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| ABSTRACT 

Red fox population dynamics and predator-prey relationships were 

studied in southern Wisconsin from 1971-75. Spring fox populations and 

harvest levels were lower than those noted on the Waterloo Study Area 

(WSA) from 1968-71. The average vixen gave birth to 5.6 pups on 8 March 

at a den located in strip cover. Three radio-tagged vixens had a mean WSA 

home range of 598 ha. Return data from 73 tagged foxes indicated that (1) 

most pups dispersed after 1 October, (2) males dispersed almost twice the 
mean distance of females, (3) trapping and hunting were the most impor- 

tant causes of mortality, and (4) populations declined as pelt prices in- 

creased. Cottontails, small mammals and pheasants were the key foods 
eaten based on analysis of 1020 scat samples, 132 stomach contents, food 

items from 58 dens, and foods collected from 182 km of snow tracking. Red 

fox, other mammalian predators, raptors, winter severity and high spring 

rainfall appeared to limit pheasant and cottontail abundance at Waterloo. 

Predator control was deleted from this study because of landowner atti- 

tudes, rising pelt prices, establishment of a fox season, mobility of foxes, 

and interference by non-target species. Management possibilities include 
shorter trapping and hunting seasons, and mandatory registration of pelts. 
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INTRODUCTION 

The role of the red fox as a predator season was initiated in October, 1972. three geographic areas of comparison: 

has been debated for many years. Thus, the red fox has been placed be- (1) the original study area; (2) other 
Much of past North American fox re- tween opposing philosophies, one call- southern Wisconsin locations; and (3) 
search has been directed towards food ing for predator control and another statewide (analyzed through a ques- 
habits (Scott and Klimstra 1955; Ar- for expanded management leading to tionnaire and the preliminary results 
nold 1956; and Besadny 1966), which higher numbers of foxes available for of astatewide aging study). These data 
documented the number of ring-neck- hunting and trapping. also enabled us to formulate red fox 
ed pheasant remains found in red fox Research on fox ecology in the state management recommendations com- 
stomachs and scats. During the last therefore, has been of high priority. patible with pheasant management 
decade, refinements in aging tech- This report is largely based on field in- procedures. 
niques (Monson et al. 1973) and the vestigations of the red fox on a south- The current study was established 
use of radio-telemetry (Storm et al. ern Wisconsin study area during 1971- __ to fill voids in the knowledge of Wis- 
1976) , have given the fox researcher a 75. Our objectives were to: (1) deter- consin fox-pheasant relationships par- 
decided advantage in more thoroughly mine population trends and compare tially resolved by Gates (1971). Gates 
investigating red fox ecology. Radio- them with regional. and statewide (1971:812) felt that the most critical 
telemetry has especially enhanced trends, (2) evaluate movements and pheasant research need was a detailed 
analyses of territoriality (Sargeant dispersal of tagged foxes, (3) deter- predator-prey study to determine the 
1972), dispersal (Phillips et al. 1972) mine and evaluate their diet, (4) de- most serious pheasant predator and to 
and mortality (Storm et al. 1976). termine age structure and reproduc- evaluate effects of predator control. } 

The studies of Gates (1971) and tive performance, and (5) evaluate Dumke and Pils (1973:42) supported 
Dumke and Pils (1973) in Wisconsin techniques of experimental control. the conclusion of Gates that predation, 
singled out predation as the primary Our investigation was basically divided specifically by red foxes and raptors, 
limiting factor of ring-necked pheasant into two segments; one portion dealt | was the most important direct cause of 
populations. Both studies challenged with the population dynamics, move- death; however, they concluded that 
the belief of Errington (1936:252) that ments, dispersal and management of foxes, red-tailed hawks, and great- 
good habitat will negate any serious ef- the red fox itself while the remainder horned owls should not be controlled 
fects of predation on upland game spe- analyzed the effects of fox predation on without additional predator ecology 
cies. These authors implicated the red prey species, particularly pheasants, research. The Waterloo Study Area 
fox as a formidable pheasant predator, through a detailed analysis of food (WSA) utilized by Dumke and Pils 
and now, more recently, its value as a habits. Originally, research was limited (1973) was also selected for our red fox 
game species has also been elevated. to one geographic location; however, it investigation because of its past his- 
The fur value of red foxes has in- soon became apparent that data ob- tory of habitat manipulation and mon- 

creased 27-fold during the past 15 tained from adjacent areas would itoring of pheasant populations 

years, according to the Wisconsin De- greatly strengthen our ultimate con- (Frank and Woehler 1969). A raptor 
partment of Natural Resources clusions. Consequently, additional in- | ecology study was conducted concur- 
(DNR) Fur Harvest Reports, which formation on population trends, age rently with the fox research to fulfill 
has greatly increased the fox’s prestige structure, movements and diet was se- parallel objectives regarding the role of 
as a furbearer. The first Wisconsin fox cured elsewhere, essentially creating | avian predators. 

GLOSSARY 

Scientific Names: All scientific names Traditional Den: Dens used by any 
are presented in Appendix A. fox family for more than one year. 

Fox Family: A distinct aggregate of Survivorship: The probability of sur- 
adults and pups or barren adults occu- vival. 

pying separate geographic areas. Types of Denning Periods (Sargeant | 
Subadult: A fox approaching adult 1972:230): (1) Pre-emergence: The 
age. first period of the denning season from 

Den: A simple or compounded series of whelping to emergence of the pups 
interconnected burrows constructed from the underground burrow; (2) 
beneath the ground, connected to the Confined Use: When all pup activity 
surface by one or more holes or occa- was confined to the immediate den vi- 

| sionally located above ground. Foxes cinity; (3) Dispersed Use: The third 
may live at a series of dens, not con- period in which pup activity was more 
nected by burrows, at the same time. widely dispersed in the den area and 
Communal Den: Multiple parents several dens were often used simulta- 

and/or pups living at one or more dens. neously. 
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scale cal characteristics of the WSA are 
—— presented in Dumke and Pils (1973:3- 

4). Table 1 summarizes WSA land use 
changes from 1969 (Dumke and Pils 
1973:4) to 1975 as compiled from aerial 

photographs and ground checks; 1,764 

FIGURE 1. Location and ownership of Waterloo ha were added to our study In OF der to 
Study Area in relation to obtain more precise information con- 

the other counties where additional data for the cerning movements of radio-tagged 
current study were gathered. foxes and spring population estimates. 3



TABLE 1. Summary of changes in land use on the Waterloo Study 
Area during 1969-75. 

No. Hectares Percent of Total Area 
Land Use 1969 1975 1969 1975 

Cultivated lands 3,230 4,691 42.8 56 .0 
Marsh 934 1,069 14.1 12.8 
Pasture 1,235 &76 18.7 10.5 

| Upland hardwoods 413* 376 6.3 4.5 
Miscel laneous** 296 370 4.5 4.4 
Retired cropland 332 346 5.0 4.1 
Shrub-carr --1 255 3.0 
Tamarack 138 1.6 
Lowland hargwood 124 1.5 
Strip cover 168 117 2.5 1.4 
Conifer plantation 11 0.1 

Total 6 ,608 8,373 99.9 99.9 

*Lowland and upland hardwoods, tamarack and conifer plantations. 
*kFarmsteads, road pavement, gravel pits and open water. 

| }included with marsh. 
Ditchbanks, fencelines, roadsides and R.R. right-of-way. 

METHODS 

RED FOX CENSUS one year later. Bounty payments from cord all active dens as well as potential 

the 2 counties were summarized from denning sites. Observations were made 

TECHNIQUES 1966-72; Dodge County paid $2.50 for of active dens to obtain a maximum 

every adult and $1.00 for each pup, count of litter sizes. Continued surveil- 

while Jefferson County paid $2.50 for lance of old dens and potential denning 

Questionnaires used to determine each fox. sites was maintained from April 

the regional and statewide abundance 3. A questionnaire was also sent to through July during 1973-75 by check- 

of red foxes were: all licensed Wisconsin fur buyers in- ing dens on foot. April helicopter 

1. Summer Wildlife Inquiry: The corporating information from the surveys from 1971-74, Waterloo re- 

DNR Technical Services Section has 1974-75 and 1975-76 seasons. Data sidents, and our own familiarity with 

sent rural residents of Jefferson and were gathered concerning the type and the WSA facilitated the location of 

Dodge counties a questionnaire during month of fox harvest, cases of mange traditional denning sites and recently 

the last 12 years, requesting observa- reported, and estimates of red fox excavated dens. 

tions of fox numbers and litters populations (Append. B). 3. Harvest Summaries: Close con- 

(Lemke and Thompson 1960). Results Techniques employed to determine tacts were kept with local residents 

of these inquiries were summarized the relative abundance of foxes on the during the fox hunting and trapping 

from 1966-75. They concluded that WSA were: season to ascertain locations of har- 

this questionnaire provided a fox pop- 1. Annual Mammal Inquiry: Ap- vested foxes on or adjacent to the 

ulation index that was as good as pendix C illustrates the questionnaire WSA. Hunters and trappers were given 

bounty records, was economical and used to record numbers of wildlife seen prestamped cardboard tags for record- 

could provide timely and rapid cover- on the WSA by landowners or renters ing the location of kill, sex, weight and 

age of the entire state or any part de- during the year. Information was gath- hunter name. Research personnel filled 

sired. ered by a direct interview or telephone out most of the cards by periodically 

2. Bounty Records: Money paid for conversation, during early January. checking at residences of the hunters 

bountied foxes was recorded by Dodge 2. Survey of Active Dens: The tech- and trappers. Locations of kill were re- 

and Jefferson County terminated nique of Scott and Selko (1939) was corded on a map of the WSA. Fur buy- 

bounty payments on 31 December employed during the spring of 1972 in ers as far as 40 km from the WSA were 

4 1971 and Dodge County followed suit order to thoroughly search for and re- also frequently contacted for ear-



tagged and marked foxes shot on the released into the remaining, intacttun- which was reduced, resulting in a pro- 
WSA which escaped our detection. nel. Checks were made the following jected transmitter life of up to 10 

day(s) to determine whether the pups months. Old pheasant transmitters 
had been moved out of the den. used by Dumke and Pils (1973:10) 

PREY Although dens were not excavated — were also modified for short-term use 
CENSUS TECH- during the spring of 1972, the direction on pups. 

NIQUES of slope and number of active openings Foxes were located by triangulation 
were recorded and openings measured. with portable and vehicle-mounted 
Data on direction of slope were used _ gear. Locations were taken at intervals 

Ring-necked pheasants. Esti- for traditional dens from 1972-75. The — varying from 3 to 30 minutes and were | 
mates of pheasant populations on the general cover type surrounding theden __ plotted on mylar overlays on aerial 
WSA were made by various DNR per- and the distance to the nearest farm- _ photos scaled 2.9 cm/km. Calculations 
sonnel (1968-74) aspartofalong-term stead were also noted during that time of area used by foxes were made with a 
pheasant habitat study. Winter sexra- — period. Additional measurements compensating polar planimeter. . 
tio and spring crowing counts were taken in 1973-75 included total burrow Individual foxes were tracked inter- 
used to determine a total (cocks and = jength and maximal burrow depth. _mittently from 1 to 78 days over peri- 
hens combined) spring population es- Digging operations ceased after all ods ranging from 1 to 171 days in 
timate, 1968-74. Intensive hunter in- pups were removed and the burrows length. The number of foxes per 12- 
terview data were utilized to record a were completely explored. hour period ranged from 1 to 19. All 
total posthunt population figure dur- Captured foxes were weighed,sexed § pups were monitored during daylight 
ing this same period (hunter inter- and ear-tagged. Pup pelage color was hours; 40% of the fixes from adult 
views terminated at the end of the 1974 noted and measurements were made of _ foxes were taken between 6 a.m. and 6 
season). the right hind foot length (mm). Dur- p.m. 

Small mammals. The relative ing the spring of 1972, pups were Calculations of home range area, 
abundance of small mammals under equipped with expandable metal col- —_ previously used by Hayne (1949) , Dice 
400 g was estimated by using lines of 40 lars described by Sheldon (1949b); and Clark (1953) and Stumpf and 
snap traps at 12 different stationsona — quring the remainder of the study ear | Mohr (1962) were not used because of 
bimonthly basis encompassing six dif- tags described by Pils and Martin an insufficient number of animals 
ferent cover types at Waterloo (Peter- (1974:359) were used to tag all foxes. tracked and too few fixes per fox 
sen, in press). Results were expressed Pups captured at dens from 1973-75 (Storm 1965:5). Therefore, home 
as captures per 1,000 trap nights. were also marked with colored stream- ranges were constructed by using the 

Cottontail rabbits. Cottontailden-  — ers described by Knowlton et al. minimum area method of Mohr 
sities on the WSA were estimated by (1964:167). (1947), who calculated the area en- 
ive trapped ran pits oe a an: closed by imaginary lines connecting 
nated as Faultersack’s (3. a Kerl’s (7 ha) and the Quarry (9 ha) the outermost radio locations. 

during October-November and Janu- RADIO TELEMETRY 
ary-February, 1971-75. Population 

were calculated by the regression tech- FOOD HABITS 
nique of Edwards and Eberhardt All adult foxes were equipped with 

(1967) and were expressed as cotton- 140 g collars containing radio transmit- 
tails per ha. Average fall and winter ters similar in design to those reported Food habits data were obtained 

__ populations were compared from areas _ by Cochran (1967), with the exception _ from the following sources: (1) food 
with statistically significant population of the current drain of the battery items and scats found at dens (items 

estimates. 
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found outside dens and inside exca- Results were expressed in terms of the return of tagged foxes, we were also 
vated dens), (2) stomach contents percent frequency of occurrence and able to establish contacts with fur buy- 
taken from shot and trapped foxes, (3) biomass. Portions of food items, with ers, hunters and trappers from the six- 

scats found in the field incidentally to the exception of large mammals (pigs, county, southern Wisconsin area. 
other phases of the study, and (4) food deer and cows) were assumed to re- Upon request, these individuals peri- 
items and scats found as a result of present one animal consumed. For ex- odically furnished carcasses for our 
tracking foxes in the snow. ample, if one scat sample (usually 2-3 use. 

Food items found at dens were seg- scats) consisted solely of cottontail Determination of litter size. 
regated and identified by portion, such hair, one cottontail was assumed to Number of placental scars and viable 
as right leg or left wing to avoid dupli- have been eaten. However, if two lower embryos were counted in order to de- 
cation of items. Data concerning food cottontail jaws were found in the scat termine the reproductive potential of 
items found above ground level and be- sample with cottontail hair, two cot- vixens. Mean litter size was deter- 
low ground level were also segregated; tontails were considered to have been mined by observation of pups at den 
ratios could, therefore, be used to cal- consumed. Percent frequency of occur- complexes, by averaging numbers of 
culate estimated numbers of food rence was found by dividing the total pups taken from excavated dens, by 
items present below ground level at occurrences of a particular food item counts of placental scars of the same 

those dens not excavated during 1972. by the total occurrences of all food color (Englund 1970:19) and by count- 
Scats found in the field at one loca- items. Percent biomass was calculated ing viable embryos from female foxes 

tion were counted as a single sample. by multiplying the mean food item killed primarily by hunting and trap- 
Large numbers of scats found at den- weights (taken from the University of ping. 
ning sites were subjectively divided Wisconsin Zoology Museum at 
into samples similar in size to those Madison) times total occurrences. 
found in the field; e.g., one sample This product was then divided by the 
equaled approximately 3 scats. For total biomass of all food items. Large AGING TECHNIQUES 

\analysis, scats were water-soaked in mammals were assumed to represent 
small jars. The softened scat was then carrion; therefore only a meal-sized 
broken apart into a water-filled dis- portion (454 g) of the carcass was con- Allen’s (1974) technique of measur- 
secting tray, and food items isolated sidered as consumed. All food item ing the enamel line distance of canine 

and identified. data were ultimately combined into teeth facilitated the determination of 
Contents of stomachs taken from the 6 seasonal periods used by Dumke juveniles and adults and was used dur- 

harvested and car-killed foxes were an- and Pils (1973:27) for purposes of ing 1974-75. The Monson et al. (1973) 
alyzed in a manner similar to scats. A comparison. Predation rates were cal- technique of counting the annular ce- 

reward of $2.00 was paid for untagged culated following methods of Rusch et mentum rings was used to determine 
foxes shot on the WSA, $3.00 was paid al. (1972) in order to evaluate the im- yearly age classes. Fox mandibles bear- 

for tagged carcasses and $5.00 was pact of predation on the ring-necked ing premolar teeth were sawed off and 
given for fox carcasses bearing radio pheasant and cottontail rabbit during boiled in water for 30 minutes; premo- 

transmitters. the spring, the only season when data lar teeth were then pulled out and were 
Foxes were tracked in the snow dur- for the analysis of these rates were sent to a commercial histological lab 

ing portions of three winters from _available. (Matson’s, Milltown, Montana 59801) 
1972-75 in order to determine cover for slide preparation. 
type used, kill attempts, types of prey All red fox pups captured at dens 
and carrion eaten. Distance was com- REPRODUCTIVE TRACT during 1973-75 were aged (in days) by 
puted by counting paces or by using a ANALYSIS measuring the right hind foot length 
pedometer. Tracking ceased when sus- (mm) and by fitting the data to a 
pected resting areas were approached growth curve after the technique of 
and was not attempted during windy, Collection of carcasses. Fox car- Johnson et al. (1975). Conception 
drifting periods. Carrion was easily dis- casses used for age and reproductive dates were determined by backdating 

tinguished from fresh kills by the con- analysis were collected from hunters 53 days after parturition dates were es- 

dition of the carcass. on and adjacent to the WSA. Through tablished (Jackson 1961:303). 

6 |



RESULTS AND DISCUSSION 

REGIONAL RED FOX 
POPULATIONS | 

60 

uD | — 
Results of the Summer Wildlife In- Se I97I: 1O| RESIDENTS INTERVIEWED 

quiry suggested a gradual anna de- P 50H [_]!972: 96 RESIDENTS INTERVIEWED 
cline in the statewide red fox observa- O A 1973: 93 RESIDENTS INTERVIEWED 
tions on farms during 1967-75. This < ro | LAIST | 
trend was apparent on the WSA during © 40 es 1974: 91 RESIDENTS INTERVIEWED 
the years 1971-74 (Fig. 2). Q  -F8737 7 
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Annual censuses made of fox fami- “ Ht Ye =s UY ro G 1g 
lies at active dens on the WSA were 9 HE Lh A. eal ZA x BH A. 

: ° 71 727374 71 7273 
considered to be the most reliable pop FOX ACTIVE FOXDENS  FOX_LLITTERS TRAPPED FOX SHOT FOX 
ulation indexes obtained during the | 
study. More time was spent locating, 

observing and tagging foxes at active 
dens during the spring than was spent 
for any other census technique. The FIGURE 2. Results of a 1971-74 survey of various 
number, location and family associa- fox observations as 
tion of dens for each study year is seen by Waterloo Study Area residents. 
shown in Figure 3. The number of dens 
used by a WSA fox family ranged from 
1 to 6. Fox families ranged from 6-10; 

_ densities declined from 1.2 to 0.7 pers | OO Oo . . oo 

10 km? throughout the study (Table 
2). Three other studies in portions of TABLE 2. Spring populations of red fox on the Waterloo Study ) 
Michigan, Iowa, and North Dakota Area, 1972-75. 

found comparable fox family densities 
(Table 3). Te 

1972 1973 1974 1975 Mean 

Harvest Summary Fox families i 9 6 6 7.8 
Number of families 

Numbers of red foxes harvested per 10 km2 1.2. «1.7 0.7 9.7 0.9 
during the winter provided a third Communal dens 0 1 1 2 1 
means for estimating fox abundance at Mean litter size 4.6* 5.9** 5.9%* 5,2%* 5.4 
Waterloo. A significant difference was a 
noted in the numbers of foxes har- . 
vested at Waterloo (Table 4) between eenene calculated from observations of pups at dens. 

_ ata obtained from counts of pups taken from dens, 1968-71 and 1971-75 (t = 5.91, 5 df, placental scars and embryos. 
P<0.01). Only 38% of all red foxes 
harvested from 1968-75 were taken 
during the current study. We believed 
that lower harvest levels reflected de- 
lining fox densities. This decline in Adequate snow cover is essential foref- © DEN ECOLOGY 
harvest corroborates the diminishing fective fox hunting in terms of tracking 
spring populations noted between 1972 foxes and for providing a contrasting 
and 1974 (Table 2). The amount of background for shooting. The severe Red fox dens have been described 
snow on the ground during the fox sea- winters of 1968-71 yielded considera- by Sheldon (1950), Layne and Mc- 

son was possibly reflected in the mag- bly greater snowfall and longer periods Keon (1956), Jackson (1961), Stanley 
| nitude of kill, although the degree of — of snow cover than the milder winters (1963) and Storm et al. (1976). Sar- 

influence of snow cover is unknown. of 1971-75. geant (1972) discussed the number 7
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TABLE 3. Comparative population densities of red foxes in spring. 

Area 
State Year(s) (km2) Families/km* Reference 

Eastern Michigan 1942 36 0.1 Shick (1952) 
Southeast Iowa 1946-48 10.6 0.1] Scott and Klimstra (1955) 
Central North Dakota 1969-73 559.4 0.1 Sargeant et al. (1975) 
Southern Wisconsin 1972-75 83.7 0.1 Current Study 

§



and categorized the types of dens used 

during the denning season. Layne and 
McKeon (1956) summarized question- iMtecixi 4 sails alla er ve eds 
naires describing physical characteris- vo Re Pa ON Se eae Ara, vari 
tics of 146 red fox dens. Most recently NO ii} a ‘ eS aw (rie Wa dis 

Storm et al. (1976: 25-28) outlined fac- fh Oy Beh) Pecunia steaeete SNS, 
tors concerning den site selection. In We ee Ne UD be eet at. ee pee Bie Se sas 
this section we describe possible ori- a A NS Ni eras pals Ze, ee ais ee aay as 
gins, internal structure, and year-to- are y i H iy acer Ww Bese ry oes oie ae PA ms 
year use of southern Wisconsin fox aaa ee marae Te! ai salt. ist ae on 
dens, and quantitatively identify ma- eae | TA? 8, ane oe Saat Gere St a eC A! | San 
jor factors influencing den selection. Lica rie et Linens i ghia i Ty \ sak i aa) al He 

OE TOR Ayah TS BE 2 Yale SMa ae PEPE Gy dines eae: pe ee U/ RahTeeee Lae WAP 
o_ eS enaa me Ae Nemes tO abe G5 

Den Origins and Structure UNS 3 ta ape a NT tts kos ek Sn. er aa 
ae ey \auancee TC Riga | aa a 

Richards and Hine (1953) observed ae et) pare a: i pt TT A Sa peal: ry its 
that the majority of dens used by red Bice ae van ia ARR bask a heen Oe A eia a 
foxes in southwestern Wisconsin were sy fe cae cecarte ait Tarts 4h 2 oe ose SS P 
formerly used by woodchucks and Ga ber eae PS A bape ah Bi eae Pai 
badgers; similar origins were noted in inet es ae pee eRe gr agg et 
Illinois (Hoffmeister and Mohr 1957) Oe ES AG ee Oa a ae Ns eat ted at PSS Naas,” ne PU 
and Michigan (Arnold 1956). Proba- | 
bly the majority of WSA fox dens were » et 4 —_ ig earn AES - 

dug by badgers and woodchucks. Indi- oe SE eames aes 
rect sign such as the size and shape of gas A 5 é a 
den openings (Jackson 1961) and pre- 5 , : cf Shes bak aunt 
vious observations of badgers and i a eae ig dete : TR on Mit) eRe Co 

woodchucks in the vicinity of active fox - goss hk Vir i RCL ieee ey : 
dens supported these beliefs. The only aoe a. ea ae ce A SL oc ie 
other structures used as spring dwell- on ait haan eT gies Sa aE ENR LRT mE oe Pein aie 
ings by fox families at Waterloo were a SRO ane acta Sa te penn ty yy Corel 

brushpile and the crumbled concrete Sak cee pear eee tie ee) Ai ea Bey Onare SO la eS 
foundation of a razed farm building. Ie amy SS Pa MeN EEO ARS OE LIAL atc Ph aaa cael iid cae 

Active fox dens were examined from oe gd aan ees SO MD ea ae Mee at 

March through July during 1972; 9 RUA Cie utc Mie ccaer eM cic us amen CY 8) 
dens contained 5 or more active open- Sate Ne Ne AA een Se Sa Ny eo eae 
ings. The mean number of active open- Ee Ay A aa gee pnts Oe Dad dea he ae Nae ad ~ age 
ings per den (4.0) encountered during Ra teL “A Le ees uae ein Ler amelie ers wes Be aR eg 
1972 was significantly higher (t = 3.40, a rae ee PM, ie Rega oag Re 
d.f. = 18, P<0.005) than the 1973-75 RAM ae ee ae rn 7 
mean of 2.1. Dens from 1973-75 aver- te Cee: eee ee i ae if NY sha BS SH 
aged 2.1 active openings and varied Pie as oe: ia Do SEI Gee ares Seay) ee ad 
from 1 to 7 openings per den. Several Bere OTe oa: ng eS Puig EP ire oh ; Mey 
dens were located near a large number PN ae inc 2A al Lae # Aes 2) 
of old openings, but few entrances were 
used. The maximum distance between A COR TERT At BL C1 RSS $ 

active openings at all dens ranged from Cage re Re SU aH eth RY if Bf Me pi rd 
0.2 to 91 m, averaging 8.2m.The mean AH at in ae AM FAN Ba Wii 1 RTE ace al 
dimensions of measured den openings Eee, Mas cm : ARS enya ep A} A lis e 
(28 X 23 cm) were similar to those DS Ea EA hs AR ga ; iy Sy mn ‘ 7 
found in Illinois by Storm et al. on Re Lb : yee Ba WEES RNUAR ee . 
(1976:26) . Oe > A ae te ESSE N 7 

Dens found on cultivated lands con- Eee ee PMC TK SS LN PERM OY nh ms) a Je 
tained the longest burrows (Table 5), aoe Re ri Nave iM 73 ABN Wie RR 
fressrby ne Wi al aoe of ahaily Swi / Ki nm od ay ay Hi, ny 
loam soil which afforded easier digging. cg te fee aM) HR LA © NVI ON Pitch aaa f 
The deepest dens excavated oe Se ol BRN Bee bene ry! ye Sy ie, 4 Me a Ay i i. 
f i its i es Ree TE eae al: Wptce Ry a de eh eee ae He ound in gravel pits in sandy areas. Re catnies = pa Bs Siar a2 NP aia +2 Bi 
Tree roots and boulders occasionally — <a Co iis ers ey Pe Pe 

influenced burrow design and direc- <8 Sch ae een Cs eee Lepr i He Ra LA 
tion, resulting in sharply angled turns nes KN sats /| | To 6 se eS ae rae 4% Bgl 

and dips. These objects may serve as tebe CO all we cited A a Ne eS] A gh | Bi 
ce ae LSS teat d SOI eh AWS ; a Oras 8 

obstacles to human and animal intru- ee PEO es Gare Ril Vie cout Ws M ad UA feng set 
sion. We felt that the most important esa thomas ae Ves ar WY cs “at ee ayn EES 
factor relating to the depth and total gee : TAS Mies y a4 ea Sen 
distance of the burrow systems was the ice oo lad \ eS Pees! “ie Gs. i Ye oe, be ar 
number of years the den was used. Fox 5 Vg te ea q 4g) ip PBS han peas 
families using traditional dens had the lites PG aN NUS SAMs Me LS IRS he 

opportunity to lengthen burrows each Some typical den locations: brush pile (top), 
me ca aed as out of hayfield (middle), woods (bottom). 9



| | Factors Influencing Den Se- 
lection 

TABLE 4. Red foxes harvested on the Waterloo Study Area and Cover Types. The number of dens 

vicinity, 1968-79. found in each cover type (Table 6) was 

ee se ees eeereeeeeeeeee eee compared to the expected number of 

Pheasant Mortality Study* Fox Study dens based on P ercent of area in each 
Yo ee Terectod Year. Foxes Harvested type by a single classification Chi- 
ee square test. One of the requirements of 

1971-72 17 this test is that not more than 20% of 

| 1968-69 88 1972-73 19 the categories can have an expected 
1969-70 70 1973-74 34 number of dens less than 5. Therefore, 

1970-71 60 1974-75 13 similar cover-type categories were 
a combined as follows: (1) strip cover, 

(which incorporated ditchbank spoils, 
1968-71 Ava. Ve V971-75 Ava. a1 fencelines, roadsides and railroad 

ET rights-of-way), and miscellaneous 
*Dumke and Pils (1973) (which included farmsteads, old foun- 

dations, road pavement, gravel pits : 
: | and open water), (2) pasture and re- 

| tired cropland, (3) marsh, (4) upland 
and lowland hardwoods, tamarack and 

: shrub-carr (these four were combined 
| because they individually constituted 

| | woody cover types representing less 

| | than 5% of the total area) and (5) cul- 
TABLE 5. Mean burrow length and maximum depth of southern tivated lands. Results (X? = 155.24, 

Wisconsin fox dens in relation to cover type, 1973-75. | d.f. = 4, P<0.0001) indicated that the 

ee 5 cover-type categories were not se- 

Number of Mean Maximum Burrow Mean Maximum lected by chance, since (1) ”. (2), and 

Cover Type Active Dens — Length Per Den(m) §Depth(m) (4) were selected with a higher fre- 
ee quency than expected and (3) and (5) 

Cultivated lands 10 12.3(2-33.2)* 1.1(.5-1.7) with a lower frequency. 
trip cover and ° 3115/3224) > 3h 924 Intrinsic factors associated with 
etired croplan .1(3.2-2¢ .2(.9-2. . 

Upland hardwoods 5 7.8(4,6-12.2) 1.3(1.1-1.8) Wen ¢ iy tio undoubtedly influenced | 
| Miscellaneous (gravel pit) 1 7.6 . 2.4 en selection. ror example, wooty or 

Pasture 7 7.5(3.4-12.2) 1.2(.6-2.1) herbaceous vegetation growing on 
spoils may have offered concealment 

| | and thus positively influenced den se- 
Total and means 37 9.3(2.4-33.2) 1.2(.5-2.1) lection. Camouflage may also have 

FRANGe a been a factor affecting the selection of | 
brushy fenceline and upland hard- 
woods; these dens were the most diffi- 

| cult to locate because of their associa- 

| tion with trees, smaller woody plants 
and herbaceous vegetation. The wood- 

lots in which dens were found ranged 
in size from 0.1 ha to 33 ha; understo- 

TABLE 6. Cover type of 68 red fox dens compared to cover type ries ranged from heavily pastured to 

available on the Waterloo Study Area, 1972-75. brushy. The selection of den complexes 
located throughout woodlots did not 
reflect a relationship with either wood- 

Number of __—_—sPercent of lot size or vegetational density. 
Cover Type Dens Total Dens Total Area Hayfields contained the most dens 

Strip cover (té‘iat*!”~”~*~«éOCSO!”~*~*~*~*~«*d*«C:SC*W ae) found ina single cover type. Both 
Cultivated lands 15 590 56.0 ayfield and retired cropland dens 
Upland hardwoods 1] 16.2 4.5 were usually located near or on the 
Retired cropland 10 14.7 4.1 crests of gently rolling hills. One 1972 
Miscellaneous 9 13.2 4.5 red fox family lived for a short period 
Pasture 5 7.3 10.5 in a brushpile located in a retired 
Marsh 0 | -- 12.8 cropland field. 
Shrub-carr 0 “7 3.0 Pastures and gravel pits containing | 
Tamarack 0 ~o 1.6 active dens were found in well-drained 

row and hardwoods 0 ~~ 1.5 areas that were not associated with any 
onifer plantation 0 -- | . 

concealing vegetation. Layne and Mc- 
sign ga Keon (1956) found that pasture 

Totals 62 99.9 90.9 (34.5%) and woodlots (31.7%) were 
the two most highly selected cover 
types in New York. Shrub-carr, tama- 
rack, and lowland hardwoods on the 

10 WSA were usually located in poorly



drained areas and did not contain any gigs yrape gen eee 
active dens. One active den, located in Ne Ee ieee ee ya? Soe i a 

a roadcut along a heavily travelled ie S | 

Soil. Jackson (1961) suggested that > le A ee 3 
red fox dens in Wisconsin occur more ee ce CC 8 e 

soils than in heavy clay. Arnold (1956) Pegs i ( ae | 7S _ “s 

elly soil. Stanley (1963) also found the 23 oo DS | — —— ll majority of Kansas fox dens in sandy |, i: oh Pay 
encountered at Waterloo after break fj 
was rocky, sandy loam soil, consistent == —.—rc(iCiOrOmrmOCOCOCOCO 
with Sheldon’s (1950) observation «= « © 95 “QS t— 
that preference for this type of soil is PR a "e—a .. .er US 
almost universal among red foxes. Po- BR ge oe | io oo 

roUus sandy loam soil probably facili- ee As ly 5 Ans | . ” 2 _* - _ © eke : Se : - : eo a 

tated the drainage of excess water, thus C0 EAA a a CR el Og | 
positively influencing the selection of a , , 
den. Black peat was the main compo- Long burrow in sandy soil, deep below the surface. 

nent of 5 of the 10 dens located in , | 
spoils, while pure sand was encoun- 
tered at gravel pits, especially below a | 
depth of 1.5 m. 7 

Slope. Selection of dens located on sources of water from intermittent tively, after being excavated. Layne 
certain slopes by foxes was nonrandom creeks, rainwater and flooded marshes and McKeon (1956) reported that 
in that north-, east- and south-facing undoubtedly were also utilized by 3.3% of the New York fox dens were 

slopes were selected more frequently  f0X€S. used for 13-15 years. Each year foxes 
than would be expected from a random Human Disturbance. The effects _ living in traditional dens are able to ex- 
sampling of potential slope directions of two categories of humandisturbance tend burrows and perhaps add new | 
taken off a topographic map. Although on choice of dens, proximity to farm- ones. The Haberman den contained 
dens found on the warmest slope _—steads and human presence at active the longest system of burrows and was 
(southeast) in relation to the daily dens, were examined. The distances 4/80 used for more years (4) than any 
path of the sun were not significantly from active dens to farmsteads at Wa- | d¢M examined at Waterloo. Potentially 
preferred, individual choices for east terloo ranged from 0.16 to 1.0 km and _ traditional dens containing shorter 
and south slopes were significant. Re- averaged 0.5 km. The relative proxim- and simpler burrow sy stems were de- 
sults of a two-sample Chi-square anal- ity of active dens to farmsteads on the Serted at Waterloo, possibly due to 

= _ ysis of den-preference-on-slopes-indi- . _WSA tended to minimize its impor- chance alone. Human presence, distur- 
cated no significant preference tance as a factor governing den selec- ance from farm machinery (Storm et 
between use of dens on slopes and level tion. Storm et al. (1976:25) found that 4! 1976), or digging by dogs may also 
ground. When a comparison was made the majority of dens located in Iowa have forced the foxes to move before 
between dens used on the southeast and Illinois were more than 274m from __ the dens could be enlarged. 
semicircle of slopes (E, SE, S and SW) farmsteads; they concluded that lack 

versus the northwest semicircle (W, of “disturbance by man” is one impor- 

NW, N, and NE), a non-significant tant factor in the selection of den sites. Den Ecology Conclusions 
(P<0.20) a X? value of 2.02 (1 df.) Although Storm et al. (1976) did not 

was obtained. Likewise, comparing the specifically define “‘disturbance by Our findings on denning by the red 
south-facing octants (SE, S, and SW) man’’, the term implies more than fox indicate that the majority of active 
with their north-facing analogs did not human presence at the den site. — dens were formerly used by wood- 
yield a significant value (X? = 0.414, 1 Human presence at or within 25 m chucks and badgers, although other 
d.f., P<0.30). of the den caused varied reactions by structures such as old foundations and 

Water. Stanley (1963) cited the foxes. Some families living in both brushpiles were also used. The se- 
presence of water as a governing factor traditional and nontraditional dens quence of den types used on the WSA 
in the selection of a den site; only 30f | moved to alternate dens after we closely followed the den descriptions 
34 Kansas dens were farther than 140 walked up to the den for a single visit. associated with the progression of the 
m from a permanent source of water. Other families remained in spite of re- denning season in North Dakota (Sar- 
Water was readily accessible near all peated visits to the den site. Even geant 1972). 
WGA active dens, and seemed to be an though some fox families did move to The most important factors influ- 

important factor regulating den site se- other denning sites during the spring encing den selection were cover type, 
lection; Layne and McKeon (1956) after they were disturbed, other fox . human disturbance, water and length 
came to the opposite conclusion in families or possibly the same individu- of use. Although more WSA dens were 
New York after noting that a third of als returned to the original sites during found in hayfields, dens in strip cover, 
the dens were more than 152 m from subsequent years. Twenty-three per- retired cropland, old foundations, 
water. Permanent water sources cent of the total dens examined were gravel pits and upland hardwood were 
ranged from a distance of 25 to 920 m used for more than one year. The Ha- selected in a significantly higher pro- 
away from active dens in southern berman and Firari dens were used by portion to their availability as cover 
Wisconsin. However, closer temporary foxes for 2 years and 1 year, respec- types. The longer a fox family was able 11



to stay at a particular site and dig more ning may be an adaptation to survival. ining juvenile uteri. Females aged in a 

extensive burrows, the more attractive However, contagious diseases such as particular year class on the basis of ce- 

that den became for future occupancy. sarcoptic mange spread by infected mentum annuli were placed inthe pre- 

Human. disturbance encouraged: fox pups adopted by healthy foxes could vious year class if they exhibited pla- — 

families to move before their system of theoretically cause severe reductions in cental scars. The age class was not 

tunnels could be expanded. Soil type red fox populations (Tullar et al. changed if they were found to be preg- 

and slope were less important; the easy 1976:95) . nant. The number of females incapable 

digging and excellent drainage found 7 of producing young could then be de- 

in sandy loam made this soil the most picted more accurately. Table 8 com- 

attractive to red foxes. Although foxes | pares the productivity of foxes in the 

seemingly chose denning sites located REPRODUCTION various age classes. Adults reproduced 

on particular directions of slope, it was at a much higher percent age, possibly 

not statistically possible to define any . . due to higher prenatal mortality in 

consistent directional pattern of the Conception-Birth Dates pregnant first-year vixens. Allen 

choice. Water was readily available (1975) has previously indicated that 

near all denning sites and appeared to Table 7 summarizes range and aver- _ differential embryo mortality occurs. 

be an important selective factor. age conception-birth dates of 35 red _ Little differences were noted in ranges 

Denning structure was extremely fox litters in southern Wisconsin. We — of numbers of embryos and placental 

variable in all excavated burrows and is used the same aging technique as scars. No significant litter size differ- 

probably a function of cover types, soil, Johnson et al. (1975) who accurately ences (P<0.05) were found between 

~ obstacles within the soil and length of | aged juvenile foxes up to 80 days old. any of the age classes or between 

use. Older traditional dens exhibited Pups taken from communal dens were _juveniles and all the adult age classes 

the longest and most complex system segregated into separate litters on the combined. 

of burrows. basis of estimated age, from which con- 
ception dates were determined. Range : 

| of conception dates was 27 December __| jtter Size 
to 3 February (39 days), with a 6-day 

COMMUNAL DENS difference between annual mean con- ; , 
ception dates (11-17 January). Birth Mean litter size was calculated by 

‘dates ranged from 16 February to 28 averaging counts of litters captured at 

Four of five communal dens located March (40 days), while mean birth dens, placental scars and embryos. No 

during the study were found on the dates were 5. 7 and 11 March. Concep- significant difference (P<0.05) was 
, . p . 

WSA. Communal dens represented tion dates occur later in the more found between mean counts of litters, 

11% of the total dens found in south- northerly latitudes of the United placental scars and embryos, during 

ern Wisconsin during 1972-75. Sheldon States (La d McK 1956:54 1972-75 (Table 9). From 1 to 13 (com- 
4 yne an cKeon 54). 

(1950:35-38) described some of the Storm et al. (1976:19-21) discussed the. munal den) red fox pups were found at 

possible adult-juvenile combinations differences in con ception dates at vary- excavated dens. The WSA mean litter ! 

at communal dens in New York. Pils ing latitudes size varied from 4.6 to 5.7, averaging | 

and Martin (1974:359-360) saw 3 5.6 pups overall (Table 9). Any esti- 

adults (including 2 females) and 10 | OO mate of mean litter size, regardless of 

pups at a den on the WSA in 1973, dur- Influence of Age on Repro- the method used, has inherent biases 

ing several days of observation. Al- and is subject to criticism. As pointed 

though factors responsible for commu- duction out by Hoffman and Kirkpatrick 

nal groupings are little understood, (1954), “counts of young foxes seen at 

Tullar et al. (1976:92) have suggested Englund (1970) discussed intra- or taken from dens permit inaccuracy 

that these movements may be stress uterine losses and litter sizes at birth of | because of pups overlooked, post-natal 

induced. One example of these move- vixens of different age classes in Swe- mortality or communal denning”’. 

ments, a pup which was radio-tagged den. Fairley (1970), in his extensive Storm etal. (1976:21-23) analyzed dif- 

and released at den 7A (Fig. 3) on 9 discussion of Irish red fox reproduc- _ ferent criteria for determining litter 

May 1973, was later moved to commu- tion, was handicapped by the absence _ size and felt that their estimates of lit- 

nal den 2 (Fig. 3) 3.2 km to the north- of an aged sample for comparing fecun- __ ter size were low because few dens were 

east. The pup was apparently accepted dity, placental scar counts, and pro- excavated. During our fox investiga- 

by its new family when trapped 92 m ductivity (mean number of pups born __ tion, we were able to dig up 78% of the 

from the communal den on 15 June per vixen). dens used for calculating litter size 

1973. Southern Wisconsin data concern- (Table 9). Holcomb (1965:530)  re- 

Other Waterloo dens suspected of ing age-related reproduction from 48 _ ported finding 17 pups at a Michigan 

being communal were never verified. vixens is shown in Table 8. Darkly pig- | den and considered it to be a single lit- 

The farmer who owned the land where mented scars were used to estimate lit- ter; however, this number far exceeded 

communal den 2 (Fig. 3) was located ter size. Juveniles collected prior to 3.‘ the mean litter size of 5.5 for southern 

during 1973, reported seeing pups of “2 February were not included in the Michigan (Schofield 1958:313) and 

different sizes” on his land during sample because developing embryos probably represented a communal den. 

1972. Den No. 1 found in 1972 (Fig. 3) cannot be positively detected until at Several authors, including Sheldon 

consisting of 6 different openings pro- least 10 days after the last day of possi- (1949a) and Richards and Hine 

vided a maximum count of 10 pups ble conception (Table 7). Six females (1953) utilized placental scar counts to 

during the confined use period, indi- aged as juveniles were also eliminated obtain estimates of litter size. How- 

cating an unusually large litter or a from the sample because they had dis- ever, some disagreement persists re- 

possible communal concentration. tinctive placental scars, indicating an _— garding the interpretation of placental 

Pils and Martin (1974) docu- error was made in aging. Englund _ scars as indicators of litter size. Shel- 

mented the survival of red fox pups as- (pers. comm.) has never seen placental don (1949) used only the more darkly 

sociated with a communal den after scars after examining 1,000 juvenile pigmented “fresh scars” for litter size 

one of the adults was killed by dogs. vixens. However, Allen (pers. comm.) determination. Englund (1970:19) re- 

12 They concluded that communal den- has noted placental scars while exam- _ ferred to the six distinct placental scar



shades in which the darker ones may 

bey resent placental remnants of em- TABLE 7. Mean conception and birth dates for 35 southern Wiscon- 
ryos born alive and the other lighter sin red fox litters, 1973-75 | | 

shades may represent the embryos dy- | 
ing in utero or the scars of successful ———<—<_—[—[—[—<—[>—>_*—*_—*_$_{_—$ *_* >] > —————————————————————————___ 

pregnancies of earlier years. However, Number of Conception Date Mean Conception Birth Date Mean Birth 
Englund (1970:23) also stated that all Year Litters Range Date* Range Date* 

scars could possibly fade during the 1973 9 27 Nec-2 Feb 11 Jan 16 Feb-27 Mar 5 Mar 
autumn-winter period and thus yield 1974 13 5 Jan-29 Jan 13 Jan 27 Feb-23 Mar 7 Mar 
misleading information. Lloyd (1968) 1975 13 6 Jan-3 Feb 17 Jan 28 Feb-28 Mar 11 Mar 
and Fairley (1970) stated that previ- ee 

ous scars persisted until only mid-Feb- 1973-75 35 27 Dec-3 Feb 14 Jan ‘16 Feb-28 Mar 8 Mar 
ruary at the latest. 

Estimating litter size by embryo ee 
counts may also be biased by intra- *S.D. = 9.7 days 

_ uterine mortality. Allen (1975) re- , 
ported that prenatal embryo loss is 
common in juveniles. Englund 
(1970335) found that 50% of uterine 
osses - - | 
nancy. Therefore. ha toting oe TABLE 8. Reproductive performance of 48 red foxes in southern 

bryo counts to the second half of gesta- Wisconsin, 1973-75. 
tion when post-implantation losses are eee ee er 

reduced, it is possible to achieve a more Vixen Number Percent  Embryo-Placental Mean Litter accurate estimate of viable young born. Year Class Number Reproducing Reproducing Sear Range Size 

0-1] 22 13 59 2-8 5.9 
SEX RATIOS | 1-2 10 9 90 3-8 5.4 

2-3 9 8 89 4-10 6.8 
| 3-4 4 3 75 5-6 5.3 

An analysis of sex ratios is essential 4(5-7) 3 3 100 4-10 8.0 

to an understanding of reproduction. ——_—_--————— 
The birth rate of monogamous species Total 48 36 75 2-10 6.0 
such as foxes will tend to favor maxi- | 
mum production of young when the , 
sex ration is equal (Dasman 1964:97). Juveniles 22 13 59 2-8 5.9 | 
Fetus sex ratios were not gathered dur- Adul ts 26 23 89 3-10 | 6.0 : 
ing our study. Sheldon (1949 a:236), sg ign ge 
Fairley (1970:124) and Storm et al. 

(1976:23) however, showed no major 

departure from an assumed 50:50 ratio. 
Our sex ratio information was de- 

___Tived from five sources: (1) pupstaken | = TABLE 9. Mean red fox litter sizes, Waterloo Study Area, = OO 
at dens; (2) tagged foxes; (3) untagged 1972-75 
foxes killed on the WSA; (4) foxes col- 

lected in a 6-county southern Wiscon- ——— 

sin area (Table 10) and (5) red foxes Number Litters Mean Litter 
collected statewide during the 1975-76 Year Criteria Examined Range Size 
season. Sex ratios of pups from south- —_ eee 
ern Wisconsin dens indicated no sig- 1972 Litter sizes* 6 2-10 4.6 
nificant differences (P>0.05) in the 1973 Litter sizes** 8 3-10 4.9 
numbers of males and females (Table Placental scars 2 6-10 8.0 
10) , assuming a 50:50 sex ratio at birth. ~ Embryos 1 10 10.0 
Fifty-four percent of the 2,063 fox 1974 pr eeer sizes** 6 4-7 9.7 
pups examined at dens in Illinois and Fmocental scars M | os 5.8 
Iowa were males (Storm et al. 1975 litter sizes** 7 9-2 o-2 
1976:24), which was significantly dif- Placental scars 7 1-6 A] 

ferent (P<0.01, 1 d.f.) from an as- Embryos 7 2-2 6.0 
sumed equal sex ratio at birth. Appar- 
ently, more females died during Cn 
gestation, parturition or their first few 1972- 
days of life. 75 Litter sizes 27 2-10 5.2 

Sex ratios of categories (2) through Placental scars 26 1-10 5.5 
(5), with two exceptions, were com- Embryos 7 2-10 6.4 
pared with the den juvenile sex ratio, —_—— 
assuming that the den sample reflected _ _ 
the annual statewide sex ratio. We felt 1972-75 Total 70 1-10 9.6 
that our den sex ratio was a more real- a 

istic point of reference than an as- *Data based on observations of pups at dens. 
sumed 50:50 ratio, especially in light of **Data obtained from pups taken from dens. 
the disproportionate den sex ratios en- 

| countered by Storm et al. (1976:24). 13
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| | Four of 13 pups from a communal den. Placental scars in the 
uterus of a female 

| killed at a communal 

| | | den by dogs. 

the sex ratios of the 3 other fox groups 
: simply may reflect the small sample 

TABLE 10. A Chi-square comparison of sex ratios from pups at dens S1zes (Table 10). Our tagging results 
with sex ratios of tagged foxes, foxes killed at Waterloo, foxes har- indicated that between October and 
vested in southern Wisconsin and foxes killed statewide. March, male foxes moved significantly 

ees farther (P<0.01, 64 d.f.) than females, 
Sample Number of Percent | which may have resulted in higher 
Type Foxes Males. Females x? | male mortality. Although a sex ratio 
eT comparison of den juveniles with state- 
tT) Den juveniles 154 49 51 wide foxes indicated a significantly 
(2) Tagged returns /7 45 35 0.32 lower number of females killed, similar 

Trapped 33 45 55 0.02 . . . . 
Hunted 987 37 63 9.93 southern Wisconsin comparisons with 

Other | 17 59 4] 0.53 denning pups were not significant. 
(3) Waterloo Study | 

Area Mortality 35 57 43 0.72 | 
| (4) Southern Wisconsin** 208 50 50 HOME RANGE AND 

Trapped 124 42 52 0.01 HABITAT USE 
Hunted 84 54 46 ).58 

(5) Statewide 350 58 42 
Trapped 208 57 43 5.24% Radio- Telemetry 
Hunted 142 58 42 4 .4* 

*Siqnificantly different from den juvenile sex ratio (49:51) at _ Eight pups were radio-tagged dur- 
P 40.05, 1 df. Chi-square value is 3.84. ing the study to determine location of 

**Dane, Dodge, Jefferson, Columbia, Fond du Lac and Marquette Counties. dens and distances between them. Five 
vixens were radio-equipped to measure 

home range. Histories of each fox are 
shown in Table 11. 

: Red fox radio-telemetry studies 
have incorporated several methods for 

Sex ratios from southern Wisconsin _ as individually by trapped, hunted and describing home range. Storm 
and statewide foxes (hunted and _ other (car kill and mange) compo- (1965:4) used length-width ratios, dis- 
trapped samples combined) were not nents. The Waterloo mortality group tances between day and night resting 
compared with den juvenile sex ratios consisted predominantly of hunted areas and maximum area to evaluate 
because of a possible bias in the higher foxes and was classified only as one col- red fox home ranges in northern Illi- 

number of trapped foxes collected. The __ lection. We were not able to determine nois. Ables (1969b:109) relied upon ge- 
statewide samples of trapped and why the sex ratio of the statewide foxes ometric centers of activity and activity 
hunted foxes were the only groups differed significantly from the den radii for the analysis of home range; he 

whose sex ratios differed significantly juveniles, whereas the sample from also used telemetry to determine activ- 
from those of the den juveniles (‘Table only southern Wisconsin did not. The ity patterns (Ables 1969a) of red foxes 
10). Groups (2), (4) and (5) were di- statewide male collection (350 foxes) in southern Wisconsin. 

vided into trapped and hunted seg- may have been more prone to hunting The term “home range” used here is 
ments in order to analyze possible dif- and trapping as a reflection of their defined as the area travelled by red 
ferences. The tagged fox category, more extensive travel patterns (Storm foxes during their daily activities 
because it represented a distinct co- et al. 1976:24). within the perimeter of the outermost 

14 hort, was compared collectively as well The nonsignificant differences in radio-locations.
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Radio transmitter, incorporating speedometer ...which upon release quickly heads 
cable antenna is placed on a fox... for the open field. — 

_ capture was made 0.6 km southeast of during 8 days after being fitted with a | 
. _ the initial capture during an extremely transmitter that later gave only inter- Radio-Tagged Pups d humid period A : F warm and humid period (31 August mittent signals. When located, F9 oc- | 

1973). The pup, when found dead in a cupied an 88 ha area located adjacent 
Four pups (F28, M29, M32 and corn field 4 days later, contained a __ to the home range of F11. 

M179) moved an average distance of —_Jarge number of maggots in its rectum. F1l1l. F1l was trapped near the 
1.3 km (range 0.3-2.8 km) after re- | Death may have been caused by stress _ center of its 581 ha home range and 
lease. All 4 pups were marked during —_ induced by hot weather, maggot infes- was radio located 103 times (62 night 
May, when the majority of their tume tation, and/or the shock of being fixes or 60% of the time) during 5 days 
was spent at the immediate den site. _ trapped. M43 was located in the9.4ha _in November, 20 days in December and 
Pup M32 was recaptured 0.8 km north- corn field on four occasions during __ 6 days in January. | 
west of its den on 25 September 1973 June 1973. When the pup was last F11’s total home range consisted 
and was sporadically radio-tracked ina seen, the whip antenna of its transmit- _ primarily of cultivated lands (50%), Oo 

_ 50 ha area north of the second capture ter was broken off, negating any fur- marsh (15%) and lowland hardwoods 
point until the signal was lost. Sar- ther radio contact. Numerous tracks of (9%). Although the frozen Crawfish 
geant et al. (1975:36) documented 24 both juvenile and adult foxes in the River was occasionally crossed by F11, 
den moves from tagged pups in North mud of the 9.4 ha corn field, together it seemed to form a partial western and 
Dakota, which ranged from < 0.1 to 2.6 with the radio locations of the tagged southern home range boundary. This 
km. pups and F10, indicated that the field fox was never located beyond two 

In contrast, radio-equipped pups was heavily used by foxes. F52, paved county highways located a short 
F8, F42, M43 and F52 were captured trapped in the same 9.4 ha corn field, distance to the north and east. F11 was 
and followed later in the denning sea- was located 44% of the time in corn able to explore all possible cover types 
son (June-August) when the juveniles fields and occupied an area of approxi- within her home range because of the 
spent more time away from their dens. mately 11 ha. frozen conditions. Hunting pressure 
Only an estimate could be made of the Pup radio-telemetry data indicated exerted by a group of local hunters 
home range occupied by pups because that F42, M43 and F352 at ages of 10 to upon the radioed vixen and her proba- | 
of the difficulty in receiving transmit- 18 weeks travelled less than 1 km from ble mate (based on observations of 
ted signals. F52 was radio-equipped for dens independent of their parents, but tracks in the snow), was not known to 
a 97-day period, but signals were re- still centered their activity around sev- have forced F11 out of her home range. 
ceived for only 19 days. F8 was trapped eral dens. She was eventually shot (13 January 
on 18 June 1972 and moved 300 m Radio-Equipped Adults. The five 1973) by hunters off the northwestern 
southwest into a 2 ha woodlot, where adult vixens equipped with transmit- corner of her known range. 
she spent the bulk of her time during __ ters were radio-located 685 times from F10. This vixen was trapped and ra- 
the 5-day tracking period. The pup was 1972 to 1974 (Table 11). Sixty percent dio-tagged on a small drumlin in a re- 
shot on 31 January 1973, 61 km north- _ of the fixes were made between 6 p.m. tired cropland field on 21 November 
east of the trap site. to 6 a.m. when the foxes were more ac- 1972. However, radio contact was not 

F42, M43 and F52 were associated tive. The five females were tracked for established until 10 January 1973, 
with a communal den. All 3 juveniles 163, 24-hour periods during the 313 when F10 was located in an area of 
were frequently located in an unpicked days of transmission. shrub-carr 2.2 km northeast of the cap- 
9.4 ha corn field, located only 30 m F9 and F17. F17 was located 8 ture site. 
southwest of the southern natal den. times during a 3-day period before con- F10 was radio-located 51% of the 
F42 was captured twice; the second tact was lost. F9 was found 25 times time between 6 p.m. and 6 a.m.; eve- 15



ning locations were made as often as 
| | manpower was available. The number 

| | of days located and day-night fixes per 
© month for the tracking period were: 16 

© ss Strauss Dr January: 30, 30; 23 February: 41, 61; 21 

§ pr / March: 27, 36; 10 April: 19; 17; and 8 
> 7 ~ nA => May: 19, 3. The home range of the 

é ~ — vixen gradually diminished from 579 
| oP hain January to 18 ha in May (Fig. 4); 

<>x” © Ss however, 86% ‘of the May locations 
\ io ~ Ye were made during the day. Cultivated 

veg lands (68%), marsh 9%), retired 
: \ hN cropland (5%) and pasture (5%) were 

R.R. . 
| \ the major cover types frequented dur- 

© , / ing each monthly home range. 
3 \ / Two sets of tracks were observed in 
8 fo the snow within F10’s January home 

Riverview Or_// \ / “a range and on 23 January 1973, she was 
( oo : flushed from a lowland pasture resting | 

\ 
> a ‘\ ZA site with another (presumably) male a 7 
\ “7 fox. The presence of a mate was further 

. —— substantiated when she was monitored 
A \ 2 from 5:30 p.m. on 7 Fepruary to 5:40 

——7/ a.m. on 8 February; two sets of tracks | 
3 ———JAN : corresponding with radio-locations - _ 

island Church Rd ——- FEB from the previous night were found 
—-— MARCH within the home range of F10. Radio- 
sveeseeeees APRIL telemetry enabled us to make several 

------ MAY observations of F10, two other adults 
| km | —— TOTAL and 10 pups near and at subsequent 

. @ EN A TRAPPED communal denning sites (Pils and 
Martin 1974). Observations of these 
pups at dens from 5 April to 11 June 

FIGURE 4. January-May home ranges of F10 on together with radio locations made of 
the Waterloo Study Area, 1973. pups F42, M43 and F582 allowed us to 

map the location and chronology of 
dens utilized by F10 and her commu- 

: nal family (Fig. 5). Dates next to the 

: den symbols signify the first observa- 
© DEN tion or radio location of F10 or her 

@ FREQUENT RESTING SITE (F-10) family at a den site. 

| = & FARMER FOUND DEAD PUP ON MAY 22 N Darter ehoes he, trapped on “ 
= ; ovember on the eastern slope o 
= SE ON NS a heavily grazed hilly pasture located 
~ : | 0.6 km east of The Waterloo city limits. 

>= The following day, F58 moved 2.3 km 
AR south into the area in which she estab- 

/\ CORN lished her home range. 
BRUSHY — ae F58 was located by radio from 6 
TERRACE oy p.m. to 6 a.m. 68% of the time. The 

z 628 JUNE number of days located and day-night 
° R 5 fixes per month for the tracking period 

CORN Sey /9 were: 8 November: 23, 16; 17 Decem- 

DRIVEWAY 5 a MAY | ber: 36, 145: and 18 January: 25, 21 

FARM PTY CORN og yay | (Fig. 6). Cultivated lands (57%), pas- 
| nay OY 4 ture (19%), and marsh (10%) were 

nay fe the three principal cover types fre- 

SOWLAND oe 4; quented by F58 during the establish- 
PASTURE . rep x0E ment of her entire November through 

\re January home range of 515 ha. Radio- 
UNPICKED CORN telemetry data were supplemented by 

oe | tracking F58 during adequate snow 
™. cover. The distinctive trail left by the 

\ RR. TRACKS dragging antenna enabled us to distin- 
# . guish F'58 from other foxes in the vicin- 

Hoenn ASTURE \. ity. This capability permitted us to 

: pe compare the radio locations with track 

04 km locations during the same period, re- 
sulting in a high degree of accuracy in 
estimating our locations of this fox. 

FIGURE 5. Map of dens associated with F10 on Radio-tracking data indicated that 

16 the Waterloo Study Area, 1973. picked corn fields were a prime area of



movement for F58. Persistent snow [oo 
cover was generally less than 7.6 cm 

during the winter of 1973-74; fox track- 
ing efforts indicated that extensive ® seappep 

small mammal hunting activities took 
place in these corn fields during a pe- = (29) a dL 
riod of small mammal abundance and 
apparent rodent vulnerability (Peter- | 

sen unpubl.). The influence of habitat 

on fox movements and subsequent oZ 

home ranges was probably affected by Kk eae 
climate. Radio locations of F58 made CC 

during the freezing conditions of late vr a ON eB 
fall and winter resulted in a meander- Stokes Rd JS we \ § 
ing pattern of fixes through a variety of 7 i “ys 6s) 
cover types, especially wetlands. KILLED BY } i Bs 

F58 and an associated fox were pur- | 5 E 
sued by a group of local fox hunters h i 
with dogs during portions of three win- i 1 Re | 
ter weekends. The hunters claimed Z Eo ow : 
that they wounded F58 on 13 January E ‘\ 

1974 and found blood on the snow. The ; \ 
vixen, thought to be seriously injured ‘ E iY ‘A 
after the shooting, was located in a den Ve s ‘A 
on 16 January. However, she was again fo) f \. s\ 

seen on 23 January in apparently good [ A, \ ‘\ 

condition at another den located | km | : , “NEA 
east of the 16 January location. Most / OK ‘EA 
importantly, F58 did not shift her i : | ar | 
home range in spite of the severe hunt- i : / ‘s \ 
ing pressure. Hamilton (1939:304) | -\ \ 
found that foxes may be chased from ¢ fo‘ \ 
their territories,. but return when no é i NS 

longer pursued by hounds. Waterloo nf : ee 
movement data from F58 and F11 ------ NOV . fg 
agreed with Storm’s (1965:8-9) finding sseseses DEC 1 : we ee 
that two adult males stayed well within ——— JAN Sh, > we 7 
the limits of their home range in spite ——— TOTAL 4 A Una nel 2 Stony Brook Rd 
of being pursued by dogs. \y — — 

Radio contact was lost with F58 on _S km 
27 January 1974; however, drag marks L____ 
from her antenna were seen on 15 Feb- 

_._ Tuary, verifying her presence in the | eee a 
area. During May, a farmer reported 
seeing a den located on the southern FIGURE 6. November-January home range of F58 

edge of F58’s home range. This den was on the Waterloo Study Area, 
subsequently dug up, and 4 pups were 1973-74. 
tagged. However, F58 was never seen 
at or near this den. F58 was found dead 
on 17 November 1974 along Stokes 
Road (Fig. 6). 182.6 km during December through zen conditions probably allowed 

Conclusions. Juveniles less than 18 March of 1972-75. State-owned or greater movement in the marsh than 
weeks old independently explored leased areas (Fig. 1) were primarily would be expected during the warmer 
most of the habitat within 1 km of their utilized for ease of access. Snow depth months. 
dens. An unpicked corn field was espe- varied from 5 to 20 cm during tracking. We may have inadvertently avoided 
cially preferred by 3 of the 8 radio- The three major tracking areas were in particular cover types such as shrub- 
tagged pups. Adults frequented a wide cultivated land including plowing, corn carr, tamaracks and rank vegetation 
variety of cover types within their ter- (picked and standing), soybeans and (found in portions of the marsh) be- 
ritories, especially during the night. food patches. Table 12 lists the percent cause of the difficulty in following trails 

They were highly territorial during the of fox trails in various cover types com- in these vegetational areas. 
fall and winter in spite of harassment pared to the percent of available cover Snow tracking efforts were mapped 
from hunters and dogs, but were toler- types taken from Table 1. Strip cover, | within the home range of F10 on 7-8 
ant of other adults and pups during the marsh, upland and lowland hard- February 1973 (Fig. 7) and inside the 
spring and summer. woods, tamarack, conifer plantations territory of F58 (which could be identi- 

and shrub-carr were used excessively fied by its antenna drag marks in the 
in proportion to the total area that | snow) on 15 February 1974 (Fig. 8). 

: . they occupied. Strip cover was highly | Both maps illustrate the meandering 
Winter Tracking utilized because it was a continuous pattern (Huff 1964) made in search of 

travel route also used heavily by rab- food and in the act of patrolling their 
Red foxes were tracked in the snow bits and pheasants. Retired cropland home range. Foxes regularly used fro- 

at several different locations within the probably contained a high proportion | zen waterways such as drainage ditches 
Waterloo Study Area for a total of — of the small mammal prey source. Fro- _— (especially those bordering areas of 17



Capture Period Total Days Number of Transmitter Fate of 
Sex-Number Method Tracked Tracked Fixes Fate Fox 

Pups 
F 8 Steel trap Jun 72 5 18 * Shot 31 Jan 73** 
F 28 Nen May 73 1 ] Shed Unknown : 

Den May 73 1 Failed Moved to alternate den 
M 29 Steel trap Jun-Jul 73 14 22 * Shot 23 Feb 73 

Den May 73 4 Shed Moved to alternafe den 
M 32 Steel trap Sep-Oct 73 11 45 * Trapped 3 Jan 74 

Den Jun 73 4 Shed 
F 42 Steel trap Aug-Sep 73 4 2 Still running when fox found dead 4 Sep 733 
F 43 Den Jun 73 4 3 Broken antenna; Unknown 

weak signal 

F 52 Steel trap | Jun-Sep 73 19 18 * Trapped 20 Oct 744 
M 179 Den May 74 2 2 Shed Unknown 

Adults 
F.9 Steel trap Nov-Dec 72 8 25 Failed Unknown 
F 10 Steel trap Nov 72-May 73 78 283 Failed Unknown 
Fl Steel trap Nov 72-Jan 73. 31 103 Still running when fox shot on 13 Jan 73% 
F 17 Steel trap Feb 72 3 8 * Unknown 
F 58 Steel trap Nov 73-Jan 74 43 266 Failed Killed by car on 17 Nov 749 

"*Fox may have moved off Waterloo Study Area or transmitter falled. . © 
**Moved 61 km NE 
TMoved 42 km NE 
2Moved 36 km NE 
Spied on Waterloo Study Area. 
4Moved 6 km SE 
SMoved 3 km SW 

dense vegetation), rivers and pondsas § Time of Dispersal Dispersal Distance 
travel lanes. Foxes often investigated 

particular landmarks such as muskrat Southern Wisconsin subadult red Dispersal distances for pups cap- | 
houses and old den openings either for foxes, tagged as pups, did not start to —_ tured at southern Wisconsin dens were 
the purpose of scent marking or hunt- disperse until October. Between Octo- _a function of sex and age at last cap- 
ing prey. Fox trails were also followed ber and March, 81% (59) of the 73 ture, as well as the month of recovery. 
to dens that evidently were inspected subadult recoveries occurred. Storm et Sixteen males versus 9 females (from 
for use as possible future natal dens. al. (1976:28) found that none of their _all age classes) dispersed over 30 km. | 
However, these dens were not always 57 radio-tagged foxes left natal areas The distances subadult males dis- 
used later during the spring when pups —_—efore 1 October. Males in Illinois, persed during the October-March pe- 
were born. Bedding sites were found in Iowa and Minnesota dispersed earlier _ riod ranged from 8.8 to 58.8 km, with a 

a variety of cover types inc luding than females, which may have been re- mean of 33.6 km. Female dispersals for 
marsh (7), shrub-carr (4), strip cover lated to seasonal changes in reproduc- __ the same period varied from 8.8 to 85.7 
(4), lowland hardwoods (1) and re- tive activity (Storm et al. 1976:29). km and averaged 27.6 km, which did 
tired cropland (1). ; not differ significantly from male dis- 

| Storm (1965:9) reported that intra- persals. Mean dispersal distances for 
specific interactions probably are a ma- both juvenile male and female red 

jor influence on the movements of Proportion Dispersing foxes were progressively greater from 
foxes thr oughout most of the year. October through December for males, 
Double fox trails were noted on the Eighty-eight percent (23) of the but fluctuated thereafter for both sexes 

WSA from December through March, tagged, subadult males and 58% (19) (Table 13). Storm et al. (1976:32-33) 
reflecting the close relationship pairs of the subadult females recovered dur- stated that recovery distances in- 

have before the denning season. How- ing October-March of their first year creased significantly for subadult 
ever, the extent to which pairing influ- and traveled more than 8 km from males between October and January, 

enced movements on the WSA is not their dens, a significantly different pro- but did not increase significantly for 
clear. portion (P<0.05, 57 d.f.). Eighty- | subadult females between October and 

three percent (5) of the adult males December. The longest red fox disper- 
and 56% (5) of the adult females re- sal distance on record is for a male, 

DISPERSAL covered had dispersed. A total of 15 tagged in southern Wisconsin, that 
foxes tagged as pups were recovered as moved 395 km to Indiana one year 

adults. later (Ables 1965:102). Phillips et al. 
Dispersal is here defined as a Ten adult-sized foxes were steel- (1972:240) found that midwestern 

straight line movement of more than 8 trapped during the late fall; only one subadult males traveled almost three 
km between first and last captures. male was recovered, 4.5 years after tag- times the mean distance of subadult 

Therefore, our results were directly ging. Storm et al. (1976:31) found that females during the April-March pe- 

comparable to the findings of Phillips adults also dispersed during fall and riod. In addition, they also discovered 
et al. (1972) and Storm et al. (1976), winter, but at a lower percentage than that more males left their natal areas 

18 who used the same criterion. juveniles. than females. No significant differ-



ences were found between the mean prices for the 1971-72 to 1975-76 fox a - 
distances traveled by 23 dispersing ju- seasons averaged $24.42, which re- @ee\eQ ee 
venile males recovered in their first sulted in a high hunter density during . ———— == ae rae 
year (xX = 33.6 km) and 5 males that that period throughout southern Wis- es ae ie 
were recovered as adults (range 22.4 — consin. We considered a 10 cm snow = rr 
61.2 km; X = 37.4 km). Similarly, no —_— cover necessary for marginal fox hunt- ee 
significant difference was noted be- ing. Using this criterion, 22 days per a ,rt—e—s—SisCCSsC CC 
tween 18 dispersing females recovered year (seasonal mean from the Madison eae 
during their first year (¥ = 27.6 km) weather station) were available to fox oF 
and 5 vixens recovered as adults (range hunters during 1971-75. rr 
11.3 — 62.8 km; X = 32.0 km). Data derived from this study sug- ee rt—~—<“—s—sS 

gested that the interstate highways rts 
may alter the direction and rate of dis- ee C...mDrmrmrmrsrr—~—™ 

acti persal. Storm et al. (1976) cited evi; 9 
Dispersal Direction dence that large rivers, such as the S.C 

* etcoinns ” et ; —lrmrt~——”—“(<SCNS'i‘ RC Mississippi, acted as barriers to dis- 6 
Chi-square tests of the directional _ persing foxes and that features such as a aS 

distribution of dispersing subadult lakes, smaller rivers, cities and inter- =o 
males and females revealed that both state highways only altered dispersal oo A 
sexes did not randomly move into each direction. Fifteen pups (excluding oe 
of the four compass quadrants (Table = F136 and F137, which moved west and ee 
14). A significant number of males _ north) tagged in southern Wisconsin ye 
moved north rather than south, which (Fig. 10) were recovered during Octo- oo oe 
agreed with the findings of Arnold and ber-February in the southern two com- = AS 

Schofield (1956:95) and Storm et al. _—_ pass quadrants (Fig. 9). Six of these a. yD 
(1976:34). The northeast quadrant — subadults were killed south of I-94, oe 
contained at least twice as many recov- which runs east and west between es 
eries as any of the other Wisconsin Madison and Milwaukee. The traffic oe 
quadrants (Fig. 9). Females were re- _ flow on this route is extremely heavy ee Be. 
covered east in significantly higher during all hours. Tracks of radio-tagged 
numbers than west. When both sexes Sixty-five percent of the recoveries female in snow, illus- 
were combined, significantly more illustrated in Figure 10 were foxes trating drag marks from 
foxes were recovered in the northeast killed before they crossed I-94, sug- the antenna. 
quadrant. gesting that these foxes may have been 

Storm et al. (1976:34) hypothesized reluctant to cross the large highway 
that the foxes taken in the northern and remained in the area until they crossing 27 km of I-94 were available 
quadrants may reflect a greater hunter were trapped or shot. The presence of a between the locations where F137 and 
effort and better snow hunting condi- 1.2 m woven wire (15 X 15 cm) fence F169 were recovered (Fig. 10). It is | 
tions, rather than more foxes moving with a top strand of barbed wire run- possible that trappers, who recovered 
north from natal areas. Although it is ning parallel to both sides of the inter- 65% of the foxes shown in Figure 10, 
very difficult to estimate hunter den- state may have also discouraged these frequented these areas where foxes 
sity in southern Wisconsin, we as- foxes from crossing I-94. A total of 22 were concentrated before moving 

i _ sumed that pressure was similar both _ possible corridors (culverts, frozen riv- _ across I-94, over others farther from _ a 
in the release and recapture areas. Pelt ers, underpasses, and overpasses) for the interstate. As a result, foxes enter- 

ing these areas would tend to be more 
vulnerable to recovery. An example of 
this type of corridor was the recovery 
sites of M158, M156, F117 (caught by 

TABLE 12. Comparison of cover type preferences of red the same trapper) and F186, all taken 
foxes in winter with available cover types. within 2 km of each other (Fig. 10). 

The majority of the tagged pups came 
aa from the WSA vicinity, which is rela- 

Fox Trails In Area In tively close to I-94 (Fig. 10). If the 
Cover Type Cover nye number of foxes killed within 2.1 km of 

Land Use (Percent) (Percent the north side of I-94 is any indication 

Cultivated lands 21.1 56.0 of the superhighway’s effectiveness as a 
Marsh o5 7 12.8 partial travel barrier, it is possible that 
Pasture 3.6 10.5 a number of dispersing foxes from the 
Upland hardwoods 9.6 4.5 WSA vicinity initially moved south, 
Miscellaneous 6.0 4.4 encountered I-94 and eventually 
Retired cropland 14.2 4.1 moved into the two northerly quad- 
Shrub-carr 8.9 3.0 rants. 

Tamarack 1.8 1.6 
Lowland hardwoods 2.4 1.5 
Strip cover 6.0 1.4 

Conifer plantation 8 1 Dispersal of Littermates 

Total 100 99.9 The dispersal pattern of 8 out of 13 

pups tagged from a communal litter 
was extremely widespread (Fig. 11). 
Dispersal distance of 8 recoveries ex- 
ceeded 8 km; the 6 males dispersed a 19



MORTALITY 

FARM v Causes of Mortality 
WD) CORN S > 

aay aay Sources of mortality for 127 foxes 

oreeeere cote, examined during the present study (44 

“OWLAND ‘nee, * 2 SCA foxes recovered on the WSA and 83 

PASTURE ae pie foxes from the 6 southern Wisconsin 

~ Ee My NN ASCATS™. 1. conn PASTURE CORN counties outside Waterloo) were sum- 

=auENT veg, UNPICKED oft °° 40~C"* 3 marized into four categories: deaths by 
"RESTING SPOT oo” enone H $ Ses as fox hunting, trapping, other hunting 

\ FI, Goer 3 woe (deer, pheasant and rabbit) and mis- 

sf * aay % a cellaneous (car, mange, dog and un- 

OR STURE \se . / A: known). Fox hunting and trapping 

Se ’ : oi constituted the major source of mortal- 
aR. TRAC S| i | i? ity for both the tagged and untagged 

\% CORK | CORN : 33 samples. We felt that our sample of 

PN | | : 4 foxes collected represented the propor- 

* Sen :j fo? tion of foxes dying from various causes. 
“Pres? | woons|; FOX UNCOVERED Sarcoptic mange was the only disease 

| FEDON CALF A | 2 HOLE that we were able to recognize during 
je~ | if field work in southern Wisconsin. Such 

| we 3 . | ii cases were assumed to result in death, 

Lo a \ opens based on the findings of Stone et al. 

—-—-—- lf 9 stim Lp (1972). Therefore, if a mangy fox was 
8 : 3 shot near a farm building after appear- 

UD P é Mey, ing to be listless or unafraid, mange 

"a, TeeaHfoccwsadenseet” : was considered to be the cause of 

cop N ™, % | : death. Most of the cases diagnosed as 

ee ove CORN mange were in the easily recognized 

jn] "se : advanced stages. We did not examine 

3 . all dead foxes for other diseases or par- 
i : asites. 

PASTURE ; Figure 12 contrasts the differences 
A RADIO LOCATION * 3 in mortality found primarily on private 

—--— DRAINAGE DITCH ey) 3 I land (southern Wisconsin tagged re- 
eeeeeee SINGLE FOX TRAIL Bisrccooot” turns) versus types of deaths occurring 

=== TWO FOX TRAILS principally on public land (WSA 

4 tagged and untagged recoveries). Wa- 

z 7 terloo mortality data included 8 tagged 

/_—_—_—— SI © foxes thus some overlap of information 
04 km occurred between the two areas. 

FIGURE 7. Radio locations of F10 and associated Types of Mortality 
fox trails found in the 

snow during 7-8 February 1973 on ne Waterloo Annual mortality was determined 

udy Area. 
from those tagged foxes recovered as 
subadults and adults (Fig. 13). Sea- 
sonal mortality for 69 tagged foxes 
shown in Figure 13 included one 

mean distance of 40 km, while 2 fe- the same den, were trapped by the March recovery from a county with an 

males traveled a mean distance of 14 same trapper at an identical site on 4 open fox hunting season. 

km. Recoveries from the litter were January 1975 and 16 January 1975 re- On the Waterloo Study Area. Wa- 

found in every quadrant except the spectively. The site was located 11.3 terloo losses (both tagged and untag- 

southwest. Four of the 6 tagged males km northeast from the den. It seems _ ged foxes) included much higher hunt- 

were recovered from the northeastern unlikely that both pups would inde- ing losses than southern Wisconsin 

quadrant, while the 2 female recoveries pendently arrive at the same trap site. samples (tagged and untagged). The 

were killed in the southeastern quad- Two other tagged littermates (F122 trapping harvest was low on the WSA 

rant; the reasons for these sex-oriented and M125) were killed within 4 km of because a public hunting ground was 

directional movements remain largely each other after dispersing north for 55 interspersed throughout the study area 

unknown. The main conclusion drawn and 59 km respectively. The male was (Fig. 1). Trappers were reluctant to 

from analyzing dispersal from large or trapped on 21 October 1975, while the trap during the first third of the fox 

communal litters is that these pups | female was shot on 20 January 1976. _ season, when trapping conditions were 

spread out over an extremely large area M125 may have dispersed earlier and prime, because of the high density of 

(Fig. 11). reached the trapping vicinity before pheasant hunters and dogs. Asa result, 

Our data suggest that littermates | the female; however, they may have _— fox hunting at Waterloo was the lead- 

may occasionally disperse together or dispersed together, with the female re- ing cause of death. Table 15 categorizes 

follow similar routes. A male (M77) maining in the vicinity after her lit- the monthly fox harvest on the WSA 

20 and female (M79) juvenile tagged at termate was trapped. according to hunter or trapper intent.



TABLE 13. Straight-line distances in kilometers between first and ae Ge ee aces Cr ee : i: 

last captures of tagged juvenile red foxes during their first year of life ee a a en oe Oe 
in southern Wisconsin, 1973-76." | See ge ie ae 

ae ae er eee Fro cde oe 
FFF EEE aie gl ee Or PE er eae 

Males Females opi a ee eee ee 
Dr 7 oes Ie i ee ce ee: 

Number Mean Number Mean ee CU 
Month of Distance of Distance ee 4 Oe a 
Recaptured Animals Traveled Range Animals Traveled Ranae RR ee cee 
a a re ee 8 es 

rr ed CU 
May | 9.2 9.2-5.2 Cae 6 Pe Ss 
June 2 1.6 1.6-1.6 2 0.6 0.0-1.2 Me a a 
July 2 2.3 0.8-3.6 io ee i gan 
August ] 3.2 3.2-3.2 1 1.3 1.3-1.3 ee ce ie oe 
September 4 2.3 0.4-3.2 1 3.2 3.2-3.2 reer cs SR 

Novenber 7 319 28-56.7 B15 04-46 .7 a eee es ET: 
January 9 21.9 11.3-30.0 V9.5 1.6-55.9 We pee ee ree ee Cant 
February 2 25.6 16.1-35.0 6 22.2 0.8-85.7 SAE Ae OE ee IE! ee ee a a 
March | 19.3 19.3-19.3 AE Ry ec ee Me eee aS SE eee ee ee eee 

PO ee Sh oe Ee 

October-March 26 30.1 2.4-58.8 33 17.5 0.0-85.7 Pup shot by a farmer near its 
May-March 35 22.8  0.4-58.8 38 17.1 0.0-85.7 den during 1972. 

*Movements were termed "dispersal" when they exceeded 8 km. 

Rifles or shotguns accounted for 91 
percent of the total kill. A miscellane- 

ous category was created for those 
foxes that were shot after being ac- 
cidently spotted. These losses were dis- 
tinct from other types of hunting. 

: Foxes shot by deer and pheasant 
hunters on the WSA during 1971-75 

at en equaled 22% of all reported mortality 
| BRUSH (Table 15). These hunting losses prob- 

; ably constitute an important source of 
W : ° . | PLOWE : fox harvest on public hunting grounds 

C egg | Ss ° h Wi ° A l 
0 ao | e in southern Wisconsin. At Waterloo, 

nol os *e. |canary . such mortality ranked second only to 
PASTURE / % “ee, | j Z fe Lf Etomite RSS ON | fox hunting losses. _ 

a = "Fee ___™ Although rabies is a controlling in- 

CARRION." | 0. “eee fluence on some red fox populations 
wooDs aie SA eT % ee (Johnston and Beauregard 1969), it 

JASKED SHREW ILLe gresenget OH CORN Se [LOWLAND has never been a major problem in 
- wt Nines KILL >, 4 SMALL AMMAL Wisconsin (Richards and Hine 1953; 

MAK H i ®. *, "2, Trainer 1976). No incidence of rabies 

4 oe , ’ were reported on the WSA during this 
: je “7 study. 

ae =: Indiscriminate killing of foxes by 
Save ! man at Waterloo during the spring and 

CARR | c summer was minimal during our inves- 
CORN R tigation, probably because of the 

MARSH races . higher potential fur values in fall 
. a | (averaging from $10.65 in 1971-72 to 

oe e ; . con ” $23.61 in 1974-75). We knew of only 

ee two instances (both during 1972) 
LOWLAND aay pana where Waterloo pups were deliberately 
PASTURE INAGE DITCH killed at dens by man. After 1972, 

eocceee F- . 

CORN CORN ; FOX TRAIL when fur prices accelerated, landown- 

ers assumed a much more protective 
! posture (Pils 1977). Only one WSA ju- 

pee venile was known to have been injured 
04 km by farm machinery during our field re- 

search. However, Storm et al. 

(1976:49) speculated that this type of 
fatality was underestimated. 

FIGURE 8. The trail of F58 made in the snow on Dogs were known predators of foxes 

the Waterloo Study Area on the WSA. Although only one tagged 

on 15 February 1974. pup was reported by a farmer to be 21



killed at a Waterloo den, we docu- 

mented one instance of dog aggression 
that resulted in the death of an adult TABLE 14. Directional distribution of recoveries for dispersed foxes, 

female. Dog densities at Waterloo av- tagged in southern Wisconsin, 1973-75. 
eraged approximately 1.4 dogs per 
farm. Many of these dogs roamed over ele. semicircle ~=—~=—<—téist‘«é‘MAaMESC“‘(‘C#™SCO*‘(CSCSC*™” 

wide areas and may have been respon- eet ame qe ey NW SE SH Value 
sible for additional fox mortalities. 270-90 90-270 0-180 180-0 0-90 270-360 90-180 180-270 Chi-square 

- Although miscellaneous causes of ggg | 
death did not constitute large percent- Males 13 9 4 2 0: F reels d.f ‘} 
ages of the reported mortality, these we 7 1 1128 N.S.(1 df.) 
losses may have greater significance 
when related to unreported, predisper- Females 14 9 13 | 9 0 20.654"(3 trae ) 
sal or pre-October deaths. Pup mortal- 22 1 19.18**(1 dif.) | 

| ity from unknown causes was observed Males & 96 10 13 2 -23.42#*(3 dF.) 
at Waterloo on three occasions. Collec- Females 36 2«15 8 .64**(] d.f.) 
tively, pups killed by dogs, mange, ve- 39 V2 14.30**(1 d.f. 
hicles, unknown disease and possible SAE ae 

- injuries inflicted by littermates had an *Significant at (P¢0.05). 
extremely low probability of being “Significant at (P< 0.01). 
found and reported during the spring 
and summer. Therefore, these types of 
mortality are the major reason that our 
recovery rates represent minimal val- 

ues. 

In Southern Wisconsin. Tagged 
foxes from southern Wisconsin were 
primarily obtained by trapping on pri- O FEMALES 
vate lands, where small game hunting @ MALES 

pressure was less intense than on pub- 
lic hunting grounds. The proportion of 
tagged foxes that were taken by trap- 0° 
ping off the WSA was also considerably 20% NW 51% NE 

higher than the proportion of foxes N=10 N=26 

taken by trapping on the WSA (Fig. 0 } 

12). Although the tagged sample was 
small, it probably was the best indica- - 

tor of sources of red fox mortality, : 

since tagged animals recovered also P 
represented miscellaneous causes of 

death from March to September 
(months not included in the untagged . 
sample). Results of our Wisconsin fur 40 

buyers questionnaire also indicated @ e 

that trapping was the major source of Cte 
mortality, accounting for 67% of all 270° 90° 

furs purchased during 1974-75 and pace UW 
1975-76 (Table 16). Eighty-six percent 20km ey 
of the kill came during the October- 
January period when furs were of e 
greater value than in February or 40km 
March. 

No significant mortality differences 60km ® 
(P>0.05) were noted between males 
and females in the two categories (Fig. 80km 
12); 5 WSA males died from the 
mange, but the small sample size pre- 
cluded a meani ] istical com- origon. eaningful statistica N=2 Nel3 

The majority of both tagged and 4% SW | 25% SE 
unmarked foxes were trapped during 80° 
October, November and December or 
were shot by fox hunters during Janu- 
ary and February (Fig. 13 and Table 
15). Trapping was undoubtedly easier FIGURE 9. Comparative pattern of dispersal for 

and more efficient during the former male and female foxes from 
three months, while maximum fox October through May. (Male and female symbols 

hunter efficiency occurred during the a are placed according to 
latter two months, when snow tracking direction of travel. Center of circle represents tag- 

22 and spotting conditions were optimal. ging site.)
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SEASONAL CAUSES OF MORTALITY FOR | 

11 ADULTS AND 58 JUVENILES, 1973-77 

T TRAPPERS 
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ANNUAL CAUSES OF MORTALITY FOR 68 | | el fee oo \ 
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fo Fe FIGURE 12. Causes of deaths of tagged foxes re- 
*y < covered in southern 

+ Ky Wisconsin from 1973-77 and from foxes killed on 

TERS 26% the Waterloo Study Area 
from 1973-76. The number above each bar repre- 

sents sample size. 

ANNUAL CAUSES OF MORTALITY FOR 15 

FOXES RECOVERED AS ADULTS, 1974-77 

S x 
Ss - « 1B% 

Tv ~\ 

~/ * 
a \. $ 27% 

= NM 2 TABLE 15. Monthly mortality categories on the Waterloo Study 

2 20% - - ¥ Area, 1971-75. ee 
nw” rn ne PP A to APPT 

A 

£ 20% xe Shot While Hunting: 
° Month Pheasants Deer Fox Trapped Miscellaneous* 

ts, TO 
wx Sp October 4 0 0) 0 1 

= oR November 0 5 0 0 2 
Fox December ] 0 3 3 ] 

AUNT ERS January 0 0 18 1 0 
13%, February 0 0 6 0 1 

Totals 
(percent) 5(11) 5(11) 27(59) 4(9) 5(11) 

*Includes 5 foxes that were seen by landowners and shot 
FIGURE 13. shortly thereafter. 

Causes of death of red foxes tagged 
as pups and recovered in 

24 southern Wisconsin, 1973-77.



| | Miscellaneous causes of death for 14 
| tagged foxes recovered as juveniles 

were mange (7), vehicle-kills (5), dog 

(1), and unknown (1). Eleven of these 
TABLE 16. Results of the 1974-75 and 1975-76 Wisconsin 14 juveniles were predispersal mortali- 
fur-buyer’s statewide questionnaire on red fox. ties, recovered between June and Sep- 

a tember. The 5 recoveries of tagged 
1974-75 1975-76 adults included 4 vehicle-deaths and 1 

Pelt Data Number Percent Number Percent mange death, recovered during Janu- 
ary (2), May (2) and June (1). Vehicle 

Type of harvest kills during these months were proba- 
Trap 15,167. 70 8,061 64 bly underestimated because of lower 
Fox hunt 5 448 o5 3,908 31 pelt values and because some carcasses 
Other* 964 4 549 4 may have been concealed by vegeta- 

tion. Mortality due to mange was also 
Month(s) of harvest likely underestimated because of the 

, October-November 8,329 42 4,04] 34 | - difficulty in finding carcasses; there- 
December-January 8,521 43 6,157 52 fore, we suggest that losses from this 
February-March 3,107 16 1,655 1s disease are much higher than the 7% 

Number of mangy foxes and 4% figures reported by Wisconsin 
reported 1,484 7 655 A furbuyers (Table 16). Trainer and 

Hale (1969) indicated that mange can 

Numbers of buyers be asevere mortality factor over a large 
reporting mange: area of Wisconsin area. Stone et al. 

More than previous year 19 23 15 18 (1972) inferred that most cases of 
Less 27 32 36 43 sarcoptic manage in wild red foxes are 
Same 38 45 32 39 fatal; however, Storm et al. (1976:50) 

. documented several cases of recovery. 
ro yan's reporter From Tullar et al. (1976) theorized that 

More than previous year 10 9 3 3 mange could be readily spread through 
Less 74 68 64 67 communal denning, resulting in heavy 
Same 38 45 28 30 spring mortality. Although in some of 

the following cases mortality ulti- 
Total replies 123 63** 118 56** mately resulted from injuries inflicted 

by dog and man, mange was considered 
cae kills, bird hunters, deer hunters and unknown causes. as the primary cause of death. Nine of 
Percent of total furbuyers reporting. our tagged foxes which appeared 

| healthy when tagged, were known to 
have contracted mange prior to recov- 
ery. Eight of these were juveniles that 
moved less than 2.5 km. Two mangy 
pups from the same litter were killed 

po While in a weakened state by a dog, Oo 
which in turn was infected by the dis- 

| ease. Four mangy pups from a litter of 
, 8 were recovered after 2 were found 

Pea Nex kd Wt Lan) opt Ot RRO orn Ores sak eee os shot in a farmyard. The only man a tee ty Bee eon cs ak ages ie a ae y y BY, 
Oe Ct eee er ee eee tagged adult (2.5 years old) that was 

tS Bo ee an ee hee ns straying into a farmyard 47.5 km from 

—— Paar ae Se ar ne eee Sa, er 

RWC GLE Lee te ea: J 3 a ao ae ee Recovery Rates 
atta ir Od ie iy Se wig i, es y 

oN Pee eis cea i ne ee we a a Te 
Pe ener Treen ee See ss fon rs i .; .; Sie a ee Pe eee Tien e a Ce ee er ae 3 Oe ate ees a Pe eer | ee eee Analysis of recovery rates must pri- 

RE Se Sa gt tl ge ccc g eee ee 7 eee =| mar ily consider tag losses. By using the 
mF PPE s. ee Pigg g 7 Ret mcd ee method of Fairley (1969) to determine 

pata ae piers yea 7 traces i: eee GRAS oe oa es tag losses in 60 marked pups with com- 
Pe ach ce there a oe a RS ae ere ia een gg TY plete tag information out of 82 recov- 

ie a ieee ee eames §— cries, we found that only 0.5% of our RN BR at. i eet, © — ageed foxes would likely have lost 
ae eae? Pema a Sea oe aD Bates == both ear tags. Therefore, tag loss was 
BRS SAS aa PAE Sains pe Rs By SoS tay eS not an important bias when calculating 
ee Seek. Soe Be PS Aare . aft recovery rates and subsequent survival 

ges Ge Oe RR oe a eames |“ T | 
Sse eR ee gt Sagi Nie Se Sse. Data for 154 tagged pups included 
~ a recoveries through 1 March 1977, two 
Mangy fox trapped during November 1973. years after the last juvenile fox was 

marked (Table 17). At this time any 29



TABLE 17. Number of foxes recovered 1-4 years after tagging in southern Wis- : | 

consin through 1 March 1977. | 

SS nese ene eens eee eee nee enn ne cnn eae 

Year of Number Year of Return* 
Taqqing Taqqed 1973 974 Q75 9 

1973 30 13 2 ] 1 
1974 66 29 6 1 
1975 58 26 4 

*Return years started in “av of desiqnated year and extended through 
April of the succeeding year, e.q. 1973 = 1 May 73 - 30 April 74. | | | 

Number of Tags Recovered: 
Number In Designated Relative to From Release in After Designated Release Total Recoveries After 

Year Tagged and Released Year Year of Release MNesianated Year From Prior Releases Designated Release 
(i) (Ni) - (Ri) (M1) (Di) (Vi) (Zi) | (Ti) 

T 30 13 68 17 0 17 to 
2 66 31 12 | 36 4 40 | 
3 58 33 2 30 9 39 | 
4 6 1 : 6 6 | 

animals tagged in 1973 would have 
been three years old. 

Fifty-four percent of all foxes 
tagged at the dens were recovered; 

| 96% of those recovered were reported TABLE 18. Survival and recovery rates as a function of year and in- . 
during the first or second year after dependent of age. 
tagging. Only 2 foxes were recovered 
during the third year, while 1 was re- MODEL 1 
covered during the fourth year. These SS zzE————— oe 

recovery rates correspond almost ex- (Tag Recovered in 
actly to the results in Storm et al. (Tag Recovered Year Designated-- Recovery 
(1976:54) After Designated 1 Animal Alive at (Survivorship) Rate 

oe Year of Release) Beginning of Year) 2.41 8 A A 
Year _ A A M. A zt j _ 
(i) é ~ ‘Aa, Bj= 9) 7, 8; or Beaty Ai~(1-6;) 

Survivorship of Tagged 
Foxes 1(1973) 567 434 245 575 | 
oxe 2(1974) 545 422 213 -536 

; 3(1975) 517 ~437 161 52] 
The objectives of our analysis of fox 

population survivorship rates obtained 
from tag recovery data were to deter- 
mine whether: (1) tag recoveries re- 

present a sample of the living (1x ) or MODEL 2 
dying (dx) series, (2) recovery data eee eee 

relate to fox populations as a whole A A 
; , Year 1-@; @. Bs = 1- 

(3) mortality rates can be stratified by 2 I i= AQ- 9) 
age or year, (4) there is any bias to a 
particular age class, and (5) there are 1973 765 235 415 
any implications of the demographic 1974 775 -225 421 

. . 1975 . 846 154 ~459 
parameters which we have estimated. 

We tested our first two objectives by TO 
comparing the results of two models. 
Model 1 considered survival and recov- 
ery rates as a function of the year re- 

26 covered, independent of age. Table 18



| | | | | summarizes tag recovery information 
| and includes the last tagged fox that 

we recovered, which was harvested on 

19 February 1977. When tag recovery | 
rates were calculated using the tech- 

TABLE 19. Survivorship and recovery rate estimates incorporating niques of Seber (1973) , they were con- 
survival and recovery rates as a function of year and independent of stant, ranging from 0.575 during the 
age. first year to 0.521 during year 3, aver- 

among the highest recorded in the red. 
. 95% CI. fox literature, implicating hunting and 

A eS a C d + 28 trapping as the major mortality fac- 
Year 0; (Q;) (@*2S) tors. Therefore, the tag recoveries re- 

present a sample of the dying (dx ). 

1973 .245 = .0138 £1175 467 (.010-.480) When our recovery data were analyzed 
1974 .213 = .0052 .0722 .339 (.069-.357) according to an age-specific life table 

(Seber 1973), survivorship (84) de- 
creased from 1973 to 1975 (Table 18). 

| | Average pelt values increased from - 
$28.06 to $40.79 during the same pe- 

| riod, indicating a direct relationship 
—— — — ———_—_=_=___ between pelt value and mortality. 

| | o5% CI When expected recoveries (Seber 
| ,» Recovery Rate Estimates ars 1973) calculated under the estimated 

Year dj Gy C(Aj) «= (AGE 2S) parameters of Model 1 were compared 
Se by a Chi-square test with actual recov- 

1973-575 .0152 123 214 (.329-.821) eries from Table 18, no significant de- 
| 1974 .536 .0062 .079 147. (.378-.694) parture was noted (P>0.05, 3 d.f.). 

ae These results indicate that Model 1 is a 
: very good fit to the actual recovery 

data, even though confidence intervals 
are large (Table 19). 

. In Model 2, we assumed that recov- 
ery rates were constant, while survivor- 

ship rates were a function of year only 

and were independent of age (Seber 
a 1973:245). In this Model, we assumed 

that 9; = A, thus we have three esti- 
mates of 0; from, Table 18; which gave | 

| usamean 6; (A) of .543. The survi- 
TABLE 20. Population matrix of a hypothetical red fox vorship can be estimated by1-@; = 
population of 1,000 females based on previous calcula- Bj /0@i = Mj /Tj . Thus, our esti- 

tions of survivorship*, pregnancy rates**, litter size' and mates of survivorship (@j) and tags 

oe — — fecundity recovered in the year designated with 
eee anagem one ammal alive at the beginning of 

| year (B; ) from Table 18 are compa- 
3 10 re 000 - 330 - 20° : rable to Model 1. When a Chi-square 
. 0 20 30 0 0 20 test of the expected recoveries calcu- 

° ° lated under the estimated parameters 
Year 0 Year 1(430) Year 2(259) of Model 2 were compared with the ac- 

tual recoveries from Table 18, a value 

132 84 51 33 of 0.19 was produced which was not 
21 = 13 = 8 = 5 significantly different (P> 0.05, 3 d.f.). 
13 8 5 3 Therefore, the results of both Model 1 

and 2 are well-fitted to the actual re- 
Year 3(166) Year 4 (105) Year 5(64) Year 6(41) covery data. Both indicate that survi- 

$< —$. vorship has steadily decreased from 

*Survivorship: juvenile ~.10 loa to 1975, probably in an inverse re- 
yearling ~.20 lationship to increased pelt prices dur- 
adult  ~.30 ing the same period (Table 17). 

Objectives (3) and (4) were deter- 
**Pregnancy rate: yearling = .59 mined by the following calculations. 

adult = 89 When survivorship was analyzed by an 
1 age-specific (life-table) method, we 
Litter size = 5.6 determined that there undoubtedly 

. _ was a change in mortality rates from 
Fecundity: juvenile _ “33 pups to adults. By creating a simple 

yearling = 1.00 q . . 
adult = 1.50 x series from the Dj column from 

Table 17, we found that survivorship 
increases with age in the following pro- 
gression; juveniles (.18), 1.5 years 
(.17), 2.5 years (.5), and 3.5 years 2]



TABLE 21. Comparative age structure of 37 foxes killed on the Wa- 
: terloo Study Area (WSA) and 232 foxes harvested in 6 southern Wis- 

consin counties (SW) *, 1972-75. 

(1.00) . However, there is no possibility Shot While Hunting: Miscellaneous 
of estimating juvenile survivorship Fox Deer-Pheasants Trapped Kil] 

from our dx data, but it has to be less Age WSA SW WSA SW WSA SW WSA SW 

than 0.18. Therefore, results from our Te 

year-specific (Models 1 and 2) and 0.5 9 38 o 16 2 89 0 1 

age-specific data indicate that both y 0 o h 2 | V7 | | 

year and age influence survival, but ju- 3.6 3 9 0. 9 ° ; ; - 

venile survival, which is of the greatest 4. 5 1 4 1 1 0 1 0 1 

importance in red fox population dy- 5.5-8.5 1 3 0 0 0 9 0 0 

namics, cannot be estimated. By sub- | 

stituting an approximate juvenile sur- 
vivorship value of .10, we create a Totals 25 84 7 20 3 124 2 4 

perfect life table incorporating both a 

number of foxes marked and eventual *Includes Dodge, Jefferson, Fond du Lac, Marquette, Dane and 
Columbia Counties. 

Age l, dy 

5 154 68+(70) 
1.5 16 12 | 
2.5 4 38 
3.5 1 1 

| According to this life table, 50% of | 

juvenile mortality, due to factors such 
as mange, unknown predation and dis- 
eases, is unreported, where as approxi- 
mately 100% of adult mortality from 
causes such as hunting, trapping, and 

vehicle mortality is reported. TABLE 22. Juvenile:adult ratios and survival rates for red foxes col- 

lected in southern Wisconsin and on the Waterloo Study Area, 1971- 

Population Matrix 79. 
oO eETE—T—T—T—T————T—ET—>——EeEEEqEeeEe==Seooee—eeeeeeee——S=———=- 

Authors such as Nellis and Keith . 
Untagged Southern No. of Juv:Adult Survival Rates 

(1976) and Henny et al. (1970) have Wisconsin Foxes Foxes Ratio Year | Year 2 Year 3 
used life equations and population ma- ee 

tricies to predict the stability of a par- Trapped | 

ticular population after factors such as Females 64 1.46 0.41 0.46 0.37 

survivorship (9), pregnancy rates Males 60 5.67 0.15 0.67 0.54 

(pr), litter sizes (Ls) and fecundity Combined 124 2.54 0.28 0.51 0.44 

(F) have been determined (F = 2X pr Hunted | 

x Ls). From our previous discussion, 

we determined that juvenile survivor- ners ae ba ar 0 DED 

ship was unknown but was estimated Combined 84 0.83 0.55 0.57 0.50 

to be approximately .10; yearling survi- 

vorship was roughly .20 and adult sur- Combined total 208 1.57 0.39 0.54 0.48 
vivorship was approximately .30. 
When other previously estimated data a 
such as pregnancy rates (Table 8) and Water Study Area Foxes 
litter size (Table 9) were incorporated Males 20 0.82 0.55 0.45 0.58 

into a population matrix used by Females 15 0.67 0.60 0.22 0.33 
Henny et al. (1970), the population Combined 35 0.75 0.57 0.35 0.53 

decreased from 430 foxes in year 1 to lll 
41 foxes in year 6 (Table 20). We re- 

solved objective (5) by finding that 
age-specific survival rates determined 
from our tag recovery imply a strong 
exponential decline in the southern 

Wisconsin fox population. Therefore, 
stabilization of the population could 
only occur with an increase in produc- 

28 tivity or a decline in harvest mortality.



TABLE 23. Chi-square tests of age ratios of hunted versus trapped _| 
red foxes from the Waterloo Study Area and southern Wisconsin, 
1971-75. 

SeS=——eeeaeeellllllaSoOSoSQ®QENSOSNOSDNONOWDWOWWOEWEEDDE— 

é 
Southern Wisconsin Foxes xX? aici ese Ss en 

Trapped females vs. Hunted females 3.44% . 
Trapped males Hunted males 12.61! . 
Total trapped Total hunted 13.73! a ne — 

Trapped females Trapped males 8.81! CTE rant pares aE : 

Southern Wisconsin (SW) and WSA Foxes Mera Vid arc oH Ke eel. a 

Hunted and trapped WSA males vs. Trapped SW males 10.75! - ki vipa tae Se 
Hunted and trapped WSA males Trapped and : ; : did cot ee i 

hunted SW males = 3.81** Ve i Diese 
Hunted and trapped WSA males Trapped and Be De eee Se ae are LO «tm 

and females hunted SW males : i 9B: 
and females 3.37* a ; 

Hunted and trapped WSA males Trapped SN males ‘ aa a er 
and females and females 8.85! ih 

eee i 

*PrCo lO sp dt. : 
APPEC COS lad. 1 Ny 
1p <.01, 1 d.f. 

Four and one-half year old fox 

aged by cementum annuli. 

ing thelyx,dy,qy ands 2 (survival tober and November may have forced 
Age Structure of Southern rate or the number surviving during dispersing foxes off the study area that 
Wisconsin Foxes each age interval divided by the had temporarily settled at Waterloo. 

number alive at the start of the inter- (3) Pheasant and deer hunters shot a 
oe val) values for the various age classes larger number of juveniles as compared 

wine oo ee ene of the southern Wisconsin and WSA to adults that remained at Waterloo 
sin were 5.5 years or older, which corre- males and females. The resulting sur- (Table 21). : , 
sponded to the WSA age structure vival rates (sx ) were presented as Southern Wisconsin males trapped 
(Table 21). Our results were compara- those found in Year 1 (foxes aged at 0.5 during year 1 exhibited the lowest sur- 
ble to the ranges of fox longevity indi- year), Year 2 (1.5 years) and Year 3-6 vival of any segment within the sam- 
cated by Storm et al. (1976:54). Red (2.5 to 5.5 years) along with juve- ple. Conversely, during the second 
foxes that survive beyond the 3.5 year nile:adult ratios (Table 22). There- year, trapped males displayed the 
class probably become adept at avoid- fore, Juvenile:adult ratios and survival highest rates of survival. Survival rates 
ing trappers and hunters. As a result, rates were sex-, time- and source-spe- compiled for foxes hunted later in the 

they may not be represented propor- cific. season were higher partially because of 

tionally in a collection of hunted and Trapping (excluding the WSA) was generally poorer snow conditions. Wa- 
trapped foxes the main source of mortality for south- terloo data in particular mirrors these 

, ern Wisconsin foxes during October latter two conditions. Fewer juveniles 
and November (Fig. 13). As a result, were available for WSA hunters by 1 

; trappers took a large number of January. Therefore what appears to be 
Survival Rates of Southern juveniles, leaving a higher proportion a high Waterloo juvenile survival rate 
Wisconsin Foxes of adults to survive until the first of in an area that is heavily hunted, is a 

January, when hunting intensified. consequence of prior trapping mortal- 
Several authors, including Nellis | Therefore, trapped juvenile:adult ra- ity resulting in a low juvenile:adult ra- 

and Keith (1976), found that lower tios from southern Wisconsin were tio. 

survival rates are prevalent during the ey higher than ratios ob- 
first year of life. Storm et al. (1976:56- tained by hunting (Table 22). Signifi- 

57) computed survival rates for foxes cant differences were found between PREDATOR-PREY 
tagged as juveniles and as adults and ths age ne 7 nai and trapped RELATIONSHIPS 
found that survival was lower in males and females killed both on and 
juveniles. Only 10 adult-sized foxes off the WSA (Table 23). The WSA ju- 
were tagged during our research, while venile:adult age ratio was lower than Our purpose within this section is to 

one recovery was made. Therefore, we the southern Wisconsin sample due to _ analyze the impact of red fox predation 
could not compare survival between 3 factors: (1) Juveniles produced on on its principal prey species, particu- 
adults and juveniles. We prepared a the WSA dispersed off the area, while larly ring-necked pheasants and cot- 
time-specific life table (Geis and Taber trapping outside the WSA resulted in tontails, through a close scrutiny of red 

1963:285) to estimate survival rates of | substantial mortality of ingressing fox food habits. Southern Wisconsin 
untagged southern Wisconsin and juveniles. (2) Heavy pheasant and fox scats, stomach contents, food items 
WSA foxes. This was done by comput- _ deer hunting pressure during late Oc- at dens, and food items found while 29



TABLE 24. Ring-necked pheasant populations on the 

Waterloo Study Area, 1968-75. 

Winter spring 
Pheasant Pheasants easant easants 
Population Per Population Per 

Year On 1 January km on 1 April — km 

| 1968 -- -- 757 9.0 
1969 1,393 16.6 867 10.3 

winter tracking used for this analysis 1970 1,147 13.7 602 7.2 

were primarily collected on the WSA. 1971 1,481 17.7 84] 10.0 

Evidence of pheasant predation was a 

compared with the findings of Dumke 
and Pils (1973). All food habits data 1004 bos 15.5 4 0 

were used to compare the combined 1974 1,270 15.2 747 8.9 

seasonal diet of red foxes. Food items 1975 267 10.4 527 6.3 

found at dens were used to compute 

spring predation rates. 
Mean 1968-7] 
ps SEB. + 99.9 16.0 767 9.1 

i Mean - 
Prey Populations + S.E. 1.156 + 98.7 13.8 707 8.5 

Ring-necked pheasants. Winter a 

and spring pheasant populations on ) , 

the WSA were compared from 1968-75 
in order to place into perspective avail- 
able pheasant densities from the 
Dumke and Pils (1973) investigation 
as well as the current study (Table 24). 

Winter pheasant p opulations were de- TABLE 25. Percentage of small mammal species trapped in six cover 
rived from calculations of posthunt types, Waterloo Study Area, 1972-75. 
populations and represented a com- ee 

posite date of 5 December. This figure - 
| was expanded to represent the ensuing Terao Cea te TET aba 

1 January population. For example, Species Hardwoods Grassland Corn Hardwoods lamarack shrub-tarr 

the 1 January 1970 winter population Deer mice 16 7 20 25 23 9 

estimate actually represented the 7 Meadow voles T 39 2 3 13 42 

December 1969 posthunt population of Jumping mice T 54 12 8 12 15 

1,147 (Table 24). Spring populations House mice 12 80 3 T 4 . 
were derived from crowing cock counts | nereous shrews | 23 | V7 25 33 

. . . ricolor shrews -- 5 -- T 16 77 
and winter sex-ratio observations and Short-tailed 
represented pheasant densities on 1 shrews 2 36 3 12 13 34 

April. The 1975 population estimated Other species 24 22 39 5 10 -- 

by Woehler (pers. comm.) was the low- a 

est spring population observed on the 
study area since the 1968 counts. 

Neither the 1968-71 winter or spring 
population means differed significantly 

(P>0.05) from those of 1972-75. TABLE 26. Cottontails per hectare derived from live- 

Small mammals. All small mam- trapping three areas on the Waterloo Study Area, 1971- 

mal population trends were expressed 79. . 
in captures per 1,000 trap nights (Pe- eel EE 
tersen in press). Populations appeared Total 
to build from March through Septem- Date Quarry Faultersack Ker] No. /ha 

ber with peaks probably being higher TTT 
in August than September. Small Fall = 1971 8.7 -- -- 8.7 
mammal numbers held fairly well from Winter 1972 a 6.8 -- 6.8 
October through November, then fall 1972 7.3 14.7 ~* 11.0 
dropped rapidly from December to nter 1973 10.2 12.0 6.3 9.5 

; le Fall 1973 5.7 8.2 -- 7.0 
January, reaching their lowest point in Winter 1974 3.2 _- 4.4 3.8 
March-April, just prior to the spring Fall 1974 4.0 _. 0.9 3.4 
reproductive period (Fig. 14). Some Winter 1975 1.9 -- 4.4 3.1 
rodent and insectivore species are 
reproductively active all year but the 
best reproductive success undoubtedly Mean fall density = 7.4 
occurs during the summer months (F. | Mean winter density = 7.0 

30 Iwen pers. comm.).
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FIGURE 14. Indexes to relative abundance of 
small mammals on the 
Waterloo Study Area from bimonthly snap-trap- 
ping, 1972-75. | 

Table 25 lists the percentage of the downward trend in cottontail popula- Pup and adult scats found at dens rep- 
principal small mammals trapped at tion was indicated for the 1971-75 pe- resented fresher samples and were | 
the six major cover types on the WSA. riod. more indicative of the month in which 
Petersen (in press) discusses small found. Important food items in these 
mammal abundance cycles and rodent- samples were small mammals, cotton- 
insectivore cover type preference in . tails and unknown birds (Table 27). 
more detail. | Red Fox Food Habits Small mammals occurred more fre- 

Cottontails. Live-trapping cotton- quently than any other food item in | 
tails provided the best index for esti- Interpretation Problems. The scats collected away from dens, but 
mating rabbit abundance at Waterloo proper analysis and interpretation of were surpassed in terms of biomass by 
(Table 26). Cottontail trapping was red fox food habits is a serious problem cottontails (Table 27). The high cot-_ 7 a 

~ conducted in selected areas where cot- © facing predator research and manage- ~ tontail biomass in scats found away 
tontail densities were sufficiently high ment. Latham (1951:8-20) discussed from dens possibly indicated higher 
to derive statistically reliable popula- many of the problems encountered in predation on cottontails during the 

| tion estimates using the regression food habits studies. The three most winter months; later winter tracking 
analysis technique of Edwards and common sources of error were: (1) data also indicated that foxes fed 
Eberhardt (1967). | faulty sampling; (2) inadequate pres- largely on cottontails. Cottontails may 

Cottontails were trapped during entation of data; and (3) insufficient be more susceptible during the winter, 
eight fall and winter periods from Oc- ecological information for proper in-. when voles and deer mice are not as 
tober 1971 to January 1975. Data on terpretation. Richards and Hine numerous (Fig. 14) or are under snow 
331 individual cottontails, plus 724 re- (1953:44) suggested that the fox’s rep- cover and are less vulnerable. 
captures were obtained during 17,432 utation as a game killer must be evalu- Pheasants were infrequently identi- 
trap nights. Cottontail densities on the ated not only in terms of the foods fied in scats, but may have been repre- 
WSA trapping sites varied from 1.9 to eaten and their availability, but also sented in the unknown bird category, 
14.7 cottontails per hectare; mean fall with respect to the population trends due to the difficulty in identifying 
and winter densities were similar (Ta- of the prey species. Besadny (1966:5) pheasant feather fragments. Birds, 
ble 26). Upland hardwoods with a __ examined the contents from 1,737 Wis- plants and insects were found more 
brushy understory contained high cot- consin red fox stomachs and listed the frequently in scats at denning sites 
tontail numbers, but constituted only problems inherent in the identification than in those away from dens (Table 
4.5% of the total WSA cover types. of food items due to varying digestion 27). These prey items probably were 
The mean fall density of cottontails rates. Englund (1965:386-390) further more available during the warmer den- 
trapped in WSA upland woodlots was discussed the importance of volume ning season. 
8.1 rabbits per hectare as compared to and weight interpretations, when ana- Stomach Contents. Results from 
8.9 cottontails per hectare taken dur- lyzing stomach contents. analysis of stomach contents were sim- 
ing the fall at a 34.6 ha woodlot in Scat Analysis. Table 27 summa- ilar to the scat analysis (Table 28). 
southwestern Wisconsin (Trent and rizes the dates and areas in which scats Cottontails represented 49 to 66% of 
Rongstad 1974:459). Most of the WSA were collected. The month of defeca- the total biomass and small rodents oc- 
cover types were cultivated lands, tion was difficult to determine for old curred in 38 to 57% of all stomachs 
marsh, and pasture (Table 1) that con- adult scats, especially those found sampled. Again, availability probably 
tained low cottontail densities. A away from dens under melting snow. determined the quantity and fre- 31



REE ie ey eee , 
PROM Se: tenes aaa alae re Pret a PS 

gee is Lee a f oa hice ; ea ie i 

Se ES ee a a NN ee my ss Sas 
SS IME SIE HEAD 3° rea RAR ie as an 
Rae Cia gence eee aN Wee 7 Aer 
LOR Le De Cg 
er 7s Hy) Re Ca ee 
Yet Me Be ae ME + Li Rh! sO AT)? 

BPs ater Ar een Y es aca al Wie cat ; 
bee EWN Ah g Sania Ch INT AMAR Me Y 

CGS Wes V8 | Sree ar NO mmena ie CO 
Pheasant and cottontail remains found at @gy A sae SS A ein nt We ene 

a Waterloo den in mid-May. GRAIG) has Gi Si) Clann a ee Se i Bey Cea 
PU ae Ome ai a MS 
ne At A Ce NNN 7 Orme SC nl BRN G NIA aC ANRC ERD ds 

Be eres | ae er hae Sides SNC RAE et SR ha) 

quency of the time consumed. Bird 
identifications were not as difficult as 

i the goat ainlals besa Ofte ah TABLE 27. Food items taken from 1,020 scat samples collected at 
the feathers. Domestic fowl repre- and away from dens on the Waterloo Study Area, 1972-75. 

sented 9 to 15% of the total biomass. eee 

Many southern Wisconsin farmers dis- Away From Den (392 Scats At Den (628 Scats 
pose of their chickens with manure ercent Frequency ercent ercent Frequency Percen 
spreaders and thus make the fowl read- Food Item* of Nccurrence Biomass of Nccurrence Biomass 

ily available for foxes. Scott and Klim- 
stra (1955:45-46) recognized scaveng- “amar mammals** 40 3 26 2 
ing as a red fox dietary trait resulting Cottontails 25 66 13 44 
in the consumption of large mammals Unknown mammals 2 8 5 28 
such as pigs, cows and sheep. Nuskrats T T T 1 
Pheasants were found in relatively low ae f f 4 5 
percentages for both frequency of oc- 67 BB am 1S 

currence and quantity. These lower oc- 
currences may have been a reflection of Bis wn bird nN 4 21 29 

the milder winters encountered by Pheasants . 1 2 1 3 
pheasants during the current study, as Domest! c owt z ; 9 
compared to the previous severe win- leadowlarks mu 
ters documented by Dumke and Pils 4 7 23 2% 
(1973). Fox hunting habits may also Insects 

have been influenced by mild winters, Unknown insects 1 T 9 i 

i.e. more small mammals available. Beetles 9 9 2 T 
Opossums constituted 11% biomass in rasshoppers 4 + v + 
stomach contents from the WSA. The 
annual WSA mammal survey indicated Plants. 
that opossums were commonly ob- Unknow plants g 1 3 r 
served by Waterloo landowners. These Corn 2 T ] 0 
slow-moving marsupials may have Apples 1 T 0 0 

been obtained by foxes as vehicle- Soybeans 1 I 9 oO 

killed carrion. % T 3 i 
Food Items at Dens. Remains Totals 97 100 98 100 

found at fox dens gave the most visible 
and highly identifiable food items. Al- 
though 58 dens were investigated for *Month Total Scats Collected 
food items and scats, several dens were Collected Away From Den At Den _ 

visited more than once, resulting in a 
total of 90 visits (Table 29). Almost pea 2 
80% of the checks were made during March 203 
April and May, the months of peak fox April 32 145 
family activity. ; a 

Cottontails were the most impor- Suly 7 22 
tant food item by both percent fre- November 6 
quency of occurrence and biomass, a December 57 

Bef ibe Hoes eg ae **Predominantly voles and deer mice. 

tontail densities were probably higher 
during the fox denning months of April 

32 and May than any other two-month



period, and thus rabbits were readily food items appeared as spring sively preying on his poorly penned 
available. Pheasants were the second progressed. For example, ground nest- friers that were nearby. Another WSA 

| most important food item at dens. ing passerines such as meadowlarks farmer regularly deposited dead or dy- 
Hens were especially prone to preda- were frequently found during late ing chickens at an active fox den on his 
tion during the 23-day incubation pe- April and early May. Tree-roosting property. 
riod primarily spent on the nest and tree-nesting passerines such as A crucial factor associated with in- 
(Dumke and Pils 1973). Ninety per- bluejays, robins and warblers were also terpretation of food remains at fox 
cent of the 39 sex-determined found:at dens (Table 29). We were not dens during the denning season, which 
pheasants found at the dens were hens. able to determine how foxes preyed has generally been ignored (except by 
The combined spring sex ratio (1972- upon these birds, unless they were Johnson and Sargeant 1977), is the 
74) on the WSA was 6.7 hens per cock, scavenged. Domestic fowl (chickens number of food items that are over- | 
therefore more hens than cocks were and ducks) were regularly found at looked because they are located below 
available for foxes during the spring. dens (Table 29); chickens constituted ground in burrows. Errington 
The largest numbers of small mammal the third most important food source (1937:54) , for example, relied only on 
carcasses were ususally found at dens encountered at dens. Fowl discovered scats and food items collected at the : 
in late March and early April. Meadow at dens probably represented scaveng- den surface to evaluate the food habits 
voles and short-tailed shrews were the ing, although one Columbia County of Iowa red foxes during a drought 
small mammals most frequently en- farmer requested that DNR personnel summer. Richards and Hine (1953:44- 
countered. A more diverse selection of move a fox family that had been exten- 45) used a fishwire probe to remove | 

items from within the den; however, 
they were aware that some items were 
missed by this technique. 

Foods found at dens ffom 1973 to 
1975 were separated into remains col- 
lected either inside or outside of bur- 

TABLE 28. Food items taken from 132 fox stomachs collected both rows. The difficulty encouhtered with 
on and off the Waterloo Study Area, 1972-75. this technique was making an accurate 

specimen count for each category. For 
So example, when a left wing and foot 

On the WSA (47 stomachs**) Off the WSA (85 stomachs!) from a hen pheasant were found inside 
ercent Frequency Percent Percent Frequency Percent the den and a right wing from a hen 

Food Item* _ of Occurrence Biomass of Occurrence Biomass _ was found outside the den, only one 
M hen was counted as present at the den. amma 1s . —SmaTT mammals 57 4 38 2 Whole mice and rats were found at 

Cottontails 16 49 27 66 each of the 58 dens. Table 30 shows 
Opossums 1 11 0 0 that a sizeable number: of food items 
Skunk | / 0 0 were located below the surfaces of ac- 
sping namea] ) ) 5 10 tive fox dens. The ratios of specimens 
io mamma's 0 0 ] ] found outside active fox dens com- 

76 val 69 79 pared to inside for the three major food 
items were: Cottontails 1:2.6; meadow 

Bird ; voles 1:6.7; hen pheasants 1:1.4; and 
| pomestre foe cock pheasants 1:2. Only 33% of the a 

reese ds 9 8 5 4 total food items were discovered 
1S 6 T2 aT outside the den. As a result, the total 

numbers of game species represented 
Plants at dens (Errington 1937) probably has 
crass ; I 1 ° Q been conservatively estimated in the 

past. 
Unknown 4 + iz + Cached food items represent an- 

other source of data that have been 
Totals 99 97 97 100 minimized when evaluating the impact 
a of red fox predation on game species 

‘Monthly Number of ee ce commonly cache kills ter hater ace 
Stomachs Collected ___On WSA__OfF WSA (Dumke and Pils 1973:28). Mallard 

June 1 mortality studies incorporating radio- 
July 1 telemetry in North Dakota (Johnson 
September 3 and Sargeant 1977) have shown that 
Noten ee ; 3 during the April to June period, only 
December 7 9 77 of 285 ducks killed by foxes were 
January 17 20 found at the denning site. The remain- 
February 15 18 ing 208 mallards, which could not be 

identified in den food remains, were 
Total 47 85 consumed or cached. Although we 

**13 Empty could not determine the number of 
117 Empty prey items cached away from dens as 

compared to foods found at active 
dens, Dumke and Pils (1973) indi- 

cated that practically all of the pheas- 
ant kills found during the fox denning 
season were cached away from active 33



TABLE 29. Food items found at 58 dens* from March to July, 1972- 

75** in southern Wisconsin. 

Mean Food Percent Frequency Percent 
Food Item Item Weight(g) of Occurrence Biomass 

Small Mammals 
Meadow vole 46 8.3 T 
Deer mouse 22 1.2 T 
Short-tailed shrew 24 2.0 T 
Norway rat 358 1.0 T 
Striped ground squirrel 110 T oT 
Cinereous shrew 5 T . T 
Tricolor shrew 9 T T 

Mid-sized Mammals 
Cottontai1 1,300 26.4 34.6 
Muskrat 1,200 4.3 5.3 
Fox squirrel] 765 2.7 2.1 
Unknown mammal 2,000 1.0 2.1 
Domestic rabbit 3,632 1.5 5.4 
Opossum 4,082 1.0 3.1 
Raccoon 9,080 1.0 | 6.9 
Long-tailed weasel 150 1.0 T 
Gray squirrel 625 T T 
Least weasel 40 T T 
Mink 908 T T 
Skunk 2,495 T T 
Woodchuck 3,632 T T 
Cat 2,724 T T 

Large Mammals 
Pig 454 3.1 1.4 
White-tailed deer 454 1.0 T 
Cow 454 T T 

Reptiles 
Garter snake 20 T T 

Fish 
Carp 800 T T 

Birds SO 
Unknown bird 70 4.9 T 
Grackle 100 3.6 T 
Red-winged blackbird 79 2.2 T 
Meadowlark 120 1.9 T 
Robin 80 1.0 T 
Warbler 30 T T 
Blue jay 95 T T 
Crow 330 T T 
Catbird 75 T T 
Mourning dove 120 T T 
Upland sandpiper 200 T T 
Great horned owl 1,200 T T 
Unknown eqq 35 T T 
Yellow-shafted flicker 135 T T 

Game Birds 
Ring-necked pheasant 1,150 14.8 17.2 
Mallard 1,150 T 1.0 
Blue-winged teal 425 T T 
American coot 400 T T 
Hooded merganser 450 T T 
Pheasant egg 30 T T 

Domestic Fowl] 
Chicken 1,360 8.2 11.3 
Duck 1,400 2.2 3.2 
Goose 4,540 T 1.4 
Guinea fowl 1,816 T T 
Duck eqg 40 T T 

Total 94.3 96.0 

¢ 

34



TTT 

TABLE 29. Continued. 

*1972 - 15 dens ) 
1973 - 15 dens 
1974 - 13 dens 
1975 - 15 dens 

**Food items were collected from dens during the following number of visits: | 

| March April May June July 

1972 2 6 10 4 7 
1973 2 3 12 4 
1974 6 10 ] 2 
1975 6 9 2 

Total 4 21 5] 1 3 

TABLE 30. Comparison of food items found inside and outside dens, 
southern Wisconsin, 1973-75. 

Number of Den Food Items Percent Found 
Food Item Inside Outsfde Total* Outside Den 

Mamma 1s 
Cottontals 85 33 171 30 
Muskrats 10 4 12 33 
Fox squirrel 4 6 10 60 
Pig 10 6 13 46 
Meadow voles 47 7 54 13 
Long-tailed weasels 1 2 3 66 
Norway rats 6 0 6 0 
Deer mice 4 0 4 0 

| Birds 
Female pheasants 23 17 35 49 

a Made pheasants... —i‘(‘iti<‘ YR‘ Qo. 100.-.———t—~—S - — 
Meadowlark 6 1 7 14 
Red-winged blackbird 9 4 12 33 
Wild duck 4 1 5 20 
Chicken 10 10 16 63 

Total and Average 221 95 292 33 

*Total food items, whether found inside or outside of den. : 

dens. Therefore, knowledge of cached Winter Tracking. Table 31 sum- mals such as raccoons, pigs and deer, 
game species could conceiveably have marizes by cover type the number of probably represented scavenging. 
changed the conclusions of previous re- kills and carrion foods encountered. Farmers frequently dumped pig car- 
search based on prey remains found at Tracks in retired cropland and marsh casses in their fields where they were 
dens. For example Richards and Hine were followed for the greatest dis- fed upon by many animals, including 
(1953:46) found only four grouse and tances and the two cover types con- foxes. Smaller carrion such as cotton- 
two pheasants which probably repre- tained the most evidence of kills and tails, skunks and opossums may have 
sented a minimal count of prey re- carrion. Retired cropland, which was been killed earlier by foxes and ex- 
mains at 33 red fox dens in southwest- significantly preferred in excess of humed for a later feeding. The most 
ern Wisconsin. If additional cached abundance, may have been used by unusual fox kill found was a great 
grouse and pheasants had been found foxes as hunting cover because it con- horned owl (Pils 1975:158). 
the actual number of predated game tained high winter populations of small Food items found while snow track- 
birds may have been considerably mammals (Petersen in press). Evi- ing are summarized in terms of occur- 
higher. dence of foxes feeding on larger ani- rence and biomass (Table 32). Carrion 39



TABLE 31. Winter hunting and feeding summary from tracking red foxes 182.6 

km on the Waterloo Study Area, 1972-75. 

Nene 

SmaN Mamma] Number of Kills Number of Carrion Items 

ttempte 
Land Use Kills Kills Cottontail Other Cottontail Pheasant Pig Other 

Retired cropland 33 6 2 Passerine ] Skunk, Deer | 
Smal] mamma] 

Marsh | 

Shrub-carr 26 9 3 Passerine ] 4 Opossum 
Raccoon 

Lowland herbaceous 19 2 1 Pheasant 1 1 

Wet pasture ] 1 
Canary 14 ] Great horned 

owl 

Upland hardwoods 7 1 3 

Lowland hardwoods ] 

Cultivated lands 
Hay 22 4 ] 

Corn 8 4 1 1 

Plowing 3 

Pasture 5 2 1 1 1 

Strip cover 
Ditchbank 4 ] 7 

Farm lane 4 
Fenceline 2 Raccoons 

Multiflora rose ] 

Miscellaneous | 
Gravel pit 5 ] 

Conifer plantation Mourning dove 
Sod farm 4 
Wood edge 2 

aN 

TOTAL 159 31 11 5 5 2 7 7 

a 

not cached represented food items as- 
sumed not to have been killed by foxes. 

Therefore, only “known” kills were 

TABLE 32. Frequency of kills based on winter tracking red foxes on used to calculate percent biomass and 

the Waterloo Study Area, 1972-75. percent frequency of occurrence. We 
recognized that carrion may possibly 

a represent an important source of win- 

Number of Percent Frequency Percent ter food that could be gathered with 

Food Item Kills of Occurrence Biomass little expenditure of energy. However, 
eee we felt that the inclusion of carrion was 

Sma11 mammals 3] 66.1 4.5 not compatible with later predation 

Cottontail 11 23.4 80.8 rate calculations. Only portions of 

Pheasant 1 2.1 6.5 scavenged pigs were noted at dens, but 

Unknown passerine 2 4.2 8 entire carcasses, averaging approxi- 

Great horned ow! | 2.1 6.7 mately 20 kg apiece, were fed upon by 

Mourning dove | 2.1 7 foxes during the winter. A small por- 

_——_—$_$_—_— tion of a deer was scavenged on one oc- 

Totals A7 100 100 casion. Pheasants consumed by 
tracked foxes were found as carrion in 

TTT a three of four instances. Arnold 

(1956:27) found evidence of only three 
pheasant kills while tracking foxes 928 

36 km during five winters in southern 
Michigan. Mice and shrews were the
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chief prey items found by Schofield The post-brood-rearing period (28 Au- plants during all of the five seasonal 
(1960:432-433) while following 1,784 gust - 15 October) was not used due to periods (Table 34). Corn and grass 
km of fox trails in central Michigan; he lack of food habits data. The bulk of were the most evident items. Various 
also found 19 ruffed grouse previously our fox dietary data was obtained dur- grasses were not chewed thoroughly 

killed by other predators. Arnold ing the pheasant nesting period (15 due to the nature of canid dentition 
(1956:18) stated that “except under April to 28 June). Cottontails were the (Pils 1965:10). 

unusual circumstances pheasants and most important food item consumed 
other birds are ignored by foxes during by both percent frequency of occur- 
the winter”; however, Arnold did not rence and biomass during the five sea- tes : 

define ‘‘unusual circumstances”. sons. Most cottontails were taken dur- Quantifying Predation 
Dumke and Pils (1973) found that ing the hunting (16 October - 14 
foxes preyed heavily on pheasants dur- December) period, although the The major objective of our food 
ing severe winters at Waterloo. Our ex- number of food items obtained was habits study was to determine the im- 
perience in tracking foxes tends to lower than for any of the other periods. pact of fox predation on game popula- 
agree with Huff’s (1964:45-46) sugges- The snow cover period (15 December - tions. From the analysis of stomach 

tion that foxes meander through a vari- 18 February) was the second highest contents Richards and Hine (1953:53- 

ety of habitats and use very little per- period for cottontail prey items, possi- 55) estimated numbers of species 
sistent effort in hunting a specific prey bly due to the reduced availability of taken by foxes. Korschgen (1959:174) , 

animal. escape cover. Small mammals and by combining food item information 

Burrows (1968:58) theorized that meadow voles frequently occurred in from 1,170 red fox stomachs with an 
although smell is the most vital single the red fox diet during the snow cover __ estimate of daily food requirements of 
sense a fox possesses, its nose is not season, possibly also due to the lack of foxes, estimated that 6,000 rabbits 

used extensively while hunting. The adequate cover. were eaten each year by 100 red foxes. 

type of animal normally eaten is more Pheasants were noted most fre- However, this type of analysis requires 

easily detected by either sight or sound quently and in greatest quantities dur- qualifications in order to properly eval- 
or both combined. Smell is most im- ing the nesting season (15 April — 28 uate results. The occurrence of a par- 
portantly utilized for locating carrion, June). Although Dumke and Pils ticular food item in the diet may re- 

detecting enemies and for social infor- (1973:27) noted that foxes preyed present carrion which cannot be 

mation (Burrows 1968:58-59) . We esti- more heavily on pheasants during the distinguished from prey. Deer, pigs 
mated mousing success at Waterloo by snow cover season, the nesting period and cattle that appear in this analysis 
noting the times small mammal blood, was the second most vulnerable period usually may be safely assumed to re- 
carcasses or hair was found after an ap- for WSA pheasants. Unknown bird re- _— present carrion. On the other hand 
parent “pounce” in the snow. Waterloo mains were found in large quantities smaller species such as rabbits or 
foxes were successful only about 20% during the nesting season. Utilization pheasants are not as easily classified. 

of their attempts to catch small mam- of domestic fowl as carrion was re- Raptor researchers such as Craig- 
mals. The earlier Waterloo studies flected by its usage as a food through- _— head and Craighead (1956), have also 
proved that foxes can be extremely effi- out the hunting, snow cover and late used predation rates (the precentage 

cient pheasant stalkers under severe winter seasons. Greater numbers of of a prey population taken by a 
winter conditions (Dumke and Pils chickens and ducks were probably predator) to quantitatively describe 
1973). Stanley (1963:13) was able to available as free-roaming live prey dur- the impact of predation on various 
use winter tracking data to deduce that ing the spring on southern Wisconsin _ prey species. This technique was re- 
rabbits were not caught by foxes once farms. During our study, we observed fined by Luttich et al. (1970) and 
the former had left cover. several farms that allowed chickens to MclInvaille and Keith (1974). Compu- 

Combined Food Habits. All food roam considerable distances from tation of prey biomass killed by red- 
item collections (Table 33) were fitted farmsteads. tailed hawks on a study area required: 
into five of the six seasonal periods de- The omnivorous nature of the red (1) a knowledge of changes in redtail 37 

veloped by Dumke and Pils (1973:18). fox was apparent by its ingestion of | numbers over time; (2) species compo-



TABLE 33. Red fox food habits summary by seasonal periods, 1972-75, taken from analyses of food items from dens, 
scats, stomach contents and winter tracking. Seasonal periods are taken from Dumke and Pils (1973:19). 

Seasonal Periods 
Hunting Snow Cover Late Winter Nesting Brood Rearing 

(16 Oct-14 Dec) (15 Dec-18 Feb) (19 Feb-14 Apr) (15 Apr-28 Jun) (29 Jun-27 Aug) 
Freq. of Percent Freq. of Percent Freq. of Percent Freq. of Percent Freq. of Percent 

Food Items Occurr. Biomass Occurr. Biomass Occurr. Biomass Occurr. Biomass Occurr. Biomass 

Small Mammals | 
Meadow vole 19 ] 11 T 14 ] 5 T 2 T 
Short-tailed shrew 1 T 1 T 1 T 
Deer mouse T T ] T 1 T 
Norway rat T T 
Striped ground 

squirrel T T 
Cinereous shrew ] T T T 
Tricolor shrew T T 
Jumping mouse T T 1 T 
Long-tailed weasel T T 
Least weasel T T 
Unknown smal] 

mamma 1 26 1 32 2 26 2 15 T 16 2 

Mid-sized mammals 
Cottontail 33 72 28 57 . 22 58 15 37 5 21 
Fox squirrel T T ] 1 1 2 
Gray squirrel T T 
Muskrat 1 1 T T 1 3 
Skunk ] 3 ] 4 T T 
Opossum T 2 1 5 T ] 
Domestic rabbit ] T 
Domestic cat T T 
Raccoon 7 15 T 5 
Mink T T T T 
Woodchuck T T 
Unknown mamma] 4 12 1 4 2 10 4 16 7 44 

Large mammals 
Pig 1 T 1 T 
Cow T T 
White-tailed 

deer T T T T | 

Reptiles 
Garter snake T T 7 T 

Fish 

Carp T T 

Birds 
Red-winged blackbird T T 
Grackle 1 T 
Meadowlark 1 T 
Warbler T T 
Robin T T 
Yel low-shafted . 

flicker T T 
Blue jay T T 
Catbird T T 
Unknown passerine 1 T 

Game Birds 
Ring-necked 

pheasant 2 4 2 4 ] 2 5 10 ] 2 
Mallard T T 
Blue-winged teal T T 
American coot T T 
Hooded merganser T T 
Pheasant egg T T 
Duck egg T T 

Domestic fowl] 2 4 7 3 3 7 
Chicken 3 7, 1 5 
Duck ] 3 
Goose T T 
Guinea fow] T 2 

Other Birds 
Crow T T 
Upland sandpiper T T 
Mourning dove T T 
Great horned owl T T 
Unknown egg T T 
Unknown bird 14 im 
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TABLE 33. Continued. 
-—sSsSsS0M0M0M080—$0—0—”0”$”$30., 

Seasonal Periods 
_ Hunting ~~ Snow Cover —“‘é! ~~ édLate «Winter ~~~ Nesting Brood Rearing 
(16 Oct-14 Dec) (15 Dec-18 Feb) (19 Feb-14 Apr) (15 Apr-28 Jun) (29 Jun-27 Aug) 
req. of Percent Freq. of Percent Freq. of Percent Freq. o ercent req. 0 ercent | Food Items Occurr. Biomass Occurr. Biomass Occurr. Biomass Qcecurr. Biomass Occurr. Biomass $$ nee ees. tomass Uecurr. — Biomass — | 

Plants 
Grass 2 T T T 2 T 2 T 2 T 
Corn 1 T 2 T 9 T 9 T 
Oats ] T 5 oT 

Unknown plant 5 T 11 T 12 T 13 T 

Insects 11 T 28 T 
ee 

TOTAL 99 99 97 97 99 98 98 93 104 101 
eee 

sition of the redtail kill expressed in of fox families by 91, the number of only crude estimates. Spring predation 
percent biomass; and (3) average daily days in the spring season. This figure rates computed for the WSA may have 
biomass of food taken or required by represented the expansion of den us- underestimated the numbers of game 
adult and young redtails (Luttich et al. age for the entire spring season, after species killed because of the caching 
1970:194). dens were excavated or checked for the behavior of foxes. Johnson and Sar- 

The calculation of red fox predation last time. geant (1977) documented that foxes 
rates on pheasants at Waterloo utilized The rate of pheasant consumption only brought 33 % of preyed mallards 
the first two prerequisites from Luttich at the den (days per pheasant eaten) back to dens. Based on considerable 
et al. (1970:194). Predation rates on was obtained by dividing den-days by field observations, we felt that domes- 
cottontails were not determined, be- the number of pheasants found at tic fowl were more available as carrion 
cause total WSA rabbit populations dens. The total number of pheasants during the spring than were carcasses 
were not known. Instead, total num- killed on the WSA throughout the of pheasants or cottontails (Table 29). 
bers of cottontails killed during the spring was obtained by dividing total Therefore, the amount of pheasant or 
spring were calculated. Pheasant and §_ den-days by days per pheasant eaten. cottontail carrion we may have in- 
cottontail remains encountered at dens The total number of pheasants avail- cluded as fresh kills was more than off- 
during the spring (April-June), the able during the spring was taken from set by cached individuals not included 
only season in which food habits data Table 24. For example, during 1972 in the spring predation rate analysis. 
were sufficiently represented for the es- (Table 34), 10 fox families collectively The impact of red fox predation on 

___ timation of numbers killed, were allas- occupied dens for 398 days (den-  cottontails and pheasants during the _ _ 
sumed to be prey. This assumption is days). When den use was expanded for winter was calculated in a manner dif- 
based upon the low number of vehicle- the 1972 spring season 10 families were ferent than that for spring predation 
killed pheasants available as carrion multiplied by 91 days to obtain 910 to- rates. The number of pheasant and 
during the Dumke and Pils (1973) tal den days. Ten days per pheasant cottontail occurrences found by exam- 
study and the low number of vehicle- eaten for 1972 was obtained by divid- ining 29 stomach contents, 283 scats 
killed cottontails and pheasants ob- ing den-days (398) by the total and carcasses found during 133 km of 
served during our investigation. number of pheasants found at the den winter tracking were used to assess 

Spring predation rates were deter- (40). Total spring mortality was calcu- predation during the winter season 
mined from examination of food items lated by dividing total den-days (910) (Table 35). Based on data from Arnold 
collected at active dens. An estimate by days per pheasant eaten (10) to ob- (1956), WSA foxes were assumed to 
was made of the den-days or the tain 91 pheasants killed. travel 8 km per night, thus our winter 
number of days a den was used on the Predation rates were based on two __ tracking data represented approxi- 
WSA during April-June. Den-days types of expanded data: (1) pheasants mately 17 nights of hunting by a fox. 
were derived by: (1) Assuming that by found at dens were expanded to total ©The number of fox-days for each win- 
1 April, pups 3-4 weeks of age wereeat- pheasants killed, and (2) our estima- _ ter was calculated by multiplying the 
ing solid foods; mean birth date was 8 tion of den-days was expanded to total number of male and female foxes 
March (Table 7). (2) All dens that den-days for the 91 day period. Preda- found on the WSA during the ensuring 
were excavated or were knowntobeac- _ tion rates represented total pheasants _ spring times 90, the number of days 
tive during April were considered to _ estimated to be killed divided by total during the winter season, plus the 
have been occupied by fox families pheasants thought to be available on number of days that other foxes re- 
since at least 1 April. (3) Weekly ob- the study area; e.g., 1972 predation mained on the WSA before they were 
servations were made of all potential rates were 91 pheasants killed divided harvested. For example, if a fox was 
fox dens during the spring. Thus giving _ by 860 pheasants available, ora preda- _— shot on 10 January, it was thought to 
us information on how many days fox _ tion rate of 10.6%. Total cottontails be on the area 10 fox-days. A total of 
families used these dens prior to exca- killed by foxes were computed in the 4,946 fox-days were calculated for the 
vation (den days). (4) The total same manner. 1973-75 winters. This figure provides 
number of days of den use at Waterloo It should be stressed that the num- _an index of total fox activity present on 
by fox families (total den-days) was __ bers of cottontails and pheasants com- Waterloo during the winters studied 
calculated by multiplying the number _ puted as prey taken by red foxes were _and gives perspective to the incidence 39



TABLE 34. The impact of predation by red foxes on pheasants and 

| | cottontails during the spring on the Waterloo Study Area, 1972-75. 

Mean 
1972 1973 1974 1975 1972-75 

Foxes 
Den-days 398 432 254 213 324 
Total den-days 910 819 546 546 710 

Pheasants 
Pheasant found at dens 40 26 27 24 29 
Days per pheasant eaten 10 16.7 9.6 9.0 11.1 
Total pheasants available 860 695 747 527 707 
Total pheasants killed 91 49 57 61 64 

Predation Rate 10.6 7.1 7.6 11.6 9.1] . 

Cottontails : 
~ Cottontafls found at dens 65 37 52 ~~ 52 52 

Days per cottontail eaten 6.1 11.7 4.9 4.1 6.2 
Total cottontails killed 149 70) «6111-133 115 

of prey found. Pheasants occurred in- 
frequently in all three of the dietary 
analyses, suggesting a lower rate of 
predation than was found during the 
spring. Cottontails were noted as prey 
items more frequently than pheasants 3 
in scats, stomachs and during winter 
tracking, suggesting that winter preda- 
tion may have been higher than spring 
predation. 

Cottontails constituted the most ~ A lO_ 
important single food item in the win- - 1\ ned 
ter and spring at Waterloo in terms of © / ‘ ao 

percent biomass (Table 33). Richards d / ‘ SS 
and Hine (1953), Scott and Klimstra nm 2 A \ 87> 
(1955) and Korschgen (1959) also > / \ EF 
found that the cottontail was the chief a / \ 5 
fox food item by frequency of occur- a / \ s 
rence. While winter fox predation at = i \ 6 = 

Waterloo may have been more severe Oo H \ 2 

on cottontails, spring predation was © / ‘ bE 
greater for pheasants. Scott and Klim- = / \ < 
stra (1955:44) reported that a general ” i ‘ < 
decline in cottontail population during _ | TN I \ 4u 
their Iowa study was not accompanied a sy / \ a. 

. oe <q \ ” 
by a corresponding decline in the pro- E \ \ ”) 
portion of cottontails in the diet of S NY I \ s 
foxes. Spring rabbit densities were not = N \ 2 2 
determined at the WSA and a compar- L 
ison of spring fox diets and cottontail z 
numbers was not possible. Cottontails } 
were likely the most important buffer 0 O 5 
against heavy pheasant predation by HUNTING SNOW LATE NESTING BROOD a 

foxes. Weather acts as a modifying fac- COVER = WINTER REARING 
tor. Darrow (1944:33-34) reported that SEASONAL PERIODS 
many foxes on an area may have less of 

an effect on grouse abundance when 
buffer species (rabbits and mice) are 
numerous, than would fewer foxes with 

buffers scarce. Small mammals were 
commonly taken at Waterloo as buffer 
species during the winter and spring FIGURE 15. Comparison of seasonal mortality be- 
but remained low in terms of percent tween 1968-71 (Dumke and 

40 biomass consumed. Pils 1973) and 1971-75.
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FIGURE 16. Winter hardness index for the Wa- 
terloo Study Area, 1968-75. 

A comparison of the seasonal pat- when more foxes were available. One . 
tern of fox predation on pheasants be- possible explanation was a gradual loss Modes of Fox Predation 
tween the Dumke and Pils (1973) of retired cropland (suitable for nest- 
study and our investigation (Fig. 15) ing) from 1971 to 1975, coupled with In order to understand all conse- 

indicated differences in severity of pre- excessive spring precipitation from quences of red fox predation on game a 
dation between the seasons. Weather is 1973 to 1975. Dumke and Pils (Un- species, more insight is needed into the 
believed to have been the major factor publ.) found that retired cropland manner with which predators select 
responsible for the heavy fox predation held the largest complement of nests and kill prey. Basically, carnivores that 
on pheasants during the 1968-71 snow and had the best hatching success dur- depend on their speed to capture and 
covered periods. Extensive snow ac- ing 1968-71. All retired cropland fields, kill quarry select either old, weak or 
cumulation, coupled with low tempera- including those adjacent to wetlands crippled prey. Conversely, stalkers 
tures during 1968-71, reduced ade- were converted to croplands from 1971 such as red foxes would select both 
quate food and cover which may have to 1975. Dumke and Pils (1973:38) weak and strong individuals as poten- 
stressed the pheasant population, noted that mortality during nesting tial victims. Few studies have docu- 
making it highly susceptible to fox pre- was low in years of little spring precipi- mented the hunting techniques em- 
dation. Both Besadny (1966) and tation and high in years with heavy ployed by foxes in capturing prey. The 
Gates (1971:747) cited evidence of in- May and June rainfall. May was the majority of these investigations have 
creased pheasant predation during pe- principal month for the onset of egg- described small mammal hunting hab- 
riods of severe winter weather. A win- laying at Waterloo from 1968-71 its outlined in the snow while winter 
ter hardness index (Fig. 16), derived (Dumke and Pils unpubl.) . Heavy pre- tracking foxes (Huff 1964). Sargeant 
from combining snow depth and tem- __ cipitation exceeding the normal mean = and Eberhardt (1975:109) utilized a 4 
perature data (Dumke and Pils for May (1973-75) by 1.8 cm may have ha enclosure to observe death feigning 
1973:37-38) , illustrates the severity of also forced nesting hens out of flooded by ducks in response to red fox preda- 
the 1969-71 winters. By comparison, — wetlands, which ranked third in nest- tion and Phillips (1971:36) observed 
the 1971-75 winters were relatively ing preference (Dumke and Pils un- feeding behavior of pups on beetles 
mild and low in snow cover. publ.) . Foxes probably used strip cover within a 5.3 ha pen. However, detailed 

In addition, higher fox populations as travel lanes in the spring when large descriptions of actual red fox preda- 
during the 1968-71 pheasant mortality areas were planted as row crops. tion on game species in the wild have 
study (Table 4) exerted greater preda- Therefore, contacts should have in- not been published. 
tion pressure on WSA pheasants. It is creased between foxes and hen The red fox’s penchant for taking 
not clear why the lower 1971-75 spring pheasants during the current study, re- easily available foods such as carrion 
red fox populations preyed more ex- sulting in relatively higher nesting pe- (Arnold 1956), fleshy fruits (Scott and 
tensively on Waterloo hen pheasants riod predation. Klimstra 1955) and incapacitated prey 
when compared to the 1968-71 spring (Errington 1937) has been docu- 4]



mented. However, the ability of red | 

foxes to take normal, healthy prey spe- 

ores by stal king has not been exten- TABLE 35. The impact of predation by red foxes* on pheasants and 
sively studied under field conditions. ttontails durine the wint the Waterloo Study A 1973.75 
Errington (1967:29-30) noted that red cottontails during the winter on the Waterloo Study Area, -75, | 

foxes are capable of stealthy ap- —E—E—ES—eee ee 
proaches and sudden dashes; through Stomach Contents Scats Winter Tracking 

astuteness and agility they may take eee 
formidably sized prey, such as snap- Number examined 29 - 283 133 km** | 
ping turtles. Storm et al. (1976:37) | 
showed through the use of radio telem- Number of pheasant 
etry, that red fox activity periods were occurrences 0 2 | 
primarily nocturnal. Highly skilled Number of cottontail 

stalkers such as red foxes are appar- occurrences 12 121 8 | 
| ently quite capable of taking healthy, 

ground roosting pheasants at night. TT 
Similarly, pheasants attempting to *4,946 total fox-days. 
hatch a clutch of eggs, especially late in *kDistance tracked during 1974 and 1975. : 
incubation when attachment to the 
nest site is strongest, might easily be , 
killed by hunting foxes at day or night, | | 
regardless of the hen’s physical condi- 
tion. 

Impact of Predation (1969:802) concluded that Waterloo | mammalian predators compensate by | 
: pheasant numbers and hunting success limiting pheasant densities in an area | 

Red fox predation on pheasants and remained constant from 1966-68 in of good pheasant habitat. 

cottontails, two of the most highly spite of habitat manipulation. Dumke Cottontails. Fox predation on cot- 
sought small game species by southern and Pils (1973:42) indicted the red tontails during our investigations (‘Ta- 
Wisconsin hunters, is an irrevocable fox, the great-horned owl, and the red- ble 34) limited cottontail abundance at 

fact. Large numbers of voles, deer mice tailed hawk as chief predators of fully Waterloo to an unknown extent. Un- 
and shrews are also killed by foxes. grown hen pheasants from 1968-71. like pheasant populations, total WSA 
Mammalian predation is especially The results of our study confirmed that cottontail densities could not be calcu- 
difficult to analyze because both func- predation by red foxes, other mammals lated; therefore, the total estimated 
tional and numerical response are com- and raptors (Petersen in press) ap- predatory effect could not be esti- 
plicated by buffering, territoriality and parently prevented increases in Water- mated. Cottontail densities at Water- 
learning (Keith 1974:25). Although loo pheasant populations over a seven- loo remained fairly constant during the 

| the magnitude of predation at Water- year period (Table 24). The conse- 4-year trapping period (Table 26). 
loo appears to be primarily influenced quences of weather also induced in- The high degree of cottontail preda- | 
by severity of winter temperatures creased susceptibility and greater pre- tion probably buffered the level of 
combined with snow depth (Dumke dation. Foxes preyed heavily upon pheasant mortality by foxes, especially 
and Pils 1973:38) it is also affected by pheasants during wet springs (1978- during the winter (Table 35). We felt 
changes in habitat (causing prey vul- 75) and severe winters (1968-71), that cottontail predation was tem- 
nerability to vary) and sizes of when climatic conditions had nar- pered by the condition of the habitat 
predator and prey populations. Per- rowed the suitable habitat and made and by weather. Trent and Rongstad 
haps the key factor barring a fuller un- pheasants more vulnerable. (1974) found that foxes inflicted heavy 

derstanding of the forces limiting prey Although fox reduction was deleted mortality on radio-tagged cottontails 
, populations is the complexity of south- as an objective for our current study, in southwestern Wisconsin; they con- 

ern Wisconsin ecosystems. Waterloo the lower fox densities noted from cluded that cottontail survival ap- 

pheasants, cottontails and small mam- 1971-75 as compared to 1968-71 gave peared to be related to exposure in se- 
mals are being taken by red foxes, gray us an opportunity to observe what ef- cure cover. Because no data were 
foxes, raccoons, skunks, and weasels. fect fewer foxes would have on the gathered during 1968-71 on levels of 

Red-tailed hawks and great horned WSA pheasant population. Predation cottontail predation, the amount of 
owls, the primary avian predators, are on pheasants from the lower fox densi- buffering from the former study could 
also responsible for a segment of mor- ties still resulted in a loss of 9.1% of not be compared with evidence gath- 
tality for these three prey groupings the spring pheasant population (Table ered from our research. 
(Petersen in press). 35). However, raptor predation on Small Mammals. The relative 

Pheasants. Intensive research in- pheasants at Waterloo was 35% (Pe- abundance of small mammals appar- 
corporating 3 separate studies tersen in press), surpassing the fox ently was not affected by fox predation 

designed either directly or indirectly to predation rate by 26% during the same at Waterloo. Bi-monthly fluctuations 
benefit pheasant populations have season. Raptor food habit data from in small mammal abundance remained 
been conducted at Waterloo from 1966 the other seasons strongly suggested similar at Waterloo from 1972-74 in 
through 1975. Frank and Woehler that raptor predation exceeded fox spite of heavy predation from raptors 
(1969:802) attempted to increase predation on pheasants during 1971- and mammals (Fig. 14). Small mam- 

pheasant numbers by habitat manipu- 75. Wagner et al. (1965:113) felt that mals also buffered pheasant predation 
lation, Dumke and Pils (1973:2) iden- predation was more pronounced in to an unknown extent, because small 

tified the causes and assessed the im- marginal pheasant range than in better mammal densities were not calculated. 
portance of hen mortality and the habitat. However, Waterloo data Trautman et al. (1974:247) reported 
current study evaluated red fox diet (1971-75) imply that when fox popula- that when only foxes were controlled at 

4? and control. Frank and Woehler tions are low and prey less, raptors and a South Dakota study area from 1965-



69, small rodents increased by only 
15%. Therefore, we felt that small 

mammal populations were density in- 

dependent of fox predation at Water- 
loo. 

MANAGEMENT : 

BACKGROUND ett 1952). Storm et al. (1976) con- counties for payment of bounties until 
cluded that red foxes should be consid- . 1975, when bounties were made ineligi- 
ered a valuable carnivore and an ble projects for county conservation 

Sound management techniques are important furbearer, but did not make project funding. As a result, only Wau- 
probably the least documented aspect specific management recommenda- kesha County (7 out of 13 townships) 
of red fox ecology in the eastern half of tions. Montague (1975) suggested a re- still pays fox bounties. No further dis- 
the United States. Prior to 1965, man- arrangement of Indiana fox season cussion will be made of bounties, be- 

agement of the red fox was primarily dates to maximize hunting and trap- cause they are not a potential future 
concerned with denouncing bounties _ ping recreation. management tool. 
(Arnold 1956) and debating the tenets Thus, management of the red fox in 

of predator control (Richards and _ states other than Wisconsin has been 
Hine 1953). The Wisconsin Conserva- primarily designed to increase densi- 
tion Department promoted the use of __ ties of target species such as pheasants Predator Control . 
trapping to control foxes during the by reducing fox predation. Herein lies 
late 1950’s (Keener 1959). Several au- =the problem of designing Wisconsin One of the original objectives of our 
thors, including Arnold (1956:47), of- | management guidelines: Should man- current investigation, which was never 
fered suggestions to dispel public mis- agement be directed at reducing fox implemented, was to evaluate tech- 

conceptions about red foxes, including —_ predation through control of fox num- niques of experimental red fox control 
the concept of wise use and apprecia- bers, or at increasing fox numbers be- on the WSA. We originally planned to 

- tion rather than control. Stanley cause of their economic and recrea- reduce the Waterloo fox population, 
| (1963:29) indicated that red foxesmay tional values? The following beginning in December, 1973 for the 

be under intensive pressure by trap- information concerning bounties, _ purpose of significantly increasing the _ 
| pers when pelt prices are high, but of- —_— predator control, fur values and factors WSA pheasant population. Trautman 

fered no alternatives for alleviating fox motivating hunters and trappers at- — etal. (1974) increased pheasant num- 

exploitation through management tempts to put the question of priorities bers by 19%, after reducing carnivores 
strategies. Scott (1955:14) listed five into perspective before management for a 4-year period. Our predator con- 
steps to improve the economic position possibilities are explored. trol efforts were to have been concen- 
of foxes, including the cropping of sur- trated at spring dens, when fox fami- 
plus animals by game managers in ar- | lies were most vulnerable. 
eas where adequate harvesting had not Bounties Supplementary steel-trapping was to 
been accomplished by hunters. Two aid our control efforts. After 2.5 years 
management practices mentioned by of field experience with other phases of 
Scott and Klimstra (1955:98) were the State bounties have been intermit- the study, we excluded experimental 
planting of trees with fruit palatable to | tently used in Wisconsin since their en- predator control for the following rea- 
foxes which would tend to reduce utili- actment by the state legislature in 1923 sons: 

zation of other prey, and proper poul- at $2.00 per fox. This bounty was re- (1) Landowner Attitude. We 
try husbandry practices which would pealed in 1931, but was reintroduced in found through the results of a ques- 
reduce the vulnerability of chickens. 1946 at $2.50 per fox. It was dropped tionnaire that most landowners would 
Seagears (1944:84) recommended an during 1957-58 and was then re-en- not allow us to remove foxes at dens on 
educational program designed to inter- acted during 1959-64. State bounties their lands. We felt that complete 
est people in efficient methods of hunt- were finally terminated after 15 Sep- landowner cooperation was necessary 

ing and trapping. Latham (1951:24- tember 1963 (Pils 1977). Bounties for effective fox control. 
67) discussed ‘“‘predator management” were sometimes utilized to “control” (2) Rising Pelt Prices. Increasing 
by listing the benefits and deficits of | foxes during periods of low or declining fur prices made foxes a highly sought 
predation, rather than listing specific pelt values; for example state bounties after furbearer. 
management techniques. were offered when mean pelt prices re- (3) Establishment of a Red Fox 

The most intensive positive man- mained under $1.00 from 1946-47 to Season. Landowners became con- 

agement practices encountered in the 1958-59. Richards and Hine (1953:68) cerned that the DNR was proposing a 
literature were the construction of arti- methodically dismantled the logic of reduction in numbers of a game species 

ficial dens and propagation of red foxes employing bounties to regulate fox which was economically and recrea- 
for release in low density areas (Ever- harvest. Some state money still went to tionally valuable to them. We feared 43



TABLE 36. Wisconsin red fox fur values, bounties and estimated purchases, 

1950-76. , | 

Mean Number of Number Total 
Fur Adjusted Estimated Bountied Pelt 

Year Value($) Value($) Purchases ($2.50 Each) Value($) 

1950-51* 0.98 1.26 -- 17,417 -- 
1951-52 0.66 0.83 -- 23 646 -- 
1952-53 0.61 0.76 | -- 30 ,548 -- | 

1953-54 0.43 0.53 -- 21,890 -- 

1954-55 0.40 0.50 -- 33 ,535 = 

x +S.E. 0.62 +0.100.78+0.14 — -- 25,407 + 2,930 ~« | 

1955-56 0.62 0.76 = 29,285 -- 
1956-57 0.36 0.43 -- 33,944 -- 
1957-58 0.47 0.54 -- No bounty -- : 

1958-59 0.55 0.63 -- No bounty © -- 

: 1959-60 1.08 1.22 3,800 58,139 4,104 

X + S.E. 0.62 + 0.12 0.72 + 0.14 -- 40,456 + 8,943 -- 

1960-61 1.32 1.47 7 ,688 54,090 10,148 | 
1961-62 1.50 1.66 4,364 47 ,342 6,546 | 
1962-63 1.91 2.08 10 ,876 50,315 20,773 

| 1963-64 1.89 2.03 10,000 5,284 18,900 
1964-65 2.32 2.46 12,000 ia 27,840 | 

x + S.E. 1.79 + 0.17 1.94 + 0.17 8,986 + 1,355 39,257 + 5,284 16,841 

1965-66 6.57 6.76 | 31,321 -- 205,779 
(1966-67 3.43 3.43 43,405 -- 148,879 
1967-68 3.81 3.66 25,192 -- 95,981 | 
1968-69 8.03 7.31 35 ,989 -- 288,991 
1969-70 6.43 5.53 34,818 -- 223,880 

x + S.E. 5.65 + 0.88 5.34 + 0.79 34,145 + 2,981 -- 192,702 

1970-71 6.57 5.42 29 960 -- 196,837 
1971-72 10.65 8.50 26 5373 -- 280 ,872 | 
1972-73 20.65 15.51 25 5386 ~~ 524,221 
1973-74 28.06 19.00 33,766 -- 947,474 
1974-75 23.61 14.65 25 662 -- 605,880 

%+S.E. 17.91 + 4.03 12.62 + 2.47 28,229 + 2,342 -- 511,057 | 

. 1975-76 40.79 22.66 23,364 -- 953,018 | 

*Fur harvest estimates from 1950-51 to 1958-59; estimated purchases calculated thereafter. 
**Bounty discontinued 15 Sep 63. 

that they would not allow us to tres- attempts to capture foxes for radio- Relationship Between Pelt 

pass on their property for other phases tracking. This was primarily due to in- Value and Estimated 
of the study. terference by dogs, raccoons and opos- Purchases 

(4) Mobility of Foxes. Our dis- SUS: mury of the cogs encountered | 
persal results showed that less than 1" !Taps during our Held research wou 

have created severe public relations Richards and Hine (1953:27) con- 
10% of the pups tagged on the WSA bl luded that th little evidence in 

remained after 1 October. Therefore, proDlems. cluded that there was tittle evide ! 
. For these reasons, we concluded Wisconsin to support the apparent re- 

the long-term effectiveness of remov- ; 
ing pups from dens was questionable that the control of red foxes at Water- lation between take and pelt price 

loo for the benefit of pheasants was not found by Seagears (1944) in New 

| (5) Interference by Non-target justified; therefore, predator control York. Seagears (1944:44) reasoned 
Species. Only 14 foxes were taken dur- was omitted as a management tool that annual fox harvests are not a true 

44 ing more than 1,000 steel trap-nights in (Pils 1977). index of fox abundance, because they
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FIGURE 17. Comparison of mean adjusted red fox 
pelt values, incorporating 

the consumer price index, with bounties (1946-47 to , 

. 1956-57) andestimated a BC — | _ 
pelt purchases (1959-60 to 1975-76) . : 

are strongly modified by pelt prices. | and vice versa, and inconsistent har- lars and cents. | 
The possibility that red fox popula- vest figures for various other DNR We felt that the adjusted fur values 
tions are cyclic, based on Canadian fur _ surveys, resulting in an inflated harvest fully incorporated the effects of infla- 
records, is an alternative explanation index (Petersen et al. 1977). We felt tion and made a meaningful compari- 
of fox abundance offered by Seagears that a comparison could still be made son of fur prices from 1947 to 1976 pos- 
(1944:45). Keith (1974:35) offered between pelt value and estimated sible. From 1930-31 to 1958-59, 
considerable data to substantiate his | purchases after taking these factors | estimates of fur harvest were derived 
theories that Canadian red foxes un- into consideration. To fully evaluate by sampling less than 85% of the hunt- 
dergo a 3-5 year cycle on the tundra any possible relationships between fur ing and trapping records and project- 
and an 8-11 year cycle within the bo- value and harvest, adjusted pelt values ing the results to obtain a 100% correc- 
real forests. However, available data were incorporated into Table 36 and tion factor. The percentage of records 

from the United States do not support Fig. 17. Adjustments were made using sampled varied from 75-80% during 
any cyclic tendencies. the consumer price index from 1967 for the 1930’s, to only 10-15% during the 

Table 36 summarizes red fox fur urban wage earners and clerical work- mid-1950’s (F. Zimmerman pers. 
values, estimated purchases and ers asa base year (U.S. Department of | comm.). From 1959-60, through 1975- 
bounty data available since Richards Labor, Bureau of Labor Statistics). 76, the DNR estimates of furs 
and Hine (1953). We were aware of the Price indexes reflect the purchasing purchased were based on an average 
errors made by licensed fur buyers price of the dollar, are inversely related return of 91% of the licensed fur 
when reporting numbers of fox pelts to price changes, and are computed by buyer’s purchase questionnaire (Ap- 

purchased during the fox season (Ap- dividing the consumer price index pend. D). Bounty data were used from 
pend. D). These errors consisted of re- number for the period in which the 1946-47 to 1956-57, when estimated fur 
porting out-of-state purchases, pelts dollar’s value is expressed as $1.00, by purchase data were not available. The 

bought from other dealers and the gen- the index number for a particular pe- highest number of estimated 
eral public, red foxes reported as grays, riod, and expressing the result in dol- purchases ever recorded in Wisconsin 45
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Co oe ee CWE SCéties of thee hunt itself; profit considera- 2 le os tions are less important, Fox hunters 

| Southern Wisconsin fur trapper with partial living on the WSA illustrated this con- 

catch from the 1975-76 season. _ tention by hunting with approximately 

| | the same intensity from 1967 to 1975, 

regardless of the pelt price. The only 
factor limiting their hunting was insuf- 
ficient snow cover. Contacts with fox 
hunters in other areas further support 

was 43,405 in 1966-67, while the high- mated purchases for gray foxes during this belief. Waterloo fox hunters usu- 
est adjusted fur value was $22.66 in the same period. The primary reason ally hunted in groups. Only after mean 
1975-76 (Table 36). for the lack of a direct relationship be- pelt prices exceeded $20 did we receive 

The use of bounties and estimated — tween red fox purchases and pelt price reports of solitary hunters pursuing 
purchases to gauge harvest has ob- is the incidence of sarcoptic mange, foxes, probably for the monetary re- 

scured the relationship between pelt which readily infests red foxes (Stone turn. 
prices and estimated harvest or et al. 1972), but only occurs at a negli- Fox trappers, on the other hand, 
purchases since the findings of Rich- gible rate in gray foxes (Trainer and were more strongly motivated to har- 
ards and Hine (1953). Bounty data Hale 1969). For the last two years, vest foxes for profit, although the 
were relied upon from 1951-52 to 1956- from 4-7% of the total red fox pelts re- sporting qualities of trapping were also 

57 to supplement our 30-year perspec- ported by licensed fur buyers were part of their decision. Trappers in 
tive of fur take (Fig. 17). From 1959-60 mangy (Table 16). The figure is proba- southern Wisconsin generally main- 
to 1962-63, estimated purchases could bly a conservative estimate of the tained their traplines alone and usually 
be compared with bounty data for the statewide effect of mange for three rea- were much more efficient in harvesting 
first time. Bounty data were available ‘sons: (1) Mangy foxes brought to fur foxes than were fox hunters. Exper- 
for only a portion of 1963-64; therefore, dealers were probably slightly affected ienced trappers were especially effec- 
data from this period were not com- animals whose pelt was still worth a tive at catching foxes, especially during 
pared. As a result of low pelt prices premium, albeit reduced; (2) har- adverse weather when inexperienced 

during this period (x = $1.45), more vested foxes exhibiting severe mange trappers caught very little or stopped 
foxes were annually bountied (x = were worthless and abandoned without trapping completely. 
52,471) than were sold to fur dealers (x being reported to fur buyers; and (3) 
= 6,682). Richards and Hine (1953) mangy foxes harvested during the fall — 
used bounty data to estimate fur taken and winter represented foxes from only 
from 1946-47 and 1950-51. If estimated two seasons during the year; many CONSIDERATIONS 
purchases from fur dealers had been mangy foxes could have died before the 
used to calculate take during this pe- hunting season and were not available 
riod of low pelt values (annual x = for harvesting. Additional foxes proba- The status of the red fox as a game 

$1.08) , the calculated take would prob- bly died during the fox season without species and furbearer changed dramat- 

ably have been much lower. being harvested or reported. There- ically in Wisconsin from 1971 to 1976; 
When a regression analysis was fore, proportionally more mange-freé bounties nearly disappeared, a harvest 

made between the number of esti- gray foxes were available for harvest season was established, and pelt prices 
mated fur purchases made by licensed than were red foxes. | greatly increased (Pils 1977). Plan- 

dealers in Wisconsin and pelt price From 1973-74 to 1975-76, the ning and policy guidelines were also 
(incorporating adjusted fur values) number of estimated purchases had modified accordingly. For example, a 
from 1959-60 to 1975-76, no significant declined in spite of an increase in aver- 1965 Wisconsin Conservation Depart- 

correlation was noted (P70.05). Prior age fur values from $28.06 to $40.79 ment planning report advocated the | 
years were not examined because of (Table 36). This recent trend may in- reduction of overpopulated foxes in or- 
the lack of uniform (estimated har- dicate that state fox populations are der to alleviate excessive property 
vest) data. Petersen et al. (1977) declining and are yielding lower fur re- damage or destructive effects on other 
found a significant correlation turns in spite of high hunting and trap- species. An annual harvest goal of 

46 (P<0.01) between pelt prices and esti- ping pressure. Therefore, this type of 35,000 red and gray foxes was pro-



jected for 1980. These objectives were 4 peas A spending longer amounts of time at 
never realized after 1970, as a result of Harvest Regulation Changes dens in preparation for birth. If the 
the general decline of the state fox season ended on 31 January, the prac- 
population. The DNR wildlife management pol- tice of shooting or trapping foxes at the 

The initiation of a fox season also icy calls for the creation of regulations denning site should be reduced. 
changed management priorities after to make optimum use of furbearers Conclusions from our analysis of 
1965. The DNR policy (Wis. Adm. from a biological, recreational and eco- red fox mortality indicate that WSA 
Code NR 1.16) for furbearers adopted nomic standpoint. The code also as- populations are declining and southern 
in 1977 states that when foxes depresss serts that every effort should be made Wisconsin densities are low. Wisconsin 
the population of other species, man- to design regulations on as uniform a fur-buyer surveys (Table 16) sug- 
agement activities on DNR lands basis as possible and yet maintain de- gested that statewide red fox popula- 
should be designed to achieve a desira- sirable population levels from year to tions are also declining. Our data indi- 
ble balance between predator and prey year. cated that restricting the trapping 
species. Results from our investigation A recurring management proposal season from about the first of Novem- 

illustrate methods for applying this associated with explorations of red fox ber to 31 December would eliminate a 
policy. natural history concerns the encour- sizeable segment of fox mortality. 

agement of hunting (Scott 1955:14) | Trappers could not legally shoot foxes 
and trapping (Seagears 1944:84) asa caught in steel traps. Approximately 
means of utilizing the harvestable sur- 12% of our tagged fox harvest from 

Transplants plus. Yet we have not reviewed any trapping occurred in January (Fig. 
publication that has objectively 13). Other mammalian predators such 

- Andrews et al. (1973:72) reported designed the framework of a season to as skunks and raccoons might compen- 
that 1 to 2-month-old juvenile red achieve a sustained harvest of foxes. sate for lower fox densities by increas- 

| foxes were successfully transplanted Since there are no known cost-effective ing their level of predation on eggs or 
and adopted by foster parents in Iowa; ways to manage red fox populations young of ground-nesting species. Wa- 
and that pups transplanted immedi- through habitat alterations, the most terloo data suggested that small mam- 
ately after capture had the best chance practical fox management technique mal populations were independent of 
of survival. Sargeant and Allen (pers. consists of designing flexible and bio- fox predation and would not greatly in- 7 
comm.) also found that pups trans- logically efficient harvest regulations crease if the fox season were shortened. 
planted in North Dakota were ac- that are based on accurate fox abun- In addition, opening the fox trapping 2 
cepted by foster parents. dance indexes. A sampling of 14 states season concurrently with muskrats and | 

We transplanted three litters (12 (Table 37) , including 11 from the mid- mink could help reduce the trapping of | 
pups) plus 2 pups from separate litters west, revealed that only Missouri and nontarget furbearers. (Petersen et al. | 
to alternate red fox families during Illinois have had a fox season for many 1977). 
1975. One communal litter consisted of years. Foxes can still be taken in 8 of | Our data implied that the fox hunt- | 
4 foxes aged at 38 days and 2 juveniles the 14 states at any time during the ing season be further shortened to run | 
aged at 46 days. All 6 pups were moved calendar year. The catalyst for the rel- from 1 December to 31 January. Data 
during 15 April to an active den 16 km atively recent initiation of fox seasons from returns of tagged foxes indicated 
northeast from the original den. in the midwest has been the sharp as- _ that pheasant and deer hunters (Fig. 
Tagged and unmarked pups were seen cent of pelt prices, which started about 12) took 11% of the annual fox kill in 
playing with each other at the new den 1971, accompanied by declining fox southeastern Wisconsin. The Wiscon- 
on 4 occasions during the following 2 populations. sin deer season ends before 1 Decem- 
weeks. Two of the pups were recovered Wisconsin’s initial fox season, ber; the pheasant season extends into 
during July and October, proving that which began on 14 October 1972, of- the first or second week in December, 7 
at least one-third of the transplants fered individual counties the option of | although December pheasant hunting 
survived at least for the remainder of a season running from the, first Satur-_ pressure is less severe than during the 
the denning season. day in mid-October through the end of _first half of the season (E. Woehler 

A third litter of 6 pups was moved February, or a completely open season. pers. comm.). Therefore, fox mortality 
on 15 May to two WSA dens located 14 The introductory 4% month season se- should be diminished by closing No- 
km apart, after being taken from a den lected by 31 counties in 1972-73 in- vember to hunting, although some ille- 
62 km east of Waterloo. Three pups creased to 45 of the 72 counties by gal kill would undoubtedly occur by 
transplanted to the northern den were 1975-76. In 1976-77, the county option pheasant and deer hunters. 
all trapped during the following fall. was removed and a statewide fox sea- Another potential fox mortality fac- 
The remaining 3 foxes were observed son was established running from 16 tor associated with deer and pheasant 
twice during June and July at the October to 28 February (136 days). An hunting is crippling loss. A considera- 
southern WSA den, while a male pup initial 1978-79 regulation proposal ble number of wounded foxes may be 
was shot and reported the following called for shortening the season by ap- lost before adequate snow tracking 
January. These data indicate that proximately 43 days; the revised sea- _— cover is on the ground. This problem 
adoption of this litter was successful. son would run from 1 November would be greatly lessened with a 1 De- 

We suggest that this technique be through 31 January. cember opening. Finally, by staggering 
considered to alleviate depredation The primary objective of these al- the opening of trapping and hunting 
problems associated with domestic terations was to reduce mortality for seasons, the difference in views be- 
fowl. Adults could be caught at the den current Wisconsin fox populations by tween fox hunters and trappers should 
using steel traps. Another possible ap- eliminating February from the season. be minimized. Each faction believes 
plication would include the steel-trap- Approximately 14% of our tagged fox the other group is harvesting too many 
ping and relocation of foxes threaten- harvest occurred during February red foxes (Petersen et al. 1977). 
ing wildlife species on state lands. The (Fig. 13). Eliminating February from Accurate fox abundance indexes 
public relation benefits from such a the season should also decrease the can lead to the design of an equitable 
practice would far exceed the costs in- harvest of rubbed or poorer quality season. The only current index to fox 
curred. Local, experienced trappers pelts. Our investiagion revealed that numbers in Wisconsin is the DNR an- 

_ could be contracted to do the trapping, the mean conception date for southern nual fur harvest report, which is based 
similar to arrangements made for trap- Wisconsin vixens was 14 January (Ta- on data supplied by licensed fur buy- 4] 
ping problem beaver. ble 7). By February, pairs of foxes were — ers. However, since the accuracy of the



TABLE 37. Comparative summary of red fox season structure, harvest, fur val- | 
ues and populations at the conclusion of the 1975-76 season in 14 states. 

Number oe | Current Population 
Past Seasons Lenath Dates Estimated Mean Pelt Level Compared 

| State Seasons Separate? (Days) Start-End Purchases Value ($) With Previous Year 

Minnesota 0 ~-* -- -- 43,000 50.00 Down 

Michigan 0 -- -- ae -- ——-.25..00 Down 

| Towa 6 Yes Hunt-83 8 Nov-31 Jan 25,000 40.00 Down 
Trap-23 8 Nov-30 Nov 

Illinois 62 No 76 8 Nov-15 Jan-N. 11,000 33.00 Down 
8 Nov-23 Jan-S. 

Wisconsin 4 No | 141 16 Oct-28 Feb 23,364 40.79 Down 

Season in | 
Ohio 1976-77 No 122 15 Oct-1 Feb 19,374 37.04 Same | 

Indiana 2 Yes Hunt-136 15 Oct-28 Feb 14,516 34.26 Same 
Trap-108 15 Oct-31 Jan 

; Missouri 62 Yes Hunt-65 10 Nov-15 Jan 3,337 29.50 Down 
| . | Trap-46 1 Dec-15 Jan 

North Dakota 9 Yes 12] 1 Oct-31 Jan 35 ,000 35.00 -- 

, South Dakota 0 -- -- -- 28,100 35.50 Same 

Nebraska 0 -- -- - -- -- Same 

Texas 0 -- -- -- 1,745 25.00 Up 

| California § Protected fur bearer since 1974 -- -- -- Very Low 

Season in | 
New York 1976-77 -- -- - + 7,000 35.00 -- 

*No Data  -¥ 35.00 | 

buyers’ reports is questionable, some California prohibited the harvest of much larger number of potential recre- 
consideration should be given for a red fox for commerical purposes in ation-hours are available throughout 

tighter harvest recording system. Such 1974 (Gray 1975:3). Missouri has the year for other recreational users of 

a system should include mandatory fox closed seasons until pelt prices return Wisconsin outdoors. An under-utilized 
pelt tagging in the same manner that to a normal level (Sampson 1977:3). type of recreation, especially on state 
bobcats, otter and beaver are now re- We do not feel that reducing the length wildlife areas, is the observation and 
corded, and a mandatory, more de- of fox seasons would have an adverse photography of predators. Such activi- 
tailed and standardized fur buyers re- economic effect on hunters and trap- ties can be done year around and can 

port. These modifications would pers. The Wisconsin Trappers Associa- result in a high level of aesthetic plea- 
provide a more accurate statewide fox tion and several fox hunting clubs have sure. For example, observing and 
harvest estimate. endorsed this view. In addition, the photographing active fox dens requires 

Consideration should also be given current DNR furbearer management skill and patience and is extremely re- 
to instituting some form of separate li- policy endorses this viewpoint by stat- warding. Following fox trails in the 
censing for all fox hunters and fox ing that when high pelt prices depress snow also stimulates one’s environ- 

trappers so that access will be provided fox populations, both recreational and mental awareness by observing signs of 
to all persons pursuing foxes, thereby biological considerations shall be ac- the red fox’s daily activities, which is 
enabling better estimates of trapping corded primary consideration in the the framework for Wisconsin red fox 

and hunting effort. Such data would be establishment of harvest regulations. life history. Combined with photogra- 
a valuable supplement to the other fur phy, this pursuit will permanently re- 
harvest reports. cord moments of extremely satisfying 

_If current high pelt prices continue Other Recreational Activi- and memorable outdoor activities. We 
without curtailment of harvest sea- " believe that this form of recreation is 

sons, we feel that statewide red fox ties vastly underemphasized and should 
populations will become precariously receive greater promotion. 
low. Other states have taken drastic Although most red fox management 

48 steps to protect low fox populations. considers only hunting and trapping, a



SUMMARY 

From 1971 to 1975, we analyzed red Trapping (primarily on private ha versus 7.0 per ha in the winter. Cot- 
fox population trends, movements, dis- lands), followed by hunting on private tontails, small mammals and 
persal, diet, productivity, and age and state-owned wildlife areas consti- pheasants were the most important 

structure primarily on the 8,097 ha __ tuted the major source of mortality for food items taken by foxes from 1972- 
Waterloo Study Area (WSA) located 127 tagged and unmarked southern 75, based on analysis of 1,020 scat sam- 
in Dodge and Jefferson counties. Simi- | Wisconsin foxes. The majority of trap- ples, 132 stomach contents, food items 
lar data was also gathered in six adja-_ —s ping harvest occurred from October to from 58 dens and foods collected from 
cent southern Wisconsin counties. December, while fox hunting 182 km of snow tracking. Nine percent 
Numbers of foxes and active dens ob- predominated during January and of the available spring pheasant popu- 
served by WSA residents declined February. The following percentages lation and an annual average of 115 
from 1971-74. Spring fox families at | of WSA fox mortality were attributed cottontails at Waterloo were taken by 
Waterloo decreased from 10 to 1972 to — to: fox hunters 59, deer and pheasant foxes during 1973-75; cottontails were 
6 in 1975. The mean annual WSA har- _ hunters 22, foxes accidently spotted killed at a higher rate than pheasants 
vest of 72 foxes from 1968-71 decreased and shot 11, and trappers 9. Fifty-four during the winter and acted as a buffer 
significantly to an average of 21 during percent of the foxes tagged at dens against pheasant predation by foxes. 
1971-75. were recovered; 96% were returned Predation by red foxes, other mam- 

The most important factors influ- during the first or second year. : mals, and raptors at Waterloo appar- 
encing den site selection were cover Analysis of survivorship from tag ently prevented increases in pheasant 
type, human disturbance, water and _ returns indicated a steady decrease and cottontail abundance but did not 
length of use. The mean southern Wis- from 1973 to 1975, which was inversely affect small mammal densities. 
consin birth date for 35 litters was 8 __ related to pelt prices. Both year of kill Predator control was deleted from 
March. Pregnancy rates for 48, 1-7 year and fox age influenced survival. Popu- our study because of landowner atti- 
old vixens were 59% for juveniles and lation matrix analyses implied a strong tude, rising pelt prices, establishment 

. 89% for adults. Mean WSA litter size exponential decline in the southern of a fox season, mobility of foxes and 
was 5.6. Wisconsin population. Stabilization of interference by nontarget species. Six 

From 1 to 283 radio-locations were the fox population could occur only percent of Wisconsin red foxes 
made of 8 pups and 5 adult vixens from with an increase in productivity or a purchased during 1974-75 and 1975-76 
1972-74. Three radioed females, whose decline in harvest mortality. were mangy. Errors in reporting red 
home range averaged 598 ha, were A higher proportion of southern fox purchases, Wisconsin’s only esti- 
most frequently located in cultivated Wisconsin juvenile foxes were taken by mate of fox abundance, has duplicated 
lands, pasture and marsh. Foxes were trappers than by hunters in January and inflated results of past harvests. 
snow-tracked primarily in retired and February, when fewer juveniles Management considerations include 
cropland, marsh and upland hardwood __ were available. Significant differences (1) a shortened trapping season open- 
for a total of 182 km. Of the 73 recov- were found between hunted and ing concurrently with the muskrat and 

- eries, 81% dispersed after 1 October; trapped fox age ratios both on and off = mink season; (2) a hunting season run- oe 
males dispersed almost twice the mean the WSA. ning from 1 December to 31 January; | 

distance of females. Significantly, more Mean spring and fall pheasant (3) mandatory registration of pelts; 
foxes dispersed into the northeast populations did not vary significantly | and (4) a special license for all trap- 
quadrant. Interstate highways may between 1968-71 and 1972-75. Mean pers to serve as a source for contacting 
have impeded southerly dispersal. fall WSA rabbit densities were 7.4 per trappers. 
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APPENDIX A: 
Scientific Names of Plants and Animals Used in the Text 

Scientific names of plants from 
Fernald (1950); birds, Gromme 

(1963); domestic mammals, Jackson 
(1961) and Hoffmeister and Mohr 

| (1957); exotic mammals, Walker 
(1964); reptiles, Smith (1961); fish, 

Hubbs and Lagler (1958) and insects, 

Borror and DeLong (1954). 

| PLANTS BIRDS 

Apples, Pyrus sp. Blue jay, Cyanocitta cristata 
Corn, Zea mays Blue-winged teal, Anas discors 

Grass, Graminae Chicken, Gallus gallus 

Oats, Avena sp. Coot, Fulica americana 

Soybeans, Glycine sp. Crow, Corvus brachyrhynchos 
Tamarack, Larix laricina Catbird, Dumetella carolinensis 

| Domestic duck, Anatinae 
MAMMALS Domestic goose, Anserinae 

Badger, Taxidea taxus Grackle, Quiscalus quiscula 
Beaver, Castor canadensis Great horned owl, Bubo virginianus 
Bobcat, Lynx rufus Guinea fowl, Acryllium sp. 
Cinereus shrew, Sorex cinereus Hooded merganser, Lophodytes cucullatus 
Cow, Bos taurus Mallard, Anas platyrhynchos 

: Cottontail rabbit, Sylvilagus floridanus Meadowlark, Sturnella, spp. 
Deer mouse, Peromyscus maniculatus Mourning dove, Zenaidura macroura 
Domestic cat, Felis domestica Red-tailed hawk, Buteo jamaicensis 
Domestic dog, Canis familiaris Red-winged blackbird, Agelaius phoeniceus 

Domestic rabbit, Oryctolagus cuniculus Ring-necked pheasant, Phasianus colchicus 
Fox squirrel, Sciurus niger Robin, Turdus migratorius 
Gray fox, Urocyon cinereoargenteus Ruffed grouse, Bonasa umbellus 
Gray squirrel, Sciurus carolinensis Upland sandpiper, Bartramia longicauda | 

Jumping mouse, Zapus hudsonius Warbler, Parulidae 
Least weasel, Mustela rixosa Yellow-shafted flicker, Colaptes auratus | 

Long-tailed weasel, Mustela frenata 
Meadow vole, Microtus pennsylvanicus 
Mink, Mustela vison REPTILES 

Muskrat, Ondatra zibethicus 

Opoeatan Bideloni § marsupiali 5 Garter snake, Thamnophis sirtalis 

Otter, Lutra canadensis 

Pig, Sus scrofa 
Red fox, Vulpes vulpes FISH 
Raccoon, Procyon lotor 
Short-tailed shrew, Blarina brevicauda 
Skunk, Mephitis mephitis Carp, Cyprinus carpio 
Striped ground squirrel, Citellus 

tridecemlineatus INSECTS 
Tricolor shrew, Sorex arcticus 
White-tailed deer, Odocoileus virgini- 

anus Grasshoppers, Orthoptera 

Woodchuck, Marmota monax Beetles, Coleoptera 
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APPENDIX B: 

Wisconsin Fur Buyer Questionnaire 

The Wisconsin Department of Natural Resources has been conducting a study of 
the Biology of Red Fox in Southern Wisconsin for the past four years. I 
would like you to answer the following questions in order to give us more 

information to better manage this valuable fur resource. 

Thank you. 

Charles M. Pils 
Research Biologist | 

CMP: jg 

1. Approximate number of red fox bought from the public from the fall of 
1974 to the spring of 1975 . , 

2. Of the red fox you bought, approximately what numbers were taken by 

trappers 

fox hunters 

| others (car kills, bird hunters, etc.) 

. 3. Of the red fox that you bought, approximately how many were killed 

During October-November, 1974 

During December-January, 1974 

a a _ ____ During February-March, 1975 Oo | 

4. Approximately how many mangy red fox were brought in to you this year? 
How does this compare to last year? 

More Less About the same 

5. Do you think the red fox population at this time is up down 
about the same as last year at this time? 

6. Would you like to see the red fox season for the whole state open and 

close at the same time, OR would you be in favor of having the state 

broken into 2 or 3 zones with different opening and closing dates? 

a 
eee 

NAME OF FUR-BUYER COUNTY



Annual Mammal Inquiry Form Used to Interview 

WSA Residents from 1971-74 

ANNUAL MAMMAL INQUIRY - 197__ . 

I. FOXES ON YOUR FARM ~ 197_ | 

1. Have you seen any foxes on your farm during 197 ? YES NO 

2. Do you have any active fox dens on your farm? YES NO 

| 3.. Do you know of any fox litters raised on your farm during 197_? YES NO 
How many litters did you see on your land in 197 ? 

(number). 

. 4. Were any foxes trapped on your farm this year? YES NO 

How many were trapped? 
(number) 

5. Did hunters shoot any foxes on your farm this year? YES NO 

If yes, how many were shot? 
(number ) 

6.* Would you be willing to have foxes removed from your land at 

any time of the year by trapping, shooting or by digging up 

dens and removing young pups? | YES NO | 

II. SKUNKS ON YOUR FARM - 197_ | | 

1. Have you seen any skunks on your farm during 197 ? YES NO 

How many skunks did you see during 197 ? 
(number) 

III. BADGERS ON YOUR FARM - 197_ 

1. Have you seen any badgers on your farm during 197 ? YES NO 

How many badgers did you see during 197 ? 
(number) 

IV. RACCOONS ON YOUR FARM — 197 _ 

1. Have you seen any raccoons on your farm during 197 ? YES NO 

How many did you see during 197 ? 
(number) 

V. OPOSSUMS ON YOUR FARM - 197_ 

1. Have you seen any opossums on your farm during 197 ? 
(number) 

VI. DOGS AND CATS ON YOUR FARM - 197 _ 

1. How many dogs on your farm during 197 ? 

2. How many cats on your farm during 197 ? 
(number ) 

*Used only during January, 1974 interview.
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Current Wisconsin Fur Buyer Survey Form | 

| Department of Natural Resources 
. State Game Farm 

Poynette, Wisconsin 53955 

May 1976 IN REPLY REFER TO 2310 

Dear Fur Buyer: 

To enable us to better manage the fur resources of Wisconsin, it is important 

that we obtain an accurate and quick estimate of the fur harvest each year. 

We would again like to ask for your cooperation in making this survey. You 

can do this simply by filling in the numbers of each type of fur that you 
purchased directly from Wisconsin trappers. 

These figures are used only to obtain an estimate of the harvest of each 
species and the average pelt price. All information is confidential. 

Do not include fur purchased out of state or that from other Wisconsin fur 
buyers. 

Your assistance in helping us to obtain this information is appreciated. 
Please return your report before May 24, 1976. 

Sincerely, 

N. E. Damaske, Supv. 
Game Farms & Shooting Preserves 

- ~~ “NED: cn Be an ee ae ee 

Enc. — 1 return envelope 

1. How many of each of the following furs have you bought directly from 
Wisconsin trappers in the current season? 

a 
Estimated Value Estimated Value 

Species Number Per Pelt Species Number Per Pelt 

Muskrat $ Gray Fox $ 
Mink Red Fox 
Raccoon Coyote 
Skunk Bobcat 

Weasel Beaver 
Opossum Otter 

2. Cross out or add license numbers included in this report: 

3. Licensee's Name City 

4, County
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