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ABSTRACT

DISPERSAL IN SEMI-NATURAL POPULATIONS OF PEROMYSCUS MANICULATUS:
SEASONAL AND HORMONAL RELATIONSHIPS

By

Kevin Labran Murphy

In prairie deermice (Peromyscus maniculatus bairdi), juvenile

dispersers are often pubertal. Furthermore, the rate of departure
from the natal area by young P. m. bairdi is usually greatest during
the spring and summer, a period which coincides with the season of
greatest reproductive recruitment of juveniles into the population.

Causes for this post-natal dispersal may vary, and several
hypotheses that address these in small mammals were reviewed. One
hypothesis, the sexual search hypothesis, predicts that the: 1)
departure rate of juveniles from their natal area will be positively
assoclated with levels of sexually attractive stimuli present in the
environment, 2) pubertal mice will be more likely to disperse than
non-pubertal individuals, and 3) age at dispersal by juveniles can be
experimentally delayed by suppressing their sexual maturation, or
advanced by sexual stimulation. These predictions were tested in a
series of controlled field experiments with P. m. bairdi 1in
south-central Michigan.

Populations of known familial composition were established by

introducing mated pairs of deermice into an old-field artificially



provided with favorable microhabitats. These microhabitats consisted
of mouse-accessible enclosures with nest-boxes, surplus food, and
water. This semi-natural arrangement provided at least partial
control of variables (e.g. population density, predation pressure,
nutrition, and intraspecific competition) which are suspected to be
causally related to dispersal.

Juveniles were experimentally treated with melatonin implants in
one experiment to delay gonadal maturation; while, in another
experiment, they were treated with gonadal steroids in an attempt to
stimulate sexual activity.

Positive seasonal and hormonal relationships between age at
puberty and age at dispersal were found. The results indicated that:
1) pubertal mice were more likely to disperse than non-pubertal
individuals, 2) age at puberty was a good predictor of age at
disappearance for all mice from all seasons, 3) summer-born, and
melatonin-treated mice attained puberty and dispersed at an older age
than their spring and control counterparts, 4) in the fall,
dispersal rates of steroid-treated mice did not differ from controls.

The close association between age at post—-natal dispersal and
ontogenetic maturation of the gonads lends credence to the argument
that gonadal hormones may be important in activating mate-seeking

behaviors in mice.
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INTRODUCTION

Dispersal can be viewed as the movements made by an animal as it
departs its natal area (Gaines and McClenaghan, 1980, after Endler,
1977). These movements are “continual rather than periodic” and may
occur "within or between generations.” This rather simple and general
definition belies the difficulty of studying dispersal, a life-history
characteristic that is, perhaps, fundamental to all animals (Howard,
1960). The study of these movements in natural populations is
particularly difficult for secretive, nocturnal small mammals because
dispersal cannot be observed directly. Instead, dispersal movements
are monitored indirectly with the aid of live-trapping, nest-boxes,
radiotelemetry, and other tracking techniques.

Some general demographic attributes of rodent dispersers are
gradually emerging from field studies. For most species studied,
dispersal is8 a density-independent phenomenon. Dispersers are commonly
young, lightweight individuals of either sex who move or disappear from
their natal area at, or near, the age of puberty (e.g. Bekoff, 1977)
though older individuals of certain species also make dispersal
movements (see Tardif, 1979). For a more thorough review of the
attributes of dispersers, including behavioral and genetic characteris-
tics, see the Literature Review.

Despite knowledge of certain demographic, behavioral, and genetic

attributes of dispersers, little is known about the underlying causes



or mechanisms that prompt dispersal in small mammals. In population
studies of the cricetine rodent Peromyscus, the season of active
breeding is often characterized by an increase in the number of
dispersing juveniles which are often pubertal (e.g. Healey, 1967; King,
1983; Saldier, 1965). The coincidence of juvenile dispersal, juvenile
sexual maturation, and breeding by resident adults has led to the
hypothesis that juveniles move in response to social pressure or
aggression from resident males (Gaines and McClenaghan, 1980; Krebs,
1978). Nevertheless, the evidence for the occurrence of social
pressure or aggression in natural populations is weak and is derived
mainly from questionable laboratory tests or from the assessment of
skin wounds. Despite the inferences of aggression in populations,
aggressive behaviors of small, nocturnal mammals have rarely been
observed in the field (e.g. Anderson, 1980).

Since dispersal occurs predominantly during the breeding season,
an alternative explanation for dispersal is that it results from the
gearch for mates by the sexually active individuals, which most often
are the pubertal recruits (King, 1983). One prediction of the sexual
gsearch hypothesis is that the dispersal rate of all individuals in the
population will be positively associated with the level of sexually
attractive stimuli present in the environment. These stimuli may be
those provided by the sexually active individuals present in the
population, but they also include the sexually attractive signals
produced by these individuals. Although there is considerable
anecdotal reference to the existence of these signals in the environ-
ment (e.g. Moore, 1965), 1little is known about the nature of these

stimuli or the modality of their perception. In many rodents, however,



sexual attraction or sexual recognition stimuli are commonly presumed
to be odorous substances produced in the preputial gland in both sexes
(e.g. Vandenbergh, 1975). If sexually attractive stimuli promote
dispersal in sexually active individuals, I predicted that the initia-
tion and rate of juvenile dispersal could be affected by 1) altering
the levels of sexually attractive stimuli in the environment and/or
2) manipulating the sexual maturation or sexual behavior of juveniles.

Most P. m. bairdi disperse in the spring and summer when juveniles
mature sexually. Dispersal rates in the fall are low, and only adults
continue to breed (Howard, 1949; King, 1983). These two seasonal
patterns permit an experimental test of the two complementary
predictions of the sexual search hypothesis. For spring and summer
seasons, I predicted that a reduction in the level of sexually
attractive stimuli and/or the prevention of sexual maturation in
juveniles would result in lower than normal dispersal rates.
Conversely, in the fall, an 1increase in the 1level of sexually
attractive stimuli and/or number of sexually active juveniles would
result in greater than normal dispersal rates.

A field experiment test of the sexual search hypothesis poses
several methodological problems. The first concerns the control of
other independent variables (e.g. population density, predation
pressure, nutrition, and intraspecific competition) which are suspected
to be causally related to dispersal. To provide some control of these
variables, I introduced structured populations of P. m. bairdi into a
study site that was provided with favorable microhabitats consisting of
mouse—accessible enclosures with nest-boxes and surplus food and water.

A second technical problem involves measurement of dispersal in the
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fielde I used inter-enclosure movement data and the disappearance of
marked individuals from the study area to measure dispersal.
Dispersal measured as disappearance, however, was irreconcilably
confounded with mortality. Finally, a third methodological problem
concerns the selection of techniques for manipulating either the
sexually attractive stimuli or the sexual maturation of juveniles.
Given that 1little 1is known about the nature of sexually attractive
stimuli, I chose to manipulate the sexual maturation of juveniles by
treatment with exogenous hormones.

Chapter 2 deals with the selection and testing of a hormonal
treatment for delaying sexual maturation of juvenile P. m. bairdi. I
chose a technique which involved treating mice with melatonin, a
hormone with antigonadal properties. It was necessary to learn whether
melatonin would be capable of suppressing gonadal development of mice
reared under the stimulating influence of a long-day photoperiod. In
the laboratory, I performed standard histological examinations of
testes and ovaries to assess the antigonadal effects of melatonin
treatment on mice reared under the influence of different photoperiods.
Specific hypotheses for these treatments are described in this chapter.

Melatonin treatments were used to delay sexual maturation of
free-ranging juveniles during the spring and summer. In this
experiment (Chapter 3; Experiment 3.1), field-born mice were randomly
assigned to either a melatonin or a control treatment group. Stimula-
tion of sexual behavior in free-ranging juveniles was attempted in the
fall experiment (Experiment 3.2) by treating mice with exogenous
implants of gonadal steriods. The specific hypotheses tested in these

experiments are described in Chapter 3.



In the proposed test of the sexual search hypothesis (Chapter 3),
I attempted to control intraspecific competition in the population and
thus eliminate aggression as a probable cause for juvenile dispersal.
Nonetheless, the possibility remained that adult-juvenile aggression
(e.g. Fairbairn, 1977a, 1978a) might explain the results predicted for
Experiments 3.1 and 3.2. I therefore made direct radiotelemetric
observations of the activity patterns of free-ranging adult P. m.
bairdi in an attempt to estimate the likelihood of adult-juvenile
aggression in the field. The specific hypotheses tested are described

in the final chapter (Chapter 4).



CHAPTER ONE
LITERATURE REVIEW
DISPERSAL IN SMALL MAMMALS

Definitions

Any review of small mammal dispersal is beset with problems of
terminology. It is difficult to reach a consensus for a definition of
dispersal because most interpretations are specifically related to a
particular organism or method of study. A commonly used definition is
that of Howard (1960, p. 159):

Dispersal of an individual vertebrate is the movement the

animal makes from its point of origin to the place where it

reproduces or would have reproduced if it had survived and

found a mate.
Howard's definition is certainly consistent with methods of study and
results from earlier research on the population biology and social
behavior of small rodents, particularly Peromyscus spp. (Burt, 1940;

Howard, 1949; Dice and Howard, 1951; Nicholson, 1941). Using

nest-boxes in their studies of P. maniculatus bairdi and P. leucopus,

these authors found that young mice typically leave the natal nest when
they reach sexual maturity, establish a home range of their own away
from the place of birth, and remain somewhat sedentary thereafter.
Dispersal has characteristically been reserved to describe the
first movements that a young animal makes as it permanently leaves its
natal area. Recently, authors have espoused a more dynamic
interpretation of dispersal because animals move or change their home

range at other times for a variety of reasons (Bekoff, 1977; Gaines and



McClenaghan, 1980; Smith, 1978; Tardif, 1979). Brown (1975:49) viewed
dispersal simply as the "movements of animals from a source...”
Another widely used and general definition i1is that of Lidicker
(1975:104) who described dispersal as

«ee.any movements of individual organisms or other propagules

in which they leave their home area, sometimes establishing

a new home area...[excluding] short-term exploratory

movements.

Even Lidicker's definition may be limiting because it attempts to
distinguish between "short-term exploratory movements”™ from others that
are, presumably, dispersal movements. Is it valid to make a
distinction between short-term exploratory movements and other, longer
movements? I believe not. In some situations, this distinction may
have more to do with the methods used to record animal movements and
less with the actual behavior of the animals being measured. For
example, in live-trap studies, movement distances made by animals can
be inferred from straight line measurements made between two trap
locations (e.g. Dice and Howard, 1951). These measurements apply to
the distance between the two points concerned but not necessarily to
the actual distances traveled. Thus, some animals that appear to be
making short-term exploratory movements may, in fact, be traveling as
far as animals that are classified as dispersers (see Gottfried, 1982).

To define dispersal according to the length and direction of
movements 18 not recommended because these characteristics may also
vary from species to species and from individual to individual and, in
themselves, do not serve to distinguish dispersal from other movement
types (Bekoff, 1977; see also Madison, 1980c). In this review I favor
a general definition of dispersal adopted by Gaines and McClenaghan

(1980:164, after Endler, 1977) who viewed dispersal as "movements of



only a short distance made by individuals away from a natal site.”
According to these authors, dispersal movements are "continual rather
than periodic and can occur within or between generations.”™ This view
of dispersal allows me to consider animal movements without

restrictions in their timing or magnitude.

Measurements

Dispersal of individuals or propagules has been demonstrated in
some stage of the life cycle of almost every species of plant and
animal (Howard, 1960). Although dispersal in small mammals has
recently been the focal point of much ecological and behavioral
research (Gaines and McClenaghan, 1980), broad generalities of the
causes and consequences of this phenomenon have been slow to emerge.
This 1is partly due to inconsistencies in conceptual definitions
described above to vague and operational definitions of dispersal.
Therefore, before I describe attributes of dispersers and hypotheses
proposed to explain the underlying proximal mechanisms of dispersal, 1
will critically review the methodologies that apply to the study of
dispersal.

One fundamental problem with studying dispersal in small mammal
populations 18 a logistic one. Although dispersal 1is often
characterized as involving a series of movements away from a natal
site, the processes are difficult to observe directly, particularly
among small, secretive, nocturnal mammals. Direct visual observation
of these movements 1is possible in studies of large, diurnal species
like ground squirrels (e.g. Armitage, 1973; Carl, 1971; Downhower and
Armitage, 1981; King, 1955; Slade and Balph, 1974; Yeaton, 1972). In

contrast, small, nocturnal species must be studied by using indirect



methods, such as live-trap sampling of undisturbed or depopulated
grids, resource structuring experiments, fenced enclosure experiments,
nest-box monitoring, radiotelemetry, radioactive tagging, and other
tracking methods (e.g. marked feces, chemically-treated tracking
papers) .

By using live-trap methods, dispersal can be estimated by sampling
individuals that immigrate into a study area. The study area to be
monitored can either be left undisturbed as a control, or depopulated
(residents removed). In control study areas, newly-recruited
(captured) animals can be young animals born in the areas, previously
uncaptured older residents, or immigrants. Since it is difficult, if
not impossible, to distinguish the source of newly captured animals,
dispersal rates can only be estimated. Fairbairn (1977a, 1978a)
estimated dispersal rates for P. m. austerus by comparing rates of
survival and recruitment of mice within a study area. Fairbairn
assumed that high rates of movement by animals within the general
population should be reflected in high rates of recruitment and low
rates of survival on the control areas. In spite of the difficulties
in distinguishing the source of newly-recruited animals, this method
has provided insight into the mechanisms of recruitment (Boonstra,
1978; Fairbairn, 1977b, 1978a; Hansen and Batzli, 1978; Sullivan,
1977).

In removal-trapping studies, dispersal rates are estimated in two
wvays. One assessment of dispersal is made by determining the number of
former marked residents of control grids which appear in traps on
removal grids. Alternatively, the rate of dispersal can be measured by

comparing the number of dispersers which colonize a removal area to the
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population density of a control area. Implicit in removal studies are
two assumptions: 1) that animals trapped on the removal area are indeed
immigrants and not individuals making shorter, exploratory movements
from closely surrounding areas (e.g. Stickel, 1946; Joule and Cameron,
1975), and 2) that animals taken from removal grids will not influence
the population dynamics of animals from adjacent control grids (Gaines
et al., 1979b). Removal-trapping has been the most commonly used
method for studying dispersal in small mammals (e.g. Fairbairn, 1978a;
Gaines et al., 1979b; Joule and Cameron, 1975; Krebs et al., 1978;
Myers and Krebs, 1971; Stickel, 1946; Sullivan, 1977; Tamarin, 1977).

In most removal experiments, the authors assume that
removal-trapping measures dispersal patterns that would occur in
unmanipulated populations. This method was criticized by Dobson (1981)
who argued that removal areas constitute artificial dispersal sinks
that may produce a "vacuum effect” (after Gaines et al., 1979a). By
comparing dispersal data from removal and non-removal (unmanipulated)
study areas, Dobson demonstrated that data collected from removal
studies “cannot be assumed to Trepresent an accurate measure
of...dispersal...occurring in unmanipulated populations...”

Dispersal has also been studied by restructuring the environment.
Gaines et al. (1979b) compared a field burning method with two other
experimental techniques (removal-trapping, fenced enclosures) in an

analysis of dispersal in fluctuating Microtus ochrogaster populations.

The authors found remarkable consistency in the data obtained by the
three experimental methods. In this study, the vegetation omn two
experimental grids was burned, enabling the authors to examine the

dispersal of individuals into this suboptimal habitat. A major
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assumption of this experiment was that all animals subsequently
live-trapped on the burned grids were dispersers. The authors
admitted, however, that this assumption was not completely valid
because several animals captured on the burned grid were, in fact,
residents that survived the burning.

Several 1investigators have added supplemental food to natural
populations of voles and mice and examined the effects of this
manipulation on immigration rates and other demographic characteristics
(Desy and Thompson, 1983; Flowerdew, 1972; Gilbert and Krebs, 1981;
Smith, 1971; Taitt, 1981; Taitt and Krebs, 1981; Taitt et al., 1981).
Taitt and Krebs (1981) suggested that experimental structuring of other
resources (e.g. estrous females, nest sites) in future studies could
lead to a greater understanding of the influences of resource
availability on spacing behavior (see also Hypothesis Testing below).

Fenced enclosures have enabled workers to control crucial
variables (e.g. immigration rates, predation risk) and identify all
individuals that attempt to “"disperse” by leaving the enclosure via
exit holes or pitfall traps (Gaines et al., 1979b; Riggs, 1979, from
Gaines and McClenaghan, 1980). Implicit in this technique 1is the
assumption that all individuals have equal opportunities to "find" the
exit holes or pitfall traps. Gaines et al. (1979b) conceded that
individuals whose normal home ranges were close to the fence lines and
exit holes were more likely than other voles to enter the exit holes.

Fenced enclosures have also provided a method for investigating
the role of dispersal as a population regulating mechanism. The
enclosure used by Gipps and Jewell (1979) was vole-proof and prevented

any immigration or emigrationm. During the course of their study,
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population densities of bank voles (Clethrionomys glareolus) within the

enclosure reached extremely high levels, an observation repeatedly
observed in other enclosure studies in which dispersal was prevented
(Boonstra and Krebs, 1977; Crowcroft and Rowe, 1957; Lidicker, 1976;
Krebs et al., 1969).

Drift fences with pitfall traps have been used to study dispersal
movements in several species of small mammals, including the old-field
mouse P. polionotus (Briese and Smith, 1974; Garten and Smith, 1974).
Implicit in all the methods described above which utilize either
pitfall traps or exit holes, is the assumption that mice “captured” are
actually attempting to exit or enter the study grid.

Recent technological advances 1in radiotelemetry methods (for
reviews see Amlaner and MacDonald, 1979; Cheesman and Mitson, 1982)
have permitted detailed investigations of movement and space use by
small voles and mice. Radiotelemetry studies have revealed patterns of
activity and space-use among free-ranging brown lemmings, Lemmus

trimucronatus (Banks et al., 1974), red-backed voles, C. gapperi (Chute

et al., 1974; Herman, 1977), collared lemmings, Dicrostonyx

groenlandicus (Brooks and Banks, 1971), meadow voles, M. ochrogaster

(L.L. Getz, C.S. Carter, pers. comm.), white-footed mice, P. leucopus
(Madison, 1977; Mineau and Madison, 1977; B. Ormiston, pers. comm.;
Wolff and Hurlbutt, 1982), and deer mice, P. maniculatus (Murphy and
Gidner, 1982; Wolff and Hurlbutt, 1982). Compared with live-trapping
methods, radiotelemetry techniques provide more precise measurements of
an animal's activity and movement. However, radiotelemetric methods
have their own 1limitations. Implicit in these methods is the

assumption that they do not interfere with normal behavior and movement
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capability. The use of radiocollars could result in reduced activity
of monitored animals (Hamley and Falls, 1975; Webster and Brooks,
1980).

In spite of recent improvements in radiotelemetric techniques, few
quantitative data are available on the behavior of free-ranging small
mammals at the time of dispersal. The lack of information is
conspicuous for juveniles, in particular, because of their small size
(< 15 g for many mouse-sized species). Most reliable radiotransmitters
available on the market today are still too large and heavy to be used
for tagging animals that weigh less than 20 g. Given that the
predominant dispersers in most small mammals are juveniles, and that
radiotelemetric monitoring is not yet feasible for these small-sized
animals, it is not surprising that little is known regarding the
behavioral attributes of dispersers in the field. Consequently, most
radiotelemetry studies are concerned with describing patterns of
activity and space-use among free-ranging adults.

In addition to radiotelemetry, remote censusing with radioisotope
labels has also contributed to our understanding of movement patterns
among free-ranging small mammals. Wolff and Holleman (1978)
recommended in utero labelings of progeny as a technique for studying
kin groups and dispersal of juvenile Microtus spp. and house mice, Mus
musculus from their natal home range. Radioisotope labeling was also
used in studies of movement in the field vole, M. agrestis (Godfrey,
1954; Myllym#ki et al., 1971), Townsend's vole, M. townsendii (Hilborn

and Krebs, 1976), and coast mole, Scapanus orarius (Schaefer, 1982).

A limiting consideration for the use of radioisotope labeling in

the study of movements in small mammals is the potential risk that the
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associated radiation exposure may produce detrimental effects which
could be manifested in behavioral changes (Wolff and Holleman, 1978).
Compared with radiotelemetric methods, the monitoring of radioisotope-
labeled animals provides only limited information. This is due, in
part, to limitations in the distance that Geiger counters can detect
radioactively labeled animals. Another drawback is that monitoring is
limited to only a few individuals at a time (e.g. Godfrey, 1954).
Patterns of movement and space-use have also been inferred from
tracking toe-clipped individuals in a population with the use of
chemically treated tracking papers. Space-use by individual M.
musculus was determined in a natural population by using a combination
of live-trapping and tracking paper methods (Fitzgerald et al., 1981).

Spatial relationships among wood mice, Apodemus sylvaticus were

inferred from data collected from tracking marked feces (Randolph,
1977).

Finally, the use of nest-boxes in studies of free-ranging
Peromyscus spp. has allowed interpretations of animal movements
relative to the social and familial history of individuals in a
population. Howard (1949), Dice and Howard (1951), and King (1983)
used nest-boxes to study dispersal in populations of prairie deer mice
(P. m. bairdi). Nicholson (1941) and Trudeau et al. (1980) similarly
studied populations of P. leucopus. Most microtines (Microtus spp.) do
not regularly use nest-boxes (M. Gaines, pers. comm.), although Gipps
and Jewell (1979) reported nest-box use by C. glareolus. The use of
nest-boxes is most feasible for Peromyscus spp.

An advantage of nest-box monitoring over live-trapping methods is

that nest-boxes do not impose restrictions on movements of mice which
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choose to use them. On the other hand, a mouse which enters a trap and
is8 captured is not only restricted from further movement, but is
behaviorally removed from the population until its release. 1In
addition, little is known about how trap spacing or trappability
affects behavioral measures (Madison, 1980b). Another advantage of a
nest-box study is that it provides an opportunity for determining the
birth dates of animals born in the population. With a knowledge of
birth dates, the age at dispersal or other events can be determined
with reasonable certainty. In live-trapping studies, however, ages can
only be estimated (see Attributes of Dispersers below).

The monitoring of animals from birth provides an opportunity for
comparing the timing of maturational events (e.g. puberty) with
dispersal. For example, an interesting question often asked is whether
dispersal precedes the onset of sexual maturation, or vice-versa (see
also Attributes of Dispersers below). Thus far, this question has
proven difficult to answer 1in removal studies that utilize
live-trapping methods (e.g. Beacham, 1981). If a disperser is trapped
in a depopulated grid and found to be in breeding condition, we have no
way of determining whether the individual became sexually mature prior
to dispersing, or after dispersing but prior to being trapped.

Nest-box monitoring is at a disadvantage when it comes to
measuring extensive dispersal movements of individuals which leave the
study area (Howard, 1949; King, 1983). Dobson (1981) criticized the
use of nest-boxes because he believed that they may influence social
pressures that might influence dispersal tendencies. One could also
argue that studies which attempt to describe dispersal movements of

small mammals with the use of live traps can also be biased. For
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example, trappability of deermice has been shown to be a function of
the olfactory cues in the traps themselves (e.g. Mazdzer, et al. 1976)
and of trap spacing (e.g. Howard, 1949). Despite these criticisms, the
use of nest-boxes is recommended in dispersal studies which are planned
to allow manipulation or control of resource variables such as nest
sites, food, refuges, and protection from predators (see Hypothesis
Testing below).

Another fundamental problem with studying dispersal in natural
populations lies in our inability to distinguish between mortality or
dispersal as the cause of disappearance of animals from a study site.
Although Hilborn (1975) experimentally separated disappearance of M.
townsendii into dispersal and survivorship components, in most studies

investigators do not separate these two sources of disappearance.

Attributes of Dispersers

A fundamental characteristic of all dispersers is their movement.
We know about dispersal and associated movements from mapping the
pattern of dispersion of individuals in space and time. It is often
difficult to determine, from the map alone, either the causes for the
observed dispersion patterns, or the perceptual mechanisms which enable
the animals to move and to space themselves. Fortunately, we can
collect demographic, behavioral, and genetic data which may provide
clues to help explain the underlying mechanisms of dispersal. Even
with these data, it still seems that much of what we know about the
causes of dispersal and spacing patterns in small mammals is like a
naive observer's understanding of a game of chess: the players are seen
but the rules of movement and the underlying strategies and mechanisms

remain obscure.
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The study of dispersal is becoming increasingly common and much
new data concerning the characteristics of dispersers are being
collected. In spite of the variety of life history patterns of the
animals studied, some broad generalizations regarding the demographic
and behavioral attributes of dispersers are slowly emerging (for other

views see Gaines and McClenaghan, 1980; Dobson, 1982).

Sex
In many multiannually cycling species (e.g. Microtus spp.)
studied, males were the predominant dispersing sex (e.g. Beacham, 1981;
Boag and Murie, 1981; Dobson, 1981; Gaines et al., 1979b; Keith and
Tamarin, 1981; Krebs et al., 1978; McClean, 1982; Riggs, 1979, in
Gaines and McClenaghan, 1980). Tamarin (1977) reported that M.

pennsylvanicus exhibited shifts in the sex ratios of dispersers, with

males predominating in the winter and females predominating in the

summer . Seasonal patterns were also described for M. pennsylvanicus

(Dueser et al., 1981), and cotton rats, Sigmodon hispidus (Stout and

Demmer, 1982). There were no significant differences reported in sex
ratios between dispersers and non-dispersers in P. maniculatus
(Fairbairn, 1978a; King, 1983) or P. leucopus (Nadeau et al., 1981;
Tardif, 1979). On the other hand, Gottfried (1982) found male P.

leucopus to be the predominant dispersing sex.

Age and Weight
Perhaps the most prevalent finding from dispersal studies is the
observed movement or disappearance of juveniles from their natal area
at, or near, the age of puberty in P. maniculatus (Dice and Howard,

1951; Howard, 1949, 1960, King, 1983; Petticrew and Sadlier, 1974), P.
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leucopus (Hansen and Batzli, 1978; Nadeau et al., 1981), Mus musculus

(Anderson, 1970; Myers, 1974), Microtus spp. (Beacham, 1979; Keith and

Tamarin, 1981; Webster and Brooks, 1981b), Clethrionomys glareolus

(Mazurkiewicz and Rajska, 1975; Wiger, 1982), Sigmodon hispidus

(Cameron, 1977), Reithrodontomys fulvescens (Cameron, 1977),

Spermophilus spp. (Boag and Murie, 1981; Dunford, 1977; McClean, 1982;
Michener and Michener, 1977; Rongstadt, 1965; Slade and Balph, 1974;
Yeaton, 1972) and Marmota spp. (Armitage, 1981; Bronson, 1964; Davis et
al., 1964).

Although dispersal movements are commonly seen in juveniles, they
can also be observed in older animals in P. leucopus (Gottfried, 1982;
Stickel, 1946), P. polionotus (Briese and Smith, 1974; Gentry, 1966),

Mus musculus (Delong, 1967; Rowe et al., 1964; Strecker, 1954),

Microtus spp (Myers and Krebs, 1971; Pucek and Olszewski, 1971;

Tamarin, 1977; Van Vleck, 1968), Dipodomys sp. (Fitch, 1948), and

Marmota flaviventris (Armitage, 1962, 1977). 1In some studies, adult

dispersers predominated in certain seasons. This has been observed in
P. leucopus (Gottfried, 1979), Microtus spp. (Lidicker, 1976), Mus

musculus (Newsome, 1969), Tamiasciurus hudsonicus (Kemp and Keith,

1970; Rusch and Reeder, 1978) and Gerbillus allenby; (Abramsky and

Sellah, 1982).
In comparing dispersers with residents, dispersers were found to
be younger and lighter in weight in P. maniculatus (Fairbairn, 1978a),

Microtus sp. (Beacham, 1979; Gaines et al., 1979a; Krebs et al., 1978;

Myers and Krebs, 1971; Riggs, 1979, in Gaines and McClenaghan, 1980),

Clethrionomys glareolus (Kozakiewicz, 1976), and Sigmodon spp. (Joule

and Cameron, 1975; Stout and Demmer, 1982). 1In other studies of
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Microtus, however, the ages of dispersers and residents did not differ
(Tamarin, 1977; Verner, 1979, in Gaines and McClenaghan, 1980). In
most of these studies, age could only be assessed from measures of body
weights or inspection of developmental molts.

Age 1is probably the most difficult character to measure
accurately, particularly in animals from live-trapping studies.
Dispersers caught in snap traps and killed can be examined more closely
than live animals. Postmortem examinations can provide relatively
accurate measurements of age, which can be determined by examining eye
lens weights, closure of epiphyseal plates, and dental annulations
(Pucek and Lowe, 1975). On the other hand, age determination of
live-trapped animals must be based on morphological changes associated
with age. Typically, body weight and pelage characteristics are used
to define broad age categories (e.g. adult, subadult, juvenile,
nestling). Known ages can be assigned to individuals sampled from

nest-boxes if the date of birth was previously recorded.

Reproductive Status
According to Gaines and McClenaghan (1980), the reproductive
condition of dispersers (regardless of age) showed considerable
variation among the species studied. In many species, the reproductive
status of dispersing males was a random subset of the resident male
population. However, dispersing subadult male M. townsendii (Beacham,
1979, 1981; Krebs et al., 1978), M. ochrogaster (Myers and Krebs,

1971), M. pennsylvanicus (Dueser et al., 1981; Keith and Tamarin,

1981), and M. breweri (Keith and Tamarin, 1981) were more likely to be
reproductively active than subadult male residents. Dispersing males

of all ages were more likely than residents to be in breeding condition
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in C. glareolus (Kozakiewicz, 1976), M. californicus (Riggs, 1979, from

Gaines and McClenaghan, 1980), M. breweri and M. pennsylvanicus

(Tamarin, 1977).
In reviewing the literature, Gaines and McClenaghan (1980) found
no discernible pattern in the reproductive condition of dispersing

females. In certain species (M. pennsylvanicus and M. breweri),

dispersing females were more likely than resident females to be
breeding when trapped (Tamarin, 1977). Nevertheless, in some studies,
there was a greater proportion of resident females in breeding
condition compared to dispersing females (Myers and Krebs, 1971; Gaines
et al., 1979a,b; Keith and Tamarin, 1981). In certain seasons, female
P, leucopus dispersers were more likely to be reproductively active
than residents (Tardif, 1979). Dispersing female M. townsendii (Krebs
et al., 1976), and P. maniculatus (Sullivan, 1977) reached puberty at
an earlier age than residents.

Measurement of reproductive condition may also be problematical.
For males, the reproductive status can be inferred by measuring the
position of the testes. Scrotal testes imply reproductive competence,
whereas abdominal testes are indicative of sexually immature status. A
critical review of this procedure was provided by Jameson (1950). A
more quantitative technique involves laparotomy and the use of a
testicular index (Johnston and Zucker, 1980c). This method allows for
repeated quantitative assessment of gonadal status but has been
reserved mainly for laboratory studies. Repeated and frequent surgical
gonadal assessment of males in the field is not recommended.

For females, vaginal patency is used as an indicator of puberty

(Clark, 1938; Whitsett and Miller, 1982; for a critical review see
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Rogers and Beauchamp, 1974). Pregnancies cannot be verified either
visually or by palpation until relatively late in gestation for most
small mammals. Parity is difficult to assess for females sampled in
live-traps, and is possible for females monitored in nest-boxes only if

the female uses the nest-boxes to raise her litters.

Genotype
Electrophoretic analyses of blood plasma proteins revealed genetic
differences between residents and dispersers in some species. Myers
and Krebs (1971) reported finding differences in the genetic make-up of
residents and dispersers at the leucine aminopeptidase (LAP) and

transferrin (TF) loci in M. pennsylvanicus and M. ochrogaster

populations. Similar results were described for an esterase locus in

M. ochrogaster (Pickering et al., 1974), M. pennsylvanicus (Keith and

Tamarin, 1981), and M. breweri (Keith and Tamarin, 1981). In contrast
to the above studies, Verner (1979, in Gaines and McClenaghan, 1980),
and Riggs (1979, in Gaines and McClenaghan, 1980) found no evidence for
differential genetic composition in residents or dispersers.

Although much of the work done on genetic analysis of dispersal
has been performed on cycling vole species, some analyses have also
been done on non-cycling small mammal species. Michener and Michener
(1977) found no evidence for a differential loss of genotypes from a

population of Richardson's ground squirrels (Spermophilus

richardsonii).

Although genetic differences have been found at particular loci,
it remains to be shown that these genetic differences between
dispersers and non-dispersers are causally related to dispersal, or any

other behavior.
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Behavior

Field Studies

In natural populations, the behavioral attributes of dispersers
can be inferred from direct, visual observations (limited mostly to
larger, diurnal species), radiotracking, monitoring of radioisotope-
labeled animals, and measurement of skin wounds. Most behavioral
measures recorded in the field are related to aggression. The social
subordination and genetic behavioral polymorphism hypotheses for a
proximal mechanism of dispersal predict that aggressive behavior
increases with population density, and interactions between dominant
and subordinate animals results in the dispersal of the latter (see
Behavioral Hypotheses below). From direct observations of

yellow-bellied marmots Marmota flaviventris, Armitage (1973) attributed

the dispersal of juvenile males to aggression. A similar pattern was

described for male arctic ground squirrels, Spermophilus undulatus by

Carl (1971). Pfeiffer (1982) credited aggression as the cause for the
disappearance and dispersal of juvenile female Wyoming ground squirrels
(S. elegans).

On the other hand, observed aggression in other ground squirrels
did not explain juvenile dispersal. In round-tailed ground squirrels,

S. tereticaudus, mothers were aggressive only towards non-kin but this

did not explain the dispersal of juveniles from their mother's home
range (Dunford, 1977). No relationship between aggression and
dispersal was detected in populations of Uinta ground squirrels, S.

armatus (Slade and Balph, 1974), S. richardsonii (Yeaton, 1972), or M.

flaviventris (Svendsen, 1974).
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The skins of secretive, small mammals can be 1inspected,
postmortem, for evidence of wounds caused by attacks from other animals
(e.g. Rose and Gaines, 1976; Ziesenis et al., 1975). Higher incidences
of wounding were recorded as density increased in populations of M.

musculus (Rowe et al., 1964; Southwick, 1958), and M. pennsylvanicus

(Christian, 1970). Krebs (1964) found higher levels of wounding in
lemmings during peak population densities, but when population density
declined, levels of wounding remained high. 1In other microtine
species, no relationship between population density and wounding could
be found (Batzli and Pitelka, 1971; Rose and Gaines, 1976; see also
Laboratory Measures below).

If aggression is indeed an important mechanism for eliciting
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