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An investigation was made, to determine the relationship between

spring and fall population density of the Montana Vole, Microtus

rnontanus montenus Peale, and to determine the influence of density on

reproduction, survival, and movement. The field study started in

June, 1961, and extended to February, 1962. The social behavior of

the mouse, with particular emphasis on Its aggressive behavior, was

Investigated from December, 1961, through September, 1962, under

laboratory conditions.

The population studies were conducted In four onequarteracre

mouseproof enclosures located In optimum mouse habitat in the

Klamath Basin of Oregon. A different initial population was placed

in each enclosure in the spring, and periodic live trappings were

made to determine population growth. Behavior studies were conducted

by placing different combinations of sexes and ages of mice together

in cages in order to observe the resulting interactions.

All enclosures attained relatively the same population densi-

ties, irrespective of the different initial densities. The ratios
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of Increase were inversely proportional to the initial densities.

Reproduction continued through October. Movement was inversely

related to population numbers. Males consistently ranged further

and had larger home ranges than females. Adult and sub-adult

movement was smilar. Data on Juveniles was not adequate for analysis

of their movements. Behavior observations indicated that strange

males would not tolerate each other when In the presence of females.

Generally, males tolerated each other when no females were present.

One pair of mice successfully raised two litters of young with no

apparent aggressive behavior.

The December population crash in the enclosures was probably

due to high densities, which caused increased competition for food

supplies. There was no evidence of a similar decline in populations

outside of the enclosures.
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RELATIONSHIPS BETWEEN SPRING AND
FALL POPULATIONS OF CONFINED
MICROTUS MONTANUS (PEALE)

INTRODUCTiON

This report presents the results of en investigation to

determine the relationships between spring and fell population

densities of the Montana Vole, Mlcrotus montanus montanus (Peale),

which was conducted in Klemeth County, Oregon, during 1961 and

1962. The objective of the study was to determine the Influences

of four different spring population levels on reproduction, survival,

and movement of voles confined In experimental enclosures. The

role of social behavior in population fluctuations was also studied.

Meadow mouse populations ar. subject to violent fluctuations,

and, during periods of extreme abundance, they may cause economic and

health problems. The investigation of factors which control meadow

mouse populations is of general biological Interest and could lead

to a means of predicting increases not only for the meadow mouse

but for other rodents. Such knowledge could ultimately lead to

better methods of control.

Study of Population Fluctuations

Vole plagues have been known since Biblical times, and damage

to agricultural crops has been so extensive that on occasion large

areas of crops ware destroyed and people were forced to move away

from their homes (14, p. 2). The explanations for these population

fluctuations which investigators have advanced have ranged from



the sun-spot theory (24, p. 1-660) to co-action between predator

end prey (14, P. 246). However, only during recant years have

careful life history studies been conducted to increase understanding

of the complex interacting factors that effect these small rodents.

Hamilton (20, p. 779-790) reported that population increases of

Microtus pennsylvanlcus pennaylvealcus (Ord) were the result of en

accelerated breeding rate, an increased number of young per litter,

and a longer reproductive season. The primary causative agents

reducing peak populations were believed to be murine epizootics.

Hoffmenn's (21, p. 79-109) investigation on populations of

Mlcrotus montenus in California indicated increased survival to be

responsible for high densities being reached following the main

breeding season. Reproduction rates were found to change only

slightly, being inversely related to population density. The

density of adult voles t the beginning of a breeding season prior

to a "crash decline" was usually little different than at the

beginning of other breeding seasons. Hoffmenn's findings are in

contrast to those reported by Hamilton.

Frank (1l7 p. 113-121), In summarizing his research on German

microtine cycles, stated that population Increases result from three

factors: (1) reproductive potential, (2) carryIng capacity, and

(3) condensation potential. Of particular interest is his "condensa-

tion potential" idea. This behavior mechanism permits a cyclic

species to live at an unconinonty high population density. This



comes about through the reduction of home ranges, the development

of social coninunities of the females, and the reduction or elimina-

Hon of males. He points out that with an increase in density,

reproduction is gradually restricted and mortality of the young

increases. However, *Ishock_.diseaseI was the only possible

explanation for the extreme reduction of peak populations.

Clarke (II, p. 68-85) studied the influence of density on

reproduction and survival In two populations of Microtus agrestis.

His study animals were confined for a period of 18 months in open

air concrete cages. One population contained four times as many

animals as the other at the beginning of the experiment. The larger

population had a shorter breeding season, and the females were less

fertile than those in the smaller population. No marked difference

in survival rates was found between the two populations. it was

suggested that strife between members of each group was limiting

their growth, this restriction being more severe in the larger group.

Louch (26, p. 701-713) studIed indoor confined populations of

Microtus pennsytvanicus to test the hypothesis that high population

density results in stress which may limit population growth.

Changes in demographic, behavioral, and physiological phenomena

accompanying increased density were observed. The demographic

factors that appeared to limit population growth and bring about

a decline following high densities were higher litter and adult

mortaiity. Increased litter mortality was apparently related to

aberrant maternal behavior, due to the inability of the lactating
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females to isolate themselves from the rest of the population.

HIgh adult mortality was brought about by an Increased incidence

of Infectious disease at high population densities.

Importance of the Meadow iuse

The first recorded Instance in North America of an irruption of

field mice attaining plague proportions occurred in Humboldt Valley,

Nevada, during the winter of 1907-08 (28, p. 1-22). At the peak of

abundance In November, 1907, Piper estimated that there were 8,000

to 12,000 mice per acre. The estimated damage to agricultural crops

amounted to $300,000.

Piper also recorded an irruption in Buena Vista Lake Basin,

Kern County, California, from September, 1926, through February,

1927 (29, p. 530-560). The primary species Involved were the house

mouse Mus musculus (Linnaeus) and the meadow mouse Microtus californi-

cus estuarensls CR. Kellogg). Their numbers Increased to an estimated

2,000 per acre in fields of milo maize and barley. An estimated

30,000 sacks of barley and maize were damaged or destroyed by the

mice. During the winter, there were three vast and distinct move-

ments of the mice out of the maize fields. Ranch houses three to ten

miles in distance from these fields were invaded by the mice as a

result of these mass movements.

About every four years In Klamath Basin and similar areas In

eastern Oregon, there have been local outbreaks of meadow mice. In

1949 and again In 1952-53, meadow mice were extremely abundant in
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the Fort Klamath area. During the winter of 1957-58, a mouse

Irruption took place In Oregon that was reported to be the most

serious ever recorded. In Kiamath, Lake, Jefferson, Crook and

Deachutes counties, an estimated 110,000 acres of cropland were

seriously damaged (35, p. 3-13). FIgure I pictures the damage

done to en alfalfa field In Lake County as a result of the tunnel-

ing activities of the mice. Klamath County was most seriously

affected, with populations estimated between 200 and 4,000 mice per

acre. Over 300,000 acres were considered damaged in this one county

alone. The other four counties combined had a comparable loss.

Damage to crops in Kiemeth Basin was estimated to be between t and

fIve million dollars (33, p. 15-25). About one million pounds of

poisoned bait were distributed In en effort to bring the mice under

control. The State of Oregon appropriated $100,000 from the

emergency fund in order to assist farmers and ranchers with the prob-

lem, but less than one-fourth of the sum was eventually used. Mouse

populations began to decrease noticeably by February, 1958, and the

following year were generally very low. During 1961 and 1962, there

were population increases in areas of optimum habitat, but numbers

did not approach the high densities of the 1957-58 irruption.

in April, 1958, a research project, titled "The life history

of the meadow mouse, Microtus mtanus, in Oregon, with particular

reference to factors influencing seasonal and annual population

trends," was st&red by the Oregon Agricultural Experiment Station,
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Figure I. Heavy damage to alfalfa field in Lake County by Microtus during the 1957-58 irrupt Ion.
Photo by E. L. Hansen.
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under the direction of the Department of Fish and Game Management.

The initial phase of the research was made possible by a $10,000

appropriation by the Oregon State Emergency Board. Since July I,

1959, the study has continued with a regular Experiment Station

project appropriation. Beginning in October, 1960, addItional

support for this investigation was obtained in the form of a U. S.

Public Health Service research grant CR0 7750).



E*]

METHODS

Study Area

The study was conducted on the Edward A. Geary Ranch in

Kiamath County. This ranch has about 5,000 acres under irrigation

and is located eight miles northwest of Kiamath Fat Is, Oregon,

on the southwest side of Upper Klamath Lake. The ranch is devoted

largely to the production of grass seed, livestock, and grain, and

it provides Ideal meadow mouse habitat.

The soil profile consists of an upper layer of muck soil

eight to twelve inches deep and vzrying layers of compact peat and

clay underneath.

The general climate of the area is characterized by warm, dry

summers and cool winters. The mean annual precipitation is ten to

twelve inches, half of this being In f he form of snow. Temperatures

near zero are not unconiion during the winter months. Table I pre-

sents the mean maximum and minimum temperatures recorded by the

Klamath Falls weather station during the time the study took place.

Enclosures

In the spring of 1961, four one-quarter acre enclosures were

constructed of 36-inch wide, quarter-inch--mesh, hardware cloth,

which was buried 18 inches In the ground. The bottom six inches

of the wire were turned inward to prevent the mice from digging

out. The buried portion of the wire was coated with tar to prevent



Table 1. Mean Maximum and Minimum Temperatures in Fahrenheit
Degrees and Precipitation In Inches Recorded at
Kiamath Falls, Oregon During the Study Period.

Temperature in degrees Fahrenhot Precipitation

Period Mean Mean Mean In

Maximum Minimum inches

June 1961 81.9 48.3 65.1 0

July 1961 86.4 50.5 68.5 0

August 1961 85.6 68.9 .68

September 1961 70.7 40.6 55.7 .86

October 1961 63.1 33.6 48,4 1.76

November 1961 47.6 23.5 35.6 2.11

December 1961 38.4 20.7 29.6 2.54

January 1962 34.5 11.6 23.1 1.33

February 1962 39.2 22.7 31.0 1.26
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rusting. A six-inca aluminum strip was affixed aIog the top edge

of the hardware cloth to prevent mice from climbing in or out of the

enclosure. The enclosures were sub-irrigatod by periodically purnp_

ing water into a small ditch running throujh the..

Th dominant vegetation in the enclosures consisted of

meadow foxtai, Alopecuru3 tensis (Linnaeus), bent grass,

Arosti palustrs (JuGson), blue grass, Poe prat3nsis (Linnacus),

and various weeds.

Prior to the start of the experimni, all enclosures were

cleared of mice by trapping. 6etween June 23 nd July II, l9l,

enclosure E4 was stooked with four males and eigt feta(es; 5

with two males and two females; E6 witn two males and four females;

and El with five males and fifteen females (Table 2).

Table 2. initial stocking rates, sex, and reproductive data for
Microtus released In the enclosures during June 22-
July II, 1961.

Enclosure Total Number Number Females Females
Number Reiesed Males Females Perforate Pregnant

4 12 4 8 5 2

5 4 2 2 2 0
6 2 4 2 2

7 20 5 15 10 5



Live Trapping

Twenty-five Sherman live traps, spaced at approximately 20-

foot intervals, wore placed in a central grid in each enclosure,

An additional 12 traps were equally spaced along the inside of

the enclosure fence. There were four trapping periods of seven

consecutive days each, at approximately 55-day Intervals. Trapping

began August 8, 1961, and ended February 3, 1962. Traps were baited

with rolled oats, set during the late afternoon, and checked the

following morning.

All animals caught were ear tagged with a numbered monel metal

tag end toe clipped for identification purposes. The toe clip was

used in case an ear tag was lost. By assigning numbers to the four

toes on each front foot and five toes on each hInd foot, a total of

746 different mice could be distinguished.

The data collected during each trapping period for each mouse

included its ear tag number, toe-clip number if the ear tag was

missing, sex, age, weight, breeding condition, and any abnormalities

noted such as a visible diseased condition or unds from fighting,

as well as the number of the trap in which it was captured.

Pelage coloration was used for age classification. The three

age classes used were: (I) juvenile--pelage grey ventrally and

dark grey dorsally; (2) sub-adultpelage light silver-grey ventrally

and brown dorsally; and (3) adultpelage dark brown dorsally

blending into grey ventrally. These criteria are similar to those
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used by Hoffrnann (21, p. 81).

The only difficulty In determining the sex of trapped animals

was that experienced with young juveniles. However, the sexes

could be distinguished with reasonable success by using the

following criteria. The distance between the anus and the urethra

is greater for males than for females, and the skin between the

anus and the urethra is usually pigmented only in males.

Density was estimated by "Lincoln Index" methods, as described

by Flyge (13, p. 17).

Reproductive state of the populations was determined by the

percentages of palpable pregnancies, females lactating, and females

with perforate vaginas. Females with perforate (or open) vaginas

were assumed to be in breeding condition.

Survival rates were determined by analysis of recapture data and

adult to juvenile ratios. When an animal was not recaptured during

the second of t% trapping periods, it was considered to have died

between the two periods. Animals caught for the first time during

any trapping period were considered as a distinct cohort. These

cohorts thus consisted of new Individuals that were added to the

population through recruitment between two trapping periods and

animals that were present during the previous trapping period

but were not captured.

Extent of movement and home ranges were determined through

recapture data. Home range for a particular mouse over a series

of trapping periods was considered to be circumscribed by points
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halfway to the nearest traps in which that animal was not captured.

Blair used this method (4, p. 149-161). Range was considered to be

the length of the straight-line between the two most distant capture

points. Only those animals captured three or more times during each

trapping period were Included in the movement analysis.

Disease and predation losses could only be determined by

general observation, making It difficult to reach firm conclusions

as to their influence on the vole populations.

Behavior Studies

To better understand population fluctuations, the social behavior

of the mice was investigated. Since U was very difficult to observe

the mice in the experimental enclosures, observations on behavior

were largely made under laboratory conditions.

Three observation cages were constructed. The smal l was three

feet long, two feet wide, and one foot high and was divided by remov-

able partitions into six one-foot square compartments. This cage

was located in a building where neither the light nor the temperature

were controlled. The other two observation cages were six feet

square and one foot high and had no dividing partitions. These were

located outside of the building and were exposed to the elements.

Nest boxes were provided In all three cages.

Infra-red lights were used to observe the mice in the large

cages during the hours of darkness. This method was used by Southern,

Watson, and Chitty (31, p. 198-202) for watching nocturnal animals.
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Food in the form of potatoes was present in the cages at all

times. The diet of the mice was supplemented with mouse ration

pellets, rolled oats, and alfalfa when it could be obtained.

Before observations were to be made in the small cage, Individual

marked mice were placed in separate compartments. After the mice

had become accustomed to their compartments, one or more partitions

were removed to allow dispersal for study of the interactions between

different combinations of sexes and ages. Each trial lasted about

one hour. The behavior of family and nonfamily groups was studied

in the large cages. Pairs were a'lowed to produce litters in one

cage, while nonfamily groups of various sizes were observed in

another. There were no time limits on these experiments.

Observations were made from behind a canvas blind at various

times during the day and night. If the observer made no sudden

moves or noises, his presence did not seem to disturb the mice.

Different techniques for marking individuals, including fur clipping,

dyeing, and colored ear tags, were used with varying degrees of

success. Fur clipping worked to a limited extent when no more than

three Individuals were observed at any given time. The painted ear

tag method was the best of the methods tried. Red, yellow, white,

and green paints could be seen quite readily. Usually, however,

individual mice could be recognized by size, coloration, rumpled

fur, or other physical characteristics.
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RES ULTS

Density

The population trends for the four enclosures are graphically

illustrated In Figure 2 for the four trapping periods. Table 3

shows the actual number of Microtus captured and the number calculated

to be present in each enclosure for the four periods. Enclosures E4,

ES, E6 and E7 were initially stocked from June 22 to July Il, with

12, 4, 6 and 20 mice, respectively. During the first trapping

period in August, E7 with 35 mice and E4 with 29 had the highest

populations while ES and E6, each with nine, had the lowest. By the

second period in October, E7 remained high with 128, E4 was still

second with 87, and ES and E6 remained low with 43 and 41, respectively.

The enclosures having the highest population numbers had

changed by the third period, which was in December. The population

number in E6 had changed from the lowest (41) to the highest (148)

of the four enclosures. During this same period, the previously low

number in ES had increased to 110. The previously high number in

E7 had decreased from 128 to 90. During February, no mice were

captured in any of the enclosures, and it was assumed that all of

the mice in the study plots were dead.

In sumary, there were only small differences between the peak

densities in the four enclosures, although these peaks were reached

at different times. Enclosure E6, which had the next to the lowest

Initial density, had the highest density of all four enclosures in
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Table 3. Actual Microtus Captured and Calculated Numbers Present in Enclosures for Each Trapping Period.

L2* 4 6 20

Enclosure 4 Enclosure 5 Enclosure 6 Enclosure 7

Trapping Number Number Number Number

Periods Captured Calculated Captured Calculated Captured Calculated Captured Calculated

Aug. 29 29 + 3.04*3 8 9 3.58 9 6.00 34 35 3.20

Oct. 83 87 + 15.18 43 43 + 318 34 41 + 10.64 99 128 + 23.90

Dec. 125 147 + 29.34 92 110 + 19.14 112 148 + 33.30 78 90 + 10.96

Feb. 0 0 0 0 0 0 0 0

* Initial stocking rate.

*I N+2S. E.



December. Enclosure E7, which had the highest densities through

the first tv trapping periods, was the first enclosure to show a

population decrease, this occurring in October.

Sex and Age Ratios

The percent of males and females captured in each enclosure is

presented in Table 4. Although the percentages varied from one

trapping period to the next within each enclosure, there appeared to

be no relationship between sex ratio and population level.

Table 4. Percent of Males and Females Captured in Enclosures 4, 5,
6 and 7.

Trapping End. 4 End. 5 End. 6 End. 7
Period Male Female Male Female Male Female Male Female

August 31 69 50 50 33 66 65 35

October 49 51 60 40 47 53 42 58

December 56 44 59 41 49 51 55 45

Table 5 gives the percentages of animals in the various age

classes in each enclosure for each trapping period. In August, the

percentages of juveniles, sub-adults, and adults were most nearly

equal In the enclosures that had the high population numbers (E4 and

El). Thereafter, the adult age class was the largest contributor

to the population. The greatest differences In the proportions of

the population made up by the different age classes occurred in

October and December. In October In ES, 62 percent of the mice were

juveniles and five percent were sub-adults. Of the animals captured



Table 5. Total Captured, Sex, Age, and Reproductive Data for Microtus Live Trapped in the Enclosures from
August through December 1961.

End. Total No. No. Sex Females Females Females lactating
No. Date Captured Males Females Ratio Percentage Perforate Pregnant and large nipples

d:l00 Juv. SA Ads. No. % No. % No.

4 August 29 9 20 45 44 28 28 12 60 3 15 4 20
2October 83 41 42 97 24 28 48 29 69 lB 43 IS 75

December3 125* 68 55 123 13 41 46 0 0 0 0 0 0

5 August 8 4 4 100 50 12 58 2 50 I 25 1 25
October 43 26 17 153 62 5 33 #3 76 4 24 4 24

December 92* 36 54 67 25 33 42 3 6 0 0 5 9

6 August 9 3 6 50 44 12 44 I 17 I 17 2 34
October 34** 14 19 74 33 10 57 9 47 6 32 9 47
December 112 55 57 96 12 35 53 0 0 0 0 7 12

7 August 34 12 22 54 30 35 35 12 54 5 23 14 64
October 99 42 57 74 20 24 56 22 39 21 37 23 40
December 78 42 36 117 I 35 64 I 3 0 0 0 0

* Sex of to mice not determined.
3* Sex of one mouse not determined.

1st period, August 8-12, 15-16, 1961.

2 October = 2nd period, September 26-29, October 3-5, 1961.

December 3rd period, November 29-30, December 1-2, 5-7, 1961.
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The percentage of perforate females In E4 in August was much

larger than the percentages of females eith,r pregnant or with large

nipples. This was probably due to the high number of JuvenHes and

sub-adults as compared with aduVs captured during this period (Table

5). At this time, six of the nine Juvenile females captures were

perforate. In October there was a large increase in the percentages

of females perforate, pregnant, and with large nipples over those

found in August. This was due to the higher percentage of the popu-

lation made up of adults capable of bearing young. Of the 55 females

captured in December, none were in breeding conditIon.

Enclosure

Fifty percent of the females in ES were perforate in August.

Twice as many were perforate as were pregnant or had large nipples

(Table 5). By October, the numbers of females perforate, pregnant,

or with large nipples had increased more than four times over the

numbers in August. The greatest increase was in the number of females

with perforate vaginas. This increase could be related to the large

percentage of juveniles reaching breeding age. All ten of the

Juvenile females captured had perforate vaginas. Breeding continued

Into the December trapping period, but at a much lower rate.
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Enclosure

Of the six females captured during August in E6, 17 percent

were perforate, 17 percent were pregnant, and 34 percent had large

nipples. Of the 19 females captured In October, 47 percent were per-

forefe, 32 percent were pregnant, and 47 percent had large nipples,

indicating an increase In reproductive activity. This activity was

continued Into mid-November or early December, as evidenced by the

seven females with large nipples that were captured In December

(Table 5).

Enclosure 2

The first trapping period In El revealed that over half of the

females captured were either perforate or had large nipples. By the

October trapping period, the reproductive activIty was almost double

that of August. Adults made up 56 percent of the captures. The

adult age group included the greatest number of pregnant females or

females with large nipples. Only one female was captured in December

that had a perforate vagina. Apparently the reproductive activity

In E7 had terminated by the December trapping period.

In surrinary, reproduction in the four enclosures continued

through October and reached a peak during that month. By the

December trapping period, reproduction had virtually ceased in all

enclosures.
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General Survival

Survival rates are shown In Table 6 and graphically illustrated

In Figure 3 for each enclosure. Table 7 shows the number of mice

that died In live traps.

Initially released Microtus

Survival of the initially released mice to the August trapping

period was highest In E7 and lowest In ES, 65 and 25 percent respec

tively being recovered (FIgure 3 and Table 6). By October, El still

had 50 percent of the initially released mice remaining, and ES had

none.

4qust Cohorts

Survival through October was highest In El, with 92 percent, and

lowest in E6, with 50 percent (Table 6). Of the August tagged mice

recaptured in December, survival was highest in E6, with 50 percent

being recaptured, and lowest in E7, where only nine percent were

recaptured. The survival rates were similar for both E4 and ES, 23

and 25 percent, respectively.

October Cohorts

Of the October tagged mice recaptured in December, E4, ES, and

E6 had 46 through 48 percent survival, while E7 was lowest, with

only 23 percent survival.

December Cohorts

No Microtus were captured in the four enclosures during the fourth
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trapping period, which was In February. it was assumed that a

"crash" occurred shortly after the December trapping period.

Table 6. Survival Rates of Mice Tagged and Released Each Trapping
Per I ad

Period Recaptures
First End, August October December February
Tagged No. Number No. % No. % No. % No. %

June* 4 12 5 42 3 25 I 8 0 0
5 4 I 25 0 0 0 0 0 0
6 6 3 50 2 33 2 33 0 0

7 20 13 65 10 50 0 0 0 0

August 4 2 24 92 6 23 0 0

5 8 5 62 2 25 0 0
6 6 3 50 3 50 0 0
7 33 29 88 3 9 0 0

October 4 57 26 46 0 0

5 38 18 47 0 0
6 31 IS 48 0 0
7 70 16 23 0 0

December 4 86 0 0

5 73 0 0
6 92 0 0

7 59 0 0

* Initially released.

Table 7. Number of Microtus found Dead In Live Traps during 1961.

Enclosure
Number August October December Total

4 3 5 9 17

5 0 I 2 3
6 3 2 I 6

7 I 3 0 4

Total 7 II 12 30
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In crer to establish wnther or not Nicrotus populations outside

of the enclosures experIenced a similar crash, trapping grids were

established a few feet outside of E6 and E7. These grids were the

same size arid contained the sarie number of traps as the ones in the

enclosures. One trap grid contained snap traps and the other contained

live traps. These grids were trapped for three days, February 1-3,

1962. Also, "sgn' plots (9.6 square foot circular plots) were estab-

lished inside arid outside of the enclosures. Recent or active run-

ways, burrows, clippings, and droppings were used to give an Indica-

tion of the number or presence of Mcrotus.

With the snap trap grid, tv Sorex and one Microt were caught.

With the live trap grid, IC Microtus were captured. All 40 plots

outside of the enclosures had recent sign, and most had several active

runways. Cf the 40 plots Inside of the enclosures (ten plots in each

enclosure), one plot in E4 nd two in El had sign; but in each

thstance, it appeared old and there was only one runway per plot.

Adult and Juvenile Survival

The survival rates of adults and juveniles are given in Table 8.

Subadults are not considered here because of the difficulty In

placing them In correct age classes.
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Table 8. Survival Rates of Mice Tagged and Released each Trapping

Period. Means for Each Trapping Period Shown In

Parentheses.

Period Recaptures
First End. No. October December February

Tagged No. Released No. No. % No.

Adults

August 4 6 5 83 I 17 0 0

5 3 2 67 0 0 0 0

6 3 2 67 2 67 0 0

7 13 II 85 I 8 0 0

(75.5) (23.0)

October 4 14 tO 71 0 0

5 9 8 89 0 0

6 16 8 50 0 0

7 27 3 II 0 0

(55,2)

December 4 22 0 0

5 20 0 0

6 42 0 0

7 33 0 0

Juveniles

August 4 12 II 92 4 33 0 0

5 4 3 75 2 50 0 0

6 3 I 33 I 33 0 0

7 10 9 90 I tO 0 0

(72.5) (31.5)

October 4 20 7 35 0 0

5 27 9 33 0 0

6 10 6 60 0 0

7 IC 7 39 0 0
(41.8)

December 4 13 0 0

5 22 0 0

6 13 0 0

7 I 0 0



August Cohorts

The mean percent survival for adults and Juveniles into October

was about the same, being fairly high in all enclosures (Table 8).

Of the August_tagged mice recaptured in December, Juveniles had a

higher mean survival rate (31.5 percent) than adults (23 percent).

Enclosure E5 had the most marked difference In age class survival

by December, no August-tagged adults and 50 percent of the August-

tagged Juveniles being recovered.

October Cohorts

The mean December recovery of adult mice tagged in October was

55.2 percent, while for the Juveniles, it was 41.8 percent. Of the

adults and Juveniles tagged in E4 In October and recaptured in

December, the adults had a much higher survival rate (73 percent) than

the Juveniles (35 percent). In E5, adults also had a better survival

rate (62 percent) than the Juveniles (33 percent). Adult and Juvenile

survival were more comparable in E6, where 50 and 60 percent, respec-

tively, were recaptured. Mice in E7 had the highest mortality rate,

only II percent of the adults and 39 percent of the Juveniles being

recovered In December.

Considering mice captured only once to have died before the

next trapping period, survival was highest from the August to the

October trapping periods (Figure 3). Survival decreased in all

enclosures for the individuals In the October cohorts that were



captured only once. E4 end E7 had higher mortality rates than E5

and E6.

In surrmary, survival rate was inversely related to density.

Survival of Juvenile mice tagged in August and recaptured in October

and December was better than that of adults. The proportion of

animals captured only once was small and comparable for all enclosures

from August to October. The overall survival of October-tagged mice

was lower. The initially stocked mice had an advantage over the other

mice, as indicated by their higher survival over a longer period of

t i me.

Movement

Table 9 and Figure 4 present the date on range length and home

range for the mice in the enclosures. The analysis of movements

within the four enclosures for the entire study period indicated that

males had an average range length of 48 feet and an average home

range of 1298 square feet, while for females those figures were 40

feet and 1136 square feet (Table 9).

The movement of males was considerably greater than that of

females in E4 and E7. Male and female movement In E5 was about the

same at all times. Movement In E6 was similar between sexes during

the second and third trap periods, but data were inadequate for

analysis for the first trap period.

Movements of adults and sub-adults were similar, this being so

in all enclosures. Data on juveniles was not adequate for analysis



Table 9. Average Range length in Feet and Average Home Range in Square Feet for Male and Female
Microtus in the Four Enclosures.

Ave. Renge* Ave. Home*
End. Trapping Ave. Range Ave. Range Length Males Ave. Home Ave. Home Range Males
No. Period Length Mates Length Females and Females Range Males Range Females and Females

4 August 70.0 39.8 47.4 2268.7 1248.4 1452.0

October 39.9 29.5 32.9 1433.0 775.0 983.5
December 28.7 19.2 22.9 679.7 555e2 605.0

5 August 70.7 83.3 77.0 2008.3 1850.0 1929.2
October 62.0 57.3 59.6 1575.0 1745.8 1664.1

December 28.8 30.9 30.1 726.9 725.0 725.8

6 August 67.7 67.7 ** 2366.7 2366.7
October 37,3 449 43.3 1333.3 1347.7 1344.6
December 31.6 25.2 27.3 793.8 593.8 660.4

7 August 89.7 30.1 49.9 1846.4 1035.7 1305.9
October 38.0 23.1 30,6 882.4 730.9 8Oc.6
December 28,2 26.6 27.4 710.5 661.7 688.9

* Average range length and average home range for males and females determined by dividing the sums of
each by the total number of individuals analyzed.

*31 No males captured.
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of their movements.

The greatest movement, during the August trap period, occurred

in ES and E6, mean home ranges and range lengths being 1929.2 and

2366.7 square feet and 77.0 end 67.7 feet, respectively (Table 9).

In contrast to ES and E6, E4 and El had the lowest movement, mean

home ranges and range lengths being 1305.9 and l42.0 square feet and

47.4 and 49.9 feet, respectively.

During the first and second trapping periods, there were consid-

erable differences between range length and home range in ES and

E6 as compared to E4 and El (FIgure 4). However, by the December

trap period, movements within all enclosures were similar.

In surmiary, the mean home ranges and range lengths for the four

enclosures were relatively high at the time of the first trapping

period and steadily decreased throughout the rest of the study

period (Figure 4). Movement tended to decrease with increases In

population density.

Disease and Predation

During this study, three mice that were captured from the

enclosures showed positive symptoms of hemalytic streptococcus,

corrnonly called "big foot" disease. This infection, first reported

from the area by Jellison, Bell, and Owen (25, p. 77), is character-

ized by enlarged limbs or feet and by abscesses.

A sub-adult male captured in E7 on August 8 had a swollen front

foot typical of this disease. Tt adult males captured in E4 on
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September 26 and 29 also had the characteristic sUen limbs.

None of these animals were sent to a laboratory for verification of

the Jnfet ion. However, tests on mice with s irni lar abnormal it ies,

taken from the same area, had been positive for 'big foot.

Toxoplasma microti Findley and Middleton, a parasitic protozoan

which forms cysts In the brain, was detected by visual examination

of mice dead-trapped near the enclosures. Although T. microti was not

found In mice that died In live traps within the enclosures, there

exists the possibility that some infected mice were present. Jellison

etj. (25, p. 78) reported this disease in mice collected in this

general area in 1958.

In February, $962, Dr. Herald N. Johnson of the Rockefeller

Foundation, Berkeley, California, isolated a virus from the brain

tissue of a mouse captured near the enclosures. This was found to be

a new virus, and It has as yet not been described. In June, 1962,

Dr. Johnson collected additional mice from the same area and again

found mice infected by the same virus, It can probably be assumed

that mice within the enclosures were Infected with this virus.

Nothing can be said st this time about the effect of the virus on

wild populatiQns of mice, though in the labcratory It caused the

death of caged animals.

Due to the construction of the enclosures, predation was mainly

limited to avian predators. The five most corriion avian predators

present were: (I) the sparrow hav4<, Egico prverius (Linnaeus);
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(2) the red-tailed hawk, Buteo j 1censIs (Gmelln); (3) the American

rough-legged hawk, Buteo lagopus (Pontoppldan); (4) the marsh hawk,

Circus cyaneus (Linnaeus); and (5) the great horned owl, E3ubo

virginlanus (Gmolin). Throughout f he surmner and fall, the marsh

hawk, red-tailed hawk, and the sparrow hawk were the three principal

predators. The American rough-legged hawk and the red-tailed hawk

became the tu main birds of prey during the late fall and winter

months.

T possible mammalian predators were: (I) the longtai led

weasel, Mustele frenata (Hall); and (2) the vagrant shrew, Sorex

varans (Merriam). The weasel was thought to be only an occasional

visitor to the study area. Shrews were captured in all enclosures

except E4, a total of five shrews being trapped. Due to the light

weight of vagrant shrews and the type of live trap used, some shrews

may have avoided capture.

The numbers of fleas, mites, and lice on the live-trapped mice

were quite low In August. However, by the second trapping period,

the flea population was noticeably higher, every mouse having one or

two fleas. By December, the numbers of fleas had diminished, while

numbers of mites and lice had increased.

In suniiary, the incdence of disease and predation was low, and

these did not appear to be major causes of mortality in any of the

enclosures.
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Behavior Observations

Most observations and remarks presented here are concerned

mainly with the aggressive behavior of the vole.

Of the 24 separate trials performed In the small observation

cage, eight trials were with males only, twelve trials involved

malefemale combinations, and four trials included only females. All

seven trials in the Number I
large observation cage consisted of

malefemale combinations. in the Number 2 large observation cage,

three trials were performed, one being with males only, one with a

malefemale combination, and one with females only.

Small Observation Cage

When only males were used in the small observation cage, varying

degrees of aggressive behavior were exhbitd that seemed to depend

on the dominance of the individuals involved. If one male was

dominant over one or more of the other males, fighting developed. At

times, fighting become very intense, with the dominant individual

repeatedly attacking and chasing the subordinate mouse.

Very little if any aggressive behavior was observed when two or

more females were placed together. The combination of only one male

and one or more females resulted in no signs of aggressive behavior.

However, when two males and one or more females were combined, if one

The words "dominant" end "subordinate" will be used here to describe

whether a male or female is aggressive or nonaggressive toward other

mice.

L
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male was dominant, intense fighting developed between mates that

usually ended in the death of the subordinate male. If two sub-

ordinate males were left with one or more females, one of the males

would eventually become dominant, and fighting would ensue.

In one trial, two pairs were placed together. One male was

dominant over the other, which resulted In fighting between the males.

The female of the dominant male also fought against the subordinate

pair, but with less intensity then the male.

The death of a subordinate male which had received most of the

attacks, comonly occurred after the mice were separated, even when

wounds were not apparent.

Very little aggressive behavior was observed when sub-adults

and juveniles were placed together in the cage. This was true even

when the younger groups were of mixed sexes. One sub-adult female

was observed running toward either males or females when they came

into her territory, but no fighting occurred.

Other aspects of behavior, Including grooming, ingestive,

sexual, and investigative behavior, and displacement activities, were

observed. Grooming end displacement activities were most comonly

observed when fighting occurred. When a male was trying to fight

another male that was safe in Its nest box, displacement activities

consisted of biting and pawing at the wIre-bottomed cage or the nest

box.

During January and February, 1962, when male-female combinations

were being studied, males made repeated attempts to mount females that
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were not in breeding condition. Females were not receptive and uld

run from the male whenever mounting was attempted.

Iwn trials were performed with a male and female when the female

had a litter or was pregnant. A female with a four-day-old litter

showed no sign of aggressiveness when male was introduced. At

times the male entered and remained in the nest box. In another

trial, a male was introduced with a pregnant female, and they were

left together, the female later giving birth. During one observation

period, the female ran into the male's nest box when her box was

opened for observation. lrriuiediately, a fight developed and the male

ran out of his box and crouched in the middle of the cage. A few days

later the male was found in the nest box with the female and the

litter. Seven days later, the four young were found dead arid strewn

about the cage, most had their heads eaten away. It is not known

how this came about.

Number Large Observation Cane

When more than one male and one or more females were placed in

the Number I large observation cage, death of one of the males

usually resulted within a week. Most of the dead had many tunds about

the rump region of their bodies.

in one trial, one male and t females were left in the cage

without addition of any new mice from April 30 through the middle of

July. On May 10, all three adults were in one box with a nest of
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fine grass that contained three dead young that were partially eaten

and a fourth that was still alive. Food was plentiful and a salt

block was present, and it was probably not a nutritional factor

which caused the adults to et the young. On May 23, the female

which had not given birth was found dead. There were no viibla

wounds on her body. Cn June 5, the remaining male and female were

In one nest box with a second litter of four sixday--old young. On

June 24, the adult male and the four young were in the same nest box,

and another nest box contained the female with a third litter of

seven, one or two days old. On June 25, all 13 mice were found In

the same nest box. These mice were examined on July 9. Al I males

were found to be in the scrotal condition; and the mother and one

female frtn each litter were in breeding condition with vaginas open.

After the death of the first litter, there were no signs of

aggressiveness between any of the mice. The experiment was abruptly

ended when the glass side of the cage was broken on July 16 and some

of the mice escaped.

Number 2 Large Observation Cage

Six males viere individually added to the cage at three to four

day intervals, in the first experiment with the umber 2 large obser-

vation cage. Later, one nale, which had been bitten quite profusely

about the rump region, was found dead. The other five males were

left together for about two weeks, and no signs of aggressiveness
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were observed. Two females were then placed in the cage with the

five males. Within a day or so, one female was found dead, and

another female was ininediately added. Dead males began to be

found in about ten days. By the end of the experiment, one male

and one female survived.

In the experiments on the interactions between females, one

female that was introduced Into the cage with a resident female was

killed. The dead female was bitten about its body. Two other females

were then Introduced separately, a week apart, Into the cage with the

resident female. No aggressiveness resulted from these introductions.

In surrtnary, the results from all trials Indicate that in the

presence of females, strange males will not tolerate each other and

will fight until only one survives. However, males will generally

tolerate each other when no females are present. It was corrinon for

subordinate males to die after being removed from the cage if they

had received much punishment from a dominant male. Very little

aggressive behavior was observed when subadults and juveniles were

placed together. One pair of mice successfully raised two litters

without aggressive behavior developing in the group.
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DISCUSSION AND CONCLUSIONS

Density

Although population densities In the enclosures wore initially

diFferent, densities at the conclusion of the studies were approxi-

mately the same in all enclosures (based on the 95 percent confidence

limits, Table 3). The peak denshy was reached first In E7, one trap

period ahead of the other three enclosures, as a result of the larger

number of females in the reproductive state in that enclosure In

August (Table 5).

The ratio of increase was inversely proportional to the initial

stocking rates (Table ID). The greatest ratio of increase occurred

in ES, the calculated number of mice present in December beig 27.5

times the initial number. The lowest ratio of increase (6a4) occurred

in E7. These data indicate that low initial spring populations have

a greater ratio of increase then high spring populations, when compared

to the resultant fall populaHons. Errington (IS, p. 797-924) found

that muskrats (Ondatra zib.thicus) In Iowa tended to increase pro-

portionally more rapidly when they were few in number. They usually

reached the carrying capacity of the area, whether there were few or

many muskrats at the beginning. Clarke (II, p. 81) and Chltty

(7, p. 505-552) also found similar differences in the rates of

Increase of low and high vole populations (Microtus acirostis) in

England.



40

Table 10. Ratio of increase for Enclosures 4, 5, 6 and 7 Based
on Initial Stocking Rates and Calculated Number of

Mice Present Throughout the Three Trapping Periods.

Initial Ratio of Increase

Enclosure Stocking 1st PerIod 2nd Period 3rd PerIod

Number Rete August October December

5 4 2.2 10.8 27.5

6 6 1.5 6.0 24.7

4 12 2.4 7.2 12.2

7 20 1.8 6.4 4.5

Population Crash

There is evidence that a population crash occurred not long

after the December trapping period. The factors that lead up to

and brought about the crash must have been similar in all enclosures.

Throughout November and December, the mice within the enclosures

probably received sub-minimal nutrition due to high densities caus-

ing increased competition for existing food supplies. Early in

December, a warm spell melted most of a protective blanket of snow

that had covered the ground, leaving only two to three inches of

crusted snow. The melting snow raised the water table so that it

was nearly at the surface of the soil. From December 9 to 12, there

occurred a cold period having a mean high of 35 degrees Fahrenheit

and a mean low of 22 degrees. Sub-minimal nutrition, lack of

adequate snow cover, and a high water table that prevented the

mice from digging for roots and cover, at this time may have



41

prevented the mice from obtaining enough food to keep up their body

heat. Chitty (8, p. 103) and Howard (23, p. 300) have described

similar situations in which small manraIs died. Howard, as a

result of his work with prairie deermlce (Peromyscus maniculatus

bairdi Hoy and Kennicott), suggested a phrase descriptive of the

situation - "cold weather starvation". Frank (17, p. 118) said

meteorological events such as frost periods after a food shortage

will trigger a crash.

There was no evidence that any of the three diseases detected

played a significant roll in causing the crash.

Density versus Reproduction

There were io differences in the reproductive rates of mice in

the enclosures as the popuIatios Increased. As the numbers increased,

so did the percentages of females that were perforate, pregnant, or

with large nipples. However, It seems that reproduction may have

been carried out longer, at least two weeks, for those enclosures

(ES end E6) that had lo,er densities in October (Table 5). Clarke

(II, p. 68-85) found that early high population densities induced

breeding to be stopped earlier.

Twentynine juvenHe females were detected that had perforate

vaginas. Each enclosure had nearly equal numbers of the perforate

females. The smallest perforate female, l4 grams, was estimated

to be two weeks old. This possible early breeding In Juveniles is



somewhat unusual, end Is an Indication how Microtus can attain rapid

rates of Increase.

Density versus Survival

Survival had an Important influence on population densities

within the enclosures. Good survival of all age classes r E5 and

E6 partially compensated for the initially low reproductive potential

in these enclosures. The factors that cause lower survival at higher

densities are not fully understood. Louch (26, p. 701-713), studyIng

adrenocortical activity In relation to density of M. pennsyivanicus,

found that Increasing populations exhibited edrenocortical activity

and a higher mortality rate. This was also suggested by Christian

(9, p. 247-259).

Sex Ratios

The percentage of males and females captured did not change

appreciably at any time during the present study. Frank (17, P. 116

and 117) reported that during spring and sumer months as densities

increased and dispersing occurred, females predominated as a result

of heavier losses among males. He also reported that under winter

conditions, males predominated because the females did not survive

as well due to their weaker condition.
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Density versus Movement

It was quite evident that as densities Increased, movement of

both males and females decreased (Table 3, Figure 4 and Table 9).

Males ranged further than females, as many authors have found.

Stickle (34, p. 301-307) and Howard (22, p. 24), workIng with

Pernyscus, and Frank ($7, p. 115), Blair (5, p. II), and Hamilton

($9, p. 261), working with species of Microtus, have found that move-

ment for males was greater than for females.

Two Investigators, Curry-Lindahi ($2, P. $75), working with the

Norwegian len;iIng (Lenvius lernus), and Frank ($7, p. $16), working

with Microtus arvalis Pal las, found that home ranges were smaller in

areas of higher populations than areas of lowar populations.

It should b mentioned that movement data from the 0ctobr and

December trappIng periods may have been Influenced by "trap prone"

animals. When densities are high, any animals with a tendency to

repeatedly enter the same trap may exclude new anImals, and so bIas

the data. It Is not known to what degree this may have occurred

within the enclosures. Chltty (7, p. 505-552) discussed this problem,

but his only conclusion was that it is hard to avoid.

Behavior

It is difficult to relate laboratory findings on social

behavior to natural conditions. Certain behavioral characteritics

were very coninonly observed, and perhaps these may have some natural



significance. In all experiments, no more than one male survived

when in the presence of one or more females. Confined M. montanus

females can and will successfully raise litters in the presence of a

male. The behavior of a family group, Including the original pair and

their two litters, seemed quite normal in all respects.

Females were more dominant toward males, rather than the reverse.

Generally, males tolerated each other when no females were present.

Based on these observations, certain conclusions can perhaps be

drawn. First, females will tolerate males, even females with young,

at times other than just during oestrus. Second, colonies consisting

of family groups may develop from originally widely scattered pairs.

Under more confined conditions, fighting between rival males may

upset family group behavior. The works of Bailey (I, p. 529) on

M. pennsylvanicus, and of Seldel and Booth (30, p. 5) on L. montanus,

are in contrast to the above conclusio.is. These authors state that

females with new-born young will r.ot tolerate newly introduced males.

If the males have a chance, they will tE and kill the young. Seldel

and Booth mention that males and females without young tolerate each

other. However, Bailey (I, p. 526) had one pair of mice that lived

contentedly and raised two litters while in a cage.

Most of the behavior observed was similar to that observed by

other investigators. However, Clarke (10, p. 5) reported that males

comonly make jerky or waltzing motions before coming into contact

w1th the animal being attacked. This was not noted with M. montanus;

they would usually head directly for the animal being attacked.
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The death (at times) of subordinate males a day or so after

conflicts may have resulted from upsets in physiological balance.

Chitty (7, p. 505-552) hypothesizes that stress between individuals

fighting may bring about death.

Poor survival in the enclosures, particularly in E4 and E7,

during October-December at peak densities, may have in part been

due to aggressive behavior. Aggressive behavior did not appear to

work against young animals, since in some instances juvenile survival

was bettor than adults, This may, however, have been due to the

greater age of the adults rather than differences in aggressive

behavior.

Future investigation with the use of enclosures should Include

more frequent trapping periods, preferably 30-45 day intervals.

Trapping periods of toss than 30-45 days may interfere with survival.

Better means of studying movement should be developed, perhaps

radioactive tagging. Repeated capturing of individuals Influences

their movements. The influence of cover on varying population

densities should be Investigated. Social behavior between different

age classes and family groups needs further studying; and more studies

of a physiological nature are necessary.



46

S1JWARY

I. Regardless of differences In the size of spring populations

that started breeding In the enclosures, all populations ultimately

reached about the same maximum densities. Enclosure El, which had

the highest initial number, reached a population peak first.

2. Reproduction in the enclosures was not affected by the densities

attained during the normal reproductive period. The ratios of

increase by the December trapping period were inversely proportional

to the initial stocking rates.

3. Survival was important in determining population densities.

Better survival of all age classes In enclosures with low initial

stocks partially offset the higher reproductive potential in the

other enclosures. The population crash may have been due to sub-

minimal nutrition followed by freezing temperatures.

4. The extent of movement was inversely proportional to popu-

lation density.

5. Adult males will generally tolerate other mates when no females

are present. When In the presence of females, males will not tolerate

each other and will fight until only one survives. Sub-adults and

Juveniles are not nearly as aggressive as adults. One pair of mice

successfully raised t litters with no apparent signs of aggressive

behavior.

L
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