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RH: Productivity and Mortality of Gray Foxes + Root

~ PRODUCTIVITY AND MORTALITYIOF'GRAY FOXES IN SOUTHWESTERN WISCONSIN
DAVID A. ROOT, College of Natural Resources, University of

Wisconsin-Stevens Point, Stevens Point, WI 54481

Abstract: Age-specific, sex-specific, and mean annual mortality
and reproductive rates were gathered from 846 gray fox (Urocyon

cinereoargenteus) carcasses and pelts collected in southwestern

Wisconsin from 26 October through 31 January 1978-80. Litters
averaged 3.4 young for 81%Z of 54 yearlings and 3.6 for 987 of 42
older adults. Testes weighfs and sperm smears indicate that all
males are reproductively active by late January, although adults
begin to produce mature sperm earlier in the year than juveniles.
The sex ratio of the harvest (92M:100F) did not differ (¢ >0,05)
from an equal sex ratio, in contrast to reports of significantly
more males harvested in late fall collections. The harvest
consisted of 667 juveniles, 197 yearlings, and 157 older adults.
Maximum longevity approached 6.5 years although few gray foxes (3%)
survive more than 4.5 years of life. Age structure data obtained
from carcasses from furbuyers must be treated cautiously because
foxes trapped and sold unpelted to fur houses were significantly
younger (P < 0.10) than those collected from trappers who pelt
their own catch. Known mortality included trapping (59%), hunting
(32%), and vehicle kills (97%). Moét of the harvest (55%) occurred
during November, with 30% in December and 147% in January. The net
reproductive value (0.76) indicated that the gray fox population

of southwestern Wisconsin was declining during this study. Management



recommendations include (1) a shortened trapping season from

1 November - 31 December, (2) a hunting season running from

1 December —v31 January, and (3) @anggtory registration of gray
fox pelts with a tyvac tagging program.

J. WILDL. MANAGE.

Key words: age structure, gray foxes, harvest, management
recommendations, mortality, productivity, reproduction,

southwestern Wisconsin, Urocyon cinereoargenteus.




Although extensive red fox (Vulpes vulpes) research has been

conducted in recent years (e.g. Storm et al. 1976, Johnson and

- Sargeant 1977), comparably fewer gray fox studies are available.

Most gray fox research conducted during the 1950's determined
general aging techniques (Sullivan and Haugen 1956, Wood 1958,

Lord 1961), reproduction (Layne and McKeon 1956, Sullivan 1956,
Wood 1958), and population levels (Wood 1959, Lord 1961). More
recent studies have dealt with food habits (Yoho and Henry 1972,
Pils and Klimstra 1975, hensley 1977), diseases (Monson and Stone
1976), and parasites (Monson et al. 1973, Stone et al. 1974), Stone
1974, Zeh et al. 1977, Jessup 1979). Except for stuaies of gray fox
reproduction and movementé'in Alabama (E. Hill, Mississippi‘State
Wildl. Coop., pers. commun.), and the effects of intensive gray

fox control on population dyﬂamics of rodents and sympatric
carnivores (Hensley and Fisher 1975), no extensive gray fox
productivity and mortality research has been initiated in the past
20 years.

In Wisconsin, Richards and Hine (1953) studied the effeets of
bounties, population trends, and food habits on red foxes and gray
foxes from 1946-50, but were limited by inadequate aging techniques
and small sample sizes of gray foxes. Besadny (1966) analyzed the
stomach contents of only 13 gray foxes cbllected from 1955-65.
Petersen et al. (1977) evaluated the current gray fox hunting and
trapping season in Wisconsin, and indicated that the once fairly
common population of the upper Mississippi River Valley has been

virtually eliminated during the past 25 years. The state



population in 1975 was estimated at only 3,000 to 4,0001gray foxes
(Petersen et al. 1977), with 2,303 (50%) harvested that fall and
winter (Wisconsin Dep. Nat. Resour. 4980)T~~0verexploitatienre£~
gray foxes was attributed to increased demand created by pelt values
reaching an average of $19.38 during 1975;76 (Petersen et al. 1977).

As long as fox fur remains in vogue, the high demand for gray
foxes has the potential to depress the Wisconsin population
(Petersen et al. 1977), possibly to where productivity no longer
balances mortality. The objectives of this study were to determine
age-specific, sex-specific, and mean annual mortality and
reproductive retes of gray foxes in southwestern Wisconsin.

I thank N. F. Payne, C. M. Pils, L. E. Nauman, and K. D. Hall
for advice and review of the manuscript, T. Zeisler for_computef
analysis of data, S. Heasch for necropei of 2 gray foxes, and those
hunters, trappers, and furbuyers who supplied carcasses for_thié
project. Fiﬁancial support was provided by the University of
Wisconsin-Stevens Point.

STUDY AREA

Gray fox carcasses were collected within a 13-county region
of southwestern Wisconsin (Fig. 1). This area is characterized by
open hills and broad ridges in southern areas, to deeply incised
valleys and narrow ridges in the north (Hole 1977). Predominate

vegetation types consist of white oak (Quercus alba), red oak (Q.

rubra), black oak (Q. velutina), shagbark hickory (Carya ovata),

white ash (Fraxinus americana), green ash (F. pennsylvanica), and

maple-basswood (Acer spp. - Tilia americana) associations (Curtis



1959)Vinterspersed with small farmé on ridgevtops and valley floors.
The combination of fétested and cropped land creates a great amount‘
southwestern Wisconsin‘(Petersen et al. 1977)5

METHODS

From 26 October - 31 January 1978-80, 636 gray fox carcasses
and 210 pelts (about 9% of statewide harvest) were collected from
104 trappers, hunters, and furbuyers throughout southwestern
Wisconsin. Upper mandibles and reproductive organs were removed
from each carcass, and stored frozen for 2 to 3 months before
analysis, and after sex, date of capture, cause of death, and
county of kill were recorded; pelts were examined for sex ratio
information.

Uteri of adult vixens were stained with acidified potassium
ferrocyanide (Larson 1967) to re-define degenerating placental
scars (Layne and McKeon 1956, Sullivan 1956), and litter sizes
calculated from counts of prussian blue colored scars. Ovaries
were macroscopically sectioned (Pimlott and Mossman 1959) and
analyzed for corpora albicantia and corpora lutea (Cook 1977).

Male testes with attached epididymides were weighed to the
nearest 0.lg, and fluid from 1 cauda epididymis examined
microscopically for the presence of mature spermatozoa. To reduce
the bias caused by body size differences, the average weight of
each animal's testes (g) was divided by the greatest skull length
(mm) and multiplied by 100 (Payne et al. 1966, Gipson et al. 1975).

Age was determined by the presence of canine root apical

-5-



foramina, pulp cavity measurements, and cementum annuli counts
(Root 1981). All gray foxes aged at 2 1.5 years were designated
as adults; foxes <«1.5 years as juveniles; and those aged at 1.5
years old as yearlings. Barren adults refer to Qixens that
produced no young, either through failure to mate, failure of eggs
to be fertilized, or loss of the embryos prior to implaﬁtation or
shortly thereafter, and showing no evidence of p%egnancy or
placental scars in the uterine horns (Layne and McKeon 1956).

RESULTS AND DISCUSSION

Reproduction

The number of placental écars affords the best estimate of
litter size generally available fof late fall and early winter
killed vixens (Layne 1958); hdwever,_the method provideé soméwhat
inaccurate estimates if potential sources of error are not
considered. Sheldon (1949) used only dark pigmented scars for
litter size determination; Englund (1970) defined 6 distinct
color shades of red fox uterine scars, and concluded that only the
darker shades represented the remnants of actual births. Lighter
colored scars indicated embryos dying in utero, or suspected
pregnancies of earlier years. Placental scar data provide
slightly biased estimates of actual natality through the inclusion
of sites where resorptions occurred but were indistinguishable in
postpartum uteri (Layne 1958). Total prenatal mortality of gray
foxes varies between 15% and 32% (Gier 1947, Layne and McKeon
1956, Layne 1958). "

Uteri of 96 adult vixens were collected during this study.

-6-



One female was éliminated from the sample because she had 1
distinct plaéental scar although she was aged as a juvenile., Pils
and Martin (1978) reﬁdfié& thatrﬁﬁéiund (ﬁérs;'cpmmﬁarirobséf;gd
no placental scars from 1,000 juvenile vixen red foxes; however,
S. H. Allen (North Dakota Fish and Game Comm., pers. commun.) and
C. M. Pils (Wisconsin Dep.»Nat. Resour., pers. commun.) have noted
placental scars when examining the uteri of juvenile red foxes
from North Dakota and Wisconsin, respectively.

Barren Females

- Previous studies of wild gray foxes have suggested that the
majority of vixens breed in their 1lst year (Layne and McKebn 1956,
Wood 1958). This belief was based on the fact that the proportion
of barren adult females was‘notvhigh enough to indicate a low level
of successful matings in abparticular age class. In New York,
Layne and McKeon (1956) and Sheldon (1949) noted that only 3.8%
(N=53) and 3.3% (N=90) 6f the adults were barren, respectively.
Wood (1958) concluded that only 6.47% of 141 female gray foxes from
Georgia and Florida were unsuccessful breeders.

In southwestern Wisconsin, 127 of 96 vixens were barren
(Table 1); however, 10 of the 1l barren females were aged as
yearlings, and only 1 (9%) was an older adult. Overall, 19% of
54 yearlings and only 27 of 42 older adults were barren.

This high incidence of barren yearling gray foxes may be
related to a compiete deterioration of scars in yearling female
reproductivevtracts. Layne and McKeon (1956) and Sullivan (1956)

indicated that placental scar counts are reliable indicators of

-7-



‘litter size only through October; however, redifferentiation of
"degenerating scars with acidified potassium ferrocyanide should
have eliminated this problem (Larson 1967). -

Extensive studies on breeding silvér foxes (V. vulpes) in
fur farms (e.g.'Johansson 1938, 1941, Pearson and Bassett 1946,
Starkov l949)'have shown that captive yearling vixens are less
dependable. breeders than older vixens because the percentage of
unmated females, sterile matings, and abortions are much higher
in yearlings than the older age groups. Harris (1979) concluded
that the higher incidence of barren yearling red foxes (52% of the
age class) possibly was related to some physiological."immaturity".
The poor breeding performance of yearling vixen arctic foxes

(Alopex lagopus) was caused by an increased percentage not

ovulating in comparison to the older age groups (Aamdal and
Fougner 1973), and early embryonic death was an important factor
in the reduced productivity of yearling vixens (Fougner 1972).

Englund (1970) found a good correlation between productivity
and food availability, and concluded that in years of poor food
supply there was a high incidence of barren first-year red foxes.
But, in general, studies in areas where environmental factors
remain relatively constant from 1 year to the next have shown a
high percentage of successful‘matings (e.g. Sheldon 1949, tayne
and McKeon 1‘956) .

Layne and McKeon (1956) collected female gray fox reproductive
tracts after the breeding season that contained corpora lutea but

showed no evidence of pregnancy or placental scars, indicating

-8-



that some females may reach puberty too 1ate in the season for
successful matings. Male gray foxeé attain sexual maturity at an
earlier age than females (Layne 1958), and produce sperm only
through March (Follman 1978). If female gray foxes exhibit a
reproductive cycle similar to red foxes, juveniles come into heat
about 2 weeks later than adults (Pearson and Bassett 1946) and
remain in estrus <1 week (Johansson 1938, Enders 1938, Asdell
1964). Possibly a small percentage of juvenile female gray foxes
are not reproductively artive during the height of the mating
season, and are unsuccessful breeders until their 2nd year of 1life.
Layne (1958) examined a juvenile collected in June that had well—
developed corpora lutea in the ovaries although the uterus was
virginal in appearance.
Litter Size

Mean litter size estimates of gray foxes have ranged from
3.3 to 5.2 young for several regions of the country (Table 2).
In southwestern Wisconsin, placental scar counts of 85 vixens
averaggd 3.5 young, with a range of 1 to 9 scars and a mode of 4
(Fig. 2). Richards and Hine (1953) reported an average of 3.9
young per female gray fox (N=44) from southern Wisconsin. Only
Lord (1961) reported a smaller mean litter size than litter
numbers determined during this investigation.

The lower mean litter size reported for southwestern
Wisconsin may reflect a wider range:of environmental and
nutritional conditions affecting this sample, on the northern

(]
periphery of its range (Hall and Kelson 1959, Petersen et al.

-9-
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1977). Englund (1970) found a good relationship between birth

“litter size and food availability for red foxes from Sweden; Ryan

"

m{lgiéégsus?eeted that nutritional and environmental factors

contributed to lower mean litter sizes for red foxes from New
South Wales.

Mean birth litter éizé of female gray foxes from southwestern
Wisconsin remained fairly constant from 3.41 to 3.38 through 2.5
years of life. Beyond that, litter sizes increased slightly Eut
differences between separate means Qere not significant (P >0.05).
Senescence may affect productivity of 4.5+ year old gray foxes,
but sample sizes from my collections ére too small to be conclusive.

Harris (1979) concluded that old age significantly decreased litter

size of wild London red foxes by the 5th to 6th bréeding season..

[

Allen (1975) suggested that litter sizes of North Dakota red foxes
decline after 4 years of life. Age did not affect reproduction
of ranch raised silver foxes or blue foxes (A. lagopus) before 8
to 10 years (Starkov 1949).
dvarian Analysis

Only 1 vixen gray fox inspected from southwestern Wisconsin
possessed corpora iutea, because corpora lutea occur in the ovary
during pregnancy; when few foxes were harvested. Two corpora
lutea were clearly evident in each ovary. Gier (19475 in Ohio
and Layne and McKeon (1956) in New York reported an average of
5.2 corpora lutea. Layhe (1958) found an average of 4.4 corpora
lutea per vixen from southern Illinois.

Corpora albicantia counts for southwestern Wisconsin vixens

=10-



ke b

were an unreliable indicator of ova production. Fifty percent of
96 adults examined showed no evidence of corpora albicantia
although uterine placental scars were clearly evident, An
additional 25% of the remaining 48 vixens that were examined
possessed fewer albicantia than placental scars.

Cook (1977) indicated that some albicantia persist for more
than 1.5 years in vixen gray foxes from Georgia; however, my
results agree with Sullivan (1956) and Layne and McKeon (1956) who
concluded that ovarian anilysis was unreliable past October due to
the degeneration of corpora albicantia.

Male Reproduction

The percentage of males with mature spermatozoa in the cauda
epididymis increased from November to January (Table 3). During
January all 20 males examinéd had>sperm and were considered
reproductively active. More adult males thaﬁ juveniles possessed
mature sperm in November and Decembef but the sample sizes were

too small for statistical comparison. My investigations of

epididymides agreed with Follman (1978) who concluded that adult

males produce sperm earlier in the year than juveniles in Illinois.
Onset of breeding .activity in the male gray fox was accompanied

by‘an increase in testes weight (Fig. 3). Juveniles showed a

similar rate of increase in testes weight as adults.

Sex Ratios |

Past studies have estimated sex ratios from samples of fetuses,

pups at dens, and foxes taken by trappers and hunters. Spring and

summer tallies of foxes shot and trapped generally indicate a nearly

o =11~



equal sex ratio, or one favoring males (Layne and McKeon 1956,

Sullivan 1956, Wood 1958, Layne 1958). Foxes shot or trapped in

— —the fall anduwintermpredominatei§~favorﬁmalesm(Laynewand McKeon

1956, Linhart 1959, Oleyar and McGinnes 1974) due to their greater

mobility and subsequent susceptibility to hunting and trapping

pressure (Sheldon 1949). Fetal sex ratios also favor males
(Sheldon 1949, Layne and McKeon 1956, Layne 1958).

The overall sex ratio of 846 gray foxes harvested in
southwestern Wisconsin did not depart significantly (P >0.05)
from an assumed 50:50 ratio (92M:100F), in contrast to reports of
significantly (P <0.05) more males expected in collections during
the late fall (Sheldon 1949, Layne and McKeon 1956, Linhart 19595.
Sex ratios did not differ in relation to age (Fig. 4) or ﬁethod of
capture (Fig. 5, P :»O;OS); however, there was a tendency towards
fewer juvenile males per female from November to January, and more
females than males were trapped than shot during the entire,pefiod.
If males harvested during the late fall and early winter‘actually
are more vulnerable to capture, then the southwestern Wisconsin
sex ratio may favor females more than my overall sex ratio would
indicate. Once the more vulnerable males are harvested during

November (Fig. 4), sex ratios apparently favor females, although

- these differences were not significant (P >0.05).

Harvest

Kinds and Timing

Causes of death were assigned to 547 of 636 gray foxes

collected during the 1978-79 and 1979-80 trapping season
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(3 November - 31 January). Only 1 cause, such as '"shot" or
"trapped" was assigned to each animal; however, I recognize that
mortality can be the result of many contributing factors (Errington
1963, Davis 1970, Storm et al. 1976).

The 2 most common causes of death were trapping (59%) and
hunting (32%, Fig. 6). Peak harvest occurred during November
(Fig. 7) when over 55% of the harvested gray foxes were taken, as
compared to 307 in December and 147 in January. Nearly equal
numbers of both sexes were collected each month by each method of
capture (Fig. 8).

- Trappers and hunters hadltheir greatest impact in November,
when they harvested 34% and 17% of the total kill, respectively.
Only 8% of the 92 foxes shot in November were harvested during the
first 2 weeks. Most of the foxes harvested in early November were
trapped (_)_(_2=69.O6, P <0.005, 1 df, N=92, Fig. 8). The higher
percentage of foxes shot in late November (92%) probably results

trom increased harvest pressure during the annual Wisconsin gun

white=tailed deer‘fedotoiieus virginianus) season incorporating

over 600,000 hunters, which runs for 9 days during late November.
Most fox trapping occurs early in the season before the ground
freezes aﬁd dirt hole, scent post, mound, and other sets become
difficult to construct and maintain.

Miscellaneous Mortality

Reported vehicle kills were highest in November (58%) although
many probably were killed earlier in the year. One male gray fox

reported to have been killed by a vehicle in November was extfeﬁely
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small and had deciduous dentition, indicating an actual kill date
of at least 1 month earlier (Wood 1958), unless the fox was from
an unusually late litter. , - . -

The overall reported proportion of vehicle kills (97%) is
probably an underestimate because pélts are not valuable (V. Dobbs,
furbuyer, pers. commun.), and some foxes hit by cars land in
ditches out of view (Storm et al. 1976).

One of the 2 male gray fox carcasses collected during this
study may have died from tularemié; however, confirmation was
difficult due to decomposition of the carcass. The cause of death
of the other male could not be determined.

Although mange is a controlling influence on some red fox
populations (Trainer and Hale 1969, Zeh 1974)7 it hasvnot occufred
often iﬁ’gray foxes (Stone et al. 1974)} No mangy gray foxes were
reported‘by cooperating furbuyers, trappers, hunters, and none
of the 846 gray fox pelts I observed showed evidence of mange;

Age Structure

Of the 636 gray foxes aged, 667 were harvested in their 1lst
year of life, and 857 (596) were under 2.5 years of age (Fig. 9).
Only 3% (20) of the harvest was over 4.5 years of age, which agrees
closely with the data of Wood (1958). Althoﬂgh potential longevity

~is 14 or more years, captives r;pely attain 8 years of age, and
few gray foxes sufvivg 6 years in the wild (Jackson 1961).

The percentage of juveniles in the southwestern Wisconsin

harvest (66%) agrees with reports of 69% juveniles in southern

Wisconsin (Richards and Hine 1953) and 61% in Florida and Georgia
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(Wood 1958); however, the extemsion of an agevstructure determined
from carcass collections to represent the living population must
be done cautiously. A‘compafison of the age structure of animals
téken and pelted by trappers versus fhose gray.foxes trapped and
sold unpelted to furbuyers in southwestern Wisconsin (Table 4)
indicated a signficant (§?=3.04, P «<0.10,1 df, N=243)
preponderance catch of juveniles with carcass collections from
fur houses. Because much of the age structure data feported in
the literature are deterrined from samples collected at fuv houses
they may be biased towards juveniles to an unknoﬁn degree. 1In
southwestern Wisconsin, trapbers who pelt their own catch were
harvesting significantly more adults (41% of total harvest) than
those selling their unpelted catch to fur houses (33.7% of total
Ahérvest), probably because the latter are less skilled trappers
who take a greater proportion of inexperienced juvenile gray
foxes. Therefore, a more accurate representation of the actual
age structure of the harvest must be made by collecting carcasses
from furbuyers and those individuals who pelt their own ecateh.
Mortality

The age distribution of the sample (Fig. 9) was assumed to
represent that of the living population, and was treated as an
"lX" series (Caughley 1966, Seber 1973). Life table analysis
indicated that total annual mortality of gray‘foxes.was 667
(Table 5). Mortality wés 727% for young-of-the-year, and then
-remained fairly constant from 51% to 657 for the next 3 years.

Beyond that, sample sizes were too small to be conclusive. The
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survival curve (Fig. 10) resembles the type'II curve for species
assumed to have relatively comstant survival throﬁghout life

 (Boughey 1973). |
Pdpulation Stability

The net reproductive rate, R§ (0dum 1971); was calculated from
the female data (Table 1 and Fig. 9) to gain én indication of the
stability of the population during this'study. If an equal sex
ratio at birth is assumed, and the mean number of young per female
(Table 1) accurately represents the productivity of vixens frbm
southwestern Wisconsin, the replacement rate for both years
combined was 0.76 (Table 6). Since an R0 value of 1.0 means the
populétion is replacing itself every generation, these results
indicate that the gray fox population of southwestern Wisconsin
was declining during this study,

MANAGEMENT RECOMMENDATIONS

The wildlife ménagement plan of the Wisconsin Department of
Natural Resources requires the creation and implementation of
regulations to make optimum use of furbearers from biological,
recreational, and economic standpoints. Every effort should be
made to design regulations that maintain desirable population
levels from year to year (Pils and Martin 1978).

Because my analysis of gray fox reproduction and mortality
indicates that the southwestern Wisconsin population is declining,
and Petersen et al. (1977) concluded that gray fox densities in
Wisconsin are extremely low, management should be directed

towards reducing the statewide harvest of gray foxes. However,
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this may be unnecéséary'if pelt values for gray foxes continue to
decline. Petefsen et al. (1977) found a significant correlation‘
(P <0.01) between pelt prices and the estimated.annuaimpurchase*of
gray fox pelts from Wisconsin, and concluded that a decrease in the
dollar value of gray fox pelts would cause a reduction in the
harvest. But, because pelt prices fluctuate in relation to
changing market conditions, they are an unreliable technique for
effectively managing the Wisconsin gray fox population. The
following recommendations should be considered.

Harvest Regulation Changes

The Wisconsin gray fox harvest is influenced greatly by the

demand for red foxes and ;accoons'(Procyon lotor), which has
increased substantially due to recent high pelt values for long-
haired furbearers. Gray foxes in Wisconsin are harvesféd
incidental to red foxes and raccoons, with about 65% of the trappers
and 807 of the hunters harvesting only 1 gray fox during an entire
season (Petersen et al. 1977). Modification of harvest regulations
for red foxes and raccoons may influence gray fox populations
(Petersen et al. 1977), but I think that shortening the current
raccoon season would have little direct effect on reducing the
harvest of gray foxes. The raccoon season in Wisconsin ndrmally
opens about 2 weeks earlier (about 15 October) théd that for red
foxes and gray foxes (about 1 November). The few gray foxes
harvested illegélly in the state during the October raccoon season
probabiy would not resuit in substantial reduction in the annual

harvest of gray foxes.
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A more feasible management procedure for gray foxes involves

initiating a shortened, split season for trappers and hunters.

The present gray fox hunting and trapping season extends from

“about 1 November - 31 January; the revised trapping season would

run from 1 November - 31 Deqember. The primary objective of this
alteration would bé to reduce m§rtality by eliminating January

from the season (about 14% of the annual harvest were trapped
during Januéfy (Fig. 7)), and decreasé the harvest 6f poor quality
or rubbed pelts which have lower economic value (V. Dobbs, furbuyer,
pers. commun.).

The éray fox hunting season could be shortened to run from
lbDecember - 31 Jénuary. My data on gray fox mortality indicates
that, in Novembér, hunters_took.l7% éf the énnual harvest in
souﬁhwestern Wisconsin (Fig; 7),'of which 927 were shot during the
gun deer season of late November. Apparently few individuals
specifically hunt gray foxes in November. 1In addition, delayed'
opening of the hunting season would reduce the crippling loss due
to inadequate snow cover and poor tracking conditions during

November.

Split season harvests for hunters and trappers are practiced

in Illinois, Indiana, and Missouri, and may provide a means of

minimizing the differénde of opinion that exists between fox
hunters and trappers. Each group believes the other is harvesting
a disproportionately higher share of the red fox and gray fox
population (Petersgn’et al. 1977). Season changes can be made

through routine administrative procedures, and would cost little.
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However, enforcement problems could be substantial. In Iowa, some

trappers still took foxes in traps supposedly set for'coyotes

- (Canis latrans), raccoons, skunks (Mephitis mephitis), or badgers.

(Taxidea taxus) when the trapping season was closed (Andrews 1977).

These foxes were not being released alive, or they were shot upon
release and bagged as a hunted fox because the hunting season was
still open. Conservation officers found that the illegal
harvesting of foxes by trappers after the season closed was nearly
unenforceable. Towa finally returned to a concurrent hunting and
trapping season in 1977. Uﬁless these enforcement problems can be
minimized or eliminated, Wisconsin will face a similar enforcement
dilemma.
Population Monitoring

Pils and Martin (1978) suggested that the accuracy of the
current furbearer aBundance indices in Wisconsin (fur harvest
reports) are questionable. Some furbuyers do not separate gray
foxes from red foxes in their records, but estimate the number of
gray foxes they purchased at about 20% of the total number of foxes
they purchased that year (Petersen et al. 1977). Others sell the
gray foxes they purchase to other furbuyers, but both individuals
report the animals when filing their reports, thus inflating the
actual harvest in the state (C. M. Pils, Wisconsin Dept. Nat.
Resour., pers. communf). Because reliable data regardihg the
harvest of gray foxes in Wisconsin can provide important information
for future management decisions, management should copsider

initiating a mandatory pelt tagging program for all gray foxes
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harvested in Wisconsin. Trappers and hunters in Wisconsin would

be required to obtain plastic tyvac carcass tags from their local

—game warden, attach 1 tag through the gambrel of a hind Teg of
- each gray fox they harvest, and seal and tie with the string

‘incorporated as a backup system similar to the method used in

1980-81 with archery-killed deer. The hunter or trappef would
then vélidate the pelt tag by cutting out notches indicating the
sex, month of capture; method of harvest, and county of kill.
Legally tagged foxes then would be brought to a local game
warden on the dates each month that bobéét ﬂ£13§.52£2§), otter

(Lutra canadensis), and beaver (Castor canadensis) are tagged,

and the warden would remove the tyvac tag and replace it with a

pelt registration tag. ' This tyvac tagging program would supply

-valuable information on (1) the actual numerical harvest of gfay

foxes in the state, and (2) base line data on sex ratios, harvest
methods, and locations of kills, which could be used to monitor
the population and influence future management decisions. If
successful, . this program could be expanded to include other species
for which harvest information is desirable, most notably, bobcats
and otters.
| FUTURE RESEARCH

My analysis of the productivity and mortality of gray foxes
in southwestern Wisconsin indicates that tﬁe population is
declining due to the combination of‘high harvest rates and low
productivity. Because Petersen et al. (1977) concluded that

about 50% of the fall population was being harvested annually, it
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is conceivable that the gray fox population could be éliminated
from Wisconsin unless effective regulations are initiated (see
above) and future research is conducted.  Therefore, gray foxes
should be live-trapped (Berchielli and Tullar 1980, Tullar and
Berchielli 1980), sexed, aged (Root 1981), ear-tagged, radio-
collared (Follman and Buitt 1978), and released, with emphasis on
investigating spring and summer sex ratios of litters and adults,
annual survivorship and mortality patterns of tagged animals, and
dispersal patterns and habitat use. All foxes collected after
tagging should be aged (Root 1981) to verify cementum annuli
procedures (Nicholson and Hill 1980, Root 1981). The state
population should be monitored through a tyvac tagging program and
the analysis of the age structrure and feproductive performance
of a representative sample of the fall gray fox harvest, and future
management decisions based on the analysis of this data.
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Table 1. Age-related litter size? and percentage of barren vixens for

96 gray foxes from southwestern Wisconsin, 1978-80.

Age  Sample = Perc

Sampléiwr ~ Percent  Mean

Range
(years) N barren litter
size
1.5 54 18.5 3.41 1-9
2.5 25 4.0 | 3.38 1-9
3.5 : 9 0.0 4,11 2—8
4,5+ 8 0.0 3.63 , 2=5
.Total o 96 11.5 3.49 1-9
2.5+ 42 2.4 3.59 1-9

a .
From placental scar counts.
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Table 2.

Mean litter sizes of gray

of the United States.

foxes from different regions

Reference

Location Sample Mean
N 1i?te§
size
Lord 1961 Florida Unknown 4,.7(s)
~Lord 1961 Florida 6 3.3(s)
Wood 1958 S. Georgia & N. Florida 141 4.6(s,e)
Sullivan 1956 Alabama 26 3.8(s,e)
Layne 1958 S. Illinois 66 4.4(cl)
Gier 1947 Ohio Unknown 5.2(cl)
Sheldon 1949 New York 35 3.7(s,e)
Layne and McKeon 1956 . New York 42 4.5(s,e)
Richards and Hine 1953 S. Wisconsin 44 3.9(s)
Current study SW. Wisconsin 85 3.5(s)

a

C=27-

s = placental scars, e = embryos or fetuses, cl =

corpora lutea.



Table 3. Number of gray foxes examined and percentage
with mature sperm present in the cauda epididymis, by

month in southwestern Wisconsin, 1978-80.

Month. Juvenile-v ’ Adult
Sample Percent Sample Percent
N with sperm N with sperm
November 34 15.6 14 - 78.6
December 17 64.7 12 | 83.3
January 12 100.0 .8 100.0
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Table 4. Age structure of gray foxes trapped and pelted by

trappers and those sold to furbuyers unpelted in southwestern

Wisconsin, 1978-80.

Age Foxes trapped ‘ Foxes trapped Combined
(years) and pelted and sold unpelted

N % N % N %
0.5 46 58.8 115 69.8 161 66.3
1.5 18 23.1 26 15.7 44 18.1
2.5 8 0.3 14 8.5 22 9.1
3.5 1 1.3 3 - 1.8 4 1.5
4.5 2 2.__6 4 2.4 6 2.6
5.5 2 2.6 2 1.2 4 1.5
6.5 1 1.3 1 0.6 2 0.9

Total 78 100.0 165 100.0 243 100.0 .
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Table 5. Composite life table for gray foxes from southwestern

Wisconsin, November - January 1978-80.

Age No. o No. 7"No. Wﬁ;rfélity M;én exﬁéééation

(years) alive alive dead rate of further life
(Per 1000) ~ (years)

X lX lX dX 9, e,

0.5 420 1000 719 0.719 1.014

1.5 118 281 143 0.509 1.329

2.5 58 138 90 0.652 1.188

3.5 20 48 27 0.562 1.479

4.5 9 21 2 0.095 1.738

5.5 8 19 12 0.632 0.869

6.5 3 7 7 1.000 ~ 0.500
Total 636 1514 iOQO 0.660 | 1.109
Adult 216 514 281 0.546 1.294
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Table 6. Calculation of net reproductive rate (Ro) for gray

foxes from southwestern Wisconsin, 1978—80.

Age Sample Per Natality " Reproductive

(years) 1000 a rate
X 1 1 m 1m
X X X X X
0.5 217 1.00 0.00 0.00
1.5 59 0.27 1.39 0.38
2.5 26 0.12 1.62 0.19
3.5 10 0.05 2.06 0.10
4,5+ 11 0.05 1.82 0.09
0.76 = R
o

a A sex ratio at birth of 50:50 was assumed.
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Fig. 1. Gray fox study area in southwestern Wisconsin.

-32-



KM

—
20 40 !
N
[JUNEAU
_SAUK COLUMBIA: |
RICHLAND ‘
CRAWFORD |
(T)ANE' '
"
IOWA
GREEN

LA FAYETTE




Fig. 2. Placental scar counts of 85 gray foxes from southwestern

Wisconsin, 1978-80.
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Fig. 3. Average testes weight of 63 juvenile (dashed line) and
35 adult (solid line) gray foxes from southwestern Wisconsin,
1978-80. Breeding coefficients were calculated for each animal

to reduce the bias caused by variations in body size of males.
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Fig. 4. Monthly variation in sample sex ratio in relation to age;
for 631 gray foxes from southwestern Wisconsin, 1978-80. Numbers

above bars indicate sample sizes for each age-class.
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Fig. 5. Monthly variation in sample sex ratio in relation to cause
of death, for 500 gray foxes from southwestern Wisconsin, 1978-80.

Numbers above bars indicate sample sizes for each category.
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Fig. 6. Causes of death of 547 gray foxes from southwestern

Wisconsin, 26 October ~ 31 January 1978-80.

indicate sample sizes in each category.
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Fig. 7. Number of gray foxes harvested each month (%) in

southwestern Wisconsin, 1978-80.
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Fig. 8. Number of male and female gray foxes harvested each month
l
(%) in southwestern Wisconsin, 1978-80. Numbers above bars

indicate sample sizes that month.

-=39-



NUMBER OF FOXES (%)

100

80

60

40

20

3 Shot Found dead
Trapped

149 150 82 sl

M F
NOV DEC
MONTH COLLECTED

38 43




Fig. 9. Age distribution (%) of gray foxes from southwestern
Wisconsin, 26 October - 31 January 1978-80. Numbers of each age

group are listed along bars.
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Fig. 10. Survivorship curve of 631 gray foxes from southwestern

Wisconsin, 1978-80.
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PRODUCTIVITY AND MORTALITY OF RACCOONS IN SOUTHWESTERN WISCONSIN

DAVID A. gng, Qpllege of Natural Resources, University of

Wisconsin-Stevens Point, Stevens Point, WI 54481

Abstract: Age-specific, sex-specific, and mean annual mortality
and reproductive rates were gathered from 1,361 raccoon (Procyon
igﬁgg) carcasses collected in southwestern Wisconsin from 13
October through 31 January 1978-80. Litters averaged 3.71 young
for 32% of 72 yearlings and 3.72 for 91% of 142 older adults;
however, the mean number of pups per yearling (1.17) was
significantly less'(g ;:0.01) than per older adult (3.38) due to
the higher incidence of’barfen yearlings (68%) than older adults -
(9%). Age-specific litter size remained fairly constant through
at least the 10th year. About 10% of 100 juveniles harvested in
October 1979 were born between mid-May and mid-July. Starvation
and lack of subcutaneous fat reserves on 19 other juveniles
suggest that animals conceived later than the normal February
through March mating period may not survive a long winter in
Wisconsin. Low testes weight, lack of non-motile sperm in: smears,
and non-extrusible penes indicate that juvenile males in
southwestern Wisconsin are not capable of siring offspring. The
sex ratio of juveniles (116M:100F) significantly (P <0.05)
favored males; adults were nearly equally divided by sex (96M:100F,
P >0.05). Over 98% of known mortality was attributed to hﬁnting
(43%) and trapping (55%). The harvest consisted of 65% juveniles,

13% yearlings, and 22% older adults. Maximum longevity approached
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10 years although few raccoons (5%) survive more than 5.5 years of
life. The net reproductive value (0.83) indicated a declining

— —Araeeeeﬁ—pepuiatieﬂ~éufiag~%his—s%udy; ‘Management recommendations -
include shortening the current raccoon season (about 15 October -

31 January) to coincide with the present red fox (Vulpes vulpes)

and gray fox (Urocyon cinereoargenteus) hunting and trapping

seasons (about 1 November - 31 January).

J. WILDL. MANAGE.

Key words: age structurc, management recommendations, morcality, -
B ————— ’

Procyon lotor, raccoons, reproduction, sex ratios, southwestern

Wisconsin.
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The Wisconsin Department of Naturaleesources initiated a
raccoon stocking program for Wisconsin in 1932 to increase the
number of raccoons available for hunting gpportunitiesﬂwhilé' I ”¥m
improving pelt wvalues fhrough the introduction of black and cross
raccoons. Terminated about 30 years latér, this program did not
contribute to the annual raccoon harvest, supplement existing
populations, or establish new populations on new ranges (Woehler
1957); however, since 1948 the raccoon population has steadily
increased to the point where they have become so abundant in some
areas that they cause damage to summer homes, agricultufal érops,

waterfowl nests (Woehler 1957), and youhg muskrat (Ondatra

i

zibethicus) populations (Dorney 1954).

Concurrently, interest in hunting an& trapping raccoons in
Wisconsin has incfeased dramétically due to increésing pelt values.
Estimated fur purchases ranged from 53,000 Wisconsin raccoon pelts
in 1967 to an average of over 94,600 pelts during the following 10
years (Fig. 1). Of 39 states reporting, Wisconsin ranked 4th in
the harvest of raccoons in 1976 (Inter. Assoc. Game and Fish Conserv.
Commﬁ 1977, unpubl. report). The total estimated value of Wisconsin
raccoon pelts during the 1975-76 trapping season was about $3.15
millioﬁ. Muskrats were ranked 2nd at $2.23 million (Wisconsin Dep.
Nat. Resour. 1976a).

There is a need to investigate the produc;ivity and mortality
rates of the ﬁisconsin raccoon population under the cu:rent
intensive hunting and trapping ﬁressure. The objectives of this

study were to determine age-specific, sex-specific, and mean
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annual mortality and reprbductive rates of raccoons in'southwestern
Wisconsin. |

I thank N. F. Payne, C. M}‘PiIs,‘Iwa. Nauman, and K. D. Hall
for advice and review of the manuscript, T. Zeisler for computer
analysis of data, and ail trappers, hunters, and furbuyers who
supplied raccoon carcasses for this project. Financial support
was provided by the University of Wisconsin-Stevens Point.

STUDY AREA

Raccoon carcasses were collected within a 13-county region of
southwestern Wisconsin (Fig. 2). This area is characterized by
open hills with broad ridges in southern regions to deeply incised
valleys with narrow ridges in the north (Hole 1977). Croplands
are found on ridge tops and valley floors; intervening slopes are
wooded. About 30%‘of the land surface is cropped, and 407 forested

(Petersen et al. 1977) with predominately white oak (Quercus alba),

red oak (Q. rubra), black oak (Q. velutina), white ash (Fraxinus

americana), green ash (F. pennsylvanica), and maple-basswood

(Acer spp. — Tilia americana) associations (Curtis 1959).

METHODS
Reproductive organs and upper mandibles of 1,361 raccoons
were collected from 13 Octobér - 31 January 1978-80. About 75%
of the raccoons were collected from cooperating furbuyers once
each week; the remainder was saved by trabpers and hunters who
were instructed how to collect and store relevant parts. Most
raécoons (98%) were trapped or shot, but starved animals (Mech et

al. 1968) and traffic victims were also reported or identified.
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Carcasses were frozen as soon as possible after collection, and sex,

date of capture, cause of death, and county of kill were recorded.

presence of canine root apical foramina (Grau et al. 1970), and
aged to the nearest half month by tooth replacement patterns
(Montgomery 1964) when possible. All remaining specimens were aged
by counting cementum annuli of an upper lst premolar (Root 198la).
Past studies have determined raccoon ages from counts of annuli
from upper incisors (Grau et al. 1970) or 4th premolars (Johnson
1970); however, numérous accessory lines (Rice 1980) were present
in thoée teeth which were not apparent in upper lst premolars.

Although Stone et al. (1975) used giemsa to stain annuli of

raccoons from New York, bands of southwestern Wisconsin raccoons

were indistinguishable unless stained with hematoxylin and eosin.
Similar results were noted with sectioned teeth of Wisconsin gray

foxes, red foxes, coyotes (Canis latrans), and black bears (Ursus

americanus).

The penis was examined from each male raccoon to determine if
it could be extruded through the prepubital orifice (Sanderson
1950, 1961). Testes .with attached epididymides were weighed to
the nearest 0.1 g, and smears from the cauda examined for presence
of pdn-motile spermatozoa. To reduce the bias caused by body size
differences, the average weight of each animal's testes (g) was
divided by the greatest skull length (mm) and multiplied by 100
(Payne et al. 1966, Gipson et al. 1975). |

Litter sizes were determined from placental scar counts from
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the most recent breeding season (Johnson 1970). Females with
turgid uteri were not examined because estrus tends to obscure the
_scars (Johnson 1970, Sanderson and Nalbamdev 1973)+—

All raccoons aged at 21.5 years were designated as adults;
raccoons <1.5 years as juveniles; and those aged at 1.5 years old
as yearlings. Barren adults refer to female raccoons that produced
no offspring, either through failure to mate, failure of eggs to be
fertilized, or loss of embryos prior to implantation or shortly
thereafter, and showing ro evidence of pregnancy or placental scars
in the uterine horms.

RESULTS
Reproduction
Males

Average testes weights of adults were significantly gréater
(p <:0;001) than juveniles for each month of collection and all
months combined. Testes of all 67 juveniles weighed =3.4 g and
showed no apparent weight growth from October through January.
Testes of yearlings reached the adult weight range (=27.3 g) by
October or earlier. Only 47 of 67 juveniles had mature sperm in
the cauda epididymis; all 19 yearlings and 88% of 42 older adults
were reproductively active. By December, all 14 adults and no
juveniles possessed mature sperm (Fig. 3).

The baculum could be extruded through the prepubital orifice
of all 37 adults, but none of 40 juveniles examined.

Females

About 717% of 214 adult females whelped young during the year
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in which they wefe examined (Table 1). Of the 62 femalés showing
no discerniblé evidence of placental scars (considered barren),
r~49%%{N=49):weregyearlings%_the remainder were older adﬁltsf”#&MMf’;
68%'pf 72 yearlings and only 97 of 142 older females were barren.

' The mean litter size of 152 females was 3.71 young. Scar
counts ranged from i to 7; mode litter size was 4 (Fig. 4).
Although the mean litter size of yearlings (3.65) and older adults
(3.72) did not differ (P >0.05), the mean number of young per
yearling (1.17) was significantly less (t=9.36, P <0.01l, N=152)
than per older adult k3.38) due to the higher incidénce of barren
yearlings than older adults. |

Age—specific litter size remained fairly constant from 3.45
. to 4.11 young through 6.5 years of life.. Beyond that, litter sizes
increased slightly but sample sizes were too small to detefmine
statist