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ABSTRACT

We used |location records and annual marmot count, landscape and predator-prey data to assess
recent changes in Vancouver Island marmot populations. There were probably fewer than 150
marmots in 1997, with 90% distributed south of Alberni Inlet and the remainder on or near Mount
Washington. This represents a 60% decline in numbers during the past decade and a similar reduction
in geographic range in the last several decades.

Forestry was associated with profound structural changes in the largest remaining metapopulation.
Half of the world’'s M. vancouverensis were living in clearcuts in 1997, compared to ~25% in the mid
1980s and none prior to high elevation logging that began in the late 1960s. Adult population trends
and per capita birth rates were not correlated among natural and clearcut habitats.

Probable adult numbers in natural habitats were correlated with deer abundance and extent of old-
growth forests (P < 0.001) and negatively associated with cougar abundance (P < 0.05). Adult
numbers in clearcuts were not correlated with potential clearcut habitat availability or deer abundance.
Some curious results were obtained. Probable adult numbersin natural habitats were positively
associated with wolf abundance (P < 0.05) while numbersin clearcuts were positively associated with
cougar abundance (P < 0.05). Results suggest that several environmental factors influence M.
vancouverensis and that natural and clearcut colonies respond differently.

INTRODUCTION

The Vancouver Island marmot (Marmota vancouverensis: Swarth 1911) is the rarest member of
the genus Marmota (Barash 1989) and one of the world's most critically endangered mammals
(Groombridge and Mace 1994). Prior to the 1980s little was known about the distribution, abundance
or ecology of this species (Munro et al. 1985).
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M. vancouverensis has been the subject of systematic population counts since 1979 (Bryant and
Janz 1996), behavioral studies (Heard 1977), habitat and diet studies (Milko 1984, Martell and Milko
1986), and intensive mark-recapture, genetic and radio-telemetry work (Bryant 1990, 1996a, 1996b, in
prep.) The life-history, distribution and demography of Vancouver Island marmots are now well
known compared to some other marmot species (Barash 1989). In this paper we summarize recent
population trends and changes in distribution, and provide some exploratory results from predator-
prey and landscape analyses.

METHODS
Marmot data

We used two sources of marmot data: 1) computerized location records maintained by the
Vancouver Island Marmot Recovery Team, and 2) results from annual population counts made since
1972 (Bryant and Janz 1996). Mark-recapture results from 5 colonies that were intensively studied
from 1987 through 1997 were used to calculate correction factors with which to estimate “ probabl e”
marmot abundance (Bryant 1996b).

Locations of historic and extant colonies were mapped electronically using a geographic
information system (PC ARC/INFO; Environmental Systems Research Institute, 1994). Dates of last
observation of marmots were coded to this dataset.

Details of population counts have been provided elsewhere (Bryant and Janz 1996). From 1972
through 1997, marmot counts were made by naturalists, government personnel and marmot
researchers. Marmots seen were classified as adults or juveniles (young-of-the-year) based on size and
pelage. Juvenile M. vancouverensis are readily identifiable by their small size and dark, almost black,
pelage (Nagorsen 1987). Most counts were conducted prior to 1100 hoursin order to coincide with
known marmot activity rhythms (Heard 1977). Counts were usually repeated 2-4 times annually (range
= 1to 9 excluding the intensively studied mark-recapture colonies) but not every site was counted in
any year (range = 1 to 43 sites).

Landscape measurements

Annual area of remaining mature (old-growth) forest was measured from Gl S-based landscape
maps and expressed in hectares. Road density was expressed as linear kilometers of road/km?.
Potential clearcut marmot habitat was defined as the area of logged clearcuts above 700 metersin
elevation and between the age of 0 and 15 years. This definition probably overestimates the area of
habitat that could actually be used by marmots. Most marmot clearcut colonization events occurred on
north-west to south-east-facing slopes (Bryant and Janz 1996). The size of the GIS study coverage was
106 km? and included all extant marmot colonies south of Alberni Inlet (see Acknowledgments).

Predator-prey data

Annual deer abundance was estimated from systematic night counts and expressed as numbers of
deer/km (see Harestad and Jones 1981). The area of deer counts was approximately 150 km?, centered
on the Nanaimo Lakes marmot metapopulation. Numbers of cougars and wolves seen by deerhunters
were expressed per 100 hunter-days. These “hunter-sighting indices” have not been tested for
reliability but presently comprise the only long-term measure of terrestrial predator abundance on
Vancouver Island. The area of predator counts was considerably larger than the area occupied by
marmots (>1500 km?: see Acknowledgments). No data were available with which to assess annual
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abundance of avian predators such as golden eagles (Aquila chrysaetos) that are known to prey on
Vancouver Island marmots (Bryant 1996a).

Marmot population estimates

Annual population estimates were based on ratios of “observed” to “expected” numbers of
marmots. For each colony the expected number was the long-term average across years using the
highest annual count as the measure of abundance (see Bryant and Janz 1996 for colony-specific
summaries). Annual expected number was the sum of the colony-specific averages including only
those sites counted in any given year and excluding clearcut habitats for years prior to known
colonization or date of logging. “Observed” number was the sum of annual colony-counts using the
highest annual count as the measure of abundance.

Annual estimates of “probable” marmot numbers were made by applying correction factors to the
annual expected number assuming that every colony was counted and that trends at unsurveyed
colonies were similar to trends at surveyed colonies. The assumption is probably quite reasonable for
years in which most colonies were counted (1980-1986 and 1992-1997) but is more tenuous for years
in which few colonies were counted (1972-1979 and 1987-1991). To minimize bias, we did not
calculate probable numbers for years in which fewer than five reproductive colonies in natural habitats
(25% of the total colonies, and 35% of the expected marmots) were counted.

The correction factor for adult marmots was based on the average number of counts made per site-
year combination at non-intensively studied colonies, using a regression formula obtained from the
probability of resighting tagged marmots at intensively studied colonies (Bryant and Janz 1996). In
practice, the correction factor varied from 1.19 to 1.66 (average = 1.40, avalue similar to that obtained
for Alpine marmots: 1.25: Cortot et a. 1996). Because juvenile marmots typically emergein July there
islittle time in which to conduct repeated counts and the same statistical approach could not be used to
correct the results. Instead a constant multiplier (1.2) was used. This multiplier was obtained from
average litter size at intensively studied colonies divided by average litter size at other colonies (Bryant
and Janz 1996). Correction multipliers were applied to the total observed numbers of adults and
juveniles within natural and clearcut habitat classes and not to individual colonies.

Statistical analysis

Statistical methods were basic. We used Pearson correlation analysis to explore relationships
between annual marmot abundance, landscape conditions and abundance of cougars, wolves and deer.

RESULTS
Changesin geographic distribution

Despite increased survey effort, only a handful of new colonies were discovered during the 1990s.
Two colonies were found in clearcut habitats and represent actual colonization events. In addition,
new habitat patches were discovered on several mountains, including Mount Washington north of
Alberni Inlet. Location records suggest that the overall geographic distribution has changed in recent
decades (Figure 1).
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Figure 1l: Extant coloniesand historic location records for M. vancouverensis. Disappearance dates
are approximate and based on sighting reports, burrow condition, and specimen data.
Approximately 90% of the current population isfound in a small geographic area (150
km?2) with the remainder on or near Mount Washington. Map adapted from Bryant and
Janz (1996).

With the exception of Mount Washington, all active sites within the past 5 years were located
within 5 adjacent watersheds on south-central Vancouver Island (the Nanaimo, Cowichan, Chemainus,
Nitinat and Cameron River drainages). The current population is extremely localized, with ~50% of the
population found on 4 mountains in the central 40 km? portion of their current range. Marmots have
apparently disappeared completely from the western Strathcona region. Mount Washington supports
the only known colonies north of Alberni Inlet.

Changes in marmot abundance

Marmot populations south of Alberni Inlet declined from a peak of 300-350 animals during the
mid-1980s to about 150 animalsin 1997. This trend was accompanied by a structural change.
Beginning in the early 1980s increased proportions of marmots inhabited recent (0-15 year old)
clearcuts. Inthelast 5 years 58% of the known marmot population inhabited clearcuts (Figure 2).
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Figure2: Probable marmot abundance in natural and clearcut habitats, 1972-1997. Probable marmot
numbers were estimated by applying a correction factor to observed:expected ratios, with
the correction factor based on count effort (see Bryant and Janz 1996). Data exclude
clearcut habitats for years prior to their colonization, years in which fewer than 4 colonies
were counted, and Mount Washington data. The current (1997) population probably
contains fewer than 150 animals, of which ~50% are found in clearcut habitats.

Marmot numbers increased following several consecutive years of high reproduction (1979-1984)
in natural habitats. Thiswas followed by colonization of clearcuts (first record in 1981, with 7
additional sites colonized between 1982 and 1985). In some cases changes were dramatic. For
example, the Butler Peak “west roads’ site was logged during 1976-1980, apparently colonized by 2
marmotsin 1982, and contained at least 28 adults by 1989. In 1997 we counted only 2 adults and 3
juveniles at thissite. Marmot numbers also increased in natural habitats during the mid 1980s. This
was accompanied by colonizations in the central core areafollowed by extinctions in these areas and at
more peripheral colonies aswell.

Marmot population data from northern Vancouver Island were insufficient for trend analysis.
Recent counts on Mount Washington suggest increase in some habitat patches and extinction at the
“minesite” colony described by Munro et al. (1985).

Landscape conditions

Landscape measurements illustrate the result of intensive forestry operations on privately-owned
lands on the east side of Vancouver Island. At least 60% of all mature forests were harvested in a 25
year period (Figure 3). There was little harvesting prior to 1956 and logging operations were
concentrated along valley bottoms. Harvest rates increased during the 1960s and 1970s, particularly at
higher elevations. By 1976 over 75% of annual harvest took place above 700 meters in elevation.
Road development took place at a similar pace, showing afivefold increase in density during the same
period. Potentia clearcut marmot habitat first became available during the late 1960s and large
amounts (>10,000 hectares) became available during the 1970s.
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Figure3: Temporal trendsin landscape conditions and predator-prey abundance. Data are hectares
of old-growth forest and potential clearcut marmot habitats (clearcuts above 700 metresin
elevation and 0-15 years old), road density (in linear km of road per km?), deer abundance
(numbers per km), and wolves and cougars seen by hunters (numbers per 100 deerhunter-

days).

Predator-prey abundance

Deer numbers declined precipitously (>75%) from the mid-1970s to the mid-1990s. Wolf and
cougar indices showed high variability among years. This could be the result of sampling error but
could also reflect predator harvest rates or movement. Cougar data suggest increase in the past few
years.

Correlation analysis

Adult marmot abundance and per capita birth rates were not correlated among clearcut and natural
habitats (r =-0.431, N=18 and r = 0.139, N = 13 respectively). Marmot populationsin different
habitats apparently respond differentially to environmental factors (Figure 4).



300

250

200

150

100

PROBABLE ADULTS

50

20000

300

250

200

150

100

PROBABLE ADULTS

a
o

o|||||||||||||||||||||||||||||

o

300

250

200

150

100

PROBABLE ADULTS

a
o

o||||||||||b||||||||||||||||||
L]
L]

o

A) NATURAL HABITATS

r=0.759, P <0.001

ea® o °0

o
[)

30000 40000 50000 60000
OLD-GROWTH FOREST (ha)

r=0.736, P <0.001

[
o b by b b by

(&)
=
o
=
(&)

DEER PER KM

r=-0.586, P <0.05

e
e ®

1 2 3
COUGARS PER 100 HUNTER-DAYS

N

300

250

200

150

100

50

300

250

200

150

100

50

300

250

200

150

100

50

0

0
20000

B) CLEARCUT HABITATS

r=-0.767, P <0.001

LAY
1

1 1 1 1 I 1 .I e, 1 I 1 1 1 1 I 1 1 1 1
30000 40000 50000 60000
OLD-GROWTH FOREST (ha)

r=-0.228 NS

o
(&)

10

=
(&)

DEER PER KM

r=0.483, P <0.05

°®

Lo @
0 1 2 3
COUGARS PER 100 HUNTER-DAYS

N vl b b b by

page 7

Figure4: Adult abundance and old-growth forests, cougar and deer numbers. Population data are
probable annual numbers of adults for natural and clearcut habitats repectively. Pearson
correlation results are shown. Mount Washington data were excluded.
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Probable annual number of adults in natural habitats was positively correlated with number of
deer/km and mature forest remaining and curiously, with number of wolves seen by deerhunters (r =
0.466, N = 19, P < 0.05). Adults were negatively correlated with road density (-0.775, N = 16, P
<0.001) and cougars seen by deerhunters. Combined numbers of wolves and cougars showed no
association (r =-0.026, N = 19).

Adult abundance in clearcuts was not correlated with clearcut habitat availability (r = 0.102, N =
16, NS). The vast majority of potential clearcut marmot habitat created between 1966 and 1996 was
never colonized. Indeed, since 1981 marmots ultimately colonized fewer than a dozen sites, totaling
<100 hectares of the available 20,000 ha of clearcuts above 700 m elevation that was available. Adult
abundance was negatively correlated with mature forests (r = -0.767, N = 15, P < 0.001) and positively
associated with cougars seen (r = 0.483, N = 15, P < 0.05). Wolves, total predators, road density and
deer/km showed no significant association (r = -0.322, 0.089, 0.421 and -0.423 respectively, N = 15).

DISCUSSION

It isunlikely that substantial marmot popul ations remain undiscovered north of Alberni Inlet. In
recent years most historic M. vancouverensis locations received numerous repeated visits by
experienced crews. Survey effort combined with increased public awareness of Vancouver Island
marmots and absence of reports indicates that marmots have disappeared from substantial portions of
northern Vancouver Island. Location records and inactive burrows indicate that disappearance
occurred in recent decades. Causes of disappearance were probably multiple. Weather, predators,
disease, creation of the Buttle Lake impoundment, hunting by humans and sheer bad luck are all
possibilities (Nagorsen et a. 1996, Bryant in prep.) and not mutually exclusive. These hypotheses
remain untestable as data on historic marmot abundance or population trends do not exist for northern
Vancouver Island.

Marmot count data from the largest remaining (Nanaimo Lakes) metapopulation illustrate profound
changes during the past 25 years. Forestry was the principal factor associated with marmot population
dynamics, but the relationship was not straightforward. Logging of forests above 700 meter elevation
was followed by colonization of clearcuts, but population expansion did not occur in proportion to
availability of this new habitat type. The essential effect was to increase local marmot density as
virtually all colonizations occurred within 1 km of existing natural colonies (Bryant and Janz 1996).
Increased abundance was temporary. Current population numbers (~150) resemble what they were in
the early 1970s (based on limited count data for that period), but more than half of the world’'s M.
vancouverensis now live in clearcut habitats that will become unsuitable as forest succession occurs.
Forestry has resulted in a more compact spatial distribution of marmot colonies. This may increase the
vulnerability of marmots to losses from predators, weather and disease.

Deer abundance data suggest that predator “switching” of hunting effort (e.g., Bergerud 1983)
could pose real problems for M. vancouverensis, particularly if increased logging road density permits
easier predator movement. Predator abundance data were inconsistent and obtained from alarger
geographic area than presently occupied by marmots. This could explain some of the counter-intuitive
correlations (e.g. wolf and marmot abundance). Data from radio-telemetered marmots provide
conclusive evidence that some marmots are lost to predators and that loss of individual adult femalesis
followed by declines at particular colonies (Bryant 1996a). However, data only partially support a
hypothesis that recent marmot population trends are the result of increased terrestrial predator
abundance.
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A variety of factors apparently influence M. vancouverensis but the essential conclusion is that
natural and clearcut colonies respond differently to environmental conditions. Landscape conditions
and predator-prey abundance were differentially associated with marmots in natural and clearcut
habitats. Probable adult abundance may not the best measure of demographic performance if source-
sink relationships (Pulliam 1988) exist among natural and clearcut habitats as has been suggested
(Bryant 1996a, in prep.) Additional work isrequired to relate environmental conditionsto survival
rates.
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