strange male pregnancy blockage

TS to

-
X

would probably not cancel out his efforts if the female
return to her own deme {Bruce, 1960). Tha blockage of pregnancy
occurs only when the female is net familiar with the non-stud
male?s odors. 1In this case the "non-stud” male would be a member
of her own denec.

On the other hand, males ot a female's home deme would
propably share more genes 1in comibon with her (Andesrson, 1964,

1967; Petras, 1967; Reimer & Petras, 1968; Sealander, 1970;
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Sealander & Yang, 1969). Therefore, a femals would enhance her

fitness most by breeding with males from her own group,
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for this prediction is found in reports indicating that F«

often aggressively defend a group’s home territory against

~
v

invasion by strange mice {Anderson & Hill, 1967: Crowcroft

oy

[

Rowe, 1963; Eibl-Eibesfe1dt, 1950, 1970). The results of Experi
ments 1 and 2 indicate that females spend less time near the
odors of males from an adjacent deme than they do naar the odors
of males from their own deme, This suggests that they may not
allow adjacent deme males to breed with then.

When several (2 in each replicaticn) females were caged with
like numbers of females and a wmal= from an adjacent dene,
aggressive exchanges were comnmon., As has besn mentionad, the
planned measure, the incidence of vaginal plugs in same and other
deme females, was abandoned in favor of a freguency of aggressive
bouts measure. Observaticns indicated that females were aggres-
sive towards the members of the adjacent denme whenever contact
occurred. This finding indicates that in a more natural situa-
tion a female could, by rejecting the advances of an adjacent
deme male, or perhaps escaping, or avoiding hin altogether,
assure reproductive isolation and protect the continuity of the
local gene pool of which she was a member,

The finding +that aggression alSo occurred between members of
the same deme is more difficult to explain. TFor instance, Holfe
and Sunmmerliin {19588) reported that aggression was rare among
animals trapped near one another. Also, Crowcroft and Rowe

{(1963) found that aggression was rare in family groups. Perhans



this within-deme aggression was promoted because both "same®™ and
"other” deme members werc in the apparatus at the same tine.

So far then, this experimental series has shown that smpall
local populations of house mice trapped in adjacent granaries
prefer the ocdors ¢f members of their own deme and avoid thosse of
neighboring deme members whether the odors are air-transported
body odors or originate from urine and feces which coculd
represent territorial markers. The odcrs of adijacent dem2 males
were actively avoided., However, this odor was also investigated
most frequently by the male subjects, the dsfenders of the deme’s
territory. These results 1lend support to h2 notion that
reproductive isolation between these autonomous local populations
wvas at least mediated or reinforcsd by the production and
detection of odorous substances associated with +the aggressive

2

jw]
f
(WY

defense of territerial limits, The results of Experi

=}

indicated that these hypotheses concerning olfactory based repro-
ductive isolaticn were reflected in the females?! aggressive
rejection of suitors trom neighboring demes., Such female aggres-
sion may be the basis for reproductive isolation.

This research was bas=2d, at least in part, upon statements by

Thiessen and Dawber (1972) indicating that +ths odors mediating
reproductive 3d1solation between local populatiocns are reinforced

3,

by, or perhaps dependent upon, aggressive =ancounters batween
members of the neighboring demes. However, sa2veral studises have
reported that avoidance of an odor, or aggression toward its

carrier, are positively corr2lated with the degre= of strangeness

of the odor {Archer, 1968; Mugford % Nowell, 1970; Roparz, 19%68).
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Therefore, reactions discussed thus £far may not dep2snd upon
previous aggressive encounters with npeighbors as Thiessen and
Dawber {1972} have speculated,

The second experimental series was designed in part to clarify
this problen, It 1s 1likely that members of n=aighboring demes
would have had some previous contact, even if it consisted only
of a familiarity with their neighbors? odors rather than aggres-
sive confrontation, However, it is extrem=ly improbable that the
members of demes whose home ranges were separated by several
miles would have had any previous contact with on2 another. This
experimental series therefore attempted to test the proposition
that the potential for reproductive isclation is not depsndent
upon prior contact or familiaritvy.

The results of the second experimental series ([Bxperiments 4,
5, and 6) essentially duplicated those of +the first set of
experiments {(Expsriments (1, 2, and 3). ‘There were some minor
exceptions to this genserality. For instance, 1in Experiment 4,
female subdjects avoided male odors more than male subjects did.
Just the opposite result was found for Experiment 1. Also, in
Experiment 1, more time was spent with the odors of addjacent
group females than with males of the =same deme as the test
subject. Again, this relationship was reversed in Experimant 4,
Although these inconsistencies disrupt the continuity between the
results of the first and second experimental series, they
probably do not affect the generalized discussion which follows,

The general resemblance of results for the first and second

O

8

o]

experimental series indicates that prior experience with an odor



complex is not necessary for reproductive isolation to occur.
Evidently, a deme member need only be familiar with the odors ot
his own deme to achieve this potential. This strat=sgy nmnay
econnmize the effort a mouse must expend in achieving reproduc-
tive isclation and subsequent grcup sccial c¢ohesiveness. That
is, an animal need not learn or recognize a large number of
periodically changing odcr complexes and +the appropriate reac-
tions to each. Instead, only the odor{s) of the deme to which it

belongs regquire reccgnition. All other colony odors evoke either

avoidance or aggression. This process, then, can assure group
auvtonomy and cohesiveness which allow exploitation of the

environment without destructive overcrowding and yet provide the
potential for acceptance into another group upon dissolution of
the original group of membership.

Although the results reported here do not show that the above
speculations are valid, such could be the cas=, It appears that
the wmutual avoidance of strangers and their odors is a part of
territorial exclusion as it is commonly conceived. e can
therefore ask why a territorial system Dbasad on such costly
behaviors as marking, patrolling, aggression and dominance 1is
maintained over a system based solely upon the avoidance of
non-deme odors., Brown {1954) has argued that a territorial

system benefits territory owners by assuring access to certai

3

.
limited resources, such as mates, food supply and shelter. Brown
(1Y64) has also pointed out that territorial possession enhances
the inclusive fitness of male +territory owners. Territcrial

boundaries allow owner-males exclusive access to the females who



are residents of the territory. The potential of reproducing
¥ith thes2 females is limited for males who are not wmembers of
the dene, Therefore, territorial cwnership can be a means
whereby a male can increase his contribution to +the gene pool
over non-territory holders.

Alsc, the attachment to, or preference for, other members of
the deme by a group member may help to maintain the cohesiveness
required for rescurce protection. In addition, if both males and
females avoid any non-deme mouse cdors, this group cohesion is
enhanced, The avoidance of non-deme members may alsc provide an
economical means of assuring exXclusive use of resources and
stable social relationships within a territorial system. Mark=
ing, patrolling and other behaviors associated with odor-marked
territorial holding, although costly, may be more economical in
terns of social cohesiveness, resource allocation and protection
than a system which dictates the avoidance of all other mice.
Therefore, olfactory-nmediated mutual avoidance may contribute to
the maintenance of a territorial systen.

Tefrltorial social éystems may also restrain a population’s
reproductive potential, thereby helping to prevent +the over
exploitation of available resources {¥ynn-Edwards, 1962). Davis
{1958) presented evidence indicating that the social structure of
house mouse populations was territorial at low population levels
only. As the number of mice increased, wmore and more social
disintegraticn cccurrad until at high densities the territorial

nterpersonal

(...J.

type social structure was rteplaced by one of

aggression and mutual avoidance.



The importance of this research centers around the finding
which indicates +that odor ©production and detection play an
important role in the reproductive isolation of small local
populations. Also, this research indicated that prior experience
with a neighboring group or its odors is not required for the
potential of eothological isolation between demes to be a reality.
This research points to the possibility of group odor complexss
playing an important role in rodent population distribution,
regqulation and structure.

In addition this resesarch opens the door for a plethora of
7 i

s}

related future research. First, the apparatus used for Xperi-
ments 1 and 4 could be modified to record not only the time spent
in the wvicipnity of an odor source, bhut also the freguency of
entry into an odor compartment. This information would indicate
whether the test subjact inveStigates strange body odors fre-
quently but spends little time near then., Such reactions were
hinted at by the results of Experiments 2 and #, Also, the
results of Experiments 3 and 6 could be clarified by offering
potential Dbreeding situations between "same” and "cther" groups
other than those described here., For instance, a male could bhe
allowved access to "other® group females without females of his
own group being present. The potential for aggressive reactions
in this situation 1is now known and other, more inclusive
dependent measures could be planned., An experiment of this type
may help determine 1f reproductive isolation actually occurs

between demes,

In addition, since only estrous females ware used in the above
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experiments, it might be informative tc conduct a similar series
of experiments utilizing diestrous female test and stimulus
animals. The results of this experiment would be important, for
diestrous females may constitute the least threat to an estab-
lished deme?’s cohesicn. These females may occasionally gain
entrance to a deme other than their own. They may then represent
an important source of gene flow within the gene pool as a whole.

In Experiment 1 1t was mentioned that in the particular vyear
the subijects for these experiments were sanmnpled, population
density yas quite 1low. The distributicn of demes withirn
granaries and the numbers of animals conmprising a deme may also
have been unuswual. These factors may have placed limitations
upon the experiments described. Therefore, it may be beneficial
to reevaiuate the population dynamics in ancther time or another
place., Also, if the distribution and density of +the denes
sampled were found %o be unusual, the results discussed hers
should perhaps also be reevaluated,

Thus far, a great deal of emphasis has Dbeen placed upon
olfactory reproductive isolation between groups. However, state-
ments to this effect were not intended to imply that genetic
interchange between demes does not occur. If nec gensetic exchange
between demes took place, Mus musculus's identity as a separate
species would long ago have disappeared. Given a denetic type
soclial system within which reproductive isolation occurs between
the small local populations, how 1s the species?' genetic integri-
ty maintained? Anderson (1967} speculated that gene flow is

promeoted by the occasional acceptance of a transient female into
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APPENDIX A: Summary of Analysis of Variance Including Replications for
Experiments 1, 2, 4, and 5.

EXPERIMENTS 1 AND 4

Source Odoxr, E1 Fresh Air, El Odoxr, E4 Fresh Air, E4
Replications 0.393 0.827 0.360 0.222
Test Animal Sex 0.068 0.122 <0.001%* 0.830
Replications X

Test Animal Sex 0.104 0.415 0.556 0.964
Origin of Group <0,001* <0,001%* <0.001* <0.001%*

Origin of Group X
Replications 0.970 0.162 0.937 0.267

Origin of Group X
Test Animal Sex 0.045% 0.017%* <0.001* 0.863

Origin of Group X
Replications X
Test Animal Sex 0.633 0.695 0.173 0.627

Stimulus Animal Sex <0.001* <0.001%* <0.001* <0.001%*

Stimulus Animal Sex X
Replications 0.968 0.823 0.295 10.071

Stimulus Animal Sex X
Test Animal Sex 0.604 0.526 0.008%* 0.346

Stimulus Animal Sex X
Replications X
Test Animal Sex 0.490 0.650 0.248 0.919

Origin of Group X
Stimulus Animal Sex 0.075 <0.001* 0.195 <0.001%*

Origin of Group X
Stimulus Animal Sex X
Replications 0.605 0.015* 0.008%* 0.371

Origin of Group X
Stimulus Animal Sex X
Test Animal Sex 0.163 0.001%* <0.001%* 0.574

Origin of Group X
Stimulus Animal Sex X
Replications X
Test Animal Sex 0.797 0.528 0.444 0.369

Continued...



APPENDIX A - Continued.

EXPERIMENTS 2 AND 5

Source Time Ex.2 Contact Ex.2 Time Ex.5 Contact Ex.5
Replications 0.099 0.096 0.407 0.451
Test Animal Sex 0.985 <0.001%* 0.122 <0.001*
Replications X

Test Animal Sex 0.689 0.799 0.687 0.044*
Origin of Group <0.001%* 0.408 <0.000* 0.089
Origin of Group X

Replications 0.318 0.868 0.296 0.599
Origin of Group X

Test Animal Sex <0.001%* <0.000* 0.001%* <0.001%*
Origin of Group X

Replications X

Test Animal Sex 0.745 0.269 0.826 0.385
Stimulus Animal Sex <0.001%* 0.503 <0.001%* 0.155
Stimulus Animal Sex X

Replications 0.427 0.656 0.542 0.049%*
Stimulus Animal Sex X

Test Animal Sex 0.006% 0.133 <0.001* 0.2%94
Stimulus Animal Sex X

Replications X ,

Test Animal Sex 0.629 0.741 0.852 0.394
Origin of Group X

Stimulus Animal Sex 0.008%* <0.001% 0.001%* <0.001%*
Origin of Group X

Stimulus Animal Sex X

Replications 0.740 0.524 0.942 0.709
Group of Origin X

Stimulus Animal Sex X

Test Animal Sex 0.976 <0.001* 0.267 <0.001%*
Group of Origin X

Stimulus Animal Sex X

Replications X

Test Animal Sex 0.736 0.033% 0.710 0.110

*

Significant results.
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APPENDIX B : Origimal Desigr and Procedure for Expe

A 2 x 2 chi-sguare with one degrese cf freedom was used for the
overall analysis. The independent variable, the populaticn of
the female, was described as either the "same” as that of the
male subject, or Mother” than that of the male, The dependent
variable was the presence cr absence of a vaginal plug. Since
the two groups {"same” and "other®) ars indepandent and the data

are in terms of frequencies 1in discrete categorises, the chi-

square test of independence is the appropriate statistical test.

-]

The total numbers o0f vaginal rlugs for each "same" or "other®
population was summed over three replications of the experiment
and the chi-square analysis performed on these freaguencies. ¥o
subiject, male or <fenmale, was used 1in more than ons test,
However, all subjects used in Experiment 3 had previously been

subjects in Experiment 1 and 2 for *the reasons outlined above.

To assure that the female subjects of Experiment 3 were in a

1
[0)]
4]
Q2
th

sexually receptive condition, they received the same geri

hormone injections as has been described for the cther experi-

Y]

ments. Vaginal smears were taken from female subijscts on the day

of testing to verify their esirous state, On=s hour after tha

b
®

strous

{

last wvaginal smear was taken the male subijscts from

each population were randcmly assigned to a test coapartment of

ot

the four compartment chamber. 4 test male was then placsd in



another compartment and the trial begun. The test animals were
allowed +to interact freely within the apparatus for two hours.
All subjects weres then removed and returned to their respective
home cages. Seventy~-two hours atter the subjects were removed
frcm the test apparatus all females were examined for the
presence of vaginal piugs, an indication of insemination,

Three replications of this experiment were conducted, Fach
replication utilized new subjects. The apparatus was thoroughly
Ccl=zaned with a strong laboratory cleanser {Alconox) and water,

and the sawdust floor renew=d before each replication.

178





