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Agonistic behavior among three species of Microtus live-trapped

near Corvallis, Oregon was recorded in order to interpret habitat
segregation by the species in areas of syrnpatry. The method used to

measure agonistic interaction was similar to that of Colvin (1970).
Agonistic behavior was recorded under red light in a neutral circular
arena.

Two observers recorded the frequency and duration of

14

behavioral components on an Ester line event recorder for a ten

minute trial. To be classified a winner in an agonistic encounter, an
individual had to show more exploration, and display more approaches,

attacks, and offense than its opponent. Based on these criteria, a

trial could be termed fraternal, dominant-subordinate, no decision,
or mutual avoidance, the last occurring when species remained
separated approximately 1800 and moved only to counter the others
movements.

In interspecific contests in which a winner could be determined,
M. oregoni and M. canicaudus males were dominant to M. townsendii

males (P < 0.001). Dominance in one-one contests involving homologous pairs of M. canicaudus versus M. oregoni could not be resolved
(P > 0.05).

The frequency of mutual avoidance by the three species in interand intraspecific encounters was greater when M. townsendii was
involved and suggested that habitat spacing by the three species may
depend on mutual avoidance as well as aggressive interaction.

In a behavioral experiment performed in the laboratory to

measure effects of agonistic interaction on habitat segregation, it
was found that M. townsendii and M. oregoni were more gregarious
than M. canicaudus. Log records indicated that males of all three

species displayed more solitary behavioral patterns than females.
Movement was significantly restricted when two species were paired

in comparison to their controls (P < 0. 05). M. canicaudus males

tended to be least restricted in their explorations and were most
aggressive or intolerant toward other species, inflicting heavy

casualties on M. oregoni in particular. Few instances of long-term
interspecific associations developed. Those which did occur often

involved labeled subordinate members of either species.
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AGONISTIC BEHAVIOR IN THREE SPECIES OF
MICROTUS (M. CANICAUDUS, M. OREGONI,
AND M. TOWNSENDII)
I.

INTRODUCTION

Many species have evolved agonistic behavioral patterns and

physiological mechanisms important to their social organization and
population dynamics (Scott, 1966). Agonistic behavior is any behavior

associated with conflict or fighting between individuals and is not

limited to aggressive behavior but also includes additional behavioral

patterns such as escape, threat, freezing, defense postures, etc.
(King, 1966; Scott, 1966).

The social organization of many mammals, particularly small
rodents such as Microtus is thought to be hierarchial and to be based
on a series of social ranks conferred through dominant-subordinate
relationships between individuals or species. Overt aggression ap-

pears to play a major role in determining the degree of social
dominance and is dependent in part on the species, its age, sex, and
parental status (Christian, 1970). It is this dominance hierarchy,
formed as a result of agonistic encounters between individuals or

species, that may determine social organization, confer a population
regulatory mechanism, and affect the ecological distribution of a
species.
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Population Regulation

Sadlier (1965) and Healey (1967) have suggested that intraspe-

cific agonistic behavior is important in the regulation of deermice
populations. Changes in survival and recruitment of young into a

deermouse population were found to be dependent on the breeding
season. Increased adult male aggressiveness during the summer

months caused lowered litter survival. A decline in aggression at the
end of the breeding season in the fall, permitted rapid recruitment of
juveniles. The aggressive level drop was suggested to be a function
of androgen levels. Barfield, Busch, and Wallen (1972), in labora-

tory studies, found a similar significant influence on intraspecific
agonistic behavior of gerbils with marked increases in aggression,
following administration of testosterone proprionate. These results

were more predictable in home cage testing than in neutral test
situations. Christian (1970) has discovered survival and fecundity

in Microtus penn.sylvanicus to be endocrine related responses, in-

fluencing aggressiveness of males and their reproductive success at
high population density.

Changes in aggressive states appear to be important to the
regulation of microtines and may explain their periodic fluctuation in
numbers (Belden, 1965; Chitty, 1967; Krebs, 1970; Myers and Krebs,
1971; Krebs et al. , 1973). Changes in birth and death rates do not
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exclusively reduce numbers. Rather, it has been suggested that

changes in population density occur through a dispersal mechanism
(Krebs et al.

,

1973); the magnitude of which is dependent on changes

in social pressure on selected-rank individuals within the population

to disperse.
Kreb's et al. (1973) behavioral-genetic hypothesis proposes
such a dispersal mechanism for cyclic population regulation. They
note there exists marked differences in the genotypic-phenotypic

quality of the individuals--their aggressive responses, reproductive

fitnesses, and dispersal tendencies during the increasing, peak, and
declining phases of population size. The observed behavioral poly-

morphism and fluctuation in numbers seems to be a function of physio-

logical changes in sex hormones (Christian, 1970), genetic and

behavioral variability (Krebs, 1970; Krebs et al.

,

1973) and/or

differences in social experiences or contact with other individuals
and species (Scott, 1966).
Habitat Segregation

The ecological or geographical distribution of any species is
determined by the number of habitats into which the organism can

become adapted to,the preference it has for a particular habitat, and
the availability of such habitats (Sheppe, 1967). Geographical bar-

riers and physiological tolerances to abiotic factors such as

temperature, humidity, climatic patterns, precipitation and soil
types or textures affect species distribution. Additionally, biological
considerations such as food availability, vegetative cover, and the
amount of competitive interaction, the latter involving agonistic

behavior, also play roles of varying importance to species distribution and habitat segregation (Vaughn and Hansen, 1964; Vaughn, 1972).
Hutchinson (1957) and Miller (1967) have suggested that species

are capable of exploiting quite broad "fundamental niches" within

their morphological and physiological limitations, but often restrict

themselves to a smaller area or "realized niche" due to habitat preference and the distribution of available resources. Hutchinson (1957)

further notes that it is impossible for two species to coexist within
the same location in time and space without some level of separation.

The one-species, one-niche model or Gause's axiom has long been
questioned and Jaeger (1974) suggested that the "niche" is not the

critical problem. Two species could not occupy identical niches since

all species are genetically unique. What is critical, Jaeger (1974)
suggested, is the mutual utilization of available resources such as

food, space, sunlight, etc. These resources when in short supply
promote competition. The species may compete interspecifically for

resources in two ways, either by exploitation or interference. In

other words, one species may be more able to use a limited resource
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efficiently or to restrict the other's access to available resources
via territoriality or sotne other component of agonistic behavior
(Miller, 1967; Jaeger, 1974).

Species distributional relationships can be termed sympatric,
allopatric, or contiguously allopatric on the basis of habitat segrega-

tion (Miller, 1967). When species' ranges overlap, sympatry exists.
Contiguous allopatry is explained by a consistent environmental dis-

continuity adjacent to the ranges of both species or by patterns of
competitive interaction between species maintained by mutual exclusion. Complete allopatry would result from geographic isolation due

to a barrier to dispersal or habitat occupation.
An abundance of literature is available on the effects that interspecific competition and physiological needs may have on species

distribution. In extreme environments (e. g.

,

deserts), abiotic fac-

tors, particularly water availability, are primarily limiting to the
distribution of different species such as occurs with the sympatric
relationships of the kangaroo rats, Dipodomys merriami and
Dipodomys agilis (Christopher, 1973). Interspecific competition is

most evident and intense in closely related species which are more

likely to have similar ecological requirements (Jaeger, 1974).
Competition between such species often results in reduced numbers

or decreased space utilization by the least competitive species
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(competitive exclusion) and is the major factor in the organization of
any ecosystem (Miller, 1967).

Interspecific competition for space is common in rodents with

the major evidence for interspecific competition noted in sympatric
species (Grant, 1972). Grant (1972) further notes that the degree of

range overlap in sympatric species is affected by their dominance

status as well as habitat tolerance. The degree of range overlap
necessary to force the exclusion of one species or to stimulate a
system of coexistence has not been well documented. Grant (1972)

suggests that species coexistence can occur by three methods. First,
a beachhead phenomenon may occur, where both species meet but do

not intrude into the other's area. Secondly, a species may dominate
the other and coexistence occurs by dispersal of the subordinate

species to intermediate areas. Thirdly, a type of coexistence may
occur by mutual compatibility and little interaction. Many bird

species, for example, utilize the latter, withstanding considerable
range overlap by partitioning the feeding niche (Jaeger, 1974).

The study of interspecific competition, especially its aggressive
components, and its influence on community structure has been

focused primarily on the interference element of competition in
rodents. Studies have not been limited exclusively to rodents, however. Orians and Collier (1963) observed interspecific aggression

in two species of blackbirds, Tricolors and Redwings, and noted its
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importance to competitive exclusion, social organization, and/or
spacing between the two species. Likewise, interspecific aggression

played a major role in resource partitioning in stomatopods (Evans
and Caldwell, 1973). Sheppe (1967) explained habitat restriction in-

volving Peromyscus maniculatus and Mus musculus on the basis of

competitive exclusion of Peromyscus by the more aggressive Mus.

Other studies have further indicated that interspecific aggression may

play a major role in habitat segregation in small mammals (Findley,
1954; King, 1957; Wirtz and Pearson, 1960; Getz, 1962, 1969; Brown,
1964; Clough, 1964; Novak and Getz, 1969). Novak and Getz (1969),

for example, found the pine vole, Microtus pinetorum though smaller

in size, to be more aggressive than the meadow vole, Microtus
pennsylvanicus. Although these two species,had separate preferred

habitats, deciduous forests and grasslands respectively, the pine vole
excluded the meadow vole from intermediate areas such as orchards

where the species' ranges overlapped.
Avoidance, another agonistic component, has also been sug-

gested to be of significance to habitat segregation for certain sympatric species (Banks and Fox, 1968; Murie, 1971; Grant, 1972).
Murie (1971) for example, examined behavioral interaction between

Microtus pennsylvanicus and Microtus montanus in areas of sympatry

in Northwestern Montana. Where sympatric, strict separation occurred, M. pennsylvanicus occupying moist wet lowlands and M.
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montanus the grasslands. M. pennsylvanicus, while dominant, pre-

ferred a more hydroseric community, excluding M. montanus from

mesic areas selected by both. However, Murie (1971) also noted the
two species' distribution were dependent on their mutual avoidance
in addition to aggressive intolerance.
Behavioral Methodology

To better explain behavioral relationships in species distribution, studies have often incorporated various measures of agonistic

or aggressive behavior in laboratory encounters, as well as to record
habitat choice and competitive interaction in artificial environments.
Comparisons of Laboratory Studies
to Wild Conditions

Grant (1972) suggested that laboratory studies do reflect conditions as they exist in the wild, but Banks and Fox (1968) have noted

that while similar aggressive interactions do occur, their frequency
and intensity may not be the same as in the wild. Colvin (1973a)
however, observed an agonistic encounter in the wild between two

sympatric species of voles and concluded that the postures and move-

ments in nature seemed to be identical to those observed under controlled conditions. Furthermore, he felt that the intensity of
encounter was comparable under both conditions.

The possibility of bias or error in comparing laboratory to
field conditions does exist. As suggested by Grant (1970), such bias
can at least be limited by bringing into contact only those species that

meet in nature and by recognizing the lack of realism that exists when
introducing two animals into an area which is unfamiliar to both. In

the wild, intrusion normally occurs into another's familiar territory.
Also, cognizance of limitations of surface area inherent in encounter
studies compared to that of natural habitats should serve to temper

interpretations of experimental results.
Techniques Used to Study Agonistic Behavior

The method of measurement of agonistic behavior must be valid

and reliable for the species studied. A variety of methods have been
used to determine winners of agonistic encounters of small mammals,
with no technique common to any of the investigations (Scott, 1966;
Colvin, 1973b). Furthermore, the importance of the effects of iso-

lation, olfactory cues, weights, estrous cycles, etc. , on agonistic
behavior have often not been taken into account (Sadlier, 1965; Dagg,

Bell, and Windsor, 1971; Jones and Nowell, 1972; Schultz and Tapp,
1973).

Techniques most convenient or familiar to the investigator are

most often used. Few attempts have been made to integrate, standardize, and then apply study techniques to various mammals
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exhibiting similar behavior that indicate decided winners in agonistic encounters (Colvin, 1973b). Table 1 is a collection of the

various methods, behavioral components, criteria and categories,
that have been used by numerous authors in investigating intra-

and interspecific agonistic behavior in Microtus, often with the pur-

pose of relating results to field situations. Table 2 is a collection
of methodological references for agonistic behavioral studies per-

formed on a variety of rodents whose behavioral patterns are similar
and applicable to behavioral investigations involving Microtus. Studies
by Clarke (1956), Grant and Mackintosh (1963), Scott (1966),
Eisenberg (1967), and Allin and Banks (1968) have attempted to

categorize into specific postures or activities the various behavioral
patterns of a variety of rodent species. There is a considerable
amount of overlap in these behavioral descriptions, with a few stereo-

typed behavioral patterns such as groom, attack, threat, etc. , common to almost all of the species described. The problem exists
however, that in the amassing and publishing of such behavioral
information, a good deal of confusing and redundant nomenclature

results.
The author, hopefully not adding to the problem, has modified
a method outlined by Colvin (1970) which is applicable to the study of

agonistic behavior in Microtus. It defines the behavioral patterns

observed in Microtus, outlines the criteria for determining a

Table 1

.

A Collection of Methodology in Microtus Behavioral Research.

Species
M. aszrestis

Microtus
pennsylvanicus
Peromyscus
leucopus

Behavioral Component

Method

Winner Criteria

Categories

References

Exhibit particular
behavior postures
labeled aggressive or
subordinate.

DominantSubordinate

Clarke, 1956 a

Observation pairs in
cage to determine
behavior postures of
voles.

Attack-retaliation,
digging, fidgeting,
marking time, waltz,
fighting, threat, conflict
of drives, appeasement.

Males isolated, then
run five minute trial
round-robin technique.
Single observer made
records of activity.

Squeak, chase, nip, leap, 1. No. contact times.
clinging, crouch, defensive 2. Animal which
initiated fight.
posture, fight, mutual
grooming, huddling.,

3.

Classified components.

1.

Fighting-ag-

gressive
2. Recessive
3.
4.

Wirtz and
Pearson, 1960

Fraternal
Sniffing

5. No conclusive
reaction
Series of interspecific
M. ochrogaster
M. pennsylvanicus five minute trials using
dictophone by one
Peromyscus
leucopus
person.
Cleth. gapperi

M. montanus

Introduced two voles into
dual compartment cage for
10 minutes - recorded on
10 sec. intervals behavioral patterns.

Group 1: Dominant
Approach, hair lift,
Group 2: Subordinate
stretched-out, tail
straight, lunging.
2. Squeak, head high
approach, curved tail.
Plus: gnash teeth,
stomp feet, box, chase,
attack,
1.

Components similar to
Clarke (1956) - avoidance,
approach, defense,
fighting, displacement,

Total (sec. ): fighting,
aggressive/defensive,

wounding.

washing-grooming.

threat-retreat, exploration, active/inactive,

Dominant
Subordinate
Equal

Getz, 1962,

Maintenance,
Exploratory,
Agonistic behav-

Belden, 1965

ior, Attack-Retaliation, Displacement, Wounding.

1969

Table 1. Continued.
Species

M. pennsylvanicus
Dicrostonyx
groelandicus

Method

Animals paired daily
according to weight and
habitat origin; observed
in cage 15 minutes over
11 day period.

Behavioral Component
12 components (A llin
and Banks, 1968);

approach, retreat,
lunge, upright, push,
vocalization, tumble,

Winner Criteria

Categories

Reference

Judgement based on
data recorded and
subjective winner.

One dominates
other.
2. Little-no
aggression
3. Both dominant

Banks and Fox,

1.

1968

box, threat, teethchatter, feeding.
M.
M.
M.
M.

montanus
pennsylvanicus
longicaudus
ochrogaster

M. pennsylvanicus
M. pinetorum

M. agrestis
M. pennsylvanicus
Cleth. gapperi
Cleth. glareolus

In lab observations of
paired contest interaction of field voles.

(Information unclear)

Frequency of retreats
by each

More or less
aggressive voles

Cruzan, 1968

Behavior recorded on
dictaphone later transcribed from paired five
minute encounter in

1.

Approach, lunge,
slow retreat, stalking,
chasing.
2. Freezing, submissive,

1.

Dominance
2. Subordinance

Slight, Moderate

Novak and Getz,

aquarium; intra-, interspecific.

squeal, leap, rear.

Observations made 30
sec. intervals following
simultaneous release of
two animals into mixed
habitat (grassland,
woodland) for 30 min.
bout.

Location, activity e. g. ,
resting, walking, running,
aggressive conflicts,
approach, sexual.

1.

Size

2. Movement
3.

Consistent displacement of other animal.

or No Aggression

Sexual behavior
Aggressive behavior
3. Distribution
1.
2.

1969

Grant, 1970

Table 1. Continued.
Species

M. pennsylvanicus
M. ochrogaster

M. pennsylvanicus
M. montanus

M. montanus
M. pennsylvanicus

Method

Ten minute observation
bouts two voles in
rectangular neutral arena
with glass front; 10 sec.
method of recording.

Behavioral Component

Approach, attack,
retaliation, submission,
avoidance, threat, exploratory behavior,

Winner Criteria
Comparison means
six behavior acts.
2. Attacks/approach
1.

A ggressiveness

Reference
Krebs, 1970
Myers and Krebs
1971

grooming.

1. Stand, push, bite, claw 1. Percentage of
Individually caged;
fighting and avoidtwo voles placed in arena 2. Upright-semiupright
anc es.
stand, weak push or
cage with partition be2. No. encounters with
lunge, teeth chatter,
tween - recorded written
dominant behavior.
aggressive groom,
record of ten minute
round-robin intra-, intersqueaking.
3. Retreat to approach.
specific contests.
4. Mutual groom, nasonasal, nano -anal, sniff,
sit together.

Placed two voles in tub
and observed their interaction.

Categories

Dig, fight, wound, chase,
lunge, stalk, search, feet
shuffle, grass pull, flee,
submissive posture, retreat, nose-nose, side-side

Intensity of agonism:

1. Strong - last 1/2 hr.
2. Medium - > 10 min.
3. Mild - <10 min.
4. None - amicable

Combat
2. Mild agonism
3. Retreat
4. Amicable
1.

Murie, 1971

A. Dominant
B. No Dominant
C. Mutual Avoidance

1.
2.

Dominance
Equally aggressive
3. Indifferent

Stoeker, 1972

Dominant Subordinate,
No Decision, or
Mutual Avoidance

Colvin, 1973a

etc.
M.
M.
M.
M.
M.

pennsylvanicus
montanus
californicus
longicaudus
ochrogaster

a Descriptive study

10 minute roundrobin contest; weight
classed male voles;
held in circular
arena; two observers
under red light recorded
behavioral components.

Approach, offense,

1. Show more loco-

attack, chase, defense
retreat, vocalization, box,

motion.
2. Exhibit higher
number of approach,

wrestle.

offense, chase, or
attack movements or
postures.

Table 2 . References for Methodology Used in Measuring Other Rodents' Agonistic Behavior.
Peromyscus

King (1957)

a

Rattus

Mus

Catlett (1961)

a
.1 Grant and Mackintosh (1963)
a

Caldwell (1964)

Clark and Schein (1965)

Sadlier (1965)

Mugford and Nowell (1970)

Logan and Boice (1969)

Eisenberg (1967)

Oortmerssen (1971)

Barfield, Busch, and Wallen (1972)

Healey (1967)

Egan, Royce, and Foley (1972)

Sales (1972)

Vestal (1972)

Dennenberg (1973)

Baenninger (1973)

Jones and Nowell (1973)

Scott (1966)

Other
A.
a
B.

Dicrostonyx

Allin and Banks (1968)
Dipodomys

Christopher (1973)
C. Eutamias

Heller (1971 )

D. Meriones
Ginsburg and Braud (1971)
Reynierse (1971)
E. Mesocricetus

Payne and Swanson
(1970)

a Descriptive study
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dominant or winner, and establishes four decision categories based
on data recorded. Many studies noted in Tables 1 and 2 have failed,
to the satisfaction of the author, to fully incorporate these basic

objective aspects into their test designs or else have been unclear
in their explanations of procedure and in their interpretation of results.
Habitat Spacing

The interpretation of habitat spacing requires correlative work.

For example, many studies have compared aggressive interactions in
a laboratory context with their effects on natural habitat segregation.

Others have designed artificial laboratory or field manipulated experiments (range, density) to help explain competitive exclusion or
habitat segregation in natural settings.
Habitat Preference
Stoeker's (1972) field data on Microtus pennsylvanicus and
Microtus rnontanus indicated possible behavioral interactions between

the two species affecting their distribution. Carex (sedge) and Poa
(grass) habitats established in washtubs were used to test both habitat

segregation and/or direct habitat preference of these species. Results showed that while agonistic interactions could elicit segregation,
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M. montanus preferred Poa habitats and M. pennsylvanicus preferred
the wetter Carex environment. Habitat selection or orientation has

also been recorded in Microtus and Peromyscus by Wirtz and Pearson
(1960). Measuring habitat association in a laboratory-simulated gol-

denrod-aster and broomsedge habitats, they found positive orientation
to broomsedge by Microtus with Peromyscus showing no definite

habitat preference. These findings, as well as work by Wecker (1963)

with Peromyscus, suggest an innate preference for, or early imprinting relating to particular physio-chemical gradients in the environment.

Competitive Exclusion

Grant (1972) has proposed that competitive exclusion may ex-

plain species distribution. Competitive exclusion can be measured

in sympatric species, often closely related, which occupy a broader
range individually than when found together. Putting two species into

an enclosed area or removing or reducing the numbers of one species
in an area of coexistence, followed by observations of subsequent ex-

pansion or restriction of the specie& normal ranges are common
methods used to note competitive exclusion. Grant (1972) submits

such manipulative experiments can be used to determine the importance of competitive exclusion to habitat segregation. Field studies
by Koplin and Hoffman (1968), Morris (1969), Grant (1970), and Joule
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and Jameson (1972) have attempted to test such competitive exclusion
methodology.

Grant (1970) e. g.

,

tested competitive interaction of

two species combinations of Microtus, Peromyscus, and Clethrionomys in an enclosed area with equal amounts of grassland and
woodland habitats and observed the interaction and distribution that

resulted when two species were introduced into the area.

Constructed laboratory "societies" within or between species

have been used to measure sociability, gregariousness, and actual
competitive exclusion under artificial situations. Pearson (1972)
following procedures of Blair and Howard (1944) and Brown (1964)

constructed a central cage with connected nest boxes. He introduced

a total of four mice from two different species of Microtus into the

cage, and observed over a one week period the vole's positions, their
groupings and dominance relationships or aggressive interactions.

In the present study, the author designed his habitat research
after Terman and Johnson (1972) who, while not measuring species

sociability directly, were concerned with species interaction and
competitive exclusion in a confined area, involving such "ecological
equivalents" as Sigmodon and Microtus. One species was allowed to

establish itself in a test chamber with numerous compartments, some
of which excluded the other species on the basis of size. Observa-

tions were then undertaken on encroachment of the first species'

territory when the second species was added to the chamber. The
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degree of restriction in movement of a species that resulted was
compared to its control (where only one species had been present and

was free to move through all areas). This comparison acted as an
indicator of competitive exclusion caused by fighting, chasing, and
avoidance activities between the two species.

The chamber technique lends itself nicely, in addition to ex-

cluding certain species from selected areas, to other procedures such
as modifying the complexity of the environment. Terman (1973) has
examined the effect of environmental structural complexity on cotton

rat-prairie vole interaction and has concluded that increasing the
complexity of individual compartments allows a greater degree of

co-utilization of those areas.
Microtus Study Species

Closely related species are of particular interest in the study
of habitat segregation. These species are more likely to have simi-

lar ecological requirements and have niche inclusion or range overlap. However, they probably have also evolved mechanisms of

interspecific interference which require less dependence on harmful
physical contests to elicit habitat segregation (Miller, 1967). Three

such closely related Microtus species, M. canicaudus, M, oregoni,
and M. townsendii, have probably developed such behavioral and
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ecological patterns to explain their distributions within the Coast
Range mountains and the Willamette Valley of Oregon.

Burt and Grossenheider (1964) and Maser and Storm (1970)

have described the geographical distributions of these three species
of Microtus in detail. Goertz (1959, 1964) demonstrated distinct

habitat preferences for the three species and noted that all three
voles "could be found in close proximity to each other."
The author of the present study has found the species to differ

markedly in size and morphological characteristics, with noted
significant sexual dimorphism in all species, particularly M.
canicaudus (Table 3).

Microtus oregoni

M. oregoni, the Oregon or creeping vole, is a short-haired,
silver-bellied vole, and the smallest of the three species. Similar
to Clethrionomys californicus,

tia

California redback vole, in size

and habitat preference, it can be distinguished from the latter by a
shorter tail and its dentition. M. oregoni is found in Oregon only in

Coast Range Douglas fir associations, particularly near grassy clearcut areas. Principally a dweller of West coast coniferous forests of
Oregon, Washington, California, and British Columbia; Canada, it
can occupy a wide range of habitats within the Douglas fir association.

Table 3

.

Mean Body Weight and Total Length Measurements of Three Species of Microtus. a
Species

S ample Size
18

Microtus oregoni

Sex
M

Length (mm)

Weight (g)

22.27 + 0.91b

123. 94 + 1.73

P< 0.05
23

Microtus oregoni

F

19. 50 + 0. 73

14

Microtus canicaudus

M

38.79 + 1.40

P <0.1
120.26 + 1.06

146. 21 + 1. 66

P<0.01

P< 0. 001
11

Microtus canicaudus

24

Microtus townsendii

F

136. 45 + 1.35

26. 72 + 0. 66

51. 99 + 2. 39

174.25 + 2.76

P <0.02

P < 0.01
14

a
b

Microtus townsendii

45. 17 + 2.44

InterspecifiC comparisons of mean weight and mean length were significint (P 0. 01); Student t-test.
Mean + standard error of mean.

164.21 ± 2.12
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Dalquest (1948) noted that in Washington it was found in "wet marshes,

deep ravines, dry forests, damp and mossy forests, meadows, alpine
meadows, and fields of short grass, but occurred rarely in all but the

latter habitat." Unlike the other two species, it is not a runway
species but often moves through subsurface tunnels. It can be readily

trapped around litter or fallen logs and its diet consists mainly of

seeds and grasses. Gashwiler (1972) studied its life history over a
fifteen year period. Breeding and fecundity records of the species
have been further documented by Colvin and Colvin (1973).
Mictotus townsendii

M. townsendii, the Townsend vole, a blackish-tailed, dusky-

footed vole, and the largest of the three species, ranges from the
tidewater of the coast to alpine meadows but is usually associated
with riparian habitats of the Coast Range and Willamette Valley
(Goertz, 1964). Found primarily in marshes, or marshy areas of

Western Oregon and Washington, west of the Cascade Range, it also

lives as far north as the San Juan Islands, Vancouver Island, and

Southwestern British Columbia, Canada. Not restricted to wet areas
exclusively, it is considered a water-loving species associated with

vegetation such as horsetails, rushes, sedges, and tall grasses which
form its primary diet. The species is somewhat difficult both to
live-trap and to breed successfully in captivity (Krebs, 1973), but

22

can often be captured by hand under debris such as hay bales and old
boards (Maser and Storm, 1970).
Microtus canicaudus

The intermediate-sized grey-tailed vole, M. canicaudus, is
seldom found in marshy situations but is primarily an agricultural

species, having a diet of clovers and grasses. Found only in the
Willamette Valley of Oregon and Clark County, Washington (Anderson,

1959), it has often been confused with a vole found east of the Cascade

Mountains, Microtus montanus. Until recently M. canicaudus was

considered to be a subspecies of M. montanus, its taxonomic status
and reproductive performance uncertain (Hall and Kelson, 1951;
Johnson, 1968). Research by Tyser (1974) demonstrated the need to

give M. canicaudus species recognition, based on karyology and

fecundity differences to M. montanus. Forslund (1974) is performing

further reproductive studies on M. canicaudus to substantiate speciation, to outline reproductive performance of the little known vole,
and to ascertain the mechanisms for demographic change in M.

canicaudus resulting in its periodic fluctuation in numbers over a two

to four year interval.
Little information is available concerning physiological tolerances and behavioral interactions within or between these species.
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To date, no data were located on the Oregon vole in this area, and
Pearson (1972) has provided the sole study on M. canicaudus and M.

townsendii in which the influences of behavior and water requirements were noted on the distribution and habitat selection of the two

species.
Statement of the Problem

This is the first study of its kind to investigate the intraspecific
and interspecific associations of three closely related Microtus
species (M. canicaudus, M. oregoni, and M. townsendii) found in the
Coast Range and Willamette Valley of Oregon. Previously Cruzan
(1968) and Colvin (1970) studied the behavior of four and five different

species of Microtus respectively in Colorado. Most other comparative studies of Microtus have only involved two species.

The limited amount of information recorded on the three species,

in particular the behavioral aspects of their habitat utilization, provided the impetus for the author's research. The study was outlined

to first, identify areas where at least two of the three species were
sympatric; secondly, to establish a wild laboratory stock by livetrapping of each species; and thirdly, to observe in staged laboratory
encounters intraspecific and interspecific agonistic behavior involving

various combinations of the three species. The encounter results
were to be compared with observations of behavioral interaction and

24

competitive exclusion in an artificial laboratory habitat segregation
experiment. The purpose of this study was to perform a study of

agonistic behavior in the laboratory so as to suggest the relative
importance of interspecific competition in relationship to habitat
preference and physiological tolerance in explaining the ecological

distributions of the three Mic rotus species.
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IL MATERIALS AND METHODS

The methods utilized in this study are divided into field pro-

cedures, general laboratory procedures, specific laboratory procedures, and statistical procedures, for organizational purposes.
Field Procedures
Trapping Programs
The field procedures involved live-trapping and hand-capture
of Microtus canicaudus, Microtus oregoni, and Microtus townsendii,
from natural populations in Benton County, Oregon. Trapping con-

tinued from February, 1973 to December, 1973. One hundred to two
hundred individual traps (Sherman collapsible live-traps) were placed
in runways and around burrow entrances of M. canicaudus and M.

townsendii, and randomly under logs and brush or along straight-line

transects in Douglas fir habitats for M. oregoni. Traps were always
baited with rolled oats and contained a small piece of cotton batting to

protect the animals from exposure.
All Microtus captured were taken into the laboratory. Trapping

continued in a particular area until no more animals were captured
for a two to three day period.
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Site Descriptions

Voles from eight major areas were trapped in the course of the
collecting program.
Area A:

Near the comfort station at the north entrance to
William L. Finley Refuge located 12 mi. south of

Corvallis, Oregon.
Area B:

On approximately a two acre plot by the main office
of the William L. Finley Refuge.

Area C:

One and one-half miles north of the Oregon State

University Fisheries Laboratory near Oak Creek
in McDonald State Forest.
Area D:

Approximately four miles inside the north entrance
to McDonald State Forest at the edge of Nettleton Road.

Area E:

Private residence, located four miles northwest of
Corvallis at the intersection of Highland Drive and
the Lewisburg highway.

Area F:

Alfalfa field ten miles south of Corvallis, Oregon
near Highway 99 South.

Area G:

Various locations on the south slope of Vineyard

Mountain, seven miles northwest of Corvallis, Oregon.
Area H:

Tall grassy areas near the Oregon State University
sheep and cattle barns.
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A description of the history, geology, topography, climatology, and
vegetation of related areas is presented by Goertz (1959) and Pearson
(1972).

General Laboratory Procedures
Animal Maintenance

Voles captured in the eleven month trapping program were

housed in small groups or pairs initially and ten days prior to laboratory testing, were housed individually. Bo-Kay fiberglass planter
boxes (24" x 6" x 6") equipped with 1/2" wire mesh tops served as

animal cages. Cage floors were covered with sawdust and cotton
batting was provided for cover and nesting material. Standard conditions of photoperiod (16L:8D) and temperature (68-72°F) were

maintained in a ventilated room. A week prior to the beginning of

laboratory testing, two 25 watt darkroom red lights were turned on
during the dark cycle of the photoperiod.

Water and Purina mouse and rabbit chow were provided ad

libitum to all cages. In addition to the basal diet, M. canicaudus
received fresh lettuce clippings on a weekly basis. M. townsendii
and M. oregoni were given pigeon mix and sunflower seeds ad libitum

and fresh lettuce clippings and apples were provided at least two to

three times a week. Personal communication with Fors lund (1974)
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indicates that the basal diet given M. canicaudus may also be sufficient

for the other two species.
Determinations of Total Body Length and Weight

Weights and body lengths of the individuals of each species were

recorded in the laboratory immediately following return of captured

voles to the laboratory. Total body lengths were determined to the

nearest 1.0 mm by placing the voles's ventral surface along a metric
ruler and measuring the distance from the end of the nose to the tip of
the tail. Body weights were recorded to the nearest 1.0 g on a triple

beam balance or dietetic scale.
Specific Laboratory Procedures
Agonistic Behavioral Experiments

The methods and procedures used to record agonistic behavior
are similar to those of Al lin and Banks (1968) and Colvin (1970).
Subjects

Eight adult males and eight adult females of each of the three

species were chosen arbitrarily from wild laboratory stock captured
during the trapping program. Each individual was toe-clipped for
identification and housed separately at least ten days prior to testing.
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Individuals which died during the ensuing weeks of encounters were

replaced by a representative from a reserve stock of that species.
The subjects were kept under the same conditions of food, light, and

temperature as the remaining reserve laboratory stock and all appeared to be in breeding condition at the time of testing.
Laboratory Conditions and Enclosure Design
Encounters were staged between 1800 and 2300 PST in a neutral

circular arena. The room was dark at the time of testing. The arena
was dimly illuminated by two Sylvania 25 watt natural ruby photo-

graphic light bulbs centered two feet above an observation enclosure.
Red light was used in order to simulate nocturnal conditions much
like those used in displaying nocturnal animals in zoos (Vestal and
Hill, 1972). The circular enclosure used for observing the agonistic

behavior of the voles was 0.43 m in diameter and was so designed to

eliminate orientation cues and boxed-in-corners. The enclosure was

constructed of 1/4" hardware cloth wired together into a ring. The
0.44 m high open-ended enclosure was placed on a wooden surface,
with its own weight holding it in place. Both the walls and floor of the

enclosure were covered with unprinted newsprint. To minimize

olfactory cues in the enclosure, used paper was removed and new paper
was taped into place prior to each observation. The wooden floor and
hardware cloth were washed at the end of a series of encounters.
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Recording Behavior

Two types of agonistic encounters, intra- and interspecific,
were staged in the small enclosure. In addition to paired encounters,
controls involving the observation of behavior of solitary animals in

the enclosure were recorded for later use as a baseline for compari -.
sons to animals when paired. A total of 96 controls, 180 intraspecific

encounters, and 240 interspecific trials were run over a three month
period, November, 1973 to January, 1974 and involved all possible
combinations of the three species (Table 4). Complete round-robin

matches were run with males with partial round-robin pairing with

females and mixed pairs (round-robin: combination "n" voles, two at
a time).

Two observers were located on opposite sides of the enclosure.
They recorded simultaneously the frequency and duration of fourteen
different behavioral components for an individual vole of an encounter

pair. Each time a particular behavior occurred, a key corresponding

to that behavior was depressed one or more times for the duration
of the behavior. (For example, attack was one push on key two; re-

taliation, two pushes on key two.) The keys were connected to a 20
channel Esterline Angus event recorder. Each of the keys activated

one of the 20 pens of the recorder, ten for each animal. The event
recorder was set at a speed of one and one-half inches per minute.
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Table 4

.

Breakdown of Trials Run Over Three Month Period, Nov.,
1973 - Jan. , 1974.

No. of Contests
A.

Controls (96 contests)
16
16

B.

M

F

M. canicaudus, M. oregoni,
and M. townsendii

Intraspecific Pairings (180 contests)
28
16
16

C.

Species Involved

Sex

M/M

F/F

M. canicaudus, M. oregoni,
and M. townsendii

M/F

Interspecific Pairings (240 contests)
32
16
16
16

M/M

F/F

M/F
F/M

oregoni / M. canicaudus,
oregoni / M. towns endii,
townsendir7 M.
canicaudus

M.
M.
M.
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At this speed the duration of a particular component could be read to

the nearest 0.5 second. The recorder was located ten feet from the
enclosure inside a styrofos.m box used to limit sound interference.
To prevent the weighting of information taken on any one vole by an

observer over the entire contest schedule, observers alternated their
study animals over subsequent runs.

Prior to each encounter, the voles were weighed to aid later
identification, Normally the individuals were naturally distinguishable,

but occasionally a drop of white water-soluble ink was added to the
nape of the neck to help maintain their identity while testing (Grant,
1970).

Subjects were introduced into the neutral arena with a mini-

mum of stress by scooping them in and out with a 250 ml cylinder.

Initially, the two voles were placed on opposite sides of a partition temporarily situated in the center of the enclosure and dividing

the arena in half. Following an initial three minutes for acclimation,
the partition was removed and any interaction was recorded by both

observers on their test animals over a ten minute period. Immediately following the encounter each observer wrote down any informa-

tion or subjective judgments based on observed behavioral interactions
between the two voles. The information was recorded in a logbook to

be used later in aiding determinations of winners of laboratory encounters.
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Components of Agonistic Behavior

The classification of fourteen behavioral components was a
modification of that used by Al lin and Banks (1968) with collared

lemmings and Colvin (1973a) with Microtus. Additionally, descriptions were drawn from aggressive behavior noted by Krebs (1970) with
five species of Microtus and the original work by Clarke (1956) with

Microtus agrestis. The behavioral components were as follows:
Approach -

This was an intentional movement of the body of

a vole in an opponent's direction. To be classified
an approach, the movement had to be initiated
within 15 cm of the opponent. The approach was

the unit of observation from which many of the
other behavioral components followed.
Avoidance -

Termed retreat by Colvin (1970), it involved
escape often by leaping sideways or rapid fleeing.
An approaching vole often showed avoidance when

its opponent threatened or retaliated, while the
stationary vole often showed avoidance in re-

sponse to an attack or approach by the other vole.
Avoidance could be initiated within 30 cm of an
opponent.
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Attack -

An approaching vole attacked its opponent by

suddenly lunging at the vole, usually from an
offensive position. This component frequently

involved biting but contact not always occurred,
as often the opponent would avoid quickly in

response to the attack.
Retaliation -

Similar to attack, it was however a lunging at an
approaching vole often initiated from a defensive

posture; a form of counterattack.
Chase -

Chase was defined as a rapid pursuit behind a
retreating or avoiding opponent.

Offense -

A stationary threat gesture, with the animal appearing to lean toward its opponent, tail extended.
Initiated within 15 cm of an opponent, the be-

havior often graded into attack, investigation,

or avoidance. No physical contact in a stationary
posture made this component distinct.
Defense -

Like offense, it was a stationary posture within
15 cm of an opponent, often initiated in response

to threats or approaches of an opponent. In this
posture the vole leaned away from the other ani

mal, its head projected upward. The vole took

35

either an upright posture or was braced against a
wall.
Box -

This involved both voles in an upright posture
facing each other. Balanced on their hind feet,

the animals used their forefeet to strike at the
opponent's head and shoulders, often with teeth
bared. This behavior was recorded by only one

observer for both animals, since it would have
been repetitious data if recorded by both ob-

servers.
Wrestle -

Recorded by one observer for both animals,
wrestle was a rapid rolling match between the two

animals tightly engaged, with fierce biting occurring. Wrestle or "tumble" usually resulted after

one vole had attacked or chased the other and the
two became tightly locked; often at a right angle,

into a "ball." Wrestle ended when one animal
broke away and avoided the opponent.

Vocalization - In any contest, it was an audible cry or squeal
made by one animal. Teeth-gnashing by one

individual was also separately recorded on the
same channel as vocalization but occurred very
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infrequently. Most squeals were in response to
sudden attacks or approaches by an opponent on a
defensive animal.
Exploration - Termed locomotion by Colvin (1973a), it was

defined as any movement outside 15 cm, not denoted in an avoidance context. Species explora-

tions often resulted in approaches or avoidances
by one or both species.
Investigation - (Payne and Swanson, 1970) - In investigation,

opponents were within 15 cm of each other and

would begin to sniff the anal or oral regions of
the other. Unilateral investigation recurrently

led either to a defensive posture, vocalization,
and avoidance, or to mutual investigation and
social grooming.
Groom -

A self-maintenance activity with individuals in a
squat position coordinating forepaws and mouth

in body cleaning activities. Often noted as a

displacement activity (Tinbergen, 1952; Sales,

1972), it was recorded separately from social
grooming which involved the sexual or aggressive
grooming of the back or sides of an opponent.
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Dig -

Also a displacement act it involved a motor
pattern with vigorous strokes of the forepaws and

tearing action of the teeth against the paper on the
floor and wall of the enclosure.

Criteria for Selecting Winners
The criteria for determining the winner or dominant individual
of each contest was the same as that of Colvin (1973a). Two criteria

were used. First, the winner had to show more exploration than its
opponent, Secondly, the winning animal had to have a greater total

number of approach, offense, chase and attack movements than its
opponent.

Logbook records made by an observer on each test animal,

including general remarks and subjective decisions of trials based on

observations, were compared with data recorded on the chart recording.

Using the above criteria, four contest categories were estab-

lished:
(1) Dominant-Subordinate (D-S)

records indicated an obvious

winner based on the criteria. (2) No Decision (ND)

results were

indecisive both from the chart recording and log records made by the

observers. (3) Fraternal (F) - the individuals were obviously compatible, huddling together for the entire contest. (4) Mutual Avoidance (MA) - both animals failed to approach, but occasionally actively
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avoided each other, countering each other's moves to maintain approximately a 180° separation throughout the contest.

Table 5 provides four intraspecific examples of agonistic en-

counters involving males and their decided outcomes. The first
example shows a contest labeled mutual avoidance. Log records

indicated the individuals maintained close to a 180° separation the

entire run. While both voles explored and groomed frequently,
especially the second male, no effort was made to approach by either
vole.

In the second example, notes in the logbook indicated that an

early approach by the smaller M. canicaudus led to the recorded side
by side cuddling activities for the entire contest. The run was deemed

to be fraternal,
A definite dominant and subordinate could be determined in en-

counter example three. The larger, dominant M. canicaudus exhibited

greater exploration, approach, attack, chase and offense frequencies
(27, 23, 4, 9, and 1 respectively), and initiated two box and three
wrestle activities with the opponent. The subordinate, in contrast,

exhibited greater frequencies of avoidance, defense, and vocalization

components, 30, 9, and 21 respectively.
Example four is a case involving M. towns endii in which no
decision could be made regarding a winner. While the larger vole

groomed more frequently, based on the criteria established, there

Table 5. Four Examples of Male Intraspecific Agonistic Encounters with Their Decided Outcomes.
COMPONENTS

Species

Outcome Wt. (g)

Explor.
(f)

M. canicaudus

Invest

(d) (f)

b

Att Retal.: Chase Offense

Ap Avoid

(f) (f)

(f) - frequency a
Defense

(0

(d)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

(d) (0 {0

(d)

0

0

0

0

0

0

0

0

0

(f) (d) (f)

Vocal

(d)-duration {sec.) a
Groom

Dig Box Wrestle

10 (d) {0

(d)

(f) (f)

(0 (d)

0

0

3

17

0

0

0

0

0

0

0

9

39

0

0

0

0

0

0

0

0

3

9

0

0

0

0

6 27

0

0

0

0

(d)

38

2

3

0

31

7

24

0

43

0

0 0
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0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

MA

M. canicaudus

M. canicaudus

0

F

M. canicaudus

M. canicaudus

S

35

1

32

0

0

2

30

88

0

0

1

1

0

0

9

28

21

31

3

20

0

2

3

8

M. canicaudus

D

44

27

163

0

0

23

0

0

4

0

9

15

1

2

0

0

0

0

5

13

0

2

3

8

35

2

7

0

0

2

0

0

0

0

0

0

0

0

0

0

3

10

0

0

0

0

43

1

1

0

0

3

0

0

0

0

0

0

0

0

0

0

14

44

0

0

0

0

M. townsendii
ND

M. townsendii

1

1

a

Frequency (f) and duration (d) per ten minute trial.

b

Components: Exploration (Explor), Investigation (Invest), Approach (Ap), Avoidance (Avoid), Attack (Att), Retaliation (Retal), Chase, Offense,
Defense, Vocalization (Vocal), Groom, Dig, Box, Wrestle.
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were no significant differences noted in the exploration, approach,
and avoidance components of the two contestants.

Habitat Segregation Experiment

The above enclosure study measured infra- and interspecific

agonistic behavior in a short term ten minute encounter. In contrast,
the habitat segregation experiment was used to measure what kind of
interspecific and interspecific associations might develop between

pairings of the three species over a four to seven day period. Any
agonistic interactions that developed were evaluated for their importance in eliciting competitive exlcusion and habitat segregation
within an enclosure. The materials and procedure are a modified
version of that used by Terman and Johnson (1972).
Enclosure Design

To test interaction between two species of voles, two aluminum

circular test chambers (Figure 1), 1.5 m in diameter and 0.42 rn in
height were constructed. A chamber was partitioned off into an 0.86
m dia. aluminum center arena surrounded by eight equally sized com-

partments with side walls of plywood. The area of this central arena
was four times that of the agonistic behavior enclosure to accommodate the eight voles that would be introduced at one time. Holes

measuring 3 cm in diameter were drilled at floor level in the middle
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Figure 1. Habitat segregation enclosure (eight compartments with
a center arena (compartment 9); dotted lines represent
temporary placements of cardboard partitions in center
arena. Areas 2, 4, 6, 8 had 3 cm holes drilled midway
between the arena and each compartment. Areas 1, 3, 5,
7 were fitted with 1/4" channel and sliding doors with
holes 1. 75 cm or 2.1 cm in dia. These were inserted when
needed over the permanent 3 cm holes. abc
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Compartment 1

Compartment 8

a

Compartment 9

Compartment 7

Compartment 2*

0.32 m

0.32 m

Compartment 6

Compartment 3

Compartment 5

Barriers:

>:
=:

permanent 3.0 cm diameter hole
1. 75, 2. 1, or 3.0 cm diameter hole

Compartment 4
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of the wall between the center arena and compartments as well as in
the wall between individual compartments. The hole size was chosen

so that even the largest species, M. townsendii, could move freely

into all areas. All entrances to compartments 1, 3, 5, and 7 were
fitted with 1/4" channels so that sliding boards with two smaller sized

holes, dia. 1.75 cm and 2.1 cm, could be inserted at any time.
The experiment profited from the marked size differences between each paired species. The chamber was constructed in such a

way to initially prevent the larger species from moving through areas
1,

3, 5, and 7, but to allow the smaller Microtus to move freely into

all compartments.
Experimental Conditions

In the habitat experiment, eight voles, four females and four
males of each species chosen from wild laboratory stock, were sub-

jected to intraspecific (controls) and interspecific trials. Prior to
each experiment, voles were weighed and the female's hair clipped
behind the neck to aid sex identification. Species were easily recog-

nized on the basis of their differing morphology. Two chambers were

run concurrently to obtain duplicate or alternate records and were so
situated on the laboratory floor that observations could be made from

platforms located above and around the chambers. Observations were
made during the dark cycle, under two 25 watt ruby-red bulbs placed
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four feet directly above each enclosure, and during the morning hours

under artificial fluorescent lighting.
Prior to each trial, the chamber was thoroughly washed with
soap and water to remove olfactory cues and the floor was covered
with 1/4" of fresh wood shavings. Water, Purina rabbit and mouse

chow, sunflower seeds, and pigeon mix were added ad libitum to

each of eight compartments (exclusive of the center arena), and let-

tuce was added daily during the trial period. Cover was supplied
by cotton batting added to each compartment. All essentials were in

excess to eliminate competition for available resources. The animals
were maintained under the controlled photoperiod and temperature
conditions mentioned above. If any vole died during the trial, it was

replaced by another.

Intraspecific Trials (Controls)
Four males and four females of a species were randomly introduced 15 minutes following the onset of darkness (red light cycle) into

one of eight areas partitioned off temporarily by cardboard in the

center arena. All holes leading from the center arena were blocked.
This prevented the individuals from going initially into the adjoining
compartments. Hole size was such to not exclude an individual from

going into adjoining compartments, or to prevent it moving freely into

any area. A period of 15 minutes ensued, allowing adjustment to the
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chamber situation and at 1700 PST the barriers and partitions were
removed allowing the animals to position themselves freely throughout

the chambers.
Observations were made under natural ruby red light with the

aid of a directed red filtered beam projected on individual compart-

ments in order to note the location of both males and females. The

trials run as controls were used as a baseline to ascertain possible
position effects, behavioral interactions, and aggressiveness within
a species. A log was made of a total of 15 observations made on
animal locations and interactions over a four day period (Table 6).

Interspecific Trials
The size differences (Table 3,p. 20) among the species provided
the opportunity to differentiate which species would be initially ex-

cluded from certain areas. The same laboratory and chamber conditions as used with the intraspecific trials (controls) applied to the

interspecific trials for the first four days, with the exception of what
sized holes were used in compartments 1, 3, 5, and 7.
Interspecific trials involving all possible paired combinations of

the three species, M. townsendii versus M. canicaudus, M. townsendii

versus M. oregoni, and M. oregoni versus M. canicaudus, were
undertaken, utilizing holes with 2.1 cm, 2.1 cm, and 1.75 cm dia-

meters respectively in areas 1, 3, 5, and 7. The experiment was so
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Table 6

.

Timetable: Habitat Segregation Experiment for Infraspecific Trials (Controls); Observations Taken at 30
Minute Intervals.
Time Intervala

Day

No. of Observations

1

1700-1900; 2300-2400

6

2-4

0800-0830; 1700-1800

9,

a

Pacific Standard Time

Table 7

.

Timetable: Habitat Segregation Experiment for Interspecific Trials; Observations Taken at 30 Minute Intervals.
Time Intervala

Day

No. of Observations

1700-1900; 2300-2400

6

0800-0830; 1700-1800

9,

4b

2300-2400

2

5-7

0800-0830; 1700-1800

9

1

2-4a

a

b

Pacific Standard Time
b
Barrier Lifted 1800 PST

47

designed as to prevent the larger vole species from moving into four

compartments, allowing the smaller species to establish temporarily

their nesting areas.
At 1800 PST on day four, all barriers were removed and the

larger species was able to move throughout all areas. Twenty-six
observations were made at 30 minute intervals over a one week period

(Table 7) to note initial nest areas and subsequent species interactions.
Concurrent observations were made on two test chambers located side
by side; the 30 minute interval period being sufficient to allow a 15

minute sitting at each chamber. Eight voles, two males and two

females from each species were observed prior to barrier removal.
Following the removal of the hole barriers any subsequent random,

expanded or restricted movement for either species was noted. The

experiments were so designed as to record two characteristics of the
species involved; their behavioral interactions and their distributions.

Statistical Procedures

Whenever possible, sample sizes, means, standard deviations,

standard errors of the mean, variances, and Student t-test values
were calculated. Paired-t and the non-parametric Mann-Whitney

U-test were performed for various behavioral components. It should

be noted that the various statistics on the frequencies and durations
(sec.) of behavioral components were based on the number of contests
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in which the component actually occurred. Tables 16-20 include the

individual component's sample size since the samples were not always

equal to the total number of contests recorded for a particular pairing.
Chi-square analysis was used in analyzing data from contest
outcomes and frequencies of noted mutual avoidance. F-tests were

used in comparing the ratio of variances of data collected in the habitat segregation experiment.
From these data where possible, two-sided, 95% confidence

limits were calculated by using appropriate standardized table values

for the tests performed. Throughout the study a probability of
P < 0.05 was assumed to be significant with P < 0.10 tending toward
significance (Rohl and Sokal, 1969; Remington and Schork, 1970).
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III.

RESU LTS

Sympatry and Areas of Captured

M. oregoni - M. canicaudus

In Area F, the alfalfa field, M. canicaudus were live-trapped.
M. canicaudus were also found in the grassy habitats of Areas B, E,
D, and H. Significantly, this species was in close association with

M. oregoni in Area D which contained slash and grasses of a Douglas

fir clearcut.
M. townsendii - M. canicaudus

M. townsendii were captured in a variety of areas including C,
E, and H. Adjacent to a railroad track, one mile west of Area A,

two M. townsendii were trapped. Juxtapositional to this plot was a
recently burned over blue-grass field containing evident worn runways
and burrow entrances of M. canicaudus. Large runways with fresh

fecal piles, typical of M. townsendii, were observed in Area A, but no
M. townsendii were collected. On a grassy plot of approximately two

acres, near the office of the William L. Finley Refuge (Area B), two
M. townsendii were captured approximately 20-30 feet from where 20
M. canicaudus had been previously collected. Trapping in the tall

grasses along the fencelines of Areas E and H resulted in the
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live-capture of M. townsendii and M, canicaudus in traps located in
the same runways. This suggested that the two species may traverse

each other's runway systems.
M. oregoni - M. townsendii
Significantly, M. oregoni were collected only in association with

coniferous and deciduous forested areas (Areas C, D, and G).

M.

oregoni and M. townsendii were trapped within 10-30 feet of each
other in an open meadow at the edge of mixed Oregon white oak and

Douglas fir forests, as well as near fallen logs along Oak Creek.
Results From Agonistic Encounters
Summary of Contest Categories Based on

Intraspecific and Interspecific Pairins

Table 8 is a grouped (all three species) comparison of frequencies of occurrences of four behavioral categories from intraspecific and interspecific pairings. The frequencies include the total
number of times that a contest ended in a selection decision (D-S:
Dominant-Subordinate; MA: Mutual Avoidance; ND: No Decision;

F: Fraternal), based on the criteria established above in the materials
and methods. As indicated in Table 8 there were a higher percentage
of interspecific contests than intraspecific contests in which a definite dominant or winner could be selected (57% - 47%). Additionally, a
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Table 8 . Total Number and Percentagesa of Four Contest categories Based on Intraspecific (180
Contests) and Interspecific (240 Contests) Pairings.
Pairing

Categories
D-S

96

ND

Intraspecific

84

47

72

40

22

12

2

Interspecific

136

57

79

33

24

10

1

a
b

0

Values rounded off to nearest percentage point.

Abbreviations are to be interpreted in all tables as: D-S; Dominant-Subordlnate; MA: Mutual
Avoidance; ND: No Decision; F: Fraternal.

52

higher percentage of intraspecific trials than interspecific trials
ended in mutual avoidance. It should be noted that the data of Table

8 is pooled data (all three species combined) and may be somewhat

biased because of this grouping. A more critical analysis of encounter decisions on. an individual species basis is presented in Tables
9 and 10.

A b.reakdown of category decisions in intraspecific and inter-

specific encounters are included in Tables 9 and 10 respectively.
These data will, be periodically referred to throughout the following
sections. Specifically of interest however, is the recording of the
lower percentages of dominant - subordinate relationships and the
high percentages of mutual avoidance when M. townsendii were in-

volved in both intraspecific and interspecific encounters. This is
apparent in homologous (male - male or female - female) pairs as

well as in mixed pairings (male - female).
Frequency of Contest Winners

Intraspecific Mixed Pairs
In contests involving mixed pairs of the three species (male

-

female pairings), no significant differences in the number of contests
won by either sex was detected with the Chi-square test for homogeneity (Table 11).
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Table 9 . Frequencies of Contests in Which One of Four Behavioral Categories was Exhibited During
Intraspecific Encounters of Three Species of Microtus.
Contests

Species

Sex

D-Sa

%b

MA

%

ND

%

28

M. oregoni

M/M

14

50

9

32

5

17

0

0

28

M canicaudus

M/M

17

60

6

21

4

14

1

3

28

M. townsendii

M/M

6

21

19

67

3

10

0

0

16

M. oregoni

F/F

9

56

6

37

1

6

0

0

16

M. canicaudus

F/F

8

50

5

31

2

13

1

6

16

M. townsendii

F/F

3

18

10

62

3

18

0

0

16

M. oregoni

M/F

6/7

81

2

13

1

6

0

0

16

M. canicaudus

M/F

5/3

50

6

31

2

13

0

16

M. townsendii

M/F

2/4

37

9

56

1

6

0

a

0

In male-male or female-female pairings, the frequencies and percentages represent grouped values.
In mixed pairs (male-female (M/F)) individual frequencies for Dominant - Subordinate runs (D-S)
are separated for each sex.

b

All percentages rounded off nearest percentage point.
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Table 10. Frequencies of Contests in Which One of Four Behavioral Categories was Exhibited During
Interspecific Encounters of Three Species of Microtus.
Contests

Species

32

M. oregoni/M. canicaudus

M/M

9/9

32

M. oregoni/M: townsendii

M/M

32

M. townsendii/M. canicaudus

M/M

16

M. oregoni/M. canicaudus

16

D-S

MA

%

ND

%

F

%

56

9

28

4

12

1

3

16/0

50

16

50

0

0

0

0

01,14

43

17

53

1

3

0

0

F/F

6/4

62

0

0

6

37

M. ore goni/ M. townsendii

F/F

10/2

75

2

13

2

13

0

16

M. townsendii/M. canicaudus

F/F

2/6

SO

6

37

2

13

0

16

M. oregoni/M. canicaudus

M/F

10/1

68

3

18

2

13

0

0

16

M: oregoni/M. townsendii

M/F

11/1

75

3

18

1

6

0

0

16

M. townsendii/M, canicaudus

M/F

0/4

25

9

56

3

18

0

16

M. oregoni /M. canicaudus

F/M

8/3

68

5

31

0

0

0

0

16

M. oreoni/M. townsendii

F/M

11/0

68

4

25

1

6

0

0

16

M. townsendii/M. canicaudus

F/M

3/6

56

5

31

2

13

0

0

Sex

%
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Table 11. Frequencies of Decided Contest Winners in Intraspecific Contests Among Three Species of
Microtus (Mixed Pairs).
Contests

16

Species Paired

Sex

M. townsendii

M

No. of Winners

2
F

Probability

2

vs

M. townsendii

Chi-Square

= 0.67

P> 0.05 (0.5 >P>0.1)

4

M. oregoni
16

16

IM oregoni

F

7

M. canicaudus

M

5
2

vs

M. canicaudus
a

X2

vs

F

0.077

= 0.50

3

Ali following tables refer to mixed pairs as male - female combinations.

P> 0.05 (0.5< P< 0.9)

P> 0.05 (0.5> P> O. 1)
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Interspecific Contests - Homologous Pairs
In homologous interspecific pairings of males of the three
species, M. oregoni and M. canicaudus won significantly (P < 0. 001)

more contests than M. townsendii when paired. M. oregoni and M.
canicaudus males won equally when paired, nine times in 32 contests
(Table 12).

M. oregoni females were winners over M. townsendii females
(P < 0.02). M. canicaudus females also tended to dominate encounters
involving M. townsendii females although not significantly (P > 0.05).

No significant difference (P > 0.05) could be noted in contests involving

M. oregoni and M. canicaudus females, as was the case involving
males of this pairing.

Interspecific Contests - Mixed Pairs
In contests with decided contest winners (Table 13), M. oregoni
and M. canicaudus females won significantly more encounters than

M. townsendii males (P < 0.005, P < 0. 05). M. oregoni males won
significantly more trials than females of the other two species when

paired (P < 0.005, P < 0.01).
No significant differences could be detected in male M. cani-

caudus - female M. townsendii or male M. canicaudus - female M.
oregoni pairings. In the latter case however, log records indicated
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Table 12. Frequencies of Decided Contest Winners in Interspecific Contests Among Three Species of
Microtus (Homologous Pairs), a

Contests
32

Species Paired

Sex

NC). of Winners

M

16

M. oregoni
vs

32

M. townsendii

M

0

M. townsendii

M

0

M. canicaudus

M

14

M. oregoni

M

9

vs

16

M

9

M. oregoni

F

10

M. townsendii

F

2

M. townsendii

F

2

F

6

vs

16

16

M. oregoni
vs

X 2= 14.00

P< 0.001*

X

vs

M. canicaudus

P< 0. 001*

X

M. canicaudus

2

Probability

= 16. 00

X

vs

32

Chi-Square

2

= 0.00

P> 0.05 (P = O. 1)

= 5. 33

P<0.02*

X 2= 2.00

P> 0.05 (0.1 < P< 0.2)

X = O. 40

P> 0.05 (0.5<P <0. 9)

6

M. canicaudus
a

All following tables will refer to homologous pairs as male-male or female-female combinations.

*

Indicates significant difference.

58

Table 13. Frequencies of Decided Contest Winners in Interspecific Contests Among Three Species
of Microtus (Mixed Pairs).
Contests

Species Paired

Sex

No. of Winners

Chi-Square

M. townsendii
16

16

16

16

16

16

X

vs

M. oregoni

F

11

M. townsendii

M

0
X

vs

M. canicaudus

F

4

M. canicaudus

M

6

vs

X

M. townsman

F

3

M. canicaudus

M

3

vs

X

M. oregoni

F

M. oregoni

M

11

X
F

M. otegoni

M

10

a

X
F

= 11.00

P<0.005*

2

= 4.00

P <0.05*

2

= 1.00

P> 0.05 (0.1<P <0.5)

= 2.37

P> 0.05 (0.1 < P< O. 2)

= 8.32

13 <0.005*

= 7.18

P <0.01*

2

2

1

vs

M. canicaudus

2

8a

vs

M. townsendii

2

1

M. oregoni females(F) exhibited large number of attack jumps (logbook)

*

Indicates significant difference.

Probability
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that M, oregoni females exhibited a number of jump attacks at their
opponent. Only male and female M. oregoni displayed this upright

stance; balancing on their tails, they would hop in the direction of an

opponent, finally leaping at its head or shoulders, causing the animal
to avoid quite rapidly. This observed behavioral pattern may not
actually be an offensive movement. Rather, due to M. oregoni's

marked size difference in comparison to the other two species, it may
act as a defensive mechanism, a variation of attack, which has evolved

to elicit surprise avoidance in other species.
Frequencies of Contests in Which Mutual
Avoidance Occurred
Mutual avoidance was defined as a condition or situation in which

both species maintained a consistent separation of approximately 1800

by remaining immobile or countering each other's movements. This
pattern occurred in 40% of the pooled intraspecific encounters and 33%

of the pooled interspecific contests (See Table 8, p. 51).
Intraspecific Encounters
Inspection of Table 14 shows that in intraspecific encounters
M. oregoni and M. canicaudus males displayed lower avoidance
tendencies than M. townsen.dii males. This difference was significant

(P < 0.001) in the case of M. canicaudus males. Similar trends were

Table 14. Frequencies of Contests in Which Mutual Avoidance Was Exhibited During Intraspecific Encounters of Three Species of Microtus.
Species

Contests

28
28

M. oregoni/M. oregoni
M. canicaudus/M. canicaudus

Sex

M/M
M/M

28

M. townsendii/M. townsendii

M/M

16

M. _oregoni/M. oregoni

F/F

16

M. canicaudus/M. canicaudus

F/F

16

M. townsendii/M. townsendii

F/F

16

M. oregoni/M. oregoni

16
16

M. canicaudus/M. canicaudus
M. townsendii/M. townsendii

Mutual
Avoidance
9
6

No

19

22

(See Table 9 j.
Indicates significant difference.

X
X

9

X

6

10

X

5

11

X

10

6

X

M/F

2

14

X

M/F

6

10

X

M/F

9

7

2

2

19

aNo Avoidance comprised the total frequencies of the three remaining behavioral categories

*

Chi-Square

P Value

Avoidancea

X

2

2

2

2

2

= 3.56

P> 0.05 (0.05 < P< 0.1)

= 9. 14

P< 0.001*

= 3.56

P> 0. 05 (0. 05 < P <0. 1)

= 1.00

P> 0.05 (0. 1< P <0.5)

= 2. 25

P> 0.05 (0.0< P< 0.2)

= 1.00

P> 0.05 (0.1 < P< 0.5)

= 9.00

P < . 005*

2= 1.00
2

= O. 25

P>0.05 (0.1 <P<0.5)
P>0.05 (0.5< P<0.9)

e. did not include Mutual Avoidance (MA))
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seen for homologous female pairings of the three species, however

the results were not significant (P > 0.05).
In mixed pairs of M. oregoni, a considerable amount of sexual

and fraternal activities were observed (log record). This may explain the significant (P < 0.005) lack of avoidance displayed in M.

oregoni male-female pairings. Mixed pairings of M. canicaudus and
M. townsendii showed no significant (P > 0.05) trends.

Interspecific Encounters

As was the case with intraspecific encounters, in interspecific
runs involving homologous pairs (Table 15), M. townsendii tended to

exhibit a higher incidence of mutual avoidance than respective pair-

ings of M. oregoni with M. canicaudus, although these tendencies
were not significant (P > 0.05).
Significant differences in results between"mutualavoidance" and
"no avoidance" encounters in three of four pairings of M. oregoni and M.

canicaudus were seen (P < 0.05); moreover, in these respective pairings the smallest total number of mutual avoidance runs occurred.

It is interesting to note that no mutual avoidance at all occurred in
the encounters between M. oregoni and M. canicaudus females. When

paired, these two species were not significantly different in contests
won either by males or females (Table 12; P > 0. 05). In the homologous pairings of M. oregoni and M. canicaudus the largest number of

Table 15. Frequencies of Contests in Which Mutual Avoidance Was Exhibited During Interspecific Encounters of Three Species of Microtus.
Contests

32
32

Species

M. oregoni/M. canicaudus
M. oregoni/M. townsendii

Sex

M/M
M/M

32

M. townsendii/M. canicaudus

M/M

16

M. oregoni/M. canicaudus

F/F

16

M. oregoni/M. townsendii

F/F

Mutual
Avoidance

Avoidance

9

23

16
17

Oa
2

No

16

b

Chi-Square

X
X

15

X

16

X

14

X

16

M. townsendii/M. canicaudus

F/F

6

10

X

16

M. townsendii/M. oregoni

M/F

4

12

X

16
16

16
16

16

M. townsendii/M. canicaudus
M. canicaudus/M. townsendii
M. canicaudus/M. oregoni
M. oregoni/M. townsendii

M. sitessai/M. canicaudus

M/F
M/F

M/F
M/F

M/F

9
5

5
3

7
11
11

13
13

X
X
X
X
X

2

2
2

2
2
2
2

2
2

2
2

2

P Value

= 6.14

P < 0.05*

= O. 00

P> 0.05 (P = 1.0)

= 0.12

P >0.05 (0.5 <P <O. 9)

= 16.00

P< 0.001*

= 9.00

P <0.005*

= 1.00

P >0.05 (0. 1< P< 0.5)

= 4.00

P<0.05*

= 0.25

P >0.05 (0.5 < P< 0.9)

= 2.25

P> 0.05 (O. l< P< O. 2)

= 2.25

P> 0.05 (O. l< P< O. 2)

= 6.66

P<0.01*

= 6.66

P<0.01*

aRuns exhibited largest number of NO DECISION (log book)
b

No Avoidance comprised the total frequencies of the three remaining behavioral categories (i. e. did not include Mutual Avoidance (MA))
(See Table 10 )

*

Indicates significant difference.
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No Decision contests were recorded for all interspecific combinations
(See Table 10).

Comparisons of Behavioral Components
of Three Species of Microtus

Sexual dimorphism is known to affect the degree of interaction

among species (Vestal, 1972). More antagonism appears to exist in
males than females, a possible androgen response (Getz, 1972). Due

to this suggested higher aggressiveness activity in males, the data
from Microtus males only was thoroughly analyzed. Using Student

t-tests, paired-t, and non-parametric Mann-Whitney analyses where
applicable, statistical differences in behavioral components within
and among the three species were compared.
Comparisons of Intraspecific Encounters
of Males and Their Controls

In terms of mean frequency and duration values, M. oregoni
tended to be, though not significantly (13> 0.05), the most active
explorer with M. townsendii the least active (Table 16). Intraspecific

exploration frequencies when compared to their controls indicated that
the presence of another individual significantly reduces exploration
or movement (P < 0.05). This tended to be the case with M. townsendii, although not significantly (P > 0. 05).

Table 16. Comparison of Mean Frequency and Duration (Sec. ) Valuesaof Behavioral Components of Intraspecific Encounters of Three Species of
Microtus Males and Their Controls. b
Behavioral Components

Species
M. canicaudus

M.

intraExplor. Freq.

14.24 + 1.45 (53)

Explor. Dur.

53.94 + 7.77 (53)

*

M. townsendii

control

intra-

control

intra-

control

27.5 + 4.54 (16)

8.17 + 0.99 (47)

16.42 + 2.96 {14)

2.80 + 2.43 (41)

4.00 + 1.34 (5)

98.06 + 22.20 (16)

45.49 + 7.43 (47)

71.53 + 15.50 (14)

9.46 + 1.77 (41)

18.20 + 11.50 (5)

Approach ,Freq.

3.69 + 0.83 (26)

4.96 + 0.94 (33)

1.29 + 0.12 (14)

Avoid. Freq.

3.82 + 0.55 (34)

3.89 + 1.52 (19)

1.29 + 0.12 (14)

Avoid. Dur.

7.49 + 1.12 (34)

9.26 + 4.52 (19)

6.46 + 2.20 (14)

aValues represent means of component + standard error of mean
b Sample size given in brackets

*Significant difference (intra-control) indicated by student t test (P< 0.05)
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Comparisons of Interspecific Encounters Between
Three Species of Microtus Males
As outlined above in the methods and materials, the winning

species was required to exhibit significantly more exploration and
approach activities. Here, this is evident in a Mann-Whitney nonparametric analysis of exploration activities of two combinations of

the three species involved (Table 17), M. oregoni - M. townsendii
and M. canicaudus - M. townsendii,where the winner exhibited signifi-

cantly higher exploration values (P < 0.05). (See Tables 12 and 17).
Although the pairings of M, oregoni - M. canicaudus produced an

equal number of contest winners (Table 12), M. oregoni exhibited
significantly (P < 0.05) higher exploration values (Table 17). In turn,
M. oregoni tended to display fewer approaches and higher avoidance
than M. canicaudus but not significantly (P > 0.05).

M. townsendii appeared to show in all interspecific pairings the
lowest approach and highest avoidance values, with these differences

being significant in the M. canicaudus - M. townsendii pairing
(P < 0.05). Moreover, M. townsendii seemed to be the most excitable

of the three species. Sensitive to the slightest movement, it reacted
by wild leaps at and against the walls of the enclosure (log records).

Table 17. Comparison of Mean Frequency and Duration (sec. ) Valuesaof Behavioral Components of Male Pairs of Three Species of Microtus.b
Species

M. ore. vs M. town.

*4.56

M. can vs M. ore.
*

M. town. vs M. can.

21. 6 + 2.54 (31)

4.17 + 1.03 (17)

42.42 + 8.57 (24

71.0 + 10.80 (31)

9. 56 + 3. 11 (17)

4. 01 + 2. 67 (4)

5. 83 + 1. 18 (18)

4. 79 ± 1. 39 (19)

1. 0 + 0. 00 (3)

3.68 + 1.03 (16)

4. 63 + 0.08 (22)

3. 94 + 0.81 (18)

4. 9 + 0. 97 (20)

6. 12 + 1. 65 (16)

5.43 + 1.65 (16)

9.81 + 2.01 (22)

5. 16 + 1. 14 (18)

7. 32 + 1.42(20)

10. 31 ± 2.72 (16)

+ 0.08 (25)

13. 7 + 2.15 (24)

10.04 + 2. 19 (25)

5. 43 + 1. 16 (16)

Avoid. Freq.
Avoid. Dur.

Explor. Freq.

17. 6 + 2. 14 (30)

Explor. Dur.

63.3 + 9.81 (30)

Approach Freq.

*

aValues represent means of components ± standard error of mean.
Sample size given in brackets.
SignifiCant difference indicated by Mann Whitney Analysis (P4- 0. 05).

13.37 + 2. 78 (24)
*

39.77 + 7.69 (24)
7. 92 ± 2. 32 (14)

*

3. 35 + 0.08 (14)

5.0 ± 1. 12 (14)
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Use of Weight and Grooming as
Indicators of Dominance

Based on criteria established by Colvin (1973a), exploration,

approach, offense, attack, and chase are assumed to be positively
correlated with dominance or winning, while defense or avoidance are
assumed to be negatively correlated to being a winner in agonistic

encounters. A considerable amount of grooming, often aside of a
maintenance context, occurred in this study in many agonistic con-

tests. Such large amounts of grooming have been suggested by
Tinbergen (1952) and Sales (1972) to be displacement activity.

The hypothesis thatdifferences in grooming frequency and dura-

tion exists between dominant and subordinate individuals was tested.
The following comparisons between dominant and subordinate males

of the three species of Microtus were used to discover if grooming and

also weight could realistically be used, in addition to the criteria
established by Colvin (1973a), as indicators of possible winners in
agonistic testing.
Intraspecific

In intraspecific contests, neither weight nor grooming were
significantly different (P > 0.05) between dominant and subordinate
M. canicaudus (Tables 12 and 18).

However, dominant individuals

tended to groom more frequently (Paired-t; 0.05 < P < 0.10).

Table 18. Paired-T and Mann-Whitney Analyses of Weight and Grooming Activities Involving Intraspecific Combinations of Males of Three
Species of Microtus.
Species Paired

Status

Component

N

Mean + SEM

(from Table 9 )
M. canicaudus

Dom.

Weight (g)

Sub.

Dom.

Groom Freq.

Sub.

Dom.

Groom Dur.

Sub.

M. townsendii

Dom.

Weight ( g)

Sub.

Dorn.

Groom Freq.

Sub.

Dom.

Groom Dur.

Sub.
M. oiLegoni_

Dom.

Weight (g)

Sub.

Dom.

Groom Freq.

Sub.

Dom.
Sub.

*

Results are statistically significant.

Probability

Paired-t

Groom Dur.

17

36.35 + 1.48

17

36.29 + 1.02

17

6. 63 + 1.09

17

4. 63 + 1.04

17

42. OS + 9.82

17

26.08 + 6.49

6

41.83 + 1.12

6

48. 17 + 2.66

6

7.00+ 1.24

6

2. 16 + 1. 19

6

32. 20 + 9.65

6

7. 20 + 2.87

14

22.78 + 1.68

14

24.64 + 0.96

14

1. 18 + 0.55

14

1.00 + 0.49

14

7. 71 + 4.49

14

2.03 + 0.85

Mann-Whitney

P >0.05 (0. 2 < P <0.5)

P> 0.05 (0.05 < P <0.10)

P> 0.05 (O. 2 <P <0.5)

P >0.05 (0.05 <P <O. 20)

P> 0.05 (0. 2 <P< 0.5)

P> 0.05 (0.05 <P <0.10)
P< 0.05*

P < 0.05*

P< 0.05 (O. 05 < P <0. 10)

P< 0.05*

P >0.05 (O. 2< P< 0.5)

P >0.05 (0.5 < P <1.0)

P> 0.05 (0.2 <P< 0.5)

P<.0. 04*

P> 0.05 (P = 0.2)
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Similarly, higher grooming frequency and duration in dominant M.
townsendii were significant (Mann-Whitney; P < 0.05). Smaller M.

townsendii males tended to be dominant (0.05 < P < 0. 10). Weight

was not a factor in dominance of M. oregoni and results on grooming
were inconclusive.

Interspecific
Based on decided contest winners (See Table 12), M. oregoni

and M. canicaudus males were seen to dominate M. townsendii males.
Weight comparisons of dominant and subordinate individuals illustrate

that these two smaller species were dominant (Table 19; P < 0.01).
Dominants exhibited significantly higher grooming frequencies and

durations than subordinates (P < 0.05) in interspecific contests between M. canicaudus and M. townsendii. Of special interest are the

results from pairings of M. canicaudus with M. oregoni, which in
their male interspecific contests came to a draw (Table 12). Grooming was found to not be a valid indicator of deciding winners of this
pairing. In all interspecific comparisons, the winner or dominant had

a smaller body weight than subordinates (P < 0.05).

Table 20 is a further attempt to interpret differences in dominants and subordinates; in this case a comparison between conspecifics
(nine dominants - nine subordinates) of M. oregoni and M. canicaudus

from their interspecific encounters. This combination was the only

Table 19. Paired-T and Mann-Whitney (Non-Parametric) Comparisons of Weight and Grooming Activity Involving Interspecific Combinations of
Males of Three Species of Microtus.
Probability
Mean ± SEM
Component
N
Status
Species Paired
Mann-Whitney
Paired-t
(from Table 10)
16
22. 87 + 1.25
Dom.
P <0.01*
Weight (g)
vs
16
45.25 + 1.44
Sub.
M. townsendii

M, oni

Dom.

Groom Freq.

Sub.

Dom.

Groom Dur.

Sub.

M. canicaudus
vs

M. townsendii

Dom.

Weight (g)

Sub.

Dom.

Groom Freq.

Sub.

Dom.

Groom Dur.

Sub.

Me oregoni
vs

M. canicaudus

Dom.

Weight (g)

Sub.

Dom.

Groom Freq.

Sub.

Dom.
Sub.
*

Results are statistically significant.

Groom Dur.

16

1. 31 + O. 27

16

2.18 + 1.02

16

4. 65 + 2. 07

16

9.09 + 4.74

14

30.00 + 1.28

14

48. 35 + 1.71

14

7. 85 + 1. 33

14

1.71 + 0.67

14

43. 14± 13.44

14

5.67 + 2.47

18

26.44 + 1.45

18

30. 16 + 1.56

18

2. 61 + 0. 61

18

2.66 + 0.80

18

9. 91 + 3. 15

18

9. 94 + 4. 19

P >0.05 (0.2 < P <0.4)

P >0.05 (0.2 < P <0.5)

P >0.05 (0.2< P <0.4)

P >0. 05 (O. 2 < P <0.5)

P <0.01*

P<0.01*

P< 0.001*

P <0.05*

P <0.001*

P < 0.05*

P > 0.05 (0.5< P <1.0)

P >0.05 (O. 2 < P< 0.5)

P> 0.05 (0.5 < P <1.0)

P >0.05 (O. 2< P <0.5)

Table 20. Mann-Whitney Comparison of Weight and Grooming Activities of Dominants and Subordinates in Interspecific Encounters Between Male
M. canicaudus and M. oregoni.
Species
M. otsgoili.

Status
(from Tables10 and,12)
Dom.

Component

Weight (g)

Sub.

Dom.

Groom Freq.

N

Mean + SEM

9

23. 33 + 1.89

9

24. 33 + 1.55

9

1. 88 + 0. 48

Groom Dur.

Sub.

M. canicaudus

Dom.
Sub.

Dom.

Weight (g)
Groom Freq.

Sub.

Dom.
Sub.

Indicates significant difference.

P > O. 05 (0. 2 < P <0.5)

P> 0.05 (0. 2 P< O. 5)

2. 33 + 0. 75

Sub.

Dom.

Probability:
Mann-Whitney

Groom Dur.

9

4. 28 + 1.16

9

11. 38 ± 7. 41

9

29.55 + 1. 72

9

34. 33 + 1.30

9

4. 33 + 1. 27

9

3.01 + 1.47

9

15.56 + 5. 73

9

8. 50 + 4. 35

P> 0.05 (0, < P <0.5)

P <0.05*

P> 0.05 (P = 0.2)

P >0.05 (O. l< P< 0.2)
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interspecific pairing that produced a large enough sample size (nine)

of dominants and subordinates for statistical comparisons (Tables 10
and 12). Neither weight nor grooming was found to be a valid indica-

tor for labeling M. oregoni a dominant (P > 0.05), but weight was a

significant factor (P < 0.05) in the case of M. canicaudus, with the
smaller voles being classified winners within the species.
Habitat Segregation Results

Agonistic behavioral encounters noted above were short-term
analyses of interactions within and between species. Habitat segrega-

tion experiments however, were used to predict what types of long-

term associations if any, might develop between the species.

The results from the habitat segregation experiment were
analyzed in three ways. First, the frequency of observed combinations

of the three species in any one of the nine areas (eight compartments

and the center arena) were graphed in Figures 2 - 5. Control values
were calculated from intraspecific segregations and were used as baselines for comparisons with interspecific associations of the three
species. It was decided to use eight conspecifics in the controls in

order to simulate the number of animals and related contact that would

occur in interspecific tests. As a result however, in the case of M.
townsendii, larger groupings occurred than could have been possible

in interspecific tests among conspecifics. These inconsistencies are
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so noted on the graphs. Additionally, with twice the number of con-

specifics used in controls as in interspecific trials, more frequent

instances of solitary animals occurred. As a result, all control
frequencies are divided in half in order to be standardized with other
test values. Secondly, over selected units of time (Tables 6 and 7), the
number of males or females of each species in any one of the nine

compartments was recorded. The mean number and variance of
males or females per compartment were then calculated.. Compart-

ment sample size for each considered sex was nine, representing the
nine possible areas of habitation, and frequencies of individuals in

each were recorded. A sample size of 18 was obtained when male and

female data were pooled. A F-test was performed using the ratios of
variances for different sexes and species, to indicate any significant
differences (P < 0.05) in data taken before and after the removal of

barriers. The variance was suggested to be both an indicator of
random distribution as well as gregariousness. Individuals of a more

grouped species were either less random in their movement or were
more restricted by another species' presence and thus exhibited high

characteristic variance values. Thirdly, to better indicate the tendency toward species grouping, the total number of areas not occupied
by a species was noted over a unit of time. The probability of finding
the total observed number of empty compartments was calculated.
High levels of zero occupancy indicated that the species tended to
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group together in particular areas either as -a result of gregariousness
or possibly as an indirect effect of species intolerance.
In both intraspecific (controls) and interspecific combinations,

frequent scarring was observed, occasionally resulting in mortality
of those inflicted. Presumed subordinate voles were scarred around

the hips, tail, and hind feet, often with marked swelling due to the
wounds inflicted by a more aggressive vole, while the subordinate

was in retreat. In contrast, the apparent dominant or more aggressive vole frequently was scarred around the head and neck regions

from direct combat and generally maintained a more sheeny, healthy,
well-groomed pelage (Clarke, 1956). In all species little interaction

was observed to take place in females. Females, particularly M.
canicaudus and M. townsendii remained unmarked and well-groomed

throughout the entire study.

This study assumed that competition for resources in abundance
would not occur between species, and therefore such competition would
not affect habitat segregation. It was assumed that competition for
space would occur. An unexpected element of competition developed,

however, in that M. townsendii tended to hoard cotton batting.

How-

ever, it appeared not to significantly affect the other species' living

areas, although this is just an assumption.
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C ontrols

Figure Z indicates that in intraspecific experiments (controls),

_

M. canicaudus and M. townsendii had the highest occurrence of soli-

tary male existence, suggesting possible intolerance with their
conspecifics. In observing groupings of the three species, it was

found that M. townsendii was the most gregarious (3M4F, 4M4F),
followed by M. orejoni with two males and three females (2M3F)

living in one area. M. canicaudus was the least gregarious, the
largest grouping involving three animals (MU', 2MF). A "harem

effect" seems to occur in all three species, particularly in M.
canicaudus and M. oregoni. This typically involved a presumed

dominant male, based on observed aggressive interaction, living with
two or more females; the presumed subordinate male excluded from

the area.
Following introduction of a species into the enclosure, log
records indicated that a good deal of vocalizing and exploration oc-

curred, with initial quick pairings taking place, especially in M.

canicaudus. As Table 21 indicates, there were tendencies in all
species to become more grouped (i. e.

,

higher variance) with the

length of time in the enclosure, introducing a possible uncontrollable

variable in the study. Such grouping appeared to stabilize after the
first day of observation. There were significant differences in pooled
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Figure 2. Controls (intraspecific) in habitat segregation experiment.
Abscissa represents observed intraspecific combinations.
Ordinate values shown are one-haLf actual values in order
to be standardized with later interspecific values (Tables
6 and .7).

Legend: Figures 2 to 5

Morm= male

F or f 7- female
Arabic numeral in front of M, m or F, f (Capital letters
in interspecific pairing denotes larger species) indicates
actual number of males or females per grouping.
Ex. 2M 2F two males, two females.
No. Occurrences Per Observation = mean values obtained
by dividing the total frequency of a specific grouping (e. g.,
2M, MF) during a unit period (Tables 6and 7) by the number
of observations.
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Table 21. Intraspecific Daily Comparisons of Habitat Segregation Controls of Three Species of
Microtus.
Sex

N

Day Comparison

Probability

Variance

F Value

0.0086 / 0.0187
0.0422 / 0.0500
0.0190 / 0.0310
0.0086 / 0.0422
0.0187 / 0.0500

2.1744
1.1848
1.6315
4.9069
3.7500

P > 0.05

M. oregoni
9
9
9
9
9

M/F
M/F
M/F
F

Day 2-4
Day 1-4
Day 1/Day 2-4
Day 1/Day 2-4

18

M, F

Day 1/Day 2-4

0.0128 / 0.0435

3.3984

P < O. 01*

M/F

Day 1

Ivi/F

0.0137 / 0.0515
0.0363 / 0.0309
0.0208 / 0.0175
0.0137 / 0.0363
0.0515 / 0.0309

3.7591
1.1747
1.1187
2.6496
1.6666

P< 0.05*
P> 0.05
P> 0.05

F

Day 2-4
Day 1-4
Day 1/Day 2-4
Day 1/Day 2-4

M,F

Day 1/Day 2-4

0.0307 / 0.0316

1.0293

P > 0.05

Day 1

0.0170 / 0.0289
0.0732 / 0.0947
0.0288 / 0.0443
0.0170 / 0.0732
0.0289 / 0.0917

1.7000
1.2937
1.5400
4.3058
3.2768

P> 0.05
P> 0.05
P> 0.05

0.0216 / 0.0790

3.6574

P <0.01*

M

Day 1

P >O. OS

P > 0.05
P < 0.05*

P <0.05*

M. canicaudus
9
9
9

M/F
M

9
9
18

P > 0.05 (O. 05 < P < 0.1)
P > 0.05

M. townsendii
9
9
9
9

M/F
M/F
M/F

9

F

Day 2-4
Day 1-4
Day 1/Day 2-4
Day 1/Day 2-4

M, F

Day 1/Day 2-4

18

*

M

Indicates significant difference.

P < 0.05*

P >0.05 (0.05 < P <0. 1)
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variances of two species, M. oregoni and M. townsendii, in comparing Day 1 to Day 2-4, since the species became more gregarious

as the experiment progressed (P < 0.01). This was not evident in
M. canicaudus (P > 0. 05). Males of all species initially were more
prone to exploration as indicated by their lower variance values than
females this being significant in M. canicaudus. Over a four day
period however, this difference in sexes was not significant (P > 0. 05).
A comparison of variance between species for control values (Table
22) indicated no significant differences between species over the four
day period (P > 0.05). This conformed with the author's expectations

that in intraspecific situations, all individuals would move at random.

Interspecific Pairing - M. townsendii M. oregoni
This run involved two excitable species, M. townsendii and M.
oregoni. M. oregoni, according to log- records, appeared to be more

curious and initially active than M. townsendii, which appeared to be
in rapid avoidance of M. oregoni. Later, following barrier removal

(Day 4), both species continued to explore, but then avoided each other
when coming into contact. This was especially true of M. oregoni

(a reversal) and was possibly in response to M. townsendii's larger
size. In both species, a considerable amount of fighting was seen,

particularly between male conspecifics. Animals examined at the end
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Table 22. Comparison of Habitat Segregation Controls (Intraspecific) Involving Three Species of
Microtus (M. Oanicaudus, M. oregoni, and M. fownsendii).
Species

N

Sex

Probability

Variance

F Value

O. Q190 / 0.02

1.5105

P> 0, 05

0.0190 / 0.0208

1.0947

P> 0.05

9

M. pre, /M. town,

9

M. ode. /144. cEa.

9

M. can. /L,4_,, town.

M

0, 0208 / 0. 0288

1. 379$

P> 0.05

9

M. ore. /M. town.

F

0.0310 / 0.044'3

1. 4258

P> 0.05

9

M. ore. /M. can.

F

0.0310 / 0.0175

1.7714

P> 0.05

9

M. can. /M. town.

F

0.0175 / 0.044'3

2.5257

P> 0.05

18

M. ore. /M town.

M, F

0.0235 / 0.0343

1, 4595

P> 0. OS

18

M. pre. /1v1. can.

M, F

Q. 0235 / 0. 0180

1, 3025

P> 0.05

18

M. 944. /M. town.

M, F

0. 0180 / .0. 0543

1.9055

P> 0, 05 (0.05 <P <O. 1)

M
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of the trial showed however, scarring to be minimal, with the exception of one M. townsendii male which died from wounds inflicted by an

apparent conspecific. Generally speaking, by day three, M. oregoni

and M. townsendii both were grouped into separate areas. Instances
were observed when both species would run by the other without any

apparent harassment.

Figure 3 indicates the various observed occurrences of intraspecific and interspecific combinations for each species, before and

after barrier removal, in the two different pens studied concurrently.

Large lettering denotes the larger species. Notably, following barrier
removal, there was a marked reduction in finding M. townsendii males

and females occurring separately. This was unlike M. oregoni,

males in particular, who remained more solitary in their habitation

after barrier removal. Both species exhibited large intraspecific
groupings (2M2F), especially M. townsendii.
A type of "harem effect" (M2F) was observed in the two species

which included the more dominant male and his females. M. townsendii was the more gregarious especially in pen two, while M.

oregoni had higher instances of "harem" clusters or mixed pairs
(mf). In both species, comparison of control values to the two pens

indicated lower or near equal frequency values to controls in the

smaller groupings prior to barrier lifting (Figure 3). Frequencies
much higher than controls in the larger groupings occurred when the
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Figure 3. Interspecific habitat segregation experiment (M.
townsendii - M. oregoni). Abscissa represents observed
intraspecific combinations (large graph). Small graph
reflects all observed interspecific associations.
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barrier was lifted. This frequent reduction seems to indicate that
both species tended to restrict each other's movement somewhat.

Pooled data in Table 23 further supports this restriction based
on higher variances (i. e. , more grouped), differing significantly from
control values (P < 0. 005). Neither species had significant changes

in movement when comparing variances intraspecifically before to

after barrier change (P > 0.05). However, higher (P < 0.01) vari-

ance (i. e., more gregarious or restricted) values were observed in
M. townsendii in comparison to M. oregoni following barrier removal
in pen two.

Few different types of interspecific associations developed
(Figure 3; small graph). Those which did occur were observed

initially the first day following species introduction, or occurred
following barrier lifting; the latter involving subordinate M. townsendii

males (status based on large amount of hindquarter scarring) whose
presence was tolerated by M. oregoni groups.

interspecific - M. canicaudus - M. oregoni
In one of the enclosures, a presumed subordinate M. canicaudus
died as a result of deep wounds inflicted by its conspecifics, while in
another pen, the labeled subordinate M. canicaudus male "wall hung"

in an effort to avoid attacks by the more aggressive male. A combining of M. canicaudus with M. oregoni illustrated the intolerance
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Table 23. Habitat Segregation Involving Microtus townsendii and Microtus oregoni (Pooled Data).
N

Species

Comparison a

Variance

F Value

Probability

Pen 1
18

M. townsendii/M. townsendii

bef/ aft

O. 1588 / O. 1817

1. 1445

P> 0.05

18

M. oregoni/M. oregoni

bef/ aft

0. 1266 / 0. 1663

1. 1545

P > O. 05

18

M. townsendii/M. oregoni

before

0. 1588 / 0. 1266

1. 2543

P > 0..05

18

M. townsendii/M. oregoni

after

0. 1817 / 0. 1663

1.0926 P > 0.05

18

M. oregoni

bef/ctrl

0. 1128 / 0.0235

4. 8000

P <0..005*

18

M. oregoni

aft/ctrl

0. 1663 / 0.0235

7.0765

P < 0. 001*

18

M. townsendii

aft/ctrl

0. 1817 / 0.0343

5.2973

P < O. 001*

18

M. townsendii/M. townsendii

bef/ aft

0. 2081 / 0. 3747

1. 8005

P> 0.05

18

M. oregoni/ M. oregoni

bef/ aft

0. 0990 / 0. 1143

1. 1545

P >0.05

18

M. townsendii/M. oregoni

before

0. 2081 / 0.0990

2. 1020

P >0.05 (0.05 < P <0. 1)

18

M. townsendii/M. oregoni

after

0. 3747 / 0. 1143

3. 2782

P< 0.01*

18

M. oregoni

bef/ctrl

0. 0990 / 0.0235

4. 2127

P <0.005*

18

M. oregoni

aft/ctrl

0. 1143 / 0.0235

4. 8380

P <0. 005*

18

M. townsendii

aft/ctrl

0. 3747 / 0.0343

10. 9241

P <0.001*

Pen 2

a

before barrier removal
bef
after barrier removal
aft
ctrl - control values (Table 22)
*
Indicates significant difference.
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M. canicaudus males have for M. oregoni. M. canicaudus males,

very intolerant of M. oregoni, would kick at the turf prior to their
attack on the individual. When the barrier was removed, withdrawing
any protection which the barrier had previously afforded to the smaller
M. oregoni,

the individuals were seen to huddle together, seldom

venturing about, while M. canicaudus males moved throughout all

areas. The high intolerance of M. canicaudus for M. oregoni, resulted in termination of Pen No. 1 following the subsequent loss of four

M. oregoni, including replacements, six hours after barrier removal,
by M. canicaudus attacks. Before the other pen study was completed,
three more M. oregoni died from deep wounding inflicted by one M.

canicaudus male in particular.

Figure 4 illustrates initial high frequencies of solitary M.
oregoni males, and both solitary male and female M. canicaudus

prior to barrier removal. Restriction of movement is evident in
M. canicaudus in comparison to its control following barrier removal.
While M. oregoni males exhibited much higher initial occurrences

of spacing than controls, a sharp reduction in such occurrences can
be noted following barrier removal. Increased grouping by M. oregoni,

assumed to be a result of restriction by M. canicaudus, was evident
following the barrier removal.
A large number of interspecific combinations developed. Those

which occurred initially were chance encounters of M. canicaudus
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Figure 4. lnterspecific habitat segregation experiment (M. canicaudus - M. oregoni). Abscissa represents observed
intraspecific combinations (large graph). Small graph
reflects all observed interspecific associations.
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females with M. oregoni of either sex. Of particular interest are four
interspecific associations that developed between a subordinate (based

on scarring) M. canicaudus male and M. oregoni groupings.
Comparative findings on restriction of M. oregoni by M.
canicaudus are shown in pen two, Table 24 (non-pooled data) and
Table 25 (pooled data). M. oregoni males showed in particular, a

marked restriction in movement (i. e. , before-lower variance)

(P < 0.025) when comparing variances of before to after barrier
change (Table 24). Noted restrictions in distributions occurred in

both species when compared to their controls, with M. oregoni having

the higher variance values (Table 25). No difference in variances

could be discerned prior to barrier lifting, but in pen two, the enclosure which was not prematurely terminated, a marked difference
in variance (i. e.

,

restriction or grouping) (P < 0.05) was observed

after barrier removal, with M. oregoni. This was also evident in
interspecific comparisons (P < 0,005).
Interspecific - M. townsendii
M. canicaudus
One M. towns endii male was killed from assumed intraspecific

interaction in Pen No. 1. The animal was replaced, and the new-

comer initiated further hierarchial fighting. He was forced, like his

predecessor, to retreat to an area where he lived 'peacefully" with a

90
Table 24. Interspecific Habitat Segregation Results Involving Paired Combinations of Three Species
of Microtus (Non-Pooled Data).
Species

N

Sex

Probability

Variance
before after

F Value

0.0858 /
0.0925 /
0.0641 /
0.2025 /

0,1143
0.0643
0.0643
0.2843

1.3321
1.4385
1.0031
1.4039

P > 0.05
P > 0.05
P > 0.05
P > 0.05

0,0523 /
0.1649 /
0.0685 /
0.2025 /

0.0710
0.1278
0.3192
0.2843

1.3375
1.2902
4.6671
1.4100

P > 0.05
P > 0.05
P < 0.025*
P >D. 05

0.2118 /
0.1258 /
0.0841 /
0.1849 /

0.2585
0.1277
0.1277
0,2256

1.2204
1.0151
1.5184
1.2201

P> 0.05
P> 0.05

0.2124 /
0.2299 /
0.0655 /
0.1449 /

0.4399
0.3564
0.1114
0.1316

2.0710
1.5502
1.7007
1,1010

P > 0.05

0,1316
0.1965
0.1196
0.3584

1.7476
1.9436
4.3300
3.0763

P> 0.05
P> 0.05

0.1185 / 0.0345
0.1274 / 0.1971
0.0610 / 0.1606
0.0689 / 0.1503

3.4347
1.5700
2,6327
2.1814

P <0.05*
P >0.05
P >0.05 (0.05 < P <0.1)
P> 0.05

M. oregoni - M. canicaudus - Pen 1
M

9

M. canicaudus
M. canicaudus

9
9

M_, oregoni
M_, oregoni

M

9

M. ore goni

F

M. canicaudus - Pen 2

M. canicaudus
M. canicaudus
M. oregoni
M. oregoni

9
9
9
9

F

M
F

M
F

M. townsendii - M. oregoni - Pen 1
M. townsendii
M. townsendii
M. oregoni
M . oregoni

9
9
9
9

M
F

M
F

P > 0.05

P> 0.05

M. townsendii - M. oregoni - Pen 2
M. townsendii
M. townsendii
M. oregoni
M. oregoni

9
9
9
9

M
F
M
F

M. townsendii - M. canicaudus - Pen
9

9
9
9

M. townsendii
M. townsendii
M. canicaudus
M. canicaudus

M. townsendii
9
9
9
9

*

M
F
M
F

P> 0.05
P> 0.05
P> 0.05

1

0.0753 /
0.1011 /
0,0276 /
0.1165 /

P < 0.05*

P >0.05 (0.05 < P< 0.1)

M. canicaudus - Pen 2

M. townsendii
M. townsendii
M. canicaudus
M. canicaudus

M
F

M
F

Indicates significant difference.
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Table 25 . Habitat Segregation Involving Microtus canicaudus and Microtus oregoni (Pooled Data).

Species

N

Comparisona

Variance

F Value

Probability

Pen 1
18

M. canicaudus/M. canicaudus bef/ aft

0.0839 / 0.0841

1. 0023

P> 0.05

18

M. oregoni/ M. oregoni

bef/ aft

0. 1254 / 0. 1640

1. 3078

P> 0.05

18

M. cancaudus/M. oregoni

before

0.0839 / 0. 1254

1. 4946

P> 0.05

18

M. canicaudus/ M. oregoni

after

0. 0841 / 0. 1640

1. 9500

P> 0.05 (0.05 <P <0.

18

M. oregoni

bef/ctrl

0. 1254 / 0, 0235

5. 3361

P < O. 001*

18

M. oregoni

aft/ctrl

0. 1640 / 0. 0235

6. 9787

P < O. 001*

18

M. canicaudus

aft/ctrl

0. 0841 / O. 0180

4. 6722

P < 0.005*

18

M. canicaudus/M. canicaudus bef/ aft

0. 1248 / 0.0935

1. 3347

P > 0.05

18

M. ore goni/M. oregoni

bef/ aft

0. 1604 / 0. 3574

2. 2201

P < 0. 05*

18

M. canicaudus/M. oregoni

before

0. 1248 / 0. 1604

1. 2852

P > 0.05

18

M. canicaudus/ M. oregoni

after

0.0935 / 0. 3574

3. 8224

P < 0.005*

18

M. oregoni

bef/ctrl

0. 1604 / 0.023S

6. 8255

P < 0.001*

18

M. oregoni

aft/ctrl

0. 3573 / 0.0235

15.2085

P < 0.001*

18

M. canicaudus

aft/ctrl

0. 0935 / 0. 0180

5. 1944

P < 0.001*

Pen 2

abef - before barrier removal
aft - after barrier removal
ctrl - control values (Table 22 )

*

Indicates significant difference.
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subordinate M. canicaudus male; both individuals heavily scarred.

When the barriers were lifted, M, canicaudus were observed to
move throughout all areas, at first moving M. townsendii out when-

ever it attempted to press into a new area.
Figure 5 displays the fact that initially, the occurrence of
isolated males and females of both species were close to control
values, with the exception of M. townsendii males in Pen No. 1.

Singles were reduced in frequency with barrier lifting, both species

shifting to more gregarious matchings, particularly M. townsendii.
Any comparison of M. townsendii control values to larger groupings

as noted above was not possible as the species was more gregarious

than could have occurred in interspecific experiments. "Harem
clusters" involving decided dominant males with their conspecific

females were evident in both species, especially M. townsendii.
Table 26 indicates that as in Tables 23 and 25, movement was

significantly (P < 0. 05) not as random as in controls. No obvious
change in variance occurred in M. townsendii following barrier
change but it is evident in M. canicaudus (P < 0. 05), suggesting more

restriction of this species in this pairing than had occurred in any
other combination. What must be realized however is that while
M. canicaudus exhibited higher variance values (1. e. , more grouped

or restricted) in pooled samples, that a comparison on the basis of
sex (Table 24) indicates that M. canicaudus females were responsible
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Figure 5. Interspecific habitat segregation experiment (M.
townsendii - M. canicaudus). Abscissa represents observed intraspecific combinations (large graph). Small
graph reflects all observed interspecific associations.
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for most of the higher variance (Pen No. 1). M. canicaudus males
while having significantly different (P < 0.05) variance values in
unpaired samples still exhibited the tendency toward lower variance
levels (i. e. , most active, least restrictive) of the two species (Pen

No 1).
A comparison of variance between species both before and after
barrier change (Table 26) indicated no significant differences
(P > 0.05). However, one instance in pen two prior to barrier re-

moval tended to suggest (0.05 < P < 0. 1) that M. canicaudus were

more free to distribute themselves than M. townsendii.
Probability of Zero Occupancy - A
Measure of Gregariousness

Perhaps a better measure of species gregariousness (chosen or
forced) comes from a comparison of how many living areas each

species inhabited or conversely, how many they did not occupy. In

one of the two enclosures studied per interspecific combination, M.
towrisendii was significantly more gregarious (i, e., higher frequency

zero occupancy) (P < 0.05) than either M. oregoni or M. canicaudus
(Table 27). Likewise, M. oregoni were more grouped than M.

canicaudus in the full term study (pen two) (P < 0. 05). In pen two
of the M. townsendii

M, canicaudus pairing, following barrier re-

moval (Day 4b-7), M. canicaudus showed a significant increase in
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Table 26. Habitat Segregation Involving Microtus townsendii and Microtus canicaudus (Pooled Data).
Species

N

Comparison

Pen One

Variance

F Value

Probability

18

M. townsendii/M. townsendii

bef/ aft

0.0830 / 0. 1565

1.8855

P> 0.05

18

M. canicaudus/M. canicaudus bef/ aft

0.0678 /- 0, 2249

3. 3100

P < O. 01*

18

M. townsendii/M. canicaudus before

0.0830 / 0. 0678

1. 2241

P > 0.05

18

M. townsendii/M. canicaudus after

0. 1565 / 0. 2249

1, 4370

P> 0.05

18

M. canicaudus

bef/ctrl

0.0678 /- 0.0180

3. 7666

P < 0.05*

18

M. canicaudus

aft/ctrl

0.2249

0. 0180

12. 4944

P < 0.001*

18

M. townsendii

aft/ ctrl

0. 1565 / 0.0343

4. 5626

P < 0. 005*

Pen Two
18

M. townsendii/M. townsendii

bef/ aft

0. 1157 / 0. 1090

1.0614

P> 0.05

18

M. canicaudus/M. canicaudus bef/ aft

0.0611 / 0. 1463

2. 3944

P< 0.05*

18

M. townsendii/M. canicaudus before

0. 1157 / 0. 0611

1. 8936

P> 0.05

.

(O. 05 < P <0. 1)
18

M. townsendii/M. canicaudus

after

0. 1090 / 0. 1463

1. 3422

P> 0.05

18

M. canicaudus

bef /ctrl

0.0611 /- 0. 0180

3. 3944

P< 0.01*

18

M. canicaudus

aft/ctrl

0. 1463 / 0.0180

8. 1277

P <0.001*

18

M. townsendii

aft/ctrl

0. 1090 -/ 0.0343

3. 1780

P <0.01*

a

bef - before barrier removal
aft - after barrier removal
ctrl - control values (Table 22)
*
Indicates significant difference.

Table 27. Probability of Zero Occupancy as an Indicator of Grouping in Interspecific Combinations of Three Species of Microtus from Habitat
Segregation Results.
N

a

15
11

26
15
11

26
15
11

26

Period

Day 1-4a
Day 4b-7
Day 1-7
Day 1-4a
Day 4b-7
Day 1-7

Day 1-4a
Day 4b-7
Day 1-7

26

Day 1-4a
Day 4b-7
Day 1-7

15

Day 1-4a

5

Day 4b-5e
Day 1-5

15
11

20

Pen

Species paired

M. town.

M. can.

(1)

(2)

M. town. / M. ore.
(1)

(2)

M. can. / M. ore.
(1)

1:

Total Zeros

b

Mean + SEM

c

Probabilityd

/
/
/

p< 0,002

P
++
++

0.0003 /

P< 3.002

*175

/

15-

95
75
170

/
/
/

92
77
169

6.3 ± 0.61 /
6.8 + 0.40 /
6.5 + 0.58 /

6.1 + 0.52
7.0 +
6.5 + 0.76

98
78
176

1

98

/
/

79

6.5 + 0.91 /
7.1 + 0.30 /
6.8 + 0.76 /

6.5 + 0.99
7.2 + 0.75
6.8 + 0.94

++
++
++

*112
*86
*198

/
/
/

101
78

7.5 + 0.74 /
7.8 + 0.40 /
7.6 + 0.63 /

6.7 + 0.46
7.1 + 0.54
6.9 + 0.52

++
++
++

91

/

88

29
120

/

31

119

5.9 + 0.35
6.2 + 0.84
5.9 + 0.51

P<0.01;
P>-0.37

/

6.1 ± 0.79 /
5.8 + 0.84 /
6.0 + 0.79 /

/

88

/

70

177

179

5. 8 + 0.74
6.4 + 0.81
6.1 + 0.79
**

6.5 + 0.63 / 6,3 ± 0.461} **
/ 94
97
Day 1-4a
6.1 + 0.54 / 7.7 + 0.47,
85
/
*67
(2)
11
Day 4b-7
179
6.3 + 0.62 / 6.9 + 0.86
*164 /
Day 1-7
26
allo observations (Tables 6 and 7)
bTotal zeros - Total number of zero compartments during period
cMean ± SEM - Mean ± SEM number of zero compartments per observation
dProbability of finding the observed number of total zeros
eTerminated experiment early due to high mortality in M. oregoni
Significant species difference (t-test, P <0.05)
**Significant conspecific change in grouping comparing before and after barrier removal (t-test, P <0.05)
++P 0.00001
15

++
++
++

6.6 + 1.12 /
6.9 + 0.30 /
6.7 + 0.87 /

99
76

++

P< 0.0003
++

/

-E+

/

++

/

-H-

/

-H-

/
/

++
+++

P<3.10

/
/

P <3.05

/
++

P< 0.015
++

/

++
++
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grouping (P < 0.05) when compared to Days 1-4a, prior to barrier
change, This suggested that M. townsendii's presence might be

interfering with the movement of M, canicaudus, Similarly, this

increased grouping was evident in M. oregoni, in response to the
high aggressiveness by M. canicaudus males.
It was hoped that differences in the total numbers of zero com-

partments per unit period and their related probability of occurrence
could be used to differentiate which of the three species was the most

gregarious. In most cases all three species over the seven day period,
with the exception of the terminated M. canicaudus - M. oregoni
pairing in pen one, exhibited higher incidences of zero occupancy
(P < 0.015) than would have been expected under random occupation;

differences in probability often not being discernible due to their low
values.

It was expected that results more similar to zero occupancy
probabilities in the terminated M, canicaudus - M. oregoni pairing
(Day 4b-5) would occur. In this case, M. canicaudus was significantly

less gregarious than would have been predicted under random distribution (P > 0. 05)

= 0. 37).

Longer periods of observations than

used in this study (i. e., increasing the sample size) would probably

allow a greater differentiation of gregariousness of the three species
of Microtus studied.

99

IV.

DISCUSSION

This study attempted to answer the following and other related
questions. Do three species of Microtus found in Benton County,

Oregon occur sympatrically? Is observed habitat segregation due to

habitat preference and/or to behavioral interactions?
Observed Sympatry

In the trapping program, voles were captured in accordance
with those habitats suggested by Goertz (1964) to be preferred by each
species. The author collected M. oregoni occasionally in grassy

clearcuts adjacent to wooded areas. This finding is similar to

Goertz's statement that "M. oregoni existed in all Douglas fir associations but tended to avoid marshy bottoms." Yet in this study,
M. oregoni was captured mainly around marshy areas next to Oak
C reek.

The author is in agreement with Goertz (1964) concerning the

distribution of the species, M. canicaudus, in which he found the

gray-tailed vole to occur primarily in agricultural areas and never in
sedge or typha situations. In only one instance in this present study

was M. oregoni and M. canicaudus trapped together, with both

species normally limited to their respective habitats (Douglas fir
associations and valley grasslands). The apparent sharp boundary
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between the two species may be a result of more than just habitat

preference as will be discussed later.
M. townsendii was an intermediate species (Goertz, 1964),
trapped in valley and Coast Range areas in close association with

either M. oregoni or M. canicaudus. Captures in the same traplines
over successive trap nights of both M. townsendii and M. canicaudus

indicated that the two species may traverse the same runways.
Goertz (1964) stated that "there seems to be little mixing of

these three species except at the edge of their preferred habitats."
Christian (1970) and Baenninger (1973) suggested that along these

margins occur dispersing or subordinate individuals, the more
dominant animals of the social hierarchy located in more central,

preferred, optimal habitats. In this study, the majority of interspecific associations that developed in the course of the habitat segregation experiment took place among either subordinate members of
each species or between subordinate individuals of one species and

tolerant individuals of another species.
Seas onal Ass ociations

The compatibility or intolerance of the three species for each
other may vary on a seasonal basis. Jaeger (1974) points out the

results of competition of closely related species are dynamic.
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Temporal and spatial variation in abiotic and biotic factors may
affect the degree of competitive interaction (Getz, 1961). Jaeger
(1974) suggests that competition is not an all or none phenomenon,

rather species and resources change through time. What conclusions
are drawn on the basis of what occurred in this present study reflect

only fall and winter associations of the three species of Microtus at
certain population densities, and may or may not be applicable to the

spring or summer associations.
Anecdotally, Hoyer (1974) in hand-capturing Microtus under

trash as food species for rubber boa snakes (Charina bottae) found

that the three species do occur in close association, not however in
the same nest. In the spring of the year near Philomath, Oregon,
he observed under trash e. g., the presence of a nest of M. canicaudus.
A follow-up check on the area uncovered the nests of either M.
oregoni or M. townsendii on or within a few feet of the previous nest
location.

Clough (1964) and Grant (1972) indicated that interspecific inter-

actions are important in the segregation of species from their work
with Microtus pennsylvanicus and Clethrionomys gapperi. C. gapperi

preferred woodlands and M. pennsylvanicus was restricted mainly

to grasslands, but both occurred together in some habitats. These
species were noted to be incompatible and in spite of their overlapping

physiological tolerances, behavioral conflicts prevented their
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coexistence. However, Iverson and Turner (1972) observed a break-

down in this normal segregation (grassland - woodland) in winter,

when coexistence of the two species occurred in a grassland habitat.
They postulated that seasonal changes in reproductive activity made

the species less aggressive, allowing them to coexist in non-breeding
conditions. Sadlier (1965) also noted changes in aggressive states of

Peromyscus to be a function of the breeding season, affecting adult

deermice relationships with their young and other species.
Seasonal change in reproductive activity and tolerance probably

also cause dynamic interactions to take place among the three species
of Microtus found in Benton County, Oregon. During the breeding

season competitive exclusion of a species may occur, however nonbreeding periods may allow peaceful coexistence. High water during

fall and winter may force coexistence due to lack of available space
(Hoyer, 1974).

Physical or Behavioral Limitations to Distribution

Wirtz and Pearson (1960) have stated that each species is restricted in distribution by its limits of tolerance to physical and
biological factors of its geographic range. Pearson (1972) postulated

that water availability may be the major but not entirely exclusive
factor explaining why M. townsendii is found more frequently in

103

riparian habitats than M. canicaudus since it displays a higher water
requirement.

Not solely limited by physiological needs however, interspecific
competition involving agonistic behavioral interactions may influence

segregation in a species. Cruzan (1968) in a study with four species
of Microtus found that less aggressive individuals could be driven out
by dominant ones, e. g. , M. pennsylvanicus tended to exclude M.
montanus. However, the dominant species, M. pennsylvanicus, was

restricted to moist habitats by its physiological limits, this being
somewhat analogous to the situation in M. townsendii with its high

water requirement..
Aggressive Sexual Dimorphism

Sexually mature Microtus males are normally more aggressive
than females with female aggression more closely related to late
gestation and lactation periods (Clarke, 1956).

In the present study, significant differences in aggressiveness
were not found to exist between the sexes in agonistic encounters
(Table 11). M. canicaudus and M. townsendii females were observed

to be less scarred than males and probably evoked little aggression
by remaining passive. This is similar to findings by Al lin and Banks
(1968) working with collared lemmings.
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Differences in Behavioral Components

Payne and Swanson (1970) indicated that in hamsters, dominant

individuals tend to be normally more active than subordinate ham-

sters. This would correspond to the exploration criterion for winning
encounters (Colvin, 1970). In the present study, M. oregoni and M.

canicaudus, males in particular, showed more activity than subordinate M. townsendii based on the number of contest wins (Tables 12, 16,
and 17). Furthermore, Gashwiler (1972) noted that M. oregoni was

quite mobile and maintained a relatively large home range of 110-178 ft.
The two dominant species in agonistic encounters, M. oregoni
and M. canicaudus were deemed equal in terms of contests won be-

tween themselves. Males of both species tended to approach more
frequently due to their higher activity and to avoid more often their

conspecifics. M. oregoni however displayed slightly fewer approaches
and higher avoidances (Table 17) (compare to intraspecific values,

Table 16, p. 64).
Mutual Avoidance or Aggression Mechanisms
in Maintaining Habitat Segregation

M. townsendii was observed to be a more excitable species and
avoided more frequently than the other two species in interspecific
contests. All runs in which M. townsendii were involved produced

the greatest amount of mutual avoidance, with encounters involving

the other two species recording the lower frequencies (Tables 8-10).
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Approximately one third of all trials of the three species exhibited
mutual avoidance. Only approximately 47% intraspecific and 57%

interspecific trials resulted in winner outcomes. This amount of
agonism is higher than what Getz (1969) found in comparing

Peromyscus maniculatus with the red backed vole, Clethrionomys

gapperi. In that study only in 18 instances did dominance occur
in 75 individual encounters (24%). The majority of time Getz (1969)

observed the two species to ignore each other.

From laboratory results, Grant (1972) suggested that species
distribution may be due to aggression (overt fighting) or avoidance.

Colvin (l973a) noted from laboratory encounters between pairings of

five species of Microtus that two mechanisms were operating in
different species combinations to promote habitat segregation. Like

Getz (1962) he found M. orchrogaster to win significantly more con-

tests than M. pennsylvanicus, but he contended that M. pennsylvanicus

was not really losing the contests but was incorporating an avoidance
mechanism to maintain habitat segregation. This avoidance tendency
in M. pennsylvanicus has been further documented by Krebs (1970).

In contrast, M. montanus. and M. ochrogaster combinations in the
laboratory produced no mutual avoidance. In these trials fighting

rather than avoidance was used to maintain distribution (Colvin, 1970).

Similarly, in the present study, M. townsendii with its higher
avoidance tendency and lower observable aggression may rely like
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M. pennsylvanicus on a mutual avoidance mechanism when in contact

with M. oregoni and M. canicaudus. That is, overt dominance or

aggressiveness as M. townsendiils larger size would suggest is not
being expressed. This avoidance tendency in M. townsen.dii may also

help to explain their being so difficult to trap or to accept bait readily
(Goertz, 1959; Krebs, 1973; Weil, present study).
Contacts between the other two species, M. oregoni and M.
canicaudus probably employ a "fighting mechanism" (Colvin, 1970),

using aggression rather than avoidance to determine habitat spacing;

since in these pairings, species exhibited significant lack of avoidance
(Tables 12 and 15).

The importance of an avoidance mechanism in habitat segregation cannot be overestimated.. Banks and Fox (1968) studying interspecific aggression between two microtines

pennsylvanicus and

D. groelandicus), found definite incongruities from field to laboratory

results and furthermore suggested that in the wild, species may use
an avoidance system more frequently than aggressive encounters.
Conder (1949) observed that birds such as blackheaded gulls and

tufted-ducks maintain regular spacing by what he called 'individual

distance." In this non-topographical reference, no individuals would
be allowed to come within; the separation being elicited by threat
or avoidance.
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Weight and Grooming as Additional
Indicators of Dominance

Marked size differences were noted to exist among the species

as well as differences in their behavioral components such as ex-

ploration, approach, avoidance, and such maintenance acts as
grooming or digging. It has been pointed out that the first three

behavioral components are correlated with dominant species (Colvin,
1970).

In the three species of Microtus involving decided contest

winners in the present study, dominant M. canicaudus or M. town sendii tended to groom more frequently, while in M. oregoni the
correlation was nonconclusive. Differences existed in significance
of the grooming component as well as weight variance when consider-

ing intraspecific or interspecific contests (Tables 18, 19 and 20).

Larger weights were found not to be a prerequisite in all cases to
being a winner or dominant, although the animal's size (e. g.

in the

case of M. townsendii) might have influenced the amount of avoidance.

Weight was not a significant factor for M. oregoni or M. canicaudus

in intraspecific contests, but in interspecific tests, all "dominants"
of the three species when dominant tended to be smaller. Grant
(1970) also noted in dealing with species of Microtus, Peromyscus and

Clethrionomys, that heavier animals were not always dominant in
both intra- and interspecific combinations.
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Clark and Schein (1965) observed in mice (Mus musculus) that

grooming occurs more often by dominant than subordinate individuals.

Others, however, have suggested that washing and grooming activities

are ambivalent reactions in conflict situations - as in the case of a
conflict of drives between exploring and wanting to investigate
(Belden, 1965; Grant and Mackintosh, 1963). These authors suggest

that self-grooming appears to be mainly a displacement activity as

are digging, eating, drinking, etc. , when occurring out of their
normal contexts (hygiene). In the present study, grooming often

occurred when the species were 1800 apart, eyes fixed on the other.
There appeared to be instances of some type of competitive grooming,

that is, one species would try to out groom the other. This suggests
that in addition to displacement the act may serve a threat function.
In summary, smaller weight and more frequent grooming have

been correlated in some interspecific pairings among the three
species of Microtus (Tables 18, 19 and 20). This suggests that the

two parameters should also be critically examined for their significance when using Colvin's (1970) behavior repertoire to elucidate

winners in agonistic encounters.
Comparison of Habitat Segretation Experiments
to Agonistic Encounters

It was found that M. oregoni and M. canicaudus are deemed
equal when paired and yet both are winners over M. townsendii in ten
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minute encounters (Tables 10 and 12). Therefore one might speculate

that over longer periods of time the dominant or winning species

would exclude the more subordinate species from certain optimal
areas given the opportunity.
Intraspecific Groupings
Baenninger (1973) suggested that in wild mice (Peromyscus and

Mus) under natural conditions, fighting would be more important and

evident intraspecifically than interspecifically. In the present study,
with the exception of the M. oregoni - M. canicaudus combination,

most observed fighting and resultant mortality in the habitat segregation experiment occurred intraspecifically. M. tanicaudus and M.
townsendii seemed to be the less tolerant of conspecifics than M.
oregoni.

Intraspecific observations by Goertz (1959) on M. oregoni and

Pearson (1972) on M. townsendii indicated both species to be gre-

garious; gregariousness being the tendency to cluster into groups
with ones own kind. In the present study, M. townsendii was found

to be the most gregarious (Figures 2-5; Tables 21-27), folloW,ed next

by M. oregoni, with M. canicaudus exhibiting a more solitary life

style preferring either "harem clusters" or monogamous groupings.
Additionally, Blair and Howard (1944) observed three cenospecies
of Peromyscus maniculatus to be polygamous. In one subspecies,
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a male tended to monopolize females, another subspecies was more

gregarious, living harmoniously, and the third subspecies was intermediate. Similarly, this arrangement was seen in M. canicaudus,

M. townsendii, and M. oregoni respectively. This is in agreement
with Pearson's (1972) work. Microtus studied tended to have reduced

interspecific aggression and increased intraspecific socialization with
familiarity (Table 21).
Inters pecific Combinations

M. oregoni and M. townsendii were trapped in apparent associa-

tion along the margins of their preferred habitats. Goertz (1959)
suggested that when riparian habitats are next to Douglas fir forests,
M. townsendii might serve to be a severe competitor of M. oregoni.
Present findings suggest however, that while M. oregoni were more
active than M. townsendii, both species were quite gregarious when

with their own conspecifics, and showed little interspecific associa-

tions or harassment. Both species tended to restrict each other's
movement possibly by an avoidance mechanism when compared to

control values (Figure 3; Table 23). This restriction occurred to

varying extents in all interspecific pairings of these three species
of voles.

An apparent contradiction exists when comparing results from
both types of interspecific laboratory encounters performed with M.
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oregoni and M. canicaudus. In agonistic trials, the species were

deemed equal in recorded aggressiveness. However, segregation
experiments indicated a dramatic intolerance of M. canicaudus,

males in particular, for M. oregoni; with marked high mortality and
exclusion or grouping of M. oregoni. This inconsistency points out

the need to observe both long and short term associations before
making decisions on compatibility of two species. Furthermore,

great caution must be used in extrapolating to natural situations.
Pearson (1972) indicated M. townsendii to be dominant over M.

canicaudus where their ranges overlapped, giving no explanations.
Size differences as well as the ferocity of M. townsendii when handled
(Maser and Storm, 1970) would predict this. However, the two

species in this study appeared to use each other's runways and may
possibly coexist by mutual tolerance - a form of counter balance;
offsetting each other's aggressive and avoidance behavioral patterns.
No scarring occurred in females of the two species and both were
polygynous (harem), with subordinate males of either species found

in the few instances of interspecific associations. M. canicaudus
were more restricted in movement in this pairing than in any other
interspecific combination, but males remained the most active and
possible dominants of the other two species (log records).
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V. CONC LUSIONS

Goertz (1959) stated that M. canicaudus appeared to be replacing M. townsendii in lowlands as well as removing M. oregoni

from agricultural areas; explaining the sharp boundary separating
M. canicaudus from M. oregoni. This author agrees that M.
canicaudus appears to exhibit the latter ability. However as Colvin

(1970) suggests, it is a bit unrealistic to assume that any one species
may rely on any one mechanism for habitat segregation over the ex-

tent of its range, or that one type of association would remain the
same through time. These three species studied here have obvious

habitat preferences (Goertz, 1964), Physiological as well as avoidance mechanisms probably determine M. townsendiils distribution

in relationship to the other two species. M. canicaudus and M.
oregoni found so infrequently sympatric may actually be separated
by behavioral incompatibilities. In all instances, a combination of

physical and biological factors are probably acting in concert to
maintain habitat segregation by these three Microtus species (M.
canicaudus, M, oregoni, and M. townsendii).
This study with three species of Microtus measured agonistic

behavior and its impact on habitat segregation between species, so
as to serve as a baseline of comparison to field conditions. It can be
used to predict what possible interaction and associations may occur
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among the three species in the wild, but its accuracy is dependent
upon the transferability of laboratory observations to corresponding
animal behavior in the wild. Further work under field conditions

needs to be performed. The manipulative studies suggested by Grant
(1972) may be helpful in measuring the effects of competitive exclu-

sion on habitat segregation by the three species. An effective means
of live-trapping M. townsendii (Goertz, 1959; Krebs, 1973; Weil,

present study), is needed to facilitate future capture-recapture
programs with this species.
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