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YEARLY AND SEASONAL FOOD HABITS OF FOXES
IN THE UNIVERSITY OF WISCONSIN ARBORETUM

By Ernest D. Ables
INTRODUCTION

Iwo food-habit studies of foxes in Wisconsin have been published
during recent years. Richards and Hine (1953) reported on 63 stomach
analyses and 51 den investigations, while Karpuleon (1958) analyzed
29 stomachs and made 25 miles of trail observations. There were earlier
studies by Errington (1935) and Chaddock (1939). The purpose of this
paper is to supplement existing information with data collected over
11 consecutive years in order to provide a more substantial knowledge
of fox food habits on which management practices might be based, Both
annual and seasonal variations in food habits relative to changes in
availability will be considered. ’

I am indsbted to R. A. McCabe for advice and encouragement in
directing the project, J. J. Hickey for statistical advice, L. B. Keith
for statistical advice and eriticism of the manuscript, R. S. Ellarson
for aid in identifying plant items, J. T. Emlen for the loan of small-
mammal trapping records, Patricia Murrish for reading the manuscript,
and Mrs. J., T. Curtis for helping locate pertinent items of information
concerning the study area. I also wish to acknowledge the following

students who worked on the yearly analyses and those who helped me in

field collections: Robert Brenckle, John Burton, Robert Cook,

Peter Dix, Donald Forcum, Robert Ford, Barrie Hunt, Jerome Janecek,




Anthony Keith, James Larsen, Ronald Mergen, Helmut Mueller, and Joseph

Stegner.

STUDY AREA
The 1218-acre University of Wisconsin Arboretum and Wildlife Refuge
is located at Madison in south-central Wisconsin. It is, ecologically,
an area of great variability (Fig. 1). Horticultural areas are planted
mainly with crab apples (m Spp. ), which have abundant fruit crops in

some years. The woods of black, white, and red oaks {Quercus stellata,

Q. alba, and Q. rubra) are often undergrown with tangles of tartarian

honeysuckle (Lonicera tatarica) which provide cover for foxes. Most

dens were found near the edges of these honeysuckle tangles. Numerous

cherry trees _(Prunus serotina and P, virginiana) are interspersed in

the oak woods. Shrub, marsh, and savanna communities have many native
wild fruits and berries - plums (P. americana), elderberry (Sambucus

canadensis), black haw (Viburnum prunifolium), hawthorn (Crataegus spp.),

dogwood (Cornus spp.), blackberry (Rubus allegheniensis), and raspberries

(g. idaeus and R. occidentalis). Conifer stands are composed mainly of

planted red pine, white pine, and jack pine (Pinus resinosa, P. strobus,

and P. banksiana). The grasslands of tall grass prairie are maintained
by periodic burning; they harbor the chief meadow vole (Microtus spp.)
populations on the study area.

The Arboretum is bounded on the north and west by the city of
Madison and Lake Wingra. On the south and east, pasture and farm land
have been replaced in recent years by residential developments. An
abandoned apple (y_a__.'.l._g_g spp.) orchard lies adjacent to the southeast
corner. Wildlife populations on the Arboretum are protected from public

hunting. Scientific collecting of cottontails (Sylvilagus floridanus)
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each winter provides a form of harvest similar to that of hunting. Small-
mammal trapping conducted for three nights, four times per year, has a
negligible effect on mouse populations. The public has access to the

area and nature trails are provided for their use.

FOX POPULATIONS

Red foxes (Vulpes fulva) and gray foxes (Urocyon cinereoargenteus)
occur on the study area. From 1952 to 1956 fox populations were low.
Observations by project personnel indicated that gray foxes had become
predominant. From 1957 to 1963 red foxes became more abundant than
gray foxes. The total fox population also increased during this period.
Fox population trends on the Arboretum also correspond with statewide
trends as indicated by bounty records (Fig. 3). A fox population study
involving trapping and marking was begun in early spring of 1963.
Results showed that the Summer population was composed of two families
of red foxes on the main part of the Arboretum and one family of gray
foxes on the Grady tract (area south of Beltline Hwy., Fig. 1). The
total population was approximately 20 animals during the summer.
Tracking during the winter of 1962-63 showed that both species
repeatedly crossed between the two parts of the study area. Although
some trappers feel that red and gray foxes are antagonistic towards one
another and incompatible on the same area, both species were captured
at the same trap site on successive nights in the Arboretum. One den
was known to have been occupied by a family of red foxes in 1962 and a

family of gray foxes in 1963.

METHODS

Field.--A network of mowed trails and fire lanes provided access

to all parts of the study area. For the first 10 years of the study




(1952-61) weekly scat collections were made along such trails and lanes
in the Arboretum prairie (trails in Figure 2 north of Beltline Hwy.,
except east loop). Collecting periods were October-December with minor
variations in beginning and ending dates. At the start of scat
collecting each year, all old scats were removed from the trails, thereby
assuring that only freshly deposited scats would be picked up. Commencing
1 July 1962 collections were made twice each week over a 12-month period
ending 30 June 1963. Trails used during this time are outlined in
Figure 2,

As each scat was obtained it was placed in a paper bag bearing the
collector's initials, the date, and a field number; its location was
plotted on a field map. There is a possibility of confusing fox scats

with those of raccoon (Procyon lotor), especially during berry and fruit

seasons. At this time fox scats lose their characteristic shape and
odor. Sand strips were placed across trails in an attempt to learn what
animals used them. Foxes were seemingly attracted to such strips, and
deposited many scats on them. These scats were then used as aids in
identifying others. Less than 10 per cent of the summer scats were
subsequently discarded because of doubtful identity. Scats of dogs were
easily identified by size and composition. Such scats were usually
composed of same form of commercial dog food.

Laboratory.--Scats were brought into the laboratory and air dried
for 2-3 weeks. Volumetric measurements were obtained by placing each
scat in a graduated ecylinder and using vari-sized lead shot as a
displacing agent. Weights to the nearest O.1 gram were obtained with a
triple~-beam balance. Scats were broken apart manually and the various

items separated and identified. Visual estimates of the volumes, to the




nearest 5 per cent, of items in each scat were made, In analyzing the
data only frequency of occurrence for the annual collections was used,
Visual estimates were too subjective ang di fferences among observers did
not warrant yearly comparisong, In the seasonal analyses of data,
volumes were used in comparing the differences between frequency and
volume, but frequency is more heavily relied upon in analyzing trends

of individual itenms,

Reference collections of both mammals and plants were prepared to
facilitate identifications, 4 list of mammals known to exist on the
study area was obtained, Microscope slides were prepared using hair and
fur from each species, Cross~sections and scale impressions of guard
hairs were prepared according to the methods deseribed by Mathiak
(1938a,b). One slight modification shortened the time required to
prepare a cross-section, In the original method, hairs were imbedded
in clear celluloid on balsa wood, The celluloid had to dry before
sectioning could be done. Hairs pressed between two small pieces of
beeswax did not require drying before being sectioned, Since permanent
sections were not needed for identification, this method proved adequate,
Complete skelstons of all mouse-size mammals were used to identify bone
fragments, Haip keys proved of limited value, the only sure way of
identifying most small-mammal hair being by direct comparison with that
from known specimens. Sometimes positive identification of mouse hair,
in the absence of teeth, was impossible., I suspected that hairs of
white-footed mice (PEroEzscus SpP.) and meadow voles were mixed in such
instances. Seeds of fleshy fruits and berries were identified by

comparison with known Specimens.
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RESULTS

Animal food items.--Most important among the mammalian foods during

the period 1952-61 were cottontail rabbits and meadow voles (Fig. L).
These two mammals occurred more consistently and at higher frequencies
throughout the 10-year period than all other mammals combined.
Cottontail flush counts on the study area were made weekly during
the time of snow cover each year (McCabe, unpublished). These counts
indicated that the cottontail population remained stable during 1952-
56, tripled in 1957-58, declined sharply in 1959, and increased during
1960-61. Statewide cottontail populations (Fig. 3) show a similar
pattern. Yearly occurrences of cottontails in scats (Fig. L) did not
follow trends in the cottontail population. Only during the high
cottontail population in 1958, the low in 1959, and the increase in 1960
was there a direct correlation between occurrence in fox scats and
flush counts. Other investigators have reported similar situations.
Richards and Hine (1953) found cottontails occurring in higher frequencies
in the diet of foxes than population indexes of cottontails would
suggest. Karpuleon (1958) found 50 per cent occurrence of cottontails

even though snow shoe hares (Lepus americanus) were much more abundant.

Two species of voles are present on the study area. Trapping

records show that Microtus pennsylvanicus outnumbered M. ochrogaster
and that both species fluctuated strongly (Emlen, unpublished; see
Fig. 5). Microtus population data were obtained from a trapline in the
Arboretum prairie and plotted against frequency in scats in Figure 6,
The relationship seems to be curvilinear indicating that at a certain
point prey-population densities have little effect on per cent

occurrence in fox scats.

—.
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Frequencies of Peromyscus in scats remained below those of Microtus
throughout the study, despite higher populations on the former species
(FPig. 5)s The Peromyscus population level (Fig. 5) was determined from
four traplines, one of which was in a deciduous woods. This line

produced high catches of P. leucopus. Peromyscus species represented

in scats were not determined but I suspect that foxes preyed largely on
P. maniculatus, a prairie-dwelling species caught in lesser numbers
than Microtus on the prairie trapline. This could partially explain
the low occurrences of Peromyscus since red foxes presumably hunt in
fields more than in woods. Peromyscus is also a more alert and agile
creature than Microtus, and supposedly less eagily captured. Most

fox food-habit studies have, however, indicated a preference for
Microtus over Peromyscus. An examination of the data in Figures

li and S supports this conclusion. Peaks in frequencies of Peromyscus
in scats from 195k, 1956, 1958, and 1961 correspond with poor fruit
seasons and low Microtus populations. The indication is that Peromyscus,
even though not a preferred food item, is utilized when other foods

are less easily obtained.

Next to cottontail rabbits, tree squirrels (Sciurus Spp.) were
the most frequent game mammals in the foxes!' diet. Squirrels attained
frequencies of 7 per cent in 1957, 10 per cent in 1958, and 2l per
cent in 1961. In other years they were either very low or absent.

The frequency of 24 per cent in 1961 corresponds with a general low
in occurrences of other marmals. Flush counts did not indicate low
cottontail populations in 1961, but Microtus was low. Both gray

squirrels (S. caroliensis) and fox squirrels (s, niger) are present

on the Arboretum, but neither population levels nor species composition

13
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was known for most of the study period. Statewide kill figures for
both species of squirrels (Fig. 3) show generally stable populations
during the time of study. Observations made on the Arboretum during
1961-63 suggested a high population with a preponderance of gray
squirrels., Perhaps the combination of low Microtus populations and
locally high squirrel populations accounted for the higher frequency
of squirrels in 1961.

Other game and fur-bearing species were either not abundant or

not readily available to foxes. Muskrats (Ondatra zibethicus)

inhabited the marshes in low numbers, and opossums (Didelphis vi:g;niana)
were not common. Raccoon populations increased in recent years, but I
do not believe that foxes prey on raccoons, except possibly as young or

as carrion. The one occurrence of striped skunk (Mephitis mephitis)

was probably carrion from a road kill. Least weasels (Mustela rixosa)
occurred in scats during 2 years (Table 1, Appendix). Latham (1$52)
believed that foxes were instrumental in controlling weasel numbers.
Weasel population levels during the study were not known.

Frequencies of occurrence of other small mammals can be seen in
Table 1 (Appendix). Both short-tailed and long-tailed shrews (Blarina

brevicauda and Sorex cinereus) are present on the study area, the

former being identified most often in scats. While Jackson (1961)
believed that the short-~tailed shrew is the second most common mammal

in Wisconsin, trapping records (Fig. 5) indicated that neither species
was particularly abundant on the study area. Most studies have indicated
that shrews are distasteful to foxes (Eadie, 1943; Murie, 1936; Scott,
1943). A combination of low numbers and the tendency to be rejected

as food items probably accounted for the low numbers of shrews in the
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foxes! diet. Small mammals such as chipmunks (Tamias striatus), thirteen-

lined ground squirrels (Citellus tridecemlineatus), Norway rats (Rattus

norvegicus), house mice (Mus musculus), flying squirrels (Glaucomys

volans) and moles (Scalopus aguaticus) were low-frequency food items.

Bird remains, mainly feather shafts, occurred in 6-38 per cent of
scats in different years. Yearly variations are mostly non-significant
(Fig. L) and do not seem correlated with the scarcity of other food
items. Identification to species was impossible in most cases, but
sizes of feather shafts indicated that avian remains were composed
mainly of songbirds. In cases of positive identification of birds,

ring-necked pheasant (Phasianus colchicus) occurred twice, mourning

dove (Zenaidura macroura) once, robin (Turdus migratorius) four times,

yellow-shafted flicker (Colaptes auratus) once, and domestic chicken

three times. Pheasants were not plentiful on the study arsa, and there
was no readily available supply of domestic poultry.

Occurrences of songbirds in this study correspond with findings
of other investigators. Richards and Hine (1953) found at least one
species of songbird at 33 per cent of gray fox dens and 2L per cent
of red fox dens in southern Wisconsin. Scott (1943) found songbird
remains in approximately 21 per cent of red fox scats collected during
October-December in Iowa. Eadie (1943) found songbird remains in
3L per cent of winter scats.

Vertebrates other than mammals and birds were of minor importance.
Belly scales of snakes were identified in 7 scats in 1957. Garter
snakes of the family Colubridae are commonly seen in the Arboretum.

Invertebrate food items were represented by beetles (Carabidae
and Scarabaeidae) and grasshoppers (Melanoplus spp.). Data on grass-

hopper numbers in Dane County for 1956-61 (Fig. 3) were compiled
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by the Bureau of Plant Industry Cooperative Insect Survey of the
Wisconsin Department of Agriculture. Trends in the frequency of
grasshoppers in scats (Table 1, Appendix) parallel grasshopper
populations closely (Fig 3). In years of high grasshopper populations,
these insects could have considerable value as a buffer for cottontails.
Note that in 1952, 1954, and 1961 cottontail frequencies (Fig. L) were
low, even though flush counts indicated average population densities.
Frequencies of grasshoppers in scats were higher during these same
years than during others. This indicates that at times grasshoppers
relieve predation pressure on mammals such as cottontails.

Plant food items.--Wild and domestic fruits were very important.

Wild cherries and apples, for example, show high frequencies (Fig. L)

in some years. These peaks coincide with years of good fruit production
as determined by notes taken by field personnel. In 1952-53, 1959, and
1961 occurrences in scats were low; during these same years either
cherries or apples were high in frequency. In 1954 there was a poor
fruit crop but small mammals were abundant (Fig. 5). This would explain
the low frequencies of fruits and the corresponding highs in Peromyscus

and Microtus. Other fruits, especially wild grapes (Vitis vulpina)

were eaten in sizable quantities when available. Gfass occurred in
trace amounts throughout the study. High frequencies in 195k, 1957-58,
and 1961 correspond with high occurrences of Microtus, indicating that
grass was ingested incidentally as mice were caught. Vegetables such
as squash and pumpkin (Cucurbita spp.), and corn (Zea Mays) were

probably obtained from nearby gardens.

SEASONAL TRENDS
General.--Data obtained from a year-round collection (from 1 July

1962 to 30 June 1963) of 1,312 scats are summarized by category and
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season in Figure 7. Both volumes and frequencies indicate an overall
importance of plant material. The seasonal importance of mammalian
foods is not so obvious. Frequency of occurrence indicates that mammals
were more important in spring and fall; less so in summer and winter.
Volumes suggest that mammals were more important in spring and winter.
Knowledge of seasonal abundance of fruits leaves little doubt of their
lesser importance in spring. An examination of mammalian items
(Table 3, Appendix) shows a preponderance of small mammals occurring in
individually low frequencies in summer and fall, Taken as a group,
however, these mammals have a fairly regular occurrence. Feeding
experiments by Scott (1941) indicated that small mammals eaten regularly
would have disproportionately high frequencies of occurrence. Mammalian
prey in winter and spring, mainly cottontail rabbits, would not have
disproportionately high frequencies, Late summer and fall are periods
of maximum abundance of small mammals, but are also times of maximum
vegetative cover, thus providing protection for mammalian prey species.
These factors suggest that mammals were more important in winter and
spring as indicated by the graph on volumes (Fig. 7).

Volumes also suffer from biases; the most important being a lack
of knowledge about the relationship of volume of food ingested to
amount of residue in fecal materials. Some foods are more digestible
than others thereby contributing less to the volume of a scat. The
amount of food eaten seems to have an effect on the volume of particular
items in scats. Cherries were eaten in large quantities and passed
undigested by foxes. Such a situation causes cherries to contribute
greatly to scat volumes while having very little food value to the
animals. Different items vary greatly in actual nutritionsl value.

Grasshoppers are much higher in protein than cherries, but the latter
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contribute much more to scat volumes. Caution must then be used with
either method. Actual nutritional importance of most food items,
especially insects in summer and fall, probably lies between that
indicated by volumes and frequencies,

Specific.~--Specific monthly trends of the more important food
items are shown in Figure 8. January-March 1963 was a period of heavy
Snow cover and extremely low temperatures., Deep and crusted snow
provided protection for small mammals, especially Microtus.
Consequently higher predation on cottontails and squirrels resulted.
Apples were very important during this period. Well-worn fox trails
led to the apple orchard which served as a focal point for fox activity.
No prey items were found on the trails during this period indicating
that food was not overly abundant.

The apple supply was almost exhausted by late April. From April
to late June was a period relatively devoid of fruits of any kind,
and increased predation on mice, cottontails and birds resulted. Most
bird remains identified in scats were robin. There were two occurrences

of mallard duck (Anas Platyrhynchos) in late April. Mallards remained

in spring-fed ponds on the Arboretum the year round, Robins, especially
young, were seen congregating on fire lanes during early-morning hours
and remains of predator-killed robins were frequently found. There was
no way of knowing whether avian predators or foxes were responsible for
these kills, Beetles, principally Carabidae and Scarabaeidae, were
utilized heavily during May and June. High percentages of dirt in

scats seemed related to the occurrences of these insects, and I assume

that dirt was ingested incidentally.

In July and August berry production was at a peak. Both blackberries

and raspberries were very abundant. Numbers of scats near berry thickets

19
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indicated that fox activity centered near this food supply. Wild
cherries attained peak abundance in August and September, and scat
distribution again indicated a shift in activity to the new food supply.
Occurrence of cherries in scats remained high after cherries had passed
their peak and other fruits had become more abundant, thereby suggesting
that cherries were preferred. I believe that foxes develop a taste for
cherries and search for them. As occurrences of cherries declined in
scats, wild plums, wild grapes, dogwood, and elderberries became more
important foods.

Frequencies as high as 95 per cent (Fig.8) indicate that fruits
were more important in this study than was reported in most others.
Murie (1936) found cherries, apples, and grapes very low in occurrences
in Michigan. Scott (1947) found wild fruits in 30-LO per cent of
summer and fall scats on the Moingona area of Iowa. Seagers (194L)
found fruits, mainly apples, in approximately one-third of the scats
examined from the Catskill region of New York. Hamilton et al. (1937)
found fruits in 86.2 per cent of midsumer scats collected in the
Harvard Forest in Massachusetts. From the description given, the
Harvard Forest and the Arboretum are ecologically very similar. A very
good fruit year in 1962 on the Arboretum probably accounts for the high
occurrences of fruit in relation to other studies,

From June through December insects were high in occurrence in scats.
Late summer and fall of 1962 were very dry and grasshoppers were
abundant up to the time of subfreezing daytime temperatures. Although
volumes of grasshoppers (Fig. 7) in scats were seldom high, I believe
that they are important sources of protein for foxes. Grasshoppers are
soft bodied and contribute little to volumes of fecal material.

Increasing predation on mammals occurred in late fall and early

winter of 1962. Observations indicated locally high populations of

ﬁ



voles and short-tailed shrews. In October and November, 16 short-tailed
shrews and 8 voles were found killed and discarded on the trails.

Shrews are normally rejected, but other items such as voles must have
been very easy to capture to cause such wastage. An increase in

occurrence of apples coincided with their increased availability.

DISCUSSION AND CONCLUSIONS

Feeding habits of foxes on the Arboretum may, with certain
exceptions, be classified as opportunistic. Relativse availability
rather than size of prey populations per se seems to govern the degree
to which any item is utilized as food by foxes. Consequently changes
in occurrences of food items in the foxes! diet do not necessarily
reflect changes in abundance. Since the cottontail rabbit is an
important prey species, it will be used as an example. For the first
5 years of this study flush counts indicated stable cottontail
populations. If one knew nothing of cottontail populations for this
period, he might conclude from dietary occurrences that cottontail
population levels had fluctuated rather violently. Knowledge of
availability of small mammals and fruits casts some light on the subject.
Discrepancies between trends in flush counts and occurrences in fox scats
were accompanied by changes in availability of alternate food items.
Actual numbers of cottontails changed little, but other food items
became either more or less easily obtainable.

As mentioned previously, other investigators have reported similar
findings. Scott (19L43), however, stated that proportions of cottontails
in the diet of foxes responded to yearly changes in prey population
levels. Errington (1935) reported occurrences of cottontails in the

diet of Wisconsin foxes as being influenced by relative availability of

22
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other prey. The conclusions in this study are in accordance with
findings of Errington.

The exceptions mentioned above concern mainly preferences of foxes
for certain food items. Preference for Microtus over Peromyscus has
been documented by many investigators, and this study indicates the
same preference., This does not detract, however, from the value of
Peromyscus as an alternate food source. Peromyscus was utilized more
heavily during periods when other prey were less available. There is
an indication that Peromyscus may have been slightly more available
than Microtus during the period of heavy snow cover in February 1963
(Fig. 8).

Preferences for food items such as cherries, which I believe are
actively searched for, would tend to relieve predation on mammalian
prey. Lathan (1951) suggests that searching for a particular food item
can increase predation on another through chance encounters. Komarek
(1937) states that high populations of small mammals attracts and builds
up predator populations. There is evidence that a food supply held the
1962-63 winter fox population on the Arboretum at a high level.
S8ightings and tracks showed that a family of red foxes remained all
winter and fed on the abundant supply of apples. This family group
dispersed only in late winter after the apple supply had become
exhausted, It is difficult to arrive at any conclusions on the possible
side effects on the cottontail or squirrel populations.

There is an indication (Fig. 6) that at high population levels
Microtus was not eaten in proportion to its numbers. At low to medium
levels of abundance of Microtus, frequency in scats increased directly
with the prey population, but at higher levels frequency in scats

increased very little. This suggests that prey species can become too
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abundant as far as utilization by foxes is concerned. For such a
situation to exist there must also be an adequate supply of other foods.
It seems logical to assume that any over-abundant food item would
approach 100 per cent occurrence in the diet unless alternate foods were
available. Frequencies of Microtus during the high vole populations of
1957-58 did not exceed 50 per cent. Frequencies in October-November
1962 were 16 and 13 per cent respectively, and many Microtus were
discarded on the trails. Other foods were abundant in both instances;
cottontails and apples in 1957-58 and a variety of fruits plus an
abundance of grasshoppers in 1962. It seems that prey items, at least
Microtus, may reach "saturation" levels in the diet of foxes, but these
levels depend on the availability of other foods., When a variety of
foods are available perhaps foxes choose to vary their diet regardless
of the abundance of any one item. On the basis of existing data such a
conclusion probably should not be extended to other than Microtus.
Fruits and berries attained frequencies in scats of above 90 per cent
during their peaks of abundance. However, individual fruits were
available only for short periods of time, whereas Microtus was available
most of the year. Following a steady diet of mammals a suddenly
abundant supply of fruits or berries could cause a high degree of
utilization.

One of the most challenging aspects of predator-prey relationships
is the effect of a given predator on a prey population. The many
intricacies of the complex system of which both are a part make an
evaluation difficult. The cottontail population on the Arboretum
declined from a high in 1958 to a low in 1959. Could predation by

foxes have been responsible?




In the fall of 1958 when the cottontail population was at a high
level, densities were estimated at approximately one rabbit per acre
(McCabe, personal commun. ). The total Arboretum rabbit population would
have been slightly more than 1200 animals according to this estimate.
Age ratios during the winter of 1958-59 ran 85 per cent animals less than
one year to 15 per cent animals one year or more. Theoretically the
annual increment of 85 per cent, or more than 1,000 animals, could be
removed over-winter without causing a decline in the population,

Scat analyses in 1958 showed a frequency of occurrence for
cottontails of 86 per cent during fall months. It can be assumed that
predation remained constant or even increased slightly during winter
months. Exactly what the 86 per cent frequency means in terms of
rabbits consumed by foxes is difficult to determine. If one knew the
ratio of the number of fox scats collected to the number deposited by
foxes in the Arboretum, a reasonably accurate estimate of rabbits taken
by foxes could be calculated. Roughly one-sixth of the trails were
walked, but neither distribution of scats on trails nor percentage of
scats deposited on trails is known.

An estimate of rabbits taken by foxes can be obtained by converting
the 86 per cent frequency of occurrence to relative frequency (obtained
by adding frequencies of occurrence of all food items and converting
each item to a percentage of the sum). Relative frequency of rabbits
for the fall of 1958 was 32 per cent. Studies by Scott (1941) and
feeding experiments that I conducted indicate that a fox eats approxi-
mately one pound of food per meal. If a fox in the wild eats one pound
of food per day, 32 per cent, or 0.32 pounds would be cottontail
rabbit. Over a period of 180 days (October 1958 through March 1959)

one fox would consume 58 pounds of rabbit. At 2.5 pounds per rabbit
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this would be 23 rabbits eaten by one fox. The number of foxes on the
Arboretum during fall and winter of 1958-59 was not known. In the
winter of 1962-63 field signs indicated that the Arboretum fox
population was composed of a family group of 6 red foxes, 2 additional
pairs of red foxes and a pair of gray foxes that frequented the area
occasionally, If we assume 10 foxes in 1958-59, 10 x 23 or 230
cottontails would have been consumed by foxes during fall and winter.

The above estimate of fox predation on rabbits is understandably
subject to considerable error. The true relationship between relative
frequency and amount of food ingested is not known. In the wild a fox
may not eat one pound of food per day, and a rabbit killed by a fox may
be consumed entirely or in part by other predators. However, in order
for foxes to cause a decline in the rabbit population, predation would
have to be L times greater than estimated. In fact, 10 foxes, each
eating one pound of rabbit per day for 180 days would consume
approximately 700 rabbits, some 300 less than the number needed to cause
a decline in the cottontail population.

Rabbits were collected in the Arboretum for scientific purposes
each winter during the fox food-~habit study. Yearly collections remained
relatively stable and can be regarded as a constant mortality factor.

In the winter of 1958-59, 21L rabbits were collected. If this number
is added to the estimated take by foxes the total still falls short of
the number necessary to cause a decline., The statewide cottontail
population also declined from 1958 to 1959 (¥ig. 3). This suggests
strongiy that factors other than predation were responsible for the
decline in cottontails.

An examination of state cottontail populations on an area basis

gives further evidence supporiing this conclusion. The state is divided
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into 5 game management areas, representing diverse environmental conditions
and game populations. Cottontails on all areas declined symchronously,

even though both cottontail and fox populations differed greatly among

areas.
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