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OVERVIEW

Gray foxes are native to Indiana and belong to the dog family, like red foxes and coyotes. Gray

foxes are unique because they can climb trees. Although they’re an important part of Indiana’s wildlife, not

much research has been done on gray foxes in the Midwest until recently. Surveys and local observations suggest the gray
fox’s population and range have declined during the past several decades. From 2020-2024, Indiana Department of Natural
Resources Division of Fish & Wildlife (Indiana DNR) partnered with the Wildlife Ecology Institute and Luther College to learn
more. By the end of the project, researchers had radio-collared 32 captured gray foxes and collected data from 91 gray fox
carcasses. Critical to the project’s success were trappers, hunters, and landowners who provided foxes for research and
allowed access to their land. The researchers extend a big “thank you” to all partners, especially the licensed trappers who
allowed us to collar live foxes they caught during the regulated trapping season. Without them, this project would not have

been possible.

HOME RANGES AND HABITAT USE

A home range is the area where an animal regularly lives and moves
around to find food, mates, and shelter. According to our research, gray
foxes in Indiana have a relatively large home range size of about 3.5
square miles on average. This is larger than the 1 square mile average
that’s been documented in other states. Male and female gray foxes
had similar home range sizes. The larger home range size in Indiana
may mean food or shelter is more scarce or more spread out compared
to other states, so gray foxes need to cover more ground than in other
places. Another possibility is home range size could be related to avoiding
competitors and potential predators like coyotes, which requires gray foxes
to travel farther to avoid conflicts.

Gray foxes tend to avoid row-crop agriculture, highly developed areas
(lots of people or buildings) with little greenspace and wetlands. They
seem to prefer edges, such as areas between forests and grasslands or
lightly developed areas with just a few buildings and people. Gray foxes
can generally be found near shrubby areas or less-traveled roads but rarely
near surface water like lakes, ponds or streams. Having grassy or forested
strips (i.e., buffer strips) around row-crop agriculture could help gray foxes
travel safely, because they don’t seem picky about the type of cover, as
long as it’s there, possibly to help them avoid predators such as coyotes.

on.IN.gov/wildlife

Collared Fox Areas
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Figure. 1. Examples of locations where gray foxes were collared. Clusters of dots
represent a gray fox home range, with most gray foxes being collared in Perry,
Crawford, Harrison, and Orange counties in Indiana.
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GRAY FOX HABITAT

Researchers used reports from several sources to build a
map-based model that could predict where gray foxes might live in
Indiana. These sources included Indiana DNR’s report-a-mammal,
Snapshot Indiana, Archer’s Index, and reports submitted online to
the Wildlife Ecology Institute during the project. Three models were
the best at predicting where we might expect to find gray foxes: a
forest model, a refugia (hiding cover) model, and a foraging (food
source) model. All three models agreed that at least 3.5% of Indiana
has gray fox habitat. The most generous model projected up to 18%.

These estimates are lower than expected, especially because
Indiana has a moderate amount of forest cover, and gray foxes like
forest edges. The low estimates suggest there might be ways to
improve habitat conditions for gray foxes in the state. Researchers
are looking for gray foxes in some places the models suggested
they could live, even if there haven’t been sightings reported there
yet, to test how accurate the models really are.

Fox Habitat Models

Figure 2. The top three models that predict where we might find gray foxes. Model Ais a
forest-cover model. Model B is a refugia model related to cover for gray foxes to escape or
hide. Model C is a foraging model related to likely prey habitat. All three models agree that at
least 3.5% of Indiana is gray fox habitat. The most generous model was the refugia model that
suggested 18% of Indiana is gray fox habitat.

SURVIVAL AND CAUSE OF DEATH

Researchers used tracking data from 26 radio-collared gray foxes to
estimate their survival. About 68% (or almost 7 of every 10 foxes) survive
from one year to the next. There wasn’t a big difference between survival of
females and males. These results were similar to findings in nearby states.

Of the 13 radio-collared foxes that died during the study, the main
causes of death were disease — specifically canine distemper virus
(CDV) -- (six of 13, 46%) and vehicle collisions (two of 13, 15%). For
several foxes, researchers could not confirm a cause of death due to
poor condition of the recovered carcass (three of 13, 23%).

Gray foxes seem to use edges near roads. This tendency is risky
due to traffic, but it also helps them travel easily. Studies in other
states suggest adding ways to help foxes safely cross busy roads,
like installing dry culverts with plenty of cover nearby to help reduce
vehicle collisions. This is something Indiana could consider.

DENS AND REPRODUCTION

Researchers found only six dens with pups by tracking the
radio-collared foxes. These dens were often near or inside human-
made structures (e.g., buildings, junk piles), and these dens often
included underground burrows. Gray foxes liked to pick spots that
had a dense amount of plants or small trees about 3-9 feet above
the den site. This leafy cover might help protect the pups from flying
predators like hawks and owls.

Researchers also studied reproductive tracts from 33 female foxes
to look for signs of breeding. Not all females showed signs of successful
breeding, but those that did had anywhere between one and six pups.
The average litter size for foxes older than 1year, suggests gray foxes
in Indiana would typically have two or three pups a year.

GRAY FOX DIET

Researchers studied what gray foxes eat by analyzing the
stomach contents from 52 dead foxes. Using a genetic technique
called diet metabarcoding to identify food items, they found that
nine out of 10 (92%) foxes had eaten plants. About six of every 10
(62%) gray foxes had eaten vertebrates like mammals and birds, and
two of every 10 (23%) had eaten insects.

Among plants, persimmons and grasses were most common. The
most common mammals they ate were mice and voles, and moths
were the most common insect eaten. Several gray foxes had signs
of eating human-generated items like pet food. Gray foxes are true
omnivores, often preferring plant-based foods but focusing on mice
and voles when looking for mammals.

Fox Diet Chart
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Figure 3. The top 10 items found in Indiana gray fox
diets during the research project.
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GRAY FOX PHYSICAL HEALTH

Researchers collected samples from both living and dead gray
foxes to test for diseases and parasites. Here are some highlights of
what they found:

« Heartworms were not found in any gray foxes, which supports
other studies that show gray foxes don’t get this parasite easily.

- Nearly all gray foxes (28 of 29) had ectoparasites (external
parasites), like fleas and ticks. Researchers identified five
species of ticks and four species of fleas.

» Babesia, a tick-borne disease, was found in nearly
half (12 of 25, 48%) of the gray foxes tested.

- Of the 76 dead gray foxes tested for endoparasites (internal
parasites), 30 (40%) had at least one type. The most common
were nematodes (roundworms), specifically Capillaria, found in
26 (34%) samples. Most samples contained only a single type of
endoparasite, but some gray foxes had up to four.

All blood samples tested from 26 live-captured gray foxes had
canine parvovirus antibodies, meaning they had been exposed
to this disease at some point in their life.

Most samples (21 of 24, 87.5%) had Toxoplasma antibodies.

More than half of the gray foxes (14/24, 58%) had
Leptospira antibodies.

None of the gray foxes tested had signs of exposure
to avian flu (0 of 9) or COVID-19 (0 of 24).

All gray foxes tested had insignificant levels of lead
in their blood.

Of 85 carcasses tested for viral genetic material (a sign of
active infection), 45 (53%) had canine distemper virus (CDV),
13 (15%) had canine parvovirus, and two (2%) had canine
enteric coronavirus.

Blood and feces from live gray foxes didn’t have active
infections of CDV, canine parvovirus, or canine enteric
coronavirus, but at least six gray foxes had CDV antibodies
when caught. This suggests they might have had an early CDV
infection (that was not yet detectable in blood and feces) when
they were caught, or they had past exposure.

Factors like season, a gray fox’s sex, whether it had parvovirus,
or how many types of internal parasites it had didn’t seem to
affect whether a gray fox contracted CDV. CDV was detected

in gray foxes in 15 counties, with all having about the same
positivity rate of around 50% of gray foxes from those counties.
Of the 45 gray foxes that were positive for CDV, eight (17%)
were also positive for canine parvovirus.

The strains of CDV found in our gray foxes were slightly different
from most of the currently known strains. Researchers are now
studying distemper strains, as strain may be related to why some
foxes survive the virus while others don’t. Continued testing of
gray foxes could help reveal more about CDV, other diseases
that gray foxes have at the same time (co-infections), and how
these combinations may affect gray fox survival. It could also help
us identify other medium-size carnivores that carry and spread
distemper strains or other diseases that are common co-infections
with CDV.

Canine Distemper Virus in Indiana
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Figure 4. Fifteen counties in Indiana had gray foxes that tested positive for canine distemper
virus (CDV). Prevalence was similar in counties with positives, around 50%, though some
counties only had a few samples. CDV is widespread in gray foxes in Indiana and was a
primary cause of death for radio-collared foxes.
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GRAY FOX GENETIC HEALTH

Genetic health is important for wildlife populations to Gray Fox Genetics by Region

survive over time. By studying genetics, researchers can
figure out which groups of animals are connected or isolated,
what physical barriers might limit their movement (like big
rivers), how closely related individual animals are, and if there 45°N -
are any concerns about inbreeding.

Gray foxes in Indiana have good genetic health. There
isn’t much inbreeding among gray foxes in Indiana, which
means they usually mate with unrelated partners. Their
genetic diversity (which included effective population size and
heterozygosity), were within normal ranges, meaning they
have a healthy mix of genes that helps the species adapt to
changes in its environment over time.

Latitude

There were no signs that barriers like big roads or bodies 35°N1

of water were significantly blocking gray fox movement.
However, none of the gray foxes that had tracking collars
crossed the Ohio River. This might mean that large rivers can
still slow down or prevent gray foxes from some movements 30°N -
or expansion. 95°W
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Genetically, Indiana’s gray foxes are similar to gray foxes Longitude
in neighboring states like Kentucky, Illinois, Tennessee, Ohio, Figure 5. Regional map showing how Indiana fits into gray fox genetics within the Midwest.
L. .. . Dots reflect a gray fox sample. The colors indicate each fox’s probability of belonging to one
and Michigan. This is good news for the genetic health of the

o of three genetic populations identified in the region. Indiana is similar to surrounding states
gray fox population in our state. like Michigan, lllinois, Ohio, and Kentucky.

SUMMARY

Wildlife biologists are concerned about the gray fox population across the Midwest, including in
Indiana. This research helps give us a much better picture of gray fox ecology and management
needs. We now understand better where they live, what they eat, their genetic health, disease
concerns, and how they die. Gray foxes often live near the edges of human-made structures,
possibly to avoid predators like coyotes or because there isn’t enough better gray fox habitat.
But we could be missing some key factor(s) on what makes good edge habitat for gray foxes.
It’s likely not all edges are created equal or provide the same resources. Edges with little hiding
cover, lots of road traffic, or many invasive species (which can carry disease-spreading ticks) may
be risky for gray foxes and possibly other wildlife species. The good news is that Indiana’s gray
foxes have strong genetic health and normal survival compared to other gray fox populations.
Still, more research is needed to understand other important factors like where diseases come
from and how they spread, so we can keep Indiana’s gray fox population healthy in the future.
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Indiana DNR Trapping: on.IN.gov/trapping
Indiana DNR Trapper Education Course: on.IN.gov/trapper-education
Indiana DNR Gray Fox: on.IN.gov/animals, 'select' gray fox DNR Fish, Wildlife
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