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INTRODUCTION 

Red foxes Vulpes vulpes are distributed 
locally north of Mexico throughout the 
United States and Canada (Hall and Kelson 
1959). Hoffmann et al. (1969) reported that 
this species was extending its range in the 
western United States. Macpherson (1964) 
reported on range expansion in and around 
Baffin Island, northeastern Canada. It ap- 
pears that the red fox extended its range in 
the United States where forests have been 
cleared and where wolves Canis lupus and 
coyotes Canis latrans have been reduced or 
eliminated. 

Interest in hunting and trapping foxes 
for pelts has continued and perhaps in- 
creased during the past 5 years in the north- 
central United States. Besides its com- 
mercial value, the red fox is valued for its 
ecological role as a carnivore and the 
esthetic and recreational opportunities it 
provides in North America (Scott 1955). 

Researchers have concentrated more on 
feeding habits than on most other aspects of 
the life history of foxes. Errington (1935), 
Scott (1943), Latham (1950), Scott and 
Klimstra (1955), and others (see Englund 
1965 and Knable 1970 for reviews) have 
documented the wide variety of plant and 
animal foods taken by foxes and the adjust- 
ments these canids make to changes in the 
availability of prey. 

Reproductive patterns, particularly na- 
tality, have also been well studied for red 
foxes. However, a recent report by Englund 
(1970) pointed out the lack of knowledge 
concerning the factors related to annual 
changes in productivity of foxes in some 
local areas. Likewise, little is known about 
the causes of mortality in wild foxes; there 
have been no detailed reports on mortality 
of red foxes in general, and only a few re- 
ports on mortality caused by specific agents, 
mange (Pryor 1956) and rabies (Cowan 
1949). 

Dispersal of individual red foxes was 
documented by Errington and Berry 
(1937), Sheldon (1950, 1953), Longley 
(1962), and others (Phillips et al. 1972), 
but no intensive study of dispersal in foxes 

has been reported. In fact, little research 
seems to have been reported on dispersal 
for most mammals. Howard (1949) was one 
of the first to study dispersal in small mam- 
mals. Since then, other workers have de- 
scribed certain aspects of dispersal in mule 
deer Odocoileus hemionus and white-tailed 
deer 0. virginianus (Robinette 1966, Hawk- 
ins et al. 1971), marmots Marmota flaviven- 
tris (Shirer and Downhower 1968), old 
field mice Peromyscus polionotus (Smith 
1968), and Kangaroo rats Dipodomys mer- 
riami, D. microps, and pocket mice Pero- 
gnathus formosus, P. longimembris (French 
et al. 1968). However, descriptive data on 
dispersal are still needed for many species, 
and are essential to better understand the 
functions and mechanisms of dispersal in 
mammals in general. 

Dispersal has been explained as a re- 
sponse to overcrowding (Elton 1927, 
Wynne-Edwards 1962, Errington 1963a), an 
innate tendency unrelated to population 
density (Andrewartha and Birch 1954), and 
a response regulated by both intrinsic and 
extrinsic factors (Bovbjerg 1964, Howard 
1960). Elton (1933, 1949) was one of the 
first to recognize the importance of dispersal 
in population dynamics of mammals. Er- 
rington (1956) emphasized its importance 
in regulating muskrat Ondatra zibethicus 
populations, and Krebs et al. (1969) re- 
ported that it was important in regulating 
microtine rodent populations. 

This paper reports on field research con- 
ducted from 1962 to 1971 to assess the role 
of reproduction, dispersal, and mortality in 
the population dynamics of red foxes in the 
north-central United States. The objec- 
tives were to: (1) describe the morphology 
of red foxes in Illinois, Iowa, and Minnesota 
and relate differences to dispersal within 
the 3-state area; (2) determine the reproduc- 
tive patterns of red foxes in the north-central 
United States; (3) describe the dispersal of 
red foxes with emphasis on seasonal timing, 
proportion of each sex dispersing, and dis- 
tances, directions, and rates of travel; (4) 
study the possible effects of age, hormonal 
changes, and social interaction on initial 
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FIG. 1. Areas in which dens ( +) were found and red foxes captured April-July 1965-1970. 

dispersal; and (5) determine the cause and 
rates of mortality relative to age, sex, season, 
and geographic regions of Illinois and Iowa. 
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FIGc. 2. Typical northeastern Iowa habitat where red foxes were captured in spring. 
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STUDY AREAS 

Field work to capture, eartag, and release 
foxes was conducted primarily in north- 
central and northwestern Illinois, and north- 
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FIG. 3. Typical north-central Iowa habitat where red foxes were captured in spring. 

central and northeastern Iowa (Fig. 1). In 
northwestern Illinois, work was centered in 
Carroll, JoDaviess, and Whiteside counties. 
The western parts of these counties are in- 
cluded in the Wisconsin driftless section 
of Illinois. Slopes vary from gentle to steep. 
About 40 percent of the land in western 
Carroll County is woodland (Storm 1965). 
The eastern parts of the counties in north- 
western Illinois are under intensive cultiva- 
tion, with relatively few woodlots. In north- 
central Illinois, work was done in DeKalb, 
LaSalle, and Kane counties. This area is 
characterized by flat prairie lands used pri- 
marily for intensive agriculture. Topog- 
raphy is flat to gently sloping and there are 
fewer timbered areas than in northwestern 
Illinois. 

Northeastern Iowa has gentle to steep 
slopes and farmlands are interspersed with 
woodlands (Fig. 2). About 25 percent of 
the area is in timber (Thornton and Morgan 
1959). North-central Iowa is under intensive 
cultivation and the topography varies from 
flat to gently rolling. Less than 1 percent of 
the area is woodland (Fig. 3). Thus, foxes 
were caught and released in 2 general 
physiographic regions in each of the 2 
states: in hilly areas with mixed farms and 
woodlots within 40 miles (64 km) of the 

Mississippi River, and in relatively flat areas 
under intensive cultivation more than 40 
miles (64 km) from the Mississippi River. 

No attempt was made to determine the 
relative numbers of foxes. However, bounty 
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records from Illinois indicated that fox 
densities were higher in counties adjacent 
to the Mississippi River than in central 
counties (Mohr 1947, Chiasson 1953). Evi- 
dence for higher fox densities in counties 
adjacent to the Mississippi River in Iowa 
is also provided by records, which indicated 
bounties on 0.8 and 2.5 foxes per square 
mile (2.6 km2) in north-central and north- 
eastern Iowa, respectively (Phillips 1970). 

Foxes were radiotracked in Carroll 
County, Illinois, in north-central Iowa, and 
in Anoka and Isanti counties, Minnesota. 
In Minnesota, field work was centered at 
the Cedar Creek Natural History Area 
(CCNHA) in east-central Minnesota. This 
area consists of a mixture of deciduous 
woods, cultivated and idle fields, and lakes 
and marshes. The CCNHA has been de- 
scribed by Bray et al. (1959) and Rongstad 
and Tester (1969). 

METHODS 

Weights and standard body measure- 
ments were obtained from foxes collected 
during 1962 and 1967 in Illinois and during 
October and November 1968 and 1969 in 
Iowa. The Illinois specimens were trapped 
or shot by K. Dauphin and E. Eickert and 
those in Iowa were trapped by G. Good. 
Eye lenses for determining age (Lord 1959, 
Friend and Linhart 1964:60, Phillips 1970: 
53) were collected from some foxes to 
calculate age ratios for different areas. 
Foxes with lenses weighing 214 mg or more 
(dry weight) were classed as adults and 
those with lenses weighing less were con- 
sidered subadults. The 214-mg figure was 
based on the eye lens weight of 19 known 
age wild foxes collected during this study. 
None of the 14 lenses from foxes less than 1 
year old captured during October or No- 
vember weighed more than 214 mg and 
none of 5 lenses from foxes older than 1 
year weighed less than 214 mg. The dry 
weights of eye lenses of 888 known age 
ranch foxes from Wisconsin (Appendices 
la and lb) also justified the use of 214 mg 
as a cutoff point to separate foxes into sub- 
adult and adult classes through November. 

In this report, "juvenile" refers to foxes 
from birth through 31 August, "subadult" 
refers to adult-sized foxes from 1 September 
of the year of birth through 31 March of 
the next year, and "adult" refers to foxes 
older than 1 year. 

Skulls were removed from more than 300 
foxes collected in Illinois and Iowa, and 65 
skulls from Minnesota foxes were provided 
by A. B. Sargeant. The foxes in Illinois, 
Iowa, and Minnesota used for studying 
skulls were collected in areas E, D, and G, 
respectively (Fig. 1). Skulls were left in a 
colony of dermestid beetles for cleaning 
and then allowed to air dry for at least 1 
year before each was measured. Seventeen 
skull measurements were made to the near- 
est 0.1 mm with dial calipers. 

The uteri of subadult and adult vixens 
from Illinois and Iowa were examined for 
placental scars or fetuses. Most of the fe- 
males with fetuses were examined during 
February, about 1 month before parturition. 
The age of 11 females was determined by 
counting cementum layers in teeth (Jensen 
and Nielsen 1968). For 99 male foxes col- 
lected in Illinois, one testis was weighed, 
without the epididymis, and smears from 
the epididymides were examined for pres- 
ence or absence of sperm. 

From April through July, foxes were 
found by locating active dens reported by 
conservation officers, farmers, hunters, and 
trappers familiar with local dens; by search- 
ing from ground and air; and by requesting, 
through local newspapers, information con- 
cerning den sites where fox pups were 
present. Foxes were chased from dens 
with a mechanical wire ferret (Storm and 
Dauphin 1965) (Fig. 4). Some were pulled 
from the dens when their body hair became 
entangled in the wire ferret, and others 
were caught by hand or with a dip net when 
they emerged. Steel traps (Nos. 1 and 2) 
placed at or near dens for 1 or 2 nights were 
also set at a number of dens during spring 
1970 to increase the capture of adults. 

Each captured fox was eartagged with 
1 or 2 of 4 types of tags: a monel metal tag 
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FIG. 4. Capturing red foxes in Iowa. 

(National Band and Tag Co., Newport, 
Kentucky'), 2 aluminum tags, and 1 plastic 
tag (Nasco, Inc., Fort Atkinson, Wisconsin). 
Tags were stamped with appropriate 
identification so the collector would know 
where to send recovery information. 

The date of capture and the location 
where foxes were first captured were re- 
corded for each tagged fox. Later, the date, 
location, and method of kill were recorded 
for each marked fox reported to project 
personnel. 

The zygomatic breadth of juveniles was 
measured to the nearest 0.1 mm. These 
measurements were compared to those 
taken from captive known age juveniles to 
determine the dates of birth and conception 
of juveniles captured at dens. The sex of 
each individual and the number of juveniles 
per litter were recorded. Most of the 
marked foxes were released at the points 
of capture. However, some foxes in Iowa 
were captured where landowners preferred 
to have them removed. Some of these foxes 
were held in captivity for 2 to 4 weeks and 

Reference to trade names does not imply U. S. 
Government endorsement of commercial products. 

released later at various locations across 
the state. Others were transported to new 
areas within 1 or 2 days after capture and 
added to other marked litters. In 9 cases, 
an adult female and her offspring were 
transplanted to a new den not occupied by 
other foxes (Andrews et al. 1973). 

During May 1968 and 1970, 54 juvenile 
males were anesthetized with ether and 
castrated to see if disruption of testicular 
activity affected dispersal. Each year, 16 
male littermates of the castrates served as 
controls. The controls were handled like 
the castrates except that only a small in- 
cision was made into, but not through the 
scrotum, and the testes were left intact. 

Radio transmitters were attached to 9 
juvenile foxes in Illinois during 1966, 10 
juveniles, 25 subadults, and 5 adults in Min- 
nesota during 1968 and 1969, and 21 sub- 
adults and 2 adults in Iowa during 1970. 
The juveniles in Illinois were radiomarked 
in spring so they could be observed at dens; 
the animals in Minnesota and Iowa were 
radiomarked in summer and fall to study 
spacing and dispersal routes during fall and 
winter. 
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The transmitters used in Illinois were 
similar in design to those described by 
Cochran and Lord (1963), Storm (1965), 
and Tester et al. (1964); those used in Min- 
nesota and Iowa were provided by the Bio- 
electronics Laboratory at the CCNHA. 
Transmitter collars used for adult-sized 
foxes weighed from 150 to 185 g; those used 
for 1- to 3-month-old juveniles weighed 
from 19 to 85 g. Each transmitter weighed 
less than 4 percent of the animal's body 
weight. 

The receiving and mobile tracking equip- 
ment used in Illinois was like that described 
by Verts (1963). In Minnesota and Iowa, 
a double-beam Yagi antenna mounted on a 
truck was used to radiotrack foxes from the 
ground, and a 3-element Yagi was used with 
a handheld, superheterodyne receiver to 
locate foxes in the field. One 3-element Yagi 
was also mounted to each wing strut of an 
aircraft (Cessna 150 or 180) to locate foxes 
during dispersal in fall. A coaxial switch 
connected between each antenna and the 
receiver allowed the operator to listen to the 
signal from the left or right antenna or both. 
This arrangement provided a means of lo- 
cating foxes to the nearest acre (0.405 ha) 
with a minimum of flying time. 

Most data collected in this study were 
numerically coded on data sheets and 
transferred to machine punch cards. Com- 
puters (CDC 6600 and IBM 360) at the 
University of Minnesota were used in the 
analysis of data. In addition to the standard 
statistical routines, the following programs 
were used: 

(1) Univar. This program, prepared by 
Powers (1970), yields standard statistics 
such as mean, range, standard deviation, 
standard error of mean, variance, and coef- 
ficient of variation. When 2 or more groups 
were being compared, it employed a one- 
way analysis of variance. It also performed 
a multiple comparison test [Sums of Squares 
Simultaneous Test Procedure, Gabriel 
(1964), Gabriel and Sokal (1969) ]. 

(2) Discriminant analysis. Version 27 May 
1964 (BMDO5M), Health Sciences Com- 

puting Facility, UCLA. This program was 
used for standard discriminant analyses 
(Goulden 1952, Freese 1964) on the fox 
skull data from Illinois, Iowa, and Minne- 
sota. 

(3) Bandrcov. Prepared by L. M. Cow- 
ardin and D. A. Davenport, Northern 
Prairie Wildlife Research Center, James- 
town, North Dakota. Bandrcov is a general- 
ized program for tabulating banding data 
and calculating the number of animals 
banded and the number recovered for each 
year of banding by sex, age, and years after 
banding. This program also made survival 
estimates and tests of constant survival using 
the statistical procedure suggested by the 
Chapman-Robson Method (Eberhardt 
1969:472). 

(4) Programs modified from the software 
system developed for other studies at 
CCNHA were used to calculate distances 
and angles between first and last capture 
locations of eartagged foxes, and to calculate 
distances, angles, and rates of movement 
between successive telemetry fixes corre- 
sponding to positions of dispersing and 
resident foxes. A CDC 160/CALCOMP 
system was used to plot first and last cap- 
ture locations of eartagged foxes and loca- 
tions of radiomarked foxes. 

Unless otherwise noted, P = 0.05 was 
used as the criterion' of statistical signifi- 
cance. 

WEIGHT AND MORPHOLOGY 

Weight 
The weights of juveniles from Illinois 

(Storm and Ables 1966:117) and of 2 lit- 
ters born in captivity in Illinois ranged from 
71 to 120 g at birth. This range is similar 
to reported weights for newborn silver foxes 
in captivity (Smith 1939). 

The mean monthly weights of male and 
female red foxes from northwestern Illinois 
are presented in Fig. 5. Juvenile males 
tended to be heavier than juvenile females. 
From April through June these weight dif- 
ferences were not statistically significant, 
but they became significant between sub- 
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FIG. 5. Mean weights of red foxes from north- 
western Illinois. 

adult sexes after September. By October, 
subadult red foxes are similar in size to 
adults (Table 1, Fig. 5). 

Standard Body Measures 

The mean monthly measurements of 
total length, tail, hind foot, and ear are 
shown in Fig. 6. The total length continued 
to increase in September and October, but 
the hind foot and ear reached maximum 
growth by July. Sample sizes for August 
and September were small, but it appeared 
that the tail attained maximum length some- 
time during this period. These rates of 
body development of Illinois red foxes com- 
pared closely with those of red foxes in 
Ireland (Fairley 1970:134). 

As with body weight, the standard body 
measures of juvenile red foxes in north- 
western Illinois were not significantly dif- 
ferent between males and females from 
April through July, but after September, 
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FIG. 6. Mean monthly measurements of total 
length, tail, hind foot, and ear of juvenile and sub- 

adult red foxes, northwestern Illinois. 

the body length of males was significantly 
greater in both subadults and adults. Al- 
though the average tail, hind foot, and ear 
measurements were larger in males than in 
females after September for Illinois foxes, 
the only statistically significant difference 
was in length of hind foot of subadults dur- 
ing October and November. 

Regional Differences in Body Size 

The weights and standard body measure- 
ments of juvenile males and females from 
April through July in northwestern Illinois 
were greater than those of their counterparts 
in north-central Illinois (Appendix 2). 
These differences in weight were significant 
in April but not in later months. There was 
some evidence (see "Reproduction") that 
juveniles were born earlier in northwestern 
Illinois than in north-central Illinois, so the 
weight difference in early spring may have 
reflected a difference in age. 

TABLE 1.--MEAN, STANDARD ERROR, AND RANGE OF WEIGHT (G) OF RED FOXES CAPTURED DURING 
OCTOBER AND NOVEMBER, NORTHWESTERN ILLINOIS AND NORTH-CENTRAL IOWA. VERTICAL LINES CON- 
NECT MEANS OF MAXIMALLY NONSIGNIFICANT SUBSETS AT THE 0.05 LEVEL AS DETERMINED BY THE 

SUMS-OF-SQUARES SIMULTANEOUS TESTING PROCEDURE 

Region Age Sex n Mean SE Range 

Illinois Adult d 14 5250 179.4 4540-7037 
Iowa Adult d 19 4822 81.2 4131-5675 
Illinois Subadult $ 32 4818 93.3 3859-6129 
Iowa Subadult $ 87 4646 47.2 3632-5811 
Illinois Adult 9 13 4128 110.9 3269-4722 
Illinois Subadult 9 24 3986 52.4 3632-4494 
Iowa Adult 9 22 3938 78.8 2951-4585 
Iowa Subadult 9 68 3724 38.9 2951-4540 
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TABLE 2.-VARIATION IN BODY DIMENSIONS OF RED FOXES CAPTURED DURING OCTOBER AND NOVEMBER 
IN NORTHWESTERN ILLINOIS AND NORTH-CENTRAL IOWA. VERTICAL LINES CONNECT MAXIMALLY NON- 
SIGNIFICANT SUBSETS AT THE 0.05 LEVEL AS DETERMINED BY THE SUMS-OF-SQUARES SIMULTANEOUS 

TESTING PROCEDURE 

Region Age Sex n Mean SE Range 

& 
9 8 

9 
9 9 

9 
& 

9 
9 
9 

Total Length (mm) 
14 1029 
32 1028 
87 1000 
19 998 
13 967 
24 965 
22 946 
68 946 

Length of Tail 
32 
14 
87 
24 
19 
13 
68 
22 

Length of Hind Foot 
$ 32 
& 14 
& 87 
9 13 
$ 19 
9 24 
9 68 
9 22 

S 
S 
9 

19 
9 

11.8 
5.7 
3.6 
6.1 
8.8 
6.8 
8.8 
5.1 

(mm) 
374 
374 
360 
360 
359 
348 
338 
337 

4.4 
6.1 
2.0 
5.9 
4.2 
5.2 
2.6 
3.7 

(mm) 
166 
166 
160 
158 
157 
157 
147 
145 

1.5 
2.0 
0.8 
2.7 
1.7 
1.7 
1.1 
1.5 

Length of Ear (mm) 
32 96 
14 96 
24 92 
13 91 
87 86 
19 85 
68 81 
22 79 

0.8 
1.0 
0.7 
1.2 
0.6 
1.2 
0.7 
1.1 

953-1095 
965-1085 
921-1076 
954-1045 
915-1010 
923-1020 
842-1020 
827-1040 

320-421 
342-415 
322-408 
310-455 
320-390 
305-371 
291-380 
294-368 

152-181 
150-176 
135-175 
149-181 
140-170 
149-182 
124-161 
127-156 

81-102 
89-100 
84-100 
80-96 
73-97 
75-93 
65-91 
66-85 

Foxes collected during October and No- 
vember in Illinois were consistently heavier 
and larger than those from Iowa for all 4 
age and sex groups. The differences were 
not statistically significant for body weights 
(Table 1), but were for some of the com- 
parisons of the 4 standard body measure- 
ments (Table 2). The greatest differences 
between the Illinois and Iowa samples were 
in the lengths of the hind foot and the ear. 

The heaviest male and heaviest female 

in this study weighed 7.05 kg (15.5 lb) and 
5.81 kg (12.8 lb), respectively. Both were 
captured in Illinois and were over 2 years 
old, based on eye lens weight. 

Hoffman and Kirkpatrick (1954:505) re- 
ported weights of Indiana red foxes in win- 
ter; males averaged 5.2 kg (11.4 lb) and 
females averaged 4.2 kg (9.2 lb). These 
means are greater than those for Iowa foxes, 
but are similar to those for foxes in north- 
western Illinois. The weights of foxes in 

Illinois 
Illinois 
Iowa 
Iowa 
Illinois 
Illinois 
Iowa 
Iowa 

Adult 
Subadult 
Subadult 
Adult 
Adult 
Subadult 
Adult 
Subadult 

Illinois 
Illinois 
Iowa 
Illinois 
Iowa 
Illinois 
Iowa 
Iowa 

Subadult 
Adult 
Subadult 
Subadult 
Adult 
Adult 
Subadult 
Adult 

Illinois 
Illinois 
Iowa 
Illinois 
Iowa 
Illinois 
Iowa 
Iowa 

Illinois 
Illinois 
Illinois 
Illinois 
Iowa 
Iowa 
Iowa 
Iowa 

Subadult 
Adult 
Subadult 
Adult 
Adult 
Subadult 
Subadult 
Adult 

Subadult 
Adult 
Subadult 
Adult 
Subadult 
Adult 
Subadult 
Adult 
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E A 

MEAN OF 4 KNOWN AGE CAPTIVE FOXES-NORTH DAKOTA 

MEANOF 3 KNOWN-AGE CAPTIVE FOXES--ILLINOIS 

A SINGLE KNOWN-AGE WILDFOXES--MINNESOTA 

D 20 40 6 I S 120 140 160 1I 

AGE IN DAYS 

FIG. 7. Growth of zygomatic breadth of known 
age, live red foxes. 

northern Illinois are similar to those foxes 
in the eastern United States (Hamilton 
1943) but are less than those of European 
foxes. In Great Britain, adult males aver- 
aged 6 to 7 kg, and adult females 5 to 6 kg 
(Southern 1964, Fairley 1970, Hattingh 
1956). 

Skull Width of Juveniles 
The zygomatic breadth of known age 

juvenile foxes increased markedly during 
the first month after birth, but growth 
slowed in the second month (Fig. 7). By 
October, zygomatic breadth was not reli- 
able for separating subadults from adults 
because of overlap in skull size. 

Skull Measurements of Subadults 
and Adults 

The mean, standard error, and range of 
17 measurements of skull dimensions of 
149 male and 131 female red foxes from 
Illinois, Iowa, and Minnesota are shown in 
Appendix 3. Fox skulls from Minnesota 
were larger than those from Illinois and 
Iowa in 15 of the 17 measurements for adult 
males and in 16 of the 17 for adult and sub- 
adult females. The skulls of Minnesota 
foxes were longer than those from Illinois 
and Iowa, but cranial width was about the 
same. 

The size of the postorbital constriction 
was also similar among skulls from the 3 

TABLE 3.-THE NUMBER OF INDIVIDUALS ASSIGNED 
TO THE CORRECT AND INCORRECT SEX CLASS AS 
DETERMINED BY LINEAR DISCRIMINANT FUNCTION 

ANALYSIS 

No. Specimens 
Age Assigned to: 

State Sample 
Sex Size cdo 9 

Adults 
Illinois 

Males 20 20 0 
Females 23 2 21 

Mahalanobis D-square' 178.4673 

Iowa 
Males 16 16 0 
Females 20 0 20 

Mahalanobis D-square' 89.2343 
Minnesota 

Males 16 15 1 
Females 11 0 11 

Mahalanobis D-square2 50.8933 
Subadults 

Illinois 
Males 30 24 6 
Females 24 3 21 

Mahalanobis D-square' 68.1213 
Iowa 

Males 41 36 5 
Females 41 5 36 

Mahalanobis D-square1 164.0613 
Minnesota 

Males 26 20 6 
Females 12 3 9 

Mahalanobis D-square2 18.406 

1 Mahalanobis D-square values used as chi-square with 
15 df to test the hypothesis that the mean value for the 
15 variables are the same for paired groups. 

2 Mahalanobis D-square values used as chi-square with 
10 df to test the hypothesis that the mean values for the 
10 variables are the same for paired groups. 

3 (P< 0.01); table chi-square is 30.578 for 15 df and 
23.209 for 10 df at 0.01 level. 

states and was one of the few cranial mea- 
surements in which the Minnesota males 
and females were smaller than their counter- 
parts from Illinois and Iowa. Furthermore, 
it was the only measurement in which the 
means were similar between sexes for the 3 
states. In all other measurements, the 
means for males exceeded those for females, 
but the overlap between individual males 
and females indicated that no single skull 

. . . I I I I I I . I I I I I 
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0 27.289 

200 220 240 20 280 30 320 4 

20.0 22.0 24.4 2bQ 280 30,0 32.0 34.0 

3 ItLNOs1, n = 20 
i lOWA, n= 16 

TABLE 4.-THE NUMBER OF INDIVIDUAL ADULT 

AND SUBADULT RED FOXES ASSIGNED TO EACH OF 

3 STATES BY 3-GROUP LINEAR DISCRIMIINANT 

FUNCTION ANALYSIS USING 15 SKULL MEASURE- 

MENTS FOR MALES AND 10 FOR FEMALES 

120.145 E ItLINOIS, n= 20 
1. 1.6-0 I* 110. [ MINNESOTA,, = 16 

4- I 

110.0 112z0 t14.0 16, 1100 1212.0 o 12. 10 1 260 12t0 1Ix0 

6- 294.567 0 IOWA n = 16 
I MINNESOTA, n=16 

4.- 

2800 282.0 2840 2B0 288D 2900 292.0 294.0 2960 290 300,00 3020 304.0 306X0 3080 

DISCRIMINANT SCORES 

FIG. 8. Frequency of linear discriminant scores 
for skulls of adult male red foxes from Illinois, 
Iowa, and Minnesota. Ranges of discriminant 
scores are shown on horizontal axis and frequen- 
cies of individuals on vertical axis. The mean 
discrilinant score for each 2-state comparison is 
shown above the dashed line. The single Minne- 
sota skull misclassified in the Illinois vs. Minne- 
sota and the Iowa vs. Minnesota comparisons was 

from the same individual. 

measurement is reliable for determining 
sex (Appendix 3). 

However, multivariate analysis of skull 
measurements was effective for determining 
sex, especially with adult specimens. Of 
43 adults from Illinois, 36 from Iowa, and 
27 from Minnesota, only 2 from Illinois and 
1 from Minnesota were misclassified by 
this procedure (Table 3). There were more 
incorrect assignments of subadults, but over 
75 percent of the specimens were still as- 
signed correctly (Table 3). For both adults 
and subadults from each of the 3 states, the 
mean values were significantly different 
between males and females. Fifteen dis- 
criminant multipliers were used in classi- 
fying Illinois and Iowa skulls according to 
sex; 10 were used for the Minnesota skulls 
(G. L. Storm, unpublished data). 

Two-group multivariate analysis also 
showed significant differences in skull 
morphology among foxes from Illinois, Iowa, 
and Minnesota. The discriminant multi- 
pliers used in classifying skulls according 

Sex 
Age 

State 

Males 
Adult 

Illinois 
Iowa 
Minnesota 

No. Specimens Assigned to: 
Sample 

Size Illinois Iowa Minnesota 

20 
16 
16 

15 
3 
1 

4 
13 
0 

1 
0 

15 

Mahalanobis D-square 115.6331 
Subadult 

Illinois 30 
Iowa 41 
Minnesota 26 

22 
8 
3 

7 
24 

5 

1 
9 

18 

Mahalanobis D-square 82.4131 
Females 

Adult 
Illinois 
Iowa 
Minnesota 

23 15 6 
20 4 13 
11 0 2 

2 
3 
9 

Mahalanobis D-square 49.9062 
Subadult 

Illinois 
Iowa 
Minnesota 

24 
41 
12 

12 
13 
0 

9 
21 

2 

3 
7 

10 

Mahalanobis D-square 52.7102 

1 For males: (P<0.01, 30 df); reject hypothesis that 
mean values are the same in all 3 groups based on 15 
skull measurements. 

2 For females: (P < 0.01, 20 df); reject hypothesis 
that mean values are the same in all 3 groups based on 10 
skull measurements. 

to state are presented in Appendix 4a-4d. 
The results of the analysis for adult males 
are presented in Fig. 8. Of 16 skulls from 
Minnesota, 1 was misclassified in both the 
Illinois vs. Minnesota and the Iowa vs. Min- 
nesota comparisons. The other 15 skulls 
were classified correctly in both compari- 
sons, with a probability greater than 85 per- 
cent that each belonged to the Minnesota 
group. Three of 36 adult males in the Illi- 
nois vs. Iowa comparison were misclassified. 
Some of these incorrect assignments may 
have been related to errors in aging foxes 
in the Illinois collection. Age was deter- 
mined by the eye lens weight, and 14 of the 
Illinois males considered adults were col- 
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lected after December when the lens 
weight technique is not as reliable as in 
October and November. The inclusion of 
subadults in the adult group would have 
increased the variation and reduced the 
discrimination abilities of the function. 

The 2-group analysis of adult female 
skulls gave results like those for adult males. 
Six of 46 were misclassified in the Illinois 
vs. Iowa comparison (4 from Illinois and 2 
from Iowa), 2 of 34 were misclassified in the 
Illinois vs. Minnesota comparison (both 
from Illinois), and 4 of 31 were misclassi- 
fied in the Iowa vs. Minnesota comparisons 
(1 from Minnesota and 3 from Iowa). 

Three-way multivariate analysis (using 
all data simultaneously) was also used to 
assign specimens to state. The discrimi- 
nant multipliers used in this analysis are 
presented in Appendices 5a and 5b. There 
were more correct assignments in the adult 
than in the subadult groups (Table 4). In 
general, the Minnesota foxes were more 
like the Iowa group than the Illinois group, 
although the only misclassified adult male 
from Minnesota was assigned to the Illi- 
nois group (Table 4). 

REPRODUCTION 

Minimum Breeding Age 
The female red fox is monestrous (Row- 

lands and Parkes 1936), and estrus report- 
edly lasts 1 to 6 days (Johansson 1938, 
Enders 1938, Asdell 1964). Females may 
breed at 10 months of age, but the propor- 
tion of vixens breeding in their first year 
apparently varies in different regions. 

A sample of 188 uteri was collected dur- 

ing February in Illinois and Iowa. Two 
females showed placental scars, 178 had 
uterine swellings or fetuses, and 8 were 
barren; thus, 95 percent of the females had 
bred successfully. Age was determined for 
39 of the vixens by the eye lens technique 
or by counting cementum layers of teeth; 
17 (43.6%) were less than 1 year old. The 
proportion of parous females in Illinois and 
Iowa appears higher than that found in 
captive foxes. Among farm reared foxes 

TABLE 5.-THE NUMBERS EXAMINED AND PER- 
CENTAGES OF EPIDIDYMIDES OF RED FOXES WITH 
SPERMATOZOA BY MONTH, NORTHWESTERN ILLI- 

NOIS, 1963-1966 

Percentage 
Month No. with Sperm 

Jan 19 100 
Feb 11 91 
Mar 4 100 
Apr - - 

May 2 0 
Jun 1 0 
Jul 2 0 
Aug 1 0 
Sep - - 
Oct 13 23 
Nov 8 25 
Dec 25 92 

in north-central Wisconsin, 20 percent of 
the subadults and 10 percent of the older 
vixens were barren (E. Fromm, pers. 
comm.). Pearson and Bassett (1946:63) 
reported 16 percent and 6 percent barren 
females in yearling and 2-year-old farm 
raised vixens, respectively. 

Layne and McKeon (1956a:63) noted 
regional differences in the proportion of 
barren females in New York; 16.6 percent 
were barren in the northern region vs. 2.1 
percent in the southern region. Fairley 
(1969:532) reported that 10 percent of the 
vixens in northern Ireland were barren. 
Englund (1970) found more barren year- 
lings than barren adults in Swedish foxes. 

The percentages of males with sperma- 
tozoa are presented in Table 5. Five adult 
males and 14 subadult males were examined 
during October and November, and only 
the adults had spermatozoa. However, 23 
males with spermatozoa were found in De- 
cember, and 12 of these were subadults. 
This information supports earlier reports 
that male red foxes breed in their first year 
(Rowlands and Parkes 1936, Creed 1960a). 
Fairley (1970) noted that spermatogenesis 
in foxes in Ireland occurred from October 
through March, and that subadults with 
flexible bacula (os penis not completely 
ossified) were capable of breeding. In 
Australian red foxes, McIntosh (1963) 
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FIG. 9. Seasonal variation in single testis weight 
of red foxes from northeastern Illinois. Horizontal 
lines, rectangles, and vertical lines represent 
means, 1 standard deviation on each side of the 
means, and ranges, respectively. Numbers in 
parentheses indicate sample size, and numbers 
across the top are average body weight (g) of 

each monthly group. 

found spermatozoa from May through 
August; this season corresponds to the No- 
vember to February period in the northern 
hemisphere. 

The weights of testes decreased begin- 
ning in February and lasted through April, 
and began increasing when gonadal activ- 
ity resumed after August (Fairley 1970: 
117). Testes of red foxes in northwestern 
Illinois attained maximum size during Janu- 
ary (Fig. 9). Subadults showed the same 
monthly cycle in testis weight as adults, 
although their testes were smaller and 
weighed less, at least through December 
when they were about 9 months old. The 
mean single testis weight during October, 
November, and December was 1.9, 2.8, and 
3.8 g, respectively, for subadults and 2.8, 
3.9, and 5.1 g for adults. The differences in 
weights of testes between subadults and 
adults were significant for each month. 

4661 
Fairley (1970:117) reported that the testes 
of subadult foxes in Ireland were lighter 
than those of adults at least through Novem- 
ber. The mean weights of testes reported 
here (Fig. 9) are like those presented by 
Venge (1959), Creed (1960b:420), Mc- 
Intosh (1963:134), and Fairley (1970:115). 

Breeding Behavior 

The presence in early winter of 2 parallel 
fox trails, indicating that foxes are traveling 
together, is an obvious sign of the mating 
season (Scott 1943:441). In northwestern 
Illinois, some double trails and/or pairs of 
foxes bedded close together were observed 
in late December, but most such records 
occurred during January. 

The typical breeding group was a single 
pair, but 3 foxes per group were observed 
on 3 occasions in Illinois. Two of these 
contained 2 males and 1 female, and the 
third, 2 females and 1 male. All 9 foxes 
were shot to determine sex and to examine 
the reproductive organs. In both groups 
with 2 males and 1 female, 1 of the males 
and the female were shot while they were 
bedded about 15 feet (5 m) apart and the 
second male was killed less than 500 yards 
(457 m) from the pair. All 4 males had 
active spermatozoa in the epididymides. 

The group with 2 females and a male was 
observed on 16 January 1964. The male was 
seen chasing 1 of the females about 300 feet 
(91 m), after which she lay down close to 
where the chase ended. The male then ran 
toward the other female, and both moved 
about 400 yards (366 m) south, where they 
bedded in a pasture. Both females were 
older than 1 year, had uterine horns about 
7 mm in diameter, and showed placental 
scars of a previous pregnancy; the male had 
active spermatozoa. 

In Iowa, G. Good (pers. comm.) ob- 
served a pair on 1 February 1968 he 
presumed was mating. After shooting the 
male, he immediately tracked the female 
on snow for about 2 hours in a circle to 
where he had killed the male. He then saw 
her copulate with another male. He also 
reported seeing a male breed 2 females 
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while all 3 were at a den in Iowa during 
February 1967. 

These observations indicate that a male 
red fox may interact with at least 2 females 
and that a female may copulate in the 
presence of a second female. A female may 
also breed with more than 1 male during the 
same breeding season, at least if 1 of the 
males is killed. Whether a female in estrus 
associates simultaneously with 2 or more 
breeding males is not known. Even if 2 
males are present, 1 may be dominant and 
use aggressive behavior to prevent the other 
male from breeding. Mech (1966, 1970) 
reported evidence for such behavior in 
wolves. 

Breeding Season 

Red foxes in the United States may breed 
from December through April (Sheldon 
1949, Richards and Hine 1953, Hoffman 
and Kirkpatrick 1954, Layne and McKeon 
1956a). Most matings occur during Janu- 
ary and early February, but the peak of 
breeding appears to be later in northern 
than in southern latitudes (Layne and Mc- 
Keon 1956a:54). 

Conception dates for 20 vixens from Illi- 
nois were estimated by aging fetuses from 
growth curves prepared by Smith (1939) 
and Layne and McKeon (1956a) and by 
backdating 52 days from known birth dates. 
These procedures indicated that 3 of the 
20 vixens had bred from 13 to 29 December, 
9 had bred from 1 to 15 January, and 8 had 
bred from 16 to 31 January. 

Conception dates, estimated by aging 
juveniles in spring by zygomatic breadth, 
also indicated that most Illinois and Iowa 
foxes had bred during January, with a peak 
during the third week (Fig. 10). Less than 
5 percent bred before mid-December and 
only 1 percent bred after mid-February. 
Conception occurred in December in 24 
percent of the Illinois foxes but in only 10 
percent of the Iowa foxes, suggesting that 
the onset of breeding was earlier in Illinois. 

The peak of breeding in foxes of northern 
Ireland (55? N latitude) occurs during the 
last week of January (Fairley 1970:121). 

30- ILLINOIS 
n-480 

20- 

10 - 

I OWA 
n-368 

20 - 

10- 

DEC. DEC. DEC. JAN. JAN. JAN. JAN. FEB. FEB. FEB. 
9-16 17-24 25-31 1-8 9-16 17-24 25-31 1-7 8-14 15-21 

DATE OF BREEDING 

FIG. 10. Frequency (%) of conception dates 
for red foxes by weekly period, Illinois and Iowa. 
The zygomatic breadth of the skull of live foxes 
was used to determine birth date, and date of 
conception was determined by backdating 52 days 
(length of gestation). Sample size (n) is the 
number of juvenile foxes measured during April- 

June. 

Douglas (1965:231) reported that first lit- 
ters in northern Scotland (56? N) were 
born in early April; thus, breeding occurred 
during February. Lever (1963) compared 
the size of juveniles from Scotland and En- 
gland and indicated the breeding season of 
foxes in northern Scotland was 1 month 
later than in southern England. 

Similarly, it appears that red foxes in 
North Dakota (47? N latitude) breed about 
2 weeks later than those in northern Illinois 
and northern Iowa (42?-43? N). Skulls of 
juveniles collected in North Dakota during 
16-31 May and 1-15 June 1969 were sig- 
nificantly smaller in zygomatic breadth than 
skulls of juveniles collected in Illinois and 
Iowa during the same 2 periods (Table 6). 
The reported period of breeding in North 
Dakota is late January through early Febru- 
ary (North Dakota Game and Fish Depart- 
ment 1949). 

According to McIntosh (1963:135), most 
female foxes in Australia were in estrus in 
mid-July, which corresponds to mid-January 
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TABLE 6.-ZYGOMATIC BREADTH MEASURES (MM) OF LIVE JUVENILE RED FOXES DURING 2 PERIODS OF 
1969 IN ILLINOIS, IOWA, AND NORTH DAKOTA. FOXES WERE COLLECTED WITHIN 40 MILES (65 KM) OF 

THE LATITUDES SHOWN FOR EACH STATE. MEANS ASSOCIATED WITH THE SAME VERTICAL LINE ARE 

NONSIGNIFICANT SUBSETS AT THE 0.05 LEVEL AS DETERMINED BY THE SUMS-OF-SQUARES SIMULTANEOUS 

TESTING PROCEDURE 

Period in Latitude Standard 
1969 State (degrees) n Mean F Error Range 

May 16-31 Illinois 42 59 60.3 0.27 53.2-63.4 
Iowa 43 42 59.9 42.2641 0.33 55.3-63.6 
North Dakota 47 32 56.0 0.47 50.4-60.0 

June 1-15 Illinois 42 11 63.5 0.52 61.2-66.4 
Iowa 43 13 63.1 21.8771 0.38 60.0-64.9 
North Dakota 47 56 60.2 0.28 56.8-64.7 

1 (P < 0.05). 

in the northern hemisphere. The analogous 
breeding time in both hemispheres supports 
the hypothesis that the reproductive cycle 
in foxes is influenced by changes in photo- 
period. Gonadal activity in males begins 
when the rate of decrease in day length is 
at a maximum (late September in the 
northern hemisphere), and the first females 
to breed experience estrus when day length 
is at the annual minimum (late December 
in the northern hemisphere). 

Changes in breeding activity of mammals 
are regulated by both external factors and 
an internal rhythm (Lyman 1943, Stewart 
and Reeder 1968). Although the effects of 
photoperiod, temperature, and precipitation 
on breeding activity have been studied in 
other mammals (Bissonnette 1935, Ham- 

TABLE 7.-COMPARATIVE SIZE OF JUVENILE RED 
FOXES IN DIFFERENT YEARS BASED ON ZYGOMATIC 

BREADTH DURING 1-15 MAY 1968-1970, ILLINOIS 
AND IOWA 

North-central Illinois North-central Iowa 

Mean Mean 
Zygomatic Zygomatic 

No. Breadth No. Breadth 
Year Pups (mm) Pups (mm) 

1968 36 57.4 80 59.22 

1969 12 55.31 76 56.4 

1970 26 57.1 76 56.0 

1 This mean was significantly smaller (P < 0.05) than 
the 1968 mean but not significantly different from the 
1970 mean. 

2 This mean was significantly (P < 0.05) larger than 
the means for 1969 and 1970. 

mond 1951, Baker and Ranson 1932-1933, 
McCabe and Leopold 1951), few, if any, 
findings of this kind have been reported for 
red foxes. 

In the present study, we noted differ- 
ences among years in body sizes of juveniles 
captured in Illinois and Iowa, suggesting 
that the time of mating varied among years 
at the same latitude. During 1969, juvenile 
foxes in April and May were smaller than 
those from the same period in 1968. Juve- 
nile foxes collected in Illinois and Iowa 
during 1-15 May in 1968, 1969, and 1970 
were larger in zygomatic breadth in 1968 
than in the other 2 years (Table 7). The 
difference was significant between 1968 
and 1969 for Illinois foxes and between 
1968 and both 1969 and 1970 for Iowa foxes. 
However, the average difference in skull 
width among these years did not exceed 3.2 
mm, equivalent to 10 to 14 days difference 
in date of conception. There are, of course, 
other factors that may account for size dif- 
ferences in juveniles in different years. Two 
possibilities are differences in food supply 
and differences in mortality factors that 
affect primarily the smaller individuals in 
a litter. However, we did not detect much 
spring mortality among juveniles during 
this study. Only 16 juveniles were found 
dead during the spring tagging periods of 
1966-1970 in Iowa and Illinois. 

Previous work has indicated that the on- 
set of breeding in some mammals may be 
influenced by temperature and precipita- 
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TABLE 8.-THE REPORTED LITTER SIZE OF RED FOXES IN DIFFERENT REGIONS OF THE WORLD BASED ON 

COUNTS OF PLACENTAL SCARS, EMBRYOS, OR POSTPARTUNM JUVENILES. TWO MEANS IN THE SAME ROW 

REPRESENT THE MINIMUM AND MAXIMUM REPORTED; LETTERS IN PARENTHESES INDICATE TYPE OF 

}MATERIALS: S = PLACENTAL SCARS, e = EMBRYOS OR FETUSES, j = LIVE POSTPARTUM JUVENILES 

Mean 
Reference Location Latitude Litter Size 

Schoonmaker (1938) New York 42? N 4.4 (j) 
Pearson and Bassett (1946)1 New York 43? N 4.2-4.6 (j) 
Sheldon (1949) New York 43? N 5.4 (s,e) 
Switzenberg (1950) Upper Michigan 46? N 4.2 (j) 

Lower Michigan 43? N 5.4 (j) 
Richards and Hine (1953) Wisconsin 43? N 5.1 (s) 

5.1 (j) 
Hoffman and Kirkpatrick (1954) Indiana 40? N 4.3-6.8 (s,e) 
Layne and McKeon (1956a) New York 43? N 5.4 (s) 
Schofield (1958)2 Michigan 46? N 4.6 (j) 

Michigan 42? N 5.5 (j) 
McIntosh (1963) Australia 36? S 4.3 (s) 

3.8 (e) 
3.8 (j) 

Lloyd (1968) Wales, Kent 52? N 4.3-4.7 (e) 
Fairley (1970) Ireland 55? N 4.5-5.4 (s,e) 
Englund (1970) Sweden 560-63? N 3.1-6.8 (s,e) 
This study3 Illinois-Iowa 420-430 N 7.1 (s) 

6.8 (e) 
4.2 (j) 

1 Captives. 
2 Author did not include litters with only 1 pup. 
3 In this study, litter size of postpartum juveniles is for 

tion (Conaway 1968). Conceivably, deep, 
loose snow in late December and early 
January could restrict the movements of 
foxes and thereby delay conception. Data 
obtained from the U. S. Weather Bureau 
at Mason City, Iowa, showed 9 inches (23 
cm) of cumulative snowfall and only 6 
days with 2 or more inches (5 cm) of snow 
during the 1967-1968 winter, which pre- 
ceded the apparent early whelping season 
in 1968. During the 1968-1969 winter there 
were 73 days with 2 or more inches (5 cm) 
of snow and a total snowfall of 46.5 inches 
(118 cm), and foxes were born significantly 
later that spring. Observations were not 
made on whether differences in snow cover 
resulted in differences in movements and 
time of breeding. However, observations 
in Minnesota from the ground and from 
aircraft indicated that movements of foxes 
were more restricted when snow was loose 
and deep than when sparse. 

There was some evidence of differences 

April (approximately 1 month after parturition). 

in conception dates for foxes from different 
physiographic regions. About 4 percent of 
the foxes in Illinois conceived before mid- 
December (Fig. 10); all from Carroll 
County in northwestern Illinois. However, 
no statistically significant differences were 
found in conception dates between foxes 
from different regions within Illinois and 
Iowa, or between Illinois and Iowa foxes. 
Thus, the onset of breeding varied more 
between years than between local areas. 

Litter Size 

Annual productivity of red foxes has been 
studied in terms of number of ova, implan- 
tation rates, and number of offspring per 
female. Layne and McKeon (1956a:64) 
reported an average of 5.9 corpora lutea 
for 590 New York foxes. They indicated 
that about 14 percent of the ova did not 
implant and about 5 percent of the fetuses 
were resorbed. Regionally, they estimated 
a minimum prenatal loss of 16 to 32 percent 
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TABLE 9.-NUMBER OF RED FOX PUPS PER LITTER, BASED ON JUVENILES EXAMINED AT NATAL DENS, APRIL THROUGH JULY 1966-1970, IN ILLINOIS 

AND IOWA. n - NUMBER OF LITTERS EXAMINED 

April 
State 
Year n Mean Range 

May 

n Mean Range 

June July Total 

n Mean Range n Mean Range n Mean Range 

Illinois 
1966 26 3.8 1-8 
1967 3 3.7 2-6 
1968 7 4.6 1-8 
1969 22 4.5 1-12 
1970 12 4.8 1-10 

All Years 70 4.3 1-12 

5 2.8 1-5 
11 2.3 1-5 
13 3.8 1-7 
29 3.9 1-8 
29 3.9 1-10 

87 3.6 1-10 

Iowa 
1966 7 3.7 1-6 18 3.2 1-7 
1967 14 4.9 1-10 54 3.1 1-7 
1968 21 4.1 1-9 82 3.4 1-7 
1969 12 3.4 1-6 64 3.0 1-9 
1970 16 4.0 1-9 70 4.1 1-9 

All Years 70 4.1 1-10 288 3.4 1-9 

2 1.5 1-2 
1 2.0 - 

7 2.4 1-4 
6 3.7 1-6 
1 2.0 

17 2.7 1-6 

1 5.0 - 

2 5.5 3-8 
9 2.4 1-4 

12 3.9 2-9 

24 3.5 1-9 

1 1.0 

1 1.0 

- 33 3.5 1-8 
- 15 2.5 1-6 
- 28 3.5 1-8 
- 57 4.1 1-12 
- 42 4.1 1-10 0 

- 175 3.8 1-12 0 

o9 Q . 1_7 c 
-- -- - - z~, t/ . -L- I-- 

- - - 69 3.5 1-10 

2 2.5 2-3 107 3.5 1-9 
- - - - 85 3.0 1-9 
- - - - 98 4.1 1-9 

2 2.5 2-3 384 3.5 1-10 
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of the ova (Layne and McKeon 1956a:69). 
For red foxes in Sweden, Englund (1970: 
14,30) reported prenatal losses of 9 percent 
before implantation and 12 to 17 percent 
after implantation; most fetal losses ap- 
parently occurred early in gestation. 

Reported estimates of litter size, based on 
counts of placental scars, embryos, fetuses, 
and juveniles at dens are presented in Table 
8. For 29 Illinois vixens, the mean number 
of placental scars was 7.1 (standard devia- 
tion, 1.9; range, 4-12), including scars with 
all degrees of pigmentation. Sheldon 
(1949:242) used only uteri with fresh scars 
and reported an average litter size of 5.4. 
Englund (1970) recognized 6 shades of 
darkness for placental scars in uteri of 
Swedish foxes. He attributed darker scars 
to embryos born alive and grey scars to 
early resorptions or successful earlier 
pregnancies. His total scar counts were as 
high as 7.2 per female for 2 areas in Sweden 
(Englund 1970:67); this estimate compares 
closely with our data. The number of vi- 
able fetuses per vixen averaged 6.8 (range, 
2-9) for 34 uteri from Illinois and 6.7 
(range, 3-12) for 48 uteri from Iowa. 

The average number of juveniles per 
litter based on captures at dens in Illinois 
and Iowa are presented in Table 9. Al- 
though there was evidence of multiple lit- 
ters (more than 1 litter per den) at 7 dens 
in Iowa and 2 in Illinois (9 multiple litters 
at 509 dens), this was not considered a 
major bias towards overestimating the size 
of litters. In fact, our estimates of litter 
size are low because few dens were exca- 
vated and some juveniles may have avoided 
capture. Further, since members of a litter 
may occupy different dens simultaneously, 
incomplete counts were obtained if every 
den of the litter was not located. The pro- 
portion of separated litters was not deter- 
mined, but our work with radiotagged 
families indicated that this tendency was 
more pronounced after April when most 
pups were at least 4 weeks old. In addition, 
from late May through July, some juveniles 
may bed above ground away from dens 
during daylight. Thus, the means of 4.1 

and 4.3 pups per litter during April prob- 
ably are better estimates of litter size than 
those for May and June. 

An accurate estimate of the number of 
fetuses that survive to full term is difficult 
to determine, and few, if any, such data are 
available for wild red foxes. Since the mean 
number of embryos per female was 6.8 and 
the mean number of juveniles at dens in 
April was 4.2 (Illinois and Iowa combined), 
5 or 6 is a reasonable estimate of the mean 
number of living offspring per female in 
northern Illinois and northern Iowa. 

The average number of juveniles cap- 
tured at dens in Illinois was approximately 
the same as in Iowa. Most of the litters in 
Illinois were captured in Carroll County 
near the Mississippi River and most of the 
Iowa litters were taken in areas more than 
40 miles (64 kmn) from the Mississippi 
River. Thus, neither counts of fetuses nor 
of juveniles at dens differed greatly be- 
tween these 2 physiographic regions. This 
lack of difference suggests that natality per 
se does not explain the regional differences 
in density of foxes in Illinois and Iowa. 

Sex Ratios 

Sex ratios of red foxes have been esti- 
mated from samples of fetuses, pups cap- 
tured at dens, and adult-sized foxes killed 
by trappers and hunters. Postnatal sex ratios 
indicate a tendency for more juvenile males 
in spring counts and markedly more males in 
adult-sized foxes in fall and winter (Lin- 
hart 1959:116, Lund 1959, Lloyd 1968). 
The fall and winter collections generally 
coincide with hunting and trapping, and the 
preponderance of males in these samples 
has been attributed to greater mobility of 
males than females (Sheldon 1949, Fairley 
1970). 

Layne and McKeon (1956a), however, 
suggested an alternate explanation; they 
found significantly more males (61%) than 
females in a sample of 142 fetuses. In the 
present study, there were 100 male and 98 
female fetuses in 28 uteri collected in Illi- 
nois and Iowa. Likewise, Sheldon (1949: 
236) reported 49 percent males for 117 
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TABLE 10.--SE RATIOS OF RED FOXES BASED ON 
SAMPLES OF FETUSES, JUVENILES AT DENS IN 

SPRING (APRIL-JULY), AND ADULT-SIZED FOXES IN 

FALL (COMBINED ILLINOIS AND IOWA DATA) 

Kind of No. % 
Sample Individuals Males 

Fetuses 

Females Females 

198 51 49 0.080" 

Juveniles 
at Dens 
in Spring 2063 

Adult-sized 
in Fall 297 

54 46 13.1962 

56 44 4.1243 

1 Nonsignificant (P > 0.05, 1 df). 
2(P<0.01, 1 df). 
3 (P<0.05, 1 df). 

fetuses and Fairley (1970:124), 51 percent 
males for 147 fetuses. 

It was not unusual to find an unbalanced 
sex ratio in individual litters examined at 
dens in this study. In litters with 4 or more 
pups, all or all but 1 of the pups were the 
same sex in 31 of 83 litters in Illinois and 
59 of 171 litters in Iowa. The most extreme 
unbalanced ratios were in 2 litters of 5 
males each and 1 litter of 1 male and 9 
females in Illinois and in 1 litter of 7 males 
and 1 litter of 9 females in Iowa. 

The sex ratio of fetuses, juveniles in 
spring, and adult-sized foxes in fall for the 
combined Illinois and Iowa samples are 
presented in Table 10. An additional 137 
foxes were collected during the period of 
December to March in Illinois; 53 percent 
of these were males. 

In spring, juvenile males outnumbered 
juvenile females in 3 of 5 years in Illinois 
and in 4 of 5 years in Iowa. If the higher 
proportion of males was not caused by a 
sampling error and a 50:50 sex ratio at 
conception is real for foxes, more females 
than males apparently die during gestation, 
parturition, or their first few days of life. 

The sample of adult-sized foxes showed 
the greatest deviation from an even sex ratio 
(Table 11), and in both states males out- 
numbered females in fall samples each 
year. Richards and Hine (1953) reported 
54 percent males from September to Decem- 

TABLE 11.-SEX RATIOS OF RED FOXES IN ILLINOIS 
AND IOWA 

State 
Spring' Fall2 

Sex No. % No. % 

Illinois 
Male 337 51 59 58 
Female 319 49 42 42 

Iowa 
Male 773 55 106 54 
Female 634 45 90 46 

Both States 
Male 1110 54 165 56 
Female 953 46 132 44 

TOTAL 2063 100 297 100 
1 April through June, 1966-1970; all juveniles. 
2 October and November, 1963-1967 in Illinois and 

1968-1969 in Iowa; subadults and adults. 

ber and 45 percent males from January to 
March. Sheldon (1950) found more males 
in fall and an even sex ratio in January and 
February. Friend and Linhart (1964) re- 
ported 58 percent males in 242 subadults 
collected during September and October. 

The higher proportion of males in fall 
samples suggests higher vulnerability to 
trapping and hunting, and may reflect a 
tendency to travel more extensively than 
females during fall. Pregnant vixens near 
full term may also be less vulnerable to 
hunters because they may spend more time 
in dens. This differential mortality may 
result in more females in the population at 
the start of each breeding season. This 
possibility may be supported by the den 
counts, which showed pairs of females were 
more often associated with single litters 
than were pairs of males. Two adult fe- 
males were observed at the same den in 4 
cases in Iowa and once in Illinois. Two 
adult males were captured at a single den 
in 2 locations of Iowa, but one of these in- 
stances may have been an example of re- 
placement, since the second male was not 
captured until 9 days after the first. 

Murie (1961:153) saw from 1 to 3 extra 
adults at dens occupied by single litters, 
and Ables (19169b) reported that 2 adult 
females in Wisconsin used the same natal 
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FIG. 11. Typical den site where red foxes were captured in north-central Iowa. 

area. Sheldon (1950) captured a barren 
female at an active rearing den. 

Murie (1961:154) suggested that a pair 
of adult females on a natal area in spring 
are an adult and 1 of her yearling offspring, 
and some of our observations support this 
idea. A juvenile female, captured in Carroll 
County, Illinois, during April 1966, pro- 
duced offspring the next year in the area 
where she was born. Two females ear- 
tagged as juveniles in Iowa each produced 
offspring on their natal range. 

DENS, SPACING, AND HOME RANGE 

Dens 

Foxes in the present study were captured 
from April through July in 164 dens in Illi- 
nois, 345 in Iowa, and 7 in Minnesota. The 
distribution of den sites indicated that red 
foxes rear offspring in most kinds of habi- 
tats and topography in the north-central 

states except near occupied buildings. Only 
3 dens in Illinois and 5 in Iowa were within 
300 yards (274 m) of farmsteads, although 
3 litters were reared in abandoned farm 
buildings during April and May. Thus, 
lack of disturbance by man is one important 
factor in the selection of den sites. 

Most foxes were captured at dens in open 
agricultural land of Illinois and Iowa (Fig. 
11). Dens in forests (Fig. 12) are less con- 
spicuous and more difficult to locate. How- 
ever, dens in wooded areas were commonly 
reported each year in counties bordering the 
Mississippi River in Illinois and Iowa, and 
in Anoka and Isanti counties, Minnesota. 
Of 35 dens used by radiotagged juveniles on 
the CCNHA from April through July 1967 
to 1970, 20 were in wooded areas and the 
remainder in fields. 

Juveniles were not found in culverts in 
March and early April when some culverts 
were partly filled with water, but later in 
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FIG. 12. Typical den site where red foxes were captured in northeastern Iowa. 

summer, litters commonly used culverts as 
a retreat. Litters were also found often in 
abandoned gravel pits in northern Illinois 
and northern Iowa. These sites were well 
drained, and probably less disturbed by 
man than croplands. Layne and McKeon 
(1956b:248) and Stanley (1963:16) re- 
ported dens in well-drained soils. Sheldon 
(1950:34) found that all but 4 of 50 dens 
in central New York were in fine sandy 
soils. 

Rearing sites were found in pastures, 
eroded gullies, and pine plantations. Ap- 
parently, adults moved their offspring to 
these less disturbed habitats when dens in 
croplands were disturbed by farm machines. 
However, in several instances litters con- 
tinued to occupy dens whose entrances had 
been damaged by farm equipment. 

The external characteristics of dens in 
Illinois were not markedly different from 
those in Iowa. Entrances averaged 2.4 per 

den (range, 1-6) for 24 Illinois dens and 
3.0 (range, 1-9) for 25 Iowa dens. Of 
these 49 dens, 29 had either 1 or 2 entrances. 
The average dimensions of measured den 
entrances were 11 by 9 inches (28 by 23 
cm) for 57 entrances in Illinois and 10 by 9 
inches (25 by 23 cm) for 75 entrances in 
Iowa. 

No effort was made to determine the 
number of years each of the 509 dens visited 
in Illinois and Iowa was used, but those not 
severely disturbed were often occupied for 
several consecutive years. Of 33 dens active 
during spring 1966 in Carroll County, Illi- 
nois, at least 7 were active during at least 1 
more year from 1967 to 1970. In Iowa, we 
knew of 35 dens which were used by foxes 
for rearing young in more than 1 year. Of 
these, 27 were used during 2 years, 6 during 
3 years, and 2 during 4 years. These are 
low estimates because many dens were 
visited only once a year. 
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Spacing 
Juvenile red foxes are restricted to dens 

during their first month, where adults bring 
them food. Adults commonly move their 
offspring from 1 den to another, 1 to 3 times 
during their first 5 to 6 weeks (Scott 1943, 
Sheldon 1949:243). Sometimes not all are 
transferred, so littermates become separated 
(Westell 1910:264, Schoonmaker 1938, 
Sheldon 1950:37). 

Conclusive evidence of litters split among 
2 or more dens soon after birth was provided 
by radiotracking 2 juveniles in a litter of 5 
in Illinois during April 1966. The adults 
first separated this litter into 2 dens 1.2 
miles (2 km) apart between 17 and 25 
April, when the juveniles appeared to be 
about 6 weeks old, on the basis of size. 

The tendency for littermates to be sepa- 
rated and spaced within the home range of 
the adults increases after they are 8 to 10 
weeks old. At 10 to 15 weeks, they travel 
short distances from dens independent of 
their parents, but still center their activity 
around several dens (Scott 1943:444, Storm 
1965:11). 

One litter observed daily during various 
daylight hours from 23 April to 19 May 
1966 in Carroll County, Illinois, centered its 
activity at 2 dens about 0.25 mile (0.4 km) 
apart. Both sites could be viewed simul- 
taneously from several observation posts. 
On 9 May, 4 of the 5 members of this litter 
traveled from 1 den to the other without the 
adult, and 2 juveniles and 1 adult traveled 
between the dens during early evening. 
Thereafter, part of the litter used each den 
during the day. Another litter of 5, observed 
3 times a week from 12 April to 15 May and 
once a week from 16 May to 1 July 1966, 
used at least 10 underground dens. 

By late June, individual pups often used 
specific dens or bedding sites aboveground 
in croplands, thus tending to be spaced 
throughout the adults' home range during 
the day. However, occasionally, 2 or 3 pups 
were observed at a den during mid-June to 
early July, and once in mid-June, 4 juveniles 
and 1 adult were seen bedded about noon 
within a fencerow near 2 windblown trees. 

Nevertheless, at 12 to 15 weeks of age, 
juveniles generally begin to separate from 
their littermates and parents, and orient to- 
ward specific parts of their parents' range 
during the day. Such spacing of littermates 
may be adaptive in at least 2 ways-by 
minimizing mortality from predators and by 
familiarizing the juveniles with their envi- 
ronment. 

This spacing tendency of the pups was 
quite apparent by September. Two sub- 
adult male littermates were radiotracked in 
a 15-acre (6-ha) Minnesota woodlot once 
daily during daylight hours from 13 October 
to 1 November. One always bedded in the 
eastern part of the woodlot, and only twice 
did the 2 bed together during 12 consecu- 
tive days of tracking. 

In late summer and early fall, spatial 
patterns of subadult foxes during the day 
were studied with 3 other family groups. 
One litter of 3 females and 1 male was radio- 
tracked near Clear Lake, Iowa, in Septem- 
ber and October. From 15 September to 1 
October, none of the 4 subadults was 
located at the same site on the same day. 
Usually, 2 were spaced 1 mile (1.6 km) 
apart, and all, at least 0.25 mile (0.4 km) 
apart. Most of these subadults' daytime 
resting sites were aboveground in fields of 
corn and beans. 

Another family group of 3 subadult 
males, 2 subadult females, and 1 adult male 
was radiotracked in a mixed farmland and 
forest 2 miles (3.2 km) east of the CCNHA 
during late summer and early fall. Al- 
though 4 of the subadults frequently were 
separated by no more than 500 yards (457 
m), only once did 2 of then bed together 
in the day during September and October. 
Limited radiotracking at night during 
September and early October indicated 
that the adult male traveled throughout a 
1- x 2-mile (1.6- x 3.2-km) area, whereas 
the subadults generally were restricted to 
a 1-square-mile (2.6-km2) area. 

In a third family radiotracked in Minne- 
sota near the Rum River, the subadult male 
appeared to avoid the adult male. When the 
adult bedded north of County Highway 22, 
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the subadult bedded near the center of the 
range (south of Highway 22), but when the 
adult bedded near the center of the range, 
the subadult always bedded in the southern 
part of the range. Such interactions were 
observed 16 times, from 21 September to 1 
November 1969, by radiotracking and visual 
observations from an airplane. Whether the 
subadult also avoided the adult at night was 
not determined. 

Home Range 

Sargeant (1972) reported that resident 
families were restricted to well-defined 
areas. Our data from 2 families near the 
Rum River in Minnesota supported his 
findings. The family mentioned above and 
a second one occupied adjacent areas east 
and west of Highway 47, the primary geo- 
graphic barrier between them. Home 
ranges were estimated from the: daytime 
bedding sites of all members and 12 night- 
time radio locations for each adult male 
during September and October 1969. Each 
family stayed within an area of 2.5 x 1.5 
miles (4 x 2.4 km), similar to the sizes of 
areas reported by Sargeant (1972). 

DISPERSAL 

Dispersal is usually defined as the process 
in which an animal moves from its birth- 
place to another locality. Udvardy (1969: 
91) stated: "Dispersal, in the wide sense, 
means shifting of domicile. Two kinds of 
spatial shifts have different biological mean- 
ing for the species. Dispersion within the 
distribution area means spacing of individ- 
uals, a concept of population ecology. 
Dispersal, in the stricter sense, spreads in- 
dividuals outside the limits of the range 
of the species and expands the area of 
population-this is the zoogeographical 
concept." 

Dispersal in mammals is common at pu- 
berty (Burt 1940, Howard 1960, Robinette 
1966, Hawkins et al. 1971). Beer and Meyer 
(1951) noted that most muskrats in Wiscon- 
sin were transient in March, when there also 
was an increase in gonadotropic activity 

and in development of the gonads. Al- 
though the relative importance of internal 
and external factors remains uncertain, it 
is likely that a certain physiological state 
must be attained before mammals disperse. 
The idea that physiological changes are 
associated with migration in birds was dis- 
cussed by Farner (1955) and Weise (1967). 

Howard (1960) suggested that the ten- 
dency to disperse was an inherited trait. 
Others (Burt 1949, Blair 1953, Dice and 
Howard 1951) have suggested that, in 
some mammals, an inherent tendency to 
disperse may be stimulated by physiological 
changes. The idea that parents frequently 
drive the young from their home range has 
been documented in numerous publications 
(Wynn-Edwards 1962, Jewell and Loizos 
1966). Dispersal rates also may increase in 
response to increased social pressure or 
limited food, or both associated with in- 
creased animal density (Snyder 1961, Er- 
rington 1963a:77, Van Vleck 1968, Chris- 
tian 1971). 

We considered a movement of over 5 
air miles (8 km) between first and last 
captures as dispersal. This arbitrary limit 
was based on data that indicate home ranges 
of nondispersing red foxes are less than 5 
miles (8 km) in diameter (Murie 1936, 
Scott 1943:443-444, Storm 1965, Ables 
1969b, Sargeant 1972). 

Time of Dispersal and Factors 
Influencing Onset 

Subadult red foxes did not start to dis- 
perse until late September or early October, 
when about 7 months old and nearly full 
grown. Of 97 earmarked juveniles and sub- 
adults recovered during April-September, 
only 2 (a male in July and a female in 
September) died more than 5 miles (8 km) 
from their natal ranges (Table 12). 

The radiotracking results also indicated 
that few red foxes in the north-central states 
disperse before October. Of 22 Iowa foxes 
(14 males and 8 females) and 35 Minnesota 
foxes (20 males and 15 females) with 
functional radios, none left its natal range 
before 1 October. Radio contact was lost 

28 



MIDWESTERN RED Fox POPULATIONS-Storm et al. 

TABLE 12.-STRAIGHT-LINE DISTANCES IN MILES (1.61 KM) BETWEEN FIRST AND LAST CAPTURES OF 
RED FOXES TAGGED AND RELEASED AT POINT OF CAPTURE AND RECOVERED DURING THEIR FIRST YEAR OF 

LIFE, ILLINOIS AND IOWA. FOXES WERE TAGGED DURING 1963-1970 IN ILLINOIS AND DURING 1966-1970 
IN IOWA 

Males Females 

Distance Distance 
Month No. No. 

Recaptured Foxes Mean Range Foxes Mean Range 

April 2 0.0 0.0-0.0 5 0.0 0.0-0.0 
May 16 0.5 0.0-1.9 5 0.1 0.0-0.3 
June 16 0.6 0.0-1.4 12 0.9 0.0-2.8 
July 11 1.2 0.0-7.9 8 1.0 0.0-4.4 
August 6 1.9 0.4-4.5 7 0.8 0.0-2.1 
September 2 0.8 0.4-1.1 7 1.6 0.0-5.8 
October 21 11.8 0.0-45.4 11 5.2 0.0-25.4 
November 60 19.3 0.0-98.5 48 5.8 0.0-45.1 
December 89 22.1 0.0-94.1 48 6.5 0.0-49.2 
January 102 27.3 0.4-130.6 69 9.2 0.0-54.3 
February 25 22.7 0.0-85.3 28 11.9 0.0-67.0 
March 1 51.5 51.5-51.5 2 10.8 3.6-17.9 

Total 351 250 
Mean 19.4 6.7 
Median 13.3 1.9 
Range 0.0-130.6 0.0-67.0 

with 2 foxes in Iowa during September 1970. 
They may have dispersed, but failure to 
locate them by aerial search suggested that 
their transmitters had stopped functioning. 

The only fox known to have dispersed be- 
fore October was a large juvenile male (4.1 
kg) marked and released 5 miles (8 km) 
southeast of the CCHNA by A. B. Sargeant 
(pers. comm.) on 30 July 1965. This fox 
was recaptured 8 September 1965 near 
Buffalo, Minnesota, 35 air miles (56 km) 
away. 

By mid-October, some subadult males 
had moved more than 20 miles (32 km) 
from their natal ranges. During October, 
the average recovery distance was 12 miles 
(19 km) for 22 subadult males and 5 miles 
(8 km) for 11 subadult females (Table 12). 

Dates of departure from natal areas were 
obtained for 14 radiotagged foxes, 8 in Iowa 
and 6 in Minnesota. In Iowa, the earliest 
departure dates were 1 October 1970 for a 
subadult male and 6 October 1970 for a 
subadult female, and 7 subadults had left 
before 18 October. Dispersal was later in 
Minnesota; the earliest departure date was 

21 October 1969, for both a subadult female 
and a subadult male. Since whelping 
tended to be earlier in Iowa than in Minne- 
sota, the onset of dispersal apparently was 
related to the fox's stage of development 
and maturation. In Minnesota, the first 
subadults to disperse were the largest 
(presumably the oldest) when captured in 
early September. 

If date of dispersal is related to age, one 
might expect similar departure dates among 
littermates. Radiotracking in Minnesota 
showed that a subadult male and a sub- 
adult female of 1 litter both departed on 
21 October 1969. In 3 litters in Iowa, the 
maximum difference in departure times be- 
tween littermates was 21 to 44 days. How- 
ever, this variation is small compared with 
the total dispersal period, which is 4 to 5 
months (see below). 

The radiotracking results indicated that 
males disperse earlier than females. This 
difference may be related to seasonal 
changes in reproductive activity. According 
to Venge (1959), male foxes are sexually 
mature in late November and December, 
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whereas estrus does not begin in females 
until January or February. McIntosh 
(1963) reported that testes begin enlarging 
about 3 months before the height of the 
breeding season, whereas ovaries do not 
begin to enlarge until about 2 months later. 

Since the cyclic pattern of gonadal activ- 
ity was similar in subadult and adult males 
(see "Minimum Breeding Age"), the timing 
of dispersal in red foxes corresponds to the 
time of puberty and to increased gonadal 
activity in both ages. This correlation of 
dispersal and increased gonadal activity 
supports the idea that physiological state 
influences dispersal in red foxes. Such 
physiological change apparently takes place 
over a period of several weeks, since foxes 
in Minnesota were known to disperse 
throughout a 4-month period (October- 
February). Although the latest dispersal 
recorded for a radiotagged male in Iowa was 
1 November, in Minnesota, 2 radiotagged, 
subadult male littermates were still in their 
natal area on 5 February. However, both 
had been killed more than 15 miles (24 km) 
away by 12 March. 

In Iowa, 38 foxes were castrated in 1968 
and 16 in 1970 to gain some insight into the 
effect of altered testicular activity on dis- 
persal in males. Each year, 16 littermates of 
the castrates were used as controls. Of these 
86 males, 18 castrates and 11 controls were 
recovered between October and March 
within a year after tagging. Ten of the 11 
controls and only 8 of the 18 castrates were 
recovered more than 5 miles (8 km) from 
their natal areas, a statistically significant 
difference. However, 6 of the castrate males 
were recovered more than 20 miles (32 km) 
from their natal area, indicating that testic- 
ular activity was not the only factor affect- 
ing dispersal. 

Since foxes were seldom observed for ex- 
tended periods in late summer and early 
fall, it was difficult to determine whether 
dispersal was initiated by social behavior, 
such as overt aggression, changes in odor 
released during scent marking, or a com- 
bination of several such factors. However, 
little is known about the modes of com- 

munication among foxes and how to define 
and interpret contact between foxes in 
groups. Although no controlled experiments 
on the effect of social interaction on dis- 
persal were attempted in this study, some 
of the observations and results obtained in 
the field may be pertinent. 

Radiotracking data obtained by Sargeant 
(1972) and during the present study in- 
dicated a tendency toward avoidance be- 
tween individuals, even among family mem- 
bers, beginning after August and increasing 
through early fall when dispersal begins. 
Thus, there was no apparent increase in the 
amount of contact between individuals at 
the time radiotagged foxes left their natal 
ranges. These observations do not support 
the idea that socially dominant individuals 
drive subordinate ones through overt ag- 
gression. 

Two other observations argue against the 
idea that aggression by dominant adults is 
a major factor in subadult dispersal. First, 
was the pattern of travel during dispersal. 
It was common for dispersing foxes to move 
at least 6 miles (9.7 km) the first night, or 
well beyond the limits of their parents' 
range. If a subordinate dispersed merely to 
avoid aggression, one would expect it not to 
move much beyond the dominant's range. 
Second, was the fact that subadults were 
not the only foxes dispersing. One adult 
male (No. 432) radiotracked in Iowa in the 
fall regularly moved over a 2-square-mile 
(5.2-km2) area. His range bordered that of 
another adult male radiotracked at the same 
time. There was no evidence of overlap in 
areas used by the males, and their move'- 
ment patterns seemed typical of resident 
adult foxes. Nevertheless, on 16 October, 
No. 432 left his range and apparently settled 
in a new area about 36 miles (58 km) away. 

It also seems unlikely that limited food 
initiates dispersal in foxes, at least in the 
Midwest. Food for foxes, both plant and 
animal, is not scarce there during late sum- 
mer and early fall; in fact, prey and certain 
fruits may be at the annual peak locally 
during early fall. 
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FIG. 13. Percentages of red foxes recovered more 
than 5 miles (8 km) from the point of release; 1 
group was tagged as juveniles and the other as 
adults. The number above each bar is the total 
number of recoveries, October through March. 

Proportion Dispersing 

The proportion of radiomarked and ear- 
marked foxes known to have dispersed dur- 
ing the present study is shown in Fig. 13. 
Of the earmarked subadults recovered be- 
tween October and March in their first 
year, 80 percent of the males but only 37 
percent of the females had traveled more 
than 5 miles (8 km) from their natal ranges; 
this difference was significant. However, 
the proportion increased to 96 percent for 
males and 58 percent for females if they 
survived another year (Fig. 13). 

The tendency to disperse was less pro- 
nounced in adults. Of 22 adult males and 
49 adult females earmarked, only 30 percent 
of the males and 21 percent of the females 
were recovered more than 5 miles (8 km) 
from the release points during October- 
March (Fig. 13). These data support 
Sheldon's (1953) report that a few foxes 
disperse as adults. Of the 26 adults that 
dispersed, only 2 were recovered more than 
15 miles (24 km) away suggesting that most 
adults did not travel long distances. In some 
cases, the extensive movements of adults 
may have resulted from mating behavior 
rather than dispersal. We do not know 
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STRAIGHT-LINE DISTANCE IN MILES BETWEEN FIRST AND 
LAST CAPTURES 

FIG. 14. Straight-line distance in miles (1.61 kin) 
between the first and last captures for male and 
female red foxes marked as juveniles, Illinois and 
Iowa. A. Last capture occurred during all months 
of the year and foxes were in their first year at 
the time of last capture. B. Last capture occurred 
during October through March and foxes were in 
their first year at the time of last capture. C. Last 
capture occurred during all months of the year 
and foxes were adults in their second, third, or 

fourth year at the time of last capture. 

whether dispersing adults had also dis- 
persed in their first year. In either case, it is 
clear that not all red foxes set up perma- 
nent residence during their first year of life 
and remain there until they die. 

Previous studies indicated that adults did 
not disperse during spring and summer 
(Storm 1965, Ables 1969b). Apparently, 
adults, like subadults, disperse during fall 
and winter. The only radiotagged adult fol- 
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LAST CAPTURES 

FIG. 15. A comparison of the proportion of male 
and female red foxes captured after dispersal at 
various distances in miles (1.61 km) from the 
point of first capture. All foxes were marked and 
released as juveniles and were recaptured during 

their first year of life. 

lowed during dispersal was No. 432, who 
started dispersing 16 October. 

Dispersal Distance 

The straight-line distance between points 
of first and last captures for each eartagged 
fox (all tagged as juveniles) recovered at 
various distances from their natal ranges 
varied by sex, month of recovery, and age 
at last capture (Fig. 14). Part A of Fig. 14 
represents the straight-line distances of 
juveniles and subadults based on recoveries 
for all months. Twice as many females as 
males were recovered less than 10 miles (16 
km) from the natal range, and more males 
traveled more than 10 miles (16 km) in 
their first year. The recovery distances for 
juvenile and subadult males for all months 
ranged from 0.0 to 130.6 miles (211 km) 
with a mean of 19.4 miles (31 km) and a 
median of 13.3 miles (22 km). Recovery 
distances for juvenile and subadult females 
ranged from 0.0 to 67.0 miles (108 kin) 
with a mean of 6.7 miles (11 km) and a 
median of 1.9 miles (3 km). Recoveries of 
subadults from October through March 

only (Part B, Fig. 14) showed lower per- 
centages within 10 miles (16 km) of the 
natal range than in Part A, because they 
excluded predispersal juvenile mortality, 
most of which occurred on the natal range. 

Part C of Fig. 14 shows recoveries of 
tagged juveniles recovered as adults (after 
1 year). Of these, 96 percent of the males 
and 50 percent of the females were re- 
covered more than 5 miles (8 km) from 
their natal ranges, and 71 percent of the 
males and 32 percent of the females were 
beyond 20 miles (32 km). 

A more detailed picture of subadult dis- 
persal is given in Fig. 15, which shows per- 
centages of males and females recovered 
throughout their first year beyond 5 miles 
(8 km) from their natal areas. The sample 
size of females is small, because 72 percent 
of the original sample was recovered within 
5 miles. However, the females' tendency to 
move less is still apparent; 64 percent of the 
dispersing females were recovered 5 to 35 
miles (8 to 56 km) from their birthplace, 
and only males moved farther than 70 miles 
(113km). 

The percentage of males recovered de- 
creased as the distance from the natal range 
increased from 5 to 75 miles (8 to 121 km), 
but increased slightly beyond 75 miles (121 
km) (Fig. 15). An upward trend in the 
proportion of animals moving the long dis- 
tances has also been observed with small 
mammals (Dice and Howard 1951, Howard 
1960) and has been used to support the 
hypothesis that certain individuals are 
genetically endowed to make long and 
directed movements (Johnston 1956, French 
et al. 1968). 

Recovery distances for subadult males in- 
creased significantly between October and 
January (Fig. 16). The smaller distances 
for males in October and November may 
reflect mortality before or during dispersal. 
If this is true and if dispersal ends in March, 
the January and February recovery data 
provide the best estimate of the distribution 
of dispersal distances because these animals 
had survived through the peak dispersal 
period and settled in a new area. The Janu- 
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ary and February data for subadult males 
(Fig. 17) shows that there was no signifi- 
cant difference between these 2 months in 
the proportion recovered in comparable 
distance categories (the first 4 shown). 

Unlike the data from subadult males, 
those from subadult females did not show 
a significant increase in the mean dispersal 
distance between October and December, 
but the means did increase in January and 
February (Fig. 16). These results indicate 
that the proportion of transient animals 
during different times of the dispersal pe- 
riod was less variable for females than for 
males. 

The mean distances between first and 
last captures for adults recovered during 
November through February are also shown 
in Fig. 16. Since these foxes were tagged as 
juveniles and killed as either 2, 3, or 4 year 
olds, the time of dispersal was unknown. 
Some, or most, may have dispersed during 
their first year and survived 2 to 4 years. 

There was an increase in the recovery dis- 
tances of adult males from November to 

February (Fig. 16). After November, the 
recovery distances of adult males exceeded 
those of subadult males. These results prob- 
ably reflect dispersal by some males in their 
first year and again in subsequent years. 
If so, this suggests a tendency for individu- 
als to disperse in the same direction in suc- 
cessive years, thereby increasing the dis- 
tance moved from the natal area. 

Like males, adult females were recovered 
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FIG. 18. Distribution of recoveries in the 4 direc- 
tional quadrants for 418 tagged foxes recovered 
more than 5 miles (8 km) from point of release. 

farther from their natal ranges than subadult 
females (Fig. 16). However, the difference 
between adults and subadults was not as 
pronounced as with males, again showing 
that long-distance dispersal is not as com- 
mon in females as it is in males. 

The maximum straight-line distances re- 
corded for foxes tagged as juveniles were 
67 miles (108 km) for a subadult female, 
159 miles (256 km) for a 5-year-old female, 
130 miles (209 km) for a subadult male, and 
215 miles (346 km) for a 2-year-old male. 
The maximum distances for foxes tagged as 
adults were 36 miles (58 km) for a male 
and 104 miles (167 km) for a female, both 
recovered within a year after being tagged. 
Ables (1965:102) reported that a male fox 
traveled a straight-line distance of 245 miles 
(395 km) between Wisconsin and Indiana. 
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FIG. 19. Distribution of dispersal distances of 
foxes in the 4 directional quadrants. Numbers 
across the top are the totals recovered in each dis- 
tance category; all foxes were first captured in 

Illinois or Iowa, 1966-1970. 

Dipersal Direction 

The recovery locations of 418 foxes that 
moved more than 5 miles (8 km) from the 
release points showed that more were killed 
north than south of the release sites (Fig. 
18). This tendency was also evident in 
data reported for foxes in Michigan (Arnold 
and Schofield 1956:95). The number of 
foxes recovered north of release points in- 
creased as the dispersal distance increased 
beyond 5 miles; those recovered within 5 
miles showed no such northerly tendency 
(Fig. 19). 

The higher proportion of tagged foxes 
killed in the 2 northern quadrants does not 
necessarily mean more foxes moved north 
from natal areas. There may be more hunt- 
ers and trappers in the northern areas, and 
because snow is more frequent north of re- 
lease points in Illinois and Iowa, fox hunting 
conditions may be better in the north. The 
latter view is supported by the yearly winter 
recovery data. In January 1971, snow 
covered broad areas of both southern and 
northern Iowa and presumably provided 
better conditions for shooting foxes over a 
wider area than from 1967 through 1969. 
Although the recovery rate in the winter of 
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FIG. 20. Last capture locations of male foxes in relation to original capture area. Foxes were tagged 
and released within 1 of the 7 areas marked A-G, and each fox is represented by a symbol cor- 

responding to the area where it was tagged. 

1971 was again higher for the northern 
quadrants, the ratio of the northern to south- 
ern zones was 54:46, the smallest recorded 
for any year of this study. 

First-year recovery data for all years in 
Illinois and Iowa showed 64 percent of the 
males and 59 percent of the females re- 
covered north of their natal ranges, versus 
36 percent of the males and 41 percent of 
the females recovered south. Because the 

travel distances of subadults were signifi- 
cantly less for females than for males, this 
difference between the sexes may again 
reflect the increased vulnerability to the 
north. 

There was no difference in travel direc- 
tion between foxes recaptured as subadults 
and those recaptured as adults. In each 
group, 63 percent were recovered north and 
37 percent south of their release points. 
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FIG. 21. Last capture locations of female foxes in relation to original capture area. Foxes were 
tagged and released within 1 of the 7 areas marked A-G, and each fox is represented by a symbol cor- 

responding to the area where it was tagged. 

There were no reports of eartagged foxes 
crossing the Mississippi River along the 
Illinois-Iowa boundary (Figs. 20, 21). The 
river in this area usually is not frozen during 
October and November, but some years it 
is covered with ice and snow by late Decem- 
ber or early January. Nevertheless, it does 
appear to be at least a partial barrier to 
dispersing foxes. 

Only 2 eartagged foxes were known to 
have crossed major waterways. One female 
tagged 6 May 1967 north of the Illinois 
River was recovered south of the river 20 
April 1968. Another female tagged 6 June 
1967 in Iowa was recaptured near St. Cloud, 
Minnesota, 16 January 1972, on the other 
side of the Minnesota River (Fig. 21). The 
time of dispersal was not known for either 
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FIG. 22. The proportion of foxes recovered in 4 
directional quadrants from the point of release in- 
dicating the influence of a major river on move- 
ments. Figures on the left represent data for foxes 
first captured and released in northwestern Illinois 
(1962-1970) and northeastern Iowa (1966-1970), 
less than 40 miles (64 km) from the Mississippi 
River. Figures on the right represent foxes first 
captured and released in north-central Illinois and 
Iowa (1967-1970), more than 40 miles (64 km) 

from the Mississippi River. 

female and both could have crossed when 
the rivers were frozen, or even used 

bridges. 
The proportion of foxes recaptured in the 

4 directional quadrants from the points of 
release are presented in Fig. 22. Of the 
foxes tagged within 40 miles (64 km) of the 

Mississippi River in Iowa, only 11 percent 
of those recovered were recovered north- 
east (0-90?), and only 16 percent of those 
recovered in the Illinois sample were re- 
covered northwest (271-360?). In contrast, 
foxes tagged and released more than 40 
miles (64 krn) from the river showed a 
fairly even distribution in the 4 quadrants, 
providing further evidence that the river 
was a barrier to foxes. 

Individual Dispersal Routes 

Study Animals 

Data characterizing the dispersal routes 
of foxes were obtained by radiotracking 11 
foxes in Minnesota during 1968, 37 in 1969, 
and 23 in Iowa during 1970. The best data 
came from 5 males (4 subadults and 1 
adult) and 3 subadult females; however 3 
other subadult males and 2 subadult females 
provided additional data. 

Loss of radio contact with a radiotagged 
fox meant: (1) the transmitter failed, (2) 
the fox was killed and the transmitter de- 
stroyed, or (3) the fox had left its natal 
range. If the last were true and the 
transmitter functional, it was sometimes 
possible to locate the fox by aircraft and 
then follow it by truck. Since foxes on 
natal ranges usually were not monitored at 
night, data during the first night of dispersal 
were recorded for only 1 fox. 

Radio contact with 3 foxes was lost dur- 
ing dispersal. One animal was killed in a 
trap the sixth night after he started to dis- 
perse, and 2 were killed and reported about 
3 months after they were last monitored. 

Time of Activity 

Except for occasional brief movements 
shortly after sunrise, radiotagged foxes dis- 
persed exclusively at night. This time of 
dispersal became apparent after we fol- 
lowed the first dispersing fox. Conse- 
quently, we started monitoring daily be- 
tween 1600 and 1800 where the fox was 
last located the previous morning and con- 
tinued tracking until sunrise, or sometimes 
until the fox stopped moving at night for 
longer than 1 hour. All dispersing foxes 
followed remained within 1 square mile 
(2.6 km2) or less during the day. 

Departure and Cessation 

The departure time was recorded for the 
first night of dispersal only once. In this 
instance, a subadult male started to travel 
at 1815, and by 2330 he was 3 miles (4.8 
km) southwest of his natal range. The 
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FIG. 23. Dispersal routes of 6 subadult red foxes radiotracked in Minnesota, 1968-1969. Exploratory 
movements for 2 foxes (155 and 189) are also shown. 

following day he was located 9 miles (14.5 
km) from his natal range. 

Foxes began directional movements dur- 
ing dispersal within 2.5 hours after sunset 
in each of 15 observations obtained for 6 
dispersing individuals, which is similar to 
the onset of daily movement in resident 
foxes. Ables (1969a:148) recorded a peak 
in activity between 1800 and 1900 for a 
resident male during the fall in Wisconsin. 
He also noted that 2 adult females traveled 
primarily at night, and that 1 female regu- 
larly left her resting area at dusk during 
July and August. In Minnesota, A. B. 
Sargeant (pers. comm.) found that most 
movements of resident foxes occurred at 
night with a peak of activity around sunset 
and another less pronounced peak near sun- 
rise for both adults and juveniles. 

The interval between the time a dispers- 
ing fox became active (without a major 
change in location) and the onset of direc- 

tional travel, as recorded in 5 observations 
for 3 radiomarked individuals, ranged from 
15 to 90 min and averaged 54 min. None of 
these foxes was observed, so we could not 
determine what the animals were doing 
just before departure. However, they ap- 
peared to be moving around in a confined 
area, usually within 100 yards (92 m) of 
their bedding sites. 

The data for 5 radiotagged foxes provided 
7 observations of the time daily travel 
ceased during dispersal in October and No- 
vember. For each observation, radio con- 
tact was continued throughout the night to 
insure that the fox had stopped traveling. 
Movements ceased between 0200 and 0700, 
and in 4 of the 7 cases, within 90 min of 
sunrise. 

Nocturnal Resting 

The number and duration of rest periods 
(not moving) varied markedly during the 
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FIG. 24. Dispersal routes of 3 subadult and 1 adult red fox radiotracked in Iowa, 1970. 

nights of dispersal. For example, 2 sub- 
adult males each rested 20 to 60 min per 
night during 3 nights, but another male 
rested twice between sunset and midnight 
and once after midnight, for a total of 2 
hours and 25 min of rest in 1 night. 

The amount of time dispersing foxes 
rested or traveled at night was determined 
from continuous monitoring during all or 
part of 23 nights for 5 males and 8 nights 
for 3 females. The 5 males spent 202 hours 
traveling and 37 resting; the 3 females, 54 
hours traveling and 10 resting. Thus, for 
both groups, approximately 85 percent of 
the nocturnal dispersal period was classified 
as travel and 15 percent as rest. 

Apparently, foxes tended to rest when 
they confronted major physical barriers such 

as rivers and cities. On 1 occasion for each 
of 3 foxes, the first rest period observed be- 
fore midnight occurred within 30 min after 
the animal approached a major physical 
barrier. Although quantitative data were 
not obtained, it appeared that dispersing 
foxes tended to be more active before mid- 
night than after. 

Direction and Distance 

As indicated above, dispersal of foxes was 
easily recognized. Before dispersal, resi- 
dents were restricted to definite ranges. A. 
B. Sargeant (pers. comm.) found that the 
monthly home ranges of resident foxes in 
Minnesota during September, October, and 
November were no larger than 3 by 2 miles 
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TABLE 13.-DISTANCES IN MILES (1.61 KM) 
TRAVELED DAILY BY INDIVIDUAL RED FOXES RADIO- 

TRACKED DURING DISPERSAL. DISTANCES CALCU- 

LATED FROM CONSECUTIVE RADIO FIXES 

No. Nights 
Dispersal 

Daily Distance Movements 
Were 

Age Sex Mean Range Recorded 

Subadult Male 10.6 4.8-12.7 6 
Subadult Male 9.6 1.8-16.0 6 
Subadult Male 8.5 2.1-16.9 12 
Subadult Male 5.2 4.2-5.9 4 
Adult Male 10.7 3.6-15.7 5 
Subadult Female 6.2 5.2-7.0 5 
Subadult Female 5.9 3.1-8.9 4 
Subadult Female 4.7 2.1-8.9 5 

FIG. 25. Distribution of headings during 5 
nights of dispersal by a male red fox (161) in 
Minnesota, 1968. Each dot represents a bearing 
based on 2 consecutive radio fixes when the fox 
was active. Numbers refer to the night of dispersal. 
Line in center indicates the heading during the 

first night of dispersal. 

(4.8 by 3.2 km). In contrast, dispersal took 
foxes well beyond these limits during the 
first night. Thus, dispersal was not an 
erratic wandering that resulted in gradual 
shifts; it was a directional movement to 
new areas. Dispersal routes of 6 foxes 
radiotracked in Minnesota and 4 in Iowa 
are presented in Figs. 23 and 24, respec- 
tively. The line for fox No. 155 connecting 
locations 16 December 1968 and 23 Novem- 
ber 1969 (Fig. 23) connects the natal range 
and point of recapture almost a year later 
and thus is not a dispersal route. 

For 5 of the 6 foxes in Minnesota and 3 
of 4 in Iowa, the initial heading during the 
second night was within 90? of the general 
heading the first night. We defined the 
first night's heading as the direction be- 
tween the last fix on the natal range and the 
resting site the next day. We found little 
indication of reverse movement toward the 
natal range during dispersal. The only ex- 
ceptions were movements by 1 male and 2 
females. However, the male traveled with- 
in 6 miles (9.7 km) of his natal range, and 

both females traveled within 4 miles (6.4 
km) of their natal ranges and returned the 
following night. 

The directional travel for 3 to 4 consecu- 
tive nights shown by 2 subadult males Nos. 
161 and 444 (Figs. 23-27) illustrates the 
distances foxes are capable of moving with- 
in a few days, and the potential for rapid 
colonizing of new habitats from distances 
much greater than those suggested by a 
fox's usual range. 

The mean and range of straight-line dis- 
tances traveled per night by 8 dispersing 
foxes (Table 13) do not include nights when 
movements were restricted to a square mile. 
The mean distances for 5 males during 33 
nights was 9.0 miles (14.5 km), versus 5.6 
miles (9.0 km) for 3 females during 14 
nights of dispersal. This difference supports 
the tag return data showing longer dispersal 
for males. 

The overall dispersal pattern indicated 
considerable variation in duration and dis- 
tribution of dispersal movements among 
animals (Fig. 28). Some foxes moved for 3 
to 6 consecutive nights and apparently set- 
tled in the last area recorded. Others dis- 
persed for 1 to 7 nights, settled in an area 
for 1 to 6 days, and then resumed dispersal. 
The longest period between onset and the 
apparent cessation of dispersal recorded was 
18 days. 
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FIG. 26. Dispersal route of a subadult male (161) in Minnesota. 

Barriers During Dispersal 

Although the nightly dispersal of foxes 
was often oriented in 1 direction, the overall 
travel routes of some foxes showed marked 
deviations from a single direction (Figs. 
23, 24). Erratic movements often were as- 
sociated with physical environmental fac- 
tors, especially cities and lakes. 

The routes of 2 females radiotracked in 
Minnesota both led toward cities, and in 
both cases the city caused a significant 
change in the direction of movement. One 
female (No. 181, Fig. 23), who headed 
southeast toward Wyoming, Minnesota, on 

23 October 1969, began moving erratically 
before reaching the city. She encountered 
a fine-meshed fence, 6 feet (1.8 m) high, 
along the interstate highway just west of 
the city, and circumvented it by moving 1 
mile (1.6 km) northeast, beyond the fence 
and the city, before heading east and cross- 
ing Highway 61. The other female (No. 
189, Fig. 23) traveled southeast toward the 
northern edge of Hugo, Minnesota, and 
within 100 to 200 yards (90 to 180 m) of 
Highway 61. She then reversed her travel 
for about 500 yards (460 m), rested for 10 
min, proceeded south to the south edge of 
Hugo and then crossed Highway 61. Both 
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FIG. 27. Dispersal route of a subadult male (444) 
in Iowa. 

females continued to travel southeast (their 
original heading) after bypassing a city and 
a major highway. Subadult male No. 444 
radiotracked in Iowa had to circumvent the 
city of Crystal Lake on 12 October 1970 
(Figs. 24, 27), and subadult male No. 183 
and adult male No. 432 changed direction 
when each approached Mason City, Iowa 
(Figs. 24, 29, 30). 

Lakes also altered the pattern of travel. 
One subadult male (No. 161) in Minnesota 
(Fig. 26) was influenced by at least 4 lakes 
between Highways 152 and 55. Subadult 
female No. 181 (Fig. 23) followed the 
southwestern boundary of a lake east of 
Wyoming, Minnesota, and in Iowa, sub- 
adult male No. 183 traveled westward for 
more than 0.5 mile (0.8 km) along the north 
shore of Clear Lake (Fig. 29). Creeks and 
rivers did not appear to be major deterrents 
to dispersal, but changes in movements oc- 
curred when foxes encountered some rivers; 
their travel slowed and became more erratic 
until they swam the rivers. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

DAY OF DISPERSAL 

FIG. 28. The number of nighttime periods 9 
radiotagged foxes traveled at least 1 mile (1.61 km) 
in 1 general direction during dispersal. Numbers 

on the left represent individuals. 

The Rum River, north of Anoka, Minne- 
sota, and the Mississippi River west of Elk 
River, Minnesota, were the widest rivers 
radiotagged foxes were known to swim in 
this study. The Rum River was about 60 
yards (55 m) wide where 2 foxes crossed. 
One subadult male crossed the Mississippi 
but apparently used 2 islands in crossing; 
the longest swim between the shore and 1 of 
the islands was 90 yards (82 m). These dis- 
tances (estimated from aerial photographs) 
were much less than the width of many 
lakes encountered by dispersing foxes, and 
radiotagged foxes apparently did not try to 
swim lakes. Whether foxes swim evidently 
depends on the size of the waterway. Per- 
haps a decision to swim or not to swim is re- 
lated to visibility, as was suggested by 
Sheppe's (1965:337) study that showed 
that Peromyscus swam waterways only 
when the goals were visible on the other 
side. 

The dispersal routes of 1 male and 1 fe- 
male both led toward the Rum River just 
north of Anoka, Minnesota (Fig. 23), but 
each animal responded differently. The 
male (No. 191) spent several hours along 
the west bank during the night of 3-4 No- 
vember 1969, when there was no ice on the 
river. By 8 November 1969 he headed 
northwest. The female (No. 194) arrived 
on the west shore of the Rum River on 17 
November 1969, and crossed the river by 
22 November 1969, when it was frozen. 
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444- 
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FIG. 29. Dispersal route of a subadult male 
(183) in Iowa. 

These observations suggest that character- 
istics of the river, in this case a covering of 
ice, influenced dispersal. 

Travel Rates 

The travel rates of dispersing foxes were 
based on straight-line time-distance mea- 
sures between 2 consecutive radio fixes ob- 
tained while the foxes were constantly mov- 
ing. The mean rate for 5 males was 1.1 mph 
(1.8 km/hr) based on 214 measurements, 
significantly higher than the 0.8 mph (1.3 
km/hr) based on 75 measurements for 3 
females. The frequency of travel rates by 
sex (Fig. 31) also shows that males tended 
to travel faster. 

The conclusion that travel rate during 
dispersal decreased when foxes contacted 
major physical barriers was supported by 
comparing rates when barriers were pres- 
ent and absent. Barriers were considered 
present if 2 consecutive radiofixes were 
within 0.5 mile (0.8 km) of a federal or 
state highway or of a river or lake. These 

FIG. 30. Dispersal route of an adult male (432) 
in Iowa. 

barriers reduced travel rates for 5 of 6 
foxes monitored (Fig. 32). These 5 foxes 
generally appeared to move more slowly 
when they approached a barrier than when 
they left it. The sixth fox, subadult male 
No. 183, actually moved faster in the pres- 
ence of barriers. He also moved the most 
erratically of any fox of the study, making 
numerous short, fast movements between 
Clear Lake and Mason City, Iowa, possibly 
because of heavy traffic and airport activity 
along his route. 

Although we did not study habitats and 
physiographic features along the routes of 
dispersing foxes, we gained some impres- 
sions of how they influenced travel. Per- 
haps certain habitats would be preferred 
because of easier travel, food availability, 
or other reasons. Our radiotracking was not 
intensive enough to study this question 
thoroughly, but the pattern of nocturnal 
dispersal we observed indicated little pref- 
erence for particular habitats. For ex- 
ample, in Minnesota, all foxes radiotracked 
traveled through forested areas at about the 
same rate as those in open areas. In the 
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TRAVEL RATE IN MILES PER HOUR 

FIG. 31. Frequency of different travel rates of 5 male and 3 female foxes during dispersal. Each 
measure of rate was based on 2 successive radio locations when the animal was moving between 

fixes. 

agricultural areas of Iowa dispersing foxes 
apparently did not "select" specific crop- 
lands. However, foxes in this study usually 
were traveling over relatively flat terrain; 
pronounced topographic features such as 
mountains might have influenced move- 
ments. 

Although radiotagged foxes frequently 
crossed roads, from gravel trails to 4-lane 
highways, they apparently did not follow 
or use them, and all of their recorded day- 
time beds were at least 100 yards (92 m) 
from roads. On 3 occasions, foxes were 
monitored within 100 yards of farms at 
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FIG. 32. Rates of movement of 6 dispersing foxes in response to apparent physical barriers such as 
cities, lakes, major highways, and rivers. Left symbol (open rectangle) for each animal represents 
data when barriers were absent; right symbols (shaded rectangle) represent data when barriers were 
present. Number above vertical line is the number of rate measurements for each fox. Horizontal lines, 
rectangles, and vertical lines represent means, 1 standard error on each side of the means, and range, 

respectively. 

night, but no dispersing foxes were known 
to have crossed farmyards; perhaps farm 
lights, operation of farm machines, and the 
presence of domestic dogs diverted them. 

Foxes apparently traveled alone during 
dispersal in October and November. Day- 
time beds were not observed, and on only 
1 night, after a fresh snowfall, was it pos- 
sible to examine the tracks of a dispersing 
fox. This was a subadult male (No. 161, 
Fig. 26) whose path was observed at 2 
points about 0.75 mile (1.2 km) apart where 
he crossed roads. In both instances, he 
traveled alone. Three other dispersing foxes 
were observed at night for less than 1 min 
each and these also appeared alone. 

Cessation of Dispersal 

Eight radiotagged foxes provided data on 
the cessation of dispersal. Two males and 
2 females traveled for 3 to 6 consecutive 

nights after leaving their natal areas and 

abruptly settled in new areas where they 
remained while radio contact continued or 
until death. The 2 males and 1 of the fe- 
males were known to be in the new areas 
after 20, 60, and 59 days, respectively. 
The other female (No. 194) was killed 2 
years later where she settled after dispersal. 
These data suggest that some foxes suc- 
cessfully settled in new territories and re- 
mained there to breed. 

The other 4 foxes traveled for 1 to 7 
consecutive nights, settled in new areas 
(<640 acres, <260 ha) for 1 to 6 days and 
then continued to make further directed 
movements (Fig. 28). These foxes tended 
to travel in circular routes toward points 
they had visited previously during dispersal. 
For example, a subadult male (No. 183) 
used a rest site, on 8 November 1970, close 
to where he had traveled during the night 
of 6-7 November (Fig. 29). An adult male 
(No. 432) also traveled a circular route 
covering 16 miles (25.7 km) during the 
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FIG. 33. Dispersal route of a subadult female 
(430) in Iowa. 

night of 19L-20 October 1970. This route 
overlapped part of his previous travel and 
ended within 1 mile (1.6 km) of where he 
had traveled on 19 October (Fig. 24). An- 
other instance of circular travel and a return 
to a previously used area was the route of 
a subadult female (No. 430) in Iowa (Fig. 
33). 

Changes from directed travel to circular 
routes were also noted for 3 foxes during 
the last nights of dispersal. One subadult 
male (No. 161) and 1 subadult female (No. 
189) both traveled circular routes within 
1 square mile (2.6 km2) during the last 
nights of dispersal; this last night was the 
first instance such circular movement was 
detected for either animal. 

The most dramatic example of long-range 
orientation toward a previously used area 
was observed while tracking a subadult 
male (No. 444) in Iowa. At 0030 on 14 
October 1970, he crossed Highway 9 just 
northwest of Thompson, Iowa, and stopped 
his directional movement about 0.75 mile 
(1.2 km) north of the highway by 0130. He 
remained active in a small area (< 100 
acres, < 40 ha) until sunrise, and also used 
the area the following day (14 October). 
But on the evening of 14 October, he re- 
sumed his northward travel and during that 
and the next 2 nights he traveled a circular 
route, which, after 35 miles (56 km), led 
him directly to where he had bedded on 14 
October (Fig. 27). The fastest travel re- 
corded for this fox was during the last 6 
miles (10 km), when he headed toward the 
previously used area. 

In summary, dispersing red foxes usually 
headed in 1 general direction unless diver- 
ted by physical barriers. Some tended to 
travel circular routes, particularly during 

TABLE 14.-STRAIGHT-LINE DISTANCES IN MILES (1.61 KM) BETWEEN FIRST AND LAST POINT OF 
DISPERSAL PATHS COMPARED WITH STRAIGHT-LINE DISTANCES BETWEEN RADIOFIX LOCATIONS RECORDED 

THROUGHOUT TRAVEL PATHS OF INDIVIDUAL RED FOXES 

Straight-line Cumulative 
Distance Between Straight-line Distance 

First and Last Between Consecutive 
Age, Sex, State (Number) Captures Radiofix Locations 

Juvenile, Male, Minnesota (161) 38.6 63.6 
Juvenile, Female, Minnesota (181) 20.8 30.5 
Juvenile, Male, Iowa (183) 21.8 110.7 
Juvenile, Female, Minnesota (189) 19.6 36.2 
Juvenile, Male, Minnesota (191) 5.0 27.6 
Juvenile, Female, Minnesota (194) 11.3 11.8 
Juvenile, Female, Iowa (429) 4.3 15.8 
Juvenile, Female, Iowa (430) 8.2 64.8 
Adult, Male, Iowa (432) 35.7 67.8 
Juvenile, Male, Iowa (443) 8.4 11.5 
Juvenile, Male, Iowa (444) 24.3 79.9 
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the last nights of dispersal. Because of these 
deviations, overall routes were not straight 
lines, and the straight-line distance between 
the start and end of dispersal was sig- 
nificantly smaller than the straight-line dis- 
tance between radio locations recorded 
along the entire travel path (Table 14). 

Orientation 

The directed travel during dispersal sug- 
gests a well-developed mechanism for 
orientation in red foxes. This raises ques- 
tions about the environmental cues in- 
volved, and how foxes sense them. 

There have been numerous studies of 
the response of vertebrates during long- 
distance travel to cues from the external 
environment (Groot 1965, Carr 1965, 
Norris 1967, Matthews 1968), including air 
movements (Bellrose 1967), magnetic forces 
(Emlen 1970), and temperature (Merrell 
1970), Williams and Williams (1970:308) 
reported that bats oriented visually on 
topographic features. The use of olfaction 
in orientation has been studied in such 
vertebrates as salmon (Hasler 1966), am- 
phibians (Savage 1935), and turtles (Carr 
1965). In all these studies, the animals ap- 
parently oriented toward areas, or at least 
directions, where they had been before or 
where others were going. This orientation 
based on previous experience is a different 
problem from the orientation of dispersing 
red foxes, who apparently travel alone 
through areas they have never visited. 

If our dispersing foxes oriented to topo- 
graphic features, they must have done so 
only generally, without recognizing spe- 
cific landmarks, because they traveled in 
unfamiliar terrain. Neither does orienta- 
tion by celestial cues seem likely, because 
foxes maintained directional travel (devi- 
ated < 90?) during 7 nights with overcast 
skies as well as 24 nights with clear skies. 
There was also no indication that dispersing 
foxes were moving in a zigzag pattern ex- 
pected if they were constantly reacting to 
their own travel path. Thus, we are at a 
loss to explain how the foxes oriented, but 
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FIG. 34. Cause of death of foxes tagged during 
1962-1970 in Illinois and 1966-1970 in Iowa and 
recovered as either juveniles and subadults or 
adults. The number above each bar represents the 

total in each category. 

suggest that this would make an intriguing 
investigation for further research. 

MORTALITY 

Kinds and Timing 

Cause of death was assigned to 783 
tagged foxes recovered during this study 
(Appendix 6). Only 1 cause, such as "shot" 
or "roadkill," was assigned to each animal 
because few were examined for parasites, 
disease, or other body conditions. How- 
ever, we recognize that identifying mortal- 
ity factors in wildlife is not easy and usually 
involves a complex set of factors (Errington 
1963b, Davis 1970:365). 

Eighty-three percent of the reported 
mortality occurred from October through 
February, when most foxes in Illinois and 
Iowa are hunted and trapped. The 3 most 
frequent causes of death to tagged foxes 
were shooting, trapping, and roadkills (Fig. 
34). Jensen (1968:4) in Denmark, and 
Marcstr6m (1968:116) in Sweden, also re- 
ported that most of their tagged foxes 
were shot. 

Most tagged foxes were reported shot 
during December and January when foxes 
are hunted for fur and recreation. A few 

47 



WILDLIFE MONOGRAPHS 

KEY TO MORTALITY TYPE 

[ TRAP Q OTHER 
* SHOT E ROAD KILL 

13698 45 39 2 4 6 12 19 6 21 15 17 9 7 10 3 9 2314 68 61 11872 
100- ,, 9 = - - 

2U 80- -jja 
W 

5 60- 

40- 

2 uLO'tLi 20 

MF MF 

J F 

MF MF MF MF MF MF MF MF MF MF 

M A M J J A S O N D 

SEX AND MONTH OF LAST CAPTURE 

FIG. 35. Cause of death of foxes tagged during 
1962-1970 in Illinois and 1966-1970 in Iowa, by 
month, of recovered tagged foxes. The numbers 
above each bar are the total males (left) and 

females (right) recovered that month. 

were shot during October and November 
before fox hunting normally is emphasized; 
these were taken incidentally during hunt- 
ing of other species, primarily pheasants 
Phasianus colchicus. Foxes are trapped 
from October through January, and virtu- 
ally all of the recoveries by trappers were 
reported then (Fig. 35). 

Hunting and trapping of foxes accounted 
for 76 and 14 percent, respectively, of the 
total adult mortality and 56 and 22 percent 
of the juvenile and subadult mortality (Fig. 
34). The lower proportion of adults trapped 
may reflect the tendency for some foxes to 
avoid traps after being caught and escaping 
from a steel trap (A. B. Sargeant, pers. 
comm.). 

More males than females were shot, but 
more females than males were trapped 
(Fig. 34). This difference was true for 
both adults and juveniles, but neither dif- 
ference was significant. 

Only 4 tagged adults (2 males and 2 
females) were killed by motor vehicles, 
versus 80 juveniles and subadults (47 males 
and 33 females). Each year, juvenile mor- 
tality on roadways began in June when 
pups were about 3 months old and began 
crossing roads. Roadkills increased during 
summer as the juveniles extended their 
range. A. B. Sargeant (pers. comm.) found 
that the average home range of juvenile 
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foxes in Minnesota increased from about 
104 acres (42 ha) to 1,074 acres (435 ha) 
between early June and early September. 

The overall proportion of roadkills (11%) 
probably is an underestimate. Undoubtedly, 
some roadkilled foxes were not reported be- 
cause fox fur in summer is of no commercial 
value, and some foxes hit by cars may have 
landed in ditches out of view. 

The proportion killed by shooting in- 
creased with recovery distance (Fig. 36). 
Of the foxes recovered within 5 miles 
(8 km) of their natal ranges, 48 percent 
were shot. This percentage increased for 
longer distances with a peak of 87 percent 
recovered by shooting in the 50.1- to 65.0- 
mile (80.5- to 104.6-km) category. In con- 
trast, the proportion of foxes trapped 
showed no particular relation to the re- 
covery distance. 

The ratio of hunter:trapper kills was 
about the same for foxes killed as residents 
or as dispersers (Fig. 37). However, mor- 
tality on roadways was more prevalent in 
the resident group (Fig. 37), although a 
few roadkilled foxes were represented in 6 
of the 7 distance categories presented in 
Fig. 36, indicating some highway mortality 
during and after dispersal. 
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FIG. 37. Cause of death of recovered tagged foxes, 
by directional quadrant (bearing between first and 
last capture). Numbers across the top are totals 
for each category. A. Resident foxes are those re- 
covered within 5 miles (8 km) of the point of 
first capture. B. Dispersing foxes are those re- 
covered more than 5 miles (8 km) from the point 
of first capture. All foxes were first captured in 

Illinois and Iowa, 1966-1970. 

The proportion of residents shot, trapped, 
or roadkilled was about the same (50%) 
regardless of whether they were recovered 
north or south of where released. This 
percentage was not true for dispersing 
foxes; over 59 percent of them recovered 
by shooting, trapping, or roadkill were 
killed north of where released (Fig. 38). 
The reasons for this finding are not clear, 
but it may reflect more hunting and trap- 
ping pressure in the northern regions. 

Mortality Other than Hunting, 
Trapping, and Roadkills 

Only 2.8 percent of the tagged juvenile 
foxes were reported killed at dens, and all 
of them were killed by man in Iowa. This 
is a conservative estimate of the actual 
kill at dens for at least 2 reasons. First, it 
was obvious from local residents in Illinois 
and Iowa that indiscriminate killing of 1- 
to 3-month-old juveniles probably is not 
reported because conservation agencies dis- 
approve of this practice. Second, farmers 
reported that entire litters (not tagged) 
were killed by shooting or by intentionally 
spraying ammonia into dens during spring 
when ammonia was applied to croplands. 
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FIG. 38. Distribution of 4 causes of death of re- 
covered tagged foxes by directional quadrant (bear- 
ing between first and last capture). Numbers 
across the top are totals for each category A. 
Resident foxes are those recovered within 5 miles 
(8 km) of the point of first capture. B. Dispersing 
foxes are those recovered more than 5 miles (8 km) 
from the point of first capture. All foxes were first 

captured in either Illinois or Iowa, 1966-1970. 

We know of 13 instances where part or all 
of an untagged litter was killed at the den 
in Iowa during 1967 to 1970. In addition, 
there were no recoveries for 6 of the 55 
litters tagged during this study, each of 
which contained 7 to 10 pups. This was 
not consistent with the 37 percent mean 
recovery rate, and suggested that entire 
litters were killed early in life and not re- 
ported. 

The proportion of foxes reportedly killed 
by farm machines or in farmyards was 
small, but this kind of mortality probably 
was also higher than indicated by our data 
(Appendix 6). Radiotagged foxes fre- 
quently bedded aboveground in fields of 
alfalfa during daylight in summer, and it 
seems likely that juveniles were killed by 
mowers in hayfields. 

We also checked fur houses and found 
10 unreported tagged foxes. One fur house 
was visited once in Illinois, and 8 were 
checked once during each of 4 years in 
Iowa. Obviously the 10 unreported foxes 
represented only part of an unknown num- 
ber of unreported tagged foxes. 

Mortality from parasites and disease was 
difficult to detect, and only 1 death was 
assigned to this cause. This was an un- 

A- RESIDENT FOXES 
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tagged juvenile found dead, apparently of 
mange, in a farmyard during August 1966 in 
Illinois. There was no evidence of other 
mortality causes. 

Six adults with missing hair, especially 
from the tail, were observed during April- 
June of 1968, 1969, and 1970. One adult, 
partly naked on the back and tail, was ob- 
served at a natal den on 8 May 1970. Mange 
was not apparent on the juveniles at that 
time, but a juvenile captured at the den 21 
days later was infested. Gerasimoff (1958: 
77) indicated that dens were one of the most 
important factors in the transfer of mange 
among red foxes in Russia. 

Twenty eartagged foxes had mange when 
recovered by hunters or trappers, although 
none of them appeared infested when 
marked. Of these 20 foxes, only 4 were 
recovered more than 5 miles (8 km) from 
their natal range, suggesting that foxes 
with mange were less likely to disperse. 

Eleven juveniles captured in April and 
May, 3 from Illinois and 8 from Iowa, had 
crusty flakes of skin and exudate typical of 
mange on various parts of their body. 
Scrapings from the infested areas were 
collected from 2 animals from Illinois and 
1 from Iowa for laboratory diagnosis. In 
all 3 cases, the causative agent was identi- 
fied as the mange mite Sarcoptes scabiei. 

Of 8 juveniles in Iowa that appeared 
mangy, 4 were captured 26 April 1968 at 
the same den. Three of these 4 were shot, 
and the one with the heaviest infestation 
was killed 49 miles (79 km) from the cap- 
ture site on 27 December 1968. The second 
was shot on 12 January 1970, 76 miles (122 
km) away, and the third was shot on 18 
January 1971, 47 miles (76 km) away. The 
hunters reported that all the pelts were in 
good condition. The fact that these animals 
survived at least 8 months and dispersed 
at least 45 miles shows that some foxes re- 
cover from mange. 

One of the 3 Illinois foxes with mange 
was held and killed after it developed an 
advanced case of mange. The other 2 Illi- 
nois foxes were released but not recovered. 

All together, 116 (76 in Illinois and 40 in 

Iowa) eartagged foxes in this study had a 
history of mange, if all members of litters 
in which at least 1 member had mange are 
counted. Of these, 22 percent of the Illinois 
foxes and 43 percent of the Iowa foxes were 
recovered. Since these recovery rates did 
not differ significantly from the overall re- 
covery rate for each state, it appears that 
mange was not important in regulating fox 
numbers in Illinois and Iowa during this 
study. 

Published reports, however, indicate 
that mange can be an important mortality 
factor in red foxes. During an apparent 
epizootic of sarcoptic mange in Wisconsin, 
Trainer and Hale (1969:387) noted that 
personnel of the Department of Natural 
Resources and hunters reported "Hairless 
foxes which had lost their fear of man, were 
easily caught by dogs, killed with a club, 
or found dead." Gerasimoff (1958:77) re- 
ported that death occurred 3 months after 
a single larva of the mite Acarus was artifi- 
cially applied to a red fox. Stone et al. 
(1972) studied 16 captive red foxes that 
died within 4 months of contamination by 
sarcoptic mites. 

Trainer and Hale (1969:391) noted that 
fox numbers apparently declined during 
and after the 1967-1968 mange outbreak 
in Wisconsin. Clark (1940), Olive and 
Riley (1948), and Arnold (1956) reported 
that mange may play a role in regulating 
red fox populations, and Ross and Fairley 
(1969:379) suggested that a high incidence 
of mange corresponded with a high fox 
density. 

K. P. Dauphin and G. L. Storm (un- 
published data) examined 30 to 125 
freshly killed foxes each year during fall 
and winter 1962-1963 through 1966-1967 
and found mange on only 1 of 348 animals 
examined. There appeared to be a sharp 
increase in the incidence of mange among 
Illinois red foxes during late 1968 and early 
1969. During fall 1968, K. P. Dauphin 
(pers. comm.) caught 3 foxes, apparently 
infested with mange, and he indicated that 
trappers, hunters, and farmers were also 
seeing mangy foxes. During 1969, we ob- 
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served mange in 6 litters tagged in Illinois. 
This apparent outbreak in Illinois foxes 
followed that in Wisconsin during fall and 
winter 1967-1968 (Trainer and Hale 1969: 
391). This suggests that dispersing foxes 
transmitted mange between the 2 areas. 

One to 3 rabies-positive foxes were re- 
ported in Iowa each year by the State 
Department of Health from 1967 through 
1970. In Illinois, 58 red foxes were reported 
positive for rabies from 1963 through 1968, 
an average of about 10 per year (Schnur- 
renberger and Martin 1970:1332). This 
low number indicates that rabies was not 
a major mortality factor in red foxes during 
this study. 

Verts and Storm (1966:420) examined 
226 red foxes in northwestern Illinois from 
1958 to 1964. None was rabies positive, 
even though they were collected and ex- 
amined during a documented outbreak 
among striped skunks Mephitis mephitis 
(Verts 1967:173). 

Although rabies was not a mortality fac- 
tor in this study, it may regulate fox num- 
bers in other areas (Johnson 1945, Parker 
et al. 1957). Rabies is frequently reported 
in foxes in the eastern United States and 
eastern Canada. In Ontario, Johnston and 
Beauregard (1969:362) reported a peak in 
red fox rabies in March and noted a 3-year 
cycle in fox rabies. 

Resident Versus Transient Mortality 

Much speculation has centered on the 
possibility of differential mortality between 
resident and transient mammals. In small 
mammals, it appears that residents on 
familiar range have a better chance of 
escaping predators than those dispersing 
through unfamiliar range (Blair 1953:21). 
Errington (1943:853, 1954:392, 1963a:512) 
reported that heavy predation on muskrats 
occurred during emigration. Likewise, Beer 
and Meyer (1951:188) and Sprugel (1951: 
73) associated high mortality with dispersal 
of muskrats. In white-tailed deer, Hawkins 
et al. (1970:204, 1971:220) attributed the 
high hunter harvest and roadkill of yearling 

and older bucks to higher dispersal and 
greater mobility of bucks. Bailey (1969) 
reported that the adrenals of transient 
animals were larger than those of sedentary 
animals, indicating that stress associated 
with social behavior may be involved in 
this problem. In view of the above reports, 
it is not surprising to see Christian's (1970: 
88) statement that "The vast majority of 
mammals forced to disperse fail to survive." 

Whether higher mortality of transients, 
if it occurs, is related to the animal's poor 
physical condition (because of high den- 
sity), to competition and aggression from 
residents or other dispersers, to greater 
vulnerability in unfamilar terrain, or to all 
these factors, or others, is unknown. How- 
ever, a common sequence reported is that 
high density is accompanied by increased 
dispersal followed by higher mortality rates 
in the transients (Snyder 1961). 

The hypothesis that prey animals are more 
vulnerable to predators in unfamiliar envi- 
rons was supported by at least 1 laboratory 
study. Metzgar (1967:389) found that 
white-footed mice Peromyscus leucopus in 
unfamiliar terrain were more vulnerable to 
predation by screech owls Otus asio than 
mice familiar with their environment. 

Foxes travel in unfamiliar areas during 
2 general periods. One is at 4 to 5 months 
of age when family bonds diminish but they 
remain generally within their parents' range 
(A. B. Sargeant, pers. comm.). Virtually 
all pups participate in these exploratory 
movements during July and August, which 
increases their contact with roadways and 
man's machines. And, as indicated earlier, 
July and August are the months when the 
number of juvenile foxes killed on roads 
reaches its peak (Fig. 35). The second 
period of movement occurs during fall and 
winter dispersal. To compare mortality 
rates between dispersers and residents, we 
tabulated the proportions of each recap- 
tured from October through February by 
sex and by age at last capture. 

The proportion of subadult males re- 
covered as transients increased from 57 per- 
cent in October to 87 percent by January 
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FIG. 39. The percentages of tagged foxes recovered more than 5 miles (8 km) from their natal range, 
by sex, age, and month of recovery. All foxes were first captured as juveniles in Illinois and Iowa. Num- 
bers above symbols are total recoveries for each month. For example, 21 males (age 1) were recovered 
during October; 12 (57%) beyond 5 miles (8 km) and 9 (43%) within that distance of the natal 

range. 

(Fig. 39). Whether a seasonal peak in 
proportion of dispersing males occurs some- 
time in November through January is not 
known. A much more constant dispersal 
rate was evident in the recovery data for 
subadult females, for which the percentage 
of transients ranged only from 37 to 41 per- 
cent (Fig. 39). 

These data presumably reflect the real 
proportion of subadults that dispersed. 
Data for 15 foxes radiotracked in Iowa 
throughout October suggest that this pro- 
portion was about 50 percent: 3 subadult 
females remained on their natal ranges and 
3 dispersed during October; 4 subadult 
males remained and 3 dispersed; and 1 adult 
male remained and 1 dispersed. Consider- 
ing these data and those in Fig. 39, it ap- 
pears that transient and resident foxes were 
harvested in proportion to their availability 
during October. Thus, there was no marked 

differential mortality between resident and 
transient subadult foxes of either sex during 
this period. 

The data for females can be considered 
from 2 different views to analyze the prob- 
lem of differential mortality between resi- 
dents and transients. If about 50 percent 
of the subadult females dispersed and mor- 
tality was high in the dispersing females 
during their first year, one would not expect 
to recover many adult females more than 
5 miles (8 km) from their natal ranges. 
However, of the 32 adult females recovered 
as 2 year olds (Fig. 39), 61 percent were 
recovered more than 5 miles (8 km) from 
their natal ranges. On the other hand, if the 
proportion of dispersing subadult females 
was markedly high, there would be few fe- 
males left on the natal areas. If this were 
true, mortality of the resident group must 
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TABLE 15.-RED FOXES RECOVERED WITHIN 4 
YEARS AFTER TAGGING EITHER AS RESIDENTS OR 

TRANSIENTS 

Age at Residents Transients 
Last 

Sex Capture No. % No. % 

Males 1 136 96 254 80 
2 5 4 54 17 
3 - - 7 2 
4 - - 2 1 

Total Males 141 100 317 100 

Females 1 200 88 88 78 
2 23 10 20 18 
3 5 2 3 2 
4 - - 2 2 

Total Females 228 100 113 100 

have been very high because about 60 per- 
cent of the subadult females for each month 
during the October-February period were 
recovered within 5 miles (8 km) of their 
natal ranges. 

The comparative number of foxes re- 
covered by year, after tagging as either 
residents or transients, are presented in 
Table 15. These data indicate that more 2- 
to 4-year-old foxes were recovered as 
transients than as residents, indicating that 
generally transients lived longer. Thus, our 
data do not support the view that transient 
females suffered higher mortality than resi- 
dent females. 

The most likely explanation for this sur- 
prising result is that most fox mortality was 
caused by man. Apparently, residents are 
as vulnerable to trapping as transients. For 
example, 5 eartagged foxes first captured 
with a mechanical ferret in Illinois were 
trapped on the natal range by K. P. 
Dauphin in September and October, and 
9 foxes originally marked in spring were 
trapped by G. G. Good within 3 days in 
September and October. 

Although we have few data on postdis- 
persal mortality, transient foxes may be 
most vulnerable after dispersal. At that 
time the animal would be selecting a new 
and unfamiliar environment. This selec- 
tion of a new home range is still an un- 
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FIG. 40. The recovery rate of foxes eartagged as 
as juveniles with respect to litter size. Numbers 
above dots are total numbers of juveniles tagged 

and released. 

solved problem because no one has deter- 
mined how long it takes a fox to become 
familiar with new surroundings. 

Litter Size and Mortality 

The correspondence between mortality 
rates and size of litters has not been docu- 
mented for red foxes, so the limited data 
collected in this study are presented. 

The mean recovery rates of 552 litters 
were compared for 10 litter sizes (Fig. 40). 
These data show that the larger litters (6 
or more pups) tended to have recovery 
rates below the overall 37 percent average. 
Possibly, individuals from larger litters were 
less vulnerable to hunting and trapping. 
However, we believe that higher summer 
mortality in large litters is a more likely 
explanation. Large litters would be more 
conspicuous because the chances of seeing 
one of the pups would be higher and be- 
cause the adults probably would make more 
feeding trips to the den, particularly within 
the first 8 weeks when all littermates tend 
to be in 1 den. Large litters would require 
more food, increasing the energy demands 
on the adults, and competition among the 
pups would be more intense, perhaps re- 
sulting in lower average survival. Ob- 
viously, more research is needed to under- 

I 
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TABLE 16.-RECOVERY DATA THROUGH 20 MARCH 1972 FOR RED FOXES TAGGED AS JUVENILES IN 

ILLINOIS AND IOWA 

Recoveries 

Age at Recovery Total 
State Year No. 

Tagged Tagged Tagged 1 2 3 4 5 6 No. % 

Illinois 1965 17 9 2 - - - - 11 65 
1966 115 39 3 1 2 - - 45 39 
1967 35 5 6 2 1 - - 14 40 
1968 83 28 - - - - - 28 34 
1969 230 47 7 1 - - - 55 24 
1970 172 32 6 - - - - 38 22 

Subtotal 652 160 24 4 3 - - 191 29 

Iowa 1966 84 45 5 2 - - 1 53 63 
1967 241 53 44 3 1 1 - 102 42 
1968 365 145 22 5 1 - - 173 47 
1969 252 91 10 3 - - - 104 41 
1970 393 153 10 - - - - 163 42 

Subtotal 1335 487 91 13 2 1 1 595 45 

TOTAL 1987 647 115 17 5 1 1 786 40 

stand the various selection pressures which 
operate to bring about litter size in red 
foxes. 

Recovery Rates, Life Table, and Survival 

Recovery Rates 

The recovery data for 1,987 foxes tagged 
as juveniles (Table 16) include recoveries 
through 20 March 1972, 2 years after the 
last fox was tagged. Foxes tagged during 
1965 would have been 7 years old if they 

TABLE 17.-RECOVERY DATA THROUGH 20 MARCH 

1972 FOR RED FOXES TAGGED AS ADULTS; CONI- 
BINED DATA FOR ILLINOIS AND IOWA. FIFTY-SIX 

ADULTS WERE TAGGED IN IOWA, 6 IN ILLINOIS 

Recoveries 

Years After Tagging Total 
Year No. 

Tagged Tagged 1 2 3 4 5 No. % 

1966 2 1 - - - - 1 50 
1967 8 1 1 - - 1 3 38 
1968 11 4 - - - - 4 36 
1969 10 2 - - - - 2 20 
1970 31 10 1 - - - 11 36 

TOTAL 62 18 2 - - 1 21 34 

died during 
period. 

the 1971-1972 fall-winter 

All together, 40 percent of the foxes 
tagged as juveniles and 34 percent of those 
tagged as adults were recovered. Of those 
tagged as juveniles, 97 percent were re- 
covered during their first or second year, 
and only 3 percent 3 to 6 years after tagging 
(Table 16). Thus, additional recoveries 
reported after 1972 would not greatly 
change the distribution of the longevity 
data. 

Only 1 of 62 foxes tagged as adults was 
recaptured 5 years after marking (Table 
17), a female at least 6 years old. All other 
adults were recaptured within 2 years after 
tagging. 

The old adult female, plus a male marked 
as a juvenile in 1966, were the only 2 foxes 
in this study known to survive 6 years. In 
Denmark, Jensen and Nielsen (1968:13) 
found that less than 3 percent of 522 red 
foxes lived longer than 5 years, and Fairley 
(1969:534) reported that few red foxes in 
Ireland survived beyond 4 years. Less than 
2 percent of 435 gray foxes Urocyon 
cinereoargenteus examined by Wood (1958: 
80) were older than 4 years, and Macpher- 
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TABLE 18.-DYNAMIC COMPOSITE LIFE TABLE (GEIS AND TABER 1963:285) FOR MALE AND FEMALE RED 

FOXES TAGGED AS JUVENILES IN ILLINOIS AND IOWA 

No. 
Years Tagged Recovered 

Year No. After Foxes No. per 1,000 
Tagged Tagged Tagging Available Recovered Available lx dx qx ex 

1965 17 0-1 1987 647 325.6 498.2 325.6 0.65 1.42 
1966 199 1-2 1422 115 80.9 172.6 80.9 0.47 2.17 
1967 276 2-3 940 17 18.1 91.7 18.1 0.20 2.64 
1968 448 3-4 492 5 10.2 73.6 10.2 0.14 2.16 
1969 482 4-5 216 1 4.6 63.4 4.6 0.07 1.43 
1970 565 5-6 17 1 58.8 58.8 58.8 1.00 0.50 

TOTAL 1987 786 498.2 

son (1969:41) noted that few arctic foxes 
Alopex lagopus survived beyond 5 years of 
age. 

Life Table 

A dynamic composite life table (Geis 
and Taber 1963:285) is presented in Table 
18. Life expectancy increased between 
years 1 and 3 but decreased thereafter. Ear- 
lier results from the present study (Phillips 
et al. 1972:245) indicated that subadult foxes 
were 1.17 times more vulnerable than 
adults to hunting and trapping and 1.54 
times more vulnerable to all types of mor- 

tality. However, when recoveries during 
summer were excluded from all first-year 
recoveries, the percentage recovery rates 
were 29.0 for adults and 29.4 for subadults. 
This rate of return suggests that foxes in 
their first year were more vulnerable than 
adults only while less than 6 months old. 
A mean mortality rate (Caughley 1966) of 
0.520 was calculated from the data in Table 
18 and represents the average mortality of 
all age and sex groups combined. 

Of the 786 recoveries, 647 were of foxes 
in their first year, a juvenile:adult ratio 
of 4.7:1. This age ratio agrees closely with 

TABLE 19.-NUMBERS AND AGE RATIOS FOR FALL (OCTOBER-DECEMBER) CAPTURED RED FOXES FROM 

ILLINOIS AND IOWA. NUMBERS IN PARENTHESES INCLUDE FOXES CAPTURED ON THE AREA TRAPPED EACH 

FALL PLUS THOSE CAPTURED ON ADDITIONAL AREAS WHEN THE TRAPLINE WAS EXTENDED AFTER 1967 

Age Group 
Ratio 

Locality Year Subadult Adult (Young per Adult) 

Northwestern Illinois 1965 26 13 2.0 
1966 57 31 1.8 
1969 50 33 1.5 

All Years 133 77 1.7 

Northeastern Iowa 1966 69 25 2.8 
1967 77 32 2.4 
1968 79 48 1.6 
1969 93 34 2.7 
1970 80 55 1.5 

All Years 398 194 2.1 

North-central Iowa 1966 60 8 7.5 
1967 63 14 4.5 
1968 84 (136) 17 (29) 4.9 (4.7) 
1969 64 (114) 19 (41) 3.4 (2.8) 
1970 142 43 3.3 

All Years 413 101 4.1 
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TABLE 20.-SURVIVAL ESTIMATES FOR RED FOXES TAGGED AS JUVENILES IN ILLINOIS AND IOWA 

State Males Females 

Year S Variance Q x2 S Variance Q x2 

Illinois 
19651 
1966 0.20 0.0055 1.450 3.988 0.21 0.0072 8.183 2 

19671 
19681 
1969 0.11 0.0030 1.511 1.388 0.19 0.0058 1.028 2.200 
1970 0.15 0.0067 0.373 1.013 0.14 0.0056 0.332 0.910 

All Years 0.18 0.0012 3.176 4.190 0.17 0.0014 0.004 1.671 

Iowa 
1966 0.21 0.0055 8.398 2 0.21 0.0052 0.625 1.978 
1967 0.35 0.0023 17.820 2 0.39 0.0041 1.988 6.406 
1968 0.13 0.0010 0.517 0.885 0.22 0.0018 1.420 2.272 
1969 0.14 0.0016 0.656 1.414 0.14 0.0027 0.190 0.469 
1970 0.05 0.0005 0.232 0.556 0.07 0.0008 0.289 0.686 

All Years 0.17 0.0003 1.071 10.396 0.26 0.0108 5.867 2 

Both States 
19651 
1966 0.21 0.0026 7.681 2 0.21 0.0029 4.986 
1967 0.37 0.0021 13.867 2 0.39 0.0034 5.330 2 

1968 0.12 0.0009 0.316 0.607 0.19 0.0015 2.420 3.070 
1969 0.13 0.0010 1.409 2.646 0.15 0.0018 0.246 0.606 
1970 0.07 0.0006 0.522 1.187 0.08 0.0007 0.648 1.379 

All Years 0.17 0.0003 0.002 5.605 0.19 0.0004 1.040 1.946 
(1965-1970) 

1 Survival estimate was not calculated because there were too few recoveries. 
2 Assumption of constant survival of first age group with the remainder of the data was not met; Q was > to 

chi-square, 1 df. Thus, the observed survival was not compared with that expected for a constant survival rate in 
each age group. 

the age ratio of foxes trapped for fur during 
fall in north-central Iowa (Table 19). 

Survival 

Survival estimates of foxes tagged as 
juveniles, based on the Chapman and Rob- 
son (1960) equation, indicated that survival 
was higher in females for cohorts tagged 
from 1967 through 1970 (Table 20). For 
1965-1970 combined, survival estimates 
were 0.17 for males and 0.19 for females. 
These values are lower than the 0.23 survi- 
val estimate for adults (Table 21), indicat- 
ing higher mortality during the first year, 
as also apparent in the survivorship curve 
(Fig. 41) based on the combined data 
from males and females. Similar findings 
have been reported for gray foxes (Wood 
1958) and arctic foxes (Macpherson 1969). 

Wetmore et al. (1970:7, 8) reported that 
juvenile coyotes were more vulnerable to 
hunters than adults, but their calculated 
survival rate of first-year animals did not 
differ significantly from that of older ani- 
mals. 

Comparing survival estimates between 
cohorts tagged as either adults or juveniles 
assumes an equal probability of recovery 
for each age group and sex, and does not 
consider mortality between birth and tag- 
ging about a month later. 

The chi-square variate (Q) with 1 degree 
of freedom (Eberhardt 1969:474) was 
significant for the 1966 and 1967 cohorts in 
Iowa (Table 20), which indicates that re- 
covery rate was different between first 
year and older ages. Foxes in the 1966 
cohort were recovered at their highest rate 
during their first year, but those in the 1967 
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TABLE 21.-SURVIVAL ESTIMATES FOR RED FOXES 
TAGGED AS ADULTS IN ILLINOIS AND IOWA 

Total 
odd 9? ddS and 99 

No. Tagged 17 45 62 
S 1 0.26 0.23 
Variance 0.0108 0.0071 

Q 5.867 4.571 

1 Survival estimate was not calculated because there 
were too few recoveries. 

cohort were recovered at a higher rate in 
year 2. Of the 241 foxes tagged in Iowa in 
1967, 53 (22%) were recovered in their 
first year, but 44 were recovered as 2 year 
olds during the 1968-1969 fall and winter, 
when 40 percent of the 1968 cohort were 
also recovered (Table 16). This unusual 
result appeared to be related to better hunt- 
ing conditions during the 1968-1969 winter, 
when the number of days with 2 inches (5 
cm) of snow and total snow depth in Iowa 
were significantly higher than during the 
previous winter (Table 22). Although 
fewer than 100 foxes were tagged in Illinois 
during 1967 and 1968, the Illinois data 
showed a similar trend (Table 16). 

The replacement rate, R (Slobodkin 
1961:46), was calculated from the female 
data to gain some indication of the stability 
of the population during this study. We 
assumed an even sex ratio and a mean litter 
size of 5 or 6 young, giving a value of 2.5 
or 3.0 for productivity, mx, the number of 
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FIG. 41. Survivorship of red foxes. Data are based 
on the 786 combined Illinois and Iowa recoveries 

shown in Table 16. 

females produced per breeding female. On 
this basis, the replacement rates for the 
combined Illinois and Iowa data for all 
years was 0.594 (m, =2.5) or 0.713 
(m = 3.0). The only R value exceeding 
1.0 was obtained by using the survival data 
for females tagged during 1967. Since an 

TABLE 22.--RECOVERY RATES OF RED FOXES DURING THE FIRST AND SECOND YEARS AFTER TAGGING 
COMPARED WITH THE AMOUNT OF SNOW COVER (CM) IN DECEMBER, JANUARY, AND FEBRUARY IN 

IOWA; ALL FOXES WERE TAGGED AS JUVENILES, 1966-1972. DATA COMPILED IN COOPERATION WITH THE 
U.S. WEATHER BUREAU AND THE IOWA DEPARTMENT OF AGRICULTURE 

Snow Conditions 
Percentage Winter Recoveries 

Winter Days 
1st year 2nd year Periods Cumulative with 5 cm 

Year No. After After After Snowfall Accumulation 
Tagged Tagged Tagging Tagging Tagging (cm) of Snow 

1966 84 54 6 1966-1967 66.5 49 
1967 241 22 18 1967-1968 22.9 6 
1968 365 40 6 1968-1969 118.1 73 
1969 252 36 4 1969-1970 77.7 84 
1970 393 39 3 1970-1971 138.4 85 

1971-1972 57.4 69 
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TABLE 23.-THE AVERAGE PELT PRICE AND NUM- 
BER OF FOX PELTS SOLD TO IOWA FUR BUYERS, 

1966-1972 

No. 
Purchased Average 

Winter by Iowa Pelt Total 
Period Fur Buyers Price Value 

1966-1967 13,072 $ 3.02 $ 39,474.44 
1967-1968 10,195 4.12 42,003.40 
1968-1969 27,661 10.39 287,397.79 
1969-1970 17,993 5.86 105,448.98 
1970-1971 15,725 6.05 95,136.25 
1971-1972 14,637 10.14 148,419.18 

R value of 1.0 means the population is re- 
placing itself every generation, these results 
indicate a declining fox population during 
this study. 

The procedure suggested by Henny 
(1969:278) was used to calculate the num- 
ber of females produced per mature female 
to maintain a stable population (m = 1 - 

s/s'). In this formula, s = adult survival and 
s' = first year survival. The survival esti- 
mates obtained with the Chapman-Robson 
equation were used in this calculation. A 
value of 4.28 for m was obtained from the 
combined Illinois and Iowa data. Since 
this value exceeds the estimated productiv- 

ity (m = 2.5 or 3.0), it, too, indicates a 
population decline. 

Data from 2 other sources also indicated 
a decline in Illinois and Iowa fox popula- 
tions during this study. First, the number of 
foxes purchased by Iowa fur dealers during 
1966-1972 decreased after the 1968-1969 
winter (Table 23). Second, a trapper's 
records for northeastern Iowa showed fewer 
foxes captured during 1970-1971 and 1971- 
1972 than in previous seasons (Table 24). 
The apparent decline after 1969 may have 
resulted from the relatively heavy harvest 
during 1968-1969, from the increase in 
mange from 1968 to 1972 discussed earlier, 
or perhaps from a combination of the two. 

The estimates in Table 20 represent the 
combined data for all areas and do not 
show variation in survival among local 
areas. Recovery rates for foxes tagged with- 
in 40 miles (64 km) of the Mississippi River 
were lower than for foxes tagged more than 
40 miles from the river in both Illinois and 
Iowa (Table 25). This result and our field 
observations suggested that foxes survived 
better in the hilly and wooded areas near 
the river than in the intensively cultivated 
areas further away, where presumably they 
were more vulnerable to man. 

TABLE 24.-NUMBER OF FOXES TRAPPED IN 2 REGIONS OF IOWA AND 

WITH MANGE, 1966-1972 
THE NUMBER OF TRAPPED FOXES 

Trapping Fall-Winter No. Foxes Pelt Price Number 
Area/Trapper Season Trapped Avg/Fox With Mange 

Northeastern 
Iowa/M. Hall 

1966-1967 800 $ 4.00 None 
1967-1968 400 5.00 None 
1968-1969 887 11.00 5 
1969-1970 845 7.00 10 
1970-1971 587 7.00 30 
1971-1972 444 14.00 40 

North-central 
Iowa/G. G. Good 

1966-1967 156 4.25 1 
1967-1968 141 5.50 2 
1968-1969 215 13.00 2 
1969-1970 157 9.00 3 
1970-1971 218 9.00 2 
1971-1972 185 14.00 2 

58 



MIDWESTERN RED Fox POPULATIONS-Storm et al. 

TABLE 25.-DIFFERENCES IN RECOVERY RATES OF RED FOXES TAGGED AND RELEASED EITHER WITHIN OR 

BEYOND 40 MILES (64 KM) OF THE MISSISSIPPI RIVER IN ILLINOIS AND IOWA. BASED ON THE COMBINED 

DATA FOR ALL AGES AT FIRST CAPTURE AND BOTH SEXES FOR EACH AREA 

Recoveries for Recoveries for 
Foxes Tagged Foxes Tagged 

Within 40 Miles Beyond 40 Miles 
Age at 

Recovery State No. % No. % 

Illinois 
1 94 22.5 67 27.9 
2 11 2.6 13 5.4 
3 2 0.5 2 0.8 
4 2 0.5 1 0.4 

Total (1-4) 109 26.1 83 34.5 

Total Number Tagged 418 240 

Iowa 
1 44 26.2 460 37.6 
2 5 3.0 88 7.2 
3 1 0.6 12 1.0 
4 0 0.0 2 0.2 

Total (1-4) 50 29.8 562 46.0 

Total Number Tagged 168 1223 

Vulnerability to humans might be espe- 
cially important during the period of inten- 
sive farm work when 2- and 3-month-old 
juveniles are commonly seen near dens. 
There they may be shot or gassed with am- 
monia, or the dens may be disturbed by farm 
machines. The number of juveniles killed 
directly by farm equipment may be low, 
but foxes tend to move to new sites when 
their dens are disturbed. Moving would 
increase exposure of both juveniles and 
adults to man, and in some cases the new 
dens might be in less favorable, and perhaps 
more vulnerable sites, such as road culverts. 

Hunting pressure on foxes is also greater 
during winter in the intensive farming areas, 
probably because they are more conspicu- 
ous in open fields than in wooded areas. Of 
129 recoveries for foxes tagged within 40 
miles (64 km) of the Mississippi River in 
Illinois (Area E, Fig. 1), only 46 percent 
were shot, compared with 78 percent of 81 
recoveries for foxes tagged in north-central 
Illinois (Area F, Fig. 1). Sample sizes of 
foxes tagged in Iowa were markedly dif- 

ferent between areas near and away from 
the river, but the results showed the same 
trend: 51 percent of 39 recoveries for the 
area near the river (Area C, Fig. 1) were 
shot, compared with 60 percent of 485 foxes 
in north-central Iowa (Areas A and B, Fig. 
1). 

The general form of the annual dynamics 
of red fox populations of northern Iowa and 
northern Illinois is depicted in Fig. 42. Al- 
though this curve is based on our recoveries 
of tagged foxes, we believed from our field 
observations that juvenile mortality during 
late spring and summer was higher than 
our records showed. Further, as indicated 
above, mortality due to hunting and trap- 
ping was influenced by snow conditions and 
fluctuated markedly from year to year. 

DISCUSSION AND CONCLUSIONS 

Man continues to be interested in the red 
fox for a variety of reasons. This animal 
appeals to trappers and hunters for its 
economic and recreational value and to 
naturalists for its esthetic value and its 
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FIG. 42. Annual changes in red fox populations 
as determined from data collected during this 
study. The increase in numbers between February 
and March was based on 250 adult females, 95 per- 
cent females breeding successfully, and 5.5 off- 
spring per litter. The decrease after March was 
based on the proportion of foxes recovered by 

month. 

biological role in the environment. Hunters, 
game managers, and farmers are often con- 
cerned about foxes feeding on other animals. 

Certain aspects of the life history of red 
foxes have been well documented, but 
numerous gaps exist in our knowledge of 
this carnivore. The research reported here 
attempts to fill some of these gaps, particu- 
larly in the areas of morphology, reproduc- 
tion, dispersal, and mortality. Since interest 
in dispersal provided the early impetus for 
the study and few data on dispersal were 
available previously, this area was stressed 
more than the others. 

The peak breeding period occurred at 
least 2 weeks earlier in Illinois and Iowa 
than in more northern latitudes in North 

Dakota. This difference was greater than 
that noted in time of mating between years 
and among local areas in Illinois and Iowa 
during 1968-1970. Within local areas, 
annual variations in mean conception dates 
may result from changes in climatic factors 
or, more likely, from differences in the age 
structure of the fox population. Since adult 
females breed 1 to 3 weeks earlier than 1 
year olds, more early litters are produced 
when the population contains more adults. 

Productivity of foxes in Illinois and Iowa 
equalled or exceeded that reported in most 
other areas. More than 95 percent of the 
vixens bred, and litter sizes, based on 
counts of placental scars and fetuses, were 
as high as or higher than any reported 
(Table 8). Whether differences in produc- 
tivity among areas are due to food supplies, 
population densities, or other interrelated 
factors remains obscure. 

Englund (1970) reported that food 
supply appeared to be important in regulat- 
ing fox fecundity and fertility in northern 
Sweden but not in southern Sweden; his 
results suggested that fertility might be 
lower in yearlings than in older vixens in 
years of low food. Layne and McKeon 
(1956a:72) noted a marked annual dif- 
ference in fecundity of foxes in southern 
New York and concluded that "Variation in 
reproductive behavior of red foxes in sec- 
tions of the state differing in broad environ- 
mental features seems best explained as 
being primarily the result of an interaction 
between population density and the envi- 
ronmental capacity of the respective re- 
gions." 

Despite such local differences, there ap- 
pears to be no marked difference in litter 
sizes of red foxes in various parts of the 
world (Table 8). All reported mean litter 
sizes based on embryo counts fall between 
the 3.0 and 6.8 reported by Englund (1970) 
for foxes in Sweden. Except for Englund's 
data, the only other report of a mean litter 
size below 4 is 3.8 embryos per vixen in 
Australia (McIntosh 1963). 

Although Lord (1960) found no sig- 
nificant increase in litter size of red foxes 
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with changes in latitude in North America, 
a correspondence between litter size and 
latitude is apparent when one compares 3 
related genera of canids: Vulpes, Urocyon, 
and Alopex. The reported litter size of 
Urocyon, a southern latitude genus, is under 
4 (Layne and McKeon 1956a); that of 
Alopex, a northern latitude genus, is about 
10 (Macpherson 1969). According to Lord 
(1960), the increase in litter size with 
higher latitudes in some nonhibernating 
prey species like rabbits and voles is a 
consequence of severe winter mortality in 
the north. However, Keith et al. (1966), 
who studied reproduction in snowshoe 
hares Lepus americanus, questioned Lord's 
idea. They suggested that, although higher 
mortality may increase genetically deter- 
mined litter size through selection to a 
certain optimum, such litter size would not 
exceed the optimum without basic changes 
in adaptations of a species to the environ- 
ment. Spencer and Steinhoff (1968) also 
questioned the idea of a compensatory re- 
sponse, such as a change in litter size, to 
high mortality. They believed that if such 
a response existed, it would be adaptive in 
any environment, and variations would dis- 
appear. 

Macpherson (1969:43) viewed the in- 
creased litter size with increase in latitude 
"As a consequence of heightened seasonal 
contrast in food resources rather than of 
winter mortality as such ... In the winter, 
life is precarious for the arctic fox, and 
mortality may be severe. In summer, life is 
comparatively easy... Further south, with 
less contrast between summer and winter 
food resources, there is a smaller food sur- 
plus available in summer, over the needs of 
the breeding population, for the raising of 
young. 

Although, as Macpherson (1969) pointed 
out, the contrast between summer and win- 
ter food availability is less in the south than 
in the north, there is little evidence of a 
critical food shortage for red foxes during 
spring in Illinois and Iowa. We believe 
that our study underestimated the number 
of pups killed by man at dens during 

spring (page 49). However, mortality due 
to nonhuman causes among juveniles at 
dens was negligible during the present 
study. 

The question of why a northern canid 
produces more young per litter than a re- 
lated genus further south requires a look 
into the total system of each genus. Al- 
though food is unquestionably an impor- 
tant factor, other marked differences exist 
between the physical and biotic environ- 
ment of arctic foxes in the Northwest Terri- 
tories and that of red foxes in the north- 
central United States. For example, Mac- 
pherson's (1969) estimate of a mean density 
of 1 den in about 14 square miles (36.3 km'2 ) 
for arctic foxes is much lower than the den- 
sity of 1 red fox den in 3 square miles (7.8 
km2) occurring in some areas of the north- 
central United States (Sargent 1972). Such 
differences in density could affect reproduc- 
tion of the 2 genera differently according to 
the intensities of interactions between 
neighboring social groups. For any species, 
Mayr (1970:112) stated that "Phenotype 
is a compromise of all selection pressures 
and .. .some of these are opposed to one 
another." 

In the present study, sex ratios of fetuses 
did not differ significantly from 50:50, but 
in spring, more males than females were 
counted at dens. This difference suggests 
that males survived better than females 
during late gestation or the first month 
after birth, or both. One or all but 1 of the 
foxes were of the same sex in about one- 
third of the litters with 4 or more individ- 
uals. This information means that sex 
ratios based on a few litters could easily be 
unbalanced toward either males or females. 

Male foxes commonly dispersed during 
October, and 80 percent or more dispersed 
in their first year. The present study pro- 
duced 3 things that apparently contradict 
the hypothesis that young foxes are "forced" 
from natal ranges by their parents: (1) 
spacing between family members increased 
during summer, and by dispersal in fall, 
direct contact among members appeared 
minimal; (2) foxes traveled 6 to 10 miles 
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(10-16 km) in 1 general direction during 
the first night of dispersal, which seems ex- 
cessive merely to avoid agonistic behavior 
of a resident fox; and (3) some adults with 
established home ranges in summer also 
dispersed in fall or winter. 

Behavioral interactions among parents 
and offspring vary among mammals 
(Harper 1970). One pattern emphasized 
by Wynne-Edwards (1962) is that adults 
drive off their offspring when they reach 
sexual maturity. Conversely, in other spe- 
cies such as the prairie dog Cynomi/s 
ludovicianus (King 1955) and tree squirrels 
Tamiasciurus douglasii and T. hudsonicus 
(Smith 1968) the offspring may stay on the 
natal ground, but the adults emigrate. Red 
foxes apparently do not follow either of 
these patterns. Studies of the social systems 
in mammals have not received much atten- 
tion until recent years (Crook 1970), but 
hopefully more research will be directed 
toward understanding how parent-offspring 
interactions relate to dispersal. 

In the northern hemisphere, foxes begin 
dispersing in early fall when the rate of 
decrease in daylight maximizes and gonadal 
activity increases. The results of our study 
to determine the influence of testicular 
activity on male dispersal were not con- 
clusive, despite the indication that fewer 
castrates than controls dispersed. Perhaps 
experiments dealing with the pituitary and 
adrenals would provide more insight into 
the role of endocrines in dispersal mecha- 
nisms. 

It appears unlikely that a single factor is 
responsible for initiating dispersal. Sprugel 
(1951:74) noted that temperature, snow 
cover, sexual maturity, and social intolerance 
apparently influenced the initiation and 
rate of spring dispersal in muskrats, but 
cited no one factor as the prime force to 
start the general movement. Still more 
obscure are the factors that operate in the 
evolution of mammalian dispersal. Since 
dispersal probably evolved under different 
conditions, the factors that now stimulate 
dispersal in present-day populations may 

not be the same factors that stimulated dis- 
persal in earlier populations. 

This study showed that foxes' daily dis- 
persal routes usually were directional. This 
pattern is efficient in terms of energy and 
of time spent in unfamiliar terrain, to dis- 
tribute foxes throughout local areas and to 
find areas vacant of other foxes. The pres- 
ent study did not show what mechanisms 
or cues are used to orient, but the data on 
travel routes provided evidence that dis- 
persing foxes recognized previously used 
areas. 

Whether circular travel, usually at the 
end of dispersal, reflected a response to 
other foxes or somehow served to "turn off" 
dispersal is not known. Likewise, it is not 
clear why certain individuals settled in an 
area for 1 to 6 days and then continued to 
disperse. It does not seem likely that it took 
this amount of time for the resident in these 
cases to detect the transients, or vice versa. 
Sargeant (1972:227) noted that "Boundaries 
of territories were not patrolled, yet there 
appeared to be an acute awareness of the 
presence and a mutual avoidance between 
family members holding adjacent terri- 
tories." 

French et al. (1968:279) indicated that 
their data on dispersal of desert rodents 
"May be interpreted to support the hypothe- 
sis that dispersal is not due to random 
movements but to purposeful directed 
moves by certain individuals." Our data 
on dispersing foxes also indicate directed 
travel that apparently was independent of 
the distances traveled. Thus, the 10- to 
15-mile (16-24 km) dispersal routes seemed 
as directed as the 20- to 30-mile (32-48 km) 
routes. 

The actual distances traveled by dispers- 
ing foxes are most likely regulated by a 
combination of genetic, social, and physical 
environmental factors that may vary locally. 
Murray (1967:977) stated, "It seems pos- 
sible that individuals differing in the dis- 
tance they disperse differ in their ability 
to procure a suitable breeding site rather 
than in a predisposition to disperse a par- 
ticular distance." We believe that both 
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these factors as well as the availability of 
vacant fox ranges are involved in the dis- 
stances traveled by dispersing foxes. Most 
of their travel probably is regulated by 
nonsocial factors, but as dispersal ends and 
the transients integrate with their new 
environment, additional shifts probably re- 
sult from social interactions. 

Dispersal of red foxes is not necessarily 
from place of birth to a new locality where 
the animal remains until it dies. This type 
of movement may be true in some cases, 
but some foxes emigrate as adults from areas 
where they bred successfully. Nevertheless, 
once foxes disperse from their natal ranges, 
the probability of returning appears ex- 
tremely low. 

Dispersal begins in late September or 
early October and may continue through 
February, during the breeding season. 
Lidicker (1962:29) suggested that, because 
transient animals are more likely to make 
more contact with other members of their 
species than resident animals, they may 
mate more than residents. This type of 
mating would be advantageous to the spe- 
cies by increasing genetic exchange. We 
were not able to follow any transient foxes 
during the breeding season. 

There were no reports indicating that 
tagged foxes crossed the Mississippi River 
along the Illinois and Iowa boundary. The 
river in that region is about 0.3 to 0.5 mile 
(0.5 to 0.8 km) wide and usually is not 
frozen during November; in some years 
it may be frozen and covered with snow 
by late December or early January, but by 
that time many foxes have dispersed. Thus, 
the river acts as a partial barrier to gene 
flow between these local populations. This 
barrier apparently was reflected in the 
cranial morphology among red foxes from 
Illinois, Iowa, and Minnesota. 

Cranial measurements were significantly 
different between each 2- and 3-state com- 
parison made. There was also some indica- 
tion that skulls in Minnesota were more 
like those in Iowa than those in Illinois, 
although the data were not conclusive. This 
comparison suggests that isolation, by dis- 

tance, physiographic barriers, or both, was 
more pronounced between populations on 
opposite sides of the Mississippi River than 
between those on the same side. Perhaps 
more intensive sampling on both sides of 
the river from the southern United States 
to Canada would provide data on the in- 
fluence of isolation on morphological dif- 
ferences in red foxes. Ehrlich and Raven 
(1969) suggested that considerable local 
differentiation may occur even in highly 
mobile species and that local populations 
may be changed rapidly by selection. A 
different view is that differentiation of pop- 
ulations is prevented by gene flow (Mayr 
1963). 

The relatively larger size of Minnesota 
skulls provides evidence for a positive cor- 
relation between body size and latitude in 
the range of 46? to 60? N latitudes as indi- 
cated by McNab (1971:847). Merriam 
(1900) concluded that red foxes in Alaska 
were larger than those in the eastern 
United States. However, body size and 
latitude were not positively correlated for 
foxes from areas at 30? to 45? N latitude 
(McNab 1971). Thus, the correspondence 
between size of red foxes and latitude 
(Bergmann's Rule) seems to apply only 
above 45? N latitude. 

The taxonomic status of red foxes in the 
United States is complicated by introduc- 
tions of European red foxes into eastern 
United States during colonial times. 
Churcher (1959:514) concluded that a red 
fox was native to North America north of 
40? or 45? N latitude "But was either scarce 
or absent from most of the unbroken mixed 
hardwood forests, where the gray fox was 
paramount. The European red fox was in- 
troduced into the eastern seaboard area 
about 1750, and either partially displaced 
the gray fox in the southern portion of the 
continent, or interbred with the scarce 
population of indigenous red fox to pro- 
duce a hybrid population." 

In our study, Illinois foxes tended to be 
larger than Iowa foxes but like those from 
Indiana. These results and the fact that 
European foxes are reportedly larger than 
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those in the United States (excluding 
Alaska) may reflect, in part, the influence 
of the foxes introduced from Europe. 

A thorough understanding of the rela- 
tionships between natality, mortality, and 
dispersal in fox populations requires long- 
term research. Thus, the following con- 
clusions on the role of these major forces 
in populations of foxes are tentative. 

More litters were reported at dens in 
Iowa during 1968 than 1969, suggesting that 
the population decreased in early 1969. Yet, 
throughout the present study, April litter 
sizes at dens in Iowa ranged from 3.4 to 
4.9 pups. This apparent stability suggests 
that mortality had more influence than 
natality on annual changes in fox numbers 
in local areas of Illinois and Iowa. 

Mortality rates, based on recoveries, 
varied among years and local areas within 
Illinois and Iowa. Although the overall 
mortality rate for first-year foxes was at 
least 65 percent, the rates differed markedly 
among areas near the Mississippi River and 
those in north-central Illinois and north- 
central Iowa. 

Mortality rates in some areas probably 
were close to 80 percent because fox num- 
bers during the present study apparently 
declined even with 5 to 6 pups born per 
vixen and at least 95 percent of the vixens 
breeding. However, with the red fox's ca- 
pacity for dispersal, transients would quickly 
invade depleted areas. Dispersal distances 
of 30 miles (48 km) or more were common 
for both males and females. Thus, areas in 
north-central Illinois and north-central 
Iowa, where mortality is high, may soon re- 
populate with emigrants from the more 
stable populations in the wooded areas 
near the Mississippi River. 

Our results are contrary to those from 
small mammals, primarily rodents, in which 
mortality rates are believed to be much 
higher in transients than in residents 
(Christian 1970:85, Howard 1965:472). It 
was obvious that mortality of red foxes in 
the north-central United States is highly 
influenced by man. The chances of a fox 
dying, whether resident or transient, are 

related to local trapping and hunting pres- 
sure, climatic conditions, habitat, and the 
behavior of the individual fox. Because 
most of these factors vary from year to year, 
it is difficult to generalize the relative im- 
portance of single factors on fox mortality. 

There is some evidence that dispersal 
rates of mammals are associated with in- 
creased density (Strecker 1954, Archer 
1970), but whether this correspondence 
holds for fox populations is not known. 
Most 1-year-old males in our areas dispersed 
each year. Thus, if densities increased, the 
only population segments that could re- 
spond by dispersing would be subadult 
females and adults of both sexes. Perhaps 
if the densities in our study areas had been 
lower, fewer subadult males would have 
dispersed. 

Our results showed that the ratio of 
transient to resident females was about 50: 
50. Whether transient and resident female 
foxes are genetically different is unknown. 
Meyers and Krebs (1971) reported a 
genetic difference between transient and 
resident populations of Microtus, but Black- 
well and Ramsey (1972) could not demon- 
strate differences in exploratory activity 
between individual Peromyscus of different 
genotypes (based on 3 loci). 

Little is known about the relationships 
between dispersal and incidence of diseases 
in foxes. Several workers have suggested 
that increased rabies in foxes during fall 
and winter may be related to time of dis- 
persal (Muller 1966, Pitzschke 1966, Ulbrich 
1967, Friend 1968, Kral 1969). Data 
presented by Johnston and Beauregard 
(1969) for Ontario showed that 66 percent 
of the rabid foxes in late summer and fall 
are males and 65 percent of the males are 
juveniles. Because more males disperse 
than females, this may account for the dif- 
ferences in the incidence of rabies between 
sexes. However, the role of behavioral 
isolating mechanisms in the transmission of 
rabies between sexes is unknown (Johnston 
and Beauregard 1969). 

Programs to reduce fox numbers in the 
north-central United States do not seem 
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FIG. 43. Fox trapper in Iowa. 

justified at this time. Verts and Storm (1966) 
found that in Illinois, red foxes were neither 
acting as reservoirs of rabies before the 

epizootic, nor infecting striped skunks dur- 

ing the epizootic of the disease. 
With dispersal leading to considerable 

interchange between populations, it is ap- 
parent why programs (such as bounty pay- 
ments) to reduce fox numbers usually have 
failed. Even if local populations are mark- 

edly reduced, some immigration from sur- 
rounding areas will occur within a year. 

Evidence of the economic importance of 
foxes is provided by our study which 
showed hunting and trapping accounted 
for about 80 percent of the reported deaths 
of tagged foxes. In the north-central states, 
foxes afford economic and recreational op- 
portunities through trapping in fall and 

hunting in winter (Figs. 43, 44). Fox hunt- 
ing may become still more attractive in 
future years if the numbers of other game 
animals in this area decline. A sound man- 
agement policy for red foxes should consider 
this species as both a valuable carnivore 
and an important furbearer. 

SUMMARY 

This study of morphology, reproduction, 
mortality, and dispersal of red foxes was 
conducted from 1962 to 1971 in certain areas 
of Illinois, Iowa, and Minnesota. From 
1965 to 1970, 2,049 foxes (1,987 juveniles 
and 62 adults) were captured at dens, ear- 

tagged, and released at points of capture in 
Iowa and Illinois. Tag returns from 807 
foxes provided dispersal and mortality data. 
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FIG. 44. Fox hunters in Iowa. 

Detailed information about dispersal was 
obtained from 13 radiotagged foxes in Iowa 
and Minnesota. 

Size of litters was similar for foxes from 
different physiographic regions. Sex ratios 
of fetuses did not differ significantly from 
50:50, but in spring, more male pups than 
females were counted at dens. 

Based on multivariate analysis of skull 
measurements, the Minnesota foxes were 
more like the Iowa than the Illinois foxes. 
These data indicate isolation of the local 
populations separated by the Mississippi 
River along the Iowa and Illinois boundary. 

The recovery rate of foxes tagged within 
40 miles (65 km) of the Mississippi River 
was 28 percent versus 40 percent for foxes 
tagged more than 40 miles from the river. 
This result indicated lower survival of foxes 

in the intensive farming areas than in the 
more hilly and wooded areas adjacent to 
the river. 

Of the tagged juveniles recovered, 97 per- 
cent were recovered during their first or 
second year and only 3 percent were re- 
covered 3 to 6 years after tagging. Life ex- 
pectancy increased between the first and 
third years and decreased after the third 
year. Foxes in their first year were 1.17 
times more vulnerable to hunting and trap- 
ping than adults. Vulnerability in fall and 
winter seems related to local trapping and 
hunting pressure, climatic conditions, habi- 
tat, and behavior of individual foxes. 

Mortality rates among transient and 
sedentary female foxes were about the 
same. This was a surprising result, contrary 
to ideas published for other species. The 
most likely explanations for this are: (1) 
most mortality was caused by man and there 
was no evidence that residents were more 
difficult to trap or shoot than transients, and 
(2) dispersal was completed within a few 
days so dispersers spent little time in un- 
familiar terrain assuming they quickly 
familiarized themselves with the new areas 
in which they settled. 

Dispersal began in late September or 
early October. Social behavior did not seem 
to be a major influence on the start of dis- 
persal. Males traveled significantly farther 
than females. The mean distances between 
first and last captures were 19.4 miles (31 
km) for males and 6.7 miles (11 km) for fe- 
males, all recovered during their first year. 
Eighty percent of the earmarked juvenile 
males recovered in their first year during 
October to March traveled more than 5 
miles (8 km) from their natal range. This 
percentage was significantly higher than the 
proportion of juvenile females (37%) that 
moved more than 5 miles (8 km) from their 
natal range. These percentages increased to 
96 and 58 for males and females, respec- 
tively, if they survived another year. 

The dispersal routes of individual foxes 
usually were oriented in 1 general direction, 
although physical barriers caused some 
deviations. Some foxes tended to travel 
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circular routes during some nights, particu- 
larly toward the end of dispersal. Nightly 
dispersal distances averaged 9.0 miles (15 
km) for 5 males and 5.6 miles (9 km) for 3 
females. 

Dispersal of red foxes was not necessarily 
the movement from the place of birth to a 
new locality where the animal remains until 
it dies, for some also emigrated as adults 
from areas where they had bred success- 
fully. Once red foxes dispersed from their 
natal ranges, the probability of returning 
appeared extremely low. 
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APPENDIX la.-COMPARATIVE MEAN WEIGHT (MG) 
OF EYE LENSES OF 5 COLOR PHASES OF MALE, 
RANCH BRED RED FOXES, COLLECTED DURING 
NOVEMBER, AGES 1 THROUGH 4. VERTICAL LINES 
CONNECT MEANS OF MAXIMALLY NONSIGNIFICANT 

SUBSETS AT THE 0.05 LEVEL 

Age 
Color Phase (Years) n Means 

Silver 4 9 274.8 
Glacier 4 7 273.8 
Silver 3 28 268.3 
Pearl 4 7 268.0 
Amber 4 73 261.6 
Glacier 3 17 260.4 
Golden Glory 4 4 260.3 
Pearl 3 19 259.1 
Golden Glory 3 5 257.1 
Silver 2 25 253.5 
Amber 3 43 252.2 
Golden Glory 2 9 250.3 
Pearl 2 17 243.7 
Amber 2 38 238.0 
Golden Glory 2 9 236.8 
Silver 1 11 194.0 
Glacier 1 15 191.1 
Pearl 1 37 190.4 
Golden Glory I 11 187.4 
Amber 1 43 182.8 
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APPENDIX lb.-COMPARATIVE MEAN WEIGHT (MG) 
OF EYE LENSES OF 5 COLOR PHASES OF FEMALE, 
RANCH BRED RED FOXES, COLLECTED DURING 

NOVEMBER, AGES 1 THROUGH 4. VERTICAL LINES 
CONNECT MEANS OF MAXIMALLY NONSIGNIFICANT 

SUBSETS AT THE 0.05 LEVEL1 

Age 
Color Phase (Years) n Means 

Silver 4 11 275.2 
Silver 3 31 265.5 
Pearl 4 10 260.5 
Glacier 4 8 260.4 
Golden Glory 4 3 259.2 
Amber 4 74 254.6 
Glacier 3 9 252.8 
Pearl 3 23 250.6 
Silver 2 33 246.3 
Amber 3 54 239.7 
Golden Glory 3 6 239.6 
Pearl 2 26 239.0 
Golden Glory 2. 12 227.4 
Amber 2 46 227.3 
Silver 1 13 180.6 
Pearl 1 46 180.2 
Amber 1 41 178.3 
Golden Glory 1 14 171.5 

1 Ages 1 and 2 for the Glacier color phase were excluded 
because sample sizes were less than 3. 

72 



MIDWESTERN RED FOX POPULATIONS-Storm et al. 73 

APPENDIX 2.-VARIATION IN WEIGHT (G) AND BODY DIMENSIONS (MM) OF JUVENILE RED FOXES FROM 
NORTHWESTERN AND NORTH-CENTRAL ILLINOIS, IN APRIL, MAY, AND JUNE-JULY 

April May June-July 
Region1 Region Region 
and Sex n Mean2 SE and Sex n Mean2 SE and Sex n Mean2 SE 

Weight 
NWM 62 1421 43.4 NWM 22 2007 103.2 NWM 11 2955 179.8 
NWF 43 1402 43.4 NWF 8 1776 145.3 NWF 6 2633 72.3 
NCM 17 1078 90.6 NCM 33 1615 59.4 NCM 19 27603 95.4 
NCF 16 1046 82.1 NCF 29 1487 44.6 NCF 13 2753 113.5 

Total Length 
NWM 62 538 9.2 NWM 22 674 16.8 NWM 11 841 30.9 
NWF 43 538 9.8 NWF 8 620 28.3 NWF 6 814 20.3 
NCM 17 473 21.7 NCM 33 611 11.5 NCM 19 8263 12.4 
NCF 16 474 19.0 NCF 29 592 10.1 NCF 13 824 13.8 

Length of Tail 
NWF 43 171 4.1 NWM 22 233 7.7 NWM 11 308 14.5 
NWM 62 169 3.9 NCM 33 208 5.9 NWF 6 298 4.7 
NCF 16 152 8.9 NWF 8 203 12.6 NCM 19 3053 7.7 
NCM 17 150 10.0 NCF 29 199 5.0 NCF 13 306 8.4 

Length of Hind Foot 
NWM 62 102 1.9 NWM 22 126 2.8 NWM 11 153 4.1 
NWF 43 101 2.1 NWF 8 116 5.4 NWF 6 149 3.3 
NCM 17 85 3.7 NCM 33 111 2.1 NCM 19 143 1.3 
NCF 16 86 3.8 NCF 29 107 1.6 NCF 13 138 2.3 

Length of Ear 
NWM 62 63 1.1 NWM 22 75 1.3 NWM 11 90 2.3 
NWF 43 62 1.0 NWF 8 71 2.6 NWF 6 86 1.4 
NCM 17 49 2.7 NCM 33 68 1.4 NCM 19 82 1.3 
NCF 16 49 2.7 NCF 29 62 1.3 NCF 13 79 1.3 

1 NWM = Northwest Illinois Males, NCM = North-central Illinois Males, NWF = Northwest Illinois Females, NCF = 
North-central Illinois Females. 

2 Vertical lines connect means of maximally nonsignificant subsets at the 0.05 level as determined by the Sums-of- 
Squares Simultaneous Testing Procedure. 

3No significant differences among groups. 



APPENDIX 3.-VARIATION IN 17 SKULL MEASUREMENTS OF ADULT (A) AND SUBADULT (J) RED FOXES FROM ILLINOIS (IL), IOWA 

SOTA (MI). SUBADULTS WERE COLLECTED DURING OCTOBER, NOVEMBER, OR DECEMBER 
(IA), AND MINNE- 

Males Females 

Age and Age and 
Locality n Mean1 SE Range Locality n Mean' SE Range 

Total Length 
144.5-157.2 
139.4-153.7 
135.5-153.9 
135.8-154.2 
140.1-151.0 
134.3-151.1 

Condyle-premaxillae 
138.6-149.5 
130.3-148.2 
134.3-147.5 
129.2-148.3 
132.9-144.3 
128.3-144.7 

JMI 
AMI 
JIA 
AIA 
AIL 
JIL 

Length 
JMI 
AMI 
JIA 
AIA 
JIL 
AIL 

Postglenoid Length 
30.6-33.0 AMI 
28.5-32.9 JMI 
28.7-32.5 AIA 
28.8-32.3 AIL 
28.7-32.1 JIA 
29.1-31.0 JIL 

Maxillary-palatine 
52.3-59.5 
49.2-58.3 
49.2-59.8 
49.3-57.7 
49.3-55.2 
46.8-56.7 

Toothrow 
51.7-57.6 
49.2-57.6 
46.6-57.2 

Length 
JMI 
AMI 
AIA 
JIA 
AIL 
JIL 

AMI 
JMI 
AIA 

AMI 
AIL 
JMI 
JIA 
AIA 
JIL 

16 
20 
26 
41 
16 
30 

12 
11 
41 
20 
23 
24 

137.0-147.9 
135.7-150.8 
131.7-148.2 
128.0-144.4 
132.6-147.1 
124.5-145.6 

AMI 
JMI 
AIL 
JIA 
AIA 
JIL 

AMI 
AIL 
JMI 
JIA 
JIL 
AIA 

AMI 
AIL 
JMI 
JIA 
AIA 
JIL 

150.2 
146.3 
146.3 
146.2 
144.9 
143.2 

144.0 
140.6 
140.4 
140.1 
138.5 
137.4 

31.6 
30.9 
30.8 
30.6 
30.3 
30.2 

55.9 
54.8 
54.6 
54.6 
53.5 
53.3 

54.6 
52.9 
52.7 

16 
26 
20 
41 
16 
30 

16 
20 
26 
41 
30 
16 

16 
20 
26 
41 
16 
30 

0.9 
0.9 
0.9 
0.6 
0.7 
0.8 

0.8 
0.9 
0.9 
0.6 
0.8 
0.8 

0.2 
0.3 
0.2 
0.1 
0.2 
0.1 

0.5 
0.5 
0.5 
0.3 
0.4 
0.4 

0.4 
0.4 
0.3 

142.9 
142.3 
139.1 
138.4 
137.8 
137.8 

137.3 
137.1 
133.0 
132.6 
132.4 
132.0 

30.7 
30.3 
29.5 
29.5 
29.4 
29.4 

53.1 
53.1 
52.0 
51.7 
51.2 
51.2 

52.3 
51.9 
50.2 

130.4-140.9 
129.6-146.3 
125.5-140.5 
121.5-137.8 
120.7-139.8 
126.9-139.8 

28.9-32.6 
29.0-31.8 
27.1-31.1 
27.9-30.9 
27.4-31.1 
27.7-30.8 

1.0 
1.4 
0.5 
1.0 
0.8 
1.0 

0.8 
1.4 
0.5 
0.9 
0.9 
0.7 

0.3 
0.3 
0.2 
0.3 
0.1 
0.2 

0.5 
0.7 
0.5 
0.3 
0.5 
0.4 

0.6 
0.5 
0.3 

-11 

Pl 

O o 
o 

n 
I' 
cn 

12 
11 
41 
20 
24 
23 

11 
12 
20 
23 
41 
24 

12 
11 
20 
41 
23 
24 

11 
12 
20 

AMI 
JMI 
JIA 

16 
26 
41 

50.5-55.4 
49.0-57.3 
47.1-55.2 
47.6-56.8 
47.6-56.3 
45.8-54.5 

49.2-56.5 
48.5-53.8 
47.6-52.7 



APPENDIX 3.-(CONTINUED) 

Males Females 

Age and Age and 
Locality n Meanl SE Range Locality n Mean' SE Range 

AIL 20 52.5 0.4 48.7-55.6 JIA 41 50.2 0.2 46.4-52.9 
AIA 16 51.6 0.4 48.9-53.9 JIL 24 50.0 0.5 46.8-54.4 
JIL 30 51.5 0.4 47.8-56.5 AIL 23 50.0 0.4 46.4-54.9 

Postorbital Constriction 
JIA 41 23.6 0.2 20.8-28.0 JIA 41 24.0 0.2 21.1-27.4 
JIL 30 23.5 0.3 20.3-27.1 JIL 24 23.6 0.3 21.1-26.8 
AIA 16 23.5 0.1 22.6-24.5 AIA 20 23.3 0.3 20.3-25.5 
JMI 26 23.22 0.3 21.2-25.6 AIL 23 23.22 0.3 20.7-25.6 
AMI 16 23.0 0.4 20.1-25.3 JMI 12 23.2 0.5 21.3-26.5 Z 
AIL 20 22.6 0.3 20.6-24.4 AMI 11 23.1 0.4 20.3-25.3 p 

Posterior Maxillary Length 
AMI 16 25.2 0.2 23.4-26.5 JMI 12 24.9 0.2 23.9-26.5 
JMI 26 25.0 0.2 22.8-26.4 AMI 11 24.5 0.2 23.1-25.8 
JIA 41 24.6 0.1 22.8-26.5 JIA 41 23.8 0.1 22.0-25.4 O 
AIA 16 24.1 0.3 21.9-25.5 AIA 20 23.6 0.2 21.8-24.6 O 
AIL 20 24.1 0.3 22.6-27.3 JIL 24 23.4 0.2 21.3-25.1 
JIL 30 23.8 0.2 21.6-26.2 AIL 23 23.2 0.2 20.7-25.4 

Mastoidal Breadth 
AMI 16 48.4 0.2 46.6-49.6 AMI 11 47.3 0.4 44.9-48.9 
JIA 41 47.3 0.2 45.2-49.3 JMI 12 46.8 0.3 45.6-48.5 
AIA 16 47.0 0.2 45.4-48.2 JIA 41 45.7 0.2 42.5-48.4 
JMI 26 46.9 0.3 43.7-49.8 AIA 20 45.6 0.3 42.1-48.5 
AIL 20 46.9 0.3 44.6-49.1 JIL 24 45.3 0.3 41.3-47.1 
JIL 30 46.0 0.2 43.8-47.8 AIL 23 45.1 0.3 42.5-48.0 

Width of Rostrum 
AMI 16 21.8 0.2 20.3-23.2 AMI 11 21.3 0.4 19.4-23.0 
AIA 16 21.6 0.3 19.5-24.5 JMI 12 21.3 0.2 19.8-22.7 
JMI 26 21.5 0.2 19.1-23.3 AIA 20 20.9 0.2 18.6-22.7 
JIA 41 21.4 0.2 18.7-23.4 JIA 41 20.5 0.1 18.9-22.8 
AIL 20 20.9 0.3 18.7-22.8 AIL 23 20.4 0.2 18.7-22.4 
JIL 30 20.7 0.2 19.0-22.5 JIL 24 20.2 0.2 18.7-22.1 

Zygomatic Breadth 
AIL 20 77.1 0.5 72.8-81.2 AMI 11 75.2 1 0.8 70.3-79.9 - 

cn 



APPENDIX 3.- (CONTINUED) 

Males Females 

Age and Age and 
Locality n Mean1 SE Range Locality n Mean1 SE Range 

AIA 
AMI 
JMI 
JIA 
JIL 

16 
16 
26 
41 
30 

76.9 
76.7 
75.4 
75.0 
74.2 

0.5 
0.5 
0.5 
0.3 
0.3 

72.6-79.5 
73.8-81.6 
71.0-80.1 
72.0-80.1 
70.6-77.3 

JMI 
AIA 
AIL 
JIA 
JIL 

12 
20 
23 
41 
24 

73.2 
73.1 
72.6 
71.4 
71.2 

0.6 
0.5 
0.4 
0.3 
0.5 

Palatal Width 
38.8-42.0 
36.5-41.5 
36.7-42.5 
37.7-41.1 
37.2-40.6 
36.0-40.5 

AMI 
JMI 
AIL 
AIA 
JIA 
JIL 

Basisphenoid Width 
9.6-11.4 AMI 
9.3-11.7 JMI 
8.6-11.8 JIL 
9.2-11.4 AIL 
9.0-11.3 JIA 
9.0-11.4 AIA 

Auditory Bullae 
39.9-43.6 
38.4-44.7 
38.2-43.6 
37.8-42.8 
38.9-42.7 
38.0-42.7 

AMI 
JMI 
AIA 
JIA 
AIL 
JIL 

Mesosphenoid Width 
15.8-18.7 JMI 
16.1-18.3 AIL 
14.8-18.5 JIA 
14.3-18.6 JIL 
15.1-18.6 AIA 
15.3-18.2 AMI 

70.5-75.9 
68.2-77.9 
68.1-76.5 
68.4-76.5 
65.0-75.7 

AMI 
JIA 
JMI 
AIA 
AIL 
JIL 

AMI 
AIL 
AIA 
JIL 
JIA 
JMI 

AMI 
JIA 
AIL 
JMI 
AIA 
JIL 

JMI 
AMI 
JIL 
JIA 
AIL 
AIA 

16 
41 
26 
16 
20 
30 

16 
20 
16 
30 
41 
26 

16 
41 
20 
26 
16 
30 

26 
16 
30 
41 
20 
16 

40.4 
39.5 
39.5 
39.4 
39.3 
38.6 

10.4 
10.3 
10.3 
10.22 
10.2 
10.1 

41.9 
41.1 
40.8 
40.7 
40.7 
40.3 

17.1 
17.1 
16.9 
16.92 
16.9 
16.7 

0.2 
0.2 
0.3 
0.3 
0.2 
0.2 

0.1 
0.1 
0.2 
0.1 
0.1 
0.1 

0.3 
0.2 
0.3 
0.3 
0.3 
0.3 

0.2 
0.2 
0.2 
0.1 
0.2 
0.2 

36.2-40.7 
36.8-39.7 
36.7-39.9 
34.9-40.0 
35.7-39.9 
35.8-40.0 

9.0-11.9 
9.4-12.0 
8.5-11.8 
8.6-11.3 
8.7-11.4 
8.5-10.7 

11 
12 
23 
20 
41 
24 

11 
12 
24 
23 
41 
20 

11 
12 
20 
41 
23 
24 

12 
23 
41 
24 
20 
11 

39.0 
38.9 
38.3 
38.0 
37.8 
37.8 

10.3 
10.2 
10.1 
10.02 

9.9 
9.9 

40.6 
40.3 
39.6 
39.6 
39.5 
39.0 

17.1 
16.5 
16.5 
16.3 
16.3 
16.1 

0 
t-I 

z 0 

0 
rJ 0 
Cd 

0.4 
0.3 
0.2 
0.3 
0.2 
0.2 

0.3 
0.2 
0.2 
0.1 
0.1 
0.1 

0.5 
0.5 
0.3 
0.2 
0.3 
0.3 

0.3 
0.2 
0.1 
0.2 
0.2 
0.2 

38.1-42.6 
38.0-42.7 
37.1-41.5 
36.2-41.4 
36.0-42.6 
36.4-41.2 

15.1-18.5 
15.2-18.6 
14.5-18.1 
14.6-17.6 
14.7-17.8 
14.9-17.3 



APPENDIX 3.-(CONTINUED) 

Males Females 

Age and Age and 
Locality n Mean' SE Range Locality n Mean' SE Range 

Jaw Length 
AMI 16 84.7 0.6 81.4-89.8 JMI 12 82.0 0.7 76.2-85.2 
JMI 26 83.2 0.6 75.0-89.0 AMI 11 80.4 0.9 76.6-85.1 
JIA 41 83.0 0.4 76.5-89.1 JIA 41 79.0 0.4 74.1-84.3 
AIL 20 82.3 0.7 77.0-88.0 JIL 24 78.2 0.6 71.3-83.9 
AIA 16 81.6 0.5 77.9-84.7 AIA 20 78.0 0.6 71.9-83.3 
JIL 30 81.6 0.5 75.2-86.1 AIL 23 77.8 0.4 74.3-81.8 

Coronoid Process 
AMI 16 39.8 0.3 37.9-42.2 JMI 12 38.1 0.4 35.8-40.3 
AIL 20 39.6 0.4 35.7-41.8 AMI 11 38.1 0.7 34.1-41.6 
JMI 26 39.5 0.3 36.7-42.3 JIA 41 37.4 0.2 35.0-40.3 
JIA 41 39.52 0.2 37.3-43.2 JIL 24 37.2 0.3 34.1-39.8 
AIA 16 39.4 0.3 36.9-41.7 AIA 20 37.22 0.3 33.9-40.0 
JIL 30 38.7 0.3 35.1-42.2 AIL 23 37.0 0.3 33.1-39.5 

Jaw Depth 
AMI 16 15.1 0.2 13.9-16.7 JMI 12 14.4 0.1 13.4-15.0 
JMI 26 14.9 0.2 13.4-16.9 AMI 11 14.4 0.3 13.1-16.0 
AIA 16 14.4 0.2 13.0-15.8 JIA 41 13.8 0.1 12.4-15.5 
JIA 41 14.3 0.1 12.5-16.1 JIL 24 13.7 0.2 12.2-14.9 
AIL 20 14.1 0.2 12.1-15.6 AIL 23 13.6 0.2 11.5-15.2 
JIL 30 13.9 0.1 12.9-15.4 AIA 20 13.5 0.2 11.9-14.9 

1 Vertical lines connect means (mm) of maximally nonsignificant subsets at the 0.05 level. 
2No significant differences among groups. 
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APPENDIX 4a.-DISCRIMINANT MULTIPLIERS COMPUTED BY 2-GROUP LINEAR DISCRIMINANT FUNCTION 

ANALYSIS, ADULT MALE RED FOXES 

Discriminant Multipliers 

Illinois Illinois Iowa 
vs. vs. vs. 

Character Iowa Minnesota \Minnesota 

Total length 0.893 1.091 1.861 
Condyle-premaxillae - 0.293 - 1.218 - 1.802 
Postglenoid length - 2.332 0.167 4.467 
Maxillary-palatine - 1.019 - 0.690 - 0.252 
Toothrow - 0.690 0.547 1.700 
Postorbital constriction 1.199 1.114 0.229 
Posterior maxillary 1.134 - 0.528 - 1.284 
Mastoidal breadth 1.890 1.767 2.484 
Rostrum 0.415 0.602 - 0.273 
Zygomatic breadth - 1.422 - 1.840 - 1.727 
Palatal width 3.085 2.830 2.033 
Auditory bullae - 1.534 - 0.024 1.648 
Jaw length 0.316 0.433 - 0.962 
Coronoid process - 1.429 0.261 0.400 
Jaw depth 2.054 0.627 1.452 

Mean Discriminant 
Value for: 

Illinois 24.302 115.547 
Iowa 30.276 - 286.958 
Minnesota - 124.743 302.176 
Pair 27.289 120.145 294.567 

Mahalanobis D21 53.1012 81.7372 121.7432 

1 Mahalanobis D2 values used as chi-square with 15 df to test the hypothesis that the mean values for the 15 
variables are the same for paired groups. 

2 (P<0.01). 



MIDWESTERN RED Fox POPULATIONS-Storm et al. 

APPENDIX 4b.-DISCRIMINANT MULTIPLIERS COMPUTED BY 2-GROUP LINEAR DISCRIMINANT FUNCTION 

ANALYSIS, SUBADULT MALE RED FOXES 

Discriminant Multipliers 

Illinois Illinois Iowa 
vs. vs. vs, 

Character Iowa Minnesota Minnesota 

Total length 0.077 0.146 - 0.127 
Condyle-premaxillae - 0.219 0.185 0.208 
Postglenoid length 0.246 0.036 0.293 
Maxillary-palatine 0.116 0.010 0.119 
Toothrow 0.275 - 0.616 - 0.132 
Postorbital constriction - 0.283 - 0.603 - 0.551 
Posterior maxillary 0.505 1.530 0.730 
Mastoidal breadth 1.298 1.049 - 0.113 
Rostrum 0.732 1.250 0.110 
Zygomatic breadth -0.109 0.472 0.544 
Palatal width 0.171 - 0.191 - 0.237 
Auditory bullae - 0.246 - 0.757 - 0.614 
Jaw length - 0.267 - 0.729 - 0.434 
Coronoid process - 0.164 - 0.835 - 0.528 
Jaw depth 0.566 2.758 1.381 

Mean Discriminant 
Value for: 

Illinois 57.182 56.143 
Iowa 59.622 - - 9.709 
Minnesota - 61.521 - 7.915 
Pair 58.402 58.832 - 8.812 

Mahalanobis D21 42.2762 74.9052 28.5442 

1 Mahalanobis D2 values used as chi-square with 15 df to test the hypothesis that the mean values for the 15 
variables are the same for 

2 (p < 0.01). 
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APPENDIX 4C.-DISCRIMINANT MULTIPLIERS COMPUTED BY 2-GROUP LINEAR DISCRIMINANT FUNCTION 

ANALYSIS, ADULT FEMALE RED Fox 

Discriminant Multipliers 

Illinois Illinois Iowa 
vs. vs. vs. 

Character Iowa Minnesota Minnesota 

Total length - 0.073 - 0.913 - 0.536 
Condyle-premaxillae - 0.122 0.576 0.461 
Postglenoid length 0.046 0.459 - 0.448 
Toothrow 0.173 0.557 0.660 
Posterior maxillary 0.937 1.298 1.011 
Mastoidal breadth 0.771 1.469 0.998 
Zygomatic breadth 0.362 0.567 - 0.157 
Palatal width - 1.277 - 1.153 - 0.542 
Auditory bullae 0.131 - 0.541 - 0.145 
Jaw depth -1.074 -0.327 1.500 

Mean Discriminant 
Value for: 

Illinois 8.421 59.231 
Iowa 9.841 - 58.930 
Minnesota - 64.443 62.458 
Pair 9.131 61.837 60.694 

Mahalanobis D21 15.1872 38.7893 25.0313 

1 Mahalanobis D2 values used as chi-square with 10 df to test the hypothesis that the mean values for the 10 
variables are the same for paired groups. 

2 Nonsignificant. 
3 (p < 0.01). 

APPENDIX 4d.-DISCRIMINANT MULTIPLIERS COMPUTED BY 2-GROUP LINEAR DISCRIMINANT FUNCTION 

ANALYSIS, SUBADULT FEMALE RED FOX 

Discriminant Multipliers 

Illinois Illinois Iowa 
x s. vs. vs. 

Character Iowa Minnesota Minnesota 

Total length 0.740 - 0.622 - 1.004 
Condyle-premaxillae -0.883 0.368 1.591 
Postglenoid length 0.154 0.465 - 0.820 
Toothrow - 0.269 - 0.280 - 0.208 
Posterior maxillary 0.716 3.311 1.606 
Mastoidal breadth 0.288 0.265 0.587 
Zygomatic breadth 0.056 0.128 - 0.102 
Palatal width - 0.690 - 0.351 0.429 
Auditory bullae 0.527 - 0.072 - 0.927 
Jaw depth 0.282 1.073 1.188 

Mean Discriminant 
Value for: 

Illinois 8.203 62.178 
Iowa 9.419 - 90.940 
Minnesota - 64.429 95.713 
Pair 8.811 62.177 93.326 

Mahalanobis D21 18.4092 36.0243 44.3093 

1Mahalanobis D2 values used as chi-square with 10 df to test the hypothesis that the mean values for the 10 
variables are the same for 

2 (P <0.05). 
3 ( < 0.01). 

paired groups. 
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MIDWESTERN RED FOX POPULATIONS-Storm et al. 

APPENDIX 5a.-VALUES FOR ASSIGNING SKULLS OF MALE FOXES TO GEOGRAPHIC REGIONS AS DETERMINED 

BY 3-GROUP LINEAR DISCRIMINANT FUNCTION ANALYSIS USING ADULT AND SUBADULT MALE RED FOXES 

Adult Male Juvenile Male 

Character Illinois Iowa Minnesota Illinois Iowa Minnesota 

Total length 
Condyle-premaxillae 
Postglenoid length 
Maxillary-palatine 
Toothrow 
Postorbital constriction 
Posterior maxillary 
Mastoidal breadth 
Rostrum 
Zygomatic breadth 
Palatal width 
Auditory bullae 
Jaw length 
Coronoid process 
Jaw depth 

Constant 

19.090 
1.975 

41.927 
- 14.203 
- 4.886 

38.483 
- 25.723 

18.945 
- 8.803 
- 11.696 

47.787 
4.689 

- 10.629 
19.590 

- 9.848 

19.797 
1.194 

40.803 
- 14.426 
- 4.994 

39.092 
- 25.709 

20.056 
- 8.147 
- 12.324 

48.523 
4.334 

- 10.336 
19.036 

- 9.181 

20.097 
1.131 

41.783 
- 14.982 
- 4.132 

39.503 
-26.172 

20.915 
- 8.122 
- 13.513 

50.554 
4.454 

- 10.401 
19.415 

- 8.991 

- 2607.543 - 2607.659 - 2735.568 

2.207 
- 3.483 

32.140 
- 5.403 
- 2.843 

11.829 
9.562 

16.257 
- 0.272 

4.177 
15.060 

- 3.321 
0.984 
1.412 
4.316 

2.272 
- 3.484 

32.131 
- 5.412 
- 2.806 

11.640 
10.115 
17.273 

- 0.333 
3.950 

15.320 
- 3.460 

0.720 
1.247 
4.889 

2.192 
- 3.350 

32.439 
- 5.387 
- 2.943 

11.267 
11.041 
17.113 
0.470 
4.466 

14.981 
- 4.054 

0.408 
0.878 
6.262 

- 1287.962 - 1334.877 - 1336.097 

APPENDIX 5b.--VALUES FOR ASSIGNING SKULLS OF FEMALE FOXES TO GEOGRAPHIC REGIONS AS DE- 
TERMINED BY 3-GROUP LINEAR DISCRIMINANT FUNCTION ANALYSIS USING ADULT AND SUBADULT FEMALE 

RED FOXES 

Adult Female Juvenile Female 

Character Illinois Iowa Minnesota Illinois Iowa Minnesota 

Total length 7.543 7.480 6.903 3.777 4.347 3.410 
Condyle-premaxillae - 10.933 - 11.057 - 10.670 - 5.984 - 6.667 - 5.410 
Postglenoid length 27.671 27.693 28.290 23.992 24.145 23.918 
Toothrow 5.142, 5.265 5.799 7.686 7.427 7.200 
Posterior maxillary 10.192 11.210 11.613 1.540 2.272 3.782 
Mastoidal breadth 8.387 9.087 9.706 17.461 17.742 18.164 
Zygomatic breadth 6.277 6.803 6.893 0.661 0.734 0.557 
Palatal width 11.762 10.389 10.482 24.769 24.176 24.587 
Auditory bullae 2.383 2.420 2.048 - 1.854 - 1.488 - 2.200 
Jaw depth - 20.742 - 21.657 - 21.117 - 13.394 - 13.198 -12.211 

Constant - 1000.310 - 1012.559 - 1070.434 - 1185.946 - 1195.537 - 1259.822 
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APPENDIX 6.-CAUSE OF DEATH IN RED FOXES RECOVERED DURING THIS STUDY 

Number of Foxes Associated with Each Cause 

Killed Fur State Shot by Dead' Killed2 Farm at Farm Electro- Dealer 
Age Sex Hunters Trap Roadkill at Den at Den Machines Buildings cuted Dog Unknown' Report Total 

1 

-- 

53 20 1 

1 
1 

3 

- 2 3 

- - 2 
2 

-_ 1 

-- _ I 

- - 6 

93 
74 

1 14 
12 
9 
2 

1 204 

Iowa 
Juvenile & 

Subadult 
Adult 

Age unknown 

M 
F 
M 
F 
M 
F 

166 
113 
41 
27 
3 
7 

357 

475 

58.4 

58 
41 
7 
8 
3 
3 

120 

173 

21.3 

34 
27 

2 
2 

2 

3 
5 

14 
9 2 

1 

2 
3 

1 

1 

67 9 23 2 6 1 1 15 9 610 
87 10 23 4 9 1 1 21 10 814 

10.7 1.2 2.8 0.5 1.1 0.1 0.1 2.6 1.2 100 
1Found at den but cause of death not known. 
2Killed by man at den (nonhunted). 
3 Reported killed but method of kill not reported. 

Illinois 
Juvenile & 

Subadult 
Adult 

Age unknown 

M 
F 
M 
F 
M 
F 

13 
6 

1 

55 
40 
10 
11 
2 

118 

20 
24 

1 
1 
5 
2 

Subtotal 

Subtotal 

TOTAL 

Percent 

1 6 
7 
1 
1 

4 
2 
3 

4 
0 

510 
cn 

289 
209 

54 
38 

6 
14 

N - 

I 
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