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INTRODUCTION



Interest in ecological research has been concerned mostly with
wild or mative plants and animals in non-agricultural areas. However,
this has not been without the recognition that many long-standing
problems of the farm and range prebably will await final solution
through ecological inquiry. Imn a presidential address to the Ecologi-
eal Society, Hanson (1939) emphasised the need for research in e¢rop-
lands particularly as regards the possibilities for minimising
losses to noxious species. Recent treads in agriculture and the
growing concept of multiple-use of all lands further emphasize the
need for comprehsnsive ecological studies of farmland,

According to figures made publiec by the Land Planning Committee
of the National Resources Board (1935), nearly seven million acres
of Michigan farmland are affected by accelerated erosion. This
constitutes more than a third of the land in farms., On a national
scale, the situation is equally critical. The Reports and Records
Division, Soil Conservation Service, U. S. Department of Agriculture,
estimated that a billion acres, of the one billion, 142 million acres
of agricultural land in the United States, were in need of smme
remedial treataent. As of January 1, 1949, about 93 million acres
(less tham 10 percent) had received full treatment under the Soil
Conservation Service program, and about an equal acreage had bene-
fited by independent programs. It can be expected that the easily
demonstrated values of sound farm plamning eventually will encourage
nost of the farmers in this country to adopt these new principlss of
land-use. The departures from conventional farming methods, in
effect, will constitute a major ecological change on many millions



of acres of land. Most species of farm wildlife will be markedly
affected,

Economic biologists recognize the possibilities in this program
for managing wildlife and some studies dealing directly with the
subject have been made. Dambach and Good (1940) and Good and
Dambach (1943) have reported on the songbird populations of farms
plamed for soil conservation as compared with the mmbers on farms
outside of soil conservation districts. Moss (1939) has shown the
relationship between upland game bird populations and agricultural
land-use, The effects of grazing of woodlots on songbirds have
invited the attention of several workers, all of whom have reported
eonspicuously higher populations in protected woodlands (Saunders,
1936; Mayall, 1938; Dambach, 1940). A few basic studies, which
might be exemplified by those of Allen (1938), Smith (19L40a, 1940b)
and Dambach (1944), contribute to the picture of wildlife and land-
use.

To provide needed information for the management of small game
on farmland, the Game Division, Michigan Department of Conservation,
established the Rose Lake Wildlife Experiment Station in 1939. One
of the main functions of the station has been to determine the
response of farm wildlife to the new conditions established in con-
verting from exploitive to conservation farming, The intentions for
long-term study, and the broad scope of the work, distinguish the
project from anything heretofore attempted in ecological studies of
vertebrates in agricultural areas.

by
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The economic importance of farm rodenﬁ and their significance
as key organisas in the wildlife complex justified their inclusion
in the program. It is the purpose of this paper to give an insight
into the status of small mammals on this representative unit of
Michigan farmland. Presentation of the data will include four major
considerations: (1) the comparative population levels of associated
species of small mammals; (2) the effects of various land-use and
farming practices on the numbers of small mammals; (3) interrelation-
ships within the group and with other wildlife species; and (L4) species
discussions to include such biological information as might con-
tribute to a better understanding of this study and to the ecology

of farm wildlife in general.
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SOILS AND CLIMATE

The Rese Lake Wildlife Experimest Station, principal locals of
this study,.lies mostly in the southeast corner of Bath township,
Clinton County, Michigan. The land area in state ownership was 1,172
acres at the time studies were started in 1940, Additional acqui-
sitions increased the total project sise to nearly 2,000 acres in
1946,

Topography of the area varies between comparatively level and
rolling. The steepest slopes are wooded in most cases, but early
settlers cleared much of the rolling terrain that since has become
badly eroded. Many level areas that might have withstood these
early exploitive farm practices were left in woodland,

Soil fertility is moderate to low, and the land averages second-
to third-class for agricultural use., The soil pattern is complex
as characteristic of heavily glaciated areas. Twenty-seven soil
types have been recorded. In the well-drained uplands, Newago loam,
Bellefontaine sandy loam, and ca.‘l.m.louv sand appear in the order
named, The poorly-drained soils of kettle-holes, marshes, and lake
and stream bottoms are predominantly Rifle and Greemwood peats, and
Kerston and Carlisle mucks,

Considering the project as a whole, cropland and pasture
sonstitute 64 percent of the total area; marsh, swamp and swale
comprise 2} percent; and woodlots mske up 12 percent, However, in
the 800-acre area of most intensive study, about 71 percent of land
is in pasture and crops; 16 percent is in the marsh-swamp-swale
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category; and the remaining 13 percent is in woodlots. The latter
land-use percentages are fairly typical of most private farms in the
immediate area, and in this respect the Rose Lake farm is representa-
tive of many southern Michigan farms of comparable productivity.

Farming of the region is diversified except for limited develop-
ment of muck lands for the growing of mint and truck crops. Cornm,
oats, and wheat are the principal cash crops grown. Dairying and
beef production provide a considerable share of the income on most
.fms, and the conversion of these lands to conservation farming
usually requires that these phases be intensified,

The climate in this region is favorable to diversified farming,.
The mean length of the growing season is 158 days between May 5, the
mean date of the last killing frost in spring, and October 10, the
mean date of the first killing frost in autumn., Precipitation is
fairly well distributed throughout the year.

During the period of study, certain notable departures from
"ormal® conditions were recorded. Average snowfall for the calendar
year 1940 was the greatest on record, amounting to 82,7 inches,
compared with a normal of 56.4. August rainfall in that year also
established a new record with a total of 9,21 inches measured in
the immediate area of study. This precipitation was 6.39 inches
above normal. Conditions in 1941 were about average, although Oo-
tober precipitation was .86 inches above normal with a total rain-
f£all of T7.33 inches, The year 1942 was characterised as the wettest
on record and the total precipitation of 37,02 inches at East Lt.ming



was 5.59 inches above normal, The year's snowfall was about a third
heavier than normal. Details of meteorological conditions during
the period of investigation are given in the appendix,

15
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FAUNA OF THE AREA

The bird and mammal life of the Rose Lake area is varied.
Among game species the cottontail rabbit (Sylvilagus floridams

mearnsii Allen) ranks first in abundance. The average hunting
season kill of this species for the years 1940 to 1942 was 12 indi-
viduals per 100 acres. Hunting pressure in these years averaged
270 gun~-hours per 100 acres for the entire open season for rabbits
which runs from October 15 to December 31, During the first 22 days
of the season (October 15 - November 5) unting is legal also for
pheasants and fox squirrels, and during this period a major share
of the hunting effort is devoted to these species. Hunting removes
nearly half the fall population of rabbits which, before the start
of the season, mmber about 30 to 4O individuals per 100 acres.
Pheasants (Phasianus colchicus Linnaeus) oceur in fair numbers,

A peak population in 1941 allowed for a harvest of 17.4 cocks per
100 acres. A gensral decline begimning in 1910, which apparently
oceurred over the entire North American pheasant range, resulted in
a much reduced population after that year, For the years 1940 to
1942, the average hunting season kill was 13.0 cocks per 100 acres,
Hunting pressure for the October 15 - November 5 period averaged
218 gun~hours per 100 acres during these same years. Hunting
removed about three-fourths of the cocks and pre-season populations
consequently averaged close to 17 cocks per 100 acres. A nearly
even pre-hunting sex-ratio was usual on the project. This period
included a year of umusually high productivity for the pheasant and

20



it is believed that average hunting season productivity for the
area is closer to 10 cocks per 100 acres.

During the same open season as given for pheasants and under
the same hunting pressure, the 1940 to 1942 kill of fox squirrels
(Sciurus niger rufiventer Geoffroy) averaged 39.8 individnals per
100 acres of woodlot, Pre-hunting populations were judged to be
about twice this figure or approximately 80 - 100 fox squirrels per
100 acres of woods. Populations of this species varied widely with-
in the period of the study and the 1942 level was well above that
of either of the two preceding years, A harvest of more than a
squirrel per acre was recorded in 1942 for seven woodlots totaling
102 acres.,

Other game species and their approximate fall densities

included: bobwhite (Colinus v. mexicanus Linnaeus), 3-li covies for

, the entire station; woodchuck (Marmota m. monax Linnaeus), 35 to LO

per section; and white-tailed deer (Odocoileus virginianus borealis

Miller), 10-12 for the entire station and immediately adjoining
lands, The status of other game and non-game residents which inter-
act more intimately with the small mammals of the area will be
discussed at various points in the text. The nomenclature of
mammals is taken from Burt (1946) and of birds from A.0.U. cheek
lists for the years 194Li-L8.

The studies reported here include observations on the small
nammals of farm woodlots and those of cropland, Small mammal
associations in the two general types (woodlands and fields) are
mtually exclusive to a considerable degree. It appeared

2i



profitable to employ somewhat different study procedures and in
other respects to oconsider them as distinct problems. The data are
reviewed separately here, and discussions of methods and other
information dealing with studies in these two major habitats appear
in each section.



PART 1

STUDIES IN FIELD AND CROPLAND HABITATS

I

>



METHODS OF STUDY

One objective of this study was to measure the comparative
mmbers of small mammals in various habitats and at various times
of the year. To accomplish this, live-trapping was employed
principally and according to procedures to be descrived., Where
other techniques were used to provide information on specific points,
descriptions will be given at appropriate points in the text.

A wide variety of methods have been used in population studies
of small mammals, and investigators have utiliszed some variation of
the quadrat method of trapping in an attempt to show actual densities,
It is evident, however, that economy in size of quadrats and removal
of individuals from the plots have invalidated many of the population
figures obtained in these studies., A failure to appreciate fully |
the extent of drift among small mammals, the size of individual
ranges, and the speed with which depopulated areas are invaded, have
been common sources of error., Recent discussions of the subject
would seem to indicate that most short-cut procedures fail in their
attempts to show real densities. In most cases, true censuses of
small mammals require intensive live-trapping on quadrats several
acres in size (Dice, 1938; Bole, 19393 Blair, 19L1; and Stickel, 19L6a).

With this procedure the sise of the quadrat and the number and
spacing of traps are variable depending on the species being studied,
population density, size of the ecological unit under study, etc,

At best, however, the method is laborious and probably has its
greatest utility in intensive studies where the determination of



actual population densities is a leading objective., For various
reasons the procedure was not adaptable to much of this study. Many
farm situations (fencerows, field borders, strip-crops, etc.) are
of such shapes and dimensions that quadrats cannot be laid out.
Furthermore, it proved desirable at times to sample concurrently
the rodent densities in more situations than could be trapped con-
veniently by intensive means,

The types of comparisons plamned in this study did not require
@& trapping method which would provide counts of actual densities,
However, since some identical situations were to be sampled peri-
odically, it appeared advisable to avoid any possible error that
might result from removal of animals, Various other considerations
necessitated the use of some compromise method which would permit
‘a relatively quick and accurate sampling of populations without
causing undue disturbance. The most practical approach to the type
of study attempted appeared to be live-trapping along lines of
measured length as suggested by Dice (1938) and successfully used
in some of the work reported by Blair (1938).

Unless otherwise indicated, all population indices were obtained
by using a series of 25 traps spaced at 22-foot intervals along a
measured straight line 8 chains long. Trap-lines extended from the
field border toward the field center and were located midway between
the field edges paralleling the line of traps. A few larger fields,
25 acres or more in sise, were trapped with two lines of traps. In
this case each line was placed 2 chains in from the field border which

it paralleled. Traps were left in operation for three successive
nights,
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The trap used was modeled after one developed and used by
William H. Burt and his co-workers at the University of Michigan,
Construction is of pressed fibre board and the inside dimensions
are 1-3/h4 x 1-3/4 x 6-1/2 inches. The trap mechaniasm, which
operates without benefit of springs, proved to be efficient and was
easily maintained in good working order. In preliminary tests the
trap proved to be more effective than the spring-operated metal-
type trap in common use for small-mammal work,

A few initial tests indicated that live-traps unbaited were
about as effective in making catches as when several types and
cambinations of baits were used, However, a standard bait combi-
nation of sunflower seed and peanut butter was used through the
trapping, and a small wad of dry non-absorbent cotton was placed
in traps to provide nest material for trapped animals,

At the first capture, individuals were marked for future
identification by ear-tagging with nummbered fingerling tags, by toe-
clipping, or both. Following each capture, the animals were given
a routine examination and the sex, age, breeding condition and
other pertinent facts recorded (figs. 3, L, and 5). Separate card
files were maintained for each individual and also for each habitat
trapped.

The standardized spacing of traps, length of line, and period
of trapping followed here allow for various expressions of mammal
densities. The *"catch per trap-night" method of indicating
abundance (Grinnell, 191)) has been used frequently. However,
evidence presented by Dice (1938) indicates that the number of
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individuals taken along a given trap-line is more directly related

to the length of the line than to the number of traps or the interval
of operation. It appears that the records to be presented here

should have the best comparative value through the use of an expression
similar to that suggested by Dice (op. cit.), which considers the
catch per unit length of trap-line. Trapping results consequently

are given as individuals per trap-line.

From a computation of the average catch for two or more lines,
fractional figures commonly were obtained. The conversion of the
data to whole figures in some cases would introduce an appreciable
error. Consequently, the one-decimal calculations have been retained

without implying that level of accuracy for the data.
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Fige 4. The animals were
grasped by the nape of

the neck and pushed through
the opening of the bag for
marking and examination.

Fige 6+ Animals were marked by toe-clipping or with ear-tagse



COMPARATIVE POPULATIONS OF SMALL MAMMALS

Ammual Numbers in Cropland

Practically all the amall mammals listed by Burt (1946) for the
southern portion of Michigan's lower peninsula were taken in the
course of this work. Most of these, however, occurred so sparingly
that a consideration of their numbers would be of doubtful signifi-
cance. In the discussion to follow, particular attention is given

to the prairie deermouse (Peromyscus maniculatus bairdii Hoy and

Kennicott), the commonest small mammal in the area. The meadow vole,

(Microtus pennsylvanicus pennsylvamicus Ord) and house mouse (Mus

musculus Linnaeus) occurred in numbers sufficiently large in some
situations to allow comparisons. The status of other species is

dealt with at appropriate places later in the text.

Prairie deermouse

In his work on the prairie deermouse on the Edwin S. George
Reserve, Livingston County, Michigan, Blair (1940a) made special
note of "a very marked decrease in deermouse abundance from 1938 to
1939", On one plot studied by Blair, a maximum population in 1938
of 9,2 prairie deermice per acre was founde During a corresponding
period in 1939 the density was only 2.9 per acre. On another study
area, a mid-June, 1938, population of 2.0 mice per acre dwindled
until none were living on the plot in late August of 1939, Blair
suspected that the dry spring and failure of the bluegrass to set
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seed may have accounted for the small prairie deermouse population
in 1939. At Rose Lake the spring and summer population level of
this rodent was at a low point in 1940, and it was the opinion of
farmers and other observers in the area that it was less numerous
than it had been for several years. Intensive studies were inter-
rupted during the years 1943-1945, but there is some indication that
prairie deermice in the area began an upward trend in 1941 and
probably approached a peak in 1946.

Since the intensity of trapping over several years varied
seasonally and with different habitats, a direct comparison of all
trapping results would hardly give a valid demonstration of the
population level. In fig. 6, however, an index to numbers is given
for a 2-month period in midsummer. This has been based on individual
catches from those lines considered to have been located in accepta-
ble deermouse habitats. These results indicate a 1941 density twice
that of 1940 and a 1942 population that was more than five times as
high as that of 1940. Limited trapping in the summer of 1946 indi-
cated that the trend had continued upward, since the catch for

that year was over seven times as great as that of 1940,
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Other species

Species other than the prairie deermouse occurred only sparingly
in the upland fields. However, among these "incidental species"
(mostly the house nouse)A a drop in numbers was noted from 1941 to
1942 at the time when the deermouse was showing evidence of increase
(fig. 6).

At no time during the study did the meadow vole appear in any
mmbers in cropland during the summer months. However, populations
of this species at Rose lLake were conspicuous in some habitats
during autumn and winter and showed an unorthodox behavior which

will be discussed separately.

Relative Numbers in Various Crop Types

Although the literature dealing with small mammal populations
is extensive, the reported studies invariably have dealt with
natural associations. A few investigations have contributed inci-
dental notes concerning the numbers of small mammals in and around
farmlands.. Hanson (19Lk) working in Wisconsin found populations
of the prairie deermouse to be conspicuously higher in a prairie-
relic situation than in any of several farm habitats (grain stubble,
alfalfa, and bluegrass-sweet clover fields). Hanson's trapping
also showed a fallow field heavily grown up with beggar's tick
(gijg_x_xg), suartweed (Polygonum), yellow foxtail, and ragweed to
have been one of the most productive situations studied for

several species of small mammals. Johnson (1926) commonly took

35
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the prairie deermouse in fields of grain and alfalfa in Illinois
but indicated it was uncommon in "neglected areas such as the matted
grass of roadsides®, Calhoun (1941), in Tennessee, found greater
numbers of house mice in a Lespedeza planting than in any other of
a variety of situations trapped, and Southern and Laurie (1946) in
England found greater densities of house mice in wheat ricks than
in either oats or barley., A program of winter trapping in Ohio by
Dalmbach (1945) showed small mammals to be somewhat more plentiful
in fields of shocked and machine-picked corn than in several other

crop fields,

Prairie deermouse

In 1940, preliminary trapping was done in fields of wheat, oats,
timothy-clover pastures, and sedge méadow. Among these habitats,
the greatest numbers of prairie deermice were taken in wheat fields.
During midsummer of the years 1941 and 1942, a number of fields of
each of several common crops were live-trapped to determine the
relative numbers of small mammals. Trapping was done at a time when
the crops were at or near maturity. However, an attempt was made
to adjust trapping dates so that all fields could be sampled as
nearly concurrently as possible. In addition to the work in cropland,
several units of idle ground were also trapped. In each case these

idle areas were grown up principally with bluegrass (Poa compressa

and P, pratensis), although there was considerable variation with

respect to species and amounts of other herbaceous types.
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Fige 7o The prairie deermouse ranked first in abundance among the
smell mammals of the area.
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Fig. 8. Of the common farm crops, corn fields were among those most
heavily populated by prairie deermices



During both years (1941 and 1942) the only small mammal taken
jn sufficient numbers to permit comparisons was the prairie deer-
mouse. The relative densities as found for this species are shown
in table 1. With the extremely low population present in 1941, no
real difference is evident among the numbers taken in each of three
types of grain fields or in alfalfa fieldss The mumbers in idle
ground, however, were considerably fewer than in any of the adjoining
croplands studied. With a considerably higher (but still low)
population in 1942, there was still no convincing evidence of any
crop~type preference by the prairie deermouse,

As was found to be the case the previous year, idle-land
habitats supported appreciably smaller populations than did farm
fields, It is of possible significance that among croplands, red
clover fields had the lowest numbers of deermice in both years.

In 1942 a dense, 20-acre stand of red clover which immediately
joined fields of alfalfa and wheat was trapped concurrently with the
other two, No prairie deermice were taken in the clover, whereas
trapping of equal intensity accounted for 18 deermice in the alfalfa
and 8 in the wheat fields. Hanson (194L) in referring to the prairie
deermouse commented that: "....this species seemed to prefer

situations where the immediate ground cover varied from light to

moderate densities®. It is not unlikely that this factor was important

in limiting deermouse numbers in red clover fields which, in each

dsse, were extremely dense and matted.
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In the late fall of 1942, most rodents in the area were
considerably more plentiful than they had been at any time during
the summer. A mumber-of the same situations which had been studied
several months earlier were trapped again in October and November
to determine possible habitat preferences. In these data, which
are summarized in table 2, the relative ratings of various crops
with reference to deermouse mimbers did not show any marked changes
over conditions found in the two previous summers. Trapping results
suggested a greater preference for alfalfa and wheat to oat fields,
and in one area of strip-cropping a rather remarkable difference in
populations in these three types was observed, The three crops
were in adjoining strips, each 100 feet in width., Both the oats and
wheat had been harvested with a combine, and the alfalfa was about
10 inches in height following regrowth from a second cutting, All
were trapped in an identical manner during the period November 3 - 5.
The comparative numbers of deermice for each was indicated by a take
of 23 individuals per line in the alfalfa, 22 in the wheat, and only
L in the oats.

The data shown in table 2 were obtained following the harvest
season., Certain characteristics of specific fields, such as crop
residues, type and density of ground cover, etc., remained to
distinguish the particular crops grown on these fields, It would
be well to point out, however, that the croplands in this late-fall
period were similar in many respects to the annual weed stage in
succession from plowed ground, which Allen (1938) describes; and
in a large part to the smartweed-foxtail situation studied with

3o
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Table 2, Camparative numbers of the prairie deermouse
in various crop and idle land hebitats in late autum
(Ootober = November), 1942,

Noesof fields Individuals

Crop sampled per trap=-line
Oats (studbdle) 3 6e3
Wheat (etubble) 1 22,0
Rye (seeding) 2 21,0
Corn (meohanically picked) 6 11,0
Alfalfa 2 1465
Red clover (out) 1 4,0
Pasture 2 5.0
Jdle ground: Mixed herbaceous 3 be7
Fencerows (sod) 4 068
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respect to its small mammal inhabitants by Hanson (19LL). At the
time of trapping, most of the fields were vegetated with lesser
ragweed (Ambrosia elatior), foxtails (Setaria lutescens and S.

viridis), lamb's quarters (Chenopodium album), smartweed (Polygonum

spp.), and to a lesser extent by barnyard grass (Echinochloa crusgélli) s

redroot pigweed (Amaranthus retroflexus), tumbling pigweed (A.

graecisans), black bindweed (Polygonum convolvulus), and old witch-

grass (Panicum capillare).

In 1946, populations of most, if not all, small mammals at
Rose Lake were conspicuously higher than they had been for a mmber
of years. A limited amount of trapping was done through the spring
and summer to determine whether relationships noted during the
period of low=to-medium population density still existed.

In March and April, two fields of corn stubble, which still
contained a number of sfxocks, had the highest population of the
several situations trapped. The average catch was seven prairie
deermice per trap-line, The second-highest density, averaging L.6
individuals per line, was observed on three t}ap-lines located in
fields which had not :neen cultivated for several years. Vegetation
on these plots was similar to the annual weed association already
described. In two rye stubble fields an average of two deermice
per line were taken, and in five field and roadside situations of
typical grassland habitat the lowest take, of 0.6 individual per
line, was recorded. In June, four of these same bluegrass associ-

ations were again trapped without taking a deermouse.
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During early August of this same year, adjoining fields of
corn, oats (two fields recently cut), alfalfa, red clover, and
bluegrass sod (two fields) were trapped with the following results:
corn - 10 prairie deermice per trap-line, alfalfa - 7, oats = 5,5,
red clover - 1, and bluegrass fields - 0,5,

In considering the over-all results from trapping-- conducted
intensively during two summers and periodically in two other years—
prairie deermouse preferences for specific crops are not strongly
shown. However, certain consistencles appear in the data which
seem to have significance. In general, grain fields supported higher
populations than other habitat types, and in this category corn,
wheat, and rye fields were more densely populated than fields of oats.
Trapping in alfalfa regularly produced catches which indicated
densities comparable to those in grain crops. The numbers taken in
red clover plantings showed it to be the least acceptable to the
deermouse of any of the amnual crops, Idle-ground situations, which
were mostly covered with bluegrass, maintained the lowest populations
of any of the farmland habitats.

In the area of this study the natural plant succession on lands
permanently retired from cultivation would lead in a decade or so
to brushland and later to oak-hickory woodland, the most advanced
seral stage present. Much of the idle ground in proximity to crop-
land 1s maintained as a grassland habitat, however, due to various
hman disturbances (burning, pasturing, cutting, etc,). The compara-
tively low populations of prairie deermice in these areas is not
surprising in view of the observations by Dice (1923a, 1923b),



Johnson (1926), Allen (1938), Hanson (1944), and others,

Johnson (1926) has indicated that the species originally
belonged to some sub-climax communities in the Andropogon prairie-
climax association., In Michigan the prairie climax was present in
only limited portions of the soutlwestern part of the state, and
the distribution of the species was undoubtedly confined to those
openings. As has been shown by Hooper (1942) its spread over most
of the southern peninsula of Michigan was a result of deforestation
and cultivation,

Recommendations for the progressive operation of Michigan farms
call for increased acreages of permanent pasture, and the retirement
of many hilly areas now in cultivated cropse. The d‘fect will be that
of placing a substantial percentage of untilled land in a seral stage
successionally advanced from the "amual weed-cropland association,®
the type of idle ground observed to be most favorable for the prairie

deermouse.

Other species

Aside from the prairie deermouse, the house mouse was the only
other small mammal to appear consistently in cropland studies, While
the mmbers of this animal handled were too few to justify any
detailed consideration of its status, certain observations are of
interest.

In general, the comparative population levels of the house

mouse in major farm habitats indicated the preferences of this species

to be similar to those of the prairie deermouse, Of the few
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individuals trapped in summer and fall studies, most were taken in
grain fields and the fewest in idle ground (table 3). On the basis
of frequency distribution rather than actual density, a similar
tendency is noted in the data, the species having been taken in 18
(LO%) of L5 grain fields studied in summer, 8 (35%) of 23 alfalfa
and clover fields, and in only 3 (16%) of 19 idle land situations.

In discussing the status of the house mouse on English farms,
Southern and Laurie (1946) state that farmers usually report more
damage in oat ricks than in other types of grain. Their studies
indicated, however, that these mice may have been more plentiful in
wheat than in other kinds of ricks. On the basis of summer trapping
at Rose lLake the species appeared to be of more general occurrence
in oat fields than in other farm habitats. Their frequency distri-
bution in various situations was as follows: oats - taken in 10
(53%) of 19 fields studied, corn - 6 (50%) of 12, alfalfa - 6 (32%)
of 19, idle land - 3 (16%) of 19, and wheat - 2 (1L%) of 1k,

Numbers with Reference to Land Uses and Farm Practices

Strip-cropping

On erosion-susceptible farm land, strip-cropping is being used
widely as a soil- and water-conserving measure. The technique
results in fields which are in marked contrast with the pattern on
conventional farms. Crop types are closely interspersed, and
cultivated fields are alternated with close-growing crops which in
many cases, are undisturbed by cultivation and plowing for extended
periods of time. The extent to which such intermixture of several
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crop types might encourage rodent numbers has not been investigated.
Meither has it been determined if relatively undisturbed habitats,
as represented by hay strips, would maintain populations and serve
as centers of infestation to the adjoining crops.

An attempt was made to compare the relative populations of
small mammals under the two methods of farming. Using identical
procedures, fields of oats, wheat, and alfalfa in an area of strip-
cropping were trapped concurrently with fields of the same crop
grown under conventional methods. In each case fields under compari-
son were in comparable stages of growth and were located in the same
immediate area—— frequently in adjoining quarter-section land units.
Results of this study are shown in table L,

Since the cover requirements of the meadow vole would appear
to be more exacting than those of other species in the area, it
might be expected that populations of this mouse would show the
greatest response to differences associated with the two methods of
land use, It was especially regrettable that significant summer
populations of the species were not available for the comparison,
In the case of the prairie deermouse, however, it will be seen that
the variety of habitats provided by strip-cropped plantings gave
no evidence of encouraging populations of this species. And, in
fact, the catch in both grain and hay fields was somewhat higher
under conditions related to the conventional "block" fields, This
apparent lack of response of the prairie deermouse to the greater
interspersion of herbaceous types was further shown by other work
sumarized below,

3
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Field distribution of prairie deermice.- In the summer of 1940,

a number of fields, selected for having dense marginal growths, were
trapped, using lines which extended from the edge of the field to
a point beyond the field center. In this preliminary work the number
of mice caught in traps located well within the field was actually
higher than in traps located near the field border (Linduska, 1946).
To determine further whether or not the field distribution of
prairie deermice bore any relationship to the edges, trapping returns
for 1911 and 1942 were analyzed. It will be recalled that a standard-
ized procedure of trapping was used in practically all of this study,
and that one requirement concerned the placement of 25 traps in a
straight line beginning at the edge of the field and extending in
the direction of the center of the field. The first trap in the line
was set at the field edge, and, in each case, the 25th trap was 528
feet from the edge. In many cases the crop margin was adjacent to
a fencerow, roadside, ditchbank, or other uncultivated land, These
supported a variable type of vegetation which included successional
stages from annual weeds to mature oak-hickory. The primary function
of the trapping was to establish comparative population levels in
particular crops. Consequently, the first trap in each line was
placed in the edge of the crop rather than in the marginal vegetation.
While the trapping returns can be expected to show possible influ-
ences of crop-border vegetation, they do not allow for a comparison
of rodent mmbers in fields as campared with numbers in the field

margins,



48

*se8pe PTOTJ 3% SISQUNU JO UOTIBIJUSOUCO B JO SJUSPTAS
ALwe moys o} peTres esnomteep etayexd O} JOF SPIOISI Yojed Jo sTsATeue uy °6 °Std

3903 @314

= ¥3ILNID Q1314
[SdvHLl
)

avioL

S$3HOLVD

“NIdVH1-3A17 A8 G3DON3IAIAT
SV 3903 071314 OL LD3dS3Y HLIM NOILNSIYLSIQ

32INY330 31”Ivad




e

TN

If a diversity in food and cover types presents conditions
favorable for prairie deermice, it would be expected that some
concentration of their numbers would be found near field edges.
An analysis of 792.catches for the species failed to demonstrate
any response to such conditions during the summer months (fig. 9).
The mmbers taken in the five traps (20 percent of the total)
nearest the edge, represented 19 percent of the total number of
catches made in the line., Also, the number caught in succeeding
groups of five traps did not deviate appreciably from the expected
catch if a random distribution of mice in the field is assumed.

The 22-foot interval followed in the spacing of traps, was considera-

bly less than the diameter of the home-range for individuals of this

species. Consequently, competition for catches existed between
traps. On this basis it might be theorized that traps 1 and 25,
since they lacked competing traps on one side, would show a greater
number of catches, The catch records for individual traps failed
to indicate that the traps so located were appreciably more ef-

ficient than other traps in the line.

Field borders

In a comprehensive study of field borders in relation to conser-

vation practices, Dambach (1945) found the greatest winter density
of small rodents and shrews in cropland borders of bluegrass, and
fencerows of mixed shrubs and grass., Borders of weeds, shrubs, and
osage orange supported conspicuously smaller populations. While a
detailed study of field-border vegetation was not attempted in this

4






work, some trapping was carried on in two representative types of
fencerow and roadside cover.
One type of border which occurs with some frequency in the area

is made up of almost pure stands of dense bluegrass (Poa pratensis

and P, compressa). Elsewhere, and occasionally continuous with the
bluegrass type, can be found brushy roadside and fencerow borders
representing the other extreme (figs. 10 and 11). In some of these
the woody vegetation has closed in to such a degree that little or
no herbaceous undergrowth is present., The principal trees and shrubs
in these situations included white and black oak (Quercus alba and
Q. velutina), hickory (Carya ovalis and C. ovata), wild cherry
(Prumus serotina and P. virginiana), maple (Acer rubrum), hawthorn

(Crataegus sp.), staghorn sumac (Rhus typhina), elderberry (Sambucus
canadensis), wild grape (Vitis sp.), and others.

During early August of 1942, four representative units of sod
borders and four of brush=tree borders were sampled for their small-
mammal populations, The unit of trapping standard for most of this
study was used., Small-mammal populations in both types of border
vegetation were lower than those found in cropland during the same
period. Trapping in the four wooded borders produced only five
individuals, of which four were prairie deermice and one a white=
footed mouse. In the four sod borders 1l individuals were taken
including 6 prairie deermice, 2 meadow voles, 2 bog lemmings, and
1 short-tailed shrew, During late October and early November of
the same year, four sod borders, which included two of those described
above, were trapped again. The total catch in this period was 77



small mammals, which included 50 meadow voles, 19 short-tailed shrews,
3 bog lemmings, 3 prairie deermice and 2 house mice. Concurremt
October and November trapping in cropla.ncis resulted in a higher catch
of prairie deermice but a far lower catch of meadow voles. On 19
lines operated in harvested grain fields, pasture, hay, clover, and
fallow fields, a total of 236 small mammals were trapped. These
included 200 prairie deermice, or an average of nearly 1l per line,
This compared with an average catch of less than one deermouse for
each of the four lines located in sod borders. By contrast, the
meadow vole catch of over 12 per line in sod border situations was
well above the average of less than one per line in the 19 field
lines,

During April, 1946, a few sod and wooded crop-border situations
were sampled again. In this trapping, four lines in sod areas took
an average of seven small mammals per line. The total of 28 individu-
als included 16 meadow voles and 6 bog lemmings. In this same period
two lines in wooded borders caught only one white-footed mouse.

While these trapping data for field-border vegetation are not
extensive, there appears to be little question but that the grassland
type supports a more abundant small mammal population than does a
predominantly woody type. Furthermore, the meadow vole, a species
of considerable econamic significance in farmland, appeared con-
sistently in sod borders and at times was appreciably more abundant
in this situation than in adjoining cropland, This fact would
suggest that sod borders might serve as reservoirs for the species
and at times operate as foci for infestation of adjacent cropland,

a conclusion shared by Dambach (op. cit.).

S

e



Fige 10, Wooded fencerows and road borders supported few small
mammalse

Fig. 11, Sod fencerows of this type are ideal habitat for the meadow
vole. Under several feet of drifted snow these mice removed much of
the bark from the sprout growth of wild oreb in the foreground,
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Harvest

The effects of various farm operations on small-mammal popu=
lations have received only casual attention from ecologists. Wood
(1910) and Johnson (1926) noted that the prairie deermouse maintained
itself in open fields in spite of various disturbances associated
with crop production. Fenyuk (1937) observed that the numbers. of
rodents in fields declined rapidly following harvest, but he noted
also that a careless harvest might increase numbers. Southern and
Laurie (1946), in working with the house mouse in England, showed
that populations of this species declined rapidly after harvest.

In this study an index to small mammal densities was obtained
in 30 separate crop fields before and shortly following harvest in
an effort to evaluate possible effects of the operation. In the
case of prairie deermice, there was a slight average increase in
the numbers caught following mowing of alfalfa, and a substantial
increase in the catch following the harvest of grain crops and red
clover which was cut for seed (table 5). The increased catch was
not observed in all fields. However, the increase was found in a
large majority of the grain fields and in both of two clover fields
studied, Although the over-all average of trapping returns from
six alfalfa fields showed increased mmbers, the records for indi-
vidual fields showed a slight decrease in four fields and an
increase in two fields (table 6).

It seems unlikely that conditions associated with harvest would
encourage increased numbers of the prairie deermouse in the short

interval between periods of trapping. Probably the most that can
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be said for the data is that no immediate limiting effect resulted.
The fact that the number of catches increased with the operation
might be accounted for in several ways. With the marked reduction
in cover caused by harvest it is likely that the shelter offered

by live~traps would be more attractive. It is possible, also, that
the removal of cover would result in increased movement of the mice,
either through the elimination of recognition points delimiting home
ranges, or through a reduced carrying capacity of the area. In this
connection several studies have shown that home range dimensions
can be modified appreciably by population demsity and envirommental
factors (Kalabukhov, 1935; Dice, 1938, 19L1; Blair, 19LOa, 19L3;
Burt, 1940, 1943; Linduska, 19L2a; and Stickel, 1948).

A rather sparse populati:on of house mice showed a reduction in
numbers in response to conditions associated with harvest. In 19L0,
fields of hay, wheat, and oats were trapped just prior to harvest
for a total of 700 trap-nights. The catch included nine house mice,
Following harvest, the same fields were trapped with the same
intensity and only one house mouse was taken. During 1941 and
1942, 51 trap-lines in crop fields took 4O house mice before and
18 after harvest., Fields of oats showed the greatest decline in
house mouse populations as a result of harvest. In this crop, 18
trap~lines produced a catch of 18 house mice before and 5 following
removal of the crope The least reduction occurred in corn fields
from which the corn had been removed by means of a mechanical
picker, In this type of operation, which removes none of the ground

cover, the house mouse population showed no significant change,
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Table 5o The numbers of prairie deermice caught in 22 grain fields
(wheat, oats and corn) and 8 hay fields (alfalfa and red clover)
before and following harvest,

Trap= Individuals Individuals

lines caught per trap~line

Grain orops: Before harvest 39 74 1.9
After harvest 37 117 362

Hay cropss
Alfalfa Before harvest 10 21 201
After harvest 10 25 26
Red clover Before harvest 4 1 063
After harvest 4 10 246

Table 6, Effeocts of harvest in 22 grein fields and 8 hayfields on
populations of the prairie deermouse,

Population change

Noeof fields followi harvest
Crop studied Tnorease ame Decrease
Grain: Wheat 7 6 1l 0
Oats 12 7 2 3
Corn 3 2 0 _1_
Totals 22 L3 % r'y
Hays Alfalfa 6 2 0 4
Clover 2 2 o o
Totals 8 4 0 4






Eleven were taken before and 9 after harvest on 1l trap-lines,
Southern and Laurie (1946) in England found house mice were
common :’Ln fields of standing grain, but they failed to capture any
in the stubble following harvest. Their conclusion that, M,..eit
is clear that dense ground cover is most important for the wild-
living house-mouse....", is borne out from observations in this

study.

Shocking corn.- During each winter of this investigation, a

series of corn shocks were examined to determine the extent to
which they were being used by small mammals, In every year, meadow
voles and prairie deermice were present in practically all shocks,
and there was ample evidence of a considerable loss of corn, In
1541, a detailed study was made of the relationship of small mammals
to shocked corn, and in addition to determining the economics of
this practice, considerable blological information was obtained
from more than 500 mice which were collected (Linduska, 1942a).

The results of this study, together with information obtained in
other years, gave every indication that financial losses resulted
whenever shocked corn was allowed to remain in fields over the
winter months, Furthermore, the high rodent populations, which
this practice encourages, would appear to be a potential threat

to other agricultural crops.
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Fige. 14. Good esthetios but poor econamice. If left out all
winter, 20 percent or more of this corn may be lost to mice.

Fige 16, Shocked grains usually are threshed before rodents make
serious inroadse
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Fige 16, Shocks of corn in winter always were found well populated
with rodents,

SNV G A7 i W Ve )
Fige 17+ Experimental corn shocks, some screened to admit only mice
and others open and allowing access by all granivorous wildlife, showed
that substantial losses were due almost entirely to feeding by mices
Photo by P. S. Baumgrase
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Cultivation and plowing

By analogy, it appears that cultivation would be an important
mortality factor for field-inhabiting rodents, and that a frequent
disturbance of this type might discourage them from using crop
fields., For the prairie deermouse, however, this does not appear
to be a seriously limiting factor. In reporting on this species,
Wood (1910) mentioned taking them commonly in large fields of young
corn under intensive cultivation. Johnson (1926) remarked that:
"Cultivation of the soil does not seem to disturb them in the least,
It has been found that specimens might be secured readily by
trapping in the winter in perfectly bare ploughed fields where corn
had been raised the previous season."

Nothing in this study indicated that cultivation restricted
appreciably the use of land by prairie deermice. In 1941, the
numbers taken in frequently cultivated corn fields were higher than
in any other habitat. During the summer of 1942, cultivated corn
fields again were among the most intemsively used habitats on the
farm (table 1), Even the inhospitable bareness of fall-plowed
ground did not exclude prairie deermice, and on several occasions
individuals were taken from this type of situation. One field of
nearly mature oats, which was live-trapped in late July, had a
density of prairie deermice indicated by a catch of three individuals,
The same trap-line took six mice shortly after harvest during the
first week in August, The field was plowed in September and rye
was sown. Shortly after the new rye growth appeared in October,



the same portion of the field was again trapped and 20 deermice
were taken from this essentially bare grounds An umusually heavy
mortality occurred among the live-trapped animals in this period
and only 12 of the 20 were released. When the same rye seeding
was retrapped in the following week, 14 mice were captured of which
i were repeat animals from the previous period of trapping. This
recatch of one-third of the animals previously marked would
indicate that the mice using the field were not entirely a vagrant
population as might have been anticipated from the appearance of
the field.
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Rig. 19, Winter excursions were short and infrequent from the
ideal food and cover combination of corn shockse
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SPECIES ACCOUNT AND INTERRELATIONSHIPS

Small Mammals

Prairie deermouse

Seasonal cycles of abundance have been reported for the prairie
deermouse (Blair, 1940a) and the white-footed mouse (Burt, 19L0).
Both species normally show a three- to four-fold increase from a
low period in early spring to an annual high in late fall. In this
study intensive trapping was not conducted through the year to
show all seasonal levels, However, the marked differences in yearly
populations, previously noted, were reflected in summer-to-fall
trends.

Seasonal numbers and biology.- In 19l1 prairie deermice were

scarce in the area, and in July there was an average of only 1,2
catches per trap-line. This same index of abundance was obtained
in August, but in September the number of catches nearly doubled,
In 1942 the beginning summer population evidently was about the
same as it had been the previous year, since a catch index of 1.8
was obtained in July. In August, however, the average mmber of
catches per line was L,1, and in a period of fall trapping
(October-November) the number of catches indicated a five-fold

population increase from the July level (table 7).



Table 7 Summer increase of prairie deermouse
populations as determined by live-trapping,

1941 1942
“Catches Catches
No, of per Noe of P.r
trap=-lines trap=line trap=lines <+trep-line
July 37 142 15 1.8
Augunt 32 1 .2 37 4. 1
September [ 266 - -
Oct. .NOV. - - 23 8 .8

Table 8, BSummary of breeding notes for the
prairie deermouse,

1l . 2

Adult females §/ Sub=adult females

No. Percent Noe Percent

exemined br«dini examined bnodinjﬁ
1941 (July=Aug.) 24 67 6 17
1942 éJuly-Aug. 39 54 31 81
. Octe=Nov, 30 40 96 9
1/ Overwintering animals, g/ Young of the yeare

Breeding sanimals included those pregnant, laoctating,
or in ocestruse



Information summarized in tables 8 and 9 suggest that the 1941
prairie deermouse population was held at a low level largely as a
result of a reduced breeding rate in spring and/or a low survival
among young. A limited age ratio sample of the July population showed
that less than 1 in 10 were young of the year, Although a high rate
of breeding (67%) was found among adult females in midsummer, the
continued low percentage of young animals through summer and early
fall indicated a low survival, As has been pointed out, the 1942
population underwent a marked increase through summer and early fall,
In July and August the percentage of adult females which were
breeding was slightly lower than the year before. Among sub-adult
females, however, a great majority (81%) were sexually active, and
a good survival of young is indicated by the high percentage (95%)
of young in the fall population.

The fact that breeding by the prairie deermouse was general
during the summer in both 1941 and 1942 is possibly related to the
comparative scarcity of the species in both of those years. According
to Blair (1940a), midsummer is ordinarily a period of reduced sexual
activity. In a year of "normal®™ mmbers he found about 33 percent
of the adult females breeding in July and August, but with a
considerably lower population a year later he found 67 percent of
the females breeding during the same months, The active period for
another subspecies, artemisiae, is reported by Scheffer (192}4) to
extend throughout the year in central Washington, with most
pregnancies occurring in Jamuary, June, and November. Brown (1945)
reported having taken gravid females of the Nebraska white-footed



mouse (nebrascensis) during the winter months in Kansas. In this

study winter breeding was observed among prairie deermice inhabiting
corn shocks, In January, 1941, 8 of L1 taken in shocks were pregnant
or with litters (Linduska, 1942a) and in 1943, L of 1l sib-adult females
collected in January and February were breeding, but none of five
adults‘were sexually active,

In 1946 the summer populations of the prairie deermouse probably
were higher than they had been for several years, and conspicuously
higher than they were anytime during the period 1940-42, A few
observations indicated that the "peak" populations of summer probably
were due to an early breeding season and survival of young that was
quite different from that in the years of earlier study. In mid-March
of 1946, 15 animals taken by snap-trapping included 7 young, and one
of two adult females taken was pregnant. The large proportion of
young indicated that some breeding had already taken place by this
early date. Between April 3 and 22, another snap-trapped sample
included nine females, all of which were breeding. Eight of these
were pregnant, and the embryo count averaged L.2 per female,
essentially the same as that reported by Blair (1940a). That this
general breeding was accompanied by a good survival of young was
indicated by a snap-trap sample from six habitats in August. Among
30 individuals taken at this time 28 were young. Even considering
the limitations of the small numbers, the indicated ratio of 1 adult
to 1 young in this year of high population provides interesting
comparison with the ratios of 1 adult to 0.5 young and 1 adult to
1.7 young obtained during the same month in 1941 and 1942,

(18]



Table 9, Ages of prairie deermice taken in

live=trappinge.
1941 1942
Percent Percent
Adults Young young Adults Young yowng
July 45 4 8 16 10 38
August 22 10 31 62 89 63
September 12 6 33 - - -
Octe=Nove - - - 14 263 96

Table 10, 8Sex ratio of prairie deermice taken
’ in live-trapping,

Year

94T 1942 1048 19048

Total sexed: 104 601 57 67
Maless 69 356 34 38
Females: 35 246 23 29

Males/100 femmles: 197 144 148 131



In studies of small mammals where live-trapping was the method
used it has been common to capture a high percentage of males. A
greater mobility of this sex usually has been offered in explanation
(Townsend, 1935; Burt, 1940; Blair, 1940a; Stickel, 19L6b). 1In his
studies of the prairie deermouse, Blair (1940a) found an essentially
even ratio in one year (51 percent males) and a slightly higher
number of males (55 percent) in a year when the population was
considerably lower. Among 82 individuals collected (not trapped)
from corn shocks at Rose Lake in the winter of 1941, the sexes
were equally divided (Linduska, 19L2a). On this same area, and
with a very low population in the following summer, live-trapping
accounted for twice as many males as females. The samples from
which sex ratios were computed were not always as large as might be
desirable. However, there appeared to be a tendency toward a more
balanced ratio of sexes as the population increased in subsequent
years (table 10). It is questionable whether the change in popu=
lation levels and unbalanced sex ratio are related. Nevertheless,
it is of interest that other studies have reported irregularities
in the sex ratio coincidental with changes in population densities
of mammals (Whelan, 19395 Allen, 1943; Linduska, 19L7a).

Movements.~ Blair (19L0Oa) studied movements of the prairie
deermouse, both as they occurred normally and as they were artifically
induced by incfeasing and decreasing populations on certain areas.

In undisturbed plots he found evidence of a nearly continuous
population shift during spring and summer, An area depriyed of its
normal inhabitants was found to be quite rapidly repopulated by



invading animals, and in an area overpopulated by releases, a
rapid exodus of most of the introduced animals occurred.

During this study an attempt was made to determine something
of the dispersal movements of small mammals on a seasonal basise
Continuous trapping and removal of all catches fram a unit of idle
ground was the procedure used. One series of 25 traps, evenly spaced,
was located parallel to a field edge for a distance of 528 feet,
A second line of equal length was located parallel to the first and
26l feet towards the field center. Trapping was started on
August 25, 1942, and with a few exceptions was continued for L days
of each week until March 31, 1943. All mammals taken during the
trapping were removed from the area. The field in which the trapping
was done had been retired from cultivation several years previously,
and at the time of the study the following were among the commonest

plants: ragweed (Ambrosia elatior), mullein (Verbascum thapsus),

Canada bluegrass (Poa compressa), common milkweed (Asclepias syriaca),

lamb's quarters (Chenopodium album), and spurge (Euphorbia corollata).

A remmant of an earlier planting of sweet clover (Melilotus alba)

also was present along one side of the plot (figs. 20 and 21). The
results of this study are summarized in table 11, and fig. 22,

An interesting result of the trapping was the capture of four
species that had not been taken in similar field situations during
intensive studies in summer and early fall. These were the white-

footed mouse (Peromyscus leucopus noveboracensis Fischer), bog

lemming (Synaptomys c. cooperi Baird), short-tailed shrew (Blarina

brevicauda kirtlandi Bole and Moulthrop), and masked shrew (Sorex
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cinereus lesueurii Duvernoy). The area of trapping was a habitat

not normally occupied by any of these species, and it would appear
that distribution movements as observed here frequently involve
terrain not suited for permanent occupancy.

Most of the species which appeared in the trapping were taken
too infrequently to determine accurately the variations in rate of
drift, However, with the possible exception of bog lemmings, the
period of peak "population shuffle® appeared to be about the same
(November) for all species (table 11). Spencer (1941), working with
desert rodents in Arizona, found an intensified period of movement
which was the same (July and August) for seven species.

Following removal of the resident deermouse population during
the last week in August, the numbers of invading animals remained
fairly constant for a period of about 1 month (fig. 22), There was
evidence of an increased rate of drift during early October, and
peak numbers were taken during the first 2 weeks in November, It
is likely that this period coincided with the annual high in popu-
lation density. The nmumbers of deermice caught after mid-November
declined gradually and none were taken during four trapping periods
in January and February. Two periods of trapping in March showed
that invasion of the plot was again taking place. Probably movements
during this time were associated with the beginning of sexual
activity.

The resident population at the time trapping began in August
consisted largely of adult animals, and the catch for the first two
periods included 12 adults and 8 young. The relative mmber of old



animals taken from the plot declined rapidly, and after early fall
the catch involved mostly young animals (table 12), It would be
expected that the shifting segment of the population would include

a disproportionate number of young. While the data tend to bear this
out, it is also true that other studies during this same period
indicated that the population as a whole included an urusually high

percentage of immature animals (table 9).

Homing instincts.- Results of experiments by several workers

would indicate that small mammals are endowed in some measure with

a homing instinct. The white-footed mouse (Peromyscus leucopus

noveboracensis) has been observed to return to its home site after

being moved for distances of 100 yards up to 1 mile (Johnson, 1926;
Townsend, 1935; Hamilton, 1937b)e Burt (1940) working with the same
species, found that 76 percent of 37 animals returned to their home
area when released at distances of 10 to 155 yards, and one-third
of 51 animals removed 160 to 365 yards, returned to the site of
original capture. Hamilton (op. cit.) observed that meadow voles
failed to return when removed for distances of 250-500 yards.

Murie and Murie (1931, 1932) transferred 176 individuals of
Peromyscus maniculatus artemisiae for various distances from the

capture point, and obtained returns from L individuals from a total
of LO that had been released 1 mile away. One individual returned
from & release point 2 miles distant. Kendeigh (19L4L) has reported

a good "homing® ability for another subspecies (gracilis), and

McCabe (1947) has noticed evidence of this ability in flying squirrels

(Glaucomys v. volans).
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The nearly continuous "removal trapping" to determine seasonal
drift rates provided an opportunity for observing any "homing®
tendencies in the prairie deermouse., Three release points were
established along a line perpendicular to the lines of traps at
distances of 200, 400, and 600 yards. A fourth was located in the
direction of the trap-lines extended and 265 yards from the nearest
trap. A total of 136 releases were made from one or another of these
points. Records for all individuals which returned to the plot one -
or more times following release are given in table iv in the appendix,
and the results are summarized in table 13,

Most of the animals released from points 1, 2, and 3 were taken
in the f:.lrst period of trapping and the remainder in the second
periode Since presumably these were practically all residents in
the area there would be an apparent incentive for a return to the
plote All of the individuals released from point L, however, were
animals taken on the plot after "removal trapping® had been in progress
for about 6 weeks., Probably most if not all of this group were tran-
sients, and without having established home sites their return to
the plot could be attributed largely to random movement and chance
finding of the trapse

A total of 70 of these "mon-residents" were involved in 99
released from a point 265 yards from the nearest portion of the
trapped plot. A return of 38 percent of the adults and 30 percent
of the immatures was obtained (table 13). Considering that most of
thesev animals should have had no attachment for the area of their

first capture, the rate of reappearance was unexpectedly high, and

rze;



can be explained only on the basis of widespread and erratic move-
ments. The fact that several days had elapsed before a number of
them returned would indicate undirected movement., One of these
individuals reappeared on the plot after 134 days, which included
39 days of trappinge.

Animals which were resident in the plot had little difficulty
in finding their way back frém the release point 200 yards away,
Returns were obtained from all of eight adult releases and from three
of four releases, of young animals, The fact that 9 of the 11 which
returned made the trip the first night (recaptured the morning
following removal), and in many cases to the same or an adjoining
trap, indicated well-directed movement. Over a distance of LOO yards
their success was lower. Only slightly over half (four of seven)
of the adults returned to the point of capture, and none of five
young returned., In this case, however, a possible obstacle to their
return was imposed., This was in the nature of two strips of marsh-
land nearly convergent across a part of the route to the plot,
However, the straight-line path from release point to the plot was
unobstructed and at least 75 feet wide at the narrowest point where
it passed between the projections of marsh, In the case of releases
from the 600-yard station, no returns were obtained from six adults
and seven juveniles. The 600-yard "point of liberation" was an
extension of the distance of the 40O-yard station and the same

conditions of travel applied,
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Food habits.- The food habits of many species of small mammals
are imperfectly known, and in this respect the prairie deermouse is
no exception. Since an appreciation of the economic importance and
ecological status of the species presumes some knowledge of its
food habits, a few observations were made and these are recorded,

Attempts to establish food preferences through examination of
the stomach contents were mostly unsuccessful, Materials were always
finely macerated, ‘and the method would permit only rough comparisons
of the relative amounts of insect and plant remains. It appeared
likely that the storage traits of the species might provide means
for food-habits studies, In this connection, 94 chalk boxes, and
other boxes of similar size, were distributed over the study area,
These were provided with a hinged top and had a 1-1/2 inch hole near
the upper margin of one ends About half of the boxes were buried
to a depth of 1 foot or more and provided with a wooden tunnel
leading to the surface. Most of these were set out during the
summer, the remainder during early fall, of 1942. Examinations of
a few boxes were made at frequent intervals, and systematic
inspections were made of the entire group during the third week of
September and second week of November of the same year.

Although there was ample evidence of the boxes being used for
protection and shelter, they received only limited use for storage
of food. Among 30 which had been placed in woodlands or woody
situations, eight included food and food remains which probably
were the property of white-footed mice. Only 4 of the 64 boxes,
which had been located in the habitat of the prairie deermouse



S

(crop fields, fallow ground, etc.) contained food items. Two of
these four had been placed near an isolated hickory tree (Carya
gv;_g_]i__g) in the center of a strip-cropped field. Except for a few
insect remains, the nuts of this tree were the only items stored.
It could not be definitely established that this was the work of
prairie deermice. A third box in a fencerow adjoining a corn field
contained about 50 c.c. of shelled corn and a few pieces of
unidentified fungi. The fourth cache was taken from a box located
in a strip-cropped field. While the volﬁme of the stored food
items was not large (80 c.c.), it included the same wide variety of
materials in two natural caches which had been found previously
while excavating woodchuck dens. The contents of the storage box
last mentioned together with items identified from the two natural
caches, are listed in table 1l.

During the fall and winter of 1940-l41, Baumgras (1943) made
quantitative studies of the weed-seed and crop residue on the Rose
Lake area. During October the rather remarkable quantity of 211.5
pounds of weed seed per acre was present in wheat stubble, which
was the most productive farmland habitat studied. Ragweed was the
most abundantly available species through most of the win*.er.
Leedy (1939) also found ragweed one of the commonest fall foods on
Ohio farmland. He reported an average production of 85.9 pounds
per acre of ragweed seed on 15 wheat fields sampled.

It is interesting to note that of the 10 species of weed seeds
found by Baumgras to be most common on the Rose Lake area, 8 were

included in the 10 species found in caches of the prairie deermouse,



Table 1. A list of food items taken from three

caches of the prairie deermouse.

Food Item

Ambrosia elatior
Chenopodium album
Polygonum Persicaria
Polygomum convolvulus
Melanoplus spp.,)
Gryllus spp., )
Amaranthus retroflexus

Amaranthus graeclizans
ﬁﬁﬂ?ﬁé&ﬁr_'
Setaria virids
Tarya ovalls

cum caplllare
Nepeta Cataria
Prums sp.

Ragweed

Lamb! s—-quarters
Lady's thumb
Black bindweed

Misc. insect remains
Redroot

Tumbling pigweed
Yellow foxtail-grass
Green foxtail-grass
Small fruited hickory
0ld witchgrass
Catnip

Cherry (pits)
Wheat

Corn

Misc. plant remains

Frequency

Occurrence

HFEFHFHPREHEHEFEFFFEED PDONDW
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Fige 23, The contents of a prairie deermouse food caches



A random collection on the part of the mice was further suggested
by the fact that ragweed and lamb's quarters, the two most plentiful
species on many parts of the area, were also greatest by volume in
the food caches examined. Allen (1938) found these same two species
were among the most available, and by far the most frequently used
by songbirds in winter.

There was no evidence during any of the winters of this study
that shortages developed in the supplies of wildlife foods., The
observations of other workers have shown, however, that prolonged
periods of deep snow may bring an acute competition among various
species of wilc-ilife (Allen, op. cit.; Errington, 1931). In these
periods, the food-gathering of the prairie deermouse and other rodents
might contribute to privation for more desirable game and songbird

specles,
Meadow vole

In each of four years of study the meadow vole at Rose Lake
followed a definite pattern of late-autumn increase and spread into
the uplands., Various circumstances associated with the winter
population peaks and movements of these mice appeared to be atypical

of its usual behavior as reported from other areas.

Seasonal numbers.- Throughout the period of the study meadow

voles rarely were taken in cropland during the summer months, In

1940, summer trapping for 2,446 trap-nights failed to take any voles,
even though the work included habitats known to have had substantial
populations during the previous winter and in early spring., As late

18



as the first week in September, 1940, no voles had appeared in
trapping, and indication of recent activity could not be found. A
note by D« Lo Allen at this time stat_ed, "Meadow voles have been
conspicuously scarce at Rose Lake during the past year, It appears
that the species is at a cyclic low.* In late September the first
evidences of voles were noted in low areas of dense bluegrass growth,
and on October 17 a nest of seven young was found in the uplands by
Clare File. Notes by several staff members reported a rapid increase
during November, and by December these mice were common in many
situations, Flields of shocked corn, which were uninhabited by

voles in September, were supporting an abundant population in late
January (Linduska, 1942a). Over 300 individuals were taken from

315 corn shocks on 28 acres, and over 70 percent of the mature
females were breeding,

The substantial winter populations of this mouse continued
through the winter and early spring of 1941, By the time the last
snow covering had left the fields (early April) signs of a decline
were apparent. Snap-trapping in stubble fields, which a month
previously were well populated with meadow mice, failed to produce
catches, By the time farming activity had begun in spring, even
the favored winter situations were without voles, and in the first
two weeks of July only one animal was taken in over 1,200 trap-
nmights in fields of alfalfa, red clover, wheat, oats, and grassland,
This adult female was taken in a retired bluegrass pasture immedi-
ately adjoining the field of shocked corn which during the winter



had a very high population, and in which a heavy loss of corn was
measured. Intensive trappixig through the remainder of the summer,
for a total of over 6,000 trap-nights, resulted in the taking of only
three additional animals., All three of these were taken in late
August on a trap-line located in dense bluegrass sod in an upland
oak~hickory woodlot (woodlot number 6). In this same locality 11
short-tailed shrews were trapped, the only individuals of that
species taken in summer trapping.

Although intensive summer trapping failed to reveal any other
colonies of meadow voles, there was some evidence that the summer
population in 1941 had not dropped to the extreme low of the previous
summer, Careful examination of most of the marsh and lake-edge
habitats in the area disclosed a scattered population, and four
individuals (three of them breeding females) were taken in a sedge-
cattail marsh, This summer population exhibited the same behavior
as was observed the previous year, i.e., an autumn increase and
spread into permanent sod areas and meadows, and in the winter an
invasion of most of the cropland on the farm, In one cropland
habitat, 19 snap-traps operated for 1 night in February took eight
sub-adult voles. The decline during the spring of 1942 followed
the same pattern as described for the previous year.

A concerted attempt was again made during the summer of 1942
to locate possible colonies in the area ny field observation and by
trapping in suitable habitats, Of the season total of over 9,000

trap-nights, nearly a third was directed at this species, but only

bo 18]



three individuals were caught from July through September., During
the first 2 weeks in October signs of these animals were noted in
several upland sod areas and an occasional specimen was taken in
trappings The first nest of the season, one of five young, was found
by D. L. Allen on October 23. By late October Microtus was present
in fields of clover and oat stubble as well as in many of the blue~
grass areas, and in the period October 28-31, 56 were caught on 10
trap-lines operated for a total of 727 trap;-nights. As in previous
years a rapid increase followed with an annual high being reached

in late January or February. In mid-February, 50 snap-traps operated
for L nights took 36 voles from less than half an acre of timothy-
bluegrass pasture which had been uninhabited as late as September
(figse. 28 and 29). By April of 1943 croplands again were practically
devoid of meadow voles, Only occasional individuals could be located
and these were in the low marsh areas,

In 1945 and 1946, meadow voles were reported to be more plentiful
over many parts of Michigan than they had been for several years
(personal communications from Game Area Managers of the Game Division,
Michigan Department of Conservation), Although an intensive study
was not made, sufficient work was done at Rose Lake to determine
something of seasonal population trends in a year when the numbers
were appreciably higher than they had been at any time during the
1940-42 period.

Sy



Fige. 24, The meedow vole was never abundent in oropland during
the growing seasone

Fige 25, 1In late fall and winter Microtus was common in most
situationse
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As in earlier years the population in 1945 increaéed rapidly
in late fall and rose to a peak in midwinter, There were indications,
however, that the spring decline occurred somewhat later than usual,
As late as the last week in April, 1946, voles were still common in
all cropland, and during the last 2 days in March and through April,
an average catch of over five per trap-line was made on nine lines
of 25 traps operated for 3 days. In one field of rye stubble, trapping
of this intensity produced 17 voles in a 3-day period of trapping
from March 28 through 30. The results from one line of 50 traps
operated periodically in a dense roadside sod give an indication of
the subsequent rate of decline. During the first week in April, the
50 traps took 12 animals during a 3-day period. The same intensity
of trapping produced eight individuals in mid-April, and four in the
last week of April. None were caught when the area was trapped
during the first week in June, That this reduction in numbers was
not a result of a beginning period of sexual inactivity was shown
by a high rate of breeding in a sample of snap-trapped animals taken
during this interval. Among 23 mature females taken in March and
early April, 17 were pregnant and the other 6 either were lactating
or showed other signs of sexual activity,

There was some evidence that the 1946 decline was not as
pronounced as in other years. During midsummer, voles again were
scarce in cropland but apparently not at the extreme low of the
1940-42 period. Less than 500 trap-nights of operation in cropland

produced four in August, whereas trapping of from 5 to 12 times this



intensity in the same areas yielded none in 1940, four in 1941, and
three in 1942, Signs of activity in wet marsh areas were noted
throughout the summer of 1946, and there is no doubt but that a greater
population carried over than in any of the preceding years of study.

-It has been reported that the meadow vole arrives at an annual
population high about September, and cessation of breeding in winter,
together with a somewhat higher mortality rate through this season,
brings the anmual level to a low in March (Hamilton, 1937a). At
Rose Lake the annual peak appeared to be reached in late Jamary or
February, and the reduction of this population in early spring,
rather than being a dwindling process, occurred rather rapidly. The
factors respons{ble for this sudden elimination were not entirely
~ evident. The crash decline of plague populations is usually
attributed to epizootics (Piper, 1909; Howell, 1923; Wayson, 1927;
Selle, 1928; Findlay and Middleton, 193L; Elton et al,, 1935;
Hamilton, 19375). Pathological causes were not given detailed
consideration in this study, but certain characteristics of the
population suggested that factors other than a contagion were instru-
mental in the decimation of these animals, Voles, while abundant,
did not approach the outbreak level usually associated with the
appearance of epidemic diseasess Also, the fact that the drop
occurred in several successive years would suggest that factors
other than disease were involved,

In each year the reduction, and in some cases nearly complete
elimination, of voles from the area, was identified with the period

of early spring thaws. It is conceivable that conditions resulting



from repeated flooding and freezing would be critical for these
animals, and the relationship is held to be of considerable importance
by at least two students of small-mammal populations. Sviridenko
(1934), working in Russia, found the temperature regulatory mechanism
of mice and voles to be relatively unstable, and noted that,

",.ee8ny great deviation from optimum conditions rapidly upsets the
balance of its biological functions, and often leads to death." He
has applied these findings to field conditions in explaining the
sudden disappearance of large rodent populations by abnormal weather
conditions. In considering an abrupt decrease of Microtus in Norway
in 1935, Jessen (1937) rejected epidemic diseases as the primary
causes The true reason, he thought, was a sudden thaw which directly
Idlled many by drowning and freezing, and produced conditions leading
to the loss of many more through a combination of loss of body heat
and deficiency disease. Jessen theorized that, "....meteoropathology
and deficiency diseases first and foremost, not epidemiology, ought
to be focussed upon when dealing with the problems of fluctuations

in the populations of small game.®

Movements.- Much of the attention given to Microtus has
centered around its cyclic behavior and economic importance during
epidemics. While many studies report on movements, and/or extensions
of the range of the animals from what is ordinarily considered to
be their normal habitat, the incidents usually are associated with
cyclic peaks, a heavy cover of snow, or some prominent change or
disturbance in the‘prefbrred habitat. The occasional appearance of
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these animals in uplands during winter is well-known. At these times
damage to shocked grain and orchard trees or other woody vegetation
is a cammon occurrence. The factors responsible for these winter
movements usually are assumed to be a shortage of food in the summer
range and a blanket of snow which provides needed cover. Hatt (1930)
said, "The inhospitable winter conditions in these areas /swamps/
are a major factor in keeping down the mouse populations, and in
causing them to move to the uplands in the winter.® This view is
shared by Hamilton (1940), who also indicates that the movements are
facilitated by a covering of snow., Numerous other authors reporting
on winter damage by Microtus have suggested a relationship between
deep snows and winter movement (Lantz, 1906, 1907, 1918; Bailey, 1900,
192L; Siegler, 19373 Allen, 1940, 19L1; Parker, 1941).

The invasion of upland areas by the meadow vole at Rose Lake
represented a situation somewhat different from that described by
other writers and is of interest from <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>