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R. L. PHILLIPS, lowa Conservation Commission, Boone1 
R. D. ANDREWS, lowa Conservation Commission, Clear Lake 

G. L. STORM, Department of Ecology and Behavioral Biology, University of Minnesota, Minneapolis 
R. A. BISHOP, lowa Conservation Commission, Clear Lake 

Abstract: During the period from 1963 to 1968, 926 red foxes (Vulpes fulva) were captured at dens 
ear-tagged, and released at the points of capture in Iowa and Illinois. Tag returns from 367 marked foxes 
provided data concerning dispersal and mortality. Some juveniles apparently begin to disperse from ie 
natal area in late September and early October. The average straight-line distances between release sites 
and recovery sites were 18.4 miles and 6.2 miles for 171 juvenile males and 124 juvenile females, respec- 
tively. Fourteen juvenile males and one juvenile female were recovered more than 50 miles from their 
natal ranges. Locations of recaptures were not randomly distributed (P < 0.05) with respect to direc- 
tion of travel. The Mississippi River appears to act as a barrier to foxes that disperse on either side of it 
in Iowa and Illinois. Hunting and trapping accounted for about 80 percent of the mortality of the foxes 
recovered in this study. Annual recovery rates for tagged foxes ranged from 22 to 44 percent in Iowa 
and from 18 to 35 percent in Illinois. Vulnerability of foxes to hunting appears to be interrelated with 
snow cover and land use in local areas. 

Dispersal-type movements of red foxes 
have been reported by Errington and Berry 
(1937), Sheldon (1950, 1953), Arnold and 
Schofield (1956), Longley (1962), Ables 
(1965), Marcstrom (1968), and Jensen 
(1968) . Their studies provided ample 
evidence that red foxes commonly move 15 
to 20 miles from their natal ranges and that 
a few individuals disperse more than 100 
miles. Published reports do not, however, 
provide data on such aspects of dispersal as 
seasonal timing, travel routes, rates of move- 
ments, proportion of juveniles and adults of 
each sex that disperse, and factors asso- 
ciated with initial and terminal phases of 
dispersal. 

The types and extent of mortality in fox 
populations undoubtedly vary with area, 
season, weather condition, and unknown 
factors. Differences in mortality rates may 
also relate to differences in rates of dispersal 
in local regions. To our knowledge, no one 
has undertaken an intensive study of the 
nature of mortality in red fox populations. 

This paper presents preliminary data 

1 Present address: Bureau of Sport Fisheries and 
Wildlife, Forestry Sciences Laboratory, Missoula, 
Montana. 

concerning dispersal and mortality of red 
foxes in Illinois, Iowa, and Minnesota. 
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STUDY AREAS 
Fieldwork to capture, mark, and release 

foses was conducted in north-central and 
northwestern Illinois, and north-central and 
northeastern Iowa ( Fig. 1 ) . In northwest- 
ern Illinois, work centered in Carroll, Jo 
Daviess, and Whiteside counties. The west- 
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No attempt was made to delternline the 
relative numbers of foxes. However, bounty 
records from Illinois indicated that fox den- 
sities were higher in counties adjacent to 
the Mississippi River than in the central 
counties ( Mohr 1947, Chiasson 1953 ) . Fur- 
ther evidence for higher fox densities in 
counties adjacent to the Mississippi River 
is provided by bounty records for Iowa. 
Bounty records by counties indicated that 
0.8 and 2.5 foxes per square mile were 
bountied from the north central and north- 
eastern areas of Iowa, respectively ( Phillips 
1970 ) . 

The radio-tracking work referred to in 
this paper was conducted in Carroll County, 
Illinois, and on the Cedar Creek Natural 
History Area ( CCNHA ) in east central 
Minnesota. The latter area has been de- 
scribed by Pierce ( 1954), Bray et al. (1959), 
and Rongstad and Tester ( 1969 ) . 

METHODS 

The basic method used was to capture, 
mark, and release foxes at dens during the 
spring when litters were restricted to den- 
ning sites. The date and location of the 
original capture site were relcorded for each 
tagged fox. Later, the date, location, and 
method of kill were recorded for each 
marked fox reported to project personnel. 
Computer facilities at the University of 
Minnesota were used to aid in analysis of 
the data. 

Foxes were found during the April-June 
period 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 the 
use of a mechanical wire ferret ( Storm and 
Dauphin 1965 ) . Some foxes were pulled 

FOX TAGGING AREAS 

m > 30 MILES 

m < 30 MILES 

Fig 1. Fox tagging areas in lowa, Illinois, and Minnesota. 

ern parts of these counties are included in 
the Wisconsin driftless section of Illinois. 
Slopes vary from gentle to steep. About 40 
percent of the land in northwestern Carroll 
County is woodland ( Storm 1965 ) . The 
eastern parts of the northwlestern counties 
are under intensive cultivation, with rela- 
tively few woodlots. In north central 
Illinois, work was done in DeKalb, LaSalle, 
and Kane counties. This area is charac- 
terized by flat prairie lands used primarily 
for intensive agriculture. Topography is flat 
to gently sloping, and there are fewer tim- 
bered areas than in northwestern Illinois. 

North central Iowa is under intensive 
cultivation and the topography varies from 
flat to gently rolling. Less than one percent 
of the area is woodland. Northeastern Iowa 
has gentle to steep slopes, and farmlands are 
interspersed with woodlands. About 25 per- 
cent of the area is in timber (Thornton and 
Morgan 1959). 

Foxes were captured and released in both 
states in two general physiographic regions: 
in hilly areas with mixed farms and wood- 
lots within 30 miles of the Mississippi River, 
and in relatively flat areas under intensive 
cultivation, more than 30 miles from the 
Mississippi River. 



Table 1. Distances in miles between first and last cap- 
tures of red foxes tagged as juveniles and recovered during 
their first year of life. 

MALES FEMALES 

MONTH Number Mean Number Mean 
RECAP- of Distance of Distance 
TURED Animals Traveled Animals Traveled 

April 2 0.0 5 0.0 
May 14 0.4 5 0.1 
June 10 0.7 7 0.8 
July 7 1.6 1 0.9 
August 4 2.5 4 0.9 
September 1 1.1 1 1.6 
October 8 14.8 6 2.0 
November 27 25.4 20 7.8 
December 38 21.1 27 7.8 
January 48 25.8 32 9.0 
February 11 20.8 14 4.8 
March 1 51.5 2 10.8 

Total 171 124 
Mean 18.4 6.2 
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out of dens when their body hairs became 
entangled in the wire; others were caught 
by hand or with a dip net when they 
emerged from the dens. Steel traps ( Nos. 1 
and 2) placed at or near den sites for 1 or 2 
nights were used to capture a few foxes 
that were not chased from dens by ferreting. 
After being marked, each fox was returned 
to the den where it was captured. 

Metal tags were placed in the ears of 
each fox. Two types of tags were used: a 
No. 681 monel metal tag (National Band 
and Tag Co., Newport, Kentucky) and a 
button tag ( Nasco, Inc., Fort Atkinson, 
Wisconsin). Tags were stamped with the 
appropriate identification so that an indi- 
vidual who killed a tagged fox would know 
where to send the recovery information. 

Radio transmitters were attached to 8 
juvenile foxes in Illinois and 23 juvenile 
foxes in Minnesota to determine when they 
left the natal area. The equipment de- 
scribed by Storm (1965) was used to monitor 
radio-tagged foxes in Illinois, and similar 
tracking devices were used to monitor foxes 
in Minnesota ( G. L. Storm, unpublished 
data ) . 

In this paper, a movement of over S miles 
( airline distance ) between the point of 
original capture and the recovery site is 
considered a dispersal-type movement. The 
arbitrary figure of 5 miles is based on 
reported evidence that sizes of home ranges 
of nondispersing red foxes are less than 
S miles in diameter ( Scott 1943:443444, 
Storm 1965, Ables 1969, Sargeant 1972 ) . 
The juvenile age-class (l-year or less) for 
this study is from the month of birth 
through March 31 of the following year. 

RESULTS 

A total of 926 red foxes (899 juveniles 
and 27 adults) were captured, ear-tagged, 
and released at or near dens during April- 
June of 1963 through 1968. Of these, 295 

were tagged in Illinois and 631 in Iowa. 
Tag returns were obtained from 367 foxes 
by June 1969. These data provided the 
primary basis for determining the initial 
period of dispersal, rates of travel, distances 
and directions of travel, and mortality. 

Dispersal 

Initial dispersal of juvenile foxes appar- 
ently occurred during late September or 
early October when most juveniles were 
about 7 months old. Our data indicated 
that juveniles were still in the area of the 
natal den at least through August (Table 1). 
In September, only two tagged foxes were 
killed an average of 1.4 miles from their 
natal dens. Data obtained from radio-track- 
ing of foxes also gave no evidence of dis- 
persal before October. None of six juvenile 
foxes (five males and one female) carrying 
functional radios left their natal areas before 
October 1 in Illinois, and 23 juvenile foxes 
( 10 males and 13 females) radio-tagged in 
Minnesota stayed in their natal ranges 
through October 1 (G. L. Storm, unpub- 
lished data). 



Table 2. Long-distance movements by juvenile red foxes 
recovered during Ochber and November. 

AINE DISTANCE 
SEX BETWEEN NATAL 
(ALL RANGE AND POINT 
JWE- DATE OF RECAPTUREa 
NILES) OF KILL (MILES) 

Male 
October 12 14 
October 19 39 
October 28 45 
November 6 57 
November 8 95 
November 10 72 

Female 
November 11 27 
November 24 26 

Male 
November 24 54 
November 25 99 
November 29 46 

a All movements were made in less than 8 weeks, as- 
suming that onset of dispersal occurred after October 1. 

The onset of dispersal appeared to be 
earlier in males than in females. By mid- 
October, some juvenile males had traveled 
more ian 20 miles from the natal areas. 
Eight males recovered dunng October had 
traveled an average distance of 14.8 miles, 
ccympared with 2.0 miles for six juvenile 
females recovered during this period. 

Differences in onset of dispersal between 
sexes may be related to seasonal changes in 
reproductive activity of foxes. Venge (19S9) 
reported iat males were sexually mature in 
late November and December, whereas 
females did not begin estrus until January 
or February. McIntosh ( 1963 ) reported 
that the testes of male foxes began increas- 
ing in size about 3 months prior to the 
height of ie breeding season, but ovaries 
of females began to increase in size about 
1 month before the peak breeding period. 

Data conceining the daily rate of kave 
of dispersing foxes have not been reported 
in the literature. Two of the juvenile males 
in the study traveled more than 90 miles by 
3ate November. One was killed November 
8 approxim-ately 95 miles from the release 
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site; another was killed November 25, ap- 
proximately 99 miles from his natal area 
(Table 2). Both moved over 90 miles in 
less than 60 days, assuming they did not 
leave the natal range before October 1. 

One juvenile male in Illinois was moni- 
tored daily with radio equipment until radio 
contact was lost October 23, 1966. This fox 
was killed December 10 by a trapper7 100 

miles from its birthplace (45 days after he 
was last located on the natal range). 

Another radio-tagged juvenile male that 
dispersed from ie CCNHA in Minnesota 
traveled an average of 11 miles per night 
in one direction during a S-day period in 
November (G. L. Storm, unpublished data). 
This distance is approximately equal to the 
distance traveled in 1 night by a resident 
fox in familiar range in late fall ( A. B. 
Sargeant, personal communication ) . If 
daily movements of about 11 miles in one 
general direction are typical of red foxes 
during dispersal distances of 100 miles or 
more may easily be attained during periods 
of less fqan 1 month. 

The recovery distances of juvenile males 
in this study ranged from 0.0 to 101.2 miles, 
with a mean of 18.4 miles and a median of 
10.1 miles ( Fig. 2 ) . More juvenile females 
than juvenile males remained in or close 
to the natal ranges during the first year 
( March 31 ) . Eighty-two percent of the 
juvenile females recovered in their first year 
were within 10 miles of their natal ranges. 
Recovery distances for juvenile females 
ranged from 0.0 to 52.1 miles, with a mean 
of 6.2 miles and a median of 2.2 miles 
(Fig. 2). 

The tendency for more males than fe- 
males to leave their natal areas was evident 
for both young-of-the-year and 2-year-olds 
( Table 3 ) . Forty-nine ( 78 percent ) of 63 
juvenile male foxes recovered in Iowa dur- 
ing 1968 69 were taken more than 5 miles 
from their natal ranges. Vuring the same 



NUMBER OF FOXES RECOVERED 
TOTAL 

YEAR OF NUMBER S Miles More Than 
TAGGING AGE SEX RECOVERED or Less 5 Miles RANGEa 

1968 Young-of- Male 63 14 49 6.0-63.0 
the-year Female 45 30 15 6.0-52.1 

1967 2-year-oldb Male 23 1 22 7.0-97.0 
Female 12 6 6 25.0-43.5 

a Upper and lower limits of recovery distances for foxes that moved more than 5 miles from their natal ranges. 
b About 1.5 to 2.0 ye;lrs old. 
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their first year of life and remained there 
until they died. Whether dispersal as adults 
was related to dispersal during their first 
year of life was not clear. Radio-tracking 
studies of foxes ( Storm 196S, Ables 1969 ) 
showed no evidence of dispersal by adults 
during spring and summer. This suggested 
ffiat adults, like juveniles, dispersed during 
the fall and winter. 

Information on the direction of travel 
during dispersal was provided by plotting 
the recovery locations for foxes that moved 
more than S miles from their respective 
points of release. The data analyzed to date 
indicated that the kill locations were not 
randomly distributed (P < 0.05) with re- 
spect to direction of travel. For example, 
67 and 57 percent of the foxes recovered 
in Iowa and Illinois, respectively, were 
killed north of their respective release sites 
(Table 4). A similar tendency is evident 
from the data reported for Michigan foxes 
by Arnold and Schofield (1956), and for 
foxes in North Dakota (Donahoo 1962). 

The higher proportion of tagged foxes 
killed north of the points of release may 
reflect a tendency for a general northward 
movement of red foxes, but evidence for 
such a migration was not conclusive ( Butler 
1951, Macpherson 1964). Another reason 
may be the relationship between weather 
conditions and the vulnerability of foxes to 
hunting pressure. For example, foxes may 
be more vulnerable in areas with abundant 

miles from their natal ranges during the period of October- 
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Fig. 2. Distonces between first and lost coptures for male 
and female foxes recovered within the first year of life. 

period, 22 of 23 2-year-old male foxes 
( tagged in 1967) were recovered more than 
S miles from their natal ranges. The higher 
proportion, among adults, of long-range 
movements was also evident among females 
(Table 3). These data indicated that not 
all foxes set up permanent residence during 

Table 3. Proportion of lowa foxes recovered more than 5 
March, 196K69, 1 and 2 years after tagging. 



Table 4. Directionol distribution of recoveries for foxes 
that traveled more than 5 miles from their natal ranges. 

TAGGING NUMBER OF ANIMALS 

ARAENAD NE NW SE SW CHI_ 
DIREC- (OO_ (971°- (91°- (181°- SQUARE 

TION 90°) 360°) 180°) 270°) VALUE 

Iowa 36 59 26 20 25.02** 
Illinois 21 10 16 7 8.64* 
North 126 16.70* * 
South 69 

* Significant ( P < 0.05 ) . 
* * Significant ( P < 0.01 ) . 

Table 5. Number of red foxes recovered with respect to types of mortality, lowa and Illinois. 

NUMBER MORTALITY TYPE 
AGE AND RECOVERED 

SEX STATE (ALL YEARS) Hunting Trapping Road-kills Miscellaneousa 

Juvenileb Iowa 
Male 118 71 (61) e 22 (19) 7 (6) 18 (15) 
Female 84 57 (66) 10 (11) 5 (6) 12 (14) 
Adultd 

Male 28 24 (86) 3 (11) 1 (3) 
Female 20 12 (60) 6 (32) 1 (5) 1 (5) 

Subtotal 250 164 (66) 41 (16) 14 (6) 31 (12) 

Juvenileb Illinois 
Male 53 25 (47) 17 (32) 8 (15) 3 (12) 
Female 40 22 (55) 12 (30) 3 (7) 3 (7) 
Adultd 

Male 16 7 (44) 5 (31) 1 (6) 3 (19) 
Female 8 4 (50) 5 (50) 

Subtotal 117 58 (50) 38 (32) 12 ( 10) 9 (8) 

Total 367 222 (60) 79 (22) 26 (7) 40 (11) 
a Includes pups found dead at dens, killed at farln buildings, killed by farm machines, and dead from unknown causes. 
b Young-of-the-year through March 31 of the following year. 
2 Percentage given in parentheses. 
d Older than young-of-the-year. 
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AWAY FROM RIVER 

Northcentral lowa 

ADJACENT TO RIVER 

Northwestern Illinois 

Fig. 3. Comparative pattern of dispersal for foxes tagged 
and released in north-central lowa (more than 30 miles 
from Mississippi River) and foxes tagged in northwestern 
Illinois (less than 30 miles from Misssisippi River); interval 
between concentric circles equals 20 miles. Dots are placed 
according to direction of travel; center of circle represents 
tagging site. 

no evidence of tagged foxes crossing the 
Mississippi River along the Iowa and Illinois 
boundaries, and it appeared tha,t the river 
served as a barrier to dispersal of foxes. 
The river in this area is generally not frozen 
during November, but slome years it may 
be frozen and covered with snow by late 
December or early January. 

snow cover. Since snow was more frequent 
in regions north of our study areas, the 
higher proportion of foxes killed north of 
release points may reflect higher mortality 
rates rather than greater rates of dispersal 
toward the north. 

Except for the higher proportion of 
recoveries north of release points, the dis- 
tribution of recovery locations in the north- 
central counties tended to be randomly dis- 
tributed. A different pattern was evident 
for animals tagged in counties adjacent to 
the Mississippi River (Fig. 3). There was 



Table 6. Number of juvenile foxes killed by month with respect to type of mortality. 

NUMBER OF FOXES KILLED 

Hunting Trapping Road-kills Miscellaneousa TOTAL 

MONTH Males Females Males Females Males Females Males Females RECOVERIES 

January 42 30 6 2 - - - - 80 (27)b 
February 11 14 - - - - - - 25 (7) 
March - 2 - - 1 - - - 3 ( 1 ) 
April - - - - - - 2 5 7 (2) 
May 4 - - - - 1 10 4 19 (6) 
June - - - - 3 2 7 5 17 (6) 
July 1 - - - 6 1 - - 8 (3) 
August 2 1 - - 2 3 - - 8 (3) 
September 1 1 - - - - - - 2 ( 1 ) 
October 2 2 3 3 3 1 - - 14 (5) 
November 8 12 17 7 - - 2 1 47 ( 16) 
December 25 17 13 10 - - - - 65 (23 ) 

Total 96 79 39 22 15 8 21 15 295 

a Includes pups found at dens, those killed at farm buildings and by farm machines, and those dead from unknown 
causes. 

b Percentage of total recoveries in parentheses. 

Table 7. Recovery rates of juvenile male and female red foxes. Number in parentheses is percentage recovered. 

NUMBER RECOVERED DURING 
TAG- NUMBER OF FOSES TAGGED FIRST YEAF( OF LIFE 

AREA YEAR Males Females Males Females 

Iowa 1966 39 40 17(44) 18(45) 
1967 128 107 29(23) 23(22) 
1968 166 137 70(42) 46(34) 

Subtotal 333 284 116(35) 87(31) 

Illinois 1966 68 48 21(31) 19(40) 
1967 22 16 3(14) 4(25) 
1968 56 43 18(32) 14(33) 

Subtotal 146 107 42 (29) 37 (35) 

Total 479 391 158(33) 124(32) 
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The factors associated with dispersal pat- 
terns in mammals are not well known. 
Some investigators have implicated external 
causative factors, such as high population 
levels or deterioration of habitat, or both 
(Elton 1927:146, Errington 1963:78). Otthers 
have suggested internal causative factors, 
such as changing hormone levels, as part of 
the stimulus for long-distance movements 
(Slonaker 1924, 1927, Cahn 1925, Howard 
1960, Beer and Meyer 1951). Many ques- 

tions concerning the influence of environ- 
mental factors on dispersal of red foxes 
remain unanswered. We feel that these 
problems deserve further study. 

Mortality 
The data presented here concerning 

mortality are based entirely on reported 
mortality associated with the tagged foxes 
recovered during our study. The relative 
importance of natural mortality factors, such 



Table 9. Tag recoveries by two geogrophic regions in 
lowa. 

NUMBER NUMBER PERCENT- 
TAGGING OF FOXES RECOV- AGE RE- 
REGION TAGGED ERED COVERED 

Within 30 miles of 
Mississippi River 54 10 19* 

More than 30 
miles from 
Mississippi River S77 236 41* 

* Rate of recovery was significantly different (P < 0.05). 

Toble 8. Vulnerability of juvenile and adult red foxes to 
hunting and trapping (vulnerobility meosured by year-of- 
tagging recoveries). 

YE AR-O F - 
FOXES TAGGING RATIO OF 

TAGGED RECOVERIES RECOVERY RATE ADULT TO 
JWENILE 

Juve- Juve- Juve- VULNER_ 
Adults niles Aduks niles Adults niles asILITYt 

14 617 3 155 21.4 25.1 1: 1.17 

8 Vulnerability quotient or index = juvenile recovery 
rate/adult recovery rate = 1.17. 

as diseases, parasites, and accidents other 
than those associated with man, was not 
determined. 

Hunting and trapping acoounted for 
about 80 percent of the mortality of foxes 
recovered ( Table 5 ) . These results are 
similar to those reported by Jensen (1968) 
and Marcstrom ( 1968). Eighty-two percent 
of the reported mortality occurred frorn 
September through February. Trapping of 
foxes was done primarily during October, 
November, December, and January. All of 
the trapped foxes were reportedly killed 
during these months (Table 6). 

Some foxes were shot during October and 
November, and it appeared that the taking 
of these animals was incidental to other 
hunting activity. Fox hunting in Iowa and 
Illinois occurred primarily during Decem- 

Table 10. Number and percentoge of foxes recovered 1-3 years after tagying. 

FOXES RECOVERED DURINGb 
YEAR OF NUMBERa 

STATE TAGGING TAGGED Year 1 Year 2 Year 3 TOTAL 

Iowa 1966 79 35(44) S(6) 2(3) 42(53) 
1967 235 S2(22) 36(1S) O 88(37) 
1968 303 116 (38) 0 ° 116(38) 

Total 617 246 (40) 

Illinois 1966 116 40(35) 3(3) 0 43(37) 
1967 38 7(18) 6(16) ° 13(34) 
1968 99 32 (32) 0 0 32(32) 

Total 253 88(35) 

a Tagged and released where captured as pups. 
b Number in parentheses is the percentage recovered after spring tagging; year 1 is from time of tagging through 

March 31 of next year; year 2 is from April 1, 1 year after tagging through March 31 of the next year; and year 3 is 
from April 1, 2 years after tagging through March 31 of the next year. 

944 Journal of Wildlife Management, Vol. 36, No. 2, April 1972 

ber and January as was reflected by the 
high number of tagged foxes reportedly 
shot during December and January (Table 
6). More males than females were killed 
by hunting and trapping, but the differ- 
ences were not significant (Table 7). The 
slightly higher recovery of males may reflect 
their higher dispersal rate and greater travel 

r .1 . n untamlllar range. 
Seventy-two foxes were recovered as 

adults (older than young-of-the-year), and 
only three of these were reportedly killed 
on roads. One adult was reportedly killed 
by farm machines. These data indicated 
that mortality due to cars and falm machines 
was not an important factor affecting 
marked adult red foxes. 

The rate of kill on roadways was higher 



Table 11. A comparison of fox tag recovery rates from different areas. 

NUMBER OF FOXES RECOVERY RATE 
LOCATION REFERENCE TAGGED ( PERCENT ) 

Iora Errington and Berry (1937) 236 7a 
New York Sheldon (1950) 120 33 
Michigan Arnold and Schofield (1956) 37 54 
Russia Tchirkova ( 1955 ) 126 21 
North Dakota Donahoo ( 1962 ) 179 25 
Sweden Marcstrom ( 1968 ) 163 36 
Denmark Jensen ( 1968 ) 17S 31 
Iowa This study ( 1966-68 ) 631 40b 
Illinois This study ( 1963-68 ) 295 39b 

a Foxes tagged in this study were transported from natal dens to other release sites. 
b Includes recoveries to June 1969. 

Table 12. The relationship of winter hunting conditions to recovery rates, pelt prices, and fox harvests in lowa, 1966-68. 

NUMBER OF DAYSa W1TH 
JUVENILE CUMULATIVEa >2 INCHES AVERAGE FOX FURS 

WINTER FOXES TAGGED PERCENTAGE SNO\FALL ACCUMULATION PELT SOLD TO IOWA 
PERIOD DURING SPRING RECOVERED (INCHES) OF SNOW PRICE FUR BUYERS 

1966-67 79 44.3 25.6 50 $5.80 13>072 
1967-68 23S 21.1 11.5 6 $4.12 10,688 
1968-69 303 38.3 44.2 97 $10.39 27,661 

a Data compiled in cooperation with the U.S. Department of Commerce, the Iowa Department of Agriculture, and the 
Ioxva Weather Bureau at Mason City, Iowa. 
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for juveniles than for adult foxes. Seventy- 
four pereent of this mortality oeeurred dur- 
ing June, July, and August (Table 6). In 
these months, juvenile foxes were beeoming 
less restrieted to denning sites and were 
likely to cross roads during exploratory 
movements. It is probable that some tagged 
foxes were killed on roadways and were not 
reported to us. The fur of road-killed foxes 
is of no value during the summer months, 
and road-killed animals were generally not 
handled by man. Some foxes hit by cars 
may be thrown into ditehes by the impact 
and remain ineonspieuous to man. Thus, 
we believe our data underestimated the 
importanee of this type of mortality. 

Differenees in vulnerability to hunting 
and trapping between juveniles and adults 
were ealculated by modifieation of a for- 
mula prepared by Bellrose et al. (1961:435). 
We assumed that the rate at whieh hunters 
and trappers reported marked foxes was 

the same for juveniles and adults. Our data 
indicated that juveniles were 1.17 times 
more vulnerable to hunting and trapping 
than adults (Table 8) and were 1.54 times 
more vulnerable than adults when all types 
of mortality were considered. 

The rate of mortaliity of foxes tagged and 
recovered in areas over 30 miles from the 
Mississippi River appeared to be higher 
(P < 0.05) than that for foxes tagged and 
recovered within 30 miles of the river 
(Table 9). Evidence for lower mortality 
rates in the hilly and more wooded lands 
adjacent to the river was provided by age- 
structure data ( Phillips 1970 ) that showed 
adult: juvenile ratios of about 1:2.6 for 
northeastern Iowa and 1:5.6 for central 
Iowa. Whether differences in mortality 
between physiographic regions were related 
to differences in natality, incidence of dis- 
eases, hunting, trapping, farming practices, 
and weather conditions was not clear. 
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About 30 percent of the foxes tagged as 
juveniles were recovered during thelir first 
year (Table 10). Annual recovery rates for 
tagged juvenile foxes ranged from 22 to 44 
percent in Iowa and from 18 to 35 percent 
in Illinois (Table 10). 

Obviously, not all foxes killed by man 
were reported. We know of entire un- 
reported litters of marked foxes killed at 
den sites. Three unreported tagged foxes 
were also found during examination of fox 
pelts sold to fur dealers. Recovery rates of 
tagged foxes in this study were similar to 
those reported by previous workers (Table 
11). 

Recovery rates in Iowa appeared to be 
related to weather conditions favorable for 
hunting during winter months. Snow cover 
was abundant in the winters of 196S67 and 
198W69years marked by high fox harvests 
and recovery rates (Table 12). During the 
196748 winter there was little snow on the 
Iowa study areas, and a relatively low re- 
covery rate was experienced. 

Mortalit,v in foxes was associated with a 
complex set of factors. Mortality due to 
hunting appeared to be related to the 
amount of annuial snow cover, and different 
mortality rates were noted between physio- 
graphic regions. Thus, vulnerability of 
foxes to man appeared to be interrelated 
with snow cover and land use in local areas. 

DISCUSSION AND CONCLUSIONS 

ltis study indicated-iat approximately 
70 percent of the marked and recovered 
juvenile male foxes moved more than 5 
miles from thelir natal ranges during their 
first year. This figure increased to over 
90 percent if the males survived another 
year. About 30 percent of ffie recovered 
juvenile females dispersed more than 5 miles 
in their first year, and the proportion in- 
creased to 50 percent if the females survived 
another year. In view of the high propor- 

tion of foxes that disperse, iPt is obvious that 
dispersal is a major influence affecting the 
population dynamics of red foxes. Knowl- 
edge of dispersal of foxes should be an 
important oonsideration when dealing with 
the epidemiology of diseases associated 
with foxes, disease control programs, pro- 
grams designed to reduce numbers of foxes, 
management of foxes for economic and 
recreational use, and evolutionlary studies 
of foxes. 

Currently, there is little known about the 
relationships between dispersal and inci- 
dence of diseases in foses. Some workers 
have suggested that an increase in rabies 
in foxes during the fall-winter period may 
be associated with the time of dispersal 
( Muller 1966, Pitzschke 1966, Ulbrich 1967, 
Friend 1968 ) . Recent data presented by 
Johnston and Beauregard (1969) for Ontario 
showed that 66 percent of the rabid foxes 
in late summer and fall were males and 65 
percenit of the males were juveniles. Since 
dispersal appears to be more intensive in 
males than females, the potential for contact 
between foxes is higher for males than for 
females, and thereby may account for the 
differences in the incidence of rabies be- 
tween sexes. However, the role of behav- 
ioral isolating mechanisms in the transmis- 
sion of rabies between sexes is unknown 
(Johnston and Beaureglard 1969). 

Programs to reduce fox numbers in the 
north-central United States do not seem 
feasible, and perhaps they are not justified 
at this time. Verts and Storm (1966) re- 
ported thait red foxes were neither acting 
as reservoirs of rabies during the pre-epi- 
200tic period, nor contributing to the in- 
fections among striped skunks ( Mephitis 
mephitis) during the epizootic of the dis- 
ease in Illinois. 

With the high rate of interchange be- 
tween local populations because of dis- 
persing foxes, it is apparent why programs 
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( such as bounty payments ) designed to 
reduee fox numbers have generally failed 
to meet their objeetives. Even if loeal pop- 
ulations are markedly redueed, the vaeant 
areas beeome repopulated wiithin 1 year by 
foxes moving in from surrounding areas. 
Our data show that many foxes traveled 20 
to 40 miles to oceupy new ranges during 
their first year. 

It may be that under certain eonditions, 
new techniques should be developed and 
used under elosely supervised programs to 
reduce numbers of foxes in loeal or regional 
areas. Our data suggest that appropriate 
eontrol measures may be most effeetive 
during the late winter and spring when the 
numbers of foxes are at an annual low and 
whell few, if any, foxes are dispersing. 

Further evidenee of the eeonomie impor- 
tance of foxes is provided by our data 
showing that man, by hunting and trapping, 
aeeounted for 80 pereent of the reported 
tagged fox mortality. Red foxes, in Illinois 
and Iowa, offer reereational opportunities 
through sport hunting during the period of 
late December through February, when 
most other game hunting seasons have 
elosed. Fox hunting may beeome still more 
attraetive to hunters in future years in the 
north-eentral United States if the numbers 
of o!ther game animals deeline. A sound 
management poliey eoneerning red foxes 
should eonsider this speeies, not only as a 
predator, but as an important game animal. 
We eonelude that, with the existing popula- 
tions of man and foxes, the sport hunting 
of foxes should be eneouraged. We agree 
with Seott's ( 1955 ) eonelusion that the 
values derived from hunting are more eon- 
stant than those from furs. 

The faet that no tagged foxes were known 
to eross the Mississippi River along the 
Iewa and Illinois boundaries suggests that 
the river is an important barrier to dispersal 
of foxes. The influenee of dispersal on gene 

flow, and ultimately on the evolution of 
red foxes in the Midwest, is not fully under- 
stood. Further taxonomic sltudies of foxes 
should be a fertile field for future research. 
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