


[Wolves] have larger-than-life
places in human imagination,
in the stories we all grew up
with and tell each other…
To see them in their natural
habitat, and turn around look
curiously at us…is really, really
a special moment that I will
treasure for my entire life.

— Colorado Governor Jared Polis
after participating in Colorado Parks
and Wildli'e’s release o' -ve gray wolves
onto public land in December 2023
(CBS News Colorado)
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To learn more about how you can join one of our research expeditions, visit isleroyalewolf.org and click “Contribute &
Participate.” Tax-deductible donations to support continuing research on Isle Royale wolves and moose can be made
online atmtu.edu/givenow/?desig=1816_Wolf_Moose_Fund or can be sent toWolf-Moose Study,Michigan Tech Fund,
Michigan Technological University, 1400 Townsend Drive, Houghton, Michigan 49931-1295. Thank you to all who help!

The results reported here are preliminary and, in some cases, may represent -ndings o' collaborators; please do not
cite without consulting the authors. The views expressed here do not necessarily refect those o' the U.S. National Park
Service.
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Ecological Studies of Wolves on Isle Royale
SUMMARY
In January 2024, the best estimate of wolf population size
was 30 wolves, which is similar to last year’s estimate of 31
wolves (Fig. 1). For context, in 2022 there were estimated to
be 28wolves in the population—thus, the number of wolves
in the population is thought to have remained relatively
stable over the last few years. The wolf population likely
includes a West Pack with at least four wolves, a Middle
Pack with seven wolves, an East Pack with 13 wolves, and
a Northeast Pack with -ve wolves, and one wol' at the east
end of the island which appeared to be living alone. At
least three litters of pups were born in April 2023, given
that we saw at least one nine-month-old pup amongst
wolves in the Middle Pack, East Pack, and Northeast Pack.
We found no evidence suggesting that pups were born
to the West Pack in April 2023. It is important to note
that this year’s survey of the wolf population took place
over a two-week period, as opposed to the usual seven-
week period, meaning that wolf abundance, pack sizes,
and demography are estimated on the basis of fewer
observations than is typical (Fig. 1). The reason for the
unusually short survey period this winter was a prolonged
period of above-freezing temperatures, which impacted
ice conditions on the harbor and made the ice unsuitable
for the survey aircraft to land upon.

The estimated abundance of moose is 840, which is a 14
percent decline from last year’s estimate (Fig. 1). Longer-
term population trends suggest that themoose population
had increased greatly over an eight-year period (2011-
2019), but then declined over the last -ve years. The
estimated proportion of the moose population that is
newly recruited individuals (i.e., nine-month-old calves)
was 5.5 percent, which is higher than last year’s estimate
of 1.7 percent, but still substantially lower than the long-
term average recruitment rate of 13 percent. That low
recruitment rate partly explains why the moose population
has continued to decline over the past year. The density
of moose continued to be highest at the east end of the
island. Predation by wolves seems to be an important
factor contributing to the decline in moose abundance.

For more information, go to isleroyalewolf.org and
visit “Wolves and Moose of Isle Royale” on Facebook
(facebook.com/wolvesandmooseofisleroyale)and
Instagram (instagram.com/wolvesandmooseofsleroyale).

PERSONNEL AND LOGISTICS
In summer 2023, we conducted ground-based -eldwork
from early May through mid-October. Rolf Peterson, John
Vucetich, and Sarah Hoy directed that -eldwork with
assistance from Carolyn Peterson and Leah Vucetich.
Fieldwork pertaining tomoose-balsam -r interactions was
conducted in summer by Jack Schafer, Wesley McGee,
Louis Good, and Suellen Ronk. Additional summer
-eldwork was carried out by Ron Ecko'', Dick Murray, and
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Fig. 1 Fluctuations in the abundance of wolves and moose in Isle Royale
National Park, 1959-2024. Wolf and moose population estimates are
based on aerial surveys during winter (January-March). Estimates of moose
abundance and 95 percent Bayesian credible intervals (gray shaded area)
werederived fromaGompertz state-spacemodel (Hoyet al.2020).Note that
surveys to estimate wolf and moose abundance did not take place in 2021
because of the COVID-19 pandemic. Those missing data are the reason
why a dashed line connects the estimates of wolf and moose abundance
between 2020 and 2022. The sudden increase in wolf abundance between
2018 and 2019 is the result of 19 wolves being translocated to the island.

Jay and Terry Brasher. During the summer -eld season,
many park staff and visitors contributed key observations
and reports of wolf signs andmoose bones. Several dozen
Moosewatch volunteers participated in weeklong cross-
country treks, searching for sites where moose had been
killed by wolves or died of other causes.

Lab work continued to include updating the curation of
wolfandmoosebonecollections inpartnershipwithMartin
Hobmeier and Anne Lewellen from the U.S. National Park
Service (NPS). That lab work was led by Leah Vucetich,
Sarah Arnold, and Zoie Schafer with the assistance of
Jack Schafer, J.T. Boudreau, Robby MacKinnon, Madelyn
Dechane, Danica Wrobel, and Ella Roach. Lab work also
included the analysis o' balsam -r samples led by Jasmine
Terry-Shindelman and Sarah Arnold.

In 2024, the 65th annual winter study was conducted
during 19 January to 31 January. Winter -eldwork was led
by Rolf Peterson and Sarah Hoy, with key contributions
providedby pilot Don L.Murray (UpNorth Aerials). Isabella
Evavold and Amelia Evavold provided daily -eldwork on
skis to collect data on moose and balsam -r. Important
transportation assistance was provided by Wisk Air
Helicopters Ltd. and Alex Schmidt (NPS). The U.S. National
Weather Service in Marquette, Michigan, provided
information about daily weather and ice conditions over
a four-week period between January and February, which
was valuable for planning aerial survey work and other
-eldwork activities.
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THEWOLF POPULATION
In January 2024, the best estimate is that the wolf
population consisted of 30 wolves, which included four
packs and one wolf living alone (Fig. 1). That estimate is
partly based on observing:

• tracks o' at least 'our wolves 'rom the West Pack;

• direct observations of at least 13 wolves from the
East Pack;

• direct observations of at least two wolves from the
Middle Pack; and

• direct observations of a wolf traveling alone near
Moskey Basin.

Those observations were all made on a single day (20
January) and indicate that the population consisted
of a minimum of 20 wolves. However, two additional
observationsmadeon26January indicate that theminimum
of 20 wolves is an underestimate of the wolf population’s
abundance. First, we observed at least seven wolves in the
Middle Pack, suggesting that the population consisted of
at least 25 wolves. Second, we observed what appeared to
be a fourth pack at the far east end of the island (Northeast
Pack) consisting o' at least -ve wolves. This second
observation (along with the -rst observation) suggests that
the population likely consists of at least 30 wolves.

Those observations suggest that the best estimate
of wolf abundance is 30. However, it is important to
consider that estimate in light of the unprecedentedly
brie' monitoring period. Speci-cally, the record-breaking
warm temperatures meant we could only conduct aerial

surveys over a two-week period in January (see Weather
and Ice). For context, we typically conduct aerial surveys
over a seven-week period. As a result of this unusually short
monitoring period, there is a risk of double counting or
missing some wolves. However, additional insights about
the wolf population are likely to come from the genetic
analysis of DNA extracted from scat and tissue samples
that we collected over the past year. That genetic research
is being led by Dr. Kristin Brzeski and Sam Hervey (both
MTU). In the paragraphs below, we summarize what has
been learned about thewolf populations over the past year.

The West Pack consisted of at least four wolves. That
inference is based on repeatedly seeing fresh tracks left
by a group of at least four wolves in January around the
Huginnin Loop, Feldtmann Lake Trail, and Grace Creek
areas, and along the southwestern shore between Lake
Halloran and Houghton Point. For context, last year we
estimated that the West Pack contained -ve wolves.
This winter, we found the remains of three moose which
appeared to have been killed by wolves within the West
Pack’s territory. We did not -nd any evidence that a litter
of pups was born in the West Pack in April 2023. This past
summer, a dead wolf was found within the West Pack’s
territory. More precisely, on 3 June 2023, a wolf was found
foating in the water near the shore by Huginnin Cove
Campground (Fig. 2). Examination of that wolf revealed
that it was a young adult female which likely died in late
May. There were several deep puncture wounds on her
neck (Fig. 2), and wounds on her face, ear, and groin area.
All of those injuries are consistent with the female having
been killed by another wolf or wolves. Other than those
wounds, the female appeared to be in good condition.

Fig. 2 Young adult female wolf found dead near the shore of Huginnin Cove Campground in June 2023. The wolf’s injuries were consistent with having
been killed by other wolves.
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The 'emale wol' had never been captured and out-tted
with ear-tags or aGPS/radio collar. Tissue and hair samples
were collected for genetic analysis and to provide further
insights about the identity of this female wolf, such as
whether she was likely an offspring of the West Pack or
another pack.

The Middle Pack consisted of seven wolves, which are
thought to include a breeding pair plus several nine-
month-old pups (Fig. 3, top panel). That inference is based
on several observations of a group of wolves feeding on
the carcass of a young adult moose which had been killed
on the ice at the western end of Lake Siskiwit. Two of the
wolves in this pack had ear-tags and a GPS/radio collar,

Fig. 3 Top image: Seven wolves from Middle Pack on the ice
at Siskiwit Lake on 26 January 2024. Bottom image: Pilot Don
Murray (UpNorth Aerials) collecting samples from the remains
of a young adult moose that wolves from the Middle Pack were
observed to be feeding upon on the ice at Siskiwit Lake on
22 January 2024. Scat samples from wolves that were feeding on the
moose carcass were also collected for genetic analysis.

and at least one of the wolves in this group had a rope-
tail (a tail which appears to be much thinner than usual), a
trait that we have observed before in wolves born to the
East Pack, but not the West Pack. On 22 January 2024, we
visited a moose carcass on Lake Siskiwit to collect scats
from thewolves that had been feeding on it (Fig. 3, bottom
panel). Genetic analysis of those scats may provide further
insights about the identity of the wolves which formed
Middle Pack.

The East Pack is thought to consist of at least 13 wolves.
That inference is based on observing a group of eight and
a group o' -ve wolves in very close proximity to each other
near a recent kill (Fig. 4) and wolf tracks connecting the
two groups. For context, we estimated that there were 11
wolves and 13 wolves in the East Pack in 2022 and 2023,
respectively. At least two wolves in the East Pack had
been out-tted with ear-tags and GPS/radio collars in prior
years, and at least one of those wolves was a nine-month-
old pup. This winter, we found the remains of two moose
that were probably killed by the East Pack. Speci-cally,
on the ice at Chippewa Harbor, we saw the remains of
a moose that had been killed shortly before the start of
winter study, and we also observed wolves considered
to be from the East Pack resting on the ice near this kill
during winter study. Additionally, on the morning of 20
January 2024, we observed the East Pack feeding on the
carcass of a moose that they had killed a few hours earlier,
in a swampy area just east of Lake Mason.

The Northeast Pack is thought to consist o' at least -ve
wolves. That inference is based on observing four wolves
'eeding on the carcass o' a -ve-day-old kill by Tobin Creek
on 26 January 2024 (Fig. 5). On that same day and time, we
also saw another wolf with a full stomach on Tobin Harbor,
which we assume was part of the group that was feeding
on the Tobin Creek kill a short distance away. None of the
wolves that were seen in the Tobin Creek/Harbor area
were out-tted with ear-tags or a GPS/radio collar. At least
one of those four wolves seen feeding on the Tobin Creek
kill was a nine-month-old pup.

In addition to the four packs described above, we also saw
a single wolf traveling along the ice between Daisy Farm
and Moskey Basin on 20 January 2024 (on that same day
and time the East Pack wolves were near the kill by Lake
Mason). We checked on that lone wolf several times, and
it still appeared to be alone and traveling in a different
direction from the East Pack’s location. Therefore, we
assume this wol' is not closely a'-liated with the East
Pack. Additionally, on 26 January 2024, we saw a lone
wolf walking along the ice between Daisy Farm and
Moskey Basin—again, that wolf was not traveling toward
or away from the areas where we had seen the East Pack
previously, or toward or away from the group of wolves
seen at the Tobin Creek/Harbor area that same day. Based
on those observations, we conclude that there was at least
one wolf which appeared to be alone at the east end of
the Isle Royale in late January.



Michigan Technological University | 7

Fig. 4Wolves from the East Pack walking and resting on the ice just north of where they had killed amoose near LakeMason on themorning of 20 January 2024.

In summary, our observations suggest that this winter the
wolf population likely consisted of 30 wolves, including
four territorial packs: a West Pack with at least four
wolves, a Middle Pack with at least seven wolves, an
East Pack with at least 13 wolves, and a Northeast Pack
with at least -ve wolves, as well as one wol' living alone.
For context, in 2023 the wolf population consisted of 31
wolves, including three packs, and several other wolves
that were either loners, pairs, or only loosely a'-liated
with packs. In 2022, the population consisted of 28 wolves
and included only two well-established packs. Therefore,
the abundance of wolves on Isle Royale appears to have
stabilized between 28 and 31 wolves over the past three
years. There is evidence that three litters were born inApril
2023—in the Middle Pack, East Pack, and Northeast Pack—
but we did not -nd any evidence suggesting that theWest
Pack produced a litter. For context, last year we observed
evidence suggesting that three or possibly four litters
were born in April 2022. Our observations in 2024
suggest that wolves killed at least seven moose over an
approximately three-week period in January. All of those
moose were killed along the southern portion of Isle
Royale (Fig. 6). Several of those kills appeared to be the

result of wolves chasing moose out onto the ice—where
wolves would likely have an advantage because of the
lack of snow covering the ice and the lack of traction that
moose hooves have on glare ice.

Fig. 5 Four wolves thought to belong to the Northeast Pack were observed
to be feeding on the carcass of amoose byTobinCreek on 26 January 2024.

Fig. 6 Map showing the locations of dead moose found during winter study. The four red triangles show locations where we detected moose killed by
wolves during 19-26 January. The black squares represent locations where moose were killed shortly before the start of winter study.
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THE MOOSE POPULATION
The 2024 moose census was conducted during 22-27
January and resulted in an estimated abundance of 840
moose (95 percent Bayesian Credible Interval, BCI = [761,
938], see Fig. 1). Moose density was estimated to be
lowest in the western portion of Isle Royale (0.99 moose/
km2), slightly higher in the middle portion of the island
(1.28 moose/km2), and highest in the eastern portion of
the island (2.41 moose/km2, Fig. 7).

We estimated moose abundance on the assumption of
an 80 percent sightability correction factor. The rationale
for selecting that correction factor is based on noting that
over 80 percent of the moose that we observed on survey
plots this winter were easy to detect from the survey plane
because the moose were in areas which were open or had
deciduous cover (i.e., areas with no foliage to obscure
the view of moose in winter). By contrast, last year only
30 percent of the moose that we detected on survey
plots were in open areas or areas with deciduous cover.
The high visibility of moose this year can be attributed
to weather conditions being ideal 'or fying and counting
moose throughout the census (e.g., overcast skies and low
winds) and the unusual snow conditions this winter. More
precisely, in a typical year snow tends to be deepest in
open areas and areas with deciduous cover, and moose
tend to spend less time in those areas because deep
snow makes it more energetically costly for moose to
move around and forage. However, this year there was an
absence of snow cover until approximately 11 January and
very low snow depth (less than 28 cm) afterward, meaning
that moose could easily move around and forage in more
open/deciduous areas. Using a sightability correction

'actor o' 80 percent is consistent with the -ndings o'
Peterson and Page (1983) at Isle Royale, and assessments
of conditions affecting moose sightability during surveys
in Alaska (Oehlers et al. 2012 in Alces) and British
Columbia (Quayle et al. 2001 in Alces). Nevertheless, it
can also be useful to know what the estimated abundance
would be if a different sightability correction factor had
been assumed. A sightability of 70 percent would have
yielded an estimate of 952 moose (95 percent BCI =
[685, 841]), and a sightability of 90 percent would have
yielded an estimate of 749 moose (95 percent BCI = [860,
1,056]). Finally, the estimated abundance of 840 moose
will be re-ned in 'uture years by using a method known as
“reconstruction,” which is described in more detail in the
2021-2022 annual report.

This winter’s estimated abundance of 840 moose is 14
percent lower than last year’s estimate. For context,
the moose population is estimated to have declined by
around 28 percent between 2022 and 2023. Therefore,
the rate of decline has slowed over the past 12 months.
Overall, the abundance of moose has declined by almost
60 percent since 2019, when the moose population
appears to have peaked at just over 2,000 moose. In other
words, the average annual per capita rate of population
change during this -ve-year period has been –12
percent/year. Taking account of statistical uncertainties,
it is reasonable to infer that the moose population grew
rapidly for a number of years (2010-2019) and has declined
substantially in recent years (Fig. 1).

The continued decline in moose abundance is consistent
with having observed a low recruitment rate. Of the 127

0.99
1.28
2.41

Moose per km2

Fig. 7 The estimated density of moose on Isle Royale during winter 2024. Estimates are based on aerial surveys of 91 plots that comprised 17 percent of
the main island’s area.
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moose seen on survey plots during the aerial census,
only seven were nine-month-old calves, representing
a recruitment rate of 5.5 percent (95 percent CI = 2-11
percent). This year’s recruitment rate of 5.5 percent is
higher than last year’s estimate of 1.7 percent, but still
substantially lower than the long-term average of 13.3
percent moose recruitment (Fig. 8). Furthermore, the
recruitment rate has been well below average for each
o' the past -ve years, which is consistent with the moose
population having declined signi-cantly in recent years.
Other evidence that recruitment rates are low this year
comes from noting that when recruitment rates are high,
we tend to observe cows raising twins—however, we did
not observe any cows with twins this winter.

Over the past year, the proportion of adult moose
dying from malnutrition has dramatically declined, and
the proportion dying from wolf predation has greatly
increased. That inference is based on necropsies ofmoose
which died during the past year. Each year, we conduct
extensive searches for the remains of deadmoose, and we
carefully examine those remains to determine the causes
of death. In a typical year, over 75 percent of moose die
from wolf predation and less than 5 percent die from
malnutrition. That statistic provides context for what we
have seen in recent years:

• In 2021, 59 percent (of 69 necropsied moose) died
from wolf predation and 30 percent died from
malnutrition.

• In 2022, 48 percent (of 76 moose) died from wolf
predation and 46 percent died from malnutrition.

• In 2023, 92 percent (of 26 moose) died from wolf
predation andonly 4percent died frommalnutrition.

Those observations suggest that over the past year there
has been a notable increase in the proportion of moose
killed bywolves and adecline in the proportion dying from
malnutrition—back to levels that are similar to long-term
averages. (Note that we do not have estimates of wolf per
capita kill rates or predation rate on moose for this winter
because of the unusually short winter study period.)

In summary, over the past year the moose population has
continued to decline, which is partly attributable to low
recruitment of calves. This decline in moose abundance
and recruitment rate represents an ongoing pattern which
we -rst observed in 2019—although the rate o' decline
over the past year is notably lower than in previous years.
While malnutrition appeared to be a very important cause
of mortality for adult moose between 2019 and 2022,
there has been a substantial decline in the proportion of
moose dying from malnutrition over the past year. Wolf
predation is once again the primary cause of mortality for
adult moose.
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Fig. 8 Long-term trends (1959-2023) in the percentage of the moose population that are nine-month-old calves. The 64-year average (13.3 percent) is
marked by the dashed line, and the thicker line represents the fve-year moving average.



10 | College of Forest Resources and Environmental Science

RESEARCH HIGHLIGHT
What Studying Moose Bones for 60 Years Teaches Us
about Diseases in Humans
For over 60 years, researchers, students, and citizen
scientists have been searching for the remains of moose
which died from natural causes on Isle Royale (Fig. 9)
and conducting necropsies to understand how and why
the health and abundance of the moose population
changes over time. In addition to conducting necropsies
to determine the cause of death for each moose (i.e.,
predation or malnutrition), we also carefully check each
moose’s skeletal remains to look for signs of several bone
diseases. Those long-term efforts resulted in a new study,
published earlier this year in the journal Osteoarthritis &
Cartilage, which investigated links among three chronic
bone diseases known to affect both humans and other
mammals, including moose: periodontitis, osteoporosis,
and osteoarthritis.

Periodontitis (periodontal disease) is caused by bacterial
infections in the gums and bone surrounding teeth.
In more severe cases, periodontitis leads to a loss
of the bone surrounding teeth and ultimately tooth
loss (Fig. 10). Osteoporosis is a loss of bone mineral
density, which occurs when the rate that new bone cells
form is slower than the rate at which old bone cells are
broken down. Osteoporosis tends to result in bones being
more fragile and more likely to break or fracture (Fig. 11).
Osteoarthritis is a progressive and often disabling disease
caused by degeneration of cartilage in joints, such as hip
joints (Fig. 12). As people get older, they are more likely
to develop periodontitis, osteoporosis, and osteoarthritis.
These three diseases are thought to have a negative
impact on quality of life for millions of people around
the world and place a huge burden on health and social
care systems. Consequently, there is an urgent need to
better understand the links among these diseases and the
factors that cause them.

Fig. 9 Each summer, teams of students, and citizen scientists participate
in one-week-long “Moosewatch” expeditions which involve backpacking
across Isle Royale and searching for the remains of dead moose.

For decades, doctors have suspected that there are
important links between these three bone diseases.
However, it can be complicated to study links between
these diseases in humans because the likelihood of
getting these diseases can also be infuenced by a wide
variety of confounding risk factors—such as whether or
not a person is obese, smokes cigarettes, drinks alcohol,
has a poor-quality diet, or has good access to healthcare.
However, many of those confounding risk factors (e.g.,
obesity, smoking, alcohol consumption) do not apply to
wild animals, such as moose on Isle Royale.

In total, the new study assessed both the prevalence
and severity of each of the three diseases in over 2,000
adult moose which died between 1958 and 2021. The
key -nding o' the study was that individuals which had
periodontitis were much more likely to have severe forms
of osteoarthritis and osteoporosis. More precisely, female
moose with periodontitis were 88 percent more likely to
have severe osteoarthritis and more than twice as likely
to have severe osteoporosis than female moose which
didn’t have periodontitis. Similarly, male moose with

Fig. 10 Top image: The upper row of teeth (molars) on a moose which
did not exhibit signs of periodontal disease (degradation and loss of the
bone surrounding the teeth). Bottom image: The upper row of teeth on
a moose which had severe periodontal disease, causing loss of the bone
surrounding the teeth to such an extent that the moose lost a molar.
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Fig. 11 Left image: The skull of a healthy young bull moose whose skull did not exhibit any signs of osteoporosis. Right image: The skull of a bull moose
whose skull is covered in osteoporotic lesions, especially around the pedicles (place where antlers attach to the skull).Moose with osteoporotic lesions tend
to have lower bone density (i.e., osteoporosis) in other parts of their skeleton.

periodontitis were 63 percent more likely to have severe
osteoarthritis and more than three times as likely to have
severe osteoporosis than male moose which didn’t have
periodontitis.

While the study on moose didn’t evaluate the cellular
mechanisms underlying the links between these three
diseases, it is thought that periodontitis may increase
the risk that individuals will develop osteoporosis
and osteoarthritis because of the impact that the
bacterial pathogens causing periodontitis have on
proinfammatory cytokines. Proinfammatory cytokines
are small proteins secreted by cells in the immune
system; these cytokines can cause infammation and
tissue destruction, which may exacerbate the process of
osteoarthritis in joints. These proinfammatory cytokines
can also impair cells in the body that grow and heal
existing bones, whilst also increasing the activity of cells
that break down bones—thereby leading to individuals
having a greater risk of osteoporosis.

Whatever the underlying mechanism may be, this new
research adds to a growing body of evidence suggesting
that diseases such as periodontitis, which affect the
health of teeth and gums, increase the risk of individuals
developing other serious health conditions, including:
diabetes, strokes, cardiovascular disease, andpneumonia.
In doing so, the research highlights the importance of
developing and maintaining good oral hygiene habits.
It also highlights the value of striving to achieve a broad
understanding of linkages between bone diseases which
is applicable across species.

This new study is the result of a collaboration between
Sarah Hoy, John Vucetich, Leah Vucetich, and Rolf
Peterson 'rom MTU; Mary Hindelang, a 'ormer PhD
student 'romMTU; and Virginia Kraus and Janet Huebner
from the Duke Molecular Physiology Department and
Department of Medicine at Duke University School of
Medicine.

Fig.12Top image: A healthy hip socket on amoose pelvis. Bottom image:
A severely arthritic hip socket on a moose pelvis.
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VEGETATION
Balsam -r is a common and important tree species
in boreal forest ecosystems and is also the primary
forage species for moose in winter (representing about
50 percent of their winter diet). Over the last decade,
concerns have been raised about how balsam -r growth
and recruitment (i.e., the rate that young -r saplings
become mature cone-producing trees) was being
negatively impacted by high levels of moose browsing.
To assess those impacts of moose browsing, each
summer we monitor the growth and browsing status
o' balsam -r saplings at multiple locations across
the eastern and western regions of Isle Royale. For
example, since 2014 we have tagged and monitored
balsam -r saplings—which were at least 175 cm tall at the
time they were tagged—along an 11-km-long transect
(representing a 10-ha area) at the west end of the island.
We initially 'ocused on -r saplings taller than 175 cm
along this transect because 175 cm is the height beyond
which the tree’s main growing stem (terminal leader) is
on the cusp of being out of the reach of browsing moose.
Additionally, saplings taller than 175 cm are more
likely to grow into mature, cone-producing trees. (Note
that once a sapling is taller than 300 cm, its terminal
leader is beyond the reach of a moose and the tree
is likely to start producing cones in the near future.)
Each spring, we record whether each tagged sapling
is still alive, the total height of the sapling, how much
it grew during the previous growing season, and
whether its terminal leader was browsed during the
past year. Browsing of the terminal leader is especially
important because that is how saplings gain the height
necessary to grow out of the reach of moose and into the

forest canopy. Furthermore, it can take multiple years for
saplings to recover and develop new leaders after being
terminally browsed.

In 2023, we observed that moose had browsed 31
percent of terminal leaders available and within their
reach. (That estimate excludes saplings with heights
greater than 300 cm and saplings that did not have a
terminal leader because it had been browsed in previous
years). That level of terminal browsing by moose is
somewhat lower than the browse rates we have observed
over the past six years, but approximately double
the browse rate observed between 2014 and 2017
(Fig. 13, left panel).

Over the past -ve years, we observed evidence strongly
suggesting that high levels of moose browsing has
negatively impacted the survival, growth, and recruitment
o' young -r saplings. Speci-cally, we have observed:

• There has been a steady increase in the number of
saplings dying each year, from less than 1 percent in
2019 to over 9 percent in 2023 (Fig. 13, right panel).
In total, 22 percent o' all tagged -r saplings (n = 647)
that we monitor are now dead.

• There has been a decline in the number of new
saplings that are over 175 cm in height. Speci-cally,
between 2015 and 2018, we observed a total of 464
new saplings growing to be over 175 cm in height.
However, since 2019, we have observed a total of
only 40 new saplings reaching 175 cm in height.

• A large proportion of saplings that were once over
175 cm in height have since experienced a large
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Fig. 13 Le9t panel: The percentage o9 tagged balsam fr saplings whose terminal leader (main growing stem) was browsed by moose each year
along a 11-km-long transect. Right panel: The percentage o9 tagged balsam fr saplings which died each year along the same 11-km-long transect.
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setback in growth. More precisely, 56 percent of the
tagged -r saplings that we measured in 2023 (which
were still alive) now have heights below 175 cm. The
reason for that setback in growth is either because
moose had bent and broken off the top part of the
tree or because the top part of the tree had died
due to intense moose browsing in previous years.
Together, the increase in mortality and setback
in growth has resulted in a steady decline in the
number of saplings taller than 175 cm over the past
-ve years.

• Less than 3 percent of the tagged saplings that we
monitored in 2023 had heights greater than 300
cm, and the percentage of saplings over 300 cm
in height has not changed substantially over time.
This is noteworthy because trees less than 300 cm
typically do not produce cones (necessary for the
next generation of trees).

• The annual growth of terminal leaders (which
were not browsed by moose) has also declined
substantially over the past -ve years. For example,
between 2015 and 2017, the mean annual growth of
leaders was between 18.4 cm and 19.9 cm. However,
since 2019, the mean annual growth of leaders was
between 3.5 cm and 8.4 cm. In other words, the
growth of leaders which escaped moose browsing
is about two to four times less than it was prior to
2018.

Together, those -ndings suggest that high levels o' moose
browsing in previous years has severely limited -r growth
and survival, and that the likelihood o' -r saplings growing
into mature canopy trees has been greatly reduced in
recent years. That strong negative impact on -r sapling
recruitment is noteworthybecausemanymature canopy-r
trees (which produce cones) have died in this same region
over the last few decades. More precisely, 479 mature
balsam -r trees were tagged along the same 11-km-long
transect (representing a 10-ha area) in 1988, and each
year since then, we record whether each mature tree is
still alive. In 2023, we observed that only 27 (5.6 percent)
of these mature trees were still alive. In summary, the
status o' balsam -r across parts o' the island continues to
deteriorate and this issue has been getting progressively
worse each year since 2018. Lastly, it is important to note
that in addition to moose browsing, spruce budworm had
a notable impact on the growth and survival o' balsam -r
between 2020 and 2022.

OTHERWILDLIFE
We are unable to estimate our index of fox abundance and
otter presence this year given the unusually short winter
survey period. However, it is relevant to note that during
our aerial surveys, we observed a maximum of two foxes
scavenging on moose carcasses, and two other foxes not
on carcasses. We also observed a red fox and a black fox

around the Windigo area. The red fox in the Windigo area
appeared to be blind in one eye and is suspected to have
glaucoma (Fig. 14, top panel).

Over the last year, populations of snowshoe hares
decreased slightly from an estimated 9.6 hares seen per
100 km hiked during the summer of 2022 to 4.39 hares
seen per 100 km hiked during the summer of 2023. We
regularly observed bald eagles during this past winter
and saw amaximum o' -ve mature bald eagles 'eeding on
the carcass of a moose (Fig. 14, bottom panel).

Fig. 14 Top image: A red fox which was regularly seen around theWindigo
area over the past year. The fox appeared to be blind in one eye.We shared
a photograph of the foxwith a local veterinarian (BrandonHajdo-Fernandez)
who suspects that the fox has glaucoma. Bottom image: Five mature bald
eagles and a raven fed on the carcass of a moose that died along the south
shore in late January 2024.
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WEATHER AND ICE
This year was a strong El Niño year in the Paci-c
Ocean and Western Hemisphere, which resulted in
prolonged periods of above-freezing temperatures and
below-average ice cover and snow depth this winter.
Speci-cally, ice concentrations on Lake Superior were
estimated to be 7 percent or less throughout January
and into February—which is very close to the minimum
value observed since 1973 (NOAA, coastwatch.glerl.
noaa.gov/ice). At no point was there an ice bridge
connecting Isle Royale to the mainland.

Temperatures were unusually mild and there were
several days when nightly minimum temperatures did
not drop below freezing. Overall, temperatures
averaged –2.8°C during 19-30 January 2024 (Fig. 15,
top panel). For context, between mid- and late January,
temperatures averaged –11°C in 2023 and –10°C
in 2022. Snow depth averaged 26 cm during winter
study (Fig. 15, center panel). For context, snow depth
averaged 39 cm and 49 cm between mid- and late
January in 2023 and in 2022, respectively. Most
snowfall occurred during a short period in mid-
January. The average snowpack density, estimated as
the “Ramsonde hardness” value, was 2.8 in 2024, in
contrast to average values of 18.3 in 2023 and 5.9 in
2022 (Fig. 15, bottom panel). Thus, this winter was
characterized by unusually warm temperatures and
very little snow.

The unusually long period of above-freezing
temperatures and low amount of ice coverage severely
limited our ability to conduct aerial surveys this winter.
More precisely, weather conditions meant that aerial
surveys could only take place over a two-week period
in January this winter, whereas we typically conduct
surveys over a seven-week period between January
and early March. This unusually short survey period
occurred because the prolonged period of above-
freezing temperatures reduced both the quality
and thickness of ice covering the northeast end of
Washington Harbor, where the survey plane takes off,
lands, and is kept when not in use. Toward the end of
January, several holes and cracks started to appear
in the ice near the shoreline of the harbor, and slush
and standing water started to accumulate on top of
the ice—making it less suitable for aircraft operations
(Fig. 16, left panel). On 29 January 2024, out of an
abundance of caution, the decision was made to
temporarily move the survey plane off the deteriorating
ice and onto land (Fig. 16, right panel). That decision
was made because above-freezing temperatures
were expected to continue for several more days, and
weather conditions had not been good enough (i.e.,
low visibility and cloud ceilings) 'or the pilot to fy back
to the mainland between 27 and 29 January. The
weather forecast for the next few days (30 January to
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(top panel), snow depth (center panel) and daily snowpack density (bottom
panel) during the 2024winter study on Isle Royale.Density was estimated as
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Fig. 16 Left image: Ice conditions on Washington Harbor on 27 January 2024 after three consecutive nights when temperatures did not drop below
freezing. The warm temperatures resulted in a lot of standing water and slush on top of the ice. Right image: The survey plane (an Aeronca Champion) was
temporarily moved onto land on 29 January.

2 February) also suggested that weather conditions
would not be good enough to allow 'or a fight back
to the mainland. Fortunately, on the morning of 30
January, weather conditions turned out to be better
than originally forecast, and the survey plane and
pilot (UpNorth Aerials) were able to return to northern
Minnesota.

Following the departure of the survey aircraft, it was
decided that all winter -eldwork operations should be
suspended. On 31 January 2024, all -eld crew returned
to the mainland via helicopter (Wisk Air Helicopters
Ltd.). (Note that travel via helicopter is not dependent
on having good ice conditions). In early February,
weather predictions suggested that su'-ciently cold

temperatures may return to Lake Superior and perhaps
allow for the condition of ice on the harbor to improve
by mid-February—offering some hope that aerial survey
work could resume. However, the cold temperatures
that were initially predicted did not materialize.

The circumstances and events described in this section
are unprecedented. This year was the -rst time in 65
years that the survey plane has ever been moved onto
land and that winter -eldwork operations have needed
to conclude more than -ve weeks early due to poor
ice conditions. We are grateful to the National Weather
Service in Marquette, Michigan, for providing detailed
daily weather reports for Isle Royale, which helped us
plan -eldwork activities.
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Appendix—The table below summarizes the data contained in the 2023-2024 annual report.

Variable/parameter 2023/2024
Estimate Notes

Wolf abundance

Moose abundance

Moose recruitment rate

Per-capita kill rate

Predation rate

Terminal browsing on balsam -r

Fox index

Hare index

Beaver

Otter

Average snow depth

Average temperature

Average Ramsonde hardness
(snow density)

30 wolves

840 moose

5.5%

—

—

31%

—

4.39 hares per
100 km hiked

—

—

25.5 cm

2.8°C

2.75

Based on winter observations of wolves and tracks from
ground and aircraft in winter.

Based on a strati-ed random sampling method
involving counting moose on census plots in winter.

Based on the number of moose which were calves on
census plots.

Not estimated due to limited winter survey period.

Not estimated due to limited winter survey period.

Based on data collected along Huginnin Loop transect.

Not estimated due to limited winter survey period.

Based on observing the number of hares seen per
100 km hiked in summer.

Not estimated.

Not estimated due to limited winter survey period.

Based on daily measurements at Windigo during
winter study.

Based on daily measurements at Windigo during
winter study.

Based on daily measurements at Windigo during
winter study.
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