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Normative data were collected on the reproductive behavior

and early development of two populations of Peromyscus gossypinus

and of Peromyscus leucopus . The two populations of P. gossypinus

were collected from the vicinity of Gainesville, Florida, and from

the vicinity of Palmdale , Florida. The P. leucopus were laboratory-

bred descendents of wild-trapped mice from the vicinity of Lansing,

Michigan.

Three main areas, copulatory behavior, maternal behavior,

and somatic and behavioral development were investigated. Differ-

ences among taxa were quantified and an attempt was made to relate

these differences to contrasting features of the environment.

Copulatory behavior was studied only in the two populations

of P. gossypinus . Data on the qualitative form of male copulation,



the quantitative measures of each behavior, and description of other

behaviors associated with copulation were collected. P. gossypinus

was found to exhibit a stereotyped pattern consisting of no locks,

no intravaginal thrusting, and multiple ejaculations. Ejaculation on

one insertion occasionally occurred although several intromissions

usually preceded ejaculation. The two populations were very similar

in both qualitative and quantitative measures. Data were compared

with those of P. leucopus , and other Peromyscus species.

Maternal behavior was studied in two populations of

P. gossypinus and in P. leucopus . Quantitative descriptions of

nursing, grooming of pups, retrieval and nest building were provided.

Data were also collected on the percentage of litters surviving

during the experimental period, and on the number of pups in each

litter at birth. For the Gainesville population and for P. leucopus ,

data were collected on maternal defensiveness and retrieval

responses. For the Gainesville population, differences were found

in the amount of time spent by mothers during the first few days

following birth and the last few days prior to weaning in nursing of

pups, in nonmaternal behaviors, in the latency to initiate retrieval,

in the number of pups retrieved, and in the total amount of time

spent retrieving pups. Intra- and interspecific variation

were found in the percentage of litters surviving during the

experimental period. A handling effect was found for the Palmdale

population. The Gainesville population spent a greater proportion

of time retrieving pups and exhibited higher maternal defensiveness

scores than did P. leucopus.



Somatic and behavioral development was studied in preweaned

pups from the Gainesville population and in P. leucopus . Data

showed species differences in the development of six somatic and nine

behavioral traits. In general, P. gossypinus pups developed at a

faster rate than P. leucopus pups. There were no species differences

found in the sequence of development of the various traits.

Overall, few population differences were found. The intra-

specific variation that was found was hypothesized to have been

either the result of chance or of genetic changes in response to

differences in particular features of the micro-habitat, such as

availability of safe nest sites.

Many species differences were found. In general, P. leucopus

was the temperamentally less reactive and less aggressive species.

Interspecific variation was discussed in relation to the long

laboratory tenure of P. leucopus , as well as in relation to specific

adaptations to the natural environment. It was hypothesized that

the habitats of the two species might differ in the amount of

predation to which animals were subject, or in the availability of

safe nest sites.



CHAPTER I

INTRODUCTION

The present research was designed to provide normative data

on reproductive behavior and early development in two species of the

muroid rodent genus, Peromyscus . Reproductive behaviors (copulatory

behavior and maternal behavior) and the development of somatic and

behavioral traits in the offspring are biologically significant

events. The study of these events provides not only new data on the

individual species, but also provides a basis for meaningful

comparisons within and between species. Such comparisons are

essential for understanding the evolutionary history and the adaptive

significance of behavior.

Collection of Normative Data

The collection of normative data for individual species

provides information on the natural history, the life cycle and the

particular characteristics of a species. This is important when

generalizations regarding the relationship of species characteristics

to the natural environment are to be made. The behavior patterns of

reproduction and early life of species form a logical unit for study

because they are of critical importance in insuring the survival of

the genotype. It is in such behavior patterns that the operation of

natural selection may be expressed as the environment changes.

1
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Reproductive behaviors and the developing characteristics of

the offspring form a continuing life cycle that proceeds from genera-

tion to generation. The life cycle begins with the selection of a

mate. For the genes of each individual to be passed on, it must

copulate successfully with a conspecific of the opposite sex. Once

mating has successfully occurred and gestation has been completed,

parturition ensues. The adult female, and often the male, must care

for the young. The parents must help insure survival of the genes

by aiding in survival of the young.

At birth, most species of rodents are helpless and dependent

on the mother for food, warmth and protection. The pups respond to

the mother's behavior with a few behaviors necessary for survival,

such as suckling when the mother assumes a nursing position, or

vocalizing when separated from her. Newborn pups are relatively

passive recipients of maternal attention. Without it, they soon die.

As the young grow, new behaviors develop, and the form and

frequency of old behaviors change. The pups begin to move about,

to groom, to eat solid food, and to defend themselves. At the same

time, the mother's behavior becomes more dependent on pup solicita-

tion. Both sets of behaviors change as a function of increasing

pup maturity (Rosenblatt, 1965, 1970).

If the young do survive and mature, they will subsequently

copulate, bear young and care for them, thus passing on the genes

to successive generations.

Study of the life cycle of a species can provide information

on the specific adaptations to the requirements of the environment.
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In the present research, the life cycles (copulatory behavior,

maternal behavior, and early development) of Peromyscus gossypinus

and Peromyscus leucopus are described.

Intraspecific Comparisons

Many species are polytypic; that is, they are composed of

populations that are more or less different from each other (Mayr,

1970)
.

The different populations may develop particular characteris-

tics determined by the type of environment inhabited. Populations

inhabiting different ecotypes may be very dissimilar in somatic and

behavioral traits. For example, King's (1958, 1963) investigations

of the maternal behavior and early development of two subspecies of

Peromyscus maniculatus demonstrated many physical and behavioral

differences related to specific adaptations to differing habitats.

Since behavior patterns may have diverged as populations adapted to

differing habitats, some generalizations about the behavior of a

"species" may not be valid. All too often, stereotyped behavior

patterns have been described as "species typical" without sufficient

evidence that the species as a whole exhibited these behaviors.

Bruell (1970) recognized that comparisons of behavior among

populations might show as much diversity as comparisions among species

He suggested that studies of species that do not include data from

at least two populations might better describe data as "population

typical" rather than "species typical". Another alternative might

be to study populations that inhabit the most frequently preferred

ecotype. For example, if most populations of a species are known to
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live in pastoral habitats, then description of the behavior of these

populations might more likely be "species typical" than that of a

population living in a xeric habitat.

In the present research, data from two populations of

P. gossypinus were collected. Both populations inhabited similar

sylvan environments. The data collected on copulatory behavior and

maternal behavior were compared and the hypothesis of "species-

typical" behavior evaluated.

Interspecific Comparisons

Comparisons among species are essential in understanding the

evolutionary history and the adaptive significance of behavior. The

study of species similarities focuses on the degree of genetic

relatedness among species. The concept of homology emphasizes the

tracing of behavior patterns to recent common ancestors (Dewsbury,

1973). The frequency and similarity of homologous behaviors

decreases as the degree of relatedness among the species decreases

(King, 1963). Thus, the study of the evolutionary history of

species through homologous traits necessitates the examination of a

sequence of closely related species inhabiting differing environ-

ments. This is difficult to accomplish, and few successful studies

exist (Dewsbury, 1973). Alternatively, most species comparisons have

focused on the relationship of species somatic and behavioral traits

to environmental factors.

The investigation of the adaptive significance of behaviors

has focused on differences among species that can be correlated with
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the types of environments inhabited. The species compared have not

necessarily been closely related. For example, Allison and Van Twyver

(1970) studied sleep patterns in a variety of mammalian species.

"Good sleepers" tended to either rest in secure sleeping places, or

to be predators, while "poor sleepers" tended to be subject to

predation. Dewsbury (1973) reviewed this and several other investi-

gations of the adaptive significance of behavior.

A number of investigations of different species of Peromyscus

have related behavioral differences to habitat requirements. Layne

(1969, 1970, 1971) and Layne and Ehrhart (1970) studied differences

between P. gossypinus and P. floridanus in digging, climbing, and

nest building behavior and in rhythmicity of the diurnal cycle.

P. floridanus was a poorer digger, climber, and nest builder than

P. gossypinus . These behavioral differences were adaptive for a

species like P. floridanus , that lived in a warm, xeric climate and

nested in relatively safe places. P. floridanus occupies the

burrows of other species.

The comparison among Peromyscus species of reproductive

behaviors and the development of various traits has led to

hypotheses of the adaptive significance of these behaviors. For

example, Dewsbury (1975d) summarized data on copulatory behavior in

eight species of Peromyscus . He correlated the tendency of the

species to lock with the relative thickness of the glans penis. He

also hypothesized that species which lock nest in relatively secure

places. Layne (1968) reviewed investigations of the development

of :natic and behavioral traits of 25 species and subspecies of
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Peromyscus . He related the size of litters and the size of neonates

to adult body size, and to rate of development. King (1958, 1963) re-

lated differences in maternal behaviors between two subspecies of

P. maniculatus to differences in types of nest sites and amount of

predation pressure.

In the present research, data collected on the maternal behavior

and early development of P. gossypinus and P. leucopus were compared,

and hypotheses regarding the adaptive significance of behavior were

formulated.

Species Information

The cotton mouse ( P. gossypinus ) and the white-footed mouse

( P. leucopus ) both can be classified as belonging to the genus,

Peromyscus , to the subgenus, Peromyscus , and to the species group,

leucopus . While there are many Peromyscus species sharing the genus

and subgenus, P. gossypinus and P. leucopus are the only two members

of the species group (Hall and Kelson, 1959; Hooper, 1968; Hooper and

Musser, 1964) . The two species are very closely related, and apparent-

ly only recently diverged from common ancestral stock (Hooper, 1968)

.

The two species show some evidence of very similar gene pools

since hybridization has been reported to occur in the laboratory

(Dice, 1937, 1968; Wilson, Vacek, Lanier and Dewsbury, 1976), and

may occur rarely in the field (McCarley, 1954) .

Both species share many traits in common. They are similar in

physical appearance. Both inhabit deciduous forests and are semi-
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arboreal. Both have differentiated geographically. There are 15

geographic races of P. leucopus and 7 of P. gossypinus (Hooper, 1968)

.

The two species are, for the most part, allopatric.

P. gossypinus inhabits the smaller range, being restricted to the

southeastern part of the United States. P. leucopus is much more

widespread in range and inhabits much of the eastern and midwestern

part of the United States. The species are sympatric in the northern

part of the P. gossypinus range (parts of Alabama, Arkansas,

Louisiana, Mississippi, Oklahoma, Tennessee, and Texas). Where over-

lap of the range occurs, there is evidence that the two species may

separate ecologically. McCarley (1954, 1963) indicated that in

eastern Texas, P. gossypinus inhabited the preferred lowland forests

while P. leucopus inhabited the less preferred uplands.

The P. gossypinus selected for study in the present research

were collected from two naturally occurring populations. Both

populations inhabited similar sylvan environments, but were from

different locations (Gainesville, Florida and Palmdale, Florida).

The P. leucopus studied were derived from original stock from a

sylvan environment in Michigan (see Chapter II)

.



CHAPTER II
GENERAL METHODOLOGY

Subjects

P. gossypinus (Gainesville population ) . Subjects were wild-

trapped mice and their laboratory-reared offspring. Wild-trapped

mice were caught in Sherman live traps using peanut butter and oatmeal

as bait. Trapping sites were located in lowland pine and hardwood

forests with moderate undergrowth to the west and north of Gainesville,

Florida (Alachua County)

.

P. gossypinus (Palmdale population ) . Subjects were wild-

trapped mice and their laboratory-reared offspring. Trapping sites

were located in the area around Lake Okeechobee near Palmdale,

Florida (Glades County)

.

P. leucopus. Subjects were descendants of wild-trapped mice

bred in the laboratory at Michigan State Univeristy since 1961-1962.

The original stock was trapped near Lansing, Michigan (see King,

Price, and Weber, 1968). Mice were shipped by air to Florida in

early 1972.

Mice were habituated to the laboratory for several weeks, and

then some were mated. Paired males and females which reproduced were

permanently mated. These animals produced offspring which comprised

the laboratory colony.
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Maintenance

The mice were housed in plastic cages with wire tops. Small

cages, measuring 29 x 19 x 13 cm, were used to house males and females

from the age of weaning (approximately 23 days) until they were

paired or used in observations requiring larger cages. Small cages

were also used to house females which were subjects in experiments on

copulatory behavior.

Large cages, measuring 48 x 37 x 13 cm, were used to house

mated pairs, or mated pairs with litters, and males which were

subjects in experiments on copulatory behavior.

Cages were lined with a commercial litter material (San-i-cel)

.

Food (Purina Lab Chow) and water were available at all times.

Mothers with litters were given additional suuplements of sunflower

seeds. Cages were also supplied with nesting material (Nestlets,

Ancare , Corp. )

.

Cages were placed on seven-shelf racks in two colony rooms.

P. gossypinus (both populations) were housed together in one room, and

P. leucopus was housed in the second room. Other species of mice,

not included in this study, were housed in both rooms.

Cages were cleaned and maintained by the laboratory animal

care staff. Fresh cages, litter material, nesting material, food,

and water were provided on a regular basis. Used cages were washed

in a steam cleaner. In the case of mothers with litters, cages were

changed only when pups were old enough to be weaned (approximately 23

days of age)

.



10

The colony rooms were maintained at a constant temperature

(approximately 72 °F) year round. Fluorescent lights were auto-

matically controlled. There was a reversed light-dark cycle of 14

hours of light and 10 hours of darkness. Times of light and dark

were slightly different in the two colony rooms. In the P. gossypinus

colony room, the lights were out from 13:30 hr to 2 3:30 hr, while in

the P. leucopus colony room the lights were out from 12:30 hr to

22:30 hr. Two 25-watt red lights were left on in each colony room at

all times.

Prior to December, 1971, some P. gossypinus were housed in the

single story, cement block Psychology "surge" building. In December,

1971, the mice were transferred to the rooms described above. After

moving, the mice were allowed several weeks to adapt to the new

conditions. Some tests of copulatory behavior, including the pilot

tests of P. gossypinus were conducted in the old building. Most

tests of copulatory behavior, and all other tests and observations

were conducted in the rooms described above.



CHAPTER III
COPULATORY BEHAVIOR

Introduction

Patterns of copulatory behavior vary greatly among different

mammalian species (see Dewsbury, 1972) . Variation is found not only

in the qualitative aspects of copulatory patterns, but also in the

quantitative aspects (i.e., in the spacing and frequency of the

various elements of the stereotyped pattern). Variation may also be

found in the behaviors that occur in association with copulatory

behavior, but which are not part of the copulatory acts themselves

(e.g., grooming the partner).

Patterns of Copulatory Behavior

The stereotyped copulation pattern exhibited by males can be

classified according to four characteristics proposed by Dewsbury

(1972). These include: (1) whether or not males exhibit multiple

ejaculations; (2) whether or not multiple intromissions are pre-

requisite to ejaculation; (3) whether there is a lock (i.e., a mechan-

ical tie between penis and vagina) ; and (4) whether there is intra-

vaginal thrusting. According to this proposal, there are 2 or 16

possible patterns of copulatory behavior. For example, pattern 13,

in which there are multiple ejaculations, multiple intromissions, no

thrusting during intromission, and no locking, is common to many rodent

species. Of 31 rodent species described by Dewsbury (1975d) , pattern

11
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13 occurred in 10.

A number of species of Peromyscus have been classified according

to this system. To date no species of Peromyscus has been observed to

lock, and all have attained multiple ejaculations (Dewsbury, 1975d)

.

While many species exhibit pattern 13 (e.g., P. crinitus , P. leucopus ,

P. maniculatus , P. polionotus and P. truei , Dewsbury, 1975d) , others

differ in that they exhibit intravaginal thrusting ( P. californicus ,

P. eremicus , Dewsbury, 1975d) or require only one insertion to attain

ejaculation ( P. californicus , P. floridanus , and P. melanophrys ,

Dewsbury, 1975d).

Quantitative Analyses of Copulatory Patterns

For many rodent species it is important to distinguish among

mounts, intromissions and ejaculations. Ejaculations are scored when

the male mounts the female, gains vaginal penetration and transfers

sperm. On intromission, there is mounting and insertion, but no sperm

transfer. Mounts are scored when the male's mounting activity fails

to result in vaginal penetration.

The frequency of mounts, intromissions and ejaculations as well

as the temporal spacing between them are important in delineating the

particular characteristics of species-typical copulatory patterns.

Different species may exhibit the same type of stereotyped pattern

(e.g., pattern 13), but differ with respect to the frequency and

spacing of the elements of which the pattern is comprised.

Variation among species on quantitative measures of copulatory

behavior can be quite substantial. For example, among species that

display multiple ejaculations, some exhibit many ejaculations prior
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to the attainment of satiety (e.g., 5.4 for P. polionotus , Dewsbury,

1971),. while others exhibit few (e.g., 1.7 for P. californicus ,

Dewsbury, 1974a). Among species that exhibit multiple intromissions

prior to ejaculation, some show a decrease in the number of intro-

missions required to achieve ejaculation during successive series

( e -9"-# P- polionotus , Dewsbury, 1971), while others show an increase

(e.g., P. crinitus , P. eremicus , and P. leucopus , Dewsbury, 1975d)

.

Quantitative differences also can be found among different

strains, subspecies and populations of a given species. Typically,

such groups do not show qualitative variation in their copulatory

patterns. For example, different strains of laboratory rats all have

been shown to exhibit pattern 13, but they differ in the frequency

of intromissions required for ejaculation (Dewsbury, 1975c). Such

comparative studies have been completed for various strains of

laboratory mice (McGill, 1965, 1970) as well as for various populations

of wild rodents ( P. eremicus , Dewsbury, 1974b; P. polionotus ,

Dewsbury and Lovecky, 1974). Significant differences generally are

found among the various strains and populations for the quantitative

measures despite the great constancy of qualitative aspects of the

pattern within species.

Behaviors Accompanying Copulation

The behaviors directly related to copulation (i.e., mounts,

intromissions, and ejaculations) occupy only a small percentage of

the total test time. Dewsbury (1967) estimated for the laboratory

rat that less than 1% of the total test time is spent in actual
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copulation. The remaining 99% of time is spent in other behaviors.

When these other behaviors were sampled for both males and females,

changes in the percentage of time devoted to each behavior were noted

as successive ejaculations occurred.

As with copulatory behaviors, variation among species in the

percentage of time spent in each of these other behaviors has been

demonstrated. For example, allo-grooming (grooming the partner)

during the period prior to the first intromission has been analyzed

for 12 species of rodents (Dewsbury, 1975d) . Some species spent a

large percentage of the intromission latency period engaged in allo-

grooming (e.g., P. eremicus , Onychomys torridus ) while others spent

little time (e.g., Rattus norvegicus , Oryzomys palustris) . Dewsbury

(1975d) noted that where allo-grooming occurred, males always groomed

females for more time than females groomed males.

In the present research, data on the pattern of copulation

exhibited, the quantitative aspects of the behavioral elements which

comprise the pattern, and the behaviors accompanying copulation were

collected for P. gossypinus . Two populations were used to provide

data on intraspecific variation and to evaluate for this species the

hypothesis that qualitative characteristics of copulatory behavior

do not vary across different populations of the same species. Because

the copulatory pattern of P. leucopus has been previously described

(Dewsbury, 1975b) , this species was used as a model from which the

present procedure was adapted.
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Methods

Subjects

P. gossypinus ( Gainesville population ) . Sixteen males and 16

females served as subjects. All were laboratory-born offspring of

either wild-trapped or first generation laboratory-reared parents.

Pairs were chosen so that no two animals from the same litter were

mated. All animals were at least 90 days old at the start of testing.

P. gossypinus ( Palmdale population ) . Fifteen males and 15

females served as subjects from this population. They were selected

from the laboratory colony on the same basis as the animals from the

Gainesville population, and were at least 90 days old at the start of

testing.

Procedure

In preliminary tests with these and with other Peromyscus

species, copulation was not initiated reliably during the early part

of the dark phase of the light-dark cycle. Consequently, tests were

begun between 19:00 and 19:30 hrs (about six hours after the lights

went off)
. Tests were initiated when the female was placed into the

male's home cage. Testing continued until the males reached a

satiety criterion of 30 minutes without an intromission.

Three days prior to testing, females received subcutaneous

injections of 0.06 mg of estradiol benzoate. On the day of testing,

within six hours prior to the planned start of testing, the females

received 0.6 mg of progesterone. These injections produced fairly

reliable estrous behavior in the females at the time of testing. The
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estrous behavior of the females did not appear to differ qualitatively

from the naturally occurring estrous behavior observed in females

which were used in maternal behavior experiments. However, females

in hormone-induced estrus did not conceive. The mortality rate of

repeatedly injected females appeared to be higher than that of non-

injected females in the colony.

On the morning of testing the males, still in their home cages,

were placed on a designated shelf in the colony room. Cages were

placed so that the inside of the cage could be easily observed from

a short distance. Cages were lit from behind by red light. The wire

mesh cage covers and the water bottles were removed. The cages were

covered by sheet metal lids in which air holes had been punched. These

lids eliminated climbing by the animals during tests.

After the completion of testing, the pairs of mice were allowed

to remain together until the following morning when the females were

returned to their individual cages.

A total of 63 successful tests were completed for the Gainesville

population and 60 tests for the Palmdale population, with a range of

two to six tests per male. Tests were spaced at least two weeks apart.

Although attempts were made to obtain five successful tests per

male, this did not prove feasible in all cases because of the death

of one of the partners. Tests completed prior to the death of a

partner, or to the development of swelling in the females were used

in data analyses.
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Meas vires

Preliminary observations of P. gossypinus indicated that they

display a pattern of copulatory behavior similar to that seen in

laboratory rats and some other species of Peromyscus . Therefore,

behavioral measures commonly used in investigations of copulatory

behavior in these species were adopted for use (Beach and Jordan,

1956; Dewsbury, 1967, 1968, 1971, 1975b). A "series" is defined to

include all mounts and intromissions leading up to and including an

ejaculation. Measures taken from different series are numbered

sequentially. For example, IF-1 refers to the intromission frequency

of the first series of mounts and intromissions.

The measures used were as follows:

Mount latency (ML) . Latency from the introduction of the

female to the first mount or intromission.

Intromission latency (IL) . Latency from the introduction

of the female to the first intromission.

Ejaculation latency (EL). Latency from the first intro-

mission of a series to its ejaculation.

Intromission frequency (IF) . The number of intromissions

in a series.

Mount frequency (MF) . The number of mounts without vaginal

penetration in a series.

Mean inter-intromission interval (Mill). The mean interval

separating successive intromissions within a series. Mill is

calculated by dividing the ejaculation latency of a series by the

intromission frequency.
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Postejaculatory interval (PEI) . Latency from the

occurrence of an ejaculation to the next intromission.

Ejaculation frequency (EF) . The number of ejaculations

(complete series) attained before the achievement of the satiety

criterion.

The occurrence of these behavioral patterns was recorded on

an Esterline Angus operations recorder.

Behavioral Categorizations

Copulatory behavior consists of a number of behavior patterns

in addition to mounts, intromissions, and ejaculations. These have

been described and tabulated for laboratory rats and species of

Peromyscus (Dewsbury, 1967, 1971, 1975b). The behaviors described

consisted of 10 to 20 mutually exclusive behaviors performed by both

males and females. In the present study, 14 mutually exclusive

categories of behavior for males and females were selected. Eight

mice of each sex were tested from each population. Categorization

of behavior began with the introduction of the female to the male's

cage and continued through the second postejaculatory interval. In

addition, data from the 30 minute satiety criterion period were

collected.

Behavioral categories were defined as follows:

Pursuit-mount . Behavior in which the male followed the

female. Often this behavior culminated in a mount (males only).

Running . Behavior in which the female ran from the male

which was pursuing her (females only).
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Locomotor-exploratory behavior . Behavior which included

any motor activity not involving orientation toward the partner.

Examples of locomotor-exploratory behavior were digging, rooting,

rearing, chewing on food or cage litter, walking, jumping, and turn-

ing over in the air (males and females).

Genital grooming . Grooming and manipulation of the

genital region with the forepaws or mouth (males and females)

.

General grooming . All grooming and scratching not

pertaining to the genital region (males and females).

Sniff partner . Behavior in which the animal oriented to

its partner, and appeared to sniff it. Animals were within

approximately 2 cm of each other (males and females).

Ear wiggle . Behavior in which the male stood still and

wiggled his ears rapidly forward and backward several times (males

only) .

Darting . Behavior in which the female approached the

male, paused and then ran away. The female often circled the cage

(females only)

.

Lordosis . Behavior in which the female stood still, rear

legs spread, and head pointing straight. As the males placed his

paws on her back, and mounted, the female elevated her rump and

arched her back in a concave curve (females only).

Standing still . Behavior in which the animal remained

motionless except for chewing movements or other slight head move-

ments (males and females).



20

Upright sparring . Behavior in which the animal adopted

an upright position oriented towards its partner with sparring move-

ments of the forepaws. This occasionally led to a biting attack

(males and females).

Upright resistant posture . Similar to the sparring

position, but without the sparring movements of the forepaws.

Females remained oriented toward males (females only).

Approach resistant female . Behavior in which the male

approached the female and circled her (males only).

Run away from female . Behavior in which the male moved

to a different location when approached by the female (males only)

.

Chase male away. Behavior in which the female rushed at

the male when approached by him (females only).

Genital groom partner . Behavior in which one partner

nosed, licked or manipulated the genitals of the other (males and

females)

.

General groom partner . -Grooming of the partner with

mouth or forepaws in any body location other than the genital area

(males and females)

.

Receive grooming . Standing still while being groomed

by the partner (males and females).

Lie down . Behavior in which the animal reclined on the

cage floor, head on or under paws, and was motionless (males and

females)

.
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Results

Patterns of Copulatory Behavior

The basic motor patterns of male copulatory behavior were

observed to be identical for both populations of P. gossypinus . The

interaction began with pursuit of the female by the male. As the

female ran from the male, the male mounted. Mounting was accompanied

by the assumption of a mating position (lordosis) by the female in

which the head was held straight, the back arched in a concave upward

posture, the rump held high, and the tail moved to one side. Mounts

which did not result in vaginal penetration were distinguished from

intromissions by the lack of a rapid stereotyped dismount. Rather,

the male seemed to slide off the female's rump. This sequence of

behavior (mount plus dismount) was easily discriminable from the

intromission which was brief, contained a single thrust, and was

terminated by a rapid dismount and subsequent genital grooming.

Ejaculations consisted of deeper and longer vaginal penetrations, with

a more vertical dismount that entailed several short backward steps.

At first, it was difficult to distinguish intromissions from ejacula-

tions because, in this species, differences between intromissions

and ejaculations are somewhat less clear than in other species such

as laboratory rats. With practice, however, the discrimination

became clearer. After ejaculation males often dashed around the

cage before beginning genital grooming. This behavior was not

observed following intromissions. Vaginal smears revealed the

presence of sperm following an ejaculation, but not after only intro-

missions.
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Following the completion of one or more series, males sometimes

shifted to a pattern of "long" intromissions. These generally occur-

red as part of a last long incomplete "series". Instead of ending in

an ejaculation, intervals between these long intromissions became

longer until the 30 minute satiety criterion was attained. Once the

male shifted to a pattern of long intromissions, he never shifted

back to an organized series with the same female. The long intro-

missions resembled ejaculations, but were of longer duration. There

was a tendency for males to ride females part way across the cage,

and the dismount was different from an ejaculatory dismount. Males

did not dash about the cage.

An attempt was made to determine whether sperm were transferred

during long intromissions. Vaginal smears of females that received

one or more long intromissions, but no ejaculations, were to be

examined. However, placing a fresh female with a male which was dis-

playing long intromissions resulted in a return to organized series

in the two tests in which this was attempted. Consequently, no

direct evidence of sperm absence in long intromissions in this

species is available. Indirect evidence, based on similar patterns

in other closely related species ( P. polionotus , Dewsbury, 1971;

P. leucopus
, Dewsbury, 1975b), indicates that sperm may not be

transferred during long intromissions.

Quantitative Analyses of Copulatory Patte rns

P. gossypinus ( Gainesville population ). The mean latency from

the introduction of the female to the first mount and intromission
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was 1100 sec (SE±188-sec) and 1138 (SE±193 sec) respectively. A mean

of 2.4 (SE±0.2) ejaculations preceded the attainment of the satiety

criterion. No more than five ejaculatory series occurred on any test;

just six tests contained more than four series.

Mean scores and standard errors for the remaining measures are

presented in Table 1. Means and standard errors were calculated so

that data from all males were equally weighted. Standard errors

were calculated by Marks (1947) formula. Data from individual subjects

are presented in the appendices (Appendix A)

.

The first ejaculatory series occupied a mean of about 2-1/2

minutes. It contained about three intromissions spaced less than a

minute apart. In later series the ejaculatory latency decreased while

intromission frequency increased (until series 4), and mean inter-

intromission intervals decreased. There were few mounts without

vaginal penetration, although mount frequency increased through the

third series. A postejaculatory interval of about five minutes

followed the first ejaculation. Postejaculatory intervals increased

progressively throughout testing.

Most ejaculations were preceded by several intromissions.

Occasionally, males ejaculated on a single insertion. These ejacula-

tions, without preceding intromissions, occurred in a limited number

of tests (3.8%) and were confined to the first series. Because this

type of ejaculations occurred so rarely (in 2 of 63 tests) , data

verifying the presence of sperm were not collected.
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P. gossypinus (Palmdale population ) . The mean latency from the

introduction of the female to the first mount and intromission was

1062.1 sec (SE+242.7 sec) and 1085.3 sec (SE±243.1 sec) respectively.

A mean of 1.9 (SE±0.2) ejaculations preceded the attainment of the

satiety criterion. No more than four ejaculatory series occurred on

any test; four series occurred in just 4 of 60 tests.

Mean scores and standard errors for the remaining measures are

presented in Table 2. Means and standard errors were calculated so

that data from all subjects were equally weighted (as for the Gaines-

ville population) . Data from individual subjects are included in the

appendices (Appendix B) .

The first ejaculatory series occupied a mean of about three

minutes. It included about three intromissions separated by intervals

of about one minute. In later series the ejaculation latency decreased

while the intromission frequency increased, and the mean inter-

intromission intervals decreased. Few mounts without vaginal penetra-

tion occurred. A poste jaculatory interval of about seven minutes

followed the first ejaculation; subsequent poste jaculatory intervals

were longer than the first. Ejaculation on the first insertion, with-

out prior intromissions, occurred in 3.2% of tests.

Inferential statistics . In order to assess the statistical

significance of differences resulting from population, successive

tests and series, three-way analyses of variance with repeated

measures were conducted for all quantitative measures of the first

two series. Analyses were conducted on a sample of data taken from

the total sample. The sample consisted of subjects which had
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achieved at least two complete series in at least three complete

tests. If more than three tests were completed by a pair, only the

first three tests were included in the analyses. Twelve pairs (75%

of the total sample) from the Gainesville population and nine pairs

(60%) from the Palmdale population fulfilled these criteria. Where

significant main effects were found, individual comparisons among

means were made using the Newman-Keuls procedure (Winer, 1971). in

the case of significant interactions, tests for simple effects were

conducted (Winer, 1971)

.

Significant differences were found for 8 of 35 comparisons.

There were effects of population on PEI, F (1, 19)=5.56, £ <.05.

Significant effects of series were found for EL, F (1, 19)=8.64,

£ <.01; Mill, F (1, 19) = 7.26, £ <.05; and PEI, F (1, 19)=16.08,

£ ^.001. Significant changes across tests were found for MF,

F (2, 38)=5.01, £ <.05; and PEI, F (2, 38)=6.17, £ <.01. A

significant series by test interaction was found for IF, F (2, 38)=

4.41, £ <.05; and PEI, F (2, 38)=3 X27, £ <.05.

Individual comparison among means indicated that the Palmdale

population showed significantly longer PEIs than the Gainesville

population (£ <.05). Series 2 was significantly longer than series

1 for PEI; series 2 was significantly shorter than series 1 for EL

and Mill. For tests, the first test was significantly lower in MF

and longer in PEI than were the second (£ <.01, £ <.01) or third

tests (£<.01, £<.01).

Tests for simple effects indicated that for IF there was a

significant difference between the two series during the second test.
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IF was larger during the second series (F (2, 38)=4.67, p <.05).

Also, IF was larger during test 2 than during tests 1 (F (2, 38)=

3.81, £ <-05) ; or 3 (F (2, 38)=6.27, p_ <.01). For PEI, test 1

showed a longer interval than tests 2 (F (2, 38)=13.3, p <.001); or

3 (F (2, 38)=13.9, £<.001), during the second series.

Spacing of intromissions . Data were collected on the spacing

of intromissions within each quarter of the ejaculation latency.

Tables 3 and 4 present these data for both populations of P.

gossypinus . Means and standard errors were calculated as described

for the other quantitative measures.

To assess the significance of population, successive quarters

and tests, three-way analyses of variance with repeated measures

were employed. Separate analyses were conducted for each of the

first two ejaculation latencies. In the case of significant main

effects, individual comparisons among means were made using the

Newman-Keuls procedure (Winer, 1971).

Significant differences were found for 3 of 14 comparisons.

There were effects of successive quarters in both ELs (EL-1:

F (3, 57)=4.91, p <.01; EL-2 : F (3, 57) = 7.97, p <.01). Significant

changes over tests were found for EL-2, F (2, 38) = 3.73, p <.05.

Individual comparisons among means for quarters of EL-1

indicated that more intromissions were found in the first quarter

than in the second (p <.01) or third (p < . 01) . Significantly fewer

intromissions were found in the second quarter than in the third

(p <.01) or fourth (p <.01). The third quarter contained fewer

intromissions than the fourth (p <.01). For EL-2, significantly
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Table 3. The Number of Intromissions in Each Quarter of the
Ejaculation Latency for P. gossypinus (Gainesville
Population)

.

Number of intromissions

Quarter of Weighted Weighted standard
Series ejaculation latency mean error

1 1
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Table 4. The Number of Intromissions in Each Quarter of the

Ejaculation Latency for P. gossypinus (Palmdale

Population)

.

Number of intromissions

Weighted Weighted standard
Series ejaculation latency mean error

0.13

0.24

0.26

0.21

0. 35

0.47

0.31

0.21

0.40

0.14

0.33

0.37

0.48

0.64

0.48

0.64

Quarter
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more intromissions were found in the first quarter than in the second

(p<.01), third (p <.01), or fourth (p <.01) quarters. The second

quarter contained significantly more intromissions than the third

(p <.05) or fourth (p <.05) quarters.

Analysis of the tests factor indicated that for EL-2 , during the

second test, significantly more intromissions occurred than during the

first (p <-01) or third (p <.01) tests. The first test contained

significantly more intromissions than the third test (p <.05).

Satiety . Satiety could be achieved in either of two ways. Pairs

could discontinue copulation immediately following a final ejaculation.

For the Gainesville population, 12.7% of tests ended in this manner.

For the Palmdale population, 16.7% ended with a final ejaculation. Al-

ternatively, mice could discontinue copulation following an intromission,

i.e., as part of an incomplete "series". The majority of tests ended

in this manner. Most of the tests ending as part of an incomplete

series contained at least one "long" intromission. There was only one

test (per population) ending with an intromission that contained no

long intromissions. Some tests involved shifting, during an incomplete

series, from regular to long intromissions (44% for the Gainesville

population and 16.7% for the Palmdale population). The remaining tests

contained only long intromissions as part of the incomplete series.

Weighted means and standard errors for measures within the final

incomplete series are presented in Table 5. Data from the two popula-

tions were very similar. Analyses using Mann-Whitney U tests (Siegel,

1956) indicated no significant differences between populations for "EL",

"LIF", "MF", "Mill", or "IF". (Measures are similar to those used for

complete series. "EL" is the time from the first intromission of the
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Table 5. Measures of Copulation During the Incomplete Satiety Series for
Peromyscus gossypinus (Both Populations)

.

Measures

Gainesville population Palmdale population
Weighted Weighted standard Weighted Weighted standard

mean error mean error

'Ejaculation
latency" (sec) 2076.7 340.4

'Long intromission
frequency" 10.1 1.7

'Mount frequency" 1.3 0.4

2076.7
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incomplete series to the attainment of the last intromission before

the 30 minute satiety criterion. "LIF" refers to the frequency of long

intromissions, and "IF' to regular intromissions. "Mill" included the

intervals between both regular and long intromissions.)

Behavior Accompanying Copulation

Results of the categorization of the behavior patterns accompany-

ing copulation for males and females from both populations of P. gossy-

Pinus are presented in Figures 1 and 2. Intromission latency periods,

ejaculation latencies for the first two series, poste jaculatory inter-

vals for the first two series, and the 30 minute satiety period were

each divided into quarters and analyzed. Means and standard errors

(where equal to one or more) are presented for each of the 14 behavior-

al categories in which data were collected.

Males. It was evident from the data for both populations that

several behaviors were associated with copulation. Pursuit-mount in-

creased during the IL, during the ELs , and during the last quarter of

the PEIs. Genital grooming was associated with the ELs, and the first

quarter of the PEIs. Approach to resistant females occurred during

ELs, and during the latter part of PEIs. Grooming and genital grooming

of females was associated with the last quarters of the IL and with

the ELs.

Behaviors that decreased during the ELs included locomotor-

exploratory behavior, general grooming, standing still, running from

the female and lying down.

Approach to resistant females, locomotor-exploratory behavior,

and lying down increased as the test progressed.



Figure 1. Graph of the categorization of the behavioral patterns

accompanying copulation in two populations of male Peromyscus
gossypinus. Means and standard errors (where equal to or greater
than one) are shown for the 14 most frequent categories. Each

intromission latency (IL) , ejaculation latency for the first two

series (EL-1, EL-2) , poste jaculatory interval following the first

two ejaculations (PEI-1, PEI-2) , and 30 minute period in which the

satiety criterion was attained (SAT) was divided into quarters.

Data are from eight males in each population.
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Figure 2. Graph of the categorization of the behavioral patterns

accompanying copulation in two populations of female Peromyscus

gossypinus . Means and standard errors (where equal to or greater

than one) are shown for the 14 most frequent categories. Each

intromission latency (IL) , ejaculation latency for the first two

series (EL-1, EL-2) , poste jaculatory interval following the first

two ejaculations (PEI-1, PEI-2), and 30 minute period in which the

satiety criterion was attained (SAT) was divided into quarters.

Data are from eight females in each population.
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The IL was characterized in males by locomotor-exploratory

behavior, general grooming, sniffing the female, standing still,

grooming the female and pursuit-mount.

The ELs were characterized by pursuit-mount, genital groom-

ing, sniffing the female and approach to resistant females.

Behaviors most reliably associated with the PEIs were

genital grooming, general grooming, grooming the female, running

from the female, locomotor-exploratory behavior, standing still,

and lying down.

Behaviors prominently associated with the 30 minute satiety

period were locomotor-exploratory behavior, standing still, lying

down and general grooming.

The two populations differed little in the types or

percentages of time spent in performing the 14 behaviors accompany-

ing copulation. The only differences between populations were

that the Gainesville population spent a greater percentage of time

in grooming and genital grooming of the female, and in receiving

grooming than the Palmdale population.

Females . Several behaviors of females were closely

associated with copulation. Running from the male increased during

the IL, the ELs, and the final quarter of the PEIs. Genital groom-

ing was associated with the ELs and the first quarter of the PEIs.

Sniffing and grooming the male were associated with the ELs.

Behaviors that were depressed during the ELs included

locomotor-exploratory behavior, general grooming, and lying

down.
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Standing still, receiving grooming, and locomotor-exploratory

behavior increased as the test progressed.

Ihe IL was characterized by running from the male, general

grooming, grooming the male, receiving grooming, standing still, and

locomotor-exploratory behavior.

Ihe ELs were characterized by running, genital grooming,

sniffing and grooming the male.

Behaviors associated with the PEIs were receiving grooming,

genital grooming, general grooming, grooming the partner, darting,

standing still and locomotor-exploratory behavior.

Behaviors associated with the 30 minute satiety period were

receiving grooming, general grooming, standing still, lying down and

locomotor-exploratory behavior.

Data were collected for the behavioral category "lordosis".

However, due to inconsistencies in collecting these data, complete

data were collected for only a few females (two Gainesville and

three Palmdale females) . For these animals it was found that

lordosis was associated with the ELs.

The two populations differed very little with respect to the

type or percentage of time spent in these behaviors. The only

population differences were that the Gainesville population spent

a greater percentage of time in receiving grooming and in lying

down.
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Discussion

Patterns of Copulatory Behavior

Copulation, in both populations of P. gossypinus , involves

neither a lock nor intravaginal thrusting. Males attain multiple

ejaculations, and are capable of ejaculation on a single insertion.

Therefore, according to Dewsbury's (1972) classification system,

P. gossypinus displays copulatory pattern 15, a pattern shared with

P. floridanus (Dewsbury, 1975a) and Reithrodontomys megalotis

(Davis and Dewsbury, 1974). Pattern 15 has been found to occur

infrequently among species of Peromyscus . Most of the species of

the subgenus Peromyscus , to which P. gossypinus belongs, display

copulatory pattern 13. This pattern requires that multiple intro-

missions precede ejaculation. However, it should be remembered

that not all ejaculations in species with pattern 15 occur on a

single insertion. Furthermore, species which display pattern 15

differ in the percentage of ejaculations that occur on a single

insertion. R. megalotis for example, ejaculated on a single

insertion in approximately 21% of tests (Davis and Dewsbury, 1974)

,

while P- gossypinus ejaculated on a single insertion in only about

3% of tests. By contrast, some species virtually always ejaculate

on a single insertion (rabbits, cats, some ungulates). P.

gossypinus seems intermediate between species always ejaculating

on a single insertion and those never ejaculating on a single

insertion.

Davis and Dewsbury (1974) and Dewsbury (1975d) have

hypothesized that rapid copulation involving ejaculation on a
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single insertion might be associated with an environment exposed to

heavy predation. Rapid copulation would serve as an adaptation for

a species unable to protect itself by copulating under dense cover,

or in burrows. Western harvest mice ( R. megalotis ) and P. floridanus ,

both of which inhabit regions with little ground cover, also display

pattern 15 (Dewsbury, 1975d) . P. gossypinus has been trapped in

regions where P. floridanus was also trapped and they generally nest

in areas where predation might be expected to be more intense than

for many other species of muroid rodents.

Quantitative Analyses of Copulatory Patterns

The latency to the first mount or intromission in P. gossypinus

exceeded 18 minutes. Among species of muroid rodents for which

comparable data are available, P. leucopus , P. californicus ,

P. eremicus , P. polionotus , and Onychomys torridus were slower to

initiate copulation (Dewsbury, 1975d) . Dewsbury (1971) and Dewsbury

and Jansen (1972) hypothesized that long ILs might be associated

with a tendency to form pair bonds in the wild. While this

hypothesis may be valid for P. polionotus (Dewsbury, 1971)

,

P. californicus (Dewsbury, 1974a) and 0. torridus (Dewsbury and

Jansen, 1972), it does not seem to hold for P. leucopus (Dewsbury,

1975b) as P. leucopus appears not to form pair bonds in the wild.

P. gossypinus , like P. leucopus , has a relatively long intromission

latency and appears not to form stable pair bonds in the natural

habitat.
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P. gossypinus tended to display lower values for mean

ejaculation frequency, intromission frequency, and mount frequency

than many other species, but were generally comparable with other

species displaying pattern 15 (e.g, R. megalotis and P. floridanus )

.

Scores were also similar to those found for P. leucopus.

Both ejaculation latency and mean inter-intromission interval

were shorter during the second series than during the first. Intro-

mission frequency increased within tests. It would appear that as

tests progressed, copulation occurred at a faster pace, but with

increasing amounts of stimulation required to produce ejaculation.

Comparison with other species (see Table 6) presents no consistent

picture. P. leucopus appears to display slower copulation as

tests progress, while P. maniculatus and P. polionotus display

faster copulation. As in virtually all other species for which

data were available, P. gossypinus displays increasingly longer PEIs

over series.

There were changes in MF and PEI across tests. As males

became more experienced and older, the number of mounts without

intromission increased. The length of the PEI decreased after the

first test. This was most evident in the second series. There

appeared to be two different processes acting on PEI. That is,

PEI would tend to decrease as the animals became more experienced

and older, but it tended to increase during the course of each test.

The spacing of intromissions within each quarter of the EL

differed for the first and second series. In interpreting these

results, however, care must be taken. Since by definition the EL
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is initiated with an intromission, the first quarter must contain at

least one intromission. This may weight the first quarter most

heavily. The required placing of the first intromission in the

first quarter might not be significant if the frequency of intro-

missions is high because some might be expected to occur within

each quarter. With P. polionotus , for example, data indicate that

the number of intromissions increased from the first through the

fourth quarters. The mean IF for this species was 10.1 (Dewsbury,

1971). Where the mean IF is low, however, the placement of the

first intromission in the first quarter may be more important,

because the other quarters might not have many intromissions. A

conservative interpretation of the data for P. gossypinus , a

species with a low IF, might be that with the exception of the first

quarter, the frequency of intromissions in each quarter of the first

series increased. In the second series, the frequency of intro-

missions decreased through the third quarter. The difference between

the two series could be the result of a warmup effect in the first

series (as occurs in P. maniculatus , Clemens, 1969). Investigation

of later series in P. gossypinus and other species might be valuable.

This, and other hypotheses would require further evidence for

support.

In over 80% of tests, the satiety criterion was achieved

within an incomplete series rather than between series. If P.

gossypinus is compared with other species of Peromyscus in this

regard, much variation will be found. Most species for which data

are available appear to achieve satiety within an incomplete series.
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However, within a species, the percentage of males achieving satiety

in this manner varies. For example, in P. eremicus , 96% of tests

ended within a series (Dewsbury, 1974b) , while in P. leucopus , only

46% of tests ended within a series (Dewsbury, 1975b).

The function of these poste jaculatory copulations is yet to

be determined. Dewsbury (1974b, 1975d) has offered two nonexclusive

hypotheses. These additional copulations may aid in the triggering

of critical neuroendocrine reflexes. Evidence for this hypothesis

may be found in the requirement of multiple series for successful

pregnancy in montane voles (Davis, Gray, Zerylnick and Dewsbury,

1974) and golden hamsters (Lanier, Estep, and Dewsbury, 1975).

Postejaculatory copulations were found to function in facilitating

successful pregnancy in cactus mice (Dewsbury and Estep, 1975).

Alternatively, postejaculatory copulations may have evolved

in males as a means of decreasing female receptivity. There is

evidence that multiple insemination by several males may occur in

the wild in Peromyscus (Birdsall and Nash, 1973). Multiple

inseminations could reduce individual reproductive success through

sperm competition (Parker, 1970). Postejaculatory copulation could

reduce female receptivity and thus increase male reproductive

success. Evidence for increase in female resistance through the

PEIs, satiety series and 30 minute satiety period was found in

P. eremicus (Dewsbury, 1974b). Since P. gossypinus are not known

to form pair bonds in the wild, such a mechanism would appear to

be advan tage o us

.
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Behaviors Accompanying Copulation

For P. gossypinus , the general pattern of behaviors accompanying

copulation was similar to that of other Peromyscus species exhibiting

pattern 13 (Behavior of other pattern 15 species has not yet been

categorized). As with other species, males confine pursuit of the

female to the intromission latency and ejaculation latencies, with

little pursuit during the poste jaculatory intervals. The pattern of

running from males, which is displayed by females, shows a related

temporal pattern. The percentage of time spent by females in running

during the IL varies across species. Dewsbury (19 75d) noted that

some species do much running during the IL, while others, particularly

locking species, do little. Dewsbury attempted to associate the

amount of running with the relative safety of the copulation site.

Locking species, which live in burrows, spent almost no time running.

In contrast, P. gossypinus spent about 5% of the IL running.

Certain patterns of grooming are associated with the IL and

the ELs. Both self-grooming, particularly of the genital region,

and grooming of the partner are important during these periods.

Time spent in genital grooming increased throughout the test for

females, but decreased for males. The amount of grooming of the

partner tended to decrease somewhat as tests progressed. During the

IL the per cent of time spent in grooming the partner was 12% for

the Gainesville males and 6% for the Palmdale males. As in many

other species, females groomed males much less than males groomed

females. Gainesville females groomed males for 3% of the IL; Palmdale

females groomed males for 1% of the IL. Dewsbury (1975d) compared

the time spent grooming the partner (allo-grooming) for 12 species
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of rodents. In some species there was very little mutual grooming

<e -9- R- norvegicus ) , while in others there was a great deal (e.g.

P. eremicus
, and 0. torridus ) . P. leucopus (Dewsbury, 1975b) was

similar to P. gossypinus in per cent of time spent in allo-grooming,

though P. leucopus males seemed to allo-groom for a greater

percentage of time (20%)

.

There was an increase in resistance by the female as the test

progressed. This was shown in increases in the per cent of time

females spent in chasing males, in increases in per cent of time

males spent in approach to a resistant female, and in increases in

receiving grooming for both sexes. Termination of copulation may

be partially dependent on the behavioral responses of the females,

as well as on the satiation of the male.

There were relatively few differences between the two

populations of P. gossypinus . The only differences were in the

length of the PEI and in some of the behaviors accompanying

copulation. Gainesville mice spent more time in mutual grooming

activities. The significance of these population differences is

yet to be determined, as they do not appear to limit copulation.

It is possible that they are chance occurrences. Within the con-

fines of the sample tested, it would appear that copulatory

behavior is "species typical". Essentially equivalent copulatory

behavior among populations has been previously determined for three

populations of P. polionotus (Dewsbury and Lovecky, 1974) and two

populations of P. eremicus (Dewsbury, 1974b).
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Comparison of P. gossypinus with the very closely related

P. leucopus demonstrates species differences in copulatory behavior.

The two species differ in pattern type (pattern 15 versus pattern 13)

,

and in some quantitative measures, notably the greater frequency of

mounts, the longer ejaculation latencies, and poste jaculatory inter-

vals in the second and third series, and in the larger mean inter-

intromission intervals in the third series for P. leucopus . Also,

P. leucopus males are more variable in the manner in which they

achieve satiety, and they appear to engage in more alio-grooming.

These differences in copulatory behavior might be hypothesized to be

the result of previous geographic isolation and speciation. In the

wild, such behavioral differences might serve, with other differences,

as isolating mechanisms. However, despite these behavioral differ-

ences, hybridization has been successfully induced in the laboratory

(Dice, 1937, 1968; Wilson, Vacek, Lanier, and Dewsbury, 1976).

Consequently, the behavioral differences described here may not be

sufficient to prevent copulation in the absence of other variables

(e.g., presence of a mate of the same species in a free choice

situation)

.



CHAPTER IV
MATERNAL BEHAVIOR

Introduction

Successful reproduction depends not only on mating with an

appropriate partner under conditions likely to maximize the probabil-

ity of pregnancy, but also on the development of the subsequent

offspring to sexual maturity and successful reproduction. For

mammals, parental care is important to the successful development

of offspring. Maternal care provides the offspring with nourishment,

warmth, protection, etc. until they are developed enough to provide

for themselves. The duration of the period of dependency varies

greatly across species; but, in general, independence is attained

prior to sexual maturity of the young.

Because the dependence of the young on the mother is so

important, maternal behavior is likely to have been molded by the

forces of natural selection acting in the natural habitat of the

species. Natural selection favors behavioral adaptations that insure

successful offspring survival. For example, in environments where

predation pressure is great, natural selection might favor develop-

ment of rapid and persistent retrieval of the young.

In the present research, data were collected on the amount

of time mothers spent in nursing, grooming pups, retrieving pups and

nest building. Also collected were data on defense of pups and on

retrieval responses. Data were collected for two populations of

50
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P. gossypinus and for P. leucopus . Two populations and two species

were used to provide data on intra- and interspecific variation.

Descriptive Study of Maternal Behaviors

Variation can be found among mammalian species in the

percentage of time mothers spend in the nest with the young. For

example, rabbits may spend only five minutes per day in the nest

(King, 1963) , while laboratory rats and deermice may spend up to 21

hours with neonatal pups (Ader and Grota, 1970; Grota and Ader, 1969;

King, 1963). Hill (1972) indicated that for P. leucopus , the 17 to

21 hours spent by mothers on the nest were critical in maintaining

a constant temperature since the young could not yet regulate body

temperature. Grota and Ader (1969) found that for laboratory rats

the time spent with the litter in the nest was spent in nursing,

nest building and retrieving activities. As the pups matured, time

spent with the litter decreased substantially, as did the percentages

of mothers observed nursing, building nests and retrieving.

Nursing, licking or grooming the young, retrieving the young,

and nest building are patterns of maternal behavior that have been

commonly studied in domesticated rodents (e.g. Daly, 1972; Elwood,

1975; Noirot, 1964 a, b, 1969b; Rosenblatt, 1969; Rosenblatt and

Lehrman, 1963; Seitz, 1958; and Slotnick, 1967). Although dif-

ferences in maternal behaviors toward neonatal and more mature pups

have been described for laboratory rats and mice, few such studies

have been completed for other rodent species (deermice, King, 1958,

1963; flying squirrels, Muul, 1970; ground squirrels, Michener,
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1971; white-footed mice, Hill, 1972; Layne, 1968). Also few

attempts have been made to compare maternal behaviors across

naturally occurring populations and species. Hartung, Looney and

Dewsbury (1976) , compared the time parents of five species of

muroid rodents spent sitting on the nest, and in licking and

manipulating pups. King (1958, 1963) compared the time mothers

of two subspecies of P. maniculatus spent on the nest. The time

taken by mothers to initiate retrieval of pups was also studied.

Defense of the Young

Protection or defense of the young has been considered

essential to survival in most mammalian species (Ross, Sawin,

Zarrow and Denenberg, 1963) . Defense of the young may involve

interactions with either conspecifics or predators. For example,

King (1958, 1963) introduced strange conspecific males into the

cages of female P. maniculatus with litters. In most cases this

procedure produced attack by the female. Such attack also occurred

when the resident animal was a nonlactating female or a male, but

the results were more variable, and often the strange male was

accepted without attack. Attack towards a strange male by a

lactating female has been described for a variety of Peromyscus

species (e.g. P. crinitus , Eisenberg, 1963; P. floridanus , Layne,

1966; P. gossypinus , Pournelle, 1950, 1952; P. leucopus , Nicholson,

1941; and P. maniculatus , King, 1958, 1963).

Females with litters have also been found to defend the young

against human investigators. Seitz (1958) reported the responses
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of female laboratory rats to the opening of the cage. Seitz reported

that "maximally maternal" rats hid the young in the nest, and then

advanced towards the cage door. "Minimally maternal" rats fled the

nest. Female rabbits were found to defend the young in a similar

manner. Ross, Sawin, Zarrow and Denenberg (1963) rated females with

litters on a scale of 1 to 4 ranging from a "timid" response to

"biting and kicking". Females of different races were found to dif-

fer in the amount of aggression shown upon cage opening. King

(1958, 1963) reported the reactions of female P. maniculatus with

litters to removal of the young with a forceps. Reactions ranged

from ignoring the presence of the forceps to biting the forceps.

Differences in the average amount of aggression displayed by the

females with litters were found for two subspecies of P. maniculatus .

Mothers of both subspecies were also found to decrease in the average

amount of aggression displayed to the forceps as the pups matured.

Similar intra- and interspecific variation in the responses of

mothers of four genera and several strains of mice to forceps was

found by Scudder, Karczmar and Lockett (1967).

Retrieval Responses

Mothers of many mammalian species will return young to the

nest if they stray, or if they are removed by the investigator.

This retrieval response is difficult to exhaust. Michener (1971)

reported that ground squirrels retrieved up to 200 young, before

retrieval tests were terminated. Mothers had not stopped retrieving

young at this point. Muul (1970) reported similar behavior for
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flying squirrels, as did Wilsoncroft (1969) for laboratory rats.

The retrieval response has been one of the most frequently

studied maternal behaviors among rodents. Generally, in tests of

retrieval, young are removed from the mother and placed some dis-

tance away from her in the cage. The time the mother takes to

pick up the first pup and return with it to the nest has consti-

tuted the primary dependent variable. The responses of experienced

mothers have been compared with those of inexperienced virgins

(Noirot, 1964a, b, 1969a, 1972; Rowell, 1960). The effects of

practice (Beach and Jaynes, 1956; earlier and Noirot, 1965) and of

increasing pup maturity (King, 1958, 1963; Noirot, 1964b;

Rosenblatt, 1969; Rosenblatt and Lehrman, 1963; Rowell, 1960) have

been investigated.

Retrieval has been studied in a wider variety of rodents

than have some other maternal behaviors. Laboratory rodents in-

cluding rats (Beach and Jaynes, 1956; Rosenblatt, 1969; Rosenblatt

and Lehrman, 1963; Wilsoncroft, 1969), mice (earlier and Noirot,

1965; Noirot, 1964a, b, 1969a, b, 1972), hamsters (Daly, 1972;

Rowell, 1960) and gerbils (Vick, 1972) have been studied. A variety

of wild rodents have also been investigated. In some wild species

such as P. floridanus (Layne, 1966), P. gossypinus (Pournelle,

1950, 1952) and P. polionotus (Laffoday, 1957) only anacdotal

accounts of the occurrence of retrieval behavior in mothers have

been reported. in other wild species such as P. maniculatus (King,

1958, 1963), ground squirrels (Michener, 1971) and flying squirrels

(Muul, 1970) more detailed investigations have been reported.
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Methods

Subjects

P. gossypinus ( Gainesville and Palmdale population ) . The

mated pairs studied were either wild-caught or first generation off-

spring of wild-trapped animals. All mice were at least 90 days old

at the time of mating. Pairs were permanently mated. If one

partner died, it was replaced with a new animal in a fresh cage.

Fifteen pairs of Gainesville mice and 10 pairs of Palmdale

mice were mated. Of these, eight Gainesville mothers and three

Palmdale mothers produced offspring and were used for the maternal

behavior observations. The other females either did not produce more

than one litter, or regularly killed their litters. Only mothers

which produced two or more surviving litters were studied.

P. leucopus. Mated pairs were obtained from the laboratory

colony. Animals were at least 90 days old at the time of mating.

Nine pairs were mated. Of these, seven mothers produced more than

two viable litters, and were consequently used as subjects.

Procedure

During observations, because of concern about the number of

offspring failing to survive, particularly from the Palmdale

population, care was taken to minimize the amount of disturbance

and handling to which animals were subjected. To minimize

disturbance, pups were handled as little as possible, and observa-

tions were made only on alternate days following birth.
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Frequency counts were made both of the number of litters born

in each population and species, and of the number of litters sur-

viving until weaning (the 21st day following birth) . The number of

pups in each litter was counted on the day following birth.

Descriptive study of maternal behaviors

Mated pairs were checked daily for litters. When newborn

litters were found, observations of the percentage of time the

mothers spent in nursing, grooming pups, retrieving pups, and nest

building were made. The observations started on the day following

birth (Day 1) and continued on alternate days until weaning (11

observation periods).

During observations, males remained in the cages, and the

cages were left undisturbed. Observations were conducted in the

colony rooms during the first four hours of darkness. Cages were

lit from behind by 25-watt red light bulbs. Two red lights were

left on at all times.

Observation periods were 15 minutes (900 sec) long. Data

were collected using an Esterline Angus operations recorder.

Four mutually exclusive categories of maternal behaviors were

scored. These were adapted from the procedures of other investiga-

tors (Noirot, 1964a, b, 1969b; Seitz, 1958). The categories

selected consisted of the following:

Nursing . Behavior in which the mother rested on top of

the pups with her body arched over them. The pups appeared to be

nursing (i.e., they were attached to the mother's nipples).
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Grooming pups . Behavior in which the mother licked,

sniffed, or manipulated a pup with forepaws.

Retrieval of pups. Behavior in which the mother carried

a pup in her mouth.

Nest building . Behavior in which the mother rearranged

nesting material without transporting it to a new site, covered

the pups with nesting material, or rebuilt the nest on a new site.

Since males remained in the cages throughout observation

periods, any parental behaviors in which males engaged were recorded.

These observations were not recorded on the event recorder; only-

presence or absence of the behavior was noted. Behaviors designated

as paternal were the behaviors designated maternal (i.e., nursing

position, grooming pups, retrieving pups and nest building).

Defense of the young

Mothers tested for defense of pups were those which had

raised at least two litters to the age of weaning. When the mother

was found to have delivered her next (usually third) litter,

observations were made of her reactions to the intrusion of a pair

of forceps into the cage. Observations started on the day follow-

ing birth and continued on alternate days until weaning. Each

mother was tested for one set of 11 observation periods.

Males were removed prior to the start of observations and

were placed in separate cages. Observations were conducted in the

colony rooms during the first four hours of darkness. Cages were

lit from behind by 25-watt red light bulbs.
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Defense of pups was tested in the following manner: A pair of

25-cm-long forceps was inserted under the cage cover into the nest.

The reaction of the mother to the intrusion of the forceps was noted.

Five possible reactions were scored. These had been adapted from

other investigators (King, 1958; Scudder, Karczmar, and Lockett,

1967) . Each possible reaction was given a numerical score ranging

from -1 to +3. The possible reactions of the mothers to the forceps,

with assigned numerical scores, were as follows:

Retreat . The mother actively avoided the forceps (-1)

.

Indifference . The mother ignored the forceps (0)

.

Nosing . The mother put her nose near the forceps (+1)

.

Mild biting . The mother nibbled the forceps with

infrequent bites (+2).

Savage biting . The mother bit the forceps intensely and

frequently ( + 3) .

Six mothers from the Gainesville population, one mother from

the Palmdale population, and four P. leucopus mothers were tested.

Mean scores for each population and species were calculated for each

observation period.

Retrieval responses

The same mothers and offspring studied in the tests for

defense of pups were also studied for retrieval responses. Observa-

tions were made starting on the day following birth, and continued
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on alternate days until weaning. Conditions in the colony room

(i.e. , the phase of the light-dark cycle when observations took

place, the lighting, etc.) were the same as for testing defense of

pups.

Males were removed from the cages and placed in separate cages

prior to the start of observations. Pups were also removed and the

various observations and tests performed in Chapter V were made.

The pups were returned to their home cages and placed on the cage

floor about 2 cm apart. Pups were placed at the greatest possible

distance within the cage from the mother. Data were collected on an

Esterline Angus operations recorder, and included 1) the latency

from the return of the last pup of the litter to the first contact

of a pup by the mother, 2) the per cent of pups in each litter

retrieved by the mother, and 3) the total amount of time taken by

the mother to retrieve all the pups.

Observations continued until all pups had been retrieved or

until 15 minutes (900 sec) had elapsed. At the end of this time,

recording was discontinued, and the male was returned to the

cage.

The measures used in these observations of retrieval

responses (latency, per cent of litter retrieved, and total time

taken by the mother) were adapted from Beach and Jaynes (1956) and

Noirot (1964a, b, 1972).
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Results

Survival

Litter survival

Data were collected on the number of litters surviving to the

age of weaning. Data were collected from three time periods, 1) from

1970 to 1972 (i.e., prior to the initiation of studies of maternal

behavior and early development), 2) from the first five months of

observations, and 3) from the second six months of observations.

Prior to data analyses, frequency data were converted to percentages

to account for the differences resulting the inequality in the length

of time periods. Also, differentiation was made between the litters

which had been studied as part of the retrieval response and early

development observations, and those which had not been subjects

(i.e., between handled and relatively nonhandled litters).

P. gossypinus ( Gainesville population ) . The per cent of

litters surviving prior to the beginning of the study and during the

first and second parts of experimental observations is shown in

Table 7. Also shown is the per cent of handled and nonhandled

litters surviving. Results of data analyses are shown in Table 8.

Comparisons of the per cent of litters surviving during the

various phases of the study indicated that a larger percentage of

litters survived prior to the start of the study than during

experimental observations. A larger percentage of litters failed

to survive during the first five months of observations than during

the second six months. Both handled and nonhandled litters showed
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Table 8. Per Cent Survival of Litters During Various Stages of an
11 Month Experimental Period in Peromyscus gossypinus and
Peromyscus leucopus .

Subjects surviving Species and population
P. gossypinus P. gossypinus P. leucopus
(Gainesville)
z_ score p <

(Palmdale;

z^ score p <

All litters
Prior to start of experiment

vs. total experiment time. 3.54

First part vs. second part3

of experiment.

Handled litters
Total litters vs. total
handled litters.

Handled litters from first
vs. second parts of
experiment.

Nonhandled litters
Total litters vs. total
nonhandled litters.

Nonhandled litters from
first vs. second parts
of experiment.

Handled vs.

litters.
nonhandled

First part of experiment

Second part of experiment

Total experiment

2.97

0.82

2.35

0.79

3.44

2.02

0.93

1.61

.001

.01

.025

.001

.05

n. s.

n. s.

4.31

3.12

3.11

2.40

.001

.01

.01

.025

n.s. 1.19 n.s.

4.07

5.25

3.54

4.30

.001

.001

.001

.001

z^ score p_ <

n.a.

n.a.

0.47 n.s.

0.95 n.s.

n.a.

n.a.

n.a.

0.32 n.s.

Note: The statistic, z_, was calculated from the test for
differences between percentages for correlated data
(Downie and Heath, 1970).

First part of the experiment included five months of observations.
The second part of the experiment included six months.
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this effect. However, fewer nonhandled than handled litters survived

during the first five months of the study.

P. gossypinus ( Palmdale population ) . The per cent of litters

surviving during the various phases of the experiment is shown in Table

7. The results of data analyses are shown in Table 8. A larger

percentage of litters survived prior to the start of the study than

during the study. A larger percentage of litters failed to survive

during the second part of the study than during the first part. Com-

parison of data from handled litters with data from all litters indi-

cated that fewer handled litters survived, particularly during the

second part of the study, when no handled litters survived. Comparison

of nonhandled litters with all litters indicated no significant dif-

ferences in the per cent of litters surviving. However, a larger

percentage of nonhandled litters survived during the first five months

than during the second six months of the study. Comparison of the

percentages of handled and nonhandled litters surviving indicated that

a larger percentage of nonhandled litters survived.

Intraspecific comparisons . The per cent of litters surviving

during the various phases of the experiment, and the per cent of

handled and nonhandled litters surviving in the Gainesville and Palm-

dale populations are shown in Table 7. Inferential statistics are

shown in Table 9. The two populations significantly differed in the

per cent of litters which survived during the second part of the study.

Generally, more Gainesville litters survived. Comparison of the sur-

vival of handled litters indicated that significantly more Gainesville

litters survived.
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Table 9. Intra- and Interspecific Comparisons of Litter Survival for
Peromyscus gossypinus and Peromyscus leucopus .

Species and population
Gainesville

Litter survival vs. Palmdale Gainesville vs. Palmdale vs.
during populations. P. leucopus. P. leucopus.
experiment Statistic df p< statistic df p< Statistic df p_<

Prior to

start z=1.57 — n.s. n.a. — — n.a.

First part
(5 months) z=0.2 8 n.s. n.a.

Second part
(6 months) z=2.04 — .05 n.a. — — n.a.

Total time z=1.75 — .08 z=2.48 — .025 z=3. 39 — .001

Per cent
litters
handled z=1.20 — n.s. £=2.10 — .05 z=2.18 — .05

Handled
litters
(total) t=2.34 31 .05 z=1.32 — n.s. t=3.21 16 .01

Nonhandled
litters
(total) z=0.14 -- n.s. t=2.16 37 .05 t=2.64 26 .025

Note : Statistics (z, and t) were calculated from the test for
differences between two proportions for uncorrelated data
(Downie and Heath, 1970). Where the number of subjects
was too small to calculate z, t scores were calculated.
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P. leucopus. Data on litter survival were collected for a

shorter period of time for P. leucopus (6 months) than for P.

gossypinus (11 months). Consequently, data were not available on

the per cent of P. leucopus litters surviving prior to the start of

experimental observations, or on the per cent of litters surviving

during the first five months of the experiment. Such data as are

available are shown in Tables 7 and 8. In this species most litters

survived, including both handled and nonhandled animals. There were

no significant differences in per cent of handled and nonhandled

litters surviving.

Interspecific comparisons . Gainesville population and

P. leucopus. Significantly fewer Gainesville litters than P.

leucopus litters survived (see Table 9). Significantly fewer of the

nonhandled Gainesville litters survived, but there were no differ-

ences between the two species in the per cent of handled litters

surviving, even though significantly more P. leucopus litters were

handled.

Palmdale population and P. leucopus. Significantly fewer

Palmdale litters survived (see Table 9). A significantly larger

percentage of P. leucopus litters were handled, but a significantly

smaller percentage of both handled and nonhandled Palmdale litters

failed to survive.

Number of pups per litter

P. gossypinus ( Gainesville population ) . Fifty-nine litters

were born during the 11 months of observations of maternal behavior
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and early development. Litter sizes ranged from one to six with a

mean of 3.14 and a standard error of ± 0.27. The mode was three.

Mean litter size of a similar population of P. gossypinus was reported

by Pournelle (1950, 1952) to be 3.7 with a standard error of ± 0.14.

The mode obtained by Pournelle was four.

P. gossypinus (Palmdale population ) . Twenty-nine litters

were born during the 11 months of the study. Litter sizes ranged

from one to four with a mean of 2.3 and a standard error of ± 0.32.

The mode was two.

Intraspecific comparison . No significant differences were

found in the size of litters between the two populations of

P. gossypinus (Mann-Whitney U test, Siegel, 1956, U= 74 > z=l-46, n.s.).

P. leucopus. Fifteen litters were born during the six months

for which data were collected. Litter sizes ranged from one to

seven with a mean of 4.73 and a standard error of ± 0.39. The mode

was both four and six. These data were comparable to those reported

by Svihla (1932) for P. 1. noveboracensis (mean 4.36).

Interspecific comparisons . Gainesville population and

P. leucopus. Comparison of the size of litters for these two

species indicated that P. leucopus had significantly larger litters

(Mann-Whitney U test, D=90, z=3.06, p <.002).

Palmdale population and P. leucopus. Comparison of the size

of litters for these two species indicated that P. leucopus had

significantly larger litters (Mann-Whitney U test, u=12, z=3.10, p <

.002).
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Descriptive Study of- Maternal Behaviors

Nursing pups

Behavioral description . Nursing occurred when the mother was

in the nest, with her body arched over the pups. The pups were

attached to the mother's nipples. The mothers were usually quiet,

and often appeared to be asleep.

P. gossypinus ( Gainesville population ) . Of the four maternal

activities observed, nursing behavior occupied the greatest proportion

of time. Figure 3 shows that nursing occupied more than 50% of the

total observation period (15 min) until the 13th day following birth.

After that, the per cent of time spent in nursing slowly decreased.

By Day 21, nursing occupied less than 35% of the observation period.

The mean percentage of time spent in nursing pups (i.e., the mean

of all 11 observation periods) was 53.5%.

The amount of time spent nursing pups during the first few

days following birth was compared with the amount of time spent

during the last few days (i.e., the mean proportion of time for the

first three observation periods was compared with that of the last

three observation periods using the Sign test, Siegel, 1956).

Mothers spent more time nursing pups during the first few days fol-

lowing birth than just prior to weaning. Results approached

significance (see Table 10) .

P. gossypinus ( Palmdale population ) . The percentage of time

spent by mothers in nursing pups is shown in Figure 3. Much

variability can be seen. An examination of the data from individual

subjects showed that the behavior of the three mothers which were
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Table 10. Comparisons of the Proportion of Time Spent by
Peromyscus gossypinus (Gainesville Population)
and Peromyscus leucopus Mothers in Maternal and
Nonmaternal Behaviors During the First Three
Observation Periods (Days 1, 3, and 5) and the
Last Three Observation Periods (Days 17, 19, and 21).

Species and Population

Behaviors P. gossypinus (Gainesville) P. leucopus
(N=8) "

(N=6)
X P < X p <

Nursing 0.06 1

Grooming of pups 1 n.s. 2

Retrieval of pups 1 n.s. 1

Nest Building 1 n.s. 1

Nonmaternal behaviors 0.03 2

Note: The statistic, X, was calculated from the Sign test
(Siegel, 1956).



71

subjects differed greatly. Table 11 indicates that one mother (#1)

spent approximately 73% of the observation period nursing pups

while another mother (#34) spent approximately 15% of the time

nursing. The mean percentage of time spent in nursing for all

three subjects was 46.2%.

Because of the small number of subjects from this population,

comparisons of the mean amount of time spent by mothers in nursing

during the first three and last three observation periods could not

be made

.

P. leucopus . Of the four maternal activities observed,

nursing occupied the greatest proportion of the total observation

period (15 min) . Figure 3 shows that for the first 17 days follow-

ing birth, mothers spent more than 60% of the observation period

nursing. After that, nursing decreased slightly, but even during

the last observation period more than 50% of the time was spent in

nursing. The mean percentage of time spent in nursing pups (i.e.,

the mean of all 11 observation periods) was 67.8%.

Comparison of the proportion of time spent nursing pups

during the first and last three observation periods is shown in

Table 10. The difference was not significant.

Grooming pups

Behavioral description . Mothers were observed to groom pups

by licking and cleaning them with their mouths while manipulating

them with forepaws. Pups were groomed by the mother when she

returned to the nest, or when she returned pups to the nest after
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retrieving them. Mothers usually returned young pups to the nest

before grooming them. When pups were older and outside the nest

with the mother, her self-grooming episodes often included periods

of pup grooming.

P. gossypinus (Gainesville population ) . Mothers generally

spent at least 5% of the time during observation periods grooming

pups. Figure 3 indicates that grooming pups occupied an increasing

amount of time through the first 17 days following birth. The mean

percentage of time spent in grooming pups was 10.9%.

Comparison of the proportion of time spent in grooming pups

during the first three observation periods and the last three

observation periods is shown in Table 10. Differences between the

time periods were not significant.

P. gossypinus (Palmdale population ) . The amount of time spent

in grooming pups is shown in Figure 3. Data were guite variable (see

Table 11), but grooming appeared to reach a peak on Day 11. The

mean percentage of time spent by mothers in grooming pups was 7.1%.

Because of the small number of subjects, no comparisons of

the proportion of time spent grooming pups during the first three

and last three observation periods were attempted.

P. leucopus. Grooming of pups reached a peak at about Days

13 through 17 (see Figure 3). The mean percentage of time spent in

grooming pups was 7.9%.

Comparison of the proportion of time spent in grooming pups

during the first three and last three observation periods is shown

in Table 10. No significant differences were found.
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Retrieval of pups

Behavioral description . Mothers usually retrieved pups

which had wandered from the nest. Mothers also carried pups to

other locations within the cage. Retrieval was accomplished by

mothers grasping pups by the skin of the abdomen, back, or back of

the neck. Occasionally, pups were seized by a limb or other part

of the body. After being grasped in a carrying position by mothers,

pups were lifted from the floor of the cage and transported to the

nest.

P. gossypinus ( Gainesville population ) . Little time was

spent by mothers in retrieving pups during observation periods.

Figure 3 indicates that retrieval occurred at a very low rate through-

out all 21 days following birth. The mean percentage of time spent

in retrieval of pups was 0.5%.

No significant differences were found when the proportion of

time spent by mothers in retrieval during the first three and last

three observation periods was compared (see Table 10)

.

P. gossypinus (Palmdale population ) . Much variability was

shown by mothers in the percentage of time spent in retrieving pups

(see Figure 3 and Table 11). Some mothers spent most of the

observation period carrying pups around the cage. For example,

Table 11 indicates that as much as 82% of the observation period was

spent in retrieving pups (Subject #34, Day 13). The mean percentage

of time spent in retrieving pups was 8.6%.

Because of the small number of subjects, no comparisons were

made of the differences in the proportion of time spent in retrieving
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pups during the first three and last three observation periods.

P. leucopus. Very little retrieval of pups occurred during

observations (see Figure 3). The mean percentage of time spent by

mothers in retrieving pups was 0.04%.

Comparisons of the proportion of time spent by mothers in

retrieval of pups during the first three and last three observation

periods were not significant (see Table 10).

Nest building

Behavioral description . Mothers were observed to build several

different types of nests. Some mothers completely covered themselves

and the pups with nesting material, leaving only a very small opening.

Males were often found in these nests. Other nests consisted of only

a ground covering of nesting material with a shallow indentation

where pups were located. Mothers built or added to nests if they

were given new nesting material. They also rebuilt nests if nesting

material became disarranged because of the activity of the pups.

P. gossypinus ( Gainesville population ) . The mean percentage

of time spent by mothers in building nests is shown in Figure 3.

Nest building occurred at a fairly steady rate through Day 21. The

mean percentage of time spent in building nests was 2.3%.

No significant differences were found in the proportion of

time spent in building nests when the first three and last three

observations were compared (see Table 10)

.

P. gossypinus ( Palmdale population ) . Mothers spent little

time in nest building after Day 7 (see Figure 3) . Data from
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individual subjects (Table 11) indicate that only one mother built

nests during more than one observation period. The mean percentage

of time spent in building nests was 0.5%.

No comparisons of the proportion of time spent in building

nests during the first three and last three observation periods were

made due to the small number of subjects.

P. leucopus. Mothers engaged in a steady, but low, rate of

building nests throughout most of the observation periods. The

greatest percentage of an observation period devoted to building

nests occurred on Day 1. The mean percentage of time spent in

building nests was 1.6% (see Figure 3).

No significant differences were found when comparisons of

the proportion of time spent by mothers in building nests during

the first three and last three observation periods were made (see

Table 10)

.

Maternal and nonmaternal behaviors

The amount of time mothers of both populations of P. gossypinus

and P. leucopus spent in all maternal behaviors combined is shown in

Figure 4. In general, the percentage of time spent in all maternal

behaviors decreased during the last few observation periods. As the

amount of time spent in maternal behaviors decreased, the amount of

time spent by mothers in behaviors such as eating, self-grooming,

and exploration increased. (Data from individual subjects for the

amount of time spent in maternal behaviors have been placed in

Appendices C, D and E.

)
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Comparisons of the time spent by mothers of each group in

nonmaternal behaviors during the first three and last three observa-

tion periods indicated that significantly more time was spent by

Gainesville mothers in nonmaternal behaviors during the last three

observation periods. Comparisons of time spent by P. leucopus

mothers were not significant. Comparisons using Palmdale mothers

were not made because of the small number of subjects (see Table 10).

Intra- and interspecific comparisons

The mean percentage of time spent by mothers of all three

groups in the four maternal activities and in nonmaternal activities

is shown in Table 12. The mean percentage of time in each activity

was compared by means of the Kruskal-Wallis one-way analysis of

variance (Siegel, 1956) for the three groups. Only in the mean

percentage of time spent in retrieving pups did the three groups

differ. Further analyses via the Mann-Whitney U test indicated that

mothers from the Gainesville population spent a significantly

greater amount of time retrieving pups than did P. leucopus mothers,

2=6.5, p < .05.

Paternal behavior

P. gossypinus (both populations ). Males were observed to

perform some of the same activities engaged in by mothers. Males

were observed to groom pups and to build nests over pups. Males

also assumed a crouched position over very young pups, similar to

the mother's nursing position. When pups were older, they were
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often observed sitting or lying near males outside of the nest.

P. leucopus. Males were observed to perform the same

behaviors as the P. gossypinus males, with the addition of retrieval

of pups.

Defense of the Young

The mean defense scores obtained by Gainesville and P_.

leucopus mothers in response to an attempt to remove their offspring

with a forceps are shown in Table 13.

P. gossypinus ( Gainesville population ) . The mean defense

scores of mothers gradually decreased as the pups matured. Calcula-

tion of the mean of all 11 observation periods indicated a defense

score of 0.98. This mean score corresponded to the scores assigned

to exploratory or mild contact behavior (+1 nosing) . The most

frequent response seen during observations was sniffing or nosing

the forceps

.

The mean defense score decreased from a mean of 1.67 on

Day 1 to 0.67 by Day 21. Scores were highest from Day 1 through

Day 11.

P. gossypinus (Palmdale population ) . Only one mother was

included in this test. No other mother met the criterion for

inclusion (i.e., a third viable litter). Data from the one avail-

able subject were not included in Table 13, The most frequent

response of this subject was retreat. Of the 11 trials given,

retreat occurred in 9 of them. One instance each of sniff and

ignore were also recorded.
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Table 13. Defense of the Young: Mean Scores Obtained by Peromyscus
gossypinus (Gainesville Population) and Peromyscus leucopus
Mothers.

Days

Following

Birth

1

3

5

7

9

11

13

15

17

19

21



84

P. leucopus. Hie mean defense scores of mothers increased as

pups matured. The mean score calculated as the average of the mean

scores of all 11 observation periods was -0.45. This score corre-

sponded to the scores assigned to indifference or retreat from the

forceps entering the nest. The most frequent responses of mothers

were nosing and retreat from the forceps.

The mean defense score increased from a mean of -0.50 on Day 1

to +1.00 by Day 21. Mean scores were highest from Day 13 through

Day 21.

Interspecific comparisons . Since there was only one Palmdale

mother included in the study, data from this subject were not in-

cluded in comparisons. Comparison of the mean defense scores for

each day for the Gainesville and P. leucopus mothers indicated that

P. leucopus mothers showed significantly lower defense scores (Mann-

Whitney U test, _D=10.5, £ <.001). P. leucopus mothers tended to

retreat rather than to explore or to attack the forceps. The

Gainesville mothers tended to explore rather than to ignore or

retreat from the forceps. The behavior of both groups of mothers

changed over time. Mean scores of zero or less were shown by

P. leucopus mothers prior to Day 13, and higher scores thereafter.

Gainesville mothers initially showed much higher scores than P.

leucopus mothers, but after Day 13, scores of both groups were

similar.
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Retrieval Responses

Retrieval latency

P. gossypinus ( Gainesville population ) . The mean number of

seconds taken by mothers to initiate retrieval of the first pup of

their litters is shown in Table 14. Also shown are the median number

of seconds. Mean latencies prior to Day 15 generally were less than

120 sec. Mean latencies increased after Day 15, until by Day 21,

they reached 600 sec. This increase in mean latencies included the

occurrence of some intervals greater than 900 sec, the total testing

time. None of these 900 sec intervals occurred prior to Day 15.

Comparison of the mean latencies from the first three and

last three observation periods indicated that there was a significant

increase in mean latencies for the last three observation periods

(Wilcoxon matched pairs signed-ranks test, Siegel, 1956, T=0, p <.05).

P. gossypinus (Palmdale population ) . Since only one mother

was available for testing, data were not included in analyses.

However, the mean latencies to initiate retrieval for this mother

were longer than the latencies of the Gainesville mothers. Pups

were retrieved until Day 19.

Many mothers from this population destroyed their litters.

Observations indicated that mothers which destroyed litters either

did not retrieve pups at all, or retrieved one pup and carried it

around the cage for most of the observation period. Males also ran

around the cage during these periods, but without contacting pups.

Some litters, when returned to the cage, were promptly eaten by the

mothers.



Table 14. Retrieval Latency: The Number of Seconds Required by
Peromyscus gossypinus and Peromyscus leucopus Mothers
to Initiate Retrieval of Pups.

SpeciesDays
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P. leucopus. The mean latencies to initiate retrieval of the

first pup are shown in Table 14. Also shown are the median latencies.

Mean latencies were short until Day 17, not exceeding 120 sec. After

Day 17, mean latencies increased until by Day 21, they exceeded 600

sec. The increase in mean latency after Day 17 included the occur-

rence of latencies of greater than the testing period of 900 sec.

None of these 900 sec intervals occurred prior to Day 17.

Because of the small number of subjects available (four)

comparisons of the mean latencies for the first three and last three

observation periods could not be made.

Interspecific comparisons . Comparison of the mean latencies

of all 11 observation periods for the Gainesville population, and for

P. leucopus indicated no significant differences in mean latency

(Mann-Whitney U test, _Uj=44, n.s.).

Per cent of pups retrieved

P. gossypinus ( Gainesville population ) . The mean percentage

of pups retrieved by mothers during each of the 11 observation

periods is shown in Table 15. The mean percentage of pups retrieved

decreased as pups matured. Prior to Day 15, all the pups in each

litter were retrieved. After Day 15, a steadily decreasing

percentage was retrieved. By Day 19, less than 50% of pups were

retrieved by mothers.

Comparison of the mean percentage of pups retrieved during

the first three observation periods with those retrieved during the

last three observation periods indicated a difference which approached



Table 15. The Mean Percentage of Pups Retrieved by Peromyscus
gossypinus and Peromyscus leucopus Mothers During
15-Minute (900 sec) Testing Periods.

Species

D^tys P. gossypinus (Gainesville) P. leucopus

(N=4)

Mean
per cent SE

Following

Birth

1 100.0 0.0 100.0 0.0

3

5

7

9

11

13

15

17

19

21

(N=
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significance (Sign test, X=0, £ <.06). A smaller percentage of pups

were retrieved during the last three observation periods.

P. gossypinus ( Palmdale population ) . Since only one subject

was available for testing, data from this population were not

analyzed. The single subject retrieved all pups until Day 19; after

that, no pups were retrieved.

P. leucopus. The mean percentage of pups retrieved by

mothers during each of the 11 observation periods is shown in Table

15. Generally, all pups in a litter were retrieved prior to Day 13.

After Day 13, a steadily decreasing percentage of pups was retrieved.

By Day 17, less than 50% of pups were retrieved.

Because of the small number of subjects, no comparisons were

made of the per cent of pups retrieved in the first and last three

observation periods.

Interspecific comparisons . Comparison of the percentage of

pups retrieved by mothers from the Gainesville population and

P. leucopus for all 11 observation periods indicated no significant

differences (Mann-Whitney U test , u=52, n.s.).

Total retrieval time

P. gossypinus ( Gainesville population ) . The mean total amount

of time spent by mothers in retrieval is shown in Table 16. The

mean total time decreased as the pups matured. By Day 17, fewer than

10 sec were spent by mothers in retrieving pups.
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Table 16. The Mean Amount of Time (in Seconds) Spent by Mothers of
Two Species of Peromyscus in Retrieving Pups During 15-
Minute (900 sec) Testing Periods.

Species

DaY s P. gossypinus (Gainesville) P. leucopus
(N=6) (N=4)

Following

Birth Mean (sec) SE Mean (sec) SE

5

7

9

11

13

15

17

19

21

1 30.7 11.6

3 18.2 4.4

29.8
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Comparison of the mean time spent by mothers in retrieval during

the first three and last three observation periods indicated that

significantly less time was spent in retrieval during the last three

observation periods (Sign test, X=0, p_<.03).

P. gossypinus ( Palmdale population ) . Since only one subject

was available, data were not included in analyses. The time spent

by this single subject in retrieval decreased as the pups matured.

After Day 17, no time was spent in retrieval.

P. leucopus. The mean total time spent by mothers in

retrieval of pups is shown in Table 16. The total time spent in

retrieval decreased as pups matured. By Day 17, fewer than 10

sec were spent in retrieval.

Because of the small number of subjects, no inferential

statistics for comparisons of total time spent in retrieval during

the first and last three observation periods were calculated.

Interspecific comparisons . Comparison of the mean total

time spent in retrieval by the Gainesville and P. leucopus

mothers for all 11 observation periods indicated no significant

differences (Mann-Whitney U test, U=45, n.s.).



92

Discussion

Survival

Survival of litters from both populations of P. gossypinus was

decreased following the initiation of experimental manipulations and

observations. One factor contributing to the loss of litters for the

Palmdale population was handling of pups and mothers. Other factors,

such as increased disturbance of the mothers (e.g., more turning on

of lights during the dark phase, greater number of entrances by

people into the colony room, an increased number of other animals in

the colony room, more noise, etc.) might have contributed to losses

of litters in both populations.

Litters usually failed to survive because they were neglected

or killed by the mother. Mothers consumed both living and dead

pups. Usually, pups were eaten shortly after birth, or at least

within the first three days. A few litters were destroyed much

later, prior to weaning. King (1963) described cannibalism in

P. maniculatus as an "abnormal" maternal behavior, and found that

34% of litters were destroyed by mothers. Drickamer and Vestal

(1973) reported the percentages of litters destroyed in eight taxa

of Peromyscus . These ranged from a low of 6.5% destroyed by

P. leucopus mothers to a high of 26.9% destroyed by P. crinitus

and P. eremicus mothers. Rood (1966) reported on seven species of

Peromyscus . Litter mortality was higher for the species reported by

Rood, ranging from 19% for P.m. gracilis to 5 6% for P. floridanus .

The results reported by these investigators show varying percentages

of losses for the same species. Drickamer and Vestal (1973)
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reported that 6.5% of P. leucopus litters were destroyed while Rood

(1966) found 33% were destroyed. in the present study, 6.7% of

P. leucopus litters were destroyed. The diverse results are most

probably due to differences in laboratory husbandry procedures.

However, these differences could also be due to the use of differ-

ing populations of animals. Drickamer and Vestal (1973) used a

population which had been bred in the laboratory for four more

years than those used by Rood (1966) . The P. leucopus in the

present study had been domesticated in the laboratory for several

more years

.

Differences in the per cent of litters surviving in the two

P. gossypinus populations, and in P. leucopus , could indicate a

differential response among the populations and species to labora-

tory procedures. This differential response could be based on dif-

ferences in reactivity or temperament. For example, the Palmdale

mothers destroyed the most litters. Survival decreased as the

experiment progressed. Handled litters, in particular, showed a

much lower percentage of survival. These findings could indicate

a high degree of reactivity or a low degree of adaptability in

Palmdale mothers. In contrast, P. leucopus mothers destroyed few

litters, and handling did not lower the per cent of litters surviving.

P. leucopus mothers may be less reactive or more adaptable.

Gainesville mothers would appear to be intermediate.

Failure of litters to survive might also be the result of

the presence of the male in the cage. Ahroon and Fidura (19 76)

indicated that for gerbils, presence of the male significantly
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decreased litter survival, and decreased the frequency of sniffing

and licking of pups, retrieval of pups and nest building by the

female. Since males were present in the cages of newborn litters

in the present study, such a hypothesis might also be entertained.

The differential survival among the three groups studied might be

the result of differences in the tolerances of females for males in

the vicinity of the nest. Ahroon and Fidura (1976) hypothesized

that female gerbils might have required a larger territory after

the birth of the pups.

A significant interspecific difference was found for litter

size. In the present study, P. leucopus had larger litters than

either population of P. gossypinus . Layne (1968) reported litter

sizes for several species and subspecies of Peromyscus . The mean

litter size for all species was 3.4 with a range from 1.6 in

P. megalops to between 4 and 5 in subspecies of P. maniculatus .

Layne (1968) divided species into those characterized by relatively

large litters (i.e., P. gossypinus , P. leucopus , P. maniculatus ,

P. polionotus , and P. thomasi ) , and those characterized by small

litters ( P. californicus , P. eremicus , and P. megalops ) . Layne

hypothesized that species which are forest dwellers (including

P. gossypinus and P. leucopus ) would tend to have large litter

size, small to medium size neonates, and relatively rapid postnatal

growth and development.

Litter size may also be related to the amount of predation

found in a particular environment, or the availability of food and

water. Layne (1968) hypothesized that species dwelling in a xeric
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habitat, under conditions of scarcity of resources, or where energy-

consumption is high, would adapt with smaller litter sizes and

larger neonates.

Descriptive Study of Maternal Behaviors

Mothers from both populations of P. gossypinus and P. leucopus

spent a substantial proportion of the observation period engaged in

maternal behaviors, particularly in nursing pups. Maternal behaviors

were predominant until about Day 15 for P. gossypinus and Day 19 for

P. leucopus . After this, nonmaternal behaviors such as eating, self-

grooming, locomotor-exploratory behavior, etc. occupied a greater

proportion of the observation period. However, only for the

Gainesville population were statistically significant differences

evident in the amount of time spent in nursing, maternal and non-

maternal behaviors during the first few days following birth, and the

last few days before weaning.

Ihere appeared to be few, if any, changes in the amount of

time spent in various maternal behaviors as pups matured. However,

it was difficult to delineate these changes because of the small num-

ber of subjects. It was also difficult to compare data across

populations and species. Thus, while it appeared that P. leucopus

mothers nursed their pups for a greater proportion of time during

all 11 observation periods than did P. gossypinus mothers, the

species comparison was not significant. The only significant

species comparison was for the amount of time spent in retrieving

pups. The Gainesville mothers spent 15 times as much time
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retrieving pups as did the P. leucopus mothers. This difference in

amount of retrieval might reflect temperament differences between the

mothers of the two species. King (1963) indicated that activity,

restlessness and prolonged carrying of pups by P. maniculatus

mothers might have been responsible for losses of litters. Ahroon

and Fidura (1976) described a "frenetic" level of activity in gerbils

to which they attributed losses of litters by Day 3. In the present

study, both the Gainesville and Palmdale populations spent more time

in retrieval of pups than did P. leucopus . Though the differences

between the two populations of P. gossypinus were not significant,

the Palmdale population spent 15 times as much time retrieving pups

as did the Gainesville population. It might be hypothesized, there-

fore, that the increased activity and prolonged carrying of pups

by Palmdale mothers were related to loss of litters.

It is difficult to compare the data collected in this study

with those reported by other investigators because of differences in

methodology. Nevertheless, some comparison can be attempted. King

(1963) measured the amount of time mothers from two populations of

P. maniculatus spent in the nest over 10 consecutive 24-hour periods

after birth. Measures used included the total number of hours of

each 24 that were spent in the nest, the number of visits to the

nest by mothers during each 24-hour period, and the number of

minutes spent with pups during each visit. Data indicated that as

pups matured, mothers decreased the amount of time spent in the

nest, increased the number of visits each day, and decreased the

duration of each visit. In the present study, mothers from all
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three groups spent about the same proportion of each observation

period, through Day 11, in the nest nursing pups. As pups matured,

the proportion of each observation period spent nursing pups

generally decreased.

It is not possible, at this time, to hypothesize a relation-

ship between particular aspects of maternal behavior and ecological

requirements. Too little is known about the quantitative aspects

of maternal behaviors. Few wild rodents species have been studied.

It may be found, for example, that the amount of time mothers spend

on the nest with pups is a function of the relative safety in nest-

ing in places with varying ground cover. Species which nest in

burrows or other safe places may spend less time with pups than

species which nest in the open. However, it may also be that the

large amount of time spent on the nest by the species in the present

study is an artifact of laboratory living. There is some evidence

for this in Hill's (1972) study of P. leucopus . Hill found that

mothers housed in enclosures in the forest spent less time on the

nest than mothers housed in cages in the laboratory. Further

investigation is required to answer these questions.

Paternal behavior . Males from both populations of

P. gossypinus and P. leucopus exhibited paternal behavior. The two

species differed in that P. leucopus males retrieved pups while

P. gossypinus males did not. It is suggested that .more systematic

investigation of paternal behavior would demonstrate other species

differences.
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Paternal behavior has been described in other Peromyscus

species (Beach, 1967; Dudley, 1974a, b, c; Hartung, Looney, and

Dewsbury, 1976; and Horner, 1947) . Various hypotheses about the

function of paternal behavior have been formulated. Beach (1967)

speculated that in P. maniculatus , paternal care is related to the

formation of temporary pair bonds. Dudley (1974a, b, c) hypothesized

that in P. californicus , male care might influence pup thermo-

regulation. The function of male care in P. gossypinus and P_.

leucopus cannot be determined at this time. The male may treat

pups as it treats the mother, grooming, huddling with them in the

nest, etc. Such care might not be any different from that assumed

by virgin females and males toward strange young in many laboratory

species (as in the experiments with laboratory mice and rats by

Noirot, 1964a, b, 1969a, 1972; and Rosenblatt, 1970).

Defense of the Young

Gainesville mothers exhibited higher scores on the test for

defense of pups than did P. leucopus mothers. Scores for both groups

of mothers changed as pups matured. The scores of the Gainesville

mothers decreased over time while those of the P. leucopus mothers

increased. By Day 21, scores of both species were about the same.

The changes in the responses of the mothers over time could have

been due to changes in the mothers, in the pups, or, in both. For

example, the responses of the mothers might have changed as they

became habituated to the intrusion of the forceps. The Gainesville

mothers may have begun to ignore the forceps rather than explore or
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attack them. The P. • leucopus mothers may have begun to ignore or

explore the forceps rather than retreat from them.

Mothers may have changed in their responses to the forceps as

a function of changes in the pups. As the pups became more mature

and more able to defend themselves, mothers may have defended them

less. King (1958) attributed the change in defense scores of

mothers of two subspecies of P. maniculatus to increased pup

defensiveness developing at about the time of the change in the

mothers.

Mothers in the present study were evaluated using a five

point scale ranging from -1 to +3. Investigation of other species

using a similar procedure (King, 1958, 1963; Scudder, Karczmar and

Lockett, 1967) utilized a four point scale ranging from to +3.

Retreat was not included as a response. Consequently, in order to

more effectively compare species, P. gossypinus and P. leucopus were

also scored on a four point scale. Results are shown in Table 17.

(The difference between the two species was still significant;

Mann-Whitney U test, U=14, p_ <.001.) Mean scores for P. gossypinus

and P. leucopus were compared with those of two subspecies of

P. maniculatus (King, 1958, 1963) and four species of other muroid

rodents (Scudder, Karczmar, and Lockett, 1967). The highest defense

scores were exhibited by 0. leucogaster , P. gossypinus , and P.m.

bairdi while the lowest defense score was exhibited by M. musculus

(Missouri). It should be noted that the scores calculated for

P.m. bairdi by the two investigators differ somewhat. This may be

due to differences in the populations of P.m. bairdi, since it would
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Table 17. Defense of the Young: Mean Scores Obtained by Mothers
of Six Species of Muroid Rodents.

Species and subspecies Mean defense score

Microtus ochrogaster

b cMus muscuius (Missouri) '

Onychomys leucogaster

Peromyscus gossypinus (Gainesville)

Peromyscus leucopus

Peromyscus
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appear that the two populations came from different locations.

Mothers from the different populations and species listed in

Table 17 reacted differently towards the forceps. However, it cannot

be shown that these responses were peculiar to mothers. Since

similar investigations with virgins, or males were not conducted, it

may be that the responses seen were not particularly related to

defending pups but would occur with any animal disturbed in the nest.

Nonetheless, differences among the species might be indicative of

specific adaptations to differing habitat requirements. King (1958,

1963) hypothesized that the differential response seen in mothers

of the two subspecies of P. maniculatus might be the result of such

habitat differences. For example, P.m. bairdi , a pastoral dweller

with more vulnerable nest sites than P.m. gracilis may be required

to defend young more. Another interpretation might be that species

with more exposed nest sites, or species otherwise more subject to

predation might develop a specific adaptation of greater aggressive-

ness or alertness than species not subject to these pressures.

Retrieval Responses

The latencies to initiate retrieval generally increased as

pups matured. The difference in the latencies between the first

few observation periods following birth, and those just prior to

weaning was significant for the Gainesville population. This

comparison was not attempted with the Palmdale population or with

P. leucopus because of the small number of available subjects.

However, latencies appeared to increase for P. leucopus mothers
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also. This increase- in latencies as pups matured may be related

to changes in the mothers, in the pups or in both. For example,

mothers may have begun to respond to different stimuli from the

pups. As pups mature, they may no longer respond to removal from

the nest with distress calls as they did when neonates (see Noirot,

1968; Noirot and Pye, 1969). Pups may also return to the nest on

their own. They may be more likely to resist the mother's grasp.

At this time, it is not possible to distinguish among the various

factors to determine which may be responsible for changes in

retrieval latency.

King (1958, 1963) tested mothers from two subspecies of

P. maniculatus for the amount of time taken to initiate retrieval.

Latencies decreased from birth through Day 17. Since data were not

collected beyond Day 17, it is not known if these subspecies would

have shown the same increase in latency just prior to weaning as

described in the present study.

The data on percentages of pups retrieved and on total time

spent in retrieval changed as pups matured. Mothers retrieved

fewer pups and spent less time in retrieval. As discussed for

retrieval latency, the changes over time in percentages of pups

retrieved and in total time spent in retrieval may reflect changes

in the mothers, in the pups, or in both.

In the present study, no interspecific variation was found

for retrieval latency, per cent of pups retrieved or total time

spent in retrieval. While the lack of species differences may

reflect the small number of subjects, it may also reflect specific
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adaptation to the environment. King (1958) found no differences in

retrieval latencies for two subspecies of P. maniculatus . He

hypothesized that natural selection had eliminated species and

subspecies differences since the most rapid retrieval of pups would

be advantageous to the species. This might be the case for

P. gossypinus and P. leucopus since both species live in similar

types of habitats. However, not all species retrieve pups.

Rabbits, for example, showed no evidence of pup retrieval (Ross,

Sawin, Zarrow and Denenberg, 1963). The high rate of retrieval may

be an artifact of laboratory housing. This was suggested by Daly's

(1972) experiments with hamsters housed in standard laboratory

cages, and in cages which allowed the digging of burrows. Mothers

housed in standard laboratory cages spent more time in retrieving

pups. Daly suggested that the difference in the amount of retrieval

was related to the difficulty pups had in climbing out of the burrow

at an early age. King (1958) hypothesized that retrieval was an

"over-developed" response because it would be more advantageous for

survival if mothers retrieved pups quickly. Mothers of different

species may also differ in readiness to retrieve as the result of

specific adaptations to the environment. For example, species which

nest in burrows may make fewer retrievals than species which nest

in more exposed places. Layne (1966) suggested that the retrieval

behavior of P. floridanus was less well developed than that of

species nesting in the open. P. floridanus nests in burrows.

Gerbils also make fewer retrievals (Elwood, 1975) . Flying squirrels

(Muul, 1970) may show a high rate of retrieval because pups wandering



104

away from the nest may fall from the tree. Thus, even if it were

unlikely that pups would wander from the nest in the wild, it might

be advantageous to survival if those that did so were rapidly

retrieved.

There were few differences found between the two populations

of P. gossypinus in maternal behaviors. The small number of subjects

available from the Palmdale population undoubtedly affected results

since many analyses could not be performed. The only differences

found between the two populations were in the litter survival data.

The significance of these population differences is yet to be

determined. It is possible that they are chance occurrences. It

may be that the two populations differ in temperament or ability to

adapt to new stimuli. Within the confines of the small sample, it

is not possible to describe maternal behavior as "species typical".

There are too few data available to evaluate this hypothesis.

Some species differences were found when the Gainesville

population was compared to P. leucopus . Though comparison was

hindered by the small number of subjects, data did indicate

differences in the amount of time mothers spent in retrieval of

pups, in maternal defense scores, and in paternal behavior. There

were also species differences in the percentage of litters surviving

during the experiment. These differences in maternal behavior and

litter survival might be hypothesized to be the result of previous

geographic isolation and subsequent adaptation to the demands of
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the micro-habitat. They may also be the result of partial

domestication of P. leucopus in the laboratory. Further investi-

gation will be required to evaluate the validity of these

hypotheses.



CHAPTER V
SOMATIC AND BEHAVIORAL DEVELOPMENT

Introduction

In most species of rodents, newborn pups are blind, deaf,

hairless, and totally dependent on parental care for survival. With-

in a relatively short span of time, however, the young are ready for

an independent existence. The development of the young, from the

helpless state of the newborn to the relative independence of the

weanling, is a period of rapid body growth and vast changes in

somatic and behavioral characteristics. These changes, which occur

as pups mature, are dependent on the genetic constitution of the

species. For example, it has been hypothesized for Peromyscus

species that rate of development and growth of pups is related to

mean body size of the adults of a species. Slower development and

growth of pups has been found in species with larger adult body

size (Layne, 1968). As populations and species differ in body size,

it is likely that population and species differences in growth and

development will be found.

In the present research, data on the development of various

somatic and behavioral traits, including both locomotor- re flex and

social behaviors were collected. Two species (P. gossypinus and

P. leucopus ) were used to provide data on interspecific variation.

The use of two populations of P. gossypinus to provide data on

106
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intraspecific variation had been planned, but the low survival rate

of Palmdale litters (see Chapter IV) eliminated this possibility.

Observations of Somatic and Behavioral Development

Species variation might be found in both the sequence in which

various somatic and behavioral traits appear, and in the rate of

development of these traits. Scudder, Karczmar, and Lockett (1967),

based on their investigations of several taxa of mice, hypothesized

that the order of occurrence of particular traits does not fluctuate

from species to species. Species variation is to be found in the

particular rate of development (i.e., in the amount of time

elapsing after birth before the first observation of the trait).

The rate of development has been the most generally studied

variable, and the somatic and behavioral development of a number

of both domesticated and wild species have been described. Investi-

gations of the development of somatic characteristics have included

observations of the mean first day of pinnae elevation, eruption of

the incisors, opening of the eyes, pelage development and molts,

and attainment of sexual maturity. Species such as gerbils (Kaplan

and Hyland, 1972; Vick, 1972), hamsters (Rowell, 1961), laboratory

mice (Scudder, Karczmar, and Lockett, 1967; Williams and Scott,

1954), laboratory rats (Bolles and Woods, 1964), cotton mice

(Pournelle, 1950, 1952), deermice (King, 1958, 1963), Florida mice

(Layne, 1966) and flying squirrels (Muul, 1970) were studied with

regard to development of somatic characteristics.

Investigations of the development of behavioral characteristics
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have been conducted for fewer species of rodents than investigations

of somatic traits (Layne, 1968). Behavioral traits have generally

been divided into two major categories, locomotor-reflex behaviors

and social behaviors. Locomotor-reflex behaviors included crawling,

standing, walking, jumping, climbing, clinging, righting, digging

and swimming. Social behaviors have included grooming, defensive

behaviors, playing, fighting, following parents or littermates, and

sometimes, nest building. For example, Altman and Sudarshan (1975)

described the development of 24 locomotor-reflex behaviors in

laboratory rats, while Fox (1965) described 15 in laboratory mice.

Rowell (1961) and Williams and Scott (1954) described the develop-

ment of social behaviors such as huddling, grooming, playing,

fighting, exploration, and sexual behavior in hamsters and laboratory

mice respectively. Most investigations of behavioral development,

however, focus on both locomotor-reflex and social behaviors. King

(1958), for example, investigated righting, clinging, climbing, and

jumpiness, as well as agonistic behaviors in P. maniculatus .

Species and population differences have been delineated in a

number of studies of somatic and behavioral development. Scudder,

Karczmar, and Lockett (1967) described somatic and behavioral

development in Microtus ochrogaster , 0. leucogaster , P.m. bairdi ,

and three strains of laboratory mice. Layne (1968) described

the development of a variety of somatic and behavioral traits in

25 species and subspecies of Peromyscus . King (1958, 1963, 1969,

1970) tested two subspecies of P. maniculatus and described

differential rates of development of such somatic and behavioral
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traits as weight, pelage, eruption of the incisors, opening of the

eyes, righting, climbing, clinging to an object, clinging to the

mother's nipples, agonistic behaviors, visual acuity, and swimming.

In general, the rate of development of somatic and behavioral traits

was found to vary among species and subspecies. Variation even

among subspecies was often quite substantial. For example, the

mean day of eye opening for P.m. bairdi was found to be 13.0 ± 0.1

days, while that of P.m. gracilis , was 16.1 ± 0.1 days (King, 1970).

Variation was greater between these two subspecies than between

some more distantly related species (e.g., P. polionotus , 13.5 ± 0.1

days and P. californicus , 14.7 ± 0.1 days, King, 1970).

Nipple Clinging

The young of various species of Peromyscus have been observed

to cling tightly to the nipples of the mother. If the mother is

disturbed, the pups may be dragged from the nest while continuing

to cling to the nipples. Pups which are only a few days old are

often able to retain their hold on the nipples despite the mother'

s

running, jumping, or climbing (Layne, 1968) . Nipple clinging varies

with the age of the pups. The nipple-clinging tendency increases

within a few days after birth, becomes fully developed at about a

week to 10 days after birth, and then slowly declines (Layne, 1968).

Nipple clinging has been studied in nine species and subspecies of

Peromyscus , but these reports have been, for the most part, anecdotal.

For example, Pournelle (1950, 1952) noted that attempts to pull

10-day-old P. gossypinus pups off the mother resulted in the tearing
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of the nipples from the body. Only P. floridanus (Layne, 1966) and

P. maniculatus (King, 196 3) have been systematically studied. King

(1963) reported differences in the clinging abilities of two

subspecies of P. maniculatus . The percentage of pups which did

not cling to the mother's nipples for 30 seconds was found to differ

with the age of the pups, as well as between subspecies.

Home Cage Observations

Most studies of behavioral development have dealt primarily

with locomotor-reflex behaviors, and have focused on the rate of

development of these behaviors. In order to observe development,

most investigators have studied pups removed from their home cages.

Usually, pups have also been isolated from the mother and litter-

mates for the duration of the observation period. Unfortunately,

while these procedures have allowed for comparison of development

among species, they have also prohibited observation of more

complex social behaviors such as social grooming, play-fighting,

nest building, and various contact and contact-seeking behaviors.

Observation of the development of social behaviors in a home

cage situation has been conducted for only a few laboratory species.

For example, Bolles and Woods (1964) described social grooming,

exploration, food stealing, digging and play-fighting in young

laboratory rats. Kaplan and Hyland (1972) studied the development

of social grooming, huddling, and wrestling in gerbils. Rowell

(1961) described contact behaviors, play-fighting and grooming in

preweaned hamsters. Williams and Scott (1954) observed the
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development of ingestive, eliminative, investigative, contactual,

agonistic, grooming and sexual behaviors in young laboratory mice.

The most pertinent difference between these studies and others

mentioned above, was that the observations of more complex social

behaviors were conducted with pups remaining in the home cage, in

the presence of parents and littermates.
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Methods

Subjects

P. gossypinus ( Gainesville population ) . Fifty- three pups

(27 males and 26 females) served as subjects. The pups were the

offspring of the mothers studied in Chapter IV. Only pups from the

third and successive surviving litters born to these mothers were

studied. As was shown in the data on litter survival, only 63% of

handled litters (those studied in this section) survived. None of

the data collected on somatic and behavioral development for litters

destroyed prior to the age of weaning were used in analyses.

P. gossypinus (Palmdale population ) . Only two pups survived

until the age of weaning (see Chapter IV) . Data collected on the

somatic and behavioral development of these pups were not included

in analyses, and have been placed in the appendices (Appendix F)

.

Consequently, only the Gainesville population and P. leucopus were

the subjects of observations of somatic and behavioral development.

P. leucopus. Twenty-nine pups (16 males and 8 females)

served as subjects. As was the case with the Gainesville population,

pups were the offspring of mothers used as subjects in Chapter IV.

Data on the sex of pups in one litter of five were lost.

Consequently, while data for all 29 subjects could be used in inter-

specific analyses, data from these five subjects could not be used

in analyses of sex differences.

Apparatus

Observations of the somatic and behavioral development of pups
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were conducted in a 75-liter aquarium measuring 60x30x40 cm lined

with San-i-cel. A piece of sheet metal, measuring 30x30 cm was

covered with contact paper. This was placed over the top of the

aquarium and used for observations of crawling, righting, standing,

and walking. Other observations and tests were conducted inside

the aquarium.

For tests of defensive behavior, a pair of 25-cm-long forceps

was used to gently touch pups placed inside the aquarium.

For tests of climbing, an incline measuring 31x15 cm was

placed inside the aquarium. The incline was made of 6.4-mm wire

mesh hardware cloth stapled to a wooden frame with a fixed incline

of 45°. Pups were placed at the bottom of the incline.

For tests of clinging, pups were placed, in the aquarium, on

a 10-cm-square piece of 6.4-mm wire mesh hardware cloth. The edges

of the square were covered with masking tape. The square was held

in the investigator's hand, and slowly rotated through an angle of

180°.

Data were collected by hand for all tests and observations

using checklists and a stopwatch.

Procedure

Observations and tests were conducted in the two colony rooms

housing P. gossypinus and P. leucopus (see Chapter IV) , during the

first four hours of darkness. During observations and tests the

colony rooms were lit by several 25-watt red lights. One of these

was placed by the aquarium. TWo red lights were left on in each

colony room at all times.
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To minimize the destruction of litters by the mothers,

observations and tests were conducted only on alternate days,

beginning on the day after birth (Day 1) , and continuing until the

approximate age of weaning (Day 21). This allowed for 11 observa-

tion and testing periods for each litter. Forceps were used in

handling pups whenever possible, since contact with hands might

influence the mother to neglect or kill the pups. Where handling

was unavoidable, rubber gloves were worn. All apparatus, including

the rubber gloves, were washed and dried after use with each litter.

At the time of testing, on the first day following birth, pups

were toe clipped for identification.

The adult male was removed from the home cage prior to testing.

Observations and tests of somatic and behavioral development

At the start of observations and tests, pups were removed from

the home cage and placed in the aquarium. At the completion of test-

ing, pups were returned to their home cages, and the retrieval tests

described in Chapter IV were conducted.

Somatic development . Pups were observed during each of

the 11 periods to determine the day on which each somatic trait was

first evident to the observer. Somatic traits included:

Open-eyes . Eyes were both fully open.

Ear Pinnae . Both ear pinnae were fully unfolded.

Teeth. The eruption of the first incisor was noted.

Sexual maturity . The opening of the vaginal orifice was

seen (only for the Gainesville population)

.
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Pelage . Four stages of pelage development were noted:

pigmentation; light fur on the dorsal surface; fur on the dorsal

surface but not on the ventral; fur complete.

The development of these somatic traits had been previously

studied in P. gossypinus by Pournelle (1950, 1952). Layne (1968)

reported on somatic development in P. leucopus .

Behavioral development . Pups were observed and tested to

determine the day on which the performance of each behavior first

occurred. Observations included:

Crawling . Any forward movement of the body where the

weight was not supported by the legs.

Standing . Pups bore the weight of the body on all four

limbs.

Walking . Forward movement of the body with the weight

supported by all four limbs.

Jumping . Any upward or sideways movement with the body

and limbs off the ground.

Grooming . The pups made washing or cleaning motions of

the forepaws on the face, or made scratching motions with the hind-

limb.

Agonistic behavior . Any fighting, playing, or tumbling

observed in the aquarium between two or more pups.

Tests of behavioral development included:

Climbing . Pups were placed at the bottom of the incline.

The day on which pups first climbed to the top was noted. Three

trials were given during each test.
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Righting* Each pup was placed on its back on the sheet

metal. The first day on which pups were observed to execute (1) a

lateral twist, (2) righting with a struggle (i.e., a turn to the

ventral side with much twisting and struggling), and (3) righting

spontaneously (i.e., a spontaneous and quick turn to the ventral

side) was recorded. Three trials were given during each test.

Defensiveness . Pups were gently touched with a forceps

prior to being picked up. Pups were observed to determine the first

day on which they would (1) roll over (i.e., turn over on the back

with feet in the air), and (2) attack (i.e., bite the forceps).

Three trials were given during each test.

Clinging . Pups were placed on the hardware cloth square

and were slowly rotated through an angle of 180°. The first day

on which pups were observed to (1) cling-90° (i.e., cling when the

square was rotated through 90°), (2) climb-90° (i.e., climb when the

square was rotated 90°), (3) cling-180° (i.e., cling when the square

was rotated so it was upside down), (4) climb-180° (i.e., climb to

the top side of the square when rotated so it was upside down) , and

(5) jump-off-180° (i.e., jump off the upside down square) was

recorded.

Three trials were given each pup during each test.

Observations and tests were adapted from the procedures of

Layne (1966, 1968) and King (1958).

Nipple clinging

The tests for nipple clinging were conducted when mothers and
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pups were first removed from the home cages, prior to any other

observations and tests. During testing, the mother with the pups

attached to her teats, was removed from the cage and held by the

base of the tail. Mothers were held over the aquarium, about 15 cm

above the floor. The number of pups not attached to the teats at

the start of testing was recorded. The number of pups which clung to

the teats for 30 seconds was counted. At the end of the 30 seconds,

all pups still attached to the teats were removed by gently prying

them off. If pups were grasped and pinched at the base of the neck,

they were easily removed from the teats without injury to the mother.

As in other tests of development, testing was conducted on alternate

days following birth.

The testing procedure was adapted from King's (1963)

experiments with P. maniculatus .

Home cage observations

Home cage observations were made at the end of the dark phase

of the light-dark cycle (last hour) and lasted for 15 minutes.

Observations were made in the colony rooms using red light, as

described above, on alternate days following birth. Cages were left

undisturbed during observations.

The number of pups which performed the behaviors during each

observation period was recorded. This was in contrast to the

procedure for the observations of somatic and behavioral development

in which only the first day of occurrence was noted. In the home

cage observations, the number of pups performing during each
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observation period was counted to avoid confusion arising from the

difficulty with individual identification.

Thirty-five Gainesville population and 28 P. leucopus pups

were observed. Pups selected were the same as those used in the

other developmental observations and tests. Fewer subjects were

used because home cage observations were not initiated until the

sixth month of the experimental period.

Observations were conducted with both parents and all litter-

mates present. Behaviors observed included:

Sitting by mother . The number of pups observed to sit or

lie within 2.5 cm of the mother. Pups were not nursing.

Sitting by father . The number of pups observed to sit or

lie within 2.5 cm of the father.

Following the mother . The number of pups which followed

the mother as she walked 15 or more centimeters.

Following the father . The number of pups which followed

the father as he walked 15 or more centimeters.

Cling to walking mother . The number of pups which

remained attached to the mother's teats as she walked 15 or more

centimeters.

Avoidance of retrieval . The number of pups which

struggled, moved away or otherwise resisted retrieval.

Scratch . The number of pups which made digging, rooting,

or scratching motions in the San-i-cel covering the cage floor.

Play-fight . The number of pups contacting littermates.

Contacts included tumbling, jumping, and agonistic behaviors.
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Eat-chew . The number of pups which nibbled or chewed on

food or San-i-cel pieces.

Drink. The number of pups observed using the water bottle.

Nest building . The number of pups observed to build

nests when the cage was provided with fresh nesting material (Nestlets)

Nest building included rearranging nest material, tearing apart nest

material, and carrying nest material to the nest site.
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Results

Observations of Somatic and Behavioral Development

P. gossypinus ( Gainesville population ) . The mean day of first

occurrence of the somatic and behavioral traits studied is presented

in Figure 5. For some traits there was considerable inter-individual

variability. For example, the mean first day of eye opening for this

species was 13.6 days, but some pups opened their eyes as early as

Day 11, and others as late as Day 15.

The earliest somatic traits and behaviors observed (Days 1-5)

were unfolding of ear pinnae, pigmentation of the body, development

of light fur, crawling, standing, righting (lateral twist, over with

struggle), clinging-90°, and de fens iveness (on back)

.

By Day 9, all pups had erupted incisors, and unfolded ear

pinnae. All crawled and stood; most walked and climbed. Fur

completely covered some pups, and all of them, at least, had fur on

the back. Most pups righted themselves spontaneously. All pups

showed clinging and climbing: all -clung-90°; most climbed-90°. Some

clung- and climbed-180°. Some pups climbed the 45° incline. All

pups showed defensiveness by rolling on the back; some attacked the

forceps. Some pups groomed themselves.

By Day 13, the eyes of most pups were open. All pups had

completed pelage development; all walked and righted spontaneously.

Most pups jumped, climbed, clung- and climbed-180°, attacked the

forceps, and groomed themselves. Some pups jumped off the rotated

square, and some showed agonistic behavior toward littermates.



Figure 5. Summary diagram of the first occurrence of various somatic
and behavioral characteristics for Peromyscus gossypinus (Gainesville
population) and Peromyscus leucopus pups. Data were collected on
alternate days following birth for 5 3 Gainesville and 29 Peromyscus
leucopus pups. Shown are the ranges of first occurrence (i.e., the
earliest to the latest days for which pups first displayed each
characteristic). Means are indicated by vertical lines.
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By Day 17, all mice performed the behaviors listed in Figure 5.

All the somatic characteristics studied, with the exception of the

opening of the vaginal orifice, were present by Day 17.

Sexual maturity (i.e., vaginal opening) developed well after the

age of weaning. Data were collected for 10 females which were the

offspring of mothers studied in the maternal behavior section. These

females had not been subject to extensive handling in infancy. Vaginal

opening occurred at a mean of 49.7 days after birth, with a range

from 31-77.

Differences between sexes in the development of somatic traits

and behaviors are presented in Table 18. There were few significant

sex differences. Females were significantly slower than males in the

development of pigmentation and light fur (Mann-Whitney U test,

2=1.99, 2.05, p < .05). Females were also slower than males to open

eyes. This difference approached significance (Mann-Whitney U test,

z=1.81, £ < .07).

P. leucopus. The mean day of first occurrence of the somatic

and behavioral traits studied is presented in Figure 5. For some

traits, there was much inter-individual variability. For example, the

mean day of first occurrence of eye opening in this species was 13.8

days. Some pups, however, opened their eyes as early as Day 11, and

others as late as Day 15.

The earliest characteristics observed (Days 1-5) were unfolding

of ear pinnae, eruption of incisors, pigmentation of the body, crawl-

ing, standing, righting (lateral twist, over with struggle)

,

clinging-90°, and defensiveness (on back).
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Table 18. Development of Pups: Mean Day of First Occurrence of Somatic
and Behavioral Characteristics in Peromyscus gossypinus
(Gainesville) Males and Females.

~~

Physical



Table 18 - continued.
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Physical

and

behavioral

characteristics

Mean day of first occurrence

Clinging:

Cling-180°

Climb-180°

Jump-off-180'

Grooming

Defensiveness

:

On back

Attack

Males
(N=27)

Mean SE

12.04 0.39

11.67 0.25

14.18 0.27

12.85 0.43

4.26 0.42

13.00 0.28

Females
(N=26)

Mean SE

11
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By Day 9, all pups had erupted incisors, and light fur. All

crawled, righted themselves (over with struggle), clung-90°, and

showed defensiveness (on back) . Most pups had developed fur on the

back, and stood, walked, climbed the 45° incline, and climbed-90°.

Some pups righted themselves spontaneously, clung-180°, and groomed

themselves.

By Day 13, all pups had completed pelage development. All stood,

walked, climbed the incline, and climbed-90°. Most had opened eyes,

jumped, righted (spontaneously), clung- and climbed-180°, and groomed

themselves. Some jumped off the rotated square, and some showed

defensiveness (attack)

.

By Day 17, pups performed most of the behaviors listed in

Figure 5, with the exceptions of grooming, defensiveness (attack) and

jump-off- 180°. All pups had performed these by Day 19. No pups from

this species showed agonistic behavior toward littermates during any

observation period. All the somatic traits studied were observed for

. all pups by Day 19.

Differences between the sexes in the development of somatic

and behavioral traits are shown in Table 19. There were few sex

differences. Females were significantly slower than males to

climb-180° (Mann-Whitney U test, z=2.00, £ <.05). Females were

faster than males to stand. This difference approached significance

(Mann-Whitney U test, z_=1.65, p_ < .08).

Interspecific comparisons . Comparative data for P. gossypinus

(Gainesville population) and P. leucopus are presented in Table 20.

Significant between-species differences were found for 12 of the 24
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Table 19. Development of Pups: Mean Day of First Occurrence of Somatic
and Behavioral Characteristics in Peromyscus leucopus Males
and Females.

Physical

and

behavioral

characteristics

Mean day of first occurrence

Males
(N=16)

Mean SE

Females
(N=8)

Mean SE

Eyes open

Pinnae unfold

Incisors erupt

Fur:

Pigmentation

Light fur

Fur on back

Fully furred

Righting:

Lateral twist

Over, struggle

Over, spontaneously

Locomotion

:

Crawl

Stand

Walk

Jump

Climb

Clinging:

Cling-90°

Climb-90°

13.78 0.18

3.00 0.00

5.44 0.23

2.75 0.17

5.20 0.15

8.00 0.45

11.00 0.32

1.00 0.00

1.75 0.36

9.12 0.43

3.00 0.41

6.12 0.52

7.38 0.55

13.25 0.40

8.50 0.39

4.85 0.30

8.03 0.26

13.75 0.53

3.00 0.00

6.00 0.38

3.00 0.00

5.25 0.25

7.50 0.33

11.00 0.38

1.00 0.00

1.50 0.33

9.50 0.33

3.00 0.38

4.50 0.63

7.00 0.36

13.00 0.65

8.67 0.29

6.25 0.53

8.75 0.88
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Table 19 - continued.

Physical Mean day of first occurrence

and
Males Females

behavioral (N=16) (N=8)

characteristics Mean SE Mean SE

Clinging:

Cling-180° 13.25 0.51 13.00 0.56

Climb-180° 12.33 0.47 15.00 0.00

Jump-off-180° 14.76 0.28 15.25 0.45

Grooming 13.38 0.78 13.00 0.92

Defensiveness

:

0n back 1-50 0.22 2.00 0.38

Attack 13.62 0.47 12.50 0.63
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Table 20. Development of Pups: Mean Day of First Occurrence of
Various Somatic and Behavioral Traits in Peromyscus
gossypinus (Gainesville Population) and Peromyscus
leucopus.

Physical
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Table 20 - continued.

Physical
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somatic and behavioral traits listed. Between-species comparison of

three additional traits approached statistical significance. In

general, P. leucopus was somewhat slower to exhibit the somatic and

behavioral traits. However, three traits (crawling, righting with

lateral twist, and defensiveness - on back) were shown at a later

age by P. gossypinus . Agonistic behavior was exhibited by P_.

gossypinus , but not by P. leucopus .

Nipple Clinging

P. gossypinus ( Gainesville population ) . The per cent of pups

not attached to the mother's nipples, and the per cent of pups cling-

ing for 30 seconds are shown in Table 21. The per cent of pups not

attached to nipples at the start of testing was greatest for the first

few days following birth, and for the last few days prior to weaning.

The per cent of pups which clung for 30 seconds was greatest from

Days 5-15.

P. leucopus. The per cent of pups not attached to the mother's

nipples at the start of testing, and the per cent of pups clinging for

30 seconds are shown in Table 21. The per cent of pups not attached

to nipples was greatest on the first day following birth, and for the

last few days prior to weaning. The per cent of pups clinging for

30 seconds was greatest from Days 5-17.

Interspecific comparisons . The percentage of mice not attached

to nipples at the time of testing was lower for P. leucopus than for

P. gossypinus . The mean percentage of unattached mice from the third

through the 15th day after birth was 52% for P. gossypinus and 17.7%
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for P. leucopus . After the 15th day, the percentage of unattached

mice rose to over 90% for P. gossypinus and 55% for P. leucopus .

The mean percentage of pups clinging for 30 seconds was

approximately the same for P. gossypinus and P. leucopus . The mean

percentage of mice (of those attached at the start of testing) that

clung for 30 seconds from the third through the 15th day following

birth was 85% for P. gossypinus and 77% for P. leucopus .

Home Cage Observations

Sitting by the mother and the father . The percentages of

P. gossypinus (Gainesville) and P. leucopus pups which sat or lay

beside the mother and father are presented in Table 22. The per cent

of P. gossypinus pups which sat by the mother was variable, but did

generally increase over days. The per cent which sat by the father

increased from Day 13 through Day 21. Pups sat by the mother for

more observation periods than by the father (7 vs. 5).

The per cent of P. leucopus pups which sat by the mother

increased from Day 7 through Day 15, and remained at greater than

50% thereafter. The per cent of pups which sat by the father

increased from Day 3 through Day 17. Pups sat by the father for

more observation periods than by the mother (9 vs. 7).

Following the mother and the father . The percentages of

P. gossypinus (Gainesville) and P. leucopus pups which followed the

mother and the father are presented in Table 23. The per cent of

P. gossypinus pups which followed the mother and father was variable,

but generally increased over days. Pups followed the mother for
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more observation periods than they did the father (8 vs. 6).

The per cent of P. leucopus pups which followed the mother and

the father was variable but generally increased through Day 17. Pups

followed the mother for more observation periods than they followed

the father (7 vs. 5)

.

Cling to walking mother . The percentages of P. gossypinus

(Gainesville) and P. leucopus pups clinging to a walking mother are

presented in Table 24. The per cent of P. gossypinus pups clinging

increased through Day 9, and then decreased to zero by Day 21.

Comparison of these data with those previously presented for nipple

clinging (Table 21) , indicated that the behavior of pups was similar

under both conditions (i.e., the percentage clinging increased after

birth, and then decreased a few days prior to weaning) . The largest

per cent of pups clinging in the home cage observations occurred from

Days 7-11, and in the nipple- clinging tests from Days 11-15. A

larger percentage of pups were observed clinging in the nipple- cling-

ing tests (Sign test, Siegel, 1956, X=l, p <.05).

The per cent of P. leucopus pups clinging to a walking mother

increased through Day 7, and then gradually decreased through Day 21.

Comparison of these data with those previously presented for nipple

clinging (Table 21) indicated that clinging behavior was similar under

both conditions (i.e., the per cent decreased prior to weaning). The

per cent of pups clinging in the home cage tests occurred from Days

7-13, and in the nipple- clinging tests from Days 11-17. Differences

in the percentages of pups clinging in both types of tests were not

significant (Sign test, X=4, n.s.).
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Avoidance of retrieval . The percentages of P. gossypinus

(Gainesville) and P. leucopus which avoided the mother's retrieval are

shown in Table 25. The per cent of P. gossypinus pups which avoided

retrieval increased through Day 15, and then gradually decreased by

Day 21.

P. leucopus pups also avoided retrieval by the mother. The

peak day for avoidance was Day 17.

Scratch . The percentages of P. gossypinus (Gainesville) and

P. leucopus pups scratching in the San-i=cel are shown in Table 26.

P. gossypinus pups were first observed scratching on Day 11.

Percentages observed scratching increased through Day 21. The

per cent of P. leucopus pups observed scratching increased from Day

11 through Day 21.

Play- fight . The percentages of pups which engaged in play-

fighting are presented in Table 26. The per cent of P. gossypinus

(Gainesville) pups play- fighting increased from Day 9 on. By Day

21, 80% had been observed play-fighting.

P. leucopus pups were first observed play- fighting on Day 11.

The per cent of pups play-fighting increased through Day 21, when

89% were observed play-fighting.

Eat/chew and drink . The percentages of pups observed eating

and drinking are presented in Table 2 7. The percentage of P.

gossypinus (Gainesville) pups observed eating or chewing on the cage

litter material gradually increased, beginning on Day 13. By Day 21,

over 80% had been observed eating or chewing. P. gossypinus pups

were not observed drinking from the water bottle prior to Day 19.
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By Day 21, 60% had been observed drinking.

P. leucopus pups were first observed eating or chewing on Day

13. The per cent observed eating or chewing increased, until by Day

21, 72% of pups were observed eating or chewing. Pups were not

observed to drink from the water bottle prior to Day 19. By Day 21,

19% of pups were observed drinking.

Nest building . The percentages of pups which engaged in nest

building are presented in Table 2 8. P. gossypinus (Gainesville) pups

were first observed building nests on Day 13. The per cent observed

building nests gradually increased through Day 21, when 28% were

observed building nests. Pups did not necessarily build nests

individually. Often all the mice in a cage, including the parents,

tore apart the nesting material and manipulated it to form nests.

P. leucopus pups were first observed to build nests on Day 15.

In general, few pups were observed building nests. The largest

percentage observed doing so was 9.4% of pups.
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Discussion

Observations of Somatic and Behavioral Development

Somatic and behavioral traits followed particular sequences in

development. These developmental sequences were similar for both

P. gossypinus and P. leucopus . For example, the development of

locomotor behaviors was sequential. Crawling appeared before stand-

ing. Standing appeared before walking, walking before climbing, and

climbing before jumping. Pups progressed from locomotion in which the

body weight was supported by the abdomen to movement in which the body

weight was supported by the limbs. Initially, pups moved in only one

plane. As they matured, they were observed to move in more than one

plane (climbing) , and then to rapidly change from one plane to another

(jumping)

.

Righting and clinging also developed sequentially as pups

matured. Initially, pups performed most behaviors with difficulty.

In righting, pups were observed to make a lateral twist at an earlier

age than a turn over onto the abdomen. The full turn from the dorsal

to the ventral side was first observed to occur only after much

twisting. At a later age, pups turned over quickly. In climbing and

clinging pups were observed to perform at 90° prior to performance at

180°. In climbing and clinging, as well as in locomotor movements,

performance may depend initially on the use of the forelimbs. As the

pups mature, performance may depend more on the use of both forelimbs

and hindlimbs. Layne (1966) noted that for P. floridanus use of the

forelimbs preceded use of the hindlimbs.
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Some somatic and behavioral traits developed simultaneously.

For example, at about the age of eye opening, pups were observed to

engage in grooming, agonistic and defensive (attack) behaviors. Pups

were also observed to move rapidly from one plane to another. The

development of some of these behaviors appeared to be dependent on

the development of particular somatic traits. For example, pups were

not observed to groom prior to the development of fur. They did not

attack the forceps before exhibiting movements in more than one plane.

They were not observed to engage in agonistic behavior prior to eye

opening.

The sequences in which the various somatic and behavioral traits

developed showed little interspecific variation. Not only were

P. gossypinus and P. leucopus similar with respect to developmental

sequences, but comparison with other species and subspecies of

Peromyscus (see Table 29) indicated that the sequences of development

were similar for them as well. Scudder, Karczmar and Lockett (1977)

found the sequence of development invariant for the various taxa they

studied. Consequently, interspecific variation in sequence of develop-

ment is minimal. At least among rodents it appears that species

differing in both degree of genetic relatedness and in type of

habitat occupied show similarity in the sequences of development

studied.

Interspecific variation was found for P. gossypinus and

P. leucopus in the rate of development (i.e., the age at which

various traits were observed) . Of the 24 somatic and behavioral

traits studied, between-species variation was found for 15. In
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Table 29. Mean Day of First Occurrence of Somatic and Behavioral
Characteristics in Six Species and Subspecies of Peromyscus.

Somatic

and

behavioral

characteristics

Mean day of first occurrence

Species and subspecies

P. floridanus P. gossypinus
(Gainesville)

P. leucopus

Somatic traits:
Eyes open 16.5
Incisors erupted 6.8
Fur fully developed 10-11

13.6
5.0
9.9

13.8
6.1

11.3

Locomotion

:
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Table 29 - extended.

Mean day of first occurrence

Species and subspecies
b b~ r

m. bairdi P. m. gracilis P. polionotus

12.1 16.8 13.6
5.2 5.7 6.0

n.a. n.a. 8-9

n.a. n.a. n.a.
9-10 9-10 8.0
5-6 5-6 n.a.
9-10 9-10 n.a.

10 10 n.a.
13-14 13-14 n.a.

2-3 2-3 4.0
4-5 4-5 5.0
7.2 8.9 n.a.

7-10 no age trend 8.0

15 20 n.a.

n.a. n.a. 10.0

9.0 11.0 n.a.
12.0 14.0 11.0
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general, development of P. leucopus pups was slower than that of P.

gossypinus pups. This difference in rate of development may be related

to several factors, for example, motivation. Performance of the be-

haviors studied may be partially dependent on motivation. Pups may be

capable of exhibiting a behavior and yet, not do so. Performance im-

plies ability, but the lack of performance does not necessarily imply

lack of ability. Thus, observation of a particular behavior does not

mean that the ability to perform the behavior was not present at an

earlier time. However, since it is not possible to delineate the role

motivation played in the performance of the behaviors studied here, it

has been assumed that motivation was not a limiting factor. That this

was most probably the case can be postulated by considering that the

data collected in this study closely replicate the data collected

previously by Pournelle (1950, 1952) for P. gossypinus , and by Svihla

(1932), Clark (1938) and Layne (1968) for P. leucopus . These data are

presented in Tables 30 and 31.

A second set of factors that might have been influential in

producing the slower developmental rate of P. leucopus may be differen-

ces in genotype based on specific adaptations to particular habitat

requirements. While both P. gossypinus and P. leucopus inhabit sylvan

environments, there may be small differences in the micro-habitat

responsible for genetic changes over a period of time. Alternatively,

King (1958) suggested that slower development might be related to

tameness. P. leucopus might be considered to be "tamer" since mice

exhibited fewer agonistic behaviors, had lower maternal defensiveness

(defense of pups) scores, and lost very few litters during the course

of the experiment (see Chapter IV)

.
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Table 30. Mean Day of First Occurrence of Somatic and Behavioral
Characteristics in Peromyscus gossypinus.

Somatic Mean day of first occurrence

and Present study Previously reported

behavioral investigations^

characteristics Mean SE Mean

2.2



150

Table 31. Mean Day of First Occurrence of Somatic and Behavioral
Traits in Peromyscus leucopus .

Somatic

and

behavioral

characteristics

Mean day of first occurrence

Present study

Mean SE

Opening of eyes

Unfolding of pinnae

Eruption of incisors

Fur:

Pigmentation

Light fur

Fur on back

Fully furred

Clinging (earliest)

Clinging (developed)

Climbing

Walking

Righting

Grooming

Nipple clinging
most intense

Defense (attack)

13.8
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Interspecific variation in the rate of development has been

found for several species of Peromyscus . Table 29 compares somatic

and behavioral development for P. floridanus , P. gossypinus , P. leucopus
,

P. m. bairdi , P. m. gracilis , and P. polionotus . Of these species

,

Layne (1968) hypothesized that P. floridanus showed the slowest rate

of development as an adaptive response to a xeric environment, or to

an environment characterized by limited or dispersed resources. He

also hypothesized that species inhabiting sylvan environments or certain

types of pastoral environments would exhibit accelerated growth and

development. It is difficult to evaluate these hypotheses since some-

what different procedures were used by investigators in collecting

these data. Factors of the micro-habitat may also be influential in

determining rate of development. For example, differences in types of

nest sites might occur. Layne (1966) attributed the differences in

development of P. gossypinus and P. floridanus to the more secure nest

sites of P. floridanus . He hypothesized that slower growth and develop-

ment might occur where safety of the nest from exposure and predation

was found. King (1958) developed a similar hypothesis to explain the

slower development of P. m. gracilis .

Nipple Clinging

Nipple clinging varied with age. For the first few days after

birth, a small percentage of pups clung for 30 seconds. The percentage

of pups clinging increased to a peak at about 5-15 days after birth.

With increasing maturity, fewer pups were observed clinging. This

pattern of clinging behavior was observed for P. gossypinus and
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P. leucopus, as well as for other species of Peromyscus (e.g., p.

floridanus , Layne , 1966; P. me galops , Layne, 1968; and P. maniculatus ,

King, 1963). Layne (1968) suggested that the increase in the

percentage of pups observed clinging following the first few days

after birth was correlated with the eruption of incisors, which might

aid the young in grasping the nipple. The eruption of incisors

preceded the peak in clinging by several days in the Peromyscus species

studied (see Table 29).

The principal adaptive value of nipple clinging might be in the

reduction of litters lost through predation (King, 1963; Layne, 1968).

If the mother must suddenly flee the nest, pups which cling would be

carried along with her to safety. Even if some pups were lost (i.e.,

did not cling) , survival of a large percentage would confer a

selective advantage. For example, 85% of P. gossypinus and 77% of

P. leucopus pups (of those initially attached) clung for 30 seconds

from the third through the 15th day after birth. King's (1963)

investigations with two subspecies- indicated that from the third

through the 14th day of age, 60% of P.m. bairdi pups and 46% of

P. gracilis pups clung. Thus, if the mother left the nest quickly,

a substantial proportion of pups from each species would be saved.

Interspecific variation in clinging has been hypothesized to be

related to habitat differences (King, 1963). King's investigations of

clinging in two subspecies of P. maniculatus indicated that the semi-

arboreal P.m. gracilis had a greater percentage of pups not clinging

than P.m. bairdi which nested on the ground. The greater percentage

of P.m. bairdi pups clinging would help insure survival if the mother
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had to leave the more vulnerable nest.

Since both P. gossypinus and P. leucopus are semi-arboreal

species, variation in the percentage of pups clinging may be related

to other factors, for example, maternal reactivity or temperament.

P. gossypinus showed a greater proportion of pups not attached at the

time of testing. However, P. gossypinus mothers were more defensive

of pups than P. leucopus mothers (see Chapter IV) . P. gossypinus pups

also developed somewhat more quickly than P. leucopus pups. P.

gossypinus pups might thus be able to defend themselves or flee at

an earlier age.

Home Cage Observations

The behaviors observed in the home cage were those that appeared

as pups became more independent of the mother. Many of the behaviors

studied did not occur for several days following birth. Some be-

haviors had not yet reached a peak when observations were terminated

at Day 21.

Pups were observed sitting by and following both parents. In

general, pups spent more observation periods with the mother than with

the father. However, an increasing percentage of pups spent time with

both parents as weaning approached. Howard (1949) noted that young

P.m. bairdi follow their parents about in the process of becoming

familiar with the parental home range. Savidge (1964) found young

P.m. bairdi associated with both parents. He hypothesized that adult

males were attractive to young mice and might aid them in their

initial explorations in the field. Consequently, it might be
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hypothesized that when the young are no longer totally dependent on

the adults for care, the adults may "teach" the young the significant

features of the environment.

A smaller percentage of pups were observed clinging to a walking

mother than were observed clinging during the nipple- clinging tests.

In the nipple-clinging tests, it was suggested that nipple clinging

could be an adaptive mechanism to help ensure survival under the threat

of predation. The main difference between the observations of pups

in the home cage, and those outside the home cage was that in the

observations of pups clinging to a walking mother, the mothers were

not disturbed or handled. Consequently, clinging to a walking mother

may serve a different function from clinging when the mother is

disturbed. Layne (1968) suggested that when the undisturbed mother

is walking about the cage, nipple clinging may be related to keeping

the young with her, or it might be a means of safely transporting the

young to a new nest site.

Avoidance of retrieval increased with the age of the pups. The

peak of pup avoidance approximated the peak in increase in retrieval

latency, and corresponded with the decreases in the number of pups

retrieved and the time spent by mothers in retrieval (see Chapter IV)

.

Avoidance of retrieval also reached a peak when other behaviors of

pups such as following and sitting by parents, eating, drinking, and

play- fighting were becoming prominent. The development of these

behaviors might be related to changes in the social structure between

parents and young. Since the young are no longer totally dependent

upon the mother, behaviors that would create a new social structure
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within the sibling network might develop. Rowell (1961) discussed the

changes in the social interactions of hamsters as pups matured. The

focus moved from mother-pup interactions to pup-pup interactions.

Behaviors associated with increasing pup-pup interactions were contact

behavior, play- fighting, sexual behavior, nest building, scratching,

and escape behavior. Savidge (1974) noted a tendency for young

P.m. bairdi to associate when outside the home cage.

There were many differences between P. gossypinus and P. leucopus

in somatic and behavioral development. The two species differed in 15

of 24 traits. Generally, P. leucopus exhibited slower development. A

species difference was also noted in the percentage of pups not

attached to the mother's nipples at the start of testing. These dif-

ferences in development might be hypothesized to be the result of

previous geographic isolation and subsequent adaptation to the features

of the micro-habitat.



CHAPTER VI
DISCUSSION

The Study of Wild Species in the Laboratory

The disadvantages of laboratory living . One of the major

difficulties in investigating the behavior of wild species under

laboratory conditions is in generalizing results to populations in

the natural environment. Laboratory conditions may fail to duplicate

essential features of the natural environment. Living in a small,

semi-transparent cage, with a thin layer of litter material on the

floor may be disruptive of many naturally occurring behaviors (e.g.

territoriality and nest building) . In species in which mate selection

is an important part of reproduction, laboratory breeding procedures

may change essential features of mating behaviors. Thus, laboratory

living may inhibit reproduction. In the present research, the small

percentage of P. gossypinus pairs that bred, and the large numbers

of litters that died in the first three days after birth probably

were a result of disturbances associated with living in the laboratory.

It is difficult to determine whether the form and frequency of

the behaviors observed in the laboratory are similar to the form and

frequency of behaviors occurring in the natural environment. In the

case of small, nocturnal mice, nesting in holes, burrows or trees,

observations in the natural environment may not be feasible. There is

some evidence that behavior may be different in the laboratory than in

the wild. For example, Wagner (1971) found reversals in the

156
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preferences of wild-trapped kangaroo rats for certain solutions of

sugar water after three months in the laboratory. Kavanau (1964,

1967) reported changes in the behaviors of wild-trapped deermice

immediately after capture, and after a period of several months in

the laboratory. However, since the behavior of the animals was not

studied in the wild, it was not determined whether the behaviors

observed immediately after capture or after a period of adaptation to

the laboratory more closely resembled behavior in the wild.

While it is important to recognize the limitations of general-

izing from laboratory populations to wild populations, it is also

important to recognize the validity of population and species dif-

ferences found through laboratory observations. Since most of the

data available on reproductive behavior and early development in

Peromyscus species were collected under laboratory conditions, such

differences as were found were probably not the result of laboratory

conditions, but represented real population and species variability.

The issue of domestication . Laboratory breeding over a long

period of time may produce changes in behavior. Selective pressures

acting in the laboratory differ from those in the natural habitat.

Thus, characteristics that are advantageous for living in the

laboratory, for example, docility or tameness, may be favored. Many

generations of laboratory living and breeding will produce an animal

adapted to its laboratory environment, like the laboratory rat and

mouse. These laboratory strains may differ in many ways from wild

populations (Lockard, 1968; van Oortmerssen, 1970). Even a few

generations of laboratory breeding may be sufficient to change
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behavior. Wecker (1963, 1964) studied habitat selection in laboratory-

reared and wild-trapped P.m. bairdi exposed to varying types of en-

vironments in infancy. He found that while mice bred in the laboratory

for 12-20 generations retained a capacity to utilize early experience

in selecting the "correct" grassland habitat, they were unable to

select the correct environment in the absence of early imprinting.

Offspring of wild-trapped mice however, were able to select the correct

habitat regardless of early experience. From these data Wecker

hypothesized that the preference for a particular habitat was

determined by two interdependent processes and that selection under

laboratory conditions operated to remove one but not the other. Price

(1970, 1972) reported differences in reactivity in prairie deermice

( P.m. bairdi ) from wild and semi-domestic (20-25 generations of

laboratory breeding) populations. He attributed these population dif-

ferences to changes in the gene pool resulting from selection

pressures in the laboratory. In the present research, the P. leucopus

used were the offspring of a laboratory population which had been

bred for several generations (see King, Price and Weber, 1968) . It

was of some concern that the differences observed between P. gossypinus

and P. leucopus might have been the result of genetic changes caused

by laboratory living.

The question of whether the process of domestication affects

behavior has been examined by a number of investigators. King

(1958) studied maternal behavior and early development in two sub-

species of P. maniculatus which had been bred for several generations

in the laboratory. King argued that a random selection of mice



159

would not have produced the consistent differences found between the

subspecies. Therefore, such differences were real. King also argued

that his data were similar to those of another investigator working

with wild-trapped subjects of the same subspecies. Consequently,

generalizations from laboratory-bred subjects to wild populations

could be made. Dewsbury (1973), in discussing the possible differences

in copulatory behavior between laboratory populations of Norway rats

( R. norvegicus ) and wild rodents, stated that there were no data to

suggest that the laboratory populations performed in an atypical

manner, outside the range of normal species variation. The copulatory

behavior of laboratory rats is virtually identical to that of many

nondomesticated rodent species.

In the present research, it appears unlikely that the inter-

specific variation found was the result of domestication of P. leucopus.

Many of the data collected on somatic and behavioral development were

very similar to those collected on the offspring of wild-trapped

P. leucopus by Layne (1968; also see Table 31 in the present research).

Because, at the present time, there is little evidence to suggest

that the P. leucopus from the present study are substantially dif-

ferent from their wild counterparts, it may be assumed that they are

not. Consequently, although some consideration should be made of

possible difficulties in generalizing to wild populations, it is

likely that the species differences found between P. gossypinus and

P. leucopus in the laboratory would also be found in the wild.
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The Adaptive Significance of Behavior

Intraspecific variation . Variation between the two populations

of P. gossypinus studied in the present research was found in copula-

tory and maternal behaviors. During copulation, the Palmdale population

exhibited a longer postejaculatory interval, and groomed the partner

less than did the Gainesville population. Fewer Palmdale litters

survived and there was a significant handling effect. Palmdale

mothers tended to carry or retrieve pups for longer periods of time.

These differences indicated that Palmdale mice were more "nervous"

or reactive than Gainesville mice. Such temperament differences

might have been the result of selective adaptation to differences in

the micro-habitat of the two populations. For example, it might

be expected that Palmdale mice live in areas with fewer available

nesting sites, or where predation pressure is greater than Gaines-

ville mice.

Interspecific variation . In the present research interspecific

variation in reproductive behavior and early development was

described. Behavioral profiles of the two species can be constructed

as follows.

P. gossypinus is the more reactive and aggressive species. In

this species copulation is faster and males require less stimulation

for ejaculation (shorter ejaculation latencies and poste jaculatory

intervals; fewer mounts, ejaculate on a single insertion). Mothers

spend more time retrieving pups, and exhibit higher defensiveness

scores. Pups are observed to right spontaneously, cling to and climb

on a 180° rotated object, attack the forceps, groom, play-fight, and
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build nests at a younger age than P. leucopus pups. Also, P. gossypinus

pups exhibit agonistic behaviors.

P. leucopus tends to be less reactive and aggressive. Males

are slower to copulate and require more stimulation to achieve ejacula-

tion. Mothers tend to spend more time on the nest with pups, but

retrieve less. They exhibit lower defensiveness scores. Fathers tend

to contribute more to pup care, including retrieval of pups. Pups

crawl, exhibit a lateral twist, jump off a 180° rotated surface and

roll on the back when touched with a forceps at a younger age than

P. gossypinus pups. P. leucopus pups do not show agonistic behavior,

and are slower to exhibit play-fighting.

Interspecific variation might be related to specific adaptations

to differing environments. It might be expected that a more reactive

and aggressive species would live in a habitat where predation pres-

sure is greater or where nesting sites are more vulnerable. King

(1958) postulated such an environment for P.m. bairdi . For the less

reactive and aggressive P.m. gracilis he suggested that nest sites

were less vulnerable to predation. In several behaviors (maternal

defense, clinging), as well as in type of habitat occupied,

P. leucopus resembles P.m. gracilis . While the differences found

between P. gossypinus and P. leucopus cannot be as clearly related

to variations in the type of habitat as differences between P.m. bairdi

and P.m. gracilis , it might be that features of the micro-habitat

are responsible for the interspecific variation found in the present

research.

Because P. gossypinus and P. leucopus are closely related
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species and share the same evolutionary history (Hooper, 1968), it is

to be expected that many similarities would be found. Because of the

similarities in morphology and behavior, and because the two species

have been known to hybridize in the laboratory (Dice, 1937, 1968), it

can be hypothesized that differences in reproductive behaviors might

serve as isolating mechanisms in areas where the two species are

sympatric. There is also evidence that in interspecific encounters,

the more aggressive P. gossypinus is dominant. Such behavior may

limit occupancy of areas by P. leucopus where P. gossypinus occurs

(Wright, 1974).



LIST OF REFERENCES

Ader, R. , & Grota, L.J. Rhythmicity in the maternal behaviour of
Rattus norvegicus . Animal Behaviour , 1970, 18, 144-150.

Ahroon, J. K. , & Fidura, F. G. The influence of the male on maternal
behavior in the gerbil (Meriones unguiculatus ) . Animal Behaviour,

1976, 24, 372-375.

Allison, T. , & Van Twyver, H. B. The evolution of sleep. Natural
History , 1970, 79 (2), 56-65.

Altman, J., & Sudarshan, K. Postnatal development of locomotion in
the laboratory rat. Animal Behaviour , 1975, 2_3, 896-920.

Beach, F. A. Maternal behavior in males of various species. Science,
1967, 157 , 1591.

Beach, F. A., & Jaynes, J. Studies on maternal retrieving in rats:
II. Effects of practice and previous parturitions. American
Naturalist , 1956, 90_, 103-109.

Beach, F. A. , & Jordan, L. Sexual exhaustion and recovery in the
male rat. Quarterly Journal of Experimental Psychology , 1956,
8, 121-133.

Birdsall, D. A., & Nash, D. Occurrence of successful multiple
insemination of females in natural populations of deermice
( Peromyscus maniculatus ) . Evolution , 1973, 27_, 106-110.

Bolles, R. C. , & Woods, P. J. The ontogeny of behaviour in the albino
rat. Animal Behaviour , 1964, 12_, 427-441.

Bruell, J. H. Behavioral population genetics and wild Mus mus cuius .

In G. Lindzey & D. D. Thiessen (Eds.), Contributions to Behavior-
Genetic Analysis: The Mouse as a Prototype . New York:
Appleton-Century-Crofts, 1970.

Carlier, C. H. , & Noirot, E. Effects of previous experience on
maternal retrieval by rats. Animal Behaviour , 1965, 13, 423-
426.

—

Clark, F. H. Age of sexual maturity in mice of the genus, Peromyscus .

Journal of Mammalogy , 1938, 19_, 230-234.

163



164

Clemens, L. G. Experimental analysis of sexual behavior of the
deermouse, Peromyscus maniculatus gambeli . Behaviour, 1969, 34,
267-285.

Daly, M. The maternal behaviour cycle in golden hamsters
(Mesocricetus auratus ) . Zeitschrift fur Tierpsychologie , 1972,
31 , 289-299.

Davis, H. N. , Jr., & Dewsbury, D. A. A quantitative description of
the copulatory behavior of western harvest mice ( Reithrodontomys
megalotis ) . Zeitschrift fur Tierpsychologie , 1974, 35, 437-444.

Davis, H. N. , Jr., Gray G. D. , Zerylnick, M. , & Dewsbury, D. A.

Ovulation and implantation in montane voles (Microtus montanus)
as a function of varying amounts of copulatory stimulation.
Hormones and Behavior , 1974, 5_, 383-388.

Dewsbury, D. A. A quantitative description of the behaviour of rats
during copulation. Behaviour , 1967, 29_, 154-178.

Dewsbury, D. A. Copulatory behavior in rats: Chancres as satiety is
approached. Psychological Reports , 1968, 2_2, 937-943.

Dewsbury, D. A. Copulatory behaviour of old- field mice ( Peromyscus
polionotus subgriseus ). Animal Behaviour , 1971, 19, 192-204.

Dewsbury, D. A. Patterns of copulatory behavior in male mammals.
Quarterly Review of Biology , 1972, 4J7,

1-33.

Dewsbury, D. A. Comparative psychologists and their quest for
uniformity. Annals of the New York Academy of Sciences , 1973,
223 , 147-167.

Dewsbury, D. A. Copulatory behavior of California mice ( Peromyscus
californicus ) . Brain, Behavior, and Evolution , 1974, 9_, 95-106. (a)

Dewsbury, D. A. Copulatory behavior of wild-trapped and laboratory-
reared cactus mice ( Peromyscus eremicus ) from two natural popula-
tions. Behavioral Biology , 1974, 11, 315-326. (b)

Dewsbury, D. A. Copulatory behavior of Peromyscus crinitus and
Peromyscus floridanus . American Midland Naturalist , 19 75, 93,
468-4 71. (a)

Dewsbury, D. A. Copulatory behavior of white- footed mice ( Peromyscus
leucopus ) . Journal of Mammalogy , 1975, 56, 420-428. (b)

"

Dewsbury, D. A. A diallel cross analysis of genetic determinants of
copulatory behavior in rats. Journal of Comparative and
Physiological Psychology , 1975, 88, 713-722. (c)



165

Dewsbury, D. A. Diversity and adaptation in rodent copulatory behavior.
Science , 1975, 190 , 947-954. (d)

Dewsbury, D. A. , & Estep, D. Q. Pregnancy in cactus mice: Effects of
prolonged copulation. Science , 1975, 187 , 552-553.

Dewsbury, D. A., & Jansen, P. E. Copulatory behavior of southern
grasshopper mice ( Onychomys torridus ) . Journal of Mammalogy ,

1972, 53_, 267-278.

Dewsbury, D. A., & Lovecky, D. V. Copulatory behavior of old- field
mice (Peromyscus polionotus ) from different natural populations.
Behavior Genetics , 1974, 4_, 347-355.

Dice, L. R. Fertility relations in the Peromyscus leucopus group of
mice. Contributions from the Laboratory of Vertebrate Genetics ,

University of Michigan , 1937, No. 4, 1-3. "

Dice, L. R. Speciation. In J. A. King (Ed.), Biology of Peromyscus
(Rodentia) . American Society of Mammalogists , Special Publication
No. 2, 1968.

Downie, N. M. , & Heath, R. W. Basic Statistical Methods . New York:
Harper and Row, 1970.

Drickamer, L. C, & Vestal, B. M. Patterns of reproduction in a
laboratory colony of Peromyscus . Journal of Mammalogy , 1973, 54_,

523-528.

Dudley, D. Contributions of parental care to the growth and develop-
ment of the young in Peromyscus californicus . Behavioral
Biology , 1974, 11, 155-166. (a)

Dudley, D. Paternal behavior in the California mouse, Peromyscus
californicus . Behavioral Biology , 1974, 11, 247-252. (b)

Dudley, D. Paternal care in the California mouse, Peromyscus
californicus . Dissertation Abstracts International , 1974, 34

(7), 3565B-3566B. (c)

Eisenberg, J. F. The intraspecific social behavior of some cricitine
rodents of the genus, Peromyscus . American Midland Naturalist ,

1963, 69, 240-246.

Elwood, R. W. Paternal and maternal behavior in the Mongolian gerbil.
Animal Behaviour , 1975, 23^, 766-772.

Fox, W. M. Reflex-ontogeny and behavioural development of the mouse.
Animal Behaviour , 1965, 13_, 234-240.

Grota, L. J. , & Ader, R. Continuous recording of maternal behaviour
in Rattus norvegicus. Animal Behaviour, 1969, 17, 722-729.



166

Hall, E. R. , & Kelson, E. R. The Mammals of North America (Vol. 2).
New York: Ronald Press, 1959, pp. 600-659.

Hartung, T. G. , Looney, G. , & Dewsbury, D. A. Parental behavior in
five species of muroid rodents. Paper presented at the South-
eastern Regional Meetings of the Animal Behavior Society,
Charlottesville, Virginia, February, 1976.

Hill, R. W. The amount of maternal care in Peromyscus leucopus and its
thermal significance for the young. Journal of Mammalogy , 1972,
53 , 774-790.

Hooper, E. T. , & Musser, G. G. Notes on classification of the rodent
genus Peromyscus . Occasional Papers of the Museum of Zoology ,

University of Michigan , 1964, 635 , 1-13.

Hooper, E. T. Classification. In J. A. King (Ed.), The Biology of
Peromyscus (Rodentia) . The American Society of Mammalogists,
Special Publication No. 2, 1968.

Horner, B. E. Paternal care of young mice of the genus Peromyscus .

Journal of Mammalogy , 1947, 28_, 31-35.

Howard, W. E. Dispersal, amount of inbreeding, and longevity in a
local population of prairie deermice on the George Reserve in
southern Michigan. Contributions from the Laboratory of
Vertebrate Biology, University of Michigan , 1949, No. 48, 1-52.

Kaplan, H. , & Hyland, S. 0. Behavioural development in the
Mongolian gerbil ( Meriones unguiculatus ) . Animal Behaviour ,

1972, 20^ 147-154. ~ "~

Kavanau, J. L. Behavior: confinement, adaptation, and compulsory
regimes in laboratory studies. Science , 1964, 143 , 490.

Kavanau, J. L. Behavior of captive white- footed mice. Science,
1967, 155 , 1623-1639.

King, J. A. Maternal behavior and behavioral development in two
subspecies of Peromyscus maniculatus . Journal of Mammalogy ,

1958, 39, 177-190.

King J. A. Maternal behavior in Peromyscus . In H. Rheingold (Ed.),
Maternal Behavior in Mammals . New York: Wiley, 1963.

King J. A. A comparison of longitudinal and cross-sectional groups
in the development of behavior of deermice. Annals of the
New York Academy of Sciences , 1969, 159 , 696-709.

King, J. A. Ecological psychology: An approach to motivation.
Nebraska Symposium on Motivation , 1970, 18, 1-33.



167

King, J. A., Price, E. O. , & Weber, P. L. Behavioral comparisons
within the genus Peromyscus . Papers of the Michigan Academy of
Science, Arts and Letters , 1968, 5J_,

113-136.

Laffoday, S. K. A study of prenatal and postnatal development in the
old-field mouse, Peromyscus polionotus . Doctoral dissertation,
University of Florida, 1957.

Lanier, D. L. , Estep, D. Q. , & Dewsbury, D. A. Copulatory behavior of
golden hamsters: Effects on pregnancy. Physiology and Behavior ,

1975, 15, 209-212.

Layne, J. N. Postnatal development and growth of Peromyscus floridanus .

Growth , 1966, 30_, 23-45.

Layne, J. N. Ontogeny. In J. A. King (Ed.), Biology of Peromyscus
(Rodentia) . American Society of Mammalogists, Special Publication
No. 2, 1968.

Layne, J. N. Nest building in three species of deermice, Peromyscus .

Behaviour , 1969, 35, 288-303.

Layne, J. N. Climbing behavior of Peromyscus floridanus and
Peromyscus gossypinus . Journal of Mammalogy , 1970, 51, 580-591.

Layne, J. N. Activity responses of two species of Peromyscus
(Rodentia, Muridae) to varying light cycles. Oecologia , 1971,
1_, 223-241.

Layne, J. N. , & Ehrhart, L. M. Digging behavior of four species of
deermice ( Peromyscus ) . American Museum Novitates , 1970, No.
2429, 1-16. ~

Lockard, R. B. The albino rat: A defensible choice or a bad habit?
American Psychologist , 1968, 2_3, 734-742.

Marks, E. S. Sampling in the revision of the Stanford-Binet scale.
Psychological Bulletin , 1947, 44, 413-444.

Mayr, E. Populations, Species, and Evolution . Cambridge,
Massachusetts: Harvard University Press, 1970.

McCarley, w. H. The ecological distribution of the Peromyscus
leucopus species group in eastern Texas. Ecology , 1954, 35 ,

375-379.

McCarley, W. H. Distributional relationships of sympatric populations
of Peromyscus leucopus and Peromyscus gossypinus . Ecology, 1963,
44, 784-788. "

"
~" "

"

McCarley, W. H. Ethological isolation in the cenospecies Peromyscus
leucopus. Evolution, 1964, 18, 331-342.

"



168

McGill, T. E. Studies of the sexual behavior of male laboratory mice.
Effects of genotype, recovery of sex drive, and theory. In F. A.
Beach (Ed.), Sex and Behavior . New York: Wiley, 1965.

McGill, T. E. Genetic analysis of male sexual behavior. In
G. Lindzey, & D. D. Thiessen (Eds.), Contributions to a
Behavior-Genetic Analysis.: The Mouse as a Prototype . New York:
Appleton-Century-Crofts, 1970.

Michener, G. R. Maternal behavior in Richardson's ground squirrel,
Spermophilus richardsonii richardsonii : Retrieval of young by
lactating females. Animal Behaviour , 1971, 19_, 653-656.

Muul, I. Intra- and inter- familial behaviour in Glaucomys volans
(Rodentia) following parturition. Animal Behaviour , 1970, 18,
20-25.

Nicholson, A. J. The homes and social habits of the woodmouse
(Peromyscus leucopus noveboracensis ) in southern Michigan.
American Midland Naturalist , 1941, 2_5, 196-223.

Noirot, E. Changes in responsiveness to young in the adult mouse:
The effect of external stimuli. Journal of Comparative and
Physiological Psychology , 1964, 5_7, 97-99. (a)

Noirot, E. Changes in responsiveness to young in the adult mouse:
I. The problematical effect of hormones. Animal Behaviour ,

1964, 12_, 52-58. (b)

Noirot, E. Ultrasounds in young rodents. II. Changes with age in
albino rats. Animal Behaviour , 1968, 16_, 129-134.

Noirot, E. Changes in responsiveness to young in the adult mouse:
V. Priming. Animal Behaviour , 1969, 17, 542-546. (a)

Noirot, E. Serial order of maternal responses in mice. Animal
Behaviour , 1969, 1_7, 547-550. (b)

Noirot, E. The onset of maternal behavior in rats, hamsters, and
mice: A selective review. In D. S. Lehrman, R. A. Hinde , &

E. Shaw (Eds.), Advances in the Study of Behavior (Vol. 4).
New York: Academic Press, 1972.

Noirot, E. , s Pye, D. Sound analysis of ultrasonic distress calls of
mouse pups as a function of their age. Animal Behaviour , 1969,
17, 340-349.

Oortmerssen, G. A. van. Biological significance, genetics, and
evolutionary origin of variability in behaviour within and between
inbred strains of mice ( Mus mus cuius ) . Behaviour, 1970, 38, 2-92.



169

Parker, G. A. Sperm competition and its evolutionary consequences
in the insects. Biological Review , 1970, 45_, 525-567.

Pournelle, G. H. Reproduction and early post-natal development of the
cotton mouse, Peromyscus gossypinus gossypinus . Doctoral
dissertation, University of Florida, 1950T

Pournelle, G. H. Reproduction and early post-natal development of the
cotton mouse, Peromyscus gossypinus gossypinus . Journal of
Mammalogy , 1952, 32_, 1-20.

'

Price, E. 0. Differential reactivity of wild and semi-domestic
deermice ( Peromyscus maniculatus ) . Animal Behaviour , 1970, 18,
747-752.

Price, E. 0. Novelty-induced self- food deprivation in wild and semi-
domestic deermice ( Peromyscus maniculatus bairdii ) . Behaviour ,

1972, 41, 91-104.
~ ~~

"

Rood, J. P. Observations on the reproduction of Peromyscus in
captivity. American Midland Naturalist , 1966, 76, 496-503.

Rosenblatt, J. S. The basis of synchrony in the behavioural inter-
action between mother and her offspring in the laboratory rat.
In B. M. Foss (Ed.), Determinants of Infant Behaviour (Vol. 3).
London: Methuen, 1965.

Rosenblatt, J. S. The development of maternal responsiveness in the
rat. American Journal of Orthopsychiatry , 1969, 39_, 36-56.

Rosenblatt, J. S. Views on the onset and maintenance of maternal
behavior in the rat. In L. R. Aronson, E. Tobach, D. S. Lehrman,
& J. S. Rosenblatt (Eds.), Development and Evolution of Behavior .

San Francisco: Freeman and Co. , 1970.

Rosenblatt, J. S. , & Lehrman, D. S. Maternal behavior of the
laboratory rat. In H. Rheingold (Ed. ) , Maternal Behavior in
Mammals . New York: Wiley, 1963.

Ross, S. , Sawin, p. B. , Zarrow, M. X., s Denenberg, V. H. Maternal
behavior in the rabbit. In H. Rheingold (Ed.), Maternal
Behavior in Mammals . New York: Wiley, 1963.

Rowell, T. E. On the retrieval of young and other behaviors in
lactating golden hamsters. Proceedings of the Zoological Society
of London , 1960, 135 , 265-282.

Rowell, T. E. The family group in golden hamsters: Its formation and
break-up. Behaviour , 1961, 17, 81-94.



170

Savidge, I. R. Social factors in dispersal of deermice (Peromyscus
maniculatus ) from their natal site. American Midland Naturalist ,

1974, 91_, 395-405.

Scudder, C. L. , Karczmar, A. G. , & Lockett, L. Behavioural development-
al studies on four genera and several strains of mice. Animal
Behaviour , 1967, 15, 353-363.

Seitz, P. F. The maternal instinct in animal subjects: I. Psycho-
somatic Medicine , 1958, 20_, 215-226.

Siegel, S. Nonparametric Statistics for the Behavioral Sciences .

New York: McGraw-Hill, 1956.

Slotnick, B. M. Intercorrelations of maternal activities in the rat.
Animal Behaviour , 1967, 15, 267-269.

Svihla, A. A comparative life history study of the mice of the genus
Peromyscus . Miscellaneous Publications of the Museum of Zoology ,

University of Michigan , 1932, No. 24, 1-39.

Vick, L. H. Early post-natal development and maternal behavior in the
Mongolian gerbil, Meriones unguiculatus (Milne-Edwards).
Dissertation Abstracts International , 1973, 34_ (3), 1328B.

Wagner, M. W. Laboratory living produces a different animal.
Psychologische Beitrage , 1971, 13, 79-88.

Wecker, S. The role of early experience in habitat selection by the
prairie deermouse, Peromyscus maniculatus bairdii . Ecological
Monographs , 1963, _33, 307-325.

Wecker, S. Habitat selection. Scientific American , 1964, 211 (4),
109-116.

Williams, E. , & Scott, J. P. The development of social behavior
patterns in the mouse in relation to natural periods. Behaviour,
1954, 6_, 35-65.

Wilson, R. C., Vacek, T. , Lanier, D. L. , & Dewsbury, D. A. Open field
behavior in muroid rodents. Behavioral Biology , 1976, 17, 495-506.

Wilsoncroft, W. E. Babies by bar-press: Maternal behavior in the rat.
Behavior Research Methods and Instrumentation , 1969, 1, 229-230.

Winer, B. J. Statistical Principles in Experimental Design . New York:
McGraw-Hill, 1971.

"

"

Wright, J. E. Behavioral interactions of the Peromyscus leucopus species
group of mice. Dissertation Abstracts International , 1974, 34 (12),
6277B.



APPENDICES



r-l ^ (N M IT) CNi-l



173

m



174

lO



175

H



—. o U) r-•-{



177

ro



178

T3

C

S cn



Q <D

c,



Ifl



c



Appendix F. Development of Pups: Mean First Day of Occurrence of
Somatic and Behavioral Characteristics for Peromyscus
gossypinus (Palmdale Population).

Somatic

and

behavioral

characteristics

Eyes open
Pinnae unfold
Incisors erupt
Fur:

Pigmentation
Light fur

Fur on back
Fully furred

Locomotion:
Crawl
Stand
Walk
Jump
Climb

Righting:
Lateral twist
Over, struggle
Over, spontaneously

Clinging:
Cling-90°
Climb-90°
Cling-180°
Climb-180°
Jump-off- 180°

Mean first day of occurrence

P. gossypinus (Palmdale)
(N=
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