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DESPITE ECOSYSTEM IMPROVEMENTS, ISLAND SPOTTED SKUNK NUMBERS REMAIN LOW
By Lara Brenner and Annie Little

A

s biologists work to understand the drivers behind spotted skunk declines on the
mainland, another spotted skunk mystery is
playing out on a pair of remote islands off the coast
of Southern California.

The Channel Islands of Santa Rosa and Santa
Cruz—known as Wi’ma and Limuw to the Indigenous Chumash people—together make up less than
200 square miles, yet these islands in the Pacific are
the only places on earth to find the island spotted
skunk (Spilogale gracilis amphialus), designated a
species of special concern by the state of California.
At first glance, island spotted skunks look and
behave much like their mainland ancestors. They
sport a marbled black-and-white coat, sleep in dens
during the daytime, and perform handstands as a
warning to potential predators before unleashing a
strongly scented oil from their anal glands. Unlike
mainland spotted skunks, however, island spotted
skunks have evolved for thousands of years in an insular ecological community that abounds with rare
and endemic species (Thomson et al. 2022). With
low population densities and the smallest range of
any spotted skunk subspecies, island spotted skunks
could be considered one of the rarest mammals in
North America (Crooks 1994).
Recent genetic work suggests that island spotted
skunks colonized the Channel Islands in a single
event around the end of the Pleistocene, when sea
levels were rising in response to the melting of continental ice sheets (Floyd et al. 2011). Genetically,
island spotted skunks appear to have descended
from a single matrilineal ancestor (Bolas et al.
2022b). This genetic pattern is indicative of a small
founder population—perhaps a single pregnant
female that rafted out to sea on a mat of vegetation
during a storm or stowed away on a Chumash vessel
navigating the Southern California Bight.
When the first spotted skunk arrived in the
archipelago over 9,000 years ago, the Northern
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Channel Islands were all connected, forming a
super-island known as Santarosae. Then, rising
seas split Santarosae into four islands, separating
the skunks into distinct subpopulations that have
remained genetically isolated ever since. Archeological evidence suggests skunks also might have
existed on San Miguel (Tuqan), the westernmost
of the four islands, but today spotted skunks persist only on the two larger and more ecologically
diverse islands in the chain.

An island spotted
skunk is about to be
released after being
captured in a live trap.

Starting in the mid-19th century, the Channel Islands
experienced catastrophic habitat destruction due to
the introduction of invasive animals, including pigs,
sheep and deer. Ungulate rooting, browsing and
grazing transformed the islands from a patchwork
of chaparral, coastal sagebrush and fog-shrouded
forests of pine, island oak and ironwood into an
eroded landscape of close-cropped invasive grasses.
Nonnative insects such as Argentine ants (Linepithema humile) and cochineal scale (Dactylopius
spp.) were also introduced, further altering invertebrate and plant communities on the island. Despite
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An accidental experiment

For around 7,000 years, island spotted skunks have
shared their habitats with another endemic mesocarnivore—a housecat-sized canid known as the island
fox (Urocyon littoralis). Over the last 30 years, an
unintended experiment has suggested that these two
species are closely intertwined and act as competitors
for food, space and other resources on both islands.
In the mid-1990s, island fox populations declined
quickly due to hyperpredation by golden eagles
(Aquila chrysaetos) attracted to the islands by
abundant feral pigs and nonnative deer (Roemer
et al. 2001). Strictly diurnal, golden eagles rarely
overlapped with nocturnal spotted skunks, but
the avian predator hunted the island fox close to
extinction. Populations fell from over 4,000 foxes
across both islands, to fewer than 100 on Santa
Cruz and around 15 on Santa Rosa (Coonan et al.
2014). As the remaining wild foxes were brought
into captivity, island spotted skunks rapidly increased in abundance across both islands. Island
staff and visitors commonly reported seeing—and
smelling—spotted skunks denning inside buildings,
under decks and in vehicles. Skunk detections on
fox survey grids rose from less than 1% of captures
in the early 1990s to nearly 40% in 2003, by far
the highest capture rate ever reported for spotted
skunks (Jones et al. 2008).
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Victor Zhang, a PhD
student at Northern
Arizona University, tracks
skunks wearing collars
that collect both GPS and
acceleration data.
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massive habitat loss, island spotted skunks persisted
in refugia on Santa Cruz and Santa Rosa, probably
retreating to steep and rugged terrain with remnant
habitat that ungulates could not easily reach.
After both islands were converted from working
ranches into protected lands, The Nature Conservancy (TNC) and the National Park Service (NPS)
collaborated to remove ungulates from the northern
Channel Islands. By 2011, Santa Cruz and Santa
Rosa were both free from invasive terrestrial mammals. Since then, habitat recovery has transformed
both islands, and the difference is especially notable
during rainy years when native wildflowers and
shrubs carpet the islands in colorful blooms (Beltran
et al. 2014). However, the persistence of invasive
plants and prolonged, climate change-induced
drought have slowed ecosystem recovery. Today,
island spotted skunks are believed to be about as rare
as they were in the early 1990s, when pigs, sheep and
deer still roamed the islands.
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As golden eagles were translocated to Northern
California and pigs were eradicated, foxes were
released from captivity and quickly repopulated
the islands. In short order, island spotted skunk
detections became rare once again and dropped to
pre-fox-decline levels (Dillon et al. in prep).
For many years, wildlife management on Santa Cruz
and Santa Rosa was directed mostly at the urgent
problem of island fox recovery. Long-term carnivore
trapping arrays were designed with foxes in mind,
and island spotted skunk populations were monitored
mainly as bycatch rather than as a primary target.
Since the removal of the northern Channel Islands fox
subspecies from the federal endangered species list
in 2016, focus has shifted to the co-management of
both foxes and skunks for a sustainable equilibrium
that resembles the relationship these mesocarnivores
maintained for thousands of years.
In that spirit, the Island Spotted Skunk Working
Group formed in 2019 to enhance communication
about the species, identify management, funding
and research priorities and facilitate collaboration.
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Following the blueprint of the Eastern Spotted
Skunk Cooperative Study Group (see page 36), the
working group—composed of representatives from
universities, government agencies, museums, zoos
and nonprofits—meets once a year. In 2020, we
published the Island Spotted Skunk Conservation
Plan, a guiding document for researchers and land
managers that is updated annually with new findings, lines of inquiry and open questions in island
spotted skunk research.

Questions for a cryptic species

As land managers, we felt one of the most pressing
concerns was to find out whether the rapid reduction in skunk captures following fox recovery was
indicative of a true—and concerning—population
decline, a change in skunk behavior as they began to
avoid areas frequented by foxes or some combination of the two. However, we quickly encountered
the same challenge shared by spotted skunk biologists across the continent: how can we effectively
model population trends and abundance of a rare
and little-known species that resists detection?
For almost a decade, skunk captures on island fox
survey grids have been too low to accurately estimate population size through spatial mark-recapture
methods, so we’ve recently begun to explore alternative approaches. Remote camera traps show the most
promise, as preliminary studies have demonstrated
that detection of island spotted skunks on camera
traps is comparable to detection in live traps, with
much less effort (Bolas et al. 2020).
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Recent studies using GPS collars and cameras
confirmed that in the presence of island foxes,
island spotted skunks select more rugged habitat
with denser vegetation that perhaps favors their
smaller body size and helps them avoid competitive interactions with foxes (Gagorik 2020; Bolas
et al. 2022a). Spotted skunks also choose more
protected den sites when foxes are abundant and
are more likely to spend their days resting in relatively exposed dens when foxes were rare (Crooks
1994, Jones et al. 2008).

An island spotted
skunk performs a
threat display before
an island fox.

Remote cameras have also given us some insight
into the nature of fox interactions with skunks at
den sites and allowed us to make inferences about
the timing of island spotted skunk reproduction.
Although abundance remains difficult to quantify,
ongoing genetic research at UC Davis will shed light
on some key questions, including effective population size, the history of genetic bottlenecks and
markers of inbreeding depression.
A secondary, but also important line of questioning,
is how dynamics with island foxes influence island
spotted skunk populations and what variables, like
habitat and diet, might mediate that relationship.
Examining fox and skunk scats has revealed that,
while foxes shift to a fruit-heavy diet during certain
times of year, island spotted skunks are less omnivorous. They primarily eat deer mice (Peromyscus
maniculatus ssp.) and invertebrates (Jones et al.
2008; Cypher et al. 2014).
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Field biologist
Bridget Parrino
examines a recently
captured island
spotted skunk with
assistance from
technician Shea Miller.
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Nathaniel Rindlaub,
a software engineer
with The Nature
Conservancy, installs
a biosecurity camera
in order to monitor a
remote cove on Santa
Cruz Island for rats and
other nonnative animal
invasions.

Prior to the introduction of cochineal scale insects,
which have infected and eliminated large stands of
native prickly pear (Optunia spp.) on the islands,
spotted skunks were observed denning inside
cactus patches that might have once provided some
protection against island foxes (Sheldon 1927,
unpublished). As dietary and habitat generalists,
island foxes appear to be the dominant competitor of the two species. However, this asymmetrical
relationship might be slightly offset by the spotted
skunk’s ability to squeeze into smaller spaces—and
of course, by its chemical weaponry.
Studies of fox diets have thus far found no evidence
of regular predation on skunks (Cypher et al. 2014),
but we know very little about the pressures of resource competition, survival of skunk kits, effects of
drought and other parameters that might influence
skunk population size on the islands.

Emerging threats

One of the most serious potential threats to island
spotted skunks is the unintentional introduction
of novel infectious diseases. Island species can be
naïve to diseases that circulate on the mainland,
where they have been isolated from for thousands
of years, and often lack the genetic diversity and
spatial separation needed to withstand epidemics.
On Santa Catalina—a highly visited Channel Island
located farther south—a variant of canine distemper
that killed 95% of all foxes in a year was likely introduced by a stowaway raccoon (Procyon lotor) from
the mainland (Timm et al. 2009).
The Nature Conservancy and the National Park Service work closely together to implement a biosecurity
program intended to prevent the introduction and
spread of nonnative organisms—including diseasecausing bacteria, fungi and viruses—for the benefit
of spotted skunks and other endemic island species. Pets are not allowed on the northern Channel
Islands and TNC has recently debuted a system of
early-detection cameras that use artificial intelligence
to distinguish native vertebrates from potential
biosecurity threats like rats, cats, dogs and raccoons.
These cameras are strategically deployed in areas of
higher biosecurity risk and automatically relay images to a cloud server as they are captured, allowing
immediate review of images collected in areas that
are difficult to access by foot.
Climate change also complicates the future of the
island spotted skunk, introducing variables like
unprecedented drought, vegetation type conversion and food web disturbances that will profoundly
alter the terrestrial community of the Channel Islands in ways that are difficult to predict (Gonzalez
2020). Park Service researchers are analyzing stable
isotopes in skunk whiskers to determine whether
skunk diets shift during drought years as compared
to wet years, which may help us predict whether
skunks will be able to cope with reduced or altered
prey populations in a drier future.
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Rising temperatures also threaten to disrupt
competitive dynamics between foxes and spotted
skunks. Although island foxes can be active at all
times of day and night, a recent study using collarmounted accelerometers has shown that foxes forgo
diurnal activity when temperatures increase, while
island spotted skunks remain strictly nocturnal
year-round (Zhang et al. 2022). A warmer future
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could decrease temporal separation between foxes
and skunks and increase the likelihood of encounters, potentially exacerbating competition between
the two species.

The future of island spotted skunks

In some ways, the challenges of working with rare
wildlife like spotted skunks are intensified on
islands. Island species are particularly sensitive to
perturbations and have naturally narrow ranges,
making extinctions more likely than on the mainland. When island fragility is compounded by low
population densities, our ability to detect population declines with any confidence and react quickly
can be limited.
However, islands also offer unique opportunities to
study the ecological dynamics that influence rare
species in a simplified system, providing hope that
the factors behind island spotted skunk declines
can be identified and, if needed, acted on to reduce extinction risk. To facilitate island spotted
skunk conservation, the ISSWG has identified a
wide range of research and management priorities,
from building a multi-island camera trap network
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to restoring prickly pear patches in skunk habitat.
Through collaboration and creative approaches, we
hope to ensure the continued health and survival of
one of North America’s rarest mammals.

For additional resources, please visit the
Island Spotted Skunk Working Group’s
website at www.islandspottedskunk.com.

Lara Brenner, MS, is an island scientist
with The Nature Conservancy, working
primarily on the Santa Cruz Island Preserve.

Annie Little is the supervisory natural resources
manager for Channel Islands National Park.
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