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Preface

The 7th North American Caribou Conference was held August 19-21 1996, in Thunder Bay, Ontario,
Canada where 136 registrants participated in 3 days of sessions and subsequent field tours. The first day of
the conference provided a forum for the presentation of new knowledge about the biology of woodland cari-
bou. Four evening sessions promoted discussion on selected themes including caribou as indicators of ecosy-
stemn health of the Lake Superior basin; GPS collars for caribou telemetry studies; conserving woodland cari-
bou in the managed forest; and caribou foraging and use of second growth managed fotests. The second day
featured presentations on the status and management of caribou across Canada and the continental United
States. A barbecue was held in the evening and promoted casual discussion and networking. The third day
corresponded with the Canadian Institute of Forestry annual meeting and a joint day with the CIF provided
an opportunity fot a total audience of over 350 people to hear presentations and arguments about woodland
caribou and forest management.

Two field tours followed the conference. A van-load of participants traveled to the Armstrong caribou win-
tering area and had many valuable discussions about lichen ecology, caribou habitat use in northwestern
Ontario, forest management guidelines for caribou, and related conservation issues. Thirty people took
advantage of a multiple day excursion to the Slate Islands, home of the highest density woodland caribou
herd in the world. Under the able leadership ofi Mr. Bill Dalton, participants wete able to explore the uni-
que floral and faunal communities on the islands.

The conference achieved a primary objective ofi raising the profile of woodland caribou issues in Ontario
among the scientific community, the forest industry and the general public. These proceedings include
papers that provide a permanent record of some of the presentations and discussions from the conference.
The editors thank the planning team and the participants for making the conference a success and the aut-
hors and reviewers for theit efforts in producing and reviewing these papers.
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‘The Seventh Norcth American Caribou Conference,
Thunder Bay, Ontario, Canada,
19-21 August, 1996.

What does it mean to put caribou knowledge into an ecosystem context?

Fred H. Harrington
Mt. St. Vincent University, Halifax, Nova Scotia, Canada B3M 2]6 (fred.harrington@msvu.ca).

Abstract: Ecosystems are envisioned as integrated, complex systems with both living and non-living components, that
are linked through processes of energy flow and nutrient cycling (Bowen, 1971; Ricklefs, 1979). The ecosystem ap-
proach seeks to describe the components of this system, the pathways through which energy and nutrients move, and
the processes that govern that movement. The goal is a better understanding of the role or effect of each component
(abiotic or biotic) within the system. Theoretically, the more we know, the better we can predict the future behaviour of
the ecosystem and therefore manage the system on whatever sustainable basis we deem appropriate. Caribou (Rangifer
tarandus) presently inhabit two ecosystems, tundra (arctic and alpine) and taiga (or boreal forest), both characterized by
relatively low productivity and diversity (Bowen, 1971; Bliss, 1981; Bonan, 1992a). As increased anthropogenic
impacts are expected in these ecosystems through the next century, our ability to ensure the continued survival of cari-
bou requires that we pay increasing attention to the processes that drive these systems. In this endeavour, an awareness
of rhe effects of both spatial and temporal scale, in borh ecosystem processes and our research programs to understand
those processes, is crirical.

Key words: climate, succession, wildfire, Pleistocene, boreal forest, taiga, tundra, conservarion, Rangifer

tarandus.

The principal defining feature of an ecosystem
approach is scale, which can vary along several
dimensions. Spatially, an ecosystem can range from
a single organism (i.e., a tropical forest tree with its
associated epiphytic flora and fauna) to the entire
earth (i.e., the Gaia hypothesis) (Usher, 1973). In
general, however, ecosystems are described at inter-
mediate scales, defined by ctheir dominant plant
communities: desert, scrub, grassland, shrubland,
woodland, and forest (Caughley & Sinclair, 1994).
Each of these can be subdivided into increasingly
similar floras (i.e., forests in general into tropical,
temperate and boreal forests) and these in turn can
be further divided. The boundaries between neigh-
bouring ecosystems, at whatever level of analysis,
represent relative rather than absolute divisions of
the natural world.

Ecosystems also vary temporally, representing the
continuity of time from yesterday to today and
Tertiary to Quaternary. As the time frame lengch-
ens, change shifts from stochastic to evolutionary
processes. Year to year changes in species’ abun-
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dance due ro vagaries in rainfall give way to longer
term successional changes which in turn yield to
evolutionary changes as some species become
extinct and other are modified by natural selection.
Thus change of a dynamic nature, and not stasis, is
expected in an ecosystem approach.

Subordinate features of scale in ecosystems in-
clude diversity, productivity and stability. As
human activities have increasing impacts on a
variety of ecological processes at all levels of scale
throughout the earth’s ecosystems, incorporating an
ecosystem outlook into caribou science means keep-
ing an awareness of these aspects of scale, periodi-
cally reassessing our current focus to avoid losing
sight of important ecological processes that may be
operating on another level of scale.

Spatial scale

The vegetation communities that distinguish eco-
systems are products of five factors: parent material
(substrate), topography (especially elevation, aspect
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and slope), climate, the biota, and time (Viereck e
al., 1986). The first three factors set the basic spati-
al boundaries of the ecosystem, influencing the bio-
tic possibilities within a specific area. These factors,
in essence, set the stage that is later "fleshed out” by
the biota over time (Kimmins & Wein, 1986). As
the stage changes, opportunities for the biota also
change.

Boundaries between adjacent ecosystems are rela-
tive rather than absolute, with one replacing an-
other through a transition of intermediate habitats
(Payette, 1983; Sirois, 1992). Even ecosystems that
seem relatively well defined, such as the terrestrial,
aquatic and marine ecosystems of arctic tundra bi-
omes may have unexpected interconnections. Power
& Barton (1987) proposed that caribou may have a
significant impact on arctic char (Salvelinus alpinus)
populations in Ungava Bay, Quebec. Areas of sum-
mer range grazed heavily by caribou have reduced
lichen cover and consequently retain less water
during spring melt and summer rains, causing a
drop in ground water levels. During dry spells in
late summer, stream flows may be insufficient to
allow char to migrate upstream to spawn. Thus
during periods of high caribou numbers, char popu-
lations may be depressed or even lost from the most
severely affected streams.

Caribou presently inhabit ecosystems along both
the northern limits of land and the higher elevation
sites of mountains. Thus in one direction, caribou
have no place to go should the boundaries of their
ecosystem move north or to higher elevations with
global warming. Whitehead et 2/. (1982) proposed
that a rapid 75% decline in the area of boreal forest
between 11,000 and 8,000 yr BP, likely caused by a
7 °C increase in global temperature at the end of the
Pleistocene (Hoffmann & Taber, 1967), significantly
reduced mastodon (Mammut) populations, making
them vulnerable to stochastic events and leading to
their eventual extinction.

Caribou exploit spatial aspects of their arctic and
alpine tundra ecosystems in predator avoidance
(Bergerud & Page, 1987). To pay off, this strategy
requires an adequate distance between calving
grounds and areas of wolf activity (Heard &
Williams, 1992). Extensive loss of tundra habitat,
expected in some models of global warming (i.e.,
Solomon, 1992), could make this strategy less via-
ble.

Boreal forest is also expected to retreat northward
with global warming (Kullman, 1983; Solomon,
1992), displacing tundra in the process (Payette,
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1983). Such change in itself does not necessarily
mean a decline in the areal extent of the forest, al-
though one estimate sees it declining by 25%
(Solomon, 1992). At present, however, boreal forest
is being affected by forestry practices, which at best
return the forest to an earlier successional stage and
at worst lead to fragmentation and degradation
through export of biomass (Freedman, 1989) with
an increased risk of local extinction for species with
small populations (Diamond, 1984).

Space is also employed in predator avoidance by
woodland caribou, which disperse to reduce preda-
tion on calves (Bergerud & Page, 1987; Ferguson ez
al., 1988). The success of spacing out appears to be
dependent on predator density, which is likely affec-
ted by distance from habitat used by other un-
gulates (i.e., moose and white-tailed deer (Odocoilens
virginianus)) (Thomas, 1995). Thus changes in eco-
system spatial distributions can influence the via-
bility of spacing out, and caribou population dyna-
mics as a result.

Temporal scale

The characteristics of an ecosystem at any given
time are determined by three sets of successional
(temporal) processes: allogenic, autogenic and bio-
genic (Kimmins & Wein, 1986). Allogenic proces-
ses are external to the biota but have significant
impacts on it, such as seasonal or global climate
change, wildfires or other perturbations. Some may
follow specific time courses (i.e., annual tempera-
ture and solar cycles), but many are unpredictable.
Wildfires in black spruce taiga, for example, may
occur today at 60-120 yr intervals, on average, but
variation is great (Dyrness et /., 1986; Payette,
1992). In the past, wildfires have occurred at both
significantly longer and shorter intervals (Johnson,
1983).

Wildfires release nutrients and destroy a portion
of the above ground biomass, allowing earlier suc-
cessional flora to recolonize (Dyrness et al., 1986;
Kimmins & Wein, 1986). Soil temperature, a pri-
mary determinant of productivity in northern areas
(Van Cleve & Yarie, 1986; Bonan, 1992b), rises for a
number of years following a fire, accelerating both
the growth of a palatable post-fire vegetation
(Bryant & Chapin, 1986) and the decomposition of
its litter (Van Cleve & Yarie, 1986). As Dyrness e
al. (1986:84) comment, "it is essential that we view
fire as in ecosystem process in taiga communities
rather than as a catastrophic event”, as "fire can be
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interpreted as an essential agent of renewal.” Thus
climatic and anthropogenic factots that influence
fite rate can have far-reaching affects on an eco-
system in both the short term and the long term.

Autogenic processes are those generated by the
biota that change the physical environment of the
ecosystem (Kimmins & Wein, 1986). Over several
decades following a fire or other major disturbance
in the boreal forest, slower growing plants charac-
teristic of later successional stages overtake the pio-
neer species, and an important autogenic process
comes into play. Late successional plants invest
more heavily in defense than those in the post-fire
flora (Guthrie, 1984; Bryant & Chapin, 1986). The
combination of increased canopy cover and thicker
layer of toxic litter leads to soil cooling, movement
of permafrost toward the surface, a shorter growing
season, and decreased decomposition of litter, thus
lowering productivity and reducing the availability
of nutrients for future growth (Guthrie, 1984).
Whatever growth is produced, being unpalatable, is
largely unavailable to consumers. Thus the late suc-
cessional community modifies the environment to
favour its long-term survival, at least until the next
wildfire or other disturbance.

As Larsen (1980) noted, calling the late successi-
onal flora a ‘climax’ community may be misleading,
as few communities remain free from disturbance
for any long period. Also, some subclimax commu-
nities remain relatively stable for long periods in
arctic and boreal habitats. Where the environment
is very harsh, competition among plants may be
unimportant, so any plant that gains a foothold can
survive, and succession to a climax community cha-
racteristic of more benign environments does not
occur. The ecosystem that we see before us is thus a
product of both general successional rules and speci-
al historical circumstances.

Biogenic processes involve the web of direct
interrelationships among species within the eco-
system (Kimmins & Wein, 1986). Ecological pro-
cesses such as population growth, competition,
predation and parasitism, and species adaptations to
these processes (as well as failures to adapr)
(Ricklefs, 1979), give a dynamic form to the biotic
community of the ecosystem.

Diamond (1984) has shown that ecological (bio-
tic) stasis on relatively short time scales (i.e., years
to decades) resides more in the human mind than in
nature. Studies of birds and invertebrates have
shown that species composition typically varies
from year to year as some species disappear while
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others reappear. The probability that a species will
disappear from a local habitat, or an ecosystem, is
dependent on its population size and area occupied
and is greater for carnivores than hetbivores, larger
than smaller species, and specialists rather than
generalists (Diamond, 1984). Thus remnant popu-
lations of caribou in fragmented boreal forest are
vulnerable to extinction. On the other hand, the
smaller populations of their predators are even more
vulnerable, as the Isle Royale moose-wolf system
demonstrates (Peterson, 1995). During the late-
Pleistocene, caribou comprised about 5% of the
large ungulate fauna in numbers of individuals, but
only a fraction in terms of biomass (Guthrie, 1968).
Could persistent low density have allowed caribou
then, and today (Bergerud, 1992), to wait out their
predators, and see them disappear first?

On a longer time scale, ecosystems change as
their biota respond to stochastic and selective pres-
sures. The alpine and arctic tundra biomes are likely
the youngest of terrestrial ecosystems, originating
at the end of the Tertiary (Hoffmann & Tabet, 1967;
Bliss, 1981). Caribou appeared during the mid-
Pleistocene, about 2.0 m-yr ago, likely originating
in central Asia (Anderson, 1984) in taiga-tundra
environments (Bergerud, 1974). Until the late
Pleistocene, caribou shared tundra, boreal forest and
grassland ecosystems with a variety of other often
more numerous and larger herbivores, including
horses (Equus caballus), moose (Alces alces) and musk
oxen (Ovibos moschatus), as well as the now extinct
woolly mammoth (Mammuthus primigenius), giant
bison (Bison priscus), woolly thino (Coelodonta) and
ground sloth (Megalonyx) (Guthrie, 1968; Caughley
& Sinclair, 1994). In one now-vanished ecosystem,
the mammoth steppe, they typically ranked a dis-
tant third or fourth in abundance behind bison,
horses and mammoths (Guthrie, 1968; 1984;
1990). Where did caribou fit within this broad
array of herbivores? How did caribou fare against a
predatoty guild of wolves (Canis lupus), lions (Felis),
brown bears (Ursus arctos) and the occasional sabre-
toothed cat (Smilodon)? What affect did the late-
Pleistocene extinctions have on caribou?

The cause or causes of the late Pleistocene mega-
faunal extinctions are still debated, with climate
change one strong contender pitted against the
“overkill” hypothesis (Martin & Klein, 1984).
Climate-centred hypotheses are ultimately groun-
ded in ecosystem change, arguing either massive
changes in plant abundance or composition (i.e.,
Whitehead ez 4/., 1982) or changes in the relative
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investment made to growth and defense as plants
responded evolutionarily to changes in climate
(Guthrie, 1990). Even Martin’s (1984) “over-kill”
hypothesis is rooted in an ecosystem change: the
arrival of a new predator to which a number of spe-
cies had inadequate defenses. Whatever the case,
caribou have distinguished themselves for another
10,000 years by surviving in the face of this new
predator, even though highly sought after chrough-
out their range (Anderson, 1984).

We, along with caribou, stand poised to witness
what many believe may become a major extinction
event (Wilson, 1988). Habitat change caused
directly (i.e., deforestation) and indirectly (i.e., glo-
bal warming) by human activity is likely to have
far-ranging effects on ecosystems well into the fu-
ture. How will caribou fare as these changes unfold?

Caribou and their knowledge of ecosys-
tems

Like any species, caribou have evolved an array of
adaptations which have thus far enabled them to
meet the various selective challenges provided by
the ecosystems they have inhabited. In addition to
morphological and physiological traits, their be-
havioral repertoire has been shaped by natural selec-
tion to enable them to respond adaptively to the
spatial and temporal heterogeneity of boreal and
tundra environments. This environmental variation
includes both the unpredictable and patchy distri-
bution of food and predators and the stochastic
vagaries ofi climate. An attempt to understand cari-
bou ecosystems from a caribou perspective, that is,
to understand how caribou make decisions about
foraging sites, calving areas, and movements both
localized and migrational, will better enable us to
understand both the evolution of their behaviour
and the consequences of ecosystem change on their
future behaviour and survival.

Caribou and ecosystem management

A recent development in wildlife conservation is
ecosystem management (i.e., Seip, this issue).
Rather than developing a variety of specific man-
agement programs focused on individual species,

this approach seeks to preserve biodiversity by
mimicking the natural disturbances that histori-
cally were responsible for the development of the
ecosystem and the evolution of the species in its
biota. Thus we might hypothesize: ifian ecosystem
(forest, tundra, etc.) continues to function, spatially
and temporally, as it did in the past, species of that
ecosystem, such as caribou, will continue to exist.
This approach has great promise, but two aspects of
ecosystem history need to be kept in mind when
applying it.

First, stochastic processes have long been at play
in ecosystems. If, for example, timber harvesting is
to substitute for wildfire in perpetuating forest eco-
system structure, we must realize that beyond char-
acteristics of the forest (i.e., species composition,
age, site) and recent climate (i.e., rainfall, winds,
thunderstorms), chance played a major role in deter-
mining where fires would start and how long and
wide they would burn once started. Thus we must
be careful to ensure our management plans retain
that natural element of chance, despite the cost in
terms of economic gain from timber harvest or
other human endeavour. We must be wary about
placing an unnatural human-derived pattern on the
ecosystem, lest we lose important random features,
including local extinctions, which may have al-
lowed rare species like caribou to survive through
the past.

Second, we need to remember that the ecosys-
tems we study and seek to preserve are unique in
the history of life. Their present form is the result of
a long series of evolutionary and stochastic events
stretching far back in time and poised to continue
far into the future. But just as change has been a
dominant characteristic of ecosystem form and
function in the past, it will continue to be so in the
future. One factor often lacking from our considera-
tions of ecosystems is change and its inevitability,
and a failure in this regard is our exclusion of
humans, both local and global, as driving forces in
this change. Thus it is not sufficient to manage cco-
systems based on the unique historical processes
that gave them their current form. We must place
humans into the ecosystem and manage adaptively,
based both on past processes and a sensitively to
how humans are changing those processes.
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Abstract: Most aerial surveys designed to estimate numbers of caribou (Rangifer tarandus) lack clear objectives, are inac-
curate and imprecise, lack applicarion, and often are doubted by the public. Sources of error in surveys are bias (inaccu-
racy) and sampling error (imprecision) caused largely by sampling units (strips, sections of strips, quadrats, or photo-
graphs) being inappropriate for highly variable group sizes and distributions. Many visual strip surveys of caribou on
calving grounds were inaccurate by 136-374%. Photographic surveys of calving caribou are more accurate but usually
have coefficients of variation (CV) of 20-40%, whereas a CV of about 15% is required to detect a 50% change in popu-
lation size between surveys. Extrapolation of such counts to population size produces unacceptable accuracy and pre-
cision. Consequently, no conclusions can be made about changes in population numbers between or among surveys
because even large natural fluctuations fall within confidence limits. These problems combined with difficulties of
managing caribou populations in remote areas of northern Canada indicate that scarce funds may be better allocated to

ecological studies.

Key words: accuracy, bias, census, precision, Rangifer tarandus, surveys.

Introduction

As a member ofi a caribou management board, I
became concerned that population estimates of two
large herds of caribou (Rangifer tarandus) were ina-
dequate for management. Additionally, board mem-
bers did not understand the reliability of survey
results or how they were obtained. An attempt at a
simple explanation for the board grew into this
review of caribou surveys.

There are few experimental studies that explore
accuracy and precision of caribou surveys because of
high costs in remote areas. Therefore, I use experi-
mental results for moose (Alces @lces) in forest cover
and pronghorns (Ansilocapra americana) in open and
shrub habitats to most-closely simulate what may
be expected from caribou surveys in those cover
types.

I briefly review survey terminology, examine
accuracy and precision of some current methods,
recommend improvements in design, and examine
alternatives to surveys. This paper is not a review of
all survey methodology. Most comments refer only
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to strip transect and photographic sutveys of the
Beverly and Qamanirjuaq herds oficaribou. The focus
is on problem definition and. potential solutions.

First of all we must define terms and become
familiar with statistical terms and sample design.
Bookhout (1994) provided a good review, using
examples from wildlife studies. Consult statistical
texts for further information.

Accuracy

Accuracy is closeness of a measured or computed
value to its true value (Sokal & Rohlf, 1981).
Accutacy can only be measured if the number of
caribou in a prescribed area is known. An accurate
survey method is one that will reliably estimate the
actual number of caribou in an area on average when
repeated many times (Eberhardt, pers. comm.).
Bias (departure from reality) in counting, sam-
pling, and analysis results in inaccuracy (Jolly,
1969b). There are many sources of bias in visual
strip surveys (Caughley, 1974; Heard, 1985; Créte
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et al., 1991, Couturier et /., 1996). High and varia-
ble bias causes density estimates to vary considera-
bly among observers in the same aircraft (Thomas,

1969; Heard, 1985).

Precision

Precision tells us nothing about survey accuracy.
The amount of variation in normally-distributed
measurements is variance Or its square root, siandard.
deviation (SD). In surveys, it is a measure of variation
in numbers of caribou in each of the sample units
(areas). Precision is sampling error as measured by
standard. error (SE). The SE is standard deviation
divided by the square root of sample size (z) or 2 -1
if $D is calculated using # and not #-1 (Bookhourt,
1994). Sampling error is zero if the same number of
caribou occur in each sample unit. A knowledge of
how precision is derived can guide sutveyors in
sample design, i.e., reduce variation in caribou
numbers among sampling units and increase sample
size to reduce SE. For example, with constant vari-
ance, SE is reduced by half as # is increased from 16
to 64.

The SE, when combined with a probability (P)
level, yields confidence limits (CL) and their interval,
the confidence interval (CI). At P = 0.90 (alpha = 0.1),
it is incorrect to state that there is a 90% chance
that the actual number of caribou in a survey area is
within the CI. Rather, assuming no bias, the CI is
likely to contain the true population size in 90% of
surveys of the same type and intensity.

Survey results should consist of an estimate, con-
fidence limits (CL), probability level, and sample
size. Presenting results as the sample mean + SE is
not meaningful to people who cannot calculate
approximate CL from SE values.

Statistical texts define confidence interval (CI) as
the interval between CLs (Steele & Torrie, 1960).
Caribou biclogists (e.g., Goudreault, 1985; Farnell
& Gauthier, 1988; Créte et 2/ , 1991; Couturier et
al , 1996) refer to estimates = “CI” but the CI is
half textbook definitions. For example, the 1976
estimate for the George River herd was 63 463 =
30% (P = 0.90”) (Goudreault, 1985). This example
points to the need to define terms (Bookhout,
1994).

Precision is also measured by a coefficient of vari-
ation (CV). It is standard deviation divided by the
estimate and usually expressed as a percentage. To
confuse matters, CV is also defined as SE divided by
the estimate and expressed as a fraction or a percen-
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tage. It should be designated as CV,, to distinguish
it from CV4. The CV is the preferred index of pre-
cision for comparisons among surveys because it is
relative to population size and independent of pro-
bability and sample size.

Randomness

Most surveys are random or systematic. Many statis-
tics are based on an assumption that samples are
drawn randomly from a normal distribution.
Systematic surveys generally are efficient and may
produce suitable estimates but they can produce
biased estimates of SE (Caughley, 1977; Cochran,
1977). All survey statistics and sampling designs
are based on assumptions about distribution, vari-
ance, randomness, and independence of samples
(Eberhardt, 1978a, b). Often, assumptions are igno-
red but rarely with reason. For example, a recom-
mendation to sample in two directions (Cochran,
1977; Couturier ¢ al., 1996) can complicate sam-
pling designs and inflate variance if caribou are in
linear groups. Constraints of caribou movements,
costs, weather, aircraft availability, and personnel
means that the best theoretical sampling design
may be impracticable.

Stratification
Stratification is division of a survey area into two or
more parts (strata) based on density, degree of clum-
ping, or some other attribute. Its purpose is to redu-
ce variance and therefore SE and CL. In optimum
allocation, sample units ate proportioned to estima-
ted variance or density in each scratum. The purpose
is to get a precise count of a high proportion of a
population. Sutvey biclogists urgently need guide-
lines regarding thresholds of density and degree of
clumping beyond which any sampling design will
produce imprecise estimates. Post-survey stratifica-
tion may be done in certain types of systematic sur-
veys (Jolly, 1969a; Anganuzzi & Buckland, 1993)
but with caution (Caughley, 1977). Post-survey
stratification of systematic quadrats might produce
the most-precise estimates and be cost effective.
Stratification can result in lower precision if it
unduly partitions sample size. Surveyors should
attempt to achieve a large sample size in each stra-
tum because SE decreases with sample size whereas
power increases. However, an estimate of required
sample size is necessary to achieve a cost-efficient
survey.
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Stratification within systematic surveys with
50% coverage produced some erratic estimates of
pronghorns (Kraft e 2/, 1995). Confidence intervals
did not contain the known population size half the
time. Even some precise (CV = 13%) designs pro-
duced CIs that did not contain the known number
of pronghorns.

A minimum total count may be necessary in part
of a caribou distribution because aggregations of
widely differing numbers are unevenly distributed.
Variance is likely to increase shatply as clumping
increases. It may also be necessary to change the size
and shape of sampling units to reduce variance and
edge bias. Stratification is difficult when sizes and
shapes of indiscrete caribou groups are constantly
changing in response to environmental variables
and a distribution is moving over landscapes with
few defining landmarks. One potential solution is
for an independent observer to stratify distributions
during a survey based on relative densities and
degree of clumping. The boundaries would be log-
ged using a geographical positioning system.

Coverage

Coverage (proportion of area sampled) and sample
size usually are directly related and consequently
the relative effect of each on reported CVs is unclear.
That explains why data on the effect of coverage on
accuracy and precision can be contradictory. For
example, coverage of 0.23% produced relatively
accurate (zs. July photography) but imprecise esti-
mates of population size (Couturier ez 2/, 1996).
Conversely, coverage below 33% produced accuracy
below 80% in 1.6-km-wide strip surveys of caribou
on tundra (Cameron ez #/., 1985). In contrast, strips
100 m wide on each side of an aircraft and covering
<4.4% of an area gave much more accurate estima-
tes of pronghorns than strips 1.6 km wide and cove-
ring 35% of a survey area (Pojar ez al., 1995).
However, CVs of pronghorn estimates decreased
progressively with coverage of 16%, 33%, and 50%
(Kraft e al, 1995). Acceptable average CVs (11-
13%) were achieved only with stratification and
50% coverage, similar to surveys for muskox (Ovibos
moschatus) (Graf & Case, 1989). If coverage of 50%
is required for precise estimates, then perhaps a
minimum total count should be considered.

A finite population cotrection factor is necessary
where coverage is high (Eberhardt, pers. comm.).
Variance is reduced by the coverage fraction, i.e.,
509% if half the population is surveyed.
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Survey objectives

Objectives must include survey justification and
accuracy/precision components. Justification may
include: (1) monitoring, (2) management, (3) popu-
lation analysis, and (4) hypothesis testing
(Eberhardt, 1978b). Generally, the need for greater
accuracy and precision incteases in the order listed.

A CV of 12-15% was considered necessary for
management (Gasaway e a/., 1986; Créte & al.,
1991). However, a CV of <10 is required to detect a
30% difference between two surveys at P = 0.90
(Heard, 1985). Only a 50% change would be detec-
ted with a CV of 15% (Heard, pers. comm.). Some
surveyors wish to detect a 15% difference between
surveys (Pojar ez 2/., 1995) necessitating a CV of <5.
A CV of 13% was considered precise by Kraft ez a/.
(1995), relative to a mean CV of 29% for several
designs.

Much emphasis is now placed on power and cal-
culation of required sample size. The greatest con-
servation concern is not detecting a significant
decline in numbers, which is a Type II error. Power
is 1 minus the probability of a Type II error. Heard
(pers. comm.) suggested that power of detecting
population change should be 90% (beta = 0.10).
Surveyors should carefully define their objectives
and calculate required accuracy, precision, power to
detect change, and required sample size (Eberhardt,
1978b). For example, 100 radio-collared caribou are
required to detect a 20% change in mortality rates
with 80% power (Walsh ez /., 1995).

Examples of accuracy and precision from
surveys

Viewers tend to underestimate numbers in large
groups. For example, visually estimated numbers
were low by 21% for 27 groups containing 114 to
796 caribou clearly visible in large photographs
(Thomas, 1969).

Failure to detect caribou can be a major source of
bias but rarely is it measured. A cotrection of 20%
(estimate x 1.25) was adopted for many surveys in
Canada (Thomas, 1969; Heard, 1985) but case stu-
dies in survey literature reveal that bias often is
much higher. Intensive searches for caribou within
quadrats in forested habitat yielded 33% and 74%
more caribou than “normal” searches (Farnell &
Gauthier, 1988).

Data for moose illustrate detection problems in
forest cover. For example, only about a third of
moose were seen in narrow strips in conifer forest
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Table 1. An example, selected because of unusually low
coefficients of variation (CV), of results of visual
strip and photographic surveys of caribou on the
calving grounds of the Qamanirjuaq herd in

June 1988.
Survey  Sample
type size Estimate CV 90% CL!
Visual strip 20 56000 11  45000- 67 000
Photo 15 160000 13 123000 - 197 000

! CL = confidence limits = estimate + SE x ¢,, Darta
from Heard & Jackson (1990b).

cover (Gasaway et /., 1985; Anderson & Lindzey,
1996).

Relatively precise visual strip and photographic
surveys of caribou on a tundra calving ground pro-
duced concutrent estimates that differed by a factor
of 2.9 (Table 1). The average factor for seven such
paired comparisons was 2.34 (1.4-3.7) (Heard &
Jackson, 1990a & b). Visual strip surveys produced
caribou population estimates about half those obtai-
ned from quadrats (Fong ez /., 1985). Similarly,
visual estimates of pronghorn numbers based on
two strips 0.8 km-wide were half of estimates from
quadrats (Pojar ez a/., 1995).

The CVs ofi 13 visual strip surveys over calving
grounds averaged 12.4% (Heard & Jackson, 1990a,
b; Heard, pers. comm.). The CVs of stratified strip
surveys of tundra caribou on Southampton Island
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were 29.1% and 34.7%; those of random quadrats
11.6% and 16.3% (Heard & Ouellet, 1994). Those
differences in CVs relate in part to a larger sample
size for quadrats (35 & 48 v5. 18 & 24). Estimated
CVs of sightability-cotrected quadrat samples of
two woodland caribou herds in Yukon were 24.2%
and 14.8% (Farnell & Gauthier, 1988).

Sampling errors (precision) associated with pho-
tographic surveys of caribou on calving grounds
often are unacceptably large (Table 2). Wide CLs do
not permit firm conclusions about population
trends (Fig. 1). Photographic samples of caribou on
calving grounds generate CVs of 5% to 32%, which
progressively increased with each of three ratios
used to estimate population size (Table 3). In NWT,
long-term average ratios with estimated CVs of
10% are used for the second and third ratios (Heard
& Jackson, 1990a). In any 1 year, those ratios may
each be inaccurate by 10%, adding further uncer-
tainty to estimates. Photographic surveys of calving
grounds have produced unusable population esti-
mates in 2 of 13 surveys (Table 2).

Discussion and recommendations

Objectives andssampling design

Sutvey objectives must be cleatly stated and include
components of management, accuracy, precision,
and trend detection. Surveyors must either learn
about the complexities of survey design or consult a
biometrician with experience in aerial surveys.

Qamanirjuaq herd
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Fig. 1. Estimated 90% confidence limits of (CL) population estimates (x 1000) for the Beverly and Qamanirjuaq herds
derived from 1982-1994 photographic surveys of calving grounds. Data from Heard & Jackson (1990a, b) and

Gunn (this issue).
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Table 2. Precision of herd estimates (X 1000) obtained
by photographic surveys of the calving grounds
of the Beverly and Qamanirjuaq herds from
1982 through 1994.

Year Estimate' SE*  90%CL’ Source”
Beverly herd

1982 164 72 38-290 1
1984 264 81 123- 404 1
1988 190 71 66- 313 1
1993 87 18 56- 118 2
1994 277 107 91- 462 3
Qamanirjuaq herd

1983 230 59 126 - 334 4
1985 272 142 22-522 4
1988 221 72 94- 349 4
1994 496 105 310- 682 3
George R. herd’

1984 644 97 483 - 805 5
1986 283 66 173 - 394 5
1988 682 147 437- 928 5
1993 (adult method) 982 135 759 -1204 6

1993 (calf method) 749 151 501 - 998 6

change of 50% between surveys is detected by most
photographic samples of all caribou on calving
grounds (Heard, pers. comm). Frequent surveys are
too costly and long survey intervals are insensicive
to short-term fluctuations in numbers. Detection of
a significant change in population size may be
delayed many years if several surveys are required to
detect a trend. Variation is a critical component of
nature and we must recognize limitations in
attempting to compartmentalize it statistically.

Counts of forest-tundra caribou

I favor atcempts at total counts of aggregations
during July (Valkenburg ez /., 1985; Parker, 1972;
Heard & Jackson, 1990b; McLean & Russell, 1988;
Couturier ¢t #/., 1996). Photography of July aggre-

Table 3. Coefficient of variation (CV = 100 SE/estimate)
for photographic surveys of adult caribou on
calving grounds, for parturient females on calv-
ing grounds, and extrapolated total population
size of the Beverly, Qamanirjuaq, and George
River herds of caribou.

! Population estimate = caribou on calving grounds x
proportion of parturient cows x (1/pregnancy rate) x
(1/proportion of cows in adult population) (Heard,
1985).

¢ 8E = standard error. It is the SE of caribou on the cal-
ving grounds and the SEs associated with 3 ratios used
to extrapolate to a population estimate (Heard &
Jackson, 1990a, b ).

3 Confidence limits (CL) as mean estimate = CL at P =
0.90 (alpha = 0.10).

* Soutces: 1: Heard & Jackson, 1990a; 2: Williams, 1995;
3: Gunn, this issue; 4: Heard & Jackson, 1990b; S:
Ctéte et al., 1991; 6: Couturier et al., 1996.

> Values are for all caribou in October.

Sutveyors must design surveys that are expected to
produce acceptable accuracy and precision. If costs
do not justify benefits, then a sutvey should be can-
celed.

Perhaps surveys of caribou should be designed
only by survey specialists because the field biologist
is unlikely to become competent in this complex
methodology. Sampling design is highly technical,
complex, and controversial. For example, there are
many methods of analyzing trend data (Hacfield e
al., 1996).

Detection of a 10% or 20% difference in popula-
tion size between surveys is not possible with com-
mon survey sampling methods. In fact, only a
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Coefficient of variation (%)

Population/ Calving Parcurienc  Total
year of survey grounds  females population
Beverly herd*

1982 19.5 41.7 44.0
1984 25.5 27.1 30.6
1988 25.9 34.7 37.4
1993 11.6 15.1 20.6
1994 32.3 35.9 38.6
Qamanirjuaq herd'

1983 17.5 21.6 25.8
1985 12.3 50.3 52.3
1988 13.0 29.6 32.8
1994 NA 15.9 21.3
George River herd?

1984 4.8 7.2 15.0
1986 17.9 21.0 23.4
1988 13.7 16.8 21.6
1993 A° 11.8 12.0 13.7
1993 C NA 19.0 20.1

" Data from Heard & Jackson, 1990a, b; Williams, 1995;
Gunn, this issue.

? Column 3 is adult cows (not parturient females) and
total population includes calves of the year. Data from
Créte et al. (1991) and Coururier ¢f 2/, (1996).

> A and C are esrimates based on numbers of adult fema-
les and calves, respectively.
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Table 4. Generalized and subjective rating of the accuracy and precision of some surveys used to enumerate large

forest-tundra herds of caribou.

No. Survey type Accuracy Precision Relative cost
1 Systematic visual strip (transect) Often poor Fair-good Low
2 Random quadrat Good Poor-fair Moderate
3 Photo: caribou on calving ground Good Good High
4 Photo: adjust #3 results to ad. females  Good Fair-good Very high
5 Photo: adjust #3 to parturient females  Fair Poor Very high
6 Photo: adjust #5 to total population Poor-fair Poor Very high
7  Photo: total count & intensive search Excellent Excellent Moderate
8 Photo: partial count + radio ratios Excellent Good Extreme
9 Photo: partial count + strip surveys Good Good High

10 Total visual count Variable Variable Wide range

gations that contain all sex and age classes usually
produces estimates of adequate accuracy and precisi-
on, unlike most other types of surveys (Table 4). Use
of a minimum real population size is a conservative
approach to management. Accuracy is high and
variation is almost nil if a near-total count is achie-
ved. It is low if an adjustment must be made for a
small proportion of “missing” caribou, as the varia-
tion may only apply to 5-10% of the population.
Caribou outside photographed aggregations can be
surveyed or estimated by ratios of radio-collared
caribou (McLean & Russell, 1988; Couturier er /.,
1996). Radio-collared caribou in post-calving
aggregations led biologists in Alaska to 87-90% of
all caribou found through extensive searching
(Valkenburg et «/., 1985). A photographic count of
July aggregations is less costly than calving grounds
surveys and associated sampling, which can cost up
to $200 000 (Créte et 4/., 1991). That technique is
improved with radio-collated caribou but I agree
with Valkenburg er #/ (1985) that they are not
essential.

Ifia CV of 10% is considered adequate for photo-
graphic samples on calving grounds, then only 1 of
12 surveys have achieved that precision for estima-
tes of all caribou on calving grounds and for parturi-
ent females (Table 3). If a CV of 15% is deemed ade-
quate, then 6 of 12 surveys achieved that objective
for all caribou on calving grounds and 2 ofi 12 for
parturient females. However, CVs of 10% and 15%
still only permit detection of population changes of
30% and 50%, respectively (Heard, pers. comm.).
Furthermore, a significant proportion of adult cows
in the George River herd were not on the designa-
ted calving ground in 1 year (Couturier e 4/,
1996). It would be necessary to put more than 100
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radio-collars on cows to accurately adjust for those
absent (Couturier et #/., 1996). In contrast, <4% of
radio-collared females were outside the “core” cal-
ving grounds of the Qamanirjuaq herd from 1985
through 1988 (Heard & Stenhouse, 1992).

Extrapolation of population size from photograp-
hic estimates of caribou on calving grounds is not
justified. There is unknown or poor accuracy and
precision of three ratios used in such calculations.
Further, there is no agreement on what sampling
units or scale should be used for photo surveys
(Heard, 1985; Créte et al., 1991; Couturier e 4.,
1996). Only Créte et al. (1991) adjusted photo
counts for sightability bias.

Precision of calving ground surveys and others
can be increased with attention to caribou distribu-
tion followed by adjustment of sampling units and
stratification. A sampling objective is to stratify
optimally and to construct sampling units within
strata that will have the least variation. In reality,
stratification is difficult and no unit size or shape
will avoid sampling error. Kraft er 2. (1995) warn
potential surveyors of the danger of estimating
abundance of aggregated populations.

Improved visual.surveys

The accuracy of visual strip sutveys can be impro-
ved. All caribou must be readily detected within
viewing strips or sightability bias must be measu-
red. One method of correcting for visibility bias is
to compare caribou density in strips (belts) at seve-
ral distances from an aircraft. Distance of caribou
groups can be calculated from aircraft altitude and
angle to the horizon, preferably measured by a
second observer on each side of an aircraft.
Adjustments for sightability vary among many fac-
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tors, consequently correction factors should be deve-
loped for average conditions encountered in each
survey.

Fewer caribou are missed by people experienced
in scanning for animals under survey conditions.
Observers should be trained to count aggregated
caribou in photographs before a survey. Larger
groups must be photographed. Counts of obsetvers
with low sightability should be adjusted to those
with high sightability. Surveys should be conducted
when caribou are in open habitats and contrast bet-
ween catibou and background is high. Radar alti-
meters improve estimation of altitude and coverage.
Sample size required to achieve a specified CV
should be calculated as a survey progresses. In reali-
ty, the goal may not be achievable if the variance is
large.

The multiplier effect of biases results in some
gross underestimates of population size. Surveyors
will readily admit that they may miss 20% of cari-
bou and they may undercount numbers in groups
by 20% but they are reluctant to increase their esti-
mate by 1.56 to account for both biases. Every sut-
veyor should attempt to measure accuracy in several
sampling units in their survey area.

Credibilizy

The 1980 visual strip survey of the Qamanirjuaq
herd produced an estimate of 38 000 = 26 000
(90% CL) caribou. Such sutveys subsequently were
found to underestimate populations by an average
of 234%. The estimate evoked a crisis herd situati-
on when none existed and credibility of biologists
was lowered.

Low estimates for caribou populations also led
biologists to speculate without evidence that emi-
gration and calving ground infidelity was the cause
(Gates, 1985; Heard & Calef, 1986; Williams,
1995). Most female caribou in forest-tundra popula-
tions return to the same calving grounds annually
and there is little emigration or immigration
(Parker, 1974; Heard, 1983; Goudreault, 1985;
Heard & Stenhouse, 1992; Valkenburg, this issue).
Even when bias is reduced, as in sharp photographs
of adequate scale, surveyors should first suspect that
the real population size may be outside the confi-
dence interval of anomalous survey results.

Another problem arises when improved or more-
intense sampling produces higher population esti-
mates when a decline may be occurring. Past esti-
mates are subject to veneration with repeated uncri-
tical use over time. Most historic estimates of forest-
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tundra caribou based on visual strip surveys were
biased, probably by factors of 2-3. The consequen-
ces of inaccurate and imprecise estimates, and weak
attempts to explain them, is that a growing number
of resource users simply reject survey results.

In remote areas of northern Canada, management
of caribou is not possible unless hunters agree that a
problem exists. Data from herd monitoring was not
used by the caribou board I sit on except to recom-
mend slight changes to resident and commercial
quotas.

Because surveys are inaccurate and imprecise, it is
misleading to announce a population estimate as say
4312. Rounding is required to the nearest 1 or 2%.

A need for ecological studies

Even if caribou numbers could be estimated accura-
tely and precisely, the data are not useful unless eco-
logical studies indicate causes of population fluctua-
tions or there is an ability to reduce harvest or natu-
ral mortality. The relative importance of limiting
factors is not known for most populations because
comprehensive ecological studies are expensive and
mortality statistics are unreliable. Ecological studies
generally are piecemeal responses to proposed deve-
lopments in parts of caribou ranges. The best appro-
ach is to identify important habitats and attempt to
protect them from activities that would be unaccep-
tably detrimental. Without adequate safeguards on
habitat, caribou populations will dwindle. An
understanding of survey inaccuracy and imptecision
may cause biologists to direct resources to other
forms of population analysis, such as estimates of fat
resetves, pregnancy rates, and recruitment, and to
habitat use and requirements.

Conclusions

1. Main sources of ertor in caribou sutveys based on
sampling methods are bias (inaccuracy) and sam-
pling error (imprecision) caused by highly variable
group sizes and distributions relative to sampling
units.

2. Visual strip surveys of caribou on calving
grounds were inaccurate by an average factor of 2.3
relative to photo based estimates, however, most
surveys of caribou are of unknown accuracy.

3. Most visual and photographic survey estimates
are imprecise, having coefficients of variation (CV)
of 10-50%, whereas 5-10% is required to detect
changes in population size of 15-30% requited for
management.
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4. Limitations of surveys must be explained to the
public and estimates always expressed with lower
and upper confidence limits along with any additio-
nal uncertainty. Variability in nature limits our abi-
lity to precisely quantify it.

5. Only minimum total counts, particularly photo-
graphy of aggregations in July, produce results
acceptable for conservative management of caribou.
6. Other indices of caribou population “performan-
ce” such as pregnancy rates, calf survival, and body
condition and growth indices may be preferable to
inaccurate and imprecise estimates of population
numbers.

7. Many surveys for population size should be repla-
ced by ecological studies that focus on habitat
requirements in relation to limiting factors that
affect reproduction and survival.
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Will ecosystem management supply woodland caribou habitat in
northwestern Ontario?
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Abstract: Ecosystem management is emerging as an important concept in managing forests. Although the basic con-
ceptual idea is not new, important defining principles are developing that elucidate some of the specific attributes of
ecosystem management. These principles include: the maintenance ofiall ecosystems in the managed forest, rhe emu-
lation of natural disturbance patterns on the landscape and the insurance that structure and function of forested ecosys-
tems ate conserved. Forest management has an impact on woodland caribou (Rangifer tarandus caribon), although the
presence of wolves (Canis lupus) and moose (Alces alces) in the same northern ecosystems also affects the caribou-forestry
interacrion. Specific management for caribou as a featured species has been proposed, based on managing large landsca-
pe blocks. Ecosystem management would also produce habitat in a manner that might accomplish the goal of conser-

ving woodland caribou as well as maintaining other important ecosystem functions.

Key words: forest management, wildlife, biodiversity, ecological management.

Purpose

The purpose of this paper is to briefly review the
concept of ecosystemn management and to consider
how ecosystem management might affect woodland
caribou (Rangifer tarandus caribou) habitat  in
Norchwestern Ontario. The idea in this paper is a
management hypothesis which must be tested befo-
re it is implemented. Establishing management
hypotheses is a vital step in effective resource
managment policy.

Meeting the needs of wildlife in forest
management

A major problem faced by forest managers concerns
how to deal with the complex and varied needs for
maincaining wildlife habitac. Traditionally, mana-
gement agencies have concentrated on a few com-
mercially valuable species. The assumption behind
this approach is that these species have economic
value and if managed carefully can be sustained for
long periods of time.

As concern for forest health increases in the
public mind, more species get added to the manage-
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ment list of interest. Kimmins (1995) has reviewed
the stages of forest management and terms the cur-
rent stage “social forestry”. In this stage, more spe-
cies of plants and animals, both commercially valua-
ble or as indicators of forest health, are added to the
list that managers must accommodate.

In Ontario, the progression from commercially
important species to species of broader interest is
well underway. White-tailed deer (Odocoilens virg-
inianus) and moose (Alces alces) dominated mana-
gers’ thinking for the last several decades.
However, as more people become interested in
forest management, and value other wildlife species,
managers have had to expand their concern to inclu-
de a larger number of wildlife species.

As che list of wildlife species of concern to mana-
gers gets longer, the complexity of management
increases dramatically. Ontario management policy
now mandates that several species be “featured” in
forest management plans. In Northwestern Ontario,
white-tailed deer, moose, American marten (Martes
americana) pileated woodpecker (Dryocopus pileatus)
osprey (Pandion haliaetus) great blue heron (Ardea
berodias) bald eagle (Haliaeetus leucocephalus) black
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bear (Ursus americanus) and woodland caribou are
all supposed to have habitat provided in forest
management plans. As well, pressure is mounting
for managers to conserve biodiversity, meet sustai-
nability certification requirements and address
habitat needs for additional wildlife species such as
wood warblers.

The complex and sometimes contradictory habi-
tat requirements ofi wildlife species leads to a virtu-
ally impossible task. No forest manager, however
skilled, can develop a forest management plan that
explicitly deals with habitat needs ofi all wildlife
species. The best that can be accomplished, ifian
individual species is "featured”, is to provide habitat
for that featured species. Some benefits will accrue
to non-featured species, but these are byproducts of;
the main goal.

Woodland
Ontario

caribou in northwestern

In Northwestern Ontario, attempts to develop and
implement specific habitat management for caribou
(Racey ez 2/, 1991) have been frustrating. The large
scale logging disturbances needed to eventually cre-
ate extensive tracks ofiold forest are difficult for the
public to accept. The issue of wood supply and cari-
bou habitat is also difficult to reconcile. Other cri-
ticism is. based on caribou and moose partitioning
their habitat (Cumming, 1996), thus avoiding the
predator pit problem espoused by Bergerud (1983).

Rather than focusing directly on woodland cari-
bou habitat, and continuing to contribute to the
piecemeal approach to managing wildlife habitat,
the more general ecosystem management approach
might be more successful. Although a general
approach does not explicitly provide habitat for any
species, it may provide the best opportunity to meet
the needs of a variety of wildlife species, while con-
serving biodiversity and meeting the objective of:
sustainability. Ecosystem management should also
provide for the needs of woodland caribou.

The emerging concept of ecosystem mana-
gement

The Crown Forest Sustainability Act in Ontario and
policy documents of the Ministry of Natural
Resources (e.g. Ontario Forest Policy Panel, 1993)
have outlined Ecosystem Management as the new
policy in forest management. As outlined by Carey
& Curtis (1996) ecosystem management: should

26

help conserve biodiversity, maintain viable popula-
tions of wildlife and meet reasonable needs for
human use ofiforest products.

The concept ofiecosystem management of natural
resources is gaining prominence with natural
resource management agencies and in the literature
of forest management (Gerlach & Bengston, 1994;
Slocombe 1993). Although recent discussions have
increased its profile, the fundamental idea was envi-
saged several decades ago. Grumbine (1994) listed
Aldo Leopold and Victor Shelford as "visionary
ecologists” who began advocating the ecosystem
concept in natural resources management in the
1930’s and 1940’s. Even though ecosystem mana-
gement is not a new idea, implementing it in forest
management is new. The present intensity ofi tim-
ber harvest and the concern for maintaining healthy
forests has prompted development ofi new approa-
ches to forest management (Kimmins, 1995).

There is no universally accepted definition for
ecosystem management, although the core idea
expressed by nearly everyone is similar. Ecosystem
Conservation, New Forestry and Natural Landscape
Management all convey the essential elements ofia
comprehensive approach to forest management. For
this paper, the term ecosystem management will be
used, as it seems to be used most often in the litera-
ture.

Grumbine (1994) summarized much of the eco-
system management literature and defined ecosy-
stem management. His definition is: “Ecosystem
management integrates scientific knowledge of ecological
relationships within a complex sociopolitical and values
[framework toward the general goal of protecting native
ecosystem integrity over the long term.” The U.S. Forest
Service has been developing policy on ecosystem
management for some time (Salwasser & Tappeiner
II, 1988) and in 1992 adopted ecosystem manage-
ment as a policy for the Service. The definition
accepted there was "T'he use of an ecological approach to
achieve multiple-use management of the national forests
and grasslands by blending the needs of people and envi-
ronmental values in such a way that the national forest
and grasslands represent diverse, healthy, productive and
sustainable ecosystems.” (Salwasser, 1992).

Principles of ecosystem management

The fundamental principles of ecosystem manage-
ment are still evolving, with some important ideas
evident in all approaches to this management tech-
The principles ofi ecosystem management
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listed by Grumbine (1994) include: a hierarchical
context, apptopriate ecological boundaries, adapti-
ve management and managing for integrity of eco-
systems. Kimmins (1995) spoke of the need to
maintain ecosystem health and integrity, retain old-
growth stages, use low disturbance harvesting sys-
tems, and above all else, protect biodiversity. Booth
¢ al. (1993) emphasized the need to maintain a
continuing supply of all natural forest ecosystem
types, the importance of basing forest management
on sound knowledge of forest science, and the need
to address a diverse range of interests in planning.

While the principles of ecosystem management
are still evolving, the universal goal of ecosystem
management is to sustain the integrity and health
of ecosystems, while meeting society’s need for a
sustainable supply of forest products, and other
forest attributes to which social and cultural values
are attached.

Characteristics of ecosystem management
The emerging paradigm in foresery clearly includes
concern for both conservation of biodiversity and
sustainable harvest of forest goods and products.
Conservation of biodiversity and sustainable harvest
represent conceptual ideas that are important but
difficult to measure. However some goals and
objectives of ecosystem management are measurable
and these should give guidance to managers who are
implementing the concepts.

Grumbine (1994) found that most of the discus-
sion of ecosystem management focused on five main
goals.

1. Maintain viable populations of all native species
in situ.

2. Represent within protected areas, all native eco-
system types across their natural range of
variation.

3. Maintain evolutionary and ecological processes
(i.e. disturbance regimes, hydrological
processes, nutrient cycles, etc.).

4. Manage over periods of time long enough to
maintain the evolutionary potential of species.

5. Accommodate human use and occupancy within
these constraints.

These goals represent a fundamental change
from the goal of providing goods and services to
humans to the maintenance of the integrity of eco-
systems. Success is measured by the fact that eco-
systems continue to evolve and change, but are not
subject to degradation by human activity.  The
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integrity of the forest itself is more valued than the
monetary value of the goods and services that are
supplied by the forest.

Ecosystem management and caribou habi-
tat in northern Ontario

Changes in policy occur slowly. As the Ontario
Ministry of Natural Resources moves from Featured
Species Management to Ecosystem Management
some different results can be expected in the forest.
Would a forest managed under Ecosystem
Management support woodland caribou populati-
ons in Northwestern Ontario?

Woodland caribou in Ontario

Woodland caribou habitat has been discussed exten-
sively in many papers, (e.g. Cumming & Beange,
1993; Cringan, 1957; Darby & Pruitt, 1984).
Predation and its impact on woodland caribou and
moose has also been the subject of intense discussi-
on and speculation, (e.g. Bergerud, 1983; Seip,
1991; Cumming, 1996). While these are impot-
tant topics, they would not be the major concern in
an ecosystem approach to managing northern
forests. Instead, managers would consider how to
maintain the natural ecosystems in the forested are-
as of concern. The assumption is that if natural eco-
system processes are conserved, and woodland cari-
bou have evolved historically under those conditi-
ons, they have the best opportunity to continue to
exist and remain healthy, under these same natural
conditions.

Maintaining ecological processes
There are, of course, many ecological processes in
any ecosystem. Predator-prey relationships, decom-
position of organic matter, disturbance events of
several kinds, such as fire or wind storms are all nor-
mal parts of ecosystem process and function..
However, only a few basic processes can be affected
by forest management as keys to an ecological
approach.

The key ecosystem processes that can be manipu-
lated by foresters, in most cases, are:

— Use of logging to mimic the patterns that fire,
wind, and insects create on the landscape,

— Managing selected attributes of biodiversity to
ensure that biodiversity is conserved in the manage-
ment processes,
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Fig. 1. Illustration of the different landscape patterns between a clear-cut and wildfite (Gluck & Rempel, 1996).

— Maintaining the age class distribution of com- Mimic the pattern

mercial tree species similar to natural evolution of  The distribution of plant species on the landscape is
forests. important to wildlife species living there. If the
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pattern on the landscape after logging is similar to
the natural disturbance pattern, then wildlife speci-
es and biodiversity conservation goals have the best
chance of being achieved. While the pattein left by
logging cannot duplicate exactly the pattern left by
natural disturbance events, it should be as similar as
possible.

Gluck & Rempel (1996 ) compared the structural
characteristics of post-wildfire and clear-cut lands-
capes in the Boreal forest near Dryden Ontario.
They found that the clear-cut landscape tended to
have larger, less dense patches than the wildfire, the
patches in the clear-cut were more irregular in shape
with greater amounts of edge and core areas than
those in the wildfire, whereas the wildfire had more
interspersion between patch types at the broader
scales, Fig. 1.

Under ecosystem management, the size of clear-
cuts is important, and the size of wildfires is a useful
guide to planning the size of clearcuts. Li e 4l
(1996) found that the size of wildfires was quite
variable, and did not always follow a particular mat-
hematical distribution. A common pattern of wild-
fire size distribution, in Northwestern Ontario,
based on a 10 km by 10 km area, is illustrated in
Fig. 2. Hunter (1993) found a similar pattern in
eastern Canada. Fig. 2 describes a useful guide in
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Fig. 2. Size distribution of wildfires in Northwestern Ontario (from

Liet al., 1996).
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developing logging plans that are consistent with
the idea of ecosystem management.

With the advent of remote sensing, GIS systems
and models of disturbances, (e.g. ON-FIRE as des-
cribed in Li et al., 1996) forest harvest plans that
mimic the pattern of natural disturbances are wit-
hin the reach of most forest managers. If practiced
over 80 to 100 year rotations, and at the scale of a
large area such as Northwestern Ontario, ecosystem
management should contribute to maintaining the
normal ecological processes that were present before
major human exploitation of the forest started.
This in turn should provide the habitat caribou
need to remain healthy.

Selected aspects of biodiversity

The concept of biodiversity has come to mean all
the aspects of life in ecosystems. The species pre-
sent, the interaction among species, the generic
variability, indeed virtually any component of an
ecosystem can contribute in some way to the idea of
biodiversity. Forest management may change the
biodiversity of the landscape or it may not, depen-
ding on the harvest techniques used.

Under ecosystem management the goal should be
to maintain the diversity of the managed area reaso-
nably close to the diversity present before manage-
ment began. This goal is both scale and
time dependent and must be considered at
relatively large scales. However, the
diversity maintenance goal is a practical
and realistic way to measure the impact of
logging on the landscape and assure the
public that forest management is consis-
tent with biodiversity conservation (Carey
& Curtis, 1996).

Baker (1993) describes how one aspect
of diversity can be measured in areas dis-
turbed by wildfire. Although Baker did
not compare the wildfire landscape to a
logged landscape, it would not be hard to
do that comparison. In Baker’s example,
from the Boundaries Waters Canoe Area
in northern Minnesota, he used patch age

§ § § to calculate, using Shannon’s index, the
@ @ @ diversity of patch ages on the landscape.
&g% He demonstrated how fire suppression

increased the patch age diversity of the
landscape over the presettlement forest.
The idea that fire suppression would incre-
ase some measures of diversity of the
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Fig. 3. Age class distribution of softwood trees in Northwestern Ontario.

landscape may seem counter-intuitive, and illustra-
tes the importance of actually measuring the impact
of major human activities on the landscape.

Managing age classes of trees

The third area that forest managers manipulate in
the process of logging and fire suppression is the age
class structure of commercial trees.
As with the other goals of ecosystem
management, the goal is to try to
approximate the age distribution

_ 50000
that has evolved in the boreal forest.

In an unmanaged and unlogged 45000
boreal forest, with forest fires 40000
unsuppressed, average disturbance 35000
frequency is usually in the range of g
70 to 100 years. Van Wagner (1978) g 30000
p.ropf)sed. tha.t the result.ing age class § 25000
distribution is exponential. Boychuk — °Z2
et al. (1995) reviewed theoretical age g 20000
class distributions in the Boreal g 15000
Fores.t and concluded that the expo- 10000
nential model was common, alt-

5000

hough significant variations can
occur. The age class distribution is 0
not fixed, and will vary depending on
scale and climatic factors. However,
in virtually every case in Boychuk e
al's data a larger area of the forest is
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in younger age classes and less is in
older age class. Forested boreal eco-
systems, evolving in a disturbance
environment, typically show age class
distributions with considerably more
area in younger rather than older
forests.

The managed boreal forests of
Ontario, in contrast, are dominated by
older age classes. For example, in a
status report from the Ontario
Ministry of Natural Resources
(Ontario, 1994) the following analysis
is given:

In terms of age structure, Ontario’s
forest are dominated by mature and
overmature forests; fully three quar-
ters of the province’s productive forest
are over forty years old. The age class
distributions of Ontario’s forests
result from 77 years of organized
forest fire control in the north and
250 years of post-colonial settlement in the south.
Forest fires disturb an average of 80 000 hectares of
managed forest every year. In the pre-suppression
(pre-settlement) era approximately 700 000 hecta-
res of forest were consumed by fire. If one adds the
area harvested each year (170 000 hectares) to the
average area burned, the total area affected is 250
000 hectares. This represents less than 40% of ave-
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Age class distributin softwood

10 3 50 70 9 110 130 150 170
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Fig. 4. Age class distribution of commercial tree species from the Nakina
management unit in Northwestern Ontario.
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rage area disturbed annually in Ontario’s forests
before European settlement.

Figs. 3 and 4 illustrate typical examples of this
distribution.

To change the age classes distribution of com-
mercial tree species towards a more evolutionary
pattern, Boychuk er 4/. (1995) provide some useful
guidelines. The goal is fewer trees in older age clas-
ses than is there now, met either by less fire protec-
tion or selective logging.

Affects on woodland caribou habitat

A Boreal Forest area managed under ecosystem
management would have large scale disturbances,
sometimes dozens ofisquare kilometers in size. Old
forests would be relatively rare; perhaps 5 to 10% of
the landscape would be in these old stages. The
landscape would not be as diverse, because most
human activities tend to increase the diversity of
the landscape, (e.g. Baker, 1993; Gluck & Rempel,
1996). Wide spread management for moose and
other popular game animals that respond to edges
and disturbed areas, has left a more fragmented
forest than that which evolved under fire, insects
and wind storms. The net result would be a forest
with attributes that resemble the forest that evolved
before people began to intensively manage the area.
Because caribou evolved under these conditions it
seems logical that the habitat portion ofi woodland
caribou management would be satisfied by this
approach.

The next step should be to use computer models
of forest management and develop a specific exam-
ple of how the landscape would change following an
ecosystem management strategy. Gooding & Van
Damme, for example, (1996) used a computer
model to compare hauling costs of wood harvested
in both conventional and ecosystem management
regimes. The same approach would be beneficial in
studying the potential impact of ecosystem mana-
gement on caribou habitat.

Summary and conclusions

Moving from a featured species approach to ecosy-
stem management is a difficult process that will be
hard for many people to accept. There is a strong
bias to search for specific solutions to problems
encountered by selected species. When any wildlife
species is considered endangered, whether it is bald
eagles or woodland caribou, there is a strong impe-
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tus to develop specific solutions to the specific pro-
blem. The problem with the species by species
approach is that the palate ofi individual problems
accumulates to such a degree that it becomes
impossible to solve in any realistic sense. In
Ontario, for example, there are some 30 or 40 “gui-
delines” that managers are supposed to follow in
developing forest management plans. In addition,
there are several criteria for measuring sustainabili-
ty that managers are supposed to include. The net
result is that managers, no matter how sincere or
hardworking, cannot follow the sometimes contra-
dictory, sometimes obscure, guidance from these
documents. In response, they build plans based on
the particular biase they bring to the planning pro-
cess.

In ecosystem management, a few basic principles
are followed that provide the best opportunity to
maintain viable populations of all species on the
landscape, that will conserve biodiversity at the
appropriate levels, and will sustain the fundamental
processes that are important to ecosystem function.
In that scenario, the needs of woodland caribou
would seem to be protected to the best possible
degree.
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Defining the Pen Islands Caribou Herd of southern Hudson Bay
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Abstract: In this paper, we describe the Pen Islands Herd of caribou, the largest aggregation of caribou in Ontario (it
also occupies a portion of northeastern Manitoba). Photographic counrs showed the herd had a minimum population of
2300 in 1979, 4660 in 1986, 7424 in 1987 and 10 798 in 1994. Throughout the 1980s, the Pen Islands caribou
exhibited population behaviour similar to migratory barren-ground caribou herds, although morphology suggests they
are woodland caribou or possibly a mixture of subspecies. The herd had well-defined traditional tundra calving
grounds, formed nursery groups and large mobile post-calving aggregations, and migrated ovet 400 km between tun-
dra summer habitats and boreal forest winter habitats. Its migration took it into three Canadian jurisdictions (Ontario,
Manitoba, Northwest Territories) and it was impottant to residents of both Manitoba and Ontario. It is clear that the
herd should be managed as a migratory herd and the critical imporrance ofi both the coastal and variable large winter

ranges should be noted in ensuring the herd’s habitat needs are secure.

Key words: woodland caribou, Ontario, Manitoba, migration, population size, annual range.

Introduction

Woodland Caribou (Rangifer tavandus caribou) are
found throughout northern Ontario north of about
50°30" north latitude (Darby et /., 1989). The
Hudson Bay Lowlands contains the majority of the
province’s caribou, including aggregations that
occur along the Hudson Bay coast (Fig. 1). In the
late 1970s and early 1980s, evidence accumulated
about increasing numbers of caribou summering
near the Ontario-Manitoba border (Thompson &
Abraham, 1994). It was thought that this summer
aggregation might be the source of the increasing
number of observations of caribou in winter in the
boreal forest of extreme northeastern Manitoba and
northwestern Ontario. In addition to the many
questions of biological interest raised, the discovery
of so many caribou had several implications for har-
vest by the Cree people of the area, tourism and
jurisdictional management. These implications
provided the impetus for the Ontario Ministry of
Natural Resources (OMNR) to undertake a 3 year
study to document the characteristics of the herd.
The objectives of this paper are: 1) to review the
history of caribou occupation of the Hudson Bay
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Lowlands between Ft. Severn, Ontario and York
Factory, Manitoba; 2) define the size of this herd
during the 1980s and early 1990s, and 3) to deline-
ate the annual range and seasonal use areas.

Study area

East Pen Island lies offshore from Ontario and is
thus part of the Northwest Territories.  West Pen
Island, formerly an island but now a peninsula of
the Ontario coast, lies to the southwest of East Pen
Island, within 5 km of the Manitoba border (Fig. 1).
Because these islands are near the longitudinal cen-
tre of the calving and summer range where the first
evidence of a large summer aggregation was ob-
tained, we named this group of caribou the Pen
Islands Herd.

The study area comprised an area of approxi-
mately 80000 km? in extreme northwestern
Ontario and northeastern Manitoba (Fig. 1). It is
bounded on the east by the Severn River, on the
north by Hudson Bay, on the west by the Nelson
River, and on the south (at approximately latitude
55° N) by God’s Lake, Edmund Lake, Kistigan Lake

33


mailto:ABRAHAK@gov.on.ca

O Study Area

A Pen Island Field Camp

100 kilometres

A~ 2

Hudsou Bay

Man.

Ontario

ork Factory &
&
£
o S gat
e
w
Spector Lake,

Shamattawa o /
hy

A
Oxford {
A\

A N B
ke / / 5\\3& }
A OxfordHouse \ $9%

me‘ P @ "

Lake - I
Gods Edmund f_’,' istigan Lake @

Lake Lake O

g0
2
o

Cape Tatnam

Hudson Bay
?@“
\ﬂa‘j Qe‘\b
" w@ \f_,\ o
V\
e
—
kcuf“""1 ""*"\ Fort Severn
Bw'c R‘“yer
)
&
3
1
<
= 4
g
=
Shagamu Lake Peawanuck
winisk Rive’
Q
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bou groups and movements described in text.

and the upper reaches ofithe Echoing River waters-
hed. The majority of the study area is in the Hudson
Bay Lowland physiographic region (Hutchison,
1982) and the remainder is on the Canadian Shield
(Rowe, 1972). Within this broad scudy area, spring,
summer and fall studies were concentrated between
the Niskibi River, Ontario and Cape Tatnam,
Manitoba and within 20 km of Hudson Bay (the
Forest-Tundra zone of Rowe, 1972). Winter radio-

tracking and aerial surveys defined the inland extent -

of the study area.

Methods

Historical information on caribou numbers, distri-
bution and harvest was assembled from published
and unpublished reports, OMNR and Manitoba
Deparcment of Natural Resources (MDNR) files,
researchers’ notes and Lowland residents.
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Visual and photographic aerial surveys were
flown in the coastal portion of the study area to
locate important areas and to estimate population
size in summer. We conducted a toral of 26 recon-
naissance and photographic aerial surveys on a sub-
jective schedule between 25 May 1987 and 13 June
1989. Aggregations were photographed to obtain
total population surveys on 11 July 1986, 25-26
May, 22-23 June and 14 July 1987 and 20 July
1988.

Caribou were captured and collared or tagged in
two separate time periods. The first session was
during the rut from 28 September to 5 October
1987 when 21 females and 2 males were captured
and fitted with radio-collars. The second session
was from 7 to 14 June 1988 just after calving when
4 females (all collared) and 23 males (13 collared,
10 ear-tagged) were captured. We conducted a total
of 25 telemetry surveys between 28 October 1987
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and 27 March 1990, approximately bi-weekly
during winter to locate collared caribou.  The
annual ranges of the 23 caribou tagged during the
rut in September-October 1987 and the 27 caribou
tagged during early aggregation period in June
1988 were overlapping and indicated that both sets
of captured animals did come from the same popu-
lation. Therefore, these two groups are combined
for analysis and discussion of the Pen Islands Herd
characteristics. Annual range was estimared by crea-
ting an outer convex polygon of locations of radio-
marked caribou each year.

A detailed description of methods is provided in
an OMNR internal report by Thompson &
Abraham (1994).

Historical perspective on caribou in the
Pen Islands area

Relatively little quantitative information is availa-
ble on the historic numbers, distribution or behavi-
our of caribou in the Hudson Bay Lowland, particu-
larly along the Hudson Bay coast. The earliest writ-
ten records are from the period of Hudson’s Bay
company settlement in the 1700s. Andrew Graham
(in Williams,1969:14-16) describes “reindeer” as
being “several kinds” and “very numerous” in the
1770s along the Hudson Bay coast. He mentions
their great importance in the diet of Indians and in
the local economy. He also provides a vivid descrip-
tion of their “southward” migratory movement in
May along the coast past the "York Fort” (now York
Factory) and ”Severn” (now Fort Severn) settlements
and their return “northward” migratory movement
in September. Finally, he notes them as "rarely seen
within eighty or one hundred miles of the coast”
between November and April. Other early accounts
of caribou in this area by S. Hearne, N. Jérémie, and
J.B. Tyrrell in  Banfield
(1961:85); these noted migration between forested
interior areas and coastal tundra. Banfield (1961)

were summarized

also raised a question of taxonomic status of “the
herds that formerly inhabited the southern Hudson
Bay coast from Cape Henrietta Maria, Ontario to
Cape Churchill, Manitoba”. The question he posed
(and left unanswered) was whether they were
“migratory woodland caribou” or the "southern-
most tundra caribou”. Despite rapid reduction of
the herds through heavy killing in the eighteenth
century, apparently a few migratory bands still exis-
ted as late as 1912. The caribou that Banfield him-
self examined in northeastern Manitoba in 1949
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"appeated to be woodland caribou” but interesting-
ly, he noted that the area was "overrun by migrating
tundra reindeer” at the time. Despite the obser-
vation, he offered qualified conclusions that "reduc-
tion of local populations has apparently curtailed
the migratory habit” and that the area was a "pos-
sible ... area of intergradation between the subspeci-
es.” de Vos & Peterson (1951) stated that woodland
caribou occurred widely in scattered herds but also
noted that they were “absent from a fringe along the
Hudson Bay in the northwestern part” of Ontario.

In the 1950s and 1960s, a series of surveys of the
Hudson Bay Lowland was made during summer,
fall and winter. Winter surveys (Simkin, 1962;
1964; 1966, 1967) and interviews with Cree living
in the area revealed that the coastal zone was virtu-
ally unoccupied in winter, just as Graham had noted
so much earlier, except that there was a small group
north of Sutton Lake toward Cape Henrietta Maria
(de Vos & Peterson, 1951; D. Simkin, pers. comm.).
Simkin found caribou in winter (January to March)
50-100 miles inland from Hudson Bay and showed
winter densities in these interior Lowland forests to
be similar to densities in the bulk of Ontario’s bore-
al forest. Occasional winter surveys conducted bet-
ween 1959 and 1982 by Ontario and Manitoba pro-
vincial employees documented caribou distribution
and densities in parts of our study area. Although
winter concentration areas were mapped, neither
month to month movements nor annual variation in
areas occupied were known and no population esti-
mates were made that could be related to the entire
study area we defined. Thompson (1986) presented
results of a survey conducted from 1981-1983 and
summarized all previous winter caribou surveys
from the Ontario Hudson Bay Lowland. The 1981-
83 surveys re-confirmed the absence of caribou from
the coastal zone in winter, and documented signifi-
cant wintering concentration areas at the habitat
boundary of the Hudson Bay Lowlands Forest and
the Northern Boreal Forest (terminology of
Rowe,1972) particularly around Sturgeon Lake,
Ontario and the upper reaches of the Echoing River
near the Manitoba border.

Simkin’s (1959) interviews with Cree residents
provided accounts of caribou movement inland in
November (i.e., away from open tundra areas to
forested areas) and coastward in February and
March, a pattern that appears to have held true for
the entire Hudson Bay coast. During our commu-
nity visits from 1987-90, Fort Severn hunters rela-
ted their accumulated knowledge of caribou in their
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areas of activity. They reported that caribou were
thinly scattered over this portion of the Lowland
about 50 years ago. In more recent years, they
noted the migratory nature of these animals, parti-
cularly an east to west movement to the coast in
April when the snow is crusted (J. Stoney, pers.
comm.) and an increase in summer numbers on the
coast. Fort Severn hunters distinguished three types
of caribou within and near their hunting grounds:
small caribou north of the Nelson River called
“little white ones”, the Pen Islands animals, and
larger "woodlands” caribou. Their caribou harves-
ting habits incorporated a shift from mainly inland
hunting to coastal harvesting in the early 1970s.

Independent discussions we had at this time with
Shamattawa, Manitoba, Cree hunters revealed simi-
lar information. They also distinguished three
types. Shamattawa hunters began to see and hunt
the migrating caribou in about 1980 (possibly the
Pen Islands Herd) in addition to the more usual
resident  “woodlands” caribou and the Cape
Churchill caribou with thinner hides and “pelage
like a rabbit”. Corresponding reports from
Manitoba Department of Renewable Resources (S.
Kearney, pers. comm.) suggested increases in winter
use of the boreal forest in extreme northeastern
Manitoba near the Ontario border, including the
Shamattawa area and the Echoing River watershed,
during the early 1980s. Movement patterns re-
ported by Shamattawa Cree hunters were westward
movements in the fall towards Oxford House (Fig.
1) and return movements in winter and towards the
coast in spring.

Information from both Fort Severn and
Shamattawa revealed an awareness that beginning
in the early 1970s, caribou seemed to concentrate in
summer near the Pen Islands. Interestingly, neither
community was aware of the location of calving.
Taken as a whole, the information from Fort Severn
and Shamattawa pointed either to an increasing
herd in the Pen Islands area or, alternately, a range
shift (from the interior or further north along the
coast?) and increased use of coastal areas in spring
and summer and interior areas in winter in extreme
northwestern Ontario and northeastern Manitoba.
We cannot distinguish between these alternatives.

Generally missing from both the technical and
Nartive accounts is a comprehensive understanding
of numbers, distribution and behaviour of caribou
in the Lowland during the snow-free seasons. In
summer surveys, Simkin (1959; 1961; 1965) recot-
ded small bands along the Hudson Bay coast from
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Cape Henrietta Maria to the Manitoba border. The
largest summer group he recorded was 41, with ave-
rages from 6 to 9 depending on month and year;
these data are mostly from the Hudson Bay coast
east of the Winisk River. From the Winisk River
west to the Shagamu River, he found no evidence of
large groups, nor tracks of more than 2 together.
West of Severn, near the Niskibi River he found
"heavy track concentrations” but few caribou.
Simkin (1965) found no specific coastal calving
grounds.

During 20 coastal polar bear (Ursus maritimus)
surveys conducted between 1963 and 1990, no
large caribou aggregations were recorded (G.
Kolenosky and others, unpubl. reports). However,
most of these surveys were conducted between late
August and early September and covered only the
area within 5 km of the high tide line. Our study
indicates that the large aggregations disperse by late
July and that smaller bands of caribou probably
move into the treed ridges and fen areas some dis-
tance from the coastline. This probably resulted in
polar bear surveyors seeing few caribou, even in
years when the population was growing.

In the 1970s, observations and photographic
documentation of caribou in summer along the
Hudson Bay coast were obtained by biologists con-
ducting waterfowl surveys. The existence of a large
herd west of Fort Severn was first suggested by the
observations of H. G. Lumsden (pers. comm.) in
1973. During July watetfowl surveys, he observed
tracks in tidal mudflats along the coast strongly
suggestive of large numbers of caribou. R.K. Ross
(pers. comm.) recorded many small groups (1-40)
near the Pen Islands between May and October
1977, but he also found mixed sex groups of 150
and 300 in July 1977. The first photographs confir-
ming large caribou aggregations (totalling 2300
animals) in the Pen Islands area were taken on 6
July 1979 by Lumsden near the mouth of the Black
Duck River at the Ontario-Manitoba border.

As a result of heightened awareness, OMNR
employees were encouraged to regulatly report and
if possible, photograph caribou they observed along
the coast. In 1983, we began systematic attempts
to collect numerical population data on caribou
summering in this area, with variable success.
However, by 1985, we knew unequivocally that
summer post-calving aggregations containing a few
thousand caribou occupied the coastal tundra west
of Fort Severn, but we did not have a reliable esti-
mate of numbers. Finally, a count of 4,666 caribou
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of both sexes and all ages was obtained from photo-
graphs of three large aggregates found between
Black Currant River and the Pen Islands on 11
July 1986. We did not search west of the Kettle
River, Manitoba on this date so it is possible that
other similar groups were not located. On 27
March 1987, approximately 400-500 animals were
observed in a 4-6 km area approximately 10 km
from the Pen Islands (D. McKnight, pers. comm.).
At this time, we knew little else about this popula-
tion of animals, including their connections, if any,
to Manitoba and Ontario winter concentrations
(Thompson,19806).

This was the information that led us to the work-
ing hypothesis that a group of migratory caribou
occupied coastal tundra areas centered at the Pen
Islands in spring and summer and moved to inland
forested areas in winter. The “herd” appeared to
straddle the Ontario-Manitoba border and seemed
to be both large and increasing in size.

The intensive study from 1987-1990 allowed us
to define the general population behaviour of the
Pen Islands Caribou Herd. Although subsequent
population growth and other events may have
changed this picture, we offer the following infor-
mation as the first definitive description of the
Herd.

Subspecies identity

The subspecies identity of the Pen Islands caribou is
not certain. Pen Islands animals are larger than bar-
ren-ground caribou and resemble woodland caribou
in external body and skull measurements and antler
position, but antler characteristics are more similar
to barren-ground caribou (Thompson & Abraham,
1994). Genetic studies may help resolve the ques-
tion posed by Banfield (1961) about whether the
herd has a mixed subspecies origin.

Population size 1987-1989

Aerial photographic surveys of summer aggrega-
tions containing both sexes and all ages were con-
ducted in 1987 and 1988 to determine population
size. We located the aggregations by flying parallel
low altitude transects over the entire coastal calving
and summer range and few single caribou were
observed. On 14 July 1987, we found and photo-
graphed 7 distinct groups on intertidal flats and
beach ridges near the coast, totalling 7424 caribou.
Surveys before and after this date in 1987 indicated
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that this was the peak of aggregation and this sur-
vey gave us the largest count obtained during the
three year study. Other counts at peak aggregation
yielded as few as 3190 (20 July 1988). Thus, we
recognize that the photographic technique we used
is only able to provide a minimum population esti-
mate and that scattered individuals, small bands
and in some years, even large aggregates could have
been missed. However, the aggregating behaviour
was consistent among years and provided an annual
opportunity in mid July to record the majority of
caribou in the Herd.

Population size since 1990

The techniques we established were used to conduct
photographic counts after the intensive study.
Delean (1993) photographed 5113 caribou in
aggregates, primarily between Kaskattama River
and Cape Tatnam, Manitoba. Scholten (1994) pho-
tographed 10 798 caribou in 12 aggregates across
virtually the entire described summer range from
Cape Tatnam, Manitoba to Niskibi River, Ontario.
We interpret the difference between years (a two
fold increase) as a problem with the visual location
of aggregates in 1993, similar to our eatlier experi-
ence, rather than real population change.
Simultaneous ground observations made by us in
1993 indicated over 500 caribou along the coast
between the Severn River and the Winisk River.
We have not previously associated this portion of
the coast with the Pen Islands herd summer range,
chiefly because of the lack of observations of caribou
near Ft. Severn between 1987 and 1990 and because
of the physical barrier to eastward travel that the
large Severn River and the community of Ft. Severn
might pose. However, it is possible that as the herd
has grown such factors as their own habitat impacts,
increased human disturbance and coincidental
increases in other herbivores (e.g. snow geese) may
have induced the herd to move farther eastward
than during our initial study. An alternative expla-
nation is that the caribou bands near the Shagamu
River and Shagamu Lake have increased in parallel
with the Pen Islands Herd. Regular observations
have been made of small summer bands near the
river mouth and winter concentrations near the
lake.

In summary, the known number of caribou sum-
mering in the Pen Islands area has risen steadily
from at least 2300 in 1979 to at least 10 800 in
1994.
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Fig. 2. Annual range of Pen Islands caribou herd showing calving area and summer areas and outer convex polygon of
all fall-winter radio telemetry locations in each year (Period 1= Sept.1987- June 1988; Period 2 = Sept. 1988 -

July 1989; Period 3 = Sept. 1989 - March1990).

Annual range

Spring

The Pen Islands Herd calving area extended from
the Niskibi River, Ontario (56°56’ N, 89°22" W)
westward to the Kettle River, Manitoba (56°30’ N,
88°09” W), was approximately 90 km in length and
caribou were observed using these same grounds
during all 3 years of study (Fig. 2). This was also
where R. K. Ross (pers. comm.) noted calving cari-
bou in 1977. There was neatly complete segregation
of the sexes during the peak calving period from the
17-21 May. Most bulls were presumed to be in
forest and forest-tundra areas south of the calving
grounds. Thus, the Pen Islands herd exhibited a
pattern of dispersion during calving and traditional
use that is characteristic of migratory barren-
ground herds.

Summer
Summer aggregations occupied the Forest-Tundra
zone from the Black Currant River, Ontario to Cape
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Tatnam, Manitoba and were usually found within 5
km of the coast. Cow-dominated “nursery” groups
formed immediately after calving (surveys from 24-
28 May) and contained up to 764 animals. Bull-
dominated groups at this time usually contained 10
or fewer individuals although groups of up to 50
were found. Beginning in early June, all age and sex
classes came together to form larger, loosely-knit
aggregations and by mid-June, these mixed groups
predominated (81%) and a few contained over 500
animals and the largest was 1465. The peak aggre-
gation period occurred in mid July each year when
virtually the entire Pen Islands population was
found in a few large groups, some containing 2000
animals. By late July and throughout August, these
large mixed groups could not be found, despite
extensive searches. Apparently they fractured into
small bands or solitary social units, including cow-
calf pairs. Caribou were rarely encountered in the
immediate coastal area. Limited observations of
caribou in the fens and bogs up to 40 km inland
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from 1993 to 1996 suggest they retreated to the
spruce-lichen ridges and wetlands of the interior.

Auntumn

Telemetry surveys in eartly to mid-September
showed that 79% of caribou were within 30 km of
the coast. Small groups were more widely distribu-
ted over the available Forest-Tundra and edge of the
Hudson Bay Lowlands Forest than during the calv-
ing and aggregation periods. The rutting period of
the Pen Islands Herd was from mid-September to
mid-October. Back-dating from calving, the peak
rutting period in all years was estimated to be the
last week of September and the first week of:
October. This back-dated estimate was supported
by observations of behaviout and condition during
tagging operations.

Winter

After spending approximately 6 months in the open
tundra and forest-tundra transition near the coast,
the Pen Islands caribou moved southward and
inland in late October. No narrowly defined fall
migration routes were detected during the study,
instead, the movement occurred across a broad
front. ‘The infrequency of: our radio locations (2-4
weeks apart) precluded defining whether move-
ments occurred along river drainages.

The pattern in each of the three years was for the
herd to move gradually inland during November
and December, reaching the most distant points
from the coast by mid-January and February, then
returning slowly to the coast in March and arriving
in April. They used substantially different areas in
each year: in the 1987-88 they straddled the
Ontario-Manitoba border throughout the fall and
winter as they moved inland and back toward the
coast. In 1988-89, they concentrated in Manitoba
in early fall, shifted eastward into Ontario in
November, moved back into Manitoba in December
through late winter, then east into Ontario for
spring. In 1989-90, they moved inland in Manitoba
during early fall but then moved eastward into
Ontario in December where they remained for the
rest of the winter. The Pen Islands Herd showed no
consistent preference for either the Northern
Coniferous or Hudson Bay Lowlands forest types.
Instead, they showed a complex movement and
habitat use pattern among months and years. Our
data indicate that bulls and cows shared the same
winter range over the three years.

The maximum area occupied in each year (inclu-
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ding all locations for collared caribou plus summer
observations) is shown in Fig. 2. Similarity of:
annual ranges is evident, however, variation in
extent of inland movement is present among years,
possibly associated with differences in snow fall or
other environmental factors such as timing of freeze
up on lakes and rivers, or altered habitat due to the
previous summer’s forest fires.

Conclusion
Migratory caribou herds that occupy tundra habi-
tats in summer and move into forested habitats in
winter have been documented from northwestern
Alaska continuously to Manitoba (Baker, 1980:207;
Calef, 1981: 16-17). The migratory George River
Herd (Couturier e #/., 1990) occupies the Ungava
peninsula in Quebec. A notable gap in southern
Hudson Bay has been filled by our documentation
of the range and behaviour of the Pen Islands Herd.
The herd’s usual range has been documented by
this study. Although it is small in population and
range relative to most of the migratory herds, it is
similar to them in behaviour, population characte-
ristics and habitat use and appears to be in a rapid
growth phase (Thompson & Abraham, 1994).
Exceptional movements that probably involved the
Pen Islands Herd (e.g., large numbers of: caribou
were located west and south of:Gillam, Manitoba in
winter 1991-92, C. Elliott, pers. comm.) have sub-
sequently been noted. Further assessments will be
required to monitor annual variation in size of: the
summer and winter range and location of additional
use areas. Management policy must address the
herd’s need to respond positively to a variety of
environmental factors and to vary its use of: exten-
sive pottions of: the land base. Management plans
must also account for increased human awareness,
use and activity in the herd’s known range.
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Survival, persistence, and regeneration ofithe reindeer lichens, Cladina stellaris,
C. rangiferina, and C. mitis following clearcut logging and forest fire in
northwestern Ontario

Abstraci: The responses of the teindeer lichens (Cladina stellaris, C. rangiferina, and C. mitis) to logging and fire were
compared in lichen-rich forest stands in northwestern Ontario. In the summer of 1992, reindeer lichen cover, in total
and by species, was visually estimated and detailed notes were taken on reindeer lichen conditions, modes of reproduc-
tion, and substrate use on 34 undisturbed, burned, or logged sites. While virtually no reindeer lichens survived forest
fite, much of the reindeer lichen cover remained after logging. Reindeer lichen cover increased with time since fire.
Total reindeer lichen cover was not cotrelated with time since logging. Fragment growth was found to be an important
mode of reproduction on logged sites, and occurred with gteater frequency on logged sites than on burned sites.
Colonization of organic substrates by reindcer lichens was observed on both logged and burned sites.

Key words: woodland caribou, timber harvest, reindeer lichens, Cladina spp., forest fire, terreserial lichens.

Introduction

Fire-produced reindeer lichen-rich forest communi-
ties serve as late winter habitat for woodland cari-
bou (Rangifer tarandus caribou), and the reindeer
lichens, Cladina stellaris (Opiz) Brodo, C. rangiferina
(L.) Harm, and C. mstés (Sandst.) Hale and Culb., are
their primary late winter fodder (Simkin, 1965;
Darby & Pruitt, 1984; Cumming & Beange, 1987;
Morash & Racey, 1990; Schaeffer & Pruitt 1991).
Reindeer lichens are adapted to recurrent forest fire,
and reindeer lichen-rich stands in northwestern
Ontario are almost exclusively of fire origin (Ahti &
Hepburn, 1967). Where logging has replaced
forest fire as the most prevalent type of large-scale
disturbance, an understanding ofithe effects of log-
ging on reindeer lichen ecology is relevant to issues
of timber and woodland caribou management.
Post-fire ground cover succession in reindeer
lichen-rich stands is well documented. Although
the effects of fire vary depending largely on the
intensity of the fire, in reindeer lichen-rich commu-
nities, forest fire almost always consumes the
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ground cover (Viereck, 1983; Morneau & Payette,
1989; Schaeffer & Pruitt, 1991). Post-fire lichen
and bryophyte succession follows a general progres-
sion, first described by Ahti (1959) and documented
throughout the boreal forest in Canada (Maikawa &
Kershaw, 1976; Carroll & Bliss, 1982; Clayden &
Bouchard, 1983; Foster, 1985; Morneau & Payette,
1989). Domination of the ground cover is first by
crustose lichens, then cup lichens (Cladonia spp.),
and finally, reindeer lichens: first Cladina mitis,
then C. rangiferina, and ultimately C. stellaris.

Until recently there has been little documentati-
on of reindeer lichen survival and regrowth on log-
ged sites. Speculation on the fate of reindeer lichens
in the complex process of vegetation regeneration
on logged sites has often been contradictory. Ahti
& Oksanen (1990) predict that drier, more extreme
soil-level microclimates after logging may produce
a lichen-rich successional stage in normally bryop-
hyte-dominated forests. Darby et 2/ (1989) note
that deciduous trees and shrubs often increase after
logging, and reindeer lichens may be replaced by
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vascular plants. Racey e /. (1992) suggest that
clearcut logging, like fire, acts as an ecosystem rene-
wal mechanism, allowing young vigorous vegeta-
tion, including reindeer lichens, to replace older
forests. Recent studies have documented that rein-
deer lichens are abundant for more than 40 years
after logging in some forest stands in northwestern
Ontario (Harris, 1996; Racey ez @/, 1996) and that
some of these stands are being used by woodland
caribou as winter habitat (Racey e a/., 1996).

Observations on reproductive modes and substra-
te use were made in an attempt to understand the
reasons behind trends in reindeer lichen abundance.
Lichens are known to reproduce through fragment
growth, specialized reproductive structures con-
taining both fungal and algal cells, and the conjunc-
tion of the fungal and algal components in situ.
Lichen regeneration in natural setrings has been
rarely observed, and the relative importance of each
mode of reproduction in various settings is not
known.

Methods

In the summer ofi 1992, 34 stands near Armstrong
and Sioux Lookout, Ontario were surveyed: 12
undisturbed sites, 8 sites burned 3-16 years prior to
observation, and 14 sites logged 2-16 years prior to
observation. The study sites were identified from
aerial photographs as lichen-rich or lichen-rich pri-
or to disturbance. The times since logging and fires
were calculated from Ontario Ministry of Natural
Resources records. Stand boundaries as defined on
Ontario Ministry of Natural Resources Forest
Resource Inventory maps were used as stand boun-
daries in this study.

Reindeer lichen-rich jack pine (Pinus banksiana)
and/or black spruce (Pices mariana) stands occur on
dry, nutrient-poor sites in this region, most com-
monly on shallow soils over bedrock or deep sand
dunes or outwash deposits (Sims ez 2/, 1989). Both
shallow soil and deep soil sites were included.

At each site the percent cover of each species of
reindeer lichen was visually estimated in 20 50 X
100 cm quadrats randomly distributed along a 100
m transect. Each transect began 10 m from a stand
boundary and its direction was determined by ran-
dom number. Six uneven percent cover classes were
used: «2%, 2-5%, 5-25%, 25-50%, 50-75%, and
>75%. The midpoints of the percent cover catego-
ries were used for statistical analysis. The data
points in the figures in this paper represent the ave-
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rage reindeer lichen percent cover for each study
site, since the category nature of the data does not
lend itself to graphical representation of quadrat
percent cover values.

Detailed notes on the ground cover of each qua-
drat were taken, and photographs were taken at
most sites. Reindeer lichens were placed in 3 cate-
gories: 1) undisturbed, 2) fragment, or 3) new. The
presence or absence-of each reindeer lichen species
in each category was noted for each quadrat at all
but the first four sites. Reindeer lichens which had
established prior to logging or fire and remained in
their pre-disturbance orientation were classified as
“undisturbed”. Reindeer lichens grew either in a
continuous carpet of 1 or more species or as indivi-
dual podetia interspersed among moss. The “frag-
ment” category included reindeer lichens which had
established prior to logging or fire but were no
longer intact. The fragments ranged in size from <
1 mm to several centimeters in diameter. Some
fragments had only live tissue; some had both live
and dead tissue. This category also included pieces
of carpet that had shifted from their original locati-
ons and were no longer anchored to the substrate.
Reindeer lichens in the “new” category had establis-
hed since disturbance from propagules too small to
be seen by eye. The new reindeer lichens had fewer
annual branches than there were years since distur-
bance. Although there were no visible lichen frag-
ments, the mode of dispersal was unclear. Dispersal
may have occurred through thallus fragments too
small to be observed, specialized reproductive struc-
tures, or the conjunction of the fungal and algal
components in sity. Undifferentiated primary thal-
lus was apparent at the bases of many of the newer
podetia. The new reindeer lichens had fewer annual
branches than there were years since disturbance.
Collected reindeer lichens were examined under a
dissecting microscope for further observations on
fragment growth and establishment of new podetia.

Results

Reindeer lichen abundance

No undisturbed reindeer lichens were found on bur-
ned sites. Cladina rangiferina, C. mitis and total rein-
deer lichen cover increased with time since forest
fire (Table 1, Fig. 1). C. stellaris was present in small
amounts (average of 0.05% cover) on only two of
the three sites burned 15 or more years prior to
observation. The average total reindeer lichen per-
cent cover for the three sites burned 15-16 years
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Table 1. Correlation coefficients and P values for rein-
deer lichen percenr covers and years since
disturbance.

Pearson’s correlation P=
coefficient

Reindeer lichen
species

burned sites

0.301
0.183
0.299

0.0001
0.0212
0.0001

all Cladina spp.
C. rangiferina
C. mitis

logged sites

0.203
-0.151

0.0006
0.0116

C. rangiferina
C. stellaris

30%
25% 4
20% |
5% | . .
108 +

5% + .

0%

logging e

% cover

Cladina spp
ee
-

T fire
258 +
20% +
15% +
10% +
s ®
5% + .g o
0% — 8§ + + t 1
0 2 4 6 .8 10 12 14 16

years since disturbance

Cladina spp. % cover

Fig. 1. Total reindeer lichen percent cover for logged
and burned sites versus time since logging or fire.
Each point represents the mean of 20 percent
cover measurements at each site.

prior to observation was 5.3% as compared to
25.2% for all undisturbed sites and 19.7% for the
three sites logged 14-16 years prior to observation.

Logging, unlike forest fire, spares much of the
ground cover. All three Cladina species were pre-
sent on 13 of the 14 logged sites. The average total
reindeer lichen percent cover of the two sites logged
2 years prior to observation was 37.7% of the avera-
ge reindeer lichen cover on unlogged portions of the
same stands. Undisturbed and/or fragmented rein-
deer lichens which predated logging were present
on all logged study sites.
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While total reindeer lichen cover was found to be
uncorrelated with time since logging, in contrast to
time since fire (Fig. 1), Cladina rangiferina cover
increased with time since logging, C. stellaris cover
decreased, and C. mitis cover was uncorrelated (Fig.
2, Table 1). If the high C. mitis percent cover of site
4 (logged 2 years before observation) is considered
to be an outlier and removed from analysis, then C.
mitis cover also is found to be positively correlated
with time since logging (Pearson’s correlation coef-
ficient 0.254, P<0.0001).

Undisturbed, reindeer lichens on logged, sites
On logged sites, reindeer lichens that had establis-
hed prior to logging were either: 1) undisturbed, 2)
fragmented, or 3) buried beneath overturned soil or
deadfall. The buried reindeer lichens, in every case,
were dead. Virtually all of the mosses in the ground
cover died within the first two years after logging.
With the exception of heavily shaded reindeer
lichens and some unshaded Cladina stellaris, the
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Fig. 2. Reindeer lichen percent cover by species versus
rime since logging. Fach point represents the
mean of 20 percent cover measurements at each
site.
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growth rate of living tissue and rate of death of
basal portions appeared unaffected by logging.
Although the surfaces of C. rangiferina which recei-
ved the most insolation after timber harvest chang-
ed in color from ash gray to a darker gray-brown,
the tissues remained firm and appeared healthy, and
the annual growth rate did not appear to be redu-
ced. The death rate of the basal portions of some
undisturbed C. stellaris appeared accelerated, and
the annual growth increments appeared shortened
when compared to C. stellaris on adjacent unlogged
sites.

Scarification by barrels and chains produced a dis-
tinctive pattern of disturbance to the ground cover
on several of the deep soil sites studied. The ground
cover on the ridges between the scarification trenc-
hes was generally undisturbed. In the trenches was
exposed mineral soil. The ground cover removed to
create the trenches was overturned on the sides of
the ridges; the overturned ground cover, including
reindeer lichens, was dead. Scarification ridges and
trenches were well defined and relatively clear of
debris 2 years after logging. Over time the scarifi-
cation ridges settled. Mineral soil shifted down slo-
pe undercutting and fragmenting the ground cover
mats on the ridge tops. Pieces of the ground cover
mats and windblown reindeer lichen fragments and
organic debris collected in the trenches.
Undistutbed reindeer lichens persisted on the tops
of scarification ridges. The effects of scarification
were still discernable 14 years later. Rows of rein-
deer lichen carpet as well as microtopography indi-
cated scarification ridge tops. Observations of
resettling and fragmenting of carpet suggest decline
in the abundance of undisturbed reindeer lichens
over time.

Most of the shallow soil sites surveyed were not
scarified. Because of the lack of scarification and the
uneven topography typical of these bedrock out-

Table 2. Mean frequency per site by site disturbance
category of reindeer lichen reproductive modes.
The presence or absence of each reproductive
mode for each of 3 species in each of 20 qua-
drats was noted (maximum possible score =

60).
undisturbed fragmented new
disturbance () lichen lichen lichen
fire (8) 0 3.1 23.1
logging (12) 5.0 30.0 17.5
undisturbed (10) 26.6 0.7 04
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crops, the patterns of ground cover disturbance were
not as simple as on the scarified deep soil sites. On
shallow soil sites there appeared to be less undistur-
bed reindeer lichen. The shortest interval between
logging and observation on shallow soil sites was 6
years. It is possible that much of the ground cover
survived logging intact and succumbed to erosion
subsequently. In some areas with steep slopes rein-
deer lichen mats had slid down the undetlying rock
until they were caught in the branches of Vaccinium
spp. and other dwarf shrubs at the bases of the
slopes.

Colonization

New Cladina mitis and C. rangiferina, those coloni-
zing by means of ptopagules too small to be seen,
were observed on all sites burned or logged 6 or
more years prior to observation. New C. stellaris
were observed, less often: on two sites burned 15 or
more years before observation and on three sites log-
ged 6, 8, and 14 years before observation. The fre-
quency of new reindeer lichen occurrence on logged
sites was not significantly different from that on
burned sites (Table 2).

New reindeer lichens were observed
exclusively on organic substrates, including conifer
needles, conifer cone scales, bark pieces, and wood
ranging in size from small twigs to logs and
stumps. There were some organic substrates coloni-
zed on logged sites which were not present on bur-
ned sites including: dead moss; overturned ground
cover; very fine windblown organic matter collected

almost

in some scarification trenches; and organic soil on
shallow soil sites exposed when dead ground cover
or reindeer lichens shifted down slope. Reindeer
lichens established directly on organic substrates or
on crustose lichens on organic substrates. Smaller
pieces of organic litter on which new reindeer
lichens were established were often caught among
mosses or other lichens, especially on shallow soil
sites. Reindeer lichens were not observed coloni-
zing mineral soil. A few cases of C. rangiferina colo-
nizing coarsely textured rock faces were observed.

Fragment growth

Reproduction by fragment growth was observed on
all disturbed sites except the most recent burn, but
occurred on logged sites significantly more fre-
quently than it did on burned sites (#=5.787,
P<0.0001) (Table 2). Three types of fragment
growth were observed: 1) continued growth of the
apical tissues, 2) formation of new branches in the
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Fig. 3. New branches form on the internode between
pre-disturbance branches on the surface which
receives the most insolation in the post-distur-
bance orientation of the lichen fragment.

internodes between pre-disturbance branches, and
3) growth of new podetia from undifferentiated
thallus that spread from the point of contact of a
reindeer lichen fragment and organic litter.

Reindeer lichen fragments continued to grow
from those apical tissues that were oriented toward
the sun in the post-disturbance position.
Accelerated death of tissues, including apical tissu-
es, which received less insolation in their post-dis-
turbance positions was observed.

Many fragments which were on their sides follo-
wing logging formed new branches in the interno-
des between pre-disturbance annual branches on the
surface of the internode which received the greatest
insolation (Fig. 3). On older fragments the tissue of
the original fragment was dead, in some cases
making it difficult to distinguish between "new”
and “fragment” reproduction. Thickening of the
internodal tissue was the earliest indication of the
branch formation. This thickening was most noti-
ceable on tissue that was in the transitional zone
between live and dead tissue. The formation of new
branches in this zone suggests that lack of insolati-
on as well as the age of the tissue, may explain the
death of the basal portions of reindeer lichen pode-
tia.

The spread of undifferentiated thallus from rein-
deer lichen fragments to organic substrate at the
points of contact of the fragments and the substrate
was observed. This occurred when a fragment was
lying on an organic substrate as well as when small
pieces of organic matter were caught within a lichen
fragment. By 10 years post-logging, new podetia
had differentiated from the tissue that spread from
fragments (Fig. 4). Adhesion to a substrate seems
to diminish the likelihood of: further fragmentation
and determine the pattern of growth by fixing the
orientation of the fragment. Adhesion of fragments
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Fig. 4. Undifferentiated thallus spreads from the points
of contact of the reindeer lichen fragment and the
organic substrace. New podetia form from the
undifferentiated challus.

also seems to promote the lateral spread of: lichen
growth, since new podetia grow from the undiffe-
rentiated thallus that spreads from the points of
contact between the fragment and the substrate.

Discussion

This study found that when reindeer lichen-rich
stands are logged, much of the reindeer lichen sur-
vives logging and continues to grow, and that
reproduction by fragment growth and colonization
of: organic substrates occurs, but that total reindeer
lichen cover is not correlated with time since log-
ging. The different responses of the 3 reindeer
lichen species to logging likely accounted for the
lack of cortrelation between total reindeer lichen
abundance and time since logging. The decline in
Cladina stellaris suggests that the C. stellaris which
survives logging is reduced over time by erosion
and/or accelerated death of C. stellaris tissue and is
not replaced through colonization or fragment
growth. The decline in C. stellaris is likely due to
the increase in insolation at the ground level as a
result of logging. C. stellaris tolerates a relatively
narrow range of light conditions, and is less abun-
dant where excessive light is available such as in
arctic and alpine regions (Ahti, 1961). C. stellaris is
the slowest growing of the reindeer lichens and the
last to regenerate on burned sites (Ahti, 1961).
Increase in C. rangiferina cover could be attributed
to continued growth of undisturbed or fragmented
C. rangiferina and to colonization of: the disturbed
site. As with C. stellaris, the abundance of:C. rangi-
Jerina is also reduced, but not as sharply, in habitats
with intense light (Ahti, 1961). C. rangiferina is fast
growing and is the most successful of the reindeer
lichens on humus-rich soils (Ahti, 1961). The rela-
tionship of C. mitis cover and time since logging
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was unclear. C. mitis is more successful earlier in the
successional sequence than C. rangiferina ot C. stella-
ris, but later its growth rate slows relative to other
reindeer lichens suggesting that C. mitis is ecologi-
cally suited to disturbed sites (Ahti, 1961). Site 4
(logged 2 years prior to study) was the only logged
site. with well defined, relatively unstable sand
dunes which may have led to C. mitis cover that was
uncharacteristically high before logging for this set
of sites and hence a relatively high C. mitis cover
after logging. When site 4 was eliminated from sta-
tistical analysis, then C. mitis cover was positively
correlated with time since disturbance as would be
expected.

None of the relationships between reindeer lichen
cover and time since disturbance in this study were
strong. Much of the variability likely comes from:
1) differences between the sites compared other
than type of disturbance and time since disturbance,
and 2) a quadrat size too small to accurately capture
reindeer lichen abundance. Type of disturbance and
time since disturbance are only two of many factors
such as slope, aspect, soil moisture, and canopy clo-
sure that influence reindeer lichen abundance.
Logging adds variables such as time of year of log-
ging, weather at time of harvest, seeding, method
and timing of site treatment, and others, which
affect reindeer lichen competitors as well as reindeer
lichens themselves. It was not possible to control for
or even identify all of these factors. Soil depth (deep
sand or organic mat over bedrock) did not explain
the variation in reindeer lichen abundance. The
quadrat size, 50 X 100 cm, was small relative to the
size of the patches in which mosses and reindeer
lichens grow; therefore, there was high variability
in estimated reindeer lichen percent covers among
quadrats within sites.

Reindeer lichen fragment growth was found to be
an important mode of reproduction on logged sites.
Reproduction by fragment growth was more preva-
lent on logged sites than on burned sites, probably
because of the greater abundance of lichen frag-
ments on logged sites. Fragments on logged sites
presumably result from the mechanical break-up of
existing reindeer lichens by timber harvesting and
site preparation activities (Harris, 1996). This stu-
dy and Harris (1996) found that reindeer lichens
which were undisturbed by timber harvest and site
preparation persisted and were still evident on the
oldest logged sites.

Colonization of organic substrates by propagules
too small to be seen occurred on logged sites as it
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did on burned sites. This study, like Harris (1996)
and Racey er 4/ (1996), found that reindeer lichens
grow on substrates created by logging activities
including stumps, slash, and haul roads. The persi-
stence of undisturbed reindeer lichens and growth
of reindeer lichen fragments, however, likely
accounted for the higher cover of reindeer lichens on
burned sites than on logged sites of the same age
since disturbance. Harris (1996) found that micro-
sites where mineral soil had been exposed during
site preparation had significantly fewer reindeer
lichens than where the ground cover had not been
disturbed, suggesting that minimal disturbance to
the ground cover of reindeer lichen-rich communi-
ties during harvest and site preparation will promo-
te reindeer lichen persistence after logging. Similar
observations were made in this study.

Racey er al. (1996), however, found in a 40 year
old cutover near Nakina, Ontario, that reindeer
lichen abundance was highest where the majority of
the organic material had been removed from the
mineral soil, for example on haul roads. Racey ef /.
(1996) argue that while severe fire removes the feat-
her mosses and much of the humus layer, the
humus, feather moss, and slash left after logging
create a wetter, more nutrient-rich ground-level
microenvironment which allows the feather mosses
to continue growing and overtake the reindeer
lichens. On the most recently logged sites observed
in this study (logged 2 years before observation),
however, virtually all of the feather mosses had died.
It is seems likely that the sites observed in this stu-
dy and by Harris (1996) were drier than those
observed by Racey ez /. (1996).

There is concern among wildlife managers, fore-
sters, and others that logged sites may not produce
sufficient abundance of reindeer lichens to support
woodland caribou in the winter (Racey ¢f /., 1996).
Although some trends in reindeer lichen cover with
respect to time since logging were found, the long
term fate of reindeer lichens on logged sites cannot
be predicted from this study, nor is it possible to
suggest silvilcultural treatments which will uni-
formly increase reindeer lichen abundance on log-
ged sites. It is important to note that the trends
observed were only for reindeer lichen cover which
is not necessarily equivalent to reindeer lichen
abundance. It is clear that even in areas which were
lichen-rich before logging there is no simple relati-
onship between reindeer lichen abundance and time
since logging.
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Demographic characteristics of circumpolar caribou populations: ecotypes,
ecological constraints, releases, and population dynamics

F. F. Mallory & T. L. Hillis
Department of Biology, Laurentian University, Sudbury, Ontario P3E 2C6, Canada (fmallory@nickel laurentian.ca).

Abstracr: Data on the status of caribou (Rangifer tarandus) herds throughout the circumpolar region during the last 20
years were obtained from the literature and personal communication with researchers. Information was analysed in
relation to ecotype (insular, montane, barren-ground, and woodland/forest), population status (increasing, stable, decre-
asing), herd size, human impact, and temporal change in number. The data support the conclusions (1) that each ecoty-
pe is exposed to different ecological constraints and releases, which influence the demographic characteristics of their
populations, (2) thar subspecific (genotypic) classification does not explain the demographic characteristics of caribou
populations, (3) that insular and montane ecotype populations are relatively scable, (4) that barren-ground ecotype
hetds are currently experiencing synchronous population growth throughout the circumpolar region and may undergo
population cycles, (5) that in North America, the woodland caribou subspecies (genotype) forms the largest barren-
ground ecotype herd in the world and is not endangered nor at risk, (6) that popularions of woodland/forest ecorypes are
declining and threatened throughour the circumpolar region, possibly due to the interaction of human disturbance and
predation, and (7) that no relationship exists berween herd size and risk of being classified as threatened by researchers.

Key words: caribou, reindeer, ecology, demography, status, subspecies.

Introduction

Banfield (1961) hypothesized that extant caribou
and reindeer evolved from three forms that survived
in isolation during the last Wisconsin glaciation.
These Holarctic subspecies include; the arctic forms
evolving in tundra refugia north of the continental
ice-sheets on the Queen Elizabeth Islands and
Greenland, the continental tundra forms origina-
ting in Beringia (eastern Siberia/Alaska/Yukon),
and the woodland or forest forms that survived in
temperate refugia, south of the continental ice-she-
ets.

Reindeer and caribou (Rangifer tarandus) have
been divided into subspecies based on morphologi-
cal (Banfield, 1961) and genetic analysis (Rged e
al., 1991). The Arctic Island subspecies include the
Svalbard reindeer, R. . platyrhynchus, and the Peary
caribou, R. t. pearyi from Canada. The continental
tundra subspecies include, the Eurasian tundra rein-
deer, R. t. tarandus, the Alaska caribou, R. ¢. granti,
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and the Canadian barren-ground caribou, R. 7. groen-
landicus. Woodland caribou/reindeer subspecies in-
clude the Eurasian forest caribou, R. #. fennicus, and
the American woodland caribou, R. ¢, caribon.

Although these taxonomic designations may
reflect evolutionary events; they do not appear to
reflect current ecological conditions. In numerous
instances, populations of the same subspecies have
evolved different demographic and behavioural
adaprations, while populations from separate sub-
species have evolved similar demographic and beha-
vioural patterns.

For example, in North America populations of
the woodland caribou subspecies typically form
small isolated herds in winter, but are relatively
sedentary and migrate only short distances (50 -
150 km), during the rest of the year (Euler ez a/,
1976; Seip, 1992). Gravid females most often calve
in the spring on islands or in bogs separate from the
rest of the population and frequently remain solita-
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ry until mid-winter. In contrast, the caribou of the
George River herd, Quebec, Canada, which mor-
phologically and genetically belongs to the wood-
land caribou subspecies, represents the largest cari-
bou herd in the world (Williams & Heard, 1986),
migrating thousands of kilometers from boreal
forest to open tundra, where most females calve
within a three week period (Messier ez /., 1988).
This behaviour is typical of most barren-ground
caribou/reindeer subspecies, which inhabit the
Northwest Territories and northern Eurasia.

For wildlife managers dealing with caribou across
a wide range of habitats and continents, understan-
ding the ecotype in relation to existing ecological

constraints and releases may be more important
than the taxonomic relationships between different
populations.

For these reasons, the primaty objectives of this
study were:

(1) to review demographic data on caribou/rein-
deer populations throughout the circumpolar
region,

(2) to analyse the data in relation to ecotype
(insular, montane, barren-ground, and woodland/
forest), and

(3) to analyse the data in relation to population
status (increasing, stable, decreasing), herd size, and
temporal change in number.

Table 1. Circumpolar herds classified as insular caribou' ecotypes: I = increasing; S = stable; D = declining;

TH = threatened.

Population
No. Name Trend Estimate Location
1 Slate Is. D 250 Ontario
2 Belcher Is. I 700 NWT
3 Coates Is. S 2100 "
4 Southampton Is. I 1100
5 Banks Is. S 5 000
6 Inglefield Land I <100 Greenland
7 Orlik Fiord I 300 ”
8 Nienavik D,TH 400
9  Nusussuaq I 300
10 Qegertassuaq I 250
11 Nassuttuup D 3300
12 Sismut D 5500
13 Nuuk D 10 200
14 Qoornoq S 75
15 Ameralek S 2 000
16 Sermilik S 400
17 Qassit S 300
18 Neria S 500
19  Tasiilaq S 120
20 Iceland S 3 000 Iceland
21 Svalbard Is. S 4500 Svalbard Is.
22 Svalbard Is. N 500 ”
23 Svalbard Is. S 2500
24 Adak Is. S 300 Russia
25  Novaya Zemlya Is. I 6500 ”
26 Novosibirsk Is. I 10 000
27 Sakhalin Is. D,TH 3000

(modified from Williams & Heard, 1986).

! Subspecies: #1 R. ¢. caribou; #2 - 4 & 6 - 20 R. t. groenlandicus, #5 R. t. groenlandicus/pearyi; #21 - 23 R. 1. plathyrbynchus,

#24 - 26 R. ¢. tarandus; and #27 R. t. fennicus.
50
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Methods

Data were obtained from the literature (Davis,
1980; Meldgaard, 1986; Williams & Heard, 1986;
Messier er al., 1988; Shtele & Pavlov, 1990) and by
communicating directly with researchers listed in
the Acknowledgments. The data represent estima-
tes of herd size, population status (increasing, sta-
ble, decreasing), and temporal change in circumpo-
lar caribou populations during the last 20 years.
However, data on some populations, especially from
islands in the Canadian High Arctic were not avai-
lable. Each population was classified as one of four
ecotypes (insular, montane, barren-ground, wood-
land/forest) and analysed separately.

Insular caribou ecotypes were defined as populati-
ons restricted to isolated small to medium sized
islands (7.e. Slate Islands; Coates Island) with physi-
cal barriers limiting movement. Primary predators
and potential competitors (other ungulates) are
most often absent from these systems (Table 1).

Montane caribou ecotypes were defined as popu-
lations found in the alpine and boreal zones of
mountainous regions with ecological barriers (val-
leys) often limiting movement to adjacent areas.
Primary predators and potential competitors (other
ungulates) are most often present in these systems
(Table 2).

Barren-ground caribou ecotypes were defined as
populations associated with large land areas that
migrate annually over relatively long distances bet-
ween boreal forest and open tundra. Primary preda-
tors and potential competitors are present in these
systems (Table 3).

Woodland or forest caribou ecotypes were defined
as populations associated exclusively with the boreal
forest, which are relatively sedentary and often
found solitary or in small groups. Primary predators
and potential competitors are present in these sys-
tems (Table 4).

Ecological releases were defined as parameters
that tend to promote population growth and inclu-
ded; large land mass (islands or continents), no or
few physical or ecological barriers, opportunity for
range expansion, opportunity for forage diversifica-
tion (boreal and tundra), the absence of potential
ungulate competitors (moose and muskoxen),
absence of predators (humans, wolves, and bears),
and limited human disturbance (logging, roads,
urban centres etc.).

In contrast, ecological constraints were defined as
parameters that tend to reduce or limit population
growth and included; small land mass (small to
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medium sized islands), physical and ecological bar-
riers (water and valleys), limited opportunity for
range expansion, no opportunity for forage diversifi-
cation, the presence of potential ungulate competi-
tors (moose and muskoxen), the presence of primary
predators (humans, wolves, and bears), and high
levels of human disturbance (logging, roads, urban
centres etc.).

It is recognized that different techniques were
employed by researchers throughout the circumpo-
lar region to monitor population numbers and that
these data represent broad estimates. However, the-
se data are the best available and the high quality of
researchers makes these estimates highly probable.
In addition, the authors feel that trends in data are
the more important element and not the actual data
themselves. The results are discussed in relation to
current theories on caribou demography and mana-
gement and the impacts of ecological releases and
constraints.

Results

Insular caribou ecotypes isolated on small to medi-
um islands characteristically experienced physical
barriers to migration/dispersal, no opportunities for
range expansion, no opportunity for forage diversifi-
cation, no competition from other ungulates, no or
limited predation, and limited human disturbance.
Populations ranged in size from 75 to 10 200 ani-
mals, with 78% of the herds below 4 000 individu-
als. Percentage of the populations increasing, stable,

Insular Caribou Herds (n=27; range 75 - 10,200; 77.8% <4000)
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Fig. 1. Percentage of circumpolar caribou/reindeer herds
designated as “insular ecotypes” that have been
identified as increasing, stable, or decreasing in
number.
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Table 2. Circumpolar herds classified as montane caribou' ecotypes: I = increasing; S = stable; D = declining;

TH = threatened.

Population
No. Name Trend Estimate Location
1 Altin S 500 British Columbia
2 Kaudy-Level D 800 "
3 Spatizi-Lawyers Pass D 1 260
4 Horse Ranch I 300
5 Pink Mct. S 300
6 Laird Plateau S 125
7 Telkwa S 40
8 Tweedsmuir I 200
9 Itcha-Tiqachuz I 700
10 Caribou Mts. D 1500
11 Selkirk Mts. S 30
12 Hart River S 1 200 Yukon
13 Little Rancheria D, TH 450 "
14 Carcross S 600
15 Aishihik S 1500
16 Burwash S 400 ”
17 Big River D 750 Alaska
18 Delta S 8 000 ”
19 Denali S 2 100
20 Kenai Lowland S 85
21 Kenai Mts. S 300
22 Mentasta S 3 000
23 Mulchatna I 33 000
24 Welchina I 25 000
25 Sunshine D 750
26 Setesdal Vesthei S 2700 Norway
27 Saudafjella S 75 i
28 Setesdal Austhei S 2 000
29 Hardangervidda S 20 000
30 Blefjell S 130
31 Hallingskarvet S 2500
32 Raudafjell S 30
33 Fjellheimen S 850
34 Brattfjell-Vindeggen S 600
35 Vest-Jotunheimen S 720
36 Ottadalen Sor S 460
37 Ottadalen Nord S 3100
38 Fordefjella S 100
39  Sunnfjord S 600
40 Svartebotnen S 130
41 Snohetta S 2 800
42 Rondane S 1200
43 Solnkletten S 530
44 Forelhogna S 1 800
45 Knutsho S 914
46 Tolga Ostfjell S 200
47 Rendalen S 700
48  Altai-Sayan Mts. S 10 000 Russia
49 W. Okhotsk S 16 000 "
50 Kamchatka S,TH 4 000

(modified from Williams & Heard, 1986).
' Subspecies: #1 - 11, 13 R. 7. caribou; #12, 14 - 25 R. 1. granti, #26 - 47 R. t. tavandus, #48 - SO R. 1. fennicus,



Table 3. Circumpolar herds classified as barren-ground caribou' ecotypes: I = increasing; S = stable; D = declining;
TH = threatened.

Population
No. Name Trend Estimate Location
1 Avalon I 5 000 Newfoundland
2 Middle Ridge 1 8 000 ”
3 Pot Hill 1 450
4 Sandy Lake I 200
5 Grey River I 4500
6 Gaff Topsails I 1500
7 Buchans 1 2 000
8 LaPoile 1 8500
9  Hampden I 400
10 Humber I 450
11 N. Peninsula 1 1500
12 Mealy Mt. I 700 Labrador
13 White Bear L. D TH <100 ”
14 Torngat Mt. I 7500
15 Red Wine Mt. S 750
16  George River I 700 000 Quebec
17 Leaf River 1 70 000 ”
18 N.E. Mainland 1 130 000 NWT
19 Kaminuriak 450 000 ”
20 Beverley I 420 000
21 Bathurst I 450 000
22 Bluenose S 80 000 ”
23 Finlayson I 2500 Yukon
24 Central Arctic I 12 500 Alaska
25  Fortymile I 1 600 ?
26 Porcupine I 150 000
27 W. Arctic 1 200 000
28 Alaska Peninsula I 30 000
29 Bonnet Plume 1 5 000
30 W. Kola Peninsula I, TH 230 Russia
31 E. Kola Peninsula I,TH 2700”7
32 Karelia S 11 000 .
33 Archangel Forest S, 14 000
34 Archangel Tundra S, TH 4 000”
35 Komi Forest S 4000 "
36 Yamal Tundra S, TH 2000
37 Nadym-Pur River D, TH 5 000~
38 Taimyr I 530 000 "
39 Bulun S 60 000
40  Yana-Indigir River S 100 000
41 Sundrun I 30 000
42 Chukotsk Tundra S 5 500 "
43 Chukotsk Forest I 4000

(modified from Williams & Heard, 1986).
' Subspecies: #1 - 17 R. £ caribou;, #18 - 23 R. 1. groenlandicus; #24 - 29 R. t.granti, #30 - 43 R. 1. tarandus.
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Montane Caribou Herds (n=49; range 30-33,000; 87.8% <4000)
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Fig. 2. Percentage of circumpolar caribou/reindeer herds
designared as “montane ecotypes” that have been
identified as increasing, stable, or decreasing in
number.

and decreasing were 30, 48, and 22, respectively
(Fig. 1).

Montane caribou ecotypes confined to the upper
zones of mountains characteristically experienced
ecological barriers to migration and dispersal, limi-
ted opportunities for range expansion, opportunities
for forage diversification (alpine and boreal zones),
potential competition from other ungulates, expo-
sute to predators, and limited human disturbance.
Populations ranged in size from 30 to 33 000 ani-
mals, with 89% of the herds below 4 000 individu-
als. Percentage of the populations increasing, stable,
and decreasing were 10, 77, and 13, respectively
(Fig. 2).

Barren-Ground Caribou Herds (n=42; range 100-600,000;
100 35.7% <4000)
90
80

707

Percenatge (%)

Stable

Increasing Decreasing

Population Trend
Fig. 3. Percentage of circumpolar caribou/reindeer herds
designated as "barren-ground ecotypes” that have
been identified as increasing, stable, or decreasing
in number.
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Barren-ground caribou ecotypes found on large
islands or continents characteristically experienced
no ecological or physical barriers, opportunities for
range expansion, opportunities for forage diversifi-
cation, competition from other ungulates, exposure
to predators, and limited human disturbance.
Populations ranged in size from 100 to over 700
000 animals, with 36% of the herds below 4 000
individuals. Percentage of populations increasing,
stable, and decreasing were 70, 26, and 5, respecti-
vely (Fig. 3).

Woodland/forest caribou ecotypes limited to the
boreal forest biome characteristically experienced no
ecological or physical barriers, opportunities for
range expansion, no opportunities for forage diver-
sification (boreal habitat only), potential competiti-
on from other ungulates, exposure to predators, and

Woodland Caribou Herds (n=22; range 50-50,000;

1097 50% <4000)

90?
80
70 9
60
50

40 4

Parcenatge (%)

Stable

Increasing

Decreasing

Population Trend

Fig. 4. Percentage of circumpolar caribou/reindeer herds
designated as "woodland or forest ecotypes” that
have been identified as increasing, stable, or
decreasing in number.

high levels of human disturbance. Populations ran-
ged in size from 50 to 50 000 animals, with 50% of
the herds below 4 000 individuals. Percentage of
the populations increasing, stable, and decreasing
were 9, 23, and 68, respectively (Fig. 4).

Analysis of the percentage of populations of each
ecotype classified as threatened by researchers indi-
cated that herds of the montane ecotype were least
threatened and herds of the woodland or forest eco-
type were most threatened (montane 8%; barren-
ground 14%; insular 26%; woodland 27%). No
correlation between percenatge of herds below
4 000 animals and percentage of herds classified as
threatened was found (#=0.31; P>0.05).
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Table 4. Circumpolar herds classified as woodland caribou' ecotypes: 1 = increasing; S = stable; D = declining;

TH = threatened.

Population
No. Name Trend Estimate Location
1 Lac Joseph D,TH <600 Quebec
2 Gaspesie Park D 250 i
3 North Shore D 2 000
4 Grand Jardins I 67
5 Val d'Or D, TH 50
6 James Bay S 4500
7 N.E. Ontario D 4500 Ontario
8 N. Lake Superior D <200 i
9 Manitoba D 5 000 Manitoba
10 Saskatchewan D,TH 2 500 Saskatchewan
11 Alberta D,TH 2250 Alberta
12 Finnish Forest I 600 Finland
13 Konda-Sosva River D 7 000 Russia
14 W. Siberia Forest S,TH 5 000 "
15 Evenkiysk D 50 000 ”
16 Upper Angara River D 10 000
17 Irkutsk N 20 000
18 E. Baikal N 8 000
19 Amur D 3 000
20 Lena-Vilyui Rivers D 20 000
21 Yukutsk Mt. Taiga D 30 000
22 Taxinganling S 980 China

(modified from Williams & Heard, 1986).

' Subspecies: #1 - 11 R. #. carthou; $12, 15, 20, 21 R. t. fennicus/tavandus; $13, 16, 19 R. t. tavandus.
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Figs. 5-8. Comparison of population growth in 4 barren-ground ecotype herds during the past 5 decades.

In addition, comparison of: population growth
during the past 5 decades in 4 herds classified as
barren-ground ecotypes (Figs. 5 - 8) indicated that
herds grew synchronously throughout the circum-
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polar region and reached high population levels in
the 1990s, although all represent different subspeci-
es and genotypes, as defined by Banfield (1961) and
Raed ez af. (1991).
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Table 5. A summary of ecological constraints (-) and releases (+) impacting the four caribou ecotypes.

Insulay Caribon - confined to small and medium sized islands -
(1) experience physical barriers to migration/dispersal (-),
(2) no opportunities for range expansion (-),
(3) no opportunities for forage diversification (-),
(4) commonly no competition from other ungulates (+),
(5) limited or no predation (+),
(6) limited human disturbance (+).

Montane Caribon - confined to mountain tops -
(1) experience some ecological resistance to migration/dispersal (+/-),
(2) fewer opportunities for range expansion (+/-),
(3) opportunities for forage diversification (+),
(4) potential competition from other ungulates (-),
(5) exposure to predators (-),
(6) limited human disturbance (+)

Barren-ground Caribou - occupying large islands or continents -
(1) experience no or few barriers to migration/dispersal (+),
(2) range expansion opportunities available (+),
(3) opportunities for forage diversification (+),
(4) potential competition from othér ungulates (-),
(5) exposure to predators (-),
(6) limited human disturbance (+).

Woodland/Forest Caribou - occupying large islands or continents -
(1) experience no or few barriers to migration/dispersal (+),

(2) opportunities for range expansion (+),

(3) no or few opportunities for forage diversification (-),
(4) potential competition from other ungulates (-),

(5) exposure to predators (-),
(6) high levels human disturbance (-).

Discussion

Insular ecotypes confined to isolated small and
medium sized islands characteristically experience
physical barriers to migration and dispersal; howe-
ver, movement across ice/water barriers does occur
on occasion (Euler ez 2/, 1976; R. Mulders, pers.
comm.). Competition from other ungulates, such as
moose or muskoxen is frequently absent and preda-
tion by primary predators is most often absent. In
addition, human disturbances are most frequently
absent or limited in these habitats. Typical exam-
ples ofi these types of ecosystems are the Slate
Islands, Ontario and Coates Island, Northwest
Territories, Canada. Both these sites represent one
ungulate systems (caribou) with no competition or
interactive impact from other ungulate species.
Primary predators are or have been absent in these
systems for long periods of time. Wolves have only
arrived on the Slate Islands during the past few
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years and Inuit from Coral Harbour occasionally
hunt on Coates Island. In addition, range expansion
is not an option and nor is forage diversification, as
island systems are usually limited to one relatively
homogeneous habitat type (Coates Island-tundra/
Slate Islands -boreal forest). Evidence suggests that
the primary dynamic controlling insular populati-
ons and their demographics is forage exploitation
(Klein, 1968; Gates et «l., 1986). Forage depletion
and habitat degradation have been identified as pri-
mary reasons for caribou population declines on the
Slate Islands (W J. Dalton, pers. comm.) and Coates
Island, (Gates er /., 1986). Populations of insular
caribou ranged in size from 75 to 10 200 animals,
with 78% of: the herds below 4000 individuals.
Percentage of the populations increasing, stable,
and decreasing were 30, 48, and 22%, respectively
(Fig. 1). These darta indicate that approximately half
of the insular populations are stable, while the other
fifty percent are increasing or declining. Similar
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demographic characteristics have been found in
island populations of many mammalian species
(Bonner, 1958; Mech, 1966; Klein, 1968; Krebs &
Myers, 1974; Tamarin, 1977) and this type of non-
cyclic, relatively stable population pattern appears
to be typical of mammal populations in isolated sys-
tems. As 78% of these populations are increasing or
stable, it can be concluded that insular caribou eco-
type populations are relatively healthy at this time.
Montane ecotypes confined to the upper floristic
zones on mountains frequently experienced ecologi-
cal barriers (valleys) to migration and dispersal and
range expansion is often limited. However, move-
ment between mountain ranges does occur and fora-
ge diversification is an option in these populations.
Potential competition from other ungulates, such as
moose and predation by primary predators, such as
wolves and bears typically impact in these populati-
ons (Seip, 1992). Human disturbances are usually
limited to more southern populations in these habi-
tats (Davis, 1980; Seip, 1992). Typical examples of
these types of populations are the Wells Gray herd
in southeastern British Columbia (Seip, 1992) and
the Nelchina herd in Alaska (Eberhardt & Pitcher,
1992). Both these sites represent two ungulate sys-
tems (caribou and moose) and primary predators
(wolves and bears) represent significant mortalities
on these herds. Range expansion is generally limi-
ted due to ecological barriers; however, forage diver-
sification does occut, as montane systems provide
both alpine and boreal habitats, which can support
caribou. In contrast to insular caribou populations,
the primary dynamic controlling montane populati-
ons and their demographics appears to be predation
and the interactive impact of other ungulate species
(Seip, 1992). Forage exploitation and habitat degra-
dation have not been identified as reasons for cari-
bou population decline in montane regions (Davis,
1980); however, increased human activity (ie. log-
ging) appears to be having some influence, by incre-
asing moose numbers and caribou susceptibility to
wolf predation (Bergerud & Elliot, 1986; Seip,
1992). Populations of montane ecotypes ranged in
size from 30 to 33 000 animals, with 88% of the
herds below 4000 individuals. Percentage of the
populations increasing, stable, and decreasing were
10, 77, and 13, respectively (Fig. 2). These data
indicate that montane caribou populations are in
general more stable than insular populations, alt-
hough they both have similar demographic attribu-
tes, common to isolated populations. The increased
stability associated with montane ecotype populati-
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ons appears to be related to (1) increased forage
diversity, and (2) predation by primary predators,
which minimizes the chance that numbers will
exceed the catrying capacity of the range. As 88% of
these populations are increasing or stable, it can be
concluded that montane ecotype populations are
healthy, although the majority of these herds are
relatively small in number.

Barren-ground ecotypes found on large islands or
continents experienced long seasonal migrations
from boreal forest to open tundra, have few physical
or ecological barriers to movement and disperse to
ranges of other populations (Messier et #/., 1988; D.
C. Heard, pers, comm.; R. Mulders, pers. comm.).
At minimum, all of these ecosystems represent two
ungulate systems, with moose in the boreal forest
and muskoxen in the open tundra. This results in
the potential for competition and the interactive
impact of other ungulate species on predation
(Bergerud & Elliot, 1986; Seip, 1992). Predation by
primary predators, such as humans, wolves and
bears is common in these populations (Parker,
1972; Hillis & Mallory, 1989; Lamothe & Parker,
1989; Lamothe, 1991). Human disturbances, such
as logging, roads, and urban centres are usually
limited (FEM, pers. obs.). Typical examples of these
types ofi populations are the Kaminuriak herd found
along the west coast of Hudson Bay, N.W.T.
(Parker, 1972) and the George River herd found in
northern Quebec (Messier ¢t 2/, 1988). Both these
locations support two ungulate systems and prima-
ry predators (humans, wolves, and bears) represent
constant mortalities on these populations. Range
expansion has occurred during the last 40 years in
both herds and forage diversification occurs (Heard
& Calef, 1986; Messier et al,, 1988). The fact that
these herds have opportunities for ecological release
through range expansion and forage diversification
may explain, in part, the massive increase in num-
bers found throughout the circumpolar region. In
contrast, populations of insular and montane ecoty-
pes seldom attain ecological release and remain rela-
tively stable, due to physical and ecological barriers,
which limit population size. Forage exploitation
and habitat degradation have been suggested as
major limiting factors effecting barren-ground eco-
type population decline, while predation and
human activity appear to have minimal impact
during periods of population increase (Messier ez 4/.,
1988; R. Mulders, pers. comm.).

Populations ofi barren-ground caribou ecotypes
ranged in size from 100 to over 700 000 animals,
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with 36% of the herds below 4000 individuals.
Percentage of the populations increasing, stable,
and decreasing were 70, 26, and 5, respectively
(Fig. 3). These data indicate that most barren-
ground ecotype populations are increasing synchro-
nously throughout the circumpolar region, in con-
trast to the populations of other ecotypes. These
changes may represent synchronous population
cycles (Meldgaard, 1986), as has been found in
many other mammal species (Mallory, 1987). As
95% of these populations are increasing or stable
and the few declining populations have been over-
harvested, it can be concluded that populations of
barren-ground ecotypes are very healthy, at this
point in time. However, these populations will pro-
bably decline during the next decade, due to habitat
exploitation and forage depletion.

Populations of woodland or forest ecotypes confi-
ned to the boreal forest, characteristically experience
no limit to range expansion, no opportunities for
forage diversification, potential competition from
other ungulates, exposure to predators (humans,
wolves, and bears), and relatively higher levels of
human disturbance. Although few barriers to move-
ment appear to exist in this habitat,
woodland/forest ecotypes are relatively sedentary,
commonly dispersing only short distances and
returning to the same ranges annually (Edmonds,
1988; W. J. Dalton, pers. comm.). With few excep-
tions, these ecotypes are part of a two ungulate sys-
tem, which results in potential competition and the
interactive impact on predation of other ungulate
species (Bergerud & Elliot, 1986; Seip, 1992).
Predation by primary predators, such as humans,
wolves, and bears is common in these populations
(Edmonds, 1988; Seip, 1992) and fire and human
disturbances, such as logging, roads, and urban
development maintain large tracts of early successi-
onal forest ideal for moose, especially in the sout-
hern parts of the range (Bergerud, 1974; Jackson ez
al., 1991).

Typical examples of these populations are the
woodland caribou herds in west central Alberta
(Edmonds, 1988) and the Quesnel Lake herd in
southeastern British Columbia (Seip, 1992). Both
these sites support two ungulate systems (caribou
and moose) and primary predators (wolves and
bears) represent significant mortalities on these
populations (Edmonds, 1988). Range expansion is
an option; however, forage diversification does not
occur, as only boreal habitats are available. The pri-
mary dynamic controlling the demographics of
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woodland/forest populations appears to be predati-
on and habitat loss due to human disturbance
(Bergerud & Elliot, 1986; Seip, 1992). While
woodland caribou have not been shown to over gra-
ze ranges in boreal habitats, habitat loss due to fire
and logging appear to result in caribou population
decline. Early successional boreal forest appears to
increase moose numbers and caribou susceptibility
to wolf predation (Betgerud & Elliot, 1986; Seip,
1992). Hunting by humans has historically impac-
ted this ecotype significantly (Bergerud, 1974).

Populations of woodland/forest ecotypes ranged
in size from 50 to 50 000 animals, with 50% of the
herds below 4 000 individuals. Percentage of the
populations increasing, stable, and decreasing were
9, 23, and 68, respectively (Fig. 4). As only 32% of
these populations are increasing or stable, it can be
concluded that populations ofi woodland/forest eco-
types are vulnerable and should receive intensive
management effort at this time.

A summary of ecological contraints and releases
impacting the four caribou ecotypes is presented in
Table 5. These data illustrate that in the two ecoty-
pes with relatively stable population patterns (insu-
lar & montane), equal numbers of positive (+) and
negative (-) ecological factors are active. In batren-
ground ecotype populations, 4 ecological parame-
ters are positive (+) and 2 are negative (-) providing
opportunity for ecological release and population
growth until carrying capacity and new ecological
contraints are reached. In  contrast, in
woodland/forest ecotype populations, 2 ecological
parameters are positive (+) and 4 are negative (-)
resulting in a general decline and loss of populati-
ons.

The data support the conclusions (1) that each
ecotype is exposed to different ecological constraints
and releases, which influence the demographic cha-
racteristics of their populations (2) that subspecific
(genotypic) classification does not explain the
demographic characteristics of caribou populations,
(3) that insular and montane ecotype populations
are relatively stable, (4) that barren-ground ecotype
herds are cutrently experiencing synchronous popu-
lation growth throughout the circumpolar region
and may undergo population cycles, (5) that in
North America, the woodland caribou subspecies
(genotype) forms the largest barren-ground ecotype
herd in the world and is not endangered or at risk,
(6) that populations of woodland or forest ecotypes
are declining and threatened throughout the cit-
cumpolar region, possibly due to the interaction of
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human disturbance and predation, and (7) that no
relationship exists between herd size and risk of
being classified as threatened by researchers.
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Abstract: The Purcell Mountains of southeast British Columbia suppott a population of mountain caribou near the sout-
hernmost extension of their range. This ecotype is dependent upon late-successional forests, largely because such stands
provide arboreal lichen for winter forage. Recent provincial forest ptactices legislation and land-use planning initiati-
ves have provided the impetus for developing an interim caribou habitat assessment model for use as a planning tool.
We applied an HSI (habitat suitability index) model developed for a nearby population as a testable hypothesis of cari-
bou habitat selection in the southern Purcells. In a srudy area of about 6000 km?, 512 radiolocarions were obtained for
22 animals from 1993 through 1995. Seasonal selectivity was assessed for the following model variables: elevation, slo-
pe, habitat type/current cover type, overstory size class, canopy closure, and age of dominant overstory. Caribou were
most selective for stand age, which the model also defined as the greatest determinant of habirart suitability. However,
we did not judge overall model output to be an adequate predictor of habitat selection by southern Purcell caribou.
Seasonal ratings for each variable were therefore modified to better reflect selection patterns by animals in this study,
and subjectively adjusted to ensure that potentially limiting habitat types were rated highly. An evaluation of the
adjusted model established its efficacy as an interim decision-support tool. Selection analyses of spatial habitat distribu-
tion levels indicated a preference by caribou for landscapes with at least 40% suitable habitat per 250 ha and per 5000
ha. From this, it is apparent that suitable habitat is highly fragmented in this study area.

Key words: GIS, Habicat Suitability Index, HSI, Purcell Mountains, model, landscape, stand.
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Introduction limit of their range. Caribou are provincially listed

The ecotype ofiwoodland caribou found in wet coni-
ferous forests of southeastern British Columbia is
referred to as mountain caribou (Stevenson &
Hatler, 1985). This ecotype is strongly associated
with late-successional forests (Simpson e /., 1994;
Stevenson er al. 1994), largely because such stands
provide arboreal lichen for winter forage (Freddy,
1973; Antifeau, 1987; Simpson & Woods, 1987;
Rominger & Oldemeyer, 1989; Seip, 1990; Seip,
1992). These habitats also tend to be associated
with high timber value.

The southern Purcell Mountains support a rem-
nant population of less than 100 mountain caribou
(Kinley, unpubl. data) occurring near the southern
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as “vulnerable”, and provincial forest practices legis-
lation directs chat their requirements be integrated
with forest management. However, little ecological
information exists for the southern Purcell popula-
tion from which to develop prescriptive guidelines
at strategic or operational planning levels. A long-
term research program established in 1992 to
improve baseline information is still underway.
However, given mounting demands on this land-
base and the impetus of a regional land-use plan-
ning process, an interim tool was required to inte-
grate the best available knowledge of caribou requi-
rements with ongoing planning initiatives in a
timely fashion. In this paper we present the evalua-
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tion and adaptation of an existing mountain caribou
Habitat Suitability Index (HSI) model for a nearby
population (Allen-Johnson 1993), and its applicati-
on at both stand and landscape levels.

Study area

The study area encompasses roughly 6000 km? near
the southern end of the Purcell mountain range of
southeastern B.C. (Fig. 1). This area is coincident
with the known distribution of the southern Purcell
montain caribou population, and also defines the
area searched in the process of capturing study ani-

mals. Elevations range from 530 to 2850 m. Vege-
tation patterns are affected by elevation and a west
to east gradient of decreasing precipitation. Climax
communities are dominated by western redcedar
(Thuja plicara) and western hemlock (Tsuga hetero-
phylla) in moist areas at lower elevations, Douglas-
fir (Pseudotsuga menziesii) in dry areas at low elevati-
on, and Engelmann spruce (Pices engelmannii) and
subalpine fir (Abies lasiocarpa) at mid to high eleva-
tions, although fire-successional stands of lodgepole
pine (Pinus comtorta) are common throughout.
Alpine tundra occurs at the highest elevations.
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Fig. 1. Current generalized mountain caribou distribution and the southern Purcell study area (adapted from

Stevenson & Hatler, 1985).
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Methods

Data

Between 1993 and 1995, 22 caribou were radiocol-
lared and monitored using standard aircraft teleme-
try techniques (White & Garrott, 1990). From
semi-monthly sampling, 512 radiolocations were
obtained and referenced to the nearest 100 m.
(Because the majority ofiradiolocations were associa-
ted with visual sightings, they are considered acccu-
rate to within 100 m). Data points from animals
traveling together were deleted such that we could
be certain that all radiolocations represented inde-
pendent habitat choices.

A digital habitat database was assembled for the
study area. Polygon data of forest cover attributes as
well as topographic and planimetric data originally
mapped at 1:20 000 scale were compiled as GIS ras-
ter coverages with a resolution of 100 m. From this,
model variables were derived.

Analyses
An unvalidated HSI model was developed by Allen-
Johnson (1993) for the Idaho Panhandle National
Forest (Fig. 2). This area supports a herd of moun-
tain caribou in the Selkirk Mountains, approximate-
ly 50 km from the Purcell study area. Using a GIS
(Eastman, 1993), we applied this Idaho model as a
testable hypothesis of habitat selection by southern
Purcell mountain caribou. For each of four caribou
seasons (spring, April 1 to June 15; summer, June
16 to October 22; early winter, October 23 to
January 15; late winter, January 16 to March 31),
model performance was evaluated by comparing
observed caribou selection to four suitability classes
as predicted by the Idaho model. To improve our
understanding of mountain caribou habitat relati-
onships, and to provide a basis for model improve-
ment, we also analyzed caribou selection for each of
the six model variables independently.

Data were pooled among years and individual
study animals. The land area considered to be col-

V, stand elevation

V, stand slope

V; stand habitat type and current cover type
V, stand overstory size class

Vs percent stand canopy closure

V, age of dominant stand overstory

Stand HSI = (V2xV,xV; x V, x V) 16 x V¢

Fig. 2. HSI model variables and equarion structure.
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lectively available to all study animals was determi-
ned as the composite 100% minimum convex poly-
gon of all radiolocations. For each analysis, a G-sta-
tistic (Sokal & Rohlf, 1981) tested the goodness of
fit ofihabitat use versus availability for pooled radio-
locations, and indicated whether selection was evi-
dent considering all habitat classes simultaneously.
Habitat classes with expected use values of less than
three were excluded from analysis (ibid.).
Confidence intervals for “selection” or “avoidance”
of each habitat class were then established using
Bonferroni Z-statistics (Neu e 4., 1974; Byers e
al., 1984).

While retaining the original model structure, we
adjusted Idaho HSI coefficients to improve model
performance with respect to observed habitat selec-
tion by southern Purcell caribou. At the same time,
we maintained relatively high ratings for habitats
that, although were not selected according to our
limited data, have been established by other rese-
arch as being at least seasonally important. Thus,
although our adjustments do utilize habitat selecti-
on results for each model variable, they are largely
subjective.

Adjustment of model coefficients

Based on past research (Simpson e 4/, 1994;
Stevenson et #/ , 1994), we felt that the Idaho HSI
model included macro-habitat variables that contri-
bute to stand suitability for mountain caribou. We
therefore restricted our analyses to only these varia-
bles. Also, because we employed univariate analysis
techniques, we chose not to modify the original
algebraic structure of the model.

Recognizing the limitations to direct inference of
habitat requirements from selection analyses (Manly
et al , 1993), we adopted a four-stage approach to
assigning suitability coefficients. Given the potenti-
al consequences of disregarding important habitats
due to a limited data set, our methods were intenti-

onally conservative from the petspective ofi caribou™

conservation. In the first stage, we assumed that the
importance of a habitat attribute is proportional to
its observed degree ofiselection by caribou as indica-
ted by its selection ratio (use/availability). For “avo-
ided” habitat classes, selection ratios (0.0 - 0.99)
were stratified into five groups and assigned coeffici-
ents from 0.0 to 0.4. For “selected” habitat classes,
we identified the point where the array of selection
ratios began to increase exponentially (>3.2), and
selection ratios above this point were assigned a
coefficient ofi 1.0. The range ofi remaining selection
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ratios (1.01 - 3.2) was stratified and assigned coefh-
cients from 0.6 to 1.0. In the second stage, we assig-
ned additional suitability coefficients based on the
level ofisignificance at which each variable class was
either "selected” or “avoided”. This allowed for the
effect of sample size and the number of habitat clas-
ses within each variable to be accounted for in the
interpretation ofi selection ratios. Selected habitats
were rated as 1.0, 0.9, 0.8, 0.7 or 0.6 depending on
whether selection occurred at the 95, 75, 50, 25 or
5% confidence levels respectively. Following these
same confidence levels, avoided habitats were assig-
ned ratings from 0.0 to 0.4. In both cases, confiden-
ce levels of < 5% were assigned ratings of 0.5. In
the third stage, we compared these two suitability
ratings for each habitat class and, where discrepan-
cies occurred, adopted that which was closest to 0.5.
To ensure that trends in suitability coefficients for
each model variable were biologically meaningful,
we reviewed the assigned ratings for each variable as
the fourth stage. Given the limited time over which
our data were collected and the variability in habi-
tat use that may occur among years, we applied sub-
jective adjustments to ensure that coefficients of
certain habitat elements, found by other studies to

09 SPRING
M Avajlable
Dused

Proportion
o
-
o
t

0- 0.25 0.50 0.75
0.24 - - -1.0
0.49 0.74
HSI Class
09. . EARLY WINTER
B Available
0 Used

Propaortion
Q
'y
L4

0-024

0.25 - 0.49 0.50 - 0.74
HSI Ciass

075-1.0

be important and potentially limiting, were not
underrated.

To evaluate the overall veracity ofi the adjusted
model, HSI output was stratified into four suitabili-
ty classes in the GIS, and caribou selection was
assessed using the above described univariate tech-
niques.

Landscape-level habitar distribution analysis

Mountain caribou populations appear to be influen-
ced by the availability of suitable habitat over large
areas, which may be a function of predator avoidan-
ce (Stevenson et «l., 1994). We therefore assessed
caribou selection for habitat distributions at two
broad scales. Because it is a scale commonly used in
local wildlife habitat management guidelines, we
initially assessed caribou selection for the proporti-
on ofi suitable habitat distributed per 250 ha. We
also analyzed caribou selection for the proportion of:
habitat distributed per 5000 ha, roughly correspon-
ding to the average area of a core caribou home
range in this study area. (Mean 75% harmonic con-
tour home range size for 12 study animals (4M, 8F)
with a minimum 24 locations sampled over at least

one year = 4869 ha (Kinley & Apps, unpubl. data)).

09 .- SUMMER
* B Available
I_l O Used
*
0-024 0.25-0.49 0.50-0.74 0.75-1.0
HSI Class
09 . * LATE WINTER
B Available
O Used

0.454

0-0.24

0.25 - 0.49

0.50 - 0.74
HSI Class

0.75-1.0

Fig. 3. Caribou selection for habitat suitability classes as defined by the Idaho HSI model. * indicates significance (P

< 0.05) based on Bonferroni Z-statistics.
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Table 1. G-test results for each model variable by season.
Selection is evident at the probability levels

indicated.
Season Var. G-Stat. d.f. P<
Spring v, 79.4 9 0.001
v, 14.8 3 0.005
v, 74.9 7 0.001
Vy 99.0 4 0.001
\z 78.0 4 0.001
A\ 168.6 2 0.001
Summer \A 79.7 9 0.001
v, 20.3 3 0.001
v, 69.3 7 0.001
vV, 90.0 4 0.001
Vs 49.6 4 0.001
A\ 103.7 2 0.001
E. Winter Vv, 13.7 9 0.25
v, 7.4 3 0.10
V; 40.9 6 0.001
\7 27.5 3 0.001
Vs 18.0 4 0.001
Vi 22.4 2 0.001
L. Winter vV, 50.5 9 0.001
v, 8.8 3 0.05
V, 38.1 7 0.001
Vy 85.0 4 0.001
Vs 40.5 4 0.001
Vg 33.8 2 0.001

This may also approximate the broadest level at
which individual caribou perceive the larger lands-
cape.

For this landscape-level analysis, “suitable habi-
tat” was defined as those HSI classes selected by
caribou. A GIS “moving window” procedure was
then carried out to determine habitat distribution
per 250 ha and per 5000 ha. That is, a value indica-
ting the proportion ofi suitable habitat in the sur-
rounding landscape (either 250 ha or 5000 ha) was
assigned to each 100 m-pixel. The resulting maps
were then stratified into six habitat distribution
classes and use/availability analyses carried out as
described above.

Results

Stand-level suitability

Based on results of caribou selection for associated
HSI classes (Fig. 3), we judged the original Idaho
model to be inadequate as a useful planning tool for
our study area. Thus, we assessed caribou selection
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for each model variable independently. Within each
season, results indicate that caribou are selective for
model variables and habitat classes within each
(Table 1 & Fig. 4), with the greatest selectivity
being associated with age class. New suitability
coefficients determined for each model variable are
presented in Table 2. Evaluation of the modified
HSI model confirms its improved petformance rela-
tive to our data (Fig. 5). Selection is evident for HSI
ratings greater than 0.25, which are therefore consi-
dered to provide “suitable” habitat.

Landscape-level suitability

Caribou appeared to be selective for both 250 ha
and 5000 ha habitat distribution classes (Fig. 6). In
both cases, selection began to occur where the dis-
tribution of suitable habitat in the surrounding
landscape achieved 30 - 50%.

Discussion

Results of analysing HSI variables were generally
consistent with our understanding of mountain
caribou ecology, as indicated by research carried out
on other populations (Simpson et al., 1994; Steven-
son et al., 1994). This was particularly true with
respect to caribou selection for subalpine fir and
Engelmann spruce stands dominated by old, large-
diameter trees. However, we did observe several
anomalies. Our data indicated an avoidance of
moist, low-elevation forests of western redcedar and
western hemlock on gentle slopes, even in early
winter and spring when such habitats are often hea-
vily used by other mountain caribou populations.
Conversely, there was general selection for lodgepo-
le pine-dominated stands, particularly in early win-
ter, which has not been previously reported for this
ecotype. These differences may relate to the location
of this study area at the extreme southeast corner ofi
mountain caribou distribution, an area with a drier
climate than elsewhere in mountain caribou range.
Thus, there may have historically been less western
redcedar and western hemlock, and more fire-suc-
cessional lodgepole pine available than elsewhere in
mountain caribou range, causing animals in the
southern Purcells to adapt to slightly different habi-
tats. Alternatively, the observed pattern may occur
in years with near-normal winter weather, but in
years of more inclement weather conditions, habitat
use may be similar to patterns found elsewhere in
their range. A third possibility is that habitat dis-
turbances, such as wildfires, logging, road construc-
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Table 2. Adjusted habitar suitability coefficients.

V, Elevation (ft) Spring Summer Early Winter Late Winter
<3500 0.0 0.0 0.1 0.0
3500-3999 0.0 0.0 0.1 0.0
4000-4499 0.0 0.0 0.7 0.0
4500-4999 0.5 0.0 0.7 0.0
5000-5499 0.7 0.0 0.7 0.0
5500-5999 0.7 0.3 0.7 0.2
6000-6499 0.7 0.8 0.7 0.7
6500-6999 1.0 0.9 0.5 1.0
7000-7499 0.8 0.5 0.5 0.6
>7500 0.5 0.5 0.9 0.5
V, Slope (%)
0-15 0.7 0.7 0.7 0.7
16-35 0.7 0.7 0.7 0.7
36-59 0.5 0.3 0.3 0.3
60 + 0.2 0.1 0.8 0.1
V; Habitat/Cover Type*
ICH wet / H,C, S, B 0.5 0.1 0.5 0.
1ICH wet / A, E, L 0.0 0.0 0.5 0.1
ICHdry /H,C,S, B 0.2 0.2 1.0 0.0
ICHdry/ AJE, L 0.0 0.0 0.0 0.0
ESSF wet /S, B 0.6 0.8 0.3 0.6
ESSF wet / PI, L, Pw 0.7 0.5 0.7 0.5
ESSF dry /S, B 1.0 1.0 0.9 1.0
ESSFdry/ PL, L, Pw 0.6 0.3 1.0 0.8
Scree/Rock 0.0 0.2 0.0 0.2
Non-forested Alpine 0.0 0.1 0.1 0.1
All other habitat types 0.1 0.0 0.0 0.0
V, Overstory Size Class
Rock/Scree0.0 0.1 0.0 0.1
Non-forest (A,M,NP,NC) 0.7 0.5 0.5 0.6
Clearcut/Burn 0.0 0.0 0.1 0.1
Sapling (dbh 0.3-12.7 c¢m) 0.2 0.1 0.0 0.1
mall (dbh 12.7-22.9 cm) 0.0 0.1 0.2 0.1
Medium (dbh 22.9-35.6 cm) 0.7 0.8 0.7 0.6
Large (dbh >35.6 cm) 1.0 1.0 1.0 1.0
V, Canopy Closure (%)
0 0.0 0.5 0.1 0.0
1- 10 0.1 0.1 0.5 0.3
11- 40 0.9 0.9 0.9 0.9
41- 70 0.2 0.3 0.9 0.2
71 -100 0.1 0.0 0.9 0.1
V¢ Overstory Stand Age
0- 80 0.1 0.1 0.1 0.1
81-120 0.7 0.7 0.7 0.7
> 120 1.0 1.0 1.0 1.0

*[CH=Interior Cedar Hemlock zone (Meidinger & Pojar, 1991); ESSF = Engelmann Spruce/Subalpine Fir zone
(ibid.); d = dry variants; w = wet variants; H = hemlock; C = cedar; S = spruce; B = balsam fir; A = aspen; E = birch;
L = larch; Pl = lodgepole pine; Pw = whitebark pine.
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Fig. 5. Caribou selection for habirat suitable classed as definded by the adjusted HSI model. * indicates significance

(P < 0.05) based on Bonferroni Z-statistics.
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50 - 80%

tion and human habitation, that have occurred dis-
proportionately at lower elevations, may have cau-
sed mountain caribou in the Purcells to make much
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less use of low-elevation cedar and hemlock forests
than in the past, such that the observed pattern may
represent a recent shift. The correct explanation is
far from clear, but having suitable low-elevation
habitats into which caribou may move in early win-
ter and spring is potentially critical and limiting,
even if such habitats are used only occasionally or
for short periods. It is by this rationale that we sub-
jectively increased model coefficients for lower elev-
ation classes, cedar and hemlock cover types, higher
canopy closures and gentle slopes, to parallel those
of: the Idaho model.

Linked to a GIS database of: habitat attributes at
the appropriate scale and resolution, we consider the
performance of: the adjusted HSI model to be ade-
quate as an interim habitat assessment and planning
tool (e.g. Fig. 7). From the consistent observed
selection against the lowest (0 - 0.24) HSI class, we
infer a relative lack of importance of: these habitats
to southern Purcell caribou. The lack of: significant
selection for the next HSI class (0.25 - 0.49) sug-
gests that these habitats may be “suitable” but are

[
_—

Fig. 7. Combined habirat suitability for the southern
Purcell study area. The maximum suitability
value over each of four caribou seasons is indi-
cated.

Rangifer, Special Issue No. 10, 1998



All Seasons
Habitat Suitability
\

. Very Good (HSI > 0.75)

. Good (HSI > 0.5)

Moderate (HS| > 0.25)

D Poor (HSI > 0.0)

Rangifer, Special Issue No. 10, 1998




Habitat Distribution

. Achieves 40% per 250 ha

Achieves 40% per 5000 ha

Fig. 8. Lands within the southern Purcell Montains that achieve at least 40 % suitable habitat distributed per
5000 ha and 250 ha.
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not of exceptionally high quality. Consistent selecti-
on across all seasons for HSI class 0.5 - 0.74 illustra-
tes the relative importance of these habitats, while
we consider the strong selection for HSI class 0.74 -
1.0 during every season except early winter as indi-
cative of exceptional importance to caribou. The
lack of appatent selection for the highest HSI class
during early winter reflects subjective adjustments
to early winter suitability ratings.

Based on results of these analyses, it is apparent
that landscape attributes need to be considered in
habitat planning, particulatly because suitably-dis-
tributed habitats appear to be highly fragmented.
From our analysis, we consider the mid-point of our
selected habitat distribution range (40%) as a mini-
mum target in the maintenance of southern Purcell
mountain caribou habitat (Fig. 8). Considering the
large home ranges typically used by mountain cari-
bou, lands which achieve 40% suitable habitat dis-
tributed per 5000 ha may approximate core habitat
areas in which long-term use by caribou may be
possible. Lands that fall much below the limits of
this distribution may receive periodic use, but are
unlikely to be used consistently unless they provide
seasonally important attributes. Two qualifications
to this are that the model does not account for the
influence of apparently “unsuitable” but barrier-free
movement routes, such as alpine tundra, nor does it
account for habirtat that is not within a suitably dis-
tributed matrix but is contiguous with one.
Conversely, there are lands within the 5000 ha con-
tour that do not meet the minimum distribution
requirements at the 250 ha level and thus may not
contribute to core habitat.

We recognize that numerous assumptions are at
play in our approach to the adaptation of this
model. Our intent was to provide an interim tool to
integrate our best understanding of caribou-habitat
relationships with ongoing forest planning until
further information comes available. As long-term
research continues, a strictly empirical, multivariate
approach will be taken in model development at the
stand level. Similarly, we cannot yet be certain that
our identified core habitat areas represent habitat
distribution levels required to maintain a viable
population over the long term, but this may also
change as data comes available and our understan-
ding of the relationship between habitat distributi-
on, road access, and mortality risk improves.
However, the exercise of HSI evaluation and adapta-
tion: 1) illustrates the potentially large differences
in habitat use between adjacent. populations of a
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single ecotype, 2) indicates that there may be
important seasonal differences within the populati-
on, 3) highlights the need to manage for habitat
values at a landscape level, and 4) demonstrates that
interim management tools can be developed and
put into use with relatively limited data. Obviously,
a conservative approach to forest management is
desired where our understanding of habitat relati-
onships is uncertain. In ecosystems that are being
rapidly altered through primary management for
timber values, interim models based on limited data
and informed conjecture may provide essential tools
for maintaining habitat integrity until more com-
plete data becomes available.
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Protostrongylid nematodes in caribou (Rangifer tarandus caribon) and moose
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Abstract: Two species of protostrongylid nemarodes with dorsal-spined, first-stage larvae, are present in caribou and
moose of Newfoundland. Elaphostrongylus rangiferi Mitskevich, 1958, a parasite introduced from Scandinavia, causes
periodic epizootics of a severe neurological disease in caribou. Sick animals exhibiting signs of cerebrospinal elapho-
strongylosis (CSE) wete particularly noticeable in central Newfoundland each winter between 1981 and 1985. Those
collected for examination were mostly male calves. The disease again became prominent in caribou on the Avalon
Peninsula in the winters of 1996 and 1997; it may have spread to that isolated part of the province as recently as 1990.
E. rangiferi was also found in moose but no cases of neurologic disease have been reported in this host. Parelapbostrongylus
andersoni Prestwood, 1972, was found in caribou, both in central Newfoundland and on the Avalon Peninsula, Moose
may also be infected. Of 1407 terrestrial gastropod intermediarte hosts examined, 9 (0.6%) contained infective, third-
stage, protostrongylid larvae resembling those of E. rangiferi and P. andersoni which are indistinguishable. The small
dark slug, Deroceras lacve, dominared gastropod collections and was the only species infected.

Key words: cerebrospinal elaphostrongylosis, muscle worms, lungworms, cervidae, gastropod intermediate

hosts.

Introduction

Elaphostrongylus rangiferi has been known for some
time from caribou (Rangifer tarandus caribou) in
Newfoundland (Lankester, 1976; 1977; Lankester &
Northcott, 1979) and was probably introduced with
reindeer (R. 1. tarandns) brought from Norway in
1908 (Lankester & Fong, 1989). In earlier publica-
tions, we followed European authors who recom-
mended that this nematode found in the central
nervous system and musculature of Rangifer be con-
sidered a synonym of E. cervi (see Kutzer & Prosol,
1975) or be referred to as E. cervi rangiferi (Pryadko
& Boev, 1971; Kontrimavichus et 2/., 1976). How-
ever, we now defer to Scandinavian workers (Stéen ez
al., 1989; Halvorsen et /., 1989; Gibbons et /.,
1991) who have provided new biclogical and mor-
phological data supporting distinct species status
for E. rangiferi.

In Scandinavia and northern Russia, the parasite
causes a disease called cerebrospinal elaphostrongy-
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losis (CSE) which is characterized by a lack of fear,
ataxia, and posterior paralysis (Polyanskaya, 1965;
Bakken & Sparboe, 1973; Handeland & Norberg,
1992). Heavy losses ofi young animals less than one
year old periodically occur in late winter. Domestic
sheep and goats that share range with infected rein-
deer may also succumb to the disease (Handeland,
1991; Handeland & Sparboe, 1991). In Newfound-
land, E. rangiferi was prevalent in caribou of the
Middle Ridge area in the mid 1970s when the first
case of CSE was diagnosed (Lankester & Northcott,
1979). There have been opportunities for E. rangi-
Jeri to spread with translocated reindeer and caribou
from Newfoundland to mainland Canada but there
is as yet no conclusive evidence that it has become
established anywhere outside of Newfoundland
(Lankester & Fong, 1989).

Parelaphostrongylus andersoni, another protostrong-
ylid nematode, is widely distributed in woodland
and barrenground caribou of mainland Canada
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(Lankester & Hauta, 1989). This slender nematode
is easily overlooked because of its location deep wit-
hin muscles of the back and hind limbs. If, as
Lankester & Hauta (1989) suggested, caribou are
the original host of P. andersoni, rather than white-
tailed deer (the type host, see Prestwood, 1972), we
predict that it should also occur in caribou of
Newfoundland along with E. rangifersi. Because P.
andersoni probably is not neurotropic (Pybus &
Samuel, 1984), it is not thought to cause neurologic
disease in wild cervids. However, its eggs and lat-
vae, like those of E. rangifers, develop in the lungs
where an intense granulomatous inflammatory reac-
tion contributes to verminous pneumonia (Lan-
kester & Northcott, 1979, Anderson & Prestwood,
1981).

The first indication that caribou in Newfound-
land might have both E. rangiferi and P. anderson:

Gaff Topsails

Buchans
Middle Ridge
3

La Poile Grey R.

Fig. 1. Map ofi Newfoundland indicating the general
areas occupied by major caribou herds from which sick
caribou, moose, and fecal samples were collected.
Locations 1- 3 are sites where terrestrial gastropods
were collected: site 1 - Avalon Peninsula (Peter’s
River Rd., 46°47'N 54°10'W, 24 - 29 May, 1984);
sites 2 & 3 - Central Newfoundland (site 2., adjacent
to the Buchans Hwy #370 between Buchans and
Buchans Junction, 48°37’N 57°26'W, 30 May - 3
June, 1984; and site 3., Sandy Pond, 48°05'N
55°42'W, 7 - 20 July, 1987).
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was provided by Lankester ez /. (1990) following
experimental infection of fallow deer (Dama dama)
with larvae collected off Newfoundland caribou
range. First-stage larvae were first passed 69 days
after infection which is consistent with the shorter
prepatent period of P. andersoni, and fragments of
worms resembling both species were recovered at
necropsy. Lankester & Fong (1989) mentioned fin-
ding P. andersoni in naturally infected caribou from
Newfoundland but specimens were not described.

The purpose of this paper is to document the
extent of E. rangiferi infection in cervids and its role
in an epizootic of neurologic disease seen in the ear-
ly 1980s in caribou of central Newfoundland. We
also provide dimensions of E. rangiferi collected
from moose and of P andersoni from caribou in
Newfoundland, and investigate the role of terrest-
rial molluscs in the field transmission of these para-
sites.

Materials and methods

Examination of caribou exhibiting neurological signs
Animals behaving in an abnormal way were collec-
ted opportunistically and the body musculature of
the chest and limbs was inspected visually for
nematodes in the field. The head and vertebral
column were removed and frozen along with a fecal
sample, until examined later in the laboratory. The
tops of the cranium and vertebrae were removed
using a Stryker surgical saw. The brain and spinal
cord were removed, and the surface and surrounding
meninges checked for nematodes using a ring-lamp
magnifier. Feces were examined for nematode larvae
using the Baermann funnel technique.

Herd, inifection levels determined. by fecal examination
Caribou feces were periodically collected off snow
over several years (1982-90) from the traditional
wintering areas of 7 major caribou herds in
Newfoundland (Fig. 1). Samples were kept frozen at
-15 °C until examined using the Baermann funnel
technique. Pellets were floated over Kimwipe tissue
(Kimberly-Clarke, Mississauga, Ontario) in stoppe-
red, water-filled funnels (15 cm top diameter) for 24
hr, after which time 20 ml were drained into a
Syracuse watch glass and examined for protostrong-
ylid larvae at 20X using a stereoscopic microscope.
First-stage larvae were pippetted onto a slide, heat
relaxed on a hot-plate, covered with a cover slip and
drawn and measured using a Wild drawing tube at
400-1000X.
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Fig. 2. Male caribou calf with posterior patesis caused by Elaphostrongylus vangiferi appeared unafraid of humans and

could be easily approached and restrained.

Examination of wild moose

Eight moose were shot and field examined, May 7-
10, 1990; 7 (2-10 yr old) in the area occupied by
the Middle Ridge caribou herd and a male calf (11.5
mo) in the area of the Gaff Topsails herd (Fig. 1).
The fascia and surface of muscles beneath the shoul-
ders were examined for nematodes. Representative
nematode specimens were fixed in glycerin-alcohol
and later drawn and measured. Fecal samples (22-30
pellets) taken from the rectum were frozen and later
examined for larvae. Additional moose feces were
collected off range in the Gaff Topsails area, March
15, 1989, frozen, and examined later for nematode
larvae using the Baermann funnel technique.

Searching for P. andersoni

Two caribou were shot on the Avalon Peninsula and
2 in the Gaff Topsails area, June 23-30, 1987. Eight
more were examined from the Avalon Peninsula in
the vicinity of Peter’s River Road, December 9-13,
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1989. The cranium and shoulder muscles were exa-
mined in the laboratory for E. ramgiferi according to
Lankester & Northcott (1979) and the longissimus
dorsi muscles of the back for P andersoni according
to Lankester & Hauta (1989). Feces were collected
from the rectum of each animal.

Detecting infections in intermediate bosts

Terrestrial gastropods were collected from beneath
cardboard sheets and off vegetation at one location
on the Avalon Peninsula (Peter's River Rd.,
46°47°'N 54°10°W, 24-29 May, 1984), and at 2 sites
in central Newfoundland (adjacent to the Buchans
Hwy #370 between Buchans and Buchans Junction,
48°37°N 57°26'W, 30 May-3 June, 1984; and
Sandy Pond, 48°05'N 55°42°W, 7-20 July, 1987)
(Fig. 1). Snails and slugs were identified with the
aid of Pilsbury (1939-1948), Burch (1962), and
Maunder (1985), digested in artificial pepsin soluti-
on, and examined for protostrongylid nematode lar-
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vae (Lankester & Peterson, 1995). Larvae were heat-
relaxed, stored in 10% glycerin in 70% alcohol, and
later drawn and measured.

Differences in larval dimensions were tested
using ANOVA and Duncan’s Multiple Range test
according to the Statistical Package for the Social
Sciences (SPSS, Inc., Chicago, Illinois, USA).

Results

Examination of caribou exhibiting neurological signs

A rtotal of 17 caribou exhibiting abnormal neurolo-
gic signs was examined from 1981 to 1985 (Table
1). Most were from the Buchans and Gaff Topsails
areas of central Newfoundland, and were reported
between January and April. All but one were calves
(<1 yr) and 12 of 15 sexed animals were males.
Affected animals were described as appearing
"tame” or "stunned”. They could be approached clo-
sely (Fig. 2). Some stood for long periods with the
head held low and back arched. Others exhibited
marked weakness of the hind limbs, sometimes
dragging one or both legs (Fig. 3). Two animals
were unable to stand when collected.

At necropsy, all animals (excluding nos. 4 and 5
for which the brain and spinal cord were not availa-
ble) had adult E. rangiferi associated with the central
nervous system (CNS) (Table 1). The majority of
worms in the CNS (75%) were females. Many were
free in the subdural space or were weakly artached
by strands of connective tissue to the overlying dura
or underlying pia-arachnoid. Six were lying partial-
ly or completely beneath the pia-arachnoid with up
to 1 cm of their body length penetrating into brain
tissue (in caribou nos. 7, 11, 15, and 16). The dura
adhered firmly to the pia over much of the brain in
caribou nos. 11, 14, and 16. Adhesions and mem-
branes near worms were yellowish to pink in colour.
Worms in the vertebral canal were all in the sub-
dural space over the cervical or thoracic regions of
the cord. Worms outside of the CNS were mostly
found among the muscles of the chest, forelimbs,
and hindlimbs. The number of first-stage larvae
found in the feces of 9 animals showing signs
ranged from 2 to 277/g of fresh feces (Table 1).

Wildlife protection officers reported a number of
additional animals with signs characteristic of ela-
phostrongylosis. In the winter of 1981, 10 were

Table 1. Elaphostrongylus rangiferi in caribou exhibiting neurologic signs in Central Newfoundland, 1981-85

Number of E. rangiferi

Sex of
No Date Location Sex Ager  Cranium Vertebral® Muscle worms in Larvae/g:
Canal CNS feces
1. 3]Jan 81 Buchans M calf 2 1 ? ? ?
2. 22 ]Jan 81 Buchans M calf 24 7 15 ? ?
3. 27 Mar 81 Buchans ? calf 1 1 20 ? ?
4. 21 Jan 82 Buchans M calf ? ? 20 ? ?
5. Feb 82 Buchans M calf ? ? 21 ? ?
6. 28]Jan 84 Gaff Topsails M calf 5 0 5 3F 2M 6
7. 30Jan 84 Gaff Topsails F yrlg 5 ? 6 3F, 2M 8
8. 30Jan 84 GreyRiver M calf 5 ? ? 4F, IM 277
9. 21 Feb 84 Gaff Topsails ~ ? calf 4 ? ? 3F, IM ?
10. 21 Mar 84 Gaff Topsails F calf 4 4 ? 8F, OM 35
11. 20 Mar 84 Gaff Topsails M calf 2 1 7 1F, 2M 2
12. 21 Mar 84 Gaff Topsails F calf 8 0 14 6F, IM, 17 104
13. 29 Mar 84 Gaff Topsails M calf 6 1 20 6E, 1M ?
14. 11 Apr 84 Middle Ridge M calf 2 ? 0 2F, OM 126
15. 24 Apr 84 Gaff Topsails M calf 5 0 21 4F, 1M 267
16. Mar 85 Middle Ridge M calf 8 1 ? 6F, 2M, 1? ?
17. 23 Apr 85 Gaff Topsails M calf 14 ? ? 8F, 5M, 1? 58

* A calf is <1 yr old, assuming a birth date of 1 June.

® Worms in subdural space, beneath the pia-arachnoid or in nerve parenchyma.

¢ First-stage, dorsal-spined larvae.
? Not available for examination.
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Table 2. Prevalence and mean intensity of first-stage protostrongylid larvae in caribou feces from Newfoundland

Prevalence
Location 1982 1983 1984 1985 1989 1990
Northern - 50 (24) - - - ---
Peninsula Me(l=1)
La Poile R. 30 (60) --- - - 38 (50) ---
M J (224)
Grey R. 70 (56) 60 (42) --- - --- -
M A (19£29)
Gaff 50 (81) - 86 (29) 74 (27) -~ ---
Topsails M A (24+37) J©8+9)
Middle (40 (95) 48 (27) - 45 (49) 50 (50) -
Ridge M M (3:4) J J(14:23)
Avalon - --- 33((40) 35 (40) 31 (26)
Peninsula M (94+150) J

¢ All samples collected January — April.

® Percent passing larvae, followed in brackets by sample size ().
¢ Month of collection and, when aviable, mean no. larvae/g wet feces = S.D. in brackets.

seen in the Buchans-Buchans Jct. area; 5 were seen
in the winter of 1982, and 3 in 1983. In the winter
of 1984, 17 of 28 cases teported from across the cen-
tral part of Newfoundland were seen in the Gaff
Topsails area as were 11 of 18 animals sighted in
winter of 1985. We were not aware of any sick ani-
mals being seen in other parts of the Province
during this period.

Two apparently healthy caribou were collected
from the Gaff Topsails area in late June, 1987. The
2-3-yr-old male had a total of 16 adult E. rangiferi
among muscles of the chest and legs and a 13-mth-
old male had 22; no worms were found in the crani-
um of either animal. Neither showed neurologic
signs but the gross pathology seen at necropsy was
unusual. Considerable yellowish-red, subcutaneous
edema and caseous exudate were visible over all lar-
ge muscles of the chest, lateral abdomen, and lower
limbs. Such extensive subcutaneous reaction was
not seen in infected caribou examined during win-
ter and eatly spring.

Herd infection level 1982-90

The prevalence of dorsal-spined, protostrongylid
nematode larvae in caribou feces was lowest in sam-
ples from the La Poile and Avalon Peninsula herds
and highest in the Grey River and Gaff Topsails
herds; it varied little between years in any particular
herd (Table 2). The intensity of larval output ranged
from 11 larvae/g (mean S.D.) in samples from the
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Northern Peninsula to 94150 larvae/g on the
Avalon Peninsula (collected May, 1985). At the lat-
ter site, at least 4 animals, assumed to be calves
because of their small pellets, were passing up to
580 larvae/g of fresh feces.

Protostrongylid larvae collected from caribou on
the Avalon Peninsula in 1985 and 1989 were shor-
ter (366=3, 310-385 um, »=30; and 359:4, 320-
392 pm, 7=30, respectively) than those from cari-
bou at Middle Ridge in 1985 (424+3, 385-470 pum,
7=30) and the Gaff Topsails areas in 1985 (439+3,
405-457 pm, #=30) (P=0.04) but those collected
from the Avalon Peninsula in 1990 were not

(395+5, 352-445 pm, n=30).

Examination of wild moose

Four of the 7 adult moose from Middle Ridge had
E. rangiferi on the surface of the latissimus dorsi
muscle and associated fascia beneath the shoulder
(Table 3). Dorsal-spined larvae (=9, mean length
348+8; 295-372 pm) were present in the feces of
only one of the four moose with adult E. rangiferi.
Longissimus dorsi muscles were not examined for P,
andersoni.

One of 28 moose fecal samples collected off snow
in the Gaff Topsails area (April, 1989) contained 20
dorsal-spined larvae in 15 pellets. The larvae were
388=7 pm; 340-420 long. Although the mean
length of larvae from moose feces in both the Gaff
Topsails and Middle Ridge areas were shorter than
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Table 3. Dimensions (zm) of Elaphostrongylus yangiferi on
chest and shoulder muscles of moose from
Middle Ridge, Newfoundland

No.

measured Mean + S.E.  Range
Males
Length (mm) 6 35+ 1 31— 38
Width 6 199+ 7 175-220
Esophagus 6 681+14  650-740
Nerve ring 6 132+11  100-170
Excretory pore 4 15313 115-175
Spicules 7 220+ 4 205-232
Gubernaculum 7 75+ 3 63~ 85
Bursa (length) 7 174+ 8 173-195
(width) 7 139+ 5 128-157
Females
Length (mm) 1 47 47
Width 3 223+ 7 220-240
Esophagus 4 69830  635-770
Nerve ring 4 131+ 7 120-150
Excretory pore 4 14513  118-170
Vulva 1 300 300
Anus 1 68 68

larvae from caribou at those locations (P=0.09), it is
noteworthy that some larvae in the sample from the
Galff Topsails exceeded 400 pm in length.

Searching for P. andersoni

Only 2 ofi 12 caribou had P. andersoni (Tables 4 and
5). Both were young animals (7 and 13 mo old). In
one from the Gaff Topsails area of central New-
foundland, a portion of a male nematode (160 pm
wide) resembling P. andersoni was found deep in the
longissimus dorsi muscle. This animal also had
numerous E. rangiferi in muscles of the shoulder and
chest. A second, from near Peter’s R. Rd., Avalon
Peninsula, had 22 P. andersoni in the longissimus
dorsi muscles of the back and 7 in the neck, rump,
and thigh muscles.

All specimens ofi P. andersoni were found loosely
coiled, deep within muscles. A dark red area of hae-
morrhage (0.5-1 cm diam.) was associated with
about one-half of the specimens, and helped in loca-
ting them. Petechial haemorrhages (1-3 mm diam.)
were visible across the entire surface of the lungs of
the infected calf from the Avalon Peninsula.

Natural irifections in intermediate hosts

Of 1407 terrestrial gastropods collected, 9 (0.6%)
were infected with protostrongylid larvae (Table 6).
A small, dark slug, Deroceras laeve, dominated col-
lections in all 3 areas and only this slug was infec-
ted. Two slugs had 1 and 3 recently-penetrated,
first-stage larvae (397-415 pm long, #n=4); 7 had 1-
15 third-stage larvae (800-1002 pm long, #=12).
All measurements are of alcohol-fixed specimens.

Table 4. Examination of normal caribou from central Newfoundland (Gaff Topsails) and from the Avalon Peninsula for
Elaphostyongylus vangiferi and Parvelaphostrongylus andersoni, 1987-89.

E. vangiferi P. .andersoni

No. Date Location Age Sex cranium/ long. dorsi Larvae/g
muscle muscle feces
1. 30/06/87 Gaff Topsails 2-3yr O 0207 & 14 99 0 0.2
2. 30/06/87 Gaff Topsails 13mo. (& 0/53F &, 17 @9 1 0.2
3. 23/06/87 Avalon Pen.! 2-3yr O 0/0 0 0
4. 23/06/87 Avalon Pen. 34yr. O 0/0 0 0
5. 9/12/89 Avalon! Pen. 1.5 yr. o 0/0 0 0
6. 9/12/89 Avalon! Pen. adult Q 0/0 0 0
7. 9/12/89 Avalon’ Pen, adult o 0/0 0 0
8. 9/12/89 Avalon' Pen. 1.5 yr. Q 0/0 0 0
9. 12/12/89 Avalon? Pen. 1.5 yr. d 0/0 0 0
10. 12/12/89 Avalon? Pen. 1.5 yr. d 0/0 0 0
11. 13/12/89 Avalon! Pen. 15y. O 0/0 0 0
12. 13/12/89 Avalon! Pen. 7 mo. of 0/0 150F & 14 99" many

! Peter’s River Road.

2 Mt. Misery, S. Avalon.

3 Partial worm, 160 # wide (no spicules).
42/29 in neck, rump, and high muscles.
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Table 5. Dimensions (zm) of adult Parelapbostrongylus
andersont in longissimus dorsi muscle of caribou
from the Avalon Peninsula, Newfoundland

No.
measured Mean £+ S.E.  Range

Males

Length (mm) 3 21+ 2 18— 23

Width 6 102+ 5 90— 125

Esophagus 6 853+50  680-1000

Spicules 6 118+ 2 115- 128

Gubernaculum 5 64+ 3 53— 72
Females

Length (mm) 2 34+ 0 34, 34

Width 6 125« 3 110- 132

Esophagus 4 895+37  830-1000

Vulva! 5 165+ 8 140- 180

Anus' 5 56+ 3 51— 65

! Position measured from posterior end.

Discussion

An outbreak of CSE involving calves such as that
seen in the Buchans-Gaff Topsails areas between
1981 and 1985 has not been reported previously in
Newfoundland, despite E. rangiferi having been
introduced into the province over 70 yr ago
(Lankester & Fong, 1989). Although Bergerud
(1971) reported emaciated calves standing and fee-
ding for long periods in central Newfoundland in
March-April of 1959 and 1961, their condition was
attributed to the difficulty in getting food during
these two exceptionally severe winters. High mor-
tality, also particularly involving male calves, was

seen during several summers but lynx (Lynx cana-
densis) attack and subsequent Pasturella infection
was proven to be the cause (Bergerud, 1971).

In Norway where E. rangiferi originated, epizoo-
tics of CSE involving the loss of many animals occur
sporadically, principally in domesticated reindeer
(Halvorsen ez /., 1980) but the disease has also been
reported in wild reindeer (Bye & Halvorsen, 1984).
The cause of epizootics has previously been attribu-
ted largely to conditions associated with reindeer
domestication. But Halvorsen et 2/, (1980) demon-
strated that the level of E. rangiferi infection in
herds was correlated with summer temperatures. An
epizootic in northern Norway around 1970 was pre-
ceded by a series ofi unusually warm summers. It
subsided as summers cooled. Elevated mean sum-
mer temperatures at this subarctic location (above
70°N latitude) were thought to increase the rate at
which larvae developed in gastropods, resulting in
more infective larvae being available to reindeer
before freeze-up in the fall. The likelihood of this
being the principal cause of epizootics at a more
southerly, maritime location like  central
Newfoundland (48°37°N) remains to be tested,

At the time of writing this manuscript, we beca-
me aware of another cluster of cases of CSE occur-
ring in caribou on the Avalon Penininsula of
Newfoundland (McBurney e af, 1996; Shane
Mahoney & Con Finlay, pers. comm.). Sick animals
were reported from January to March of 1996 and
1997. Over 100 were seen in the vicinity of Cape
Race, at the southern tip of the peninsula in 1997
(Con Finlay, pers. comm.). E. rangiferi was trecove-
red from animals that separated from the herd, stay-

Table 6. Numbers of terrestrial gastropods examined for prorostrongylid nematode larvae in Newfoundland.

Avalon Peninsula

Central Newfoundland

Peter’s River Rd.! Buchans Hwy.? Sandy Pond®
Total
Species No. exam. No. infected No. exam. No. infected No. exam. No. infected infected/
exam.
Deroceras laeve 321 2 675 2 294 5 9/1290
Zonitoides arboreus 11 0 2 0 65 0 0/78
Succinea ovalis 15 0 1 0 9 0 0/25
Arion sp. 2 0 9 0 - - 0/11
Enconulus fulvus 1 0 —-- - 2 0 0/3
Total 350 2 687 2 370 5 9/1407
! Collected at site 1 (Fig. 1) 24 May - 3 June, 1984.
2 Collected at site 2 (Fig. 1) 7 - 20 July, 1987.
3 Collected at site 3 (Fig. 1) 7 - 20 July, 1987.
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ed for days in the same general location, were una-
fraid of humans approaching, and had mild to mar-
ked hind-limb paresis. Many of these animals were
under-weight, despite appearing to spend conside-
rable time eating . Both calves and older animals
were showing clinical signs. It is probably worth
noting that the Avalon Peninsula experienced mil-
der than usual temperatures and an absence ofisnow
during much ofi the winters of 1995-96 and 1996-
97. As a result, the period during which infected
gastropods remained accessible to grazing caribou
probably was extended considerably. D. /lzeve, which
is very abundant over much of the caribou range in
Newfoundland, can remain active on ground vege-
tation at temperatures close to 0 °C (Lankester &
Peterson, 1996).

Caribou showing neurological signs from central
Newfoundland were almost exclusively young (< 1
yr) and male. Halvorsen (1986) made a similar
observation in Norway. Although no signs of disea-
se were apparent during his study, infection with E.
rangiferi was most prevalent in the heaviest calves.
These, in fact, were mostly males but larger female
calves also were more frequently infected than smal-
ler ones. This was attributed to the larger amount of
food likely eaten by the largest individuals and the
attendant increased risk of ingesting infected gas-
tropods.

It has been suspected that animals showing signs
ofi CSE are likely those with the most worms
(Halvorsen, 1986). Yet, in our sample, neither the
number of E. rangiferi present in the CNS, total
numbers of worms recovered, nor the numbers of
larvae being passed in feces, was correlated with the
severity of neurologic signs observed. However, this
may not be a valid test of the hypothesis since all
animals were examined during winter and early
spring when some worms were probably immature
and difficult to find. Also, only sick animals were
examined and counts of worms in muscles may have
been underestimated working under field conditi-
ons. As well, the Baermann funnel technique has
recently been shown to be unreliable for accurately
estimating the numbers of protostrongylid larvae in
ungulate feces (Forrester & Lankester, 1997) .

The preponderance ofi female worms found in the
CNS ofi sick caribou may be noteworthy. Because
they are longer and wider than males, they may
experience more difficulty leaving the CNS and the-
reby play a greater role in the pathogenesis ofiinfec-
tion. However, satisfactory interpretation of this
observation requires more complete knowledge ofi
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the migration route taken by Elaphostrongylus spp.
in the course of their normal development within
cervid hosts. Although the route is not completely
understood, developing worms initially migrate
into the CNS to moult and grow in nerve tissue.
Afeer about 90 days, they begin to leave the CNS
via cranial and spinal nerves to reach their definitive
site among skeletal muscles (Lankester, 1977,
Hemmingsen ez #/. 1993; Handeland, 1994). Infec-
tion in late summer and autumn would explain why
most developing worms are in the CNS over winter
but increasingly in muscles in spring and summer
as observed here.

Among the herds in central Newfoundland, the
prevalence and intensity of infection, as indicated
by protostrongylid larvae in feces, were greatest in
animals of the Topsails area, where sick animals
were most commonly seen in 1981-85. However,
caution must be exercised in comparing levels of
herd infection measured in this way unless fecal
samples are collected at similar times of the year
and proportionately, from animals ofi similar age
and sex. Most protostrongylid nemarodes of cervids
show marked seasonal variation in larval output and
young animals typically produce the greatest num-
bers (Slomke ez 2/ , 1995). As well, the output of E.
rangiferi larvae is known to vary with season of the
year and with sex of the host; the greatest numbers
of larvae apparently being passed by male reindeer
in fall during the rut and by females in spring after
parturition (Halvorsen et a/., 1985).

Data reported here suggests that E. rangiferi did
not spread to caribou of the Avalon Peninsula until
the late 1980s. Only P andersoni, was found at
necropsy of Avalon caribou in 1989. And, up to this
time, all protostrongylid larvae found in caribou
feces were less than 400 pm long as is characteristic
of P andersoni (see Lankester & Hauta, 1989).
However, first-stage larvae from caribou feces col-
lected on the Avalon in the winter of 1990 were up
to 445 pm long, suggesting that some caribou had
by that time become infected with E. rangiferi. Its
presence in the Avalon caribou and its involvement
in an outbreak of CSE in late winter of 1996 was
confirmed by McBurney ez a/. (1996).

The Avalon Peninsula is connected to the central
part of Newfoundland by a narrow isthmus ofiland
only a few kilometres wide at its narrowest point
(Fig. 1). This has probably limited the movement of
caribou between the central and Avalon herds. The
warble fly, Hypoderma (Oedemagena) tarandi, another
parasite of caribou in central Newfoundland, also
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appeared in caribou for the first time on the Avalon
Peninsula around 1990 (Shane Mahoney, pers.
comm.), supporting the suggestion that caribou
with E. rangiferi from one of the expanding herds of
central Newfoundland may have crossed the isth-
mus and joined animals ofi the isolated Avalon herd
at about that time. It may also be interesting to
note that the Avalon herd has, in past at least, consi-
stently shown a greater rate of increase than any of
the central herds of Newfoundland (Bergerud,
1971; Bergerud er @/, 1983) that have long been
infected with E. rangiferi.

Gastropods collected on the Avalon Peninsula in
1984 presumably had larvae of only P. anderson:
while those from central Newfoundland could have
had both P. andersoni and E. rangiferi. Nonetheless,
the prevalence of protostrongylid larvae in gastro-
pods from both parts of the Province was the same
(0.6%). Such a low prevalence in gastropods is typi-
cal of this group of parasites. For example, in nor-
thern Minnesota where almost 80% of white-tailed
deer become infected with P. zenuis before they are
one year old (Slomke ez /., 1995), the highest rate
of infection in snails and slugs was only 0.2%
(Lankester & Peterson, 1996). A high prevalence ofi
infection by these parasites are likely achieved in
cervids, despite low levels in gastropods, because ofi
the large volumes of food consumed. Caribou in
particular take much of their food close to the
ground where contamination by gastropods is
impossible to avoid.

The dimensions and morphology of third-stage
larvae recovered from gastropods collected in all
localities in Newfoundland were similar to those of
E. rangiferi and P. andersoni but larvae of this group
cannot be specifically identified (Pybus & Samuel,
1981). The slug, D. laeve, is ubiquitous and abun-
dant in Newfoundland (pers. observ.) and probably
is the principal source of infection to caribou. The
same species is widely distributed in North
America (Pilsbry, 1939-1948) and, because it is
highly mobile and active from early spring until
late fall, is similarly important in the transmission
of other protostrongylids of cervids (Lankester &
Anderson, 1968; Samuel ez 4/., 1985; Lankester &
Peterson, 1996).

In summary, E. rangiferi was introduced into
Newfoundland with reindeer landed at St. Anthony,
on the tip ofi the Northern Peninsula in 1908
(Lankester & Fong, 1989). Cerebrospinal elaphos-
trongylosis (CSE), primarily affecting young cari-
bou, was first reported in the Buchans and Gaff
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Topsails herds of central Newfoundland in the
1970s (Lankester & Northcott, 1979); a larger than
usual number of sick animals were collected in the
period 1981-85 and are described here. Evidence
also suggests that the parasite finally spread to the
Avalon Peninsula caribou herd around 1990 with a
large number of cases of CSE being seen in calves, as
well as in older animals, in the latter part of winters
ofi 1996 and 1997. Moose in central Newfoundland
were also found infected with E. rangiferi but clini-
cal signs of CSE have not been reported in this host.
Only 6% of moose passed dorsal-spined larvae in
their feces but the mean lengths of these larvae were
slightly shorter than that expected of E. rangiferi
larvae.

The presence of the muscle worm, P. andersoni is
confirmed in caribou of both central Newfoundland
and of the Avalon Peninsula but adult worms could
only be found in young animals (< 1.5 yr). The
muscles of moose were not examined for P. andersoni
but the shorter, dorsal-spined larvae (mean < 400
pm) found in feces suggests that this parasite might
become patent in moose.

In conclusion, this paper provides a biological
and historical basis for further study of CSE, a signi-
ficant disease of native caribou that is caused by an
introduced parasite, E. rangiferi. Future work will
be complicated by the presence of P. andersoni that
does not cause neurologic signs but contributes to
verminous pneumonia and produces similar dorsal-
spined larvae in cervid feces.
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Simulating antler growth and energy, nitrogen, calcium and phosphorus
metabolism in caribou
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Abstract: We added antler growth and mineral metabolism modules to a previously developed energetics model for
ruminants to simulate energy and mineral balance of male and female caribou throughout an annual cycle. Body waret,
fat, protein, and ash are monitored on a daily time step, and energy costs associated with reproduction and body mass
changes are simulated. In order to simulate antler growth, we had to predict calcium and phosphorus metabolism as it
is affected by antler growth, gestation, and lactation. We used data on dietary digestibility, protein, calcium and phos-
phorus content, and seasonal patterns in body mass to predict the energy, nitrogen, calcium, and phosphorus balances of
a “generic” male and female caribou. Antler growth in males increased energy requirements during antler growth by 8
to 16%, depending on the efficiency with which energy was used for antler growth. Female energy requirements for
antler growth were proportionately much smaller because of the smaller size of female antlers. Protein requirements for
antler gtowth in both males and females were met by forage intake. Calcium and phosphorus must be tesorbed from
bone during peak antler growth in males, when > 25 g/day of calcium and > 12 g/day of phosphorus are being deposi-
ted in antlers. Females are capable of meeting calcium needs during antler growth without bone resorption, but phos-
phorus was resorbed from bone during the final stages of antlet mineralization. After energy, phosphorus was most
likely to limit growth of antlers for both males and females in our simulations. Input parameters can be easily changed
to represent caribou from specific geographic regions in which dietary nutrient content or body mass patterns differ
from those in our “generic” caribou. The model can be used to quantitatively analyze the evolutionary basis for deve-
lopment of antlers in female caribou, and the relationship berween body mass and antlet size in the Cervidae.

Key words: Cervidae, energetics, mineral nutrition, model, nutrient requirements, seasonal rhythm.
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Introduction

Antlers are among the most striking features of the
Cervidae. Despite the importance of antlers to beha-
vior and evolution of cervids, very little work has
been done on the nutritional physiology of antler
growth (Goss, 1995). In part, the lack of experi-
mental work is caused by difficulties in separating
metabolism for antler growth from merabolism
necessary for growth and tissue anabolism in live
animals (Brown, 1990). A further complication is
that it would be desirable to use an experimental
protocol which could monitor the status of energy,
protein, and mineral metabolism simultaneously on
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several individuals. Such experiments quickly beco-
me technologically challenging and prohibitively
expensive.

Simulation models are an alternative method to
increase our understanding of the nutritional physi-
ology of cervids. Most previous simulation models
for wild ruminants have been limited to the winter
months and dealt primarily with energy nutrition
(Hobbs, 1989; Miquelle er al., 1992). Some have
been extended to other seasons (Hudson & White,
1985; Fancy, 1986) and nitrogen metabolism has
been simulated (Swift, 1983). With the exception
of the model developed by Swift, these models have
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been developed to address specific questions about
the metabolism ofia single species. Swift’s model
could simulate many ruminant species with adequa-
te parameterization, but did not implement costs of
productive functions such as lactation or antler
growth. We have developed and validated a model
which is similarly adaptable with respect to rumi-
nant species, and which can simulate the energetic
costs ofigestation and lactation (Moen ez #/., 1997).

Caribou are unique among cervids in that both
males and females can grow antlers (Kelsall, 1968).
In addition, males have among the heaviest antlers
oft extant cervids in relation to body mass (Geist,
1987). These features are of interest from an evolut-
ionary perspective, both between male and female
caribou and among cervids in general. Our model
can be used to investigate previously unaddressable
questions on mineral metabolism (Brown, 1990;
Goss, 1993), and can be used to develop research
hypotheses to be tested on live animals. In this
paper we formally describe the equations required
to simulate antler growth and composition, and
present initial validation ofi the model with respect
to calcium and phosphorus metabolism during ant-
ler growth. We then use the model to demonstrate
the energy, nitrogen, calcium, and phosphorus
needs of adule male and female caribou throughout
an annual cycle. We would like to emphasize that
the input values for parameters such as antler mass,
body mass or seasonal changes in calcium and phos-
phorus content ofi forage can be easily changed to
represent the characteristics ofi caribou in a specific
area.

Methods

The foundation for our modeling work is the
Energetics and Activity Simulation Environment
(EASE), which simulates the energetics and meta-
bolism of a free-ranging ruminant (Moen e 4/,
1997). Unlike previous energetics models, the
EASE model was designed to accept “plug-in”
modules which simulate processes other than energy
metabolism, such as a spatially-explicit foraging
model (Moen et /., 1997; 1998), nitrogen metabo-
lism (Moen & DelGiudice, 1997), and the antler
growth model described in this manuscript. The
stochastic nature of many model parameters in the
EASE model is another unique feature that simula-
tes variability in real animals. Examples ofi such
parameters include browse digestibility, efficiency
ofi energy use for gestation, lactation, and mainte-
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nance, and the fat:protein catabolism ratio (Moen et
al., 1997). For parameters that are stochastic, para-
meter values are drawn from a normal distribution
with variation such that the coefficient of variation
is 5% of the mean value for the parameter each day.

The EASE model operates on a daily time-step.
Each day the energy balance is determined from for-
age intake and the energetic needs of maintenance,
activity costs, gestation, lactation, and antler
growth. If the simulated animal is in negative ener-
gy balance, body fat and protein are catabolized to
meet the energy deficic. Ifi the simulated animal is
in positive energy balance, fat and protein are depo-
sited. Nitrogen metabolism was added to the EASE
model and it was then used to predict urinary urea
nitrogen:creatinine ratios (Moen & DelGiudice,
1997).

To simulate antler growth, we were required to
add functionality in the following areas: (1) calci-
um and phosphorus metabolism, (2) antler mass
changes and (3) energetic requirements for antler
growth. Model parameters are defined in equations
1-22 with parameter values we used in the validati-
on and model experiment simulations. Most of
these parameter values have been derived directly
from the published literature on wild or domestic
ruminants. In a few cases, where experimental
results were not available, we estimated parameter
values based on related physiological processes.
These model parameters can be easily changed if
new data should become available in the future.

Simulation of calcium and phosphorus metabolism

The EASE model simulates the calcium and phos-
phorus stored in and flowing through the body (Fig.
1). The major storage depot for both calcium and
phosphorus is the skeleton, which contains about
99% of calcium and more than 75% of the phos-
phorus in the body (Agricultural Research Council,
1980). Both calcium and phosphorus can be resor-
bed from bone when metabolic needs can not be
met by forage intake (Braithwaite, 1983; Muir e
al., 1987a). Less than 20% of the bone mass can be
resorbed from a replete skeleton (Hillman et 4/.,
1973). Ash is 5.5% of the fat and ingesta-free body
mass in an animal with a replete skeleton in the
EASE model, and 4.5% in an animal which has
completely depleted the available minerals in its
skeleton. Calcium and phosphorus comprise 60%
and 30% ofi the available skeleton mass which can
be resorbed, respectively (MaxBoneCa and
MaxBonePhos, g). CaStatus and PhosStatus (unitless
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Fig. 1. Pathways calcium and phosphorus follow from

ingestion to excretion as implemented in the
simulation model.

fractions) range from 0.0 to 1.0 and indicate the
fractional skeleton repletion for calcium and phos-
phorus, respectively.

Calcium and phosphorus intake is determined by
the content of each of these elements in the diet.
Inta,éeCad (g Ca/day) is calculated from calcium
content in the diet, and Inm,éepbwd (g P/day) is
calculated from phosphorus content in the diet.
Availability of ingested calcium and phosphorus
depends on type of forage, mineral needs, and mine-
ral status of the animal (Braithwaite, 1983;
National Research Council, 1989).  Availability
increases as skeleton is resorbed, we use a base value
of 35% availability when the skeleton is replete,
which increases to 65% maximum availability
when mineral stores in the skeleton are completely
resorbed:

AvailFreCay = 0.35 + (1.00 — CaStatus,) 1)
AvailFrcPhos; = 0.35 + (1.00 — PhosStatus,) 2)

where AvaillrcCa,and AvailFrcPhos, are the availa-
ble fraction of calcium and phosphorus in forage on
day 4.

Available calcium (AwaillntakeCa, g Ca | day)
and phosphorus (AvaillntakePhos,, g P/day) are used
to meet daily requirements:

AvaillniakeCa, = AvailFriCa, - IntakeCa, 3
AvaillntakePhosy = AvailFrcPhos, - IntakePhos, (4)

The predicted daily requirements for endogenous
urinary calcium (EUCa,, g Ca/day) and endogenous
urinary phosphorus (EUPhos,, g P/day) are:
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EUCa, = 0.0025 - weightKG, 5)
EUPbhos, = 0.0003 . weightKG, 6)

where weightKG, is body mass in kg (Braithwaite,
1986; Muir et 2/ , 1987a).

The calcium and phosphorus leaving the rumen
via the intestinal tract is excreted in the feces. We
partition calcium and phosphorus in feces into
metabolic fecal, unavailable, and dietary surplus
fractions. The predicted daily requirements for
metabolic fecal calcium (MFCe, g Ca/day) and
metabolic fecal phosphorus (MFPhos,, g P/day) ate:

MFCa, = 0.0065 - WeightKG, %)
MFPhos, = 0.025 - WeightKG, (8)

The requirements for calcium are lower than has
been shown for domestic ruminants (Agricultural
Research Council, 1980), but similar requirements
have been measured in wild ruminants (Muir ez 2/.,
1987a; Grasman & Hellgren, 1993). Unavailable
calcium (UrAvaillntakeCa,, g Ca/day) and phos-
phorus (UnAvaillntakePhos,, g P/day) are calculated
from dietary intake of calcium and phosphorus and
availability:

UnAvaillntakeCa,y = IntakeCa, — AvaillntakeCa, (9)
UnAvaillntakePhos, =
IntakePhos, — AvaillntakePhos, (10)
The dietary surplus is calculated by difference bet-
ween intake and the utilization of calcium and
phosphorus for metabolic needs described below.
Calcium and phosphorus are required for gesta-
tion, lactation, and antler growth. If the animal is
pregnant, gestation requirements for calcium and
phosphorus (GestCa,, g Ca/day, GestPhos,, g P/day)
are predicted from the number of fetuses, weight of
fetus at birth (Table 1), and the day of gestation
(Robbins & Moen, 1975), assuming a calcium con-
tent in the fetus of 13 g/kg and a phosphorus con-
tent of 7 g/kg (Agricultural Research Council,
1980). Calcium and phosphorus are also required
for milk production if the animal is lactating
(LactCa,, g Calday, LactPhos,, g Plday). LactCa,and
LactPhos,; are predicted from the day of lactation,
the number of young suckled, a milk production
curve (Moen et 2/., 1997), initial and peak milk pro-
duction per day, and the content of calcium and
phosphorus in caribou milk (Robbins ez 2/, 1987;
Parker et 2/, 1990). Calcium and phosphorus are
incorporated into antlers (Ant/Ca; g Calday,
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AntlPhos,, g Ca/day) with calcium content of 36%
of ash and a phosphorus content of 18% (Brown,
1990). The ratio of Ca:P does not vary during antler
growth (Muir ¢ @/, 1987b). Prediction of antler
mass and ash content is desctibed below (Egs. 17-
22).

The net calcium and phosphorus balances
(NetCa,, g Calday, NetPhos,, g P/day) on a daily basis
are calculated by summation of each factor:

NetCa, = AvaillniakeCa,

—(EUCay+ MFCay; + LactCay+ AntlCa,)
NetPhos, = AvaillniakePbos,

— (EUPbos j+ MFPhos j+ LactP hos j+ AntlPhos ) (12)

an

Gestation, lactation, and antler growth parameters
are 0 when the animal is not pregnant, not lacta-
ting, or not growing antlers, respectively. A very
important implication of Eqgs. 11 and 12 is that cal-
cium and phosphorus are conserved; all sources,
sinks, and storage pools of calcium and phosphorus
are updated each day on the same time step to ensu-
re conservation.

If NetCayis < 0.0 and  CaStatus; is > 0.0, or if
NetPhos, is < 0.0 and PhosStatus; is > 0.0, then
resorption of mineral stores to meet mineral needs
occurs (ResorbCay g Calday, ResorbPhos,, g Plday).
We currently do not limit the mineral stores availa-
ble for resorption each day, i.e., MaxBoneCa*
CaStatus; could be resorbed in the model.
Although it is unlikely that the animal could resorb
its entire calcium or phosphorus reserves in a single
day, it is also unlikely, in a biologically accountable
model, that an excessive amount of mineral would
be resorbed on a given day.

If NetCay is > 0.0 and CaStarus; is < 1.0, or
NetPhos,; is > 0.0 and PhosStatus,; is < 1.0, then
repletion of the mineral stores occurs (AdsoréCay, g
Ca/day, AdsorbPhos,, g P/day). We allow up to 5%
of MaxBoneCa and MaxBonePhos to be resorbed each
day. We do not currently consider the negligible
amounts of calcium and phosphorus in fat and pro-
tein during anabolism and catabolism of body tissu-
es in the model. If there is still calcium or phos-
phorus remaining after adsorption to the bone, it is
excreted:

SurplusCay = NetCa,;— AbsorbCay
SurplusPhos; = NetPhos,— AbsorbPhos,

13)
(149

where SurplusCayand SurplusPhos, are the surplus of
each element (g/day). Fecal calcium and phospho-

88

rus (FecalCa,, g Ca/day, FecalPhos,, g P/day) are cal-
culated as:

FecalCa, =

UnAvaillntakeCay + MFCay + SurplusCay
FecalPhos,; =

UnAvaillntakePbos;+ MEPhos + SurplusPhos, (16)

15)

Simulation of antler mass and composition

Unlike changes in length, changes in antler mass
during antler growth are extremely difficult to mea-
sure experimentally. We ate aware of only 1 experi-
ment in which antler mass was determined throug-
hout the antler growth period (Muir e /., 1987b).
We used data from this experiment, cotroborated by
data on phenology and changes in length of antlers
of caribou, moose, and red deer (Bergerud, 1976;
Van Ballenberghe, 1982; Fennessy et 2/, 1992), to
predict changes in mass and composition of caribou
antlers.

Antlers are metabolically active until velvet is
shed. For about 75% of the period when velvet is
on the antler, antler length and mass is increasing.
Rapid mineralization and drying of the antler
occurs during the last 25% of the period. Antler
mass is predicted with a logistic equation during
the increasing antler mass phase in the first 75% of
the antler growth period (Eq. 17), and with a linear
decline in mass during the period of rapid minerali-
zation in the last 25% of the antler growth period
(Eq. 18):

AﬂlKGd =1.25. A”tKgAmlewPeviod

- (10 + 300 s 10.0-0.95+Arlr/Gmquiw/) (17)
AmKG, =
MaxAntlerKG + FreMing - AntMassDecline  (18)

where AmtKG, is antler mass in kg on day 4,
AntlGrowPeriod is the length of the antler growth
period in days, and MaxAmKG is antler mass at the
end of velvet shedding. In Eq. 18, FrcMiny, is the
fraction of the mineralization period completed, and
AntMassDecline; is the difference between antler
mass at the start of the mineralization period and
MaxAntKG, assuming antlers are 85% dry matter
at the end of velvet shedding (Muir ez &/, 1987b).
Parameters in Eq. 17 result in a peak antler mass
about 20% higher than antler mass at the end of
velvet shedding (Muir ez 2/ , 1987Db).

Antler tissue is composed primarily of water, pro-
tein, and ash. Antler ash is also predicted with a
logistic equation for the entire antler growth period
from data of Muir ez a/.:
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AﬂtF‘r‘[d = 107 . A”tFrCAnthmeeriﬂd
- (10 +125.0- r10.0-0.95+AmlGrome//d) (19)

where AshFrc, is the ash fraction of the antler, and
AntlGrowPeriod is the length of the antler growth
period in days. Antler organic matter, which is
essentially all protein (Brown, 1990) is predicted
from data in Muir et al.:

AshToOMratioy = 0.17 + 1.46 - FreGrowPeriod, (20)

where AshToOMratio, (unitless) is the ratio of ash to
organic matter 1n the growing antler, and
FreGrowPeriod, is the fraction of the antler growth
period on day 4. The organic matter fraction of the
growing antler (OMFrc,, unitless), can then be cal-
culated from the previously derived ash fraction in
the growing antler:

AshToOMratio,

AshFrc, 21)

OMﬂCd =

Finally, water content of the growing antler is cal-
culated by subtraction:

Waterfrcy = 1.0 — (OMfrc, + AshFrc) (22)

where WazerFre, (unitless) is fraction of water in the
antler on day 4.

Simulation of energy and protein vequirements

Daily energy and protein requirements have been
previously described for our model (Moen &
DelGiudice, 1997; Moen ¢t @/ , 1997). Briefly, ener-
gy needs are estimated in a factorial fashion, consi-
dering costs of basal metabolism, activity, gestation,
and lactation. With the addition of antler growth,
we needed to estimate the efficiency of energy use to
produce antlers, a parameter which is difficult or
impossible to obtain experimentally (Brown, 1990;
Goss, 1995). Because most of the organic matter in
antler tissue is protein, we used OMFrc, to predict
the amount of protein deposition in antlers each
day, and then estimated the efficiency of use of enet-
gy to be 25%, which is between the 13% efficiency
of energy use for gestation and the 40% efficiency of
energy use for lean tissue growth (ARC, 1980).
Antler mass was considered to be a portion of body
mass when antler tissue was metabolically active.
Energy requirements are assumed to decline linearly
to O during the period after the antler has stopped
increasing in length until the end of velvet shed-
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ding. This may underestimate the energy require-
ments for mineralization of antler tissue which
occurs after the antler has stopped growing and
before velvet shedding.

Protein metabolism is also calculated factorially,
although urea nitrogen recycling must also be
accounted fot in a simulation model. The recycling
rate of urea nitrogen is determined by the diet
nitrogen content and the animal’s energy balance
(Moen & DelGiudice, 1997). In order to simulate
antler growth, we modified the daily nitrogen
requirements by adding an additional nitrogen
sink, the antler, and assuming that antler protein
was 6.25% nitrogen.

Energy balance and body mass changes are pri-
marily determined by forage intake and digestibili-
ty input parameters. Activity budgets and energe-
tic costs of different activities were set as in (Moen et
al., 1997). In year-long simulations, we set energy
intake to approximately reproduce the observed
annual patterns of body mass changes in free-rang-
ing caribou (Kelsall, 1968; Adamczewski e /.,
1987; 1993; Huot, 1989). When simulating male
caribou, we reduced intake during a rutting season
of 10 days in early October to 40 kcal digestible
energy/kg®75 body mass. We did not increase acti-
vity costs during the rut (Miquelle, 1990). All of
these input parameters could be easily modified if
one wished to change energy costs of the rut or body
mass parameters in the future. Phenological pat-
terns in antler growth and reproduction were from
Bergerud (1976). We set annual patterns in forage
mineral content and digestibility according to the
published literature (Hyvarinen ¢ /., 1977; Chapin
et al , 1980; Staaland ¢t 2/ , 1983; Staaland & S=bg,
1993; Chase e «/., 1994). Diet digestibility was
highest in summer at 64%, and declined in winter
to 40%. Crude protein in the diet was 13.5% in
summer, and declined to 6% in winter. Calcium
concentrations ranged from 0.50% in winter to
0.75% in summer, and phosphorus concentrations
ranged from 0.30% in summer to 0.60% in winter.
Diet digestibility, crude protein, calcium, and phos-
phorus all followed seasonal patterns with smooth
transitions between minimum and maximum valu-
es (Moen et 2/ , 1997).

Model validation and simulation protocol

We validated the calcium and phosphorus compo-
nents of this model by simulating independent
published experiments on mineral balances and ant-
ler mass during antlerogenesis and comparing mea-
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sured calcium and phosphorus mineral balances to
calcium and phosphorus balances predicted by the
model (Stephenson & Brown, 1984; Muir e 4/,
1987a; Grasman & Hellgren, 1993). We also com-
pared predicted and measured fractional and absolu-
te contents of calcium in the antler. We have previ-
ously validated the energetics and nitrogen compo-
nents (Moen & DelGiudice, 1997; Moen et al.,
1997). The experiments used to validate the model
were not used in model development. We changed
input parameters which were specific to each experi-
ment (e.g., time of year, length of experiment, initi-
al body mass, start of antler growth period, food
intake and digestibility, dietary nitrogen, calcium,
and phosphorus) for each validation simulation.
The same compiled executable was used in validati-
on simulations for both red deer and white-tailed
deer, and for the initial model experiments with
male and female caribou.

We also set up a model experiment to determine
the effect of increased energetic costs for growing
antlers. In the first experiment, we changed the
efficiency of use of enetgy for antler growth from
0.25 to 0.133, the efficiency with which enetgy is
used for gestation by pregnant females
(Agricultural Research Council, 1980). In the
second experiment, in addition to decreasing effici-
ency of energy use to 0.133, we increased the energy
requirements of the entire antler by 10 kcals/kg07>
of antler mass.

We began model experiments on the first day of
antler growth for male caribou, and the first day of
lactation for female caribou. Male caribou began
simulations weighing 150 kg with 5% body fat on
Julian day 120, the first day ofiantler growth. Male
and female antlers weighed 10 and 1 kg at the end
of velvet shedding, respectively. The antler growth
period (AntlGrowPeriod, eq. 17) was 125 days for
both males and females. Female caribou carried a
single fetus through gestation, nursed the calf for
120 days, and grew antlers weighing 1 kg at the
end of velvet shedding. Females began simulations
weighing 80 kg with 5% body fat on Julian day
143, the day a single 5 kg calf was born after a 220
day gestation. The first day of antler growth for
females was Julian day 166. Rumen weight varied
seasonally (Adamczewski ez /., 1987) from 10% of
body mass in summer to 14% of body mass in win-
ter. Milk production increased from 1.25 l/day at
birth to 1.75 l/day at peak lactation 1 week after
birth, then declined exponentially until lactation
ended when the calf was 125 days old. Milk was
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Fig. 2. Simulation of (a) calcium partitioning in adult
red deer during antler growth and (b) phosphorus
partitioning in adult male white-tailed deer
throughout the year. Intake of each element in
the model was equal to intake by experimental
animals, and partitioning between urine, feces,
and antlers was predicted. Solid symbols repre-
sent model output, hollow symbols of the same
type are experimenral resulrs.

11% fat, 7% protein, 0.3% calcium, and 0.25%
phosphorus (Robbins ez #/., 1987; Parker et al.,
1990). CaStatus and PhosStatus were both set to 0.50
at the start of the simulations.

Energy costs of different activities, and activity
budgets for each day are provided in Moen et 4/.
(1997). The simulated activity budgets approxima-
te activity budgets of free-ranging non-migratory
ruminants and resulted in activity costs of about
20% of basal metabolic rate each day (Boertje,
1985; Fancy, 1986). Each experiment was replica-
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ted 30 times. Conditions among replications in
each experiment were identical except for stochastic
variation in the EASE model.

Results

Validation

Independent validation simulations were done by
simulating experiments that were not used in
model development. Predicted calcium partitioning
of red deer and white-tailed deer and phosphorus
partitioning of white-tailed deer throughout the
year to utine, feces, and antlers corresponded with
measured values across a wide range of calcium and
phosphorus intakes (Fig. 2). Fecal production of cal-
cium corresponded well with measured values (Fig.
2a), but the model slightly over-predicted fecal
phosphorus at low dietary phosphorus intakes (Fig.
2b). We also compared measured absolute and frac-
tional contents of calcium in growing antlers of red
deer (Muir ¢ /., 1987a) to those predicted by Egs.
17 - 22. Predicted and observed calcium fractions in
the antler were not different (paired #-test, z5 =
0.24, P > 0.81), nor was the absolute amount of cal-
cium present in antlers (paired z-test, 5 = 0.47, P >

0.65).

Model Experiments

Antler composition

Most of antler ash was deposited in the latter half of
the antler growth period (Fig. 3). Water content
peaked about midway through the antler growth
period, then declined to 15% at the end of velvet
shedding (Eq. 18). Antler ash, including calcium
and phosphorus, increased throughout the antler
growth period, and antler protein declined slightly
(about 100 g in the 10 kg male antlers) during the
last week of the velvet shedding period. Water
comprised > 60% of antler mass until about the
80th day of growth, shortly before maximum antler
mass was reached and mineralization rate increased.
The high water content of developing antler is cor-
roborated by the only published report on composi-
tion of developing antlers we are aware of (Ullrey,
1982) and follows that measured in the study used
to derive egs. 17 - 22 (Muir ef «/., 1987b).

Energy Partitioning

Peak energy requirements for antler growth were no
more than 1200 kcal/day for the male using our ini-
tial estimate efficiency of energy use for antler
growth, and far lower for the female (Fig. 4a,b).
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Fig. 3. Predicted antler mass and composition during

the 125 day antler growth period for a pair of 10

kg antlers from a caribou bull.

During the period when antlers were growing,
about 4.5 and 25 times more energy was expended
on deposition of fat and protein than on antler
growth in males and females, respectively. Antler
growth increased energy requirements by 8.5% and
1.5% during the antler growth period for males and
females, respectively. Energy required for antler
growth by females was much less than energy requi-
red for lacatation or gestation.

The low energy requirements for antler growth
are due to our estimate of 25% efficiency of energy
use for protein deposition in growing antlers and
maintenance metabolism for the remainder of the
antler. When we decreased the efficiency of energy
use to 13.3% in Experiment 1, the male had to
increase energy intake by 9% to maintain the same
body mass, and energy required for antler growth
increased to 14% of total energy requirements
during the antler growth period. When we decrea-
sed the efficiency of energy use and increased the
cost of maintaining antler tissue in Experiment 2,
the animal had to increase energy intake by 23% to
maintain a similar body mass, and energy require-
ments for antler growth increased to 16% of total
energy requirements. In Experiment 2, the peak
energy required for antler growth was about 60% ofi
the basal metabolic rate, and energy requirements
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for antler growth averaged 25% of basal metabolic
rate during the period of antler growth.

Nitrogen Partitioning

Most of the ingested nitrogen from plant material is
excreted in either feces or urine on a diet which is
13.5% protein in summer (Fig. 4c,d). Nitrogen is
incorporated into antlers and muscle protein in the
summer by males, but the total amount incorpora-
ted is < 20% of the amount of nitrogen excreted
each day. Nitrogen requirements for females are
higher because of requirements for gestation and
lactation, but are still less than the amount excreted
in summer. Nitrogen excretion declines in winter
because dietary nitrogen content is low, forage inta-
ke decreases, and the nitrogen recycling rate increa-
ses.

Calcium Partitioning

Contrary to previous work with smaller antlered
cervids, annual calcium requirements for male cari-
bou are much larger than calcium requirements for
gestation, lactation and antler growth in female
caribou (Fig. Sa,b). For these simulations, annual
calcium deposition in antlers was 1.9 kg in the
male, compared to the 0.4 kg of calcium required
for gestation, lactation, and antler growth in fema-
les. Calcium deposition in antlers by males was
more than 25 g/day from day 66 to day 96 ofiantler
growth. From days 55 to 96 of antler growth 0.1
kg of calcium was resorbed from the skeleton and
deposited in the antler, maximum resorption was <
6 g/day. This represented about 5% of the total cal-
cium in the antler, and > 25% ofithe calcium which
could be resorbed from the skeleton before CaStatus
became 0.0. These resorption rates are specific to
the antler mass and calcium intake conditions of
this simulation, but do demonstrate when calcium
is likely to be in most demand under other condi-
tions.

Phosphorus Partitioning

For these simulations, annual phosphorus require-
ments for antler growth in the male were 0.95 kg,
compared to the 0.25 kg of phosphorus required for
gestation, lactation, and antler growth in females
(Fig. 5c,d). Phosphorus deposition in antlers by
males was more than 12 g/day from day 65 to day
97 of antler growth. The male resorbed 0.1 kg of
phosphorus from the skeleton and deposited it in
the antler from days 47 to 101 of antler growth,
with a maximum resorption rate of 4.5 g/day. This
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represented > 50% of the phosphorus which could
be resorbed from the skeleton, and about 10% of
the phosphorus in the male’s antler. More resorpti-
on of phosphorus than calcium was required because
of the lower concentration of phosphorus in the
diet. As with calcium, these resorption rates are
specific to the antler mass and phosphorus intake
conditions of this simulation, but do demonstrate
when phosphorus is likely to be in most demand
under other conditions.

Discussion

Our results have important implications for under-
standing the partitioning of energy and nutrients to
antler growth in caribou, and provide quantitative
predictions of the daily requirements for energy,
nitrogen, calcium, and phosphorus throughout the
antler growth period. Energy required by males for
growing antlers and increasing body mass required
an intake rate up to 4.5 times the basal metabolic
rate, depending on the efficiency with which energy
was used for antler growth, a parameter that has not
been determined experimentally. This approaches
the maximum predicted energy requirements for
female white-tailed deer nursing 2 fawns (Moen,
1978). Most of the energy intake of males in sum-
mer was used to meet maintenance requirements
and for deposition ofifat and protein. Energy requi-
rements for antler growth in females were very low
relative to other energy requirements. Strong selec-
tive pressures for growth of antlers in female cari-
bou would exist if females can grow small antlers at
a low energetic cost in summer, and then increase
energy intake in winter through the behavioral
dominance conferred by the presence of even small
antlers.

The more negative balance for phosphorus than
calcium was somewhat unexpected, given experi-
mental work with white-tailed deer (Grasman &
Hellgren, 1993). However, as those authors sugge-
sted, caribou would be the cervid species most like-
ly to be phosphorus limited. The animal was in a
more negative phosphorus balance because plant
concentrations of phosphorus were lower than plant
concentrations of calcium. During the period of ant-
ler growth in males, the bone Ca:P ratio increased
from a normal value of about 2.0 to about 3.3 when
calcium and phosphorus were uncoupled in bone
resorption. This ratio may be higher than is physio-
logically acceptable, suggesting that some of the
bone calcium should have been resorbed and excre-
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ted in our simulations with male caribou. An alter-
native mechanism to maintain a constant Ca:P ratio
would be to increase the availability of phosphorus
(Eq. 2, AvailFrcPhosy) at a faster rate as bone phos-
phorus was depleted (Grasman & Hellgren, 1993).
Demonstrating resorption of bone does not imply
that phosphorus limitation has occurred, as resorp-
tion of bone for antler growth is a normal physiolo-
gical process (Banks et /., 1968a; b). Daily balance
of phosphorus is less important than the seasonal
balance, provided that resorption requitements on
any single day of antler growth can be met.

There are some specific biological situations we
do not consider in the model in its current state,
and other areas where additional research would
improve the model. For example, should an animal
grow antlers when it is in negative energy balance
in late winter and early spring, or should it just pre-
pare antlers physiologically for growth, and begin
growing as soon as spring flush of growth appears?
The latter case would appear to be supported by the
logistic increase in antler length observed in cer-
vids. Antler composition during the first week of
antler growth is predicted by extrapolation in the
model. Experimental data from the first week of
antler growth would be desirable, but given the
relatively small antler mass during the first week of
antler growth we feel that the extrapolation is
acceptable, particularly since the alternative is to
"do nothing”. This is the type of data that could be
collected opportunistically from caribou that are
accidentally killed while antlers are growing.

The model does not currently adjust antler den-
sity. However, the model could be used to predict
the effects that changes in antler density have on
overall mineral requirements during antler growth.
Another unresolved issue is how the animal should
adjust antler growth or lactation if either phospho-
rus or calcium are completely depleted from bone.
At the extremes of depletion, death would occur
(Hyvarinen et «/., 1977). Prior to death, however,
could the animal modify its foraging strategy so
that it ate only those plants highest in available
phosphorus? Results of the model suggest that peak
requirements for antler growth in males would be
shortly before the antler has stopped increasing in
length. Selective foraging for high phosphorus
plants could be tested by observation of food habits.
A related issue is whether calcium and phosphorus
status (CaStatus and PhosStatus) should be coupled
more tightly in the model, to prevent the high Ca:P
ratios in bone that we observed in the model as it is
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currently formulated. Coupling calcium and phos-
phorus status would have little effect on model
results, only a small reduction in body and ash mas-
ses would occur.

Requirements for antler growth appear to be
generalizable to the point that the same set of equa-
tions can be used to predict antler mass and compo-
sition for most if not all cervid species. Even
though data on antler mass during growth are only
available for red deer, patterns in changes of length
of growing antlers are similar for red deer, moose,
and caribou when scaled appropriately (R. Moen,
unpubl. data). The set of 6 equations required to
predict antler mass and composition (Eqs. 17-22)
present the opportunity to develop many testable
hypotheses on antler composition and growth for
caribou, and also for cervids in general.

This simulation model represents a summary of
current knowledge about cervid physiology, specifi-
cally energy, nitrogen, calcium, and phosphorus
metabolism. We used it to predict the annual ener-
gy, nitrogen, calcium, and phosphorus metabolism
in both male and female caribou on a daily time
step. We believe that the integration of energy,
nitrogen, calcium, and phosphorus metabolism
within the same simulation is a strong test of the
biological accountability of model predictions. The
modeling effort identified several areas where
research would result in an improved simulation
model, and also would result in improved know-
ledge oficaribou biology.
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Abstract: Over 20 000 woodland caribou were reported in Ontario during 1966, the highest figure ever published.
Photographic counts ofithe Pen Islands herd, bordering Manitoba, have shown constant increases from 2300 in 1979 to
10 800 in 1994. Elsewhere in Ontario, estimates have been declining, from 13 000 in 1965 to 11 000 in 1989 to under
10 000 in 1996, a trend that may or may not be real because of differing survey methods. On the Hudson Bay Lowlands
(excluding the Pen Islands caribou) 8600 were reported in 1965, 7200 in 1989, 5500 in 1996, an apparent decline. The
transitional fotest populations has remained stable. Estimated caribou numbers inhabiting the ttue boreal forest have
dropped from nearly 4000 in 1965 to 2700 in 1996, but this decrease was not confirmed by careful within-district bre-
akdowns of sub-populations by habirtat types and may be an artifact oficlassification from districts to regions. The shar-
pest decrease was reported for the Central Region, north east of Lake Superior, where

estimates dropped from 500 in 1965 to 475 in 1989 and to 68 in 1996. Individual caribou bands approach recognized
minimum numbers for isolated populations, and even totals by sub-population remain low: over 1 300 in commercial
forests, about 500 in potentially commercial forests, and 8-900 in parks. Due to small numbers in widely dispersed

band-locations, the potential for human disturbance affecting these forest dwelling caribou is substantial.

Key words: Rangifer tarandus caribou, population, trends.

Introduction

Extensive areas, dense forests, and small, widely-
spaced bands make estimating numbers of caribou
in Ontario difficult. Present methods remain impre-
cise, yet attempts must be made in order to deter-
mine current status. Woodland caribou once ranged
south to about 46 degrees latitude in Ontario, but
by 1993 their contiguous range extended south-
ward only to about 50 degrees (Cumming &
Beange, 1993). Most authors (DeVos & Peterson,
1951; Cringan, 1957; Simkin, 1965; Darby & 4.,
1989; Cumming & Beange, 1993) have assumed
related decreases in caribou numbers, and ascribed
them directly or indirectly to expanded human acti-
vities in the forest. Thus the question of caribou
numbers addressed in this paper has immediate
implications for caribou management and conserva-
tion, and for forest management in Ontario. Overall
estimates, alchough useful for global planning, may
conceal changes within component populations that
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might require management response. Thus, in addi-
tion to compiling total numbers for Ontario, this
paper breaks down che overall figure into estimates
for individual populations, and suggests manage-
ment implications.

Methods

Woodland caribou currently range over che
Precambrian Shield in Ontario from Hudson Bay to
Lake Superior, an area that grades from open mus-
keg to full boreal foresc. Ahei (1967) classified chis
area into 7 regions and Simkin (1965) provided
population estimates for 6 of these. I have used
them once more in this paper so that comparisons
with previous estimates would be possible. Coastal
Tundra Belt and the Sub Arctic Lichen Belt
(combined by Simkin, 1965) constitute the Hudson
Bay Lowlands; Ahri (1967) considered che lateer the
best lichen range in Ontario. To the south lies an
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ecotone between the muskegs of the north and the
true boreal forest ofithe south, recognized by (Ahti,
1967) as the Northwestern Region and the Eastern
Swamp Region. In the boreal forest itself he identi-
fied the Western Rock Region, the Nipigon-
Superior Region, and the Central Region.

Cumming & Beange (1993) showed a northern
limit to commercial forests in Ontario. This line
includes as commercial the three southern regions,
except for the northwestern corner of the Western
Rock Region; on the other hand, it includes as com-
mercial a small southern corner of the
Northwestern Region, and a belt along the southern
boundary ofi the Eastern Swamp Region. Thus the
regions cannot be assigned exactly to the non-com-
mercial/commercial split but the included and
excluded areas approximately balance so summaries
proclaim the three southern regions as commercial
forest.

The information for this paper was collated from
estimates ofi caribou numbers provided for 13 dis-
tricts of the Ontario Ministry of Natural Resources
(OMNR) by district biologists and other manage-
ment personnel. OMNR personnel in each district
were asked to examine, revise, and return tables
with previous estimates by district (Cumming &
Beange, 1993). New tables were returned to each
respondent for corrections and modifications.
Finally, telephone calls and Faxes helped to sort out
problem areas. Unfortunately, district boundaries
have changed and personnel moved so that exact
comparisons among districts are not always possi-
ble. Compilations provided estimates for larger are-
as with fewer boundary problems, and for the pro-
vince as a whole.

Field survey methods differed widely among dis-
tricts due to the diversity of habitat conditions and
caribou numbers. Pen Islands caribou, living main-
ly in open country, were counted feom aerial photo-
graphs (Abraham & Thompson, 1998), undoubted-
ly the most reliable method used by anyone contri-
buting information. Elswhere in open country, tran-
sects similar to those initiated by Simkin (1965)
have been continued by Thompson (1986) and
others, but in forested country such methods are not
possible. Direct aerial counts ofi caribou on rando-
mized plots, such as those carried out for moose in
Ontario since 1956 (Cumming, 1958; Bisset &
McLaren, 1995) are not feasible for caribou, nor do
they make sense for a species so scarce and widely
distributed, but moose surveys occasionally contri-
buted knowledge about caribou by locating ran-
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domly selected survey plots in places where aircraft
otherwise would seldom fly, but where caribou were
found.

Less reliable methods can provide some ideas of
caribou numbers in places where preferable met-
hods are not possible. Caribou can be counted when
they move onto frozen lakes during March and
April; however, because observed proportions ofithe
bands can seldom be guessed, the counts provide
only minimum estimates, perhaps supported by
other information (e.g.,, Cumming & Beange,
1987). When tracks are few, numbers of animals
can be determined, but in larger track complexes
this becomes impossible.

Recently, increased efforts at determining use of
forest stands by caribou for forest planning have
located new caribou bands in several districts.
Subsequent efforts to follow movements with the
ARGOS satellite tracking system (Craighead &
Craighead, 1987) have provided increasingly accu-
rate ideas about numbers.

Results

Compiled 1996 data totaled 20 757 caribou (Table
1), the highest estimate ever published for Ontario
(compared with 1300-3000 estimated by DeVos &
Peterson, 1951; 7200 by Cringan, 1957; 12 555
by Simkin, 1965; and 15 682 by Darby et al.,
1989). The largest component population, the Pen
Islands herd estimated at 10 798 animals (Table 1),
contributed over halfi the caribou in Ontario.
Having increased steadily in numbers from 2 300 in
1979, they also represent the only Ontario popula-
tion that is unquestionably growing, or immigra-
ting (Abraham & Thompson, 1998).

Apart from these Pen Island caribou, district
estimates ranged from 12 to 4500 caribou (Table 1).
With this great variation, total numbers have little
meaning. Even district comparisons are difficult as
they may change dramatically over time for reasons
that are not always clear. Some, like those for
Cochrane District (32 for 1996 v.s. 373 by Darby e
al., 1989) may be due to movements of caribou
across borders (see note Table 1). Others districts, as
with Dryden (25 vs. 7), report changed numbers
due to shifts in district boundaries. Many district
estimates appear to vary greatly because numbers ofi
caribou are so few that counts change from year to
year. A few estimates are identical with those of
Darby ez 2/. (1989) because no new estimates are
available from remote areas where expense and
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logistics prohibits annual estimates. Although most
differences can be explained, they ate so numerous
that district by district comparison is not very fruit-
ful.

To reduce difficulties in assigning counts to dis-
tricts, estimates were collated within the 6 caribou
habitat regions (Table 2) used by Simkin (1965).
Even in these larger units, assigning estimates pro-
ved difficult, and at least some ofithe apparent diffe-
rences may result from mis-classification of districts
into the larger regions. To further reduce classifica-
tion difficulties, regions were grouped in pairs
according to habitat type.

The Sub-Arctic Lichen Belt appears to have pro-
gressively decreased from 6976 in 1965 to 3273 in
1996, only halfi of its former size (Table 2). The
Eastern Swamp Region, on the other hand, is at
least holding its own. However, the decrease in the
first region is such that the two regions combined
also show a progressive decrease. Estimates for the
Northwestern Region have increased substantially,
while those for the Western Rock region have
decreased. These changes raise suspicions that the
differences may be due to the difficulty in assigning
districts to regions. Indeed, the combined total for
these two regions shows no apparent trend.

In a similar way, the Nipigon-Superior Region
shows gradually increased estimates while the
Central Region has shown a remarkable decrease.
In this case, the overall trend for the combined regi-

ons remains downward. Furthermore, the sum for
the True Boreal Forest was also slightly downward.
The totals for Ontario, excluding the Pen Islands
herd, have also gradually decreased over this period
(Table 2).

Mote precise comparisons can be made over a
shorter term by comparing estimates for 1990 with
those for 1996 (Table 3). These data show increases
in estimates oficaribou numbers: from approximate-
ly 800 to 1300 in the commercial forest, 400 to 480
in the potentially commercial forest, and 600 to
800 in parks and other protected areas. The total
estimate for the commercial portion of the boreal
forest doubled during those 6 years, probably due to
increased effort at finding caribou bands.

Discussion

Caribou near the Pen Islands may have migrated
from farther north in the early 1970’s (Abraham &
Thompson, 1998), and they continue to move in
and out ofiManitoba, but they constitute the largest
and fastest growing population in Ontario. Those
on the Hudson Bay Lowlands, in contrast, may have
been declining. For the Lowlands caribou, habitat
disturbance has changed relatively little over hun-
dreds of years, but they have been subjected to rela-
tively heavy hunting, a possible cause for the appa-
rent decline. Caribou in the transition zone face
relatively little habitat disturbance and less hun-

Table 2. Comparisons of 3 sets of estimates (1963, 1989, 1996) in regions reported by Simkin (1965) (excluding Penn

Island caribouy).

Region Simkin (1965) Darby (1989) Present (1996)
Sub Arctic Lichen Belt 6976 4528 3273
Eastern Swamp Region 1590 2709 1761
Total Hudson Bay Lowlands 8566 7237 5034
Northwestern Region 232 2320 2250
Western Rock Region 2857 44 1820
Total Western Transitional 3089 2364 4070
Nipigon-Superior Region 400 806 787
Central Region 500 475 68
Total Eastern Boreal 900 1281 855
Total commercial forest® 3989 3645 2675
Totals for Ontario 12555 10882 9959

* See note Table 1.

® Including the Western Rock Region, Nipigon-Superior Region, and Central Region.
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Table 3. Estimates of caribou numbers for 1996 in the
commercial portion of Ontario’s boreal forest
compared with those reported for 1990 by
Cumming & Beange (1993). Increases were
believed due mainly to finding additional cari-

bou bands.
Reported for Current
1990* 1996
In current commercial forests 828 1328
In potential commercial forests 400 481
In parks and undisturbed islands 600 839
Total estimate for boreal forest
area of Ontario 1828 26480

* Cumming & Beange, 1993.
* The difference from Table 2 is due to a finer breakdown
among habitat categories within districts.

ting; they seem to be holding their own. In the
more southerly portions of the true boreal forest,
habitat disturbance has been widespread. Although
changes in distribution suggested substantial decli-
nes prior to 1965 (Cumming & Beange, 1993), the
evidence for continuing decline is less clear. The
Central Region reported fewer caribou than previ-
ously, but in more westerly regions, discovery ofi
new caribou bands offset any losses in numbers.

The further breakdown ofi Boreal Forest caribou
into 3 sub-populations (Commercial, Potential
Commercial, and  Protected) provided similar
advantages. Caribou estimates for the true boreal
forest after an apparent decline from 1965 to 1989
showed an apparent increase, not only in the totals,
but also for commercial forests, potentially com-
mercial forests (i.e. may be designated commercial
in the next few years) and in parks. However, most
ofi the increase appeared to be in commercial forests
where increased efforts at identifying stands suppor-
ting caribou revealed previously unknown bands.
Parks continue to harbor substantial numbers (total
839-964 caribou, with over 600 of these supplied
by Wabakimi and Slate Islands parks.

Implications for management

Thomas (1998) maintains that estimates of caribou
(Rangifer. tarandns) numbers contribute little toward
setting management goals. This view may be true
for barren-ground caribou, but for woodland cari-
bou with their modest, widely separated bands, the
importance of dispersion information (how many
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and where) can scarcely be doubted. Management
goals for very small caribou herds, such as 25-30
Selkirk caribou shared between British Columbia
and neighboring states (Freddy 1979) must differ
widely from those for very large ones, e.g. the 800
000 George River herd (Couturier e #/., 1996). In
Ontario the question is, "Which populations should
be managed toward which goals?”.

The growing Pen Islands herd is probably being
under-harvested; management goals might include
increased hunting to approach a sustained yield.
Other caribou in the Hudson Bay Lowlands show
some evidence ofi decrease since 1965. In this situa-
tion, management must involve decisions regarding
allowable surpluses, effects of snowmobiles, whet-
her legal hunting by non-natives should be intro-
duced, and similar concerns. Thus, management of
both the Pen Island population and the remaining
Hudson Bay Lowland caribou should aim at sustai-
ned yield, but from opposite directions. Caribou in
the transition forests show continuing good popula-
tions and are threatened by neither hunting nor
habitat disturbance. Little management is necessary
at the present time.

Management of caribou in the true boreal forest
faces other problems. Caribou are occasionally hun-
ted by aboriginal people, but they prefer moose
(Hamilton, 1984), and legal hunting has not been
permitted since 1929. On the other hand, caribou
bands have been lost along the southern limits ofs
their distribution throughout this century, appa-
rently due to habitat change (Cumming & Beange,
1993). There is widespread agreement that this
northward retreat must be stopped to retain any
caribou in the commercial forest. The currently hig-
her estimates of caribou numbers relieve concern to
some extent, but do not remove it. The 50:500 rule
(50 animals for short term survival, 500 for the long
term, Soulé, 1987) must be at least doubled, per-
haps tripled, for a caribou population to include the
many non-breeding animals. At double the estima-
tes by Soulé (1987), there temain plenty of caribou
in the boreal forest as a whole for long term survi-
val. But these caribou are widely dispersed in bands
not exceeding 500, most 150 or less. They probably
always have been (Simkin, pers. comm.). In the past
genetic exchange among caribou bands was assured
by movement ofiindividuals between bands. Radio
telemetry has supported this idea by showing that
caribou travel extensively, visiting other caribou
bands with which they do not regularly associate
(Cumming & Beange, 1987), and this finding has
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been confirmed by recent ARGOS tracking (Gollat,
pers. comm.). However, if the large caribou bands,
in and out of parks, become the only ones in the
commercial forest, such exchange is no longer assu-
red. To guarantee future presence of caribou in the
forest, a network of small caribou bands must be
retained among the larger aggregations to perpetua-
te genetic variety. Survival ofi even the larger bands
and park caribou may depend on retaining these
linkages. Caribou in the boreal forest must be
managed with the goal of species richness: no speci-
es should be lost from the original ecosystem com-
plex, least of all, these striking, large, and histori-
cally important woodland caribou. Managers might
rely on parks for continuance of caribou presence in
the commercial portions ofi the boreal forest of
Ontario, but with Wabakimi and Slate Islands
parks contributing over two thirds of the animals,
numbers in the remaining parks appear too low for
any confidence of survival even in the short term,
and their wide spacing almost ensures island-like
isolation. As for resource managers, it would be pro-
fessionally unthinkable to manage the forests ofi
northern Ontario in ways that would result in one
of the most important indigenous species being lost
from our forests. Every band saved by maintaining
suitable habitat helps keep these caribou a step fur-
ther from such a fate.
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Abstract: Recent research has shown that woodland caribou in Saskatchewan exist as relatively separate populations
within a metapopulation. Preliminary analyses show that individuals within all populations are selecting peatland habi-
tat types (i.e., fens and bogs) throughout the year. Despite an absence of hunting, populations south of the Precambrian
shield appear to be declining slowly, while those on the southern margin of the shield may be declining more rapidly.
The apparent population decline is likely due to high tates of predation, especially on neonates. To maintain viable cari-
bou populations in the region, forestry operations must be managed to maintain adequate amounts of preferred habitat
types and connections among populations. At a coarse scale, preferred habitat is that which acts as a refuge from preda-
tors. Addirional information is required to categorize specific peatland types, as data in the existing provincial forest
inventory are inadequate for both selection analysis and management purposes. Ongoing research into revisions to the
forest inventory and analyses of bog and fen rypes selected by caribou are needed to focus future management strategies.

Key words: demography, forestry, habitat,management, metapopulation, peatland, population.

Background

Woodland caribou (Rangifer tarandus caribou) in
Saskatchewan range from the southern limits of the
ranges occupied by the Beverly and Qamanirjuaq
herds to the southern margin of the boreal forest
(Fig. 1). Kelsall (1984) estimated the provincial
population at 2500 animals (ca. 0.01 caribou-km?)
and Edmonds (1991) considered all woodland cari-
bou in the province to belong to the boreal ecotype.
Furthermore, Ruttan (1960) observed few interac-
tions among individual groups of caribou in the
region, suggestive of several populations within a
metapopulation (sensu Wells & Richmond, 1995).
Rock (1992) concluded that most human impacts
on caribou habitat in Saskatchewan have been
restricted to the area south of the Churchill River,
particularly in the area south of the Precambrian
shield that contains the province’s commercial fore-
stry operations (Fig. 1). In 1966 the province’s first
pulp mill was constructed, and road building began
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in the southern boreal forest. Logging and other
habitat disturbances that favour early seral stages
are thought to support higher moose (Alces alces)
and white-tailed deer (Odbcoilens virginianus) densiti-
es, leading to a subsequent increase in wolfi (Canis
lupus) density (e.g., Schwartz & Franzmann, 1989).
Holleman & Stephenson (1981) documented the
preference of wolves for caribou and other small
ungulates when they were available. An increase in
moose density can therefore facilitate predation on
caribou by wolves (Bergerud & Ballard, 1988).
Although wolves have been observed preying upon
caribou throughout the region, moose and white-
tailed deer have been thought to be more common
prey (Ruttan, 1960; Trottier, 1986).

Prior to the mid 1980’s, data available on caribou
demography were largely limited to information on
the success rates of sport hunters. The provincial
licensed caribou harvest peaked in the early 19707,
and was followed by 13 years of steadily declining
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Fig. 1. Distribution of caribou in Saskatchewan showing

location of identified woodland caribou popula-
tions.

hunter success rates prior to a moratorium being
put in place in 1987 (Rock, 1992). Hunter success
rates declined by an order of magnitude during this
period. Though the use of population trend data has
been characterized as unreliable in recent literature
(e.g., Bradshaw & Hebert, 1996), the dara used by
Rock (1992) were collected in the same area by the
same method over a 20 year period and they show a
clear trend of decline. Rock (1992) reported that
hunting was the likely proximate cause for the
observed decline. Local reports indicated that incre-
ased hunting followed the increase in logging acti-
vity and road construction, and resulted in the
decline or disappearance of many local caribou
populations (Trottier, 1988). The pattern of decline
or extirpation of woodland caribou populations fol-
lowing human activity has occurred across North
America (Bergerud, 1974).

From the limited data available, Rock (1992)
concluded that the birth rate of caribou in the regi-
on was high, but that both calf and adult survival
rates were low. Minimal levels of subsistence hun-
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ting (Troteier, 1986) and the end of sport hunting
should have produced an increase in the caribou
population in the absence of major limiting effects
of food shortage, disease, or predation. Rock (1992)
speculated that the northern portion of the region
was likely to contain the best remaining caribou
range based on a history of limited logging activity
and his assessment of the quality of the available
habitat types in the area. Edmonds (1991) sugge-
sted that the required information on caribou in
Saskatchewan should include a provincial caribou
inventory and the acquisition of data on the size and
status of various herds, as well as the delineation of
caribou range.

Recent research

The first major study of woodland caribou in
Saskatchewan was conducted between 1992 and
1996 with the objectives of assessing habitat selec-
tion and demographic performance of caribou south
of the Churchill River (Fig. 1).

Demography

Caribou in central Saskatchewan are segregated into
several populations with few interactions among
individuals from different populations (Rettie &
Messier, in press). This finding supports the obser-
vations reported in Ruttan’s (1960) work, as well as
more recent results in Alberta (Stuart-Smith e #/.,
1997).

Rettie & Messier (in press) discussed demography
of the woodland caribou metapopulation in central
Saskatchewan and their findings are summarised in
Table 1. Adult mortality of caribou in the region
was similar to that reported for other populations
thought to be in decline (e.g., Fuller & Keith, 1981,
Stuart-Smith e 4/, 1997). Rettie & Messier (in
press) suggested that the metapopulation was not
food limited based on their observations of early
reproductive maturity, a high pregnancy rate, and a
high parturition rate. They calculated the rate of
increase from 1993-1996 survival and recruitment
data and attributed the low rate of increase to high
rates of predation on neonates and adult animals.
Although Rock (1992) speculated that the more
northerly portions of the study area would contain
the best caribou habitat owing to lower levels of
human disturbance, Rettie & Messier (in press)
found the poorest demographic performance
(r = -0.16) among animals in this region. The meta-
population does not appear to be increasing despite
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Table 1. Demographic performance of woodland caribou in central Saskatchewan based on data from 1993-1996 (from

Rettie & Messier (in press)).

Parameter Value*

Adult survival rate (# = 63.6 caribou radio-tracking years) 0.84 = 0.05
Conception rate of females at 16 months (n = 5 cows) 1.00 = 0.00
Pregnancy rate (z = S1 cows) 0.94 = 0.03
Minimum parturition rate (# = 28 cows) 0.86 + 0.07
Calf:cow ratio (March) (n = 223 cows) 0.28 + 0.03
Metapopulation rate of increase -0.05 + 0.06

* All rates and ratios presented as mean annual values + 1 SD.

a ban on sport hunting and reportedly low levels of
subsistence hunting. Rertie & Messier (in press)
suggested that high levels of ptedation arising from
(1) higher densities of black bear (Ursus americanns)
and (2) an increase in wolf numbers in response to
expanding moose and deer densities, were the proxi-
mate causes of the lack of population growth.
Increased predation, especially on caribou neonates
may be independent of caribou density and may
ultimately be linked to habitat changes following

logging.

Habitat selection

The distribution of woodland caribou populations is
heterogeneous in response to habitat characteristics
that may isolate them from wolves as reported by
Cumming e af/. (1996). Rettie and Messier (in
press) speculated that such behaviour may place cal-
ving caribou in areas with higher densities of black
bears. Preliminary analyses (Rettie - unpublished
data) suggested that caribou in central Saskatche-
wan preferentially select peatland habitat throug-
hout the year. Areas on the Precambrian shield may
be inherently different in the quantity, quality, or
distribution of peatland habitats secure from preda-
tors and may be more sensitive to human disturban-
ce than areas further south. The provincial forest
inventory maintained by the Forestry Branch of
Saskatchewan Environment and Resource Manage-
ment places the numerous distinct bog and fen
communities into two coarse peatland (or
"muskeg”) categories. The lack of detailed informa-
tion in the forest inventory has precluded the iden-
tification of specific bog and fen communities that
woodland caribou may be selecting. Researchers at
the University of Alberta have recently completed a
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detailed classification of bogs and fens in a 5000
km? portion of central Saskatchewan to provide the
data against which to measure selective use by
woodland caribou.

Current status of woodland caribou in
Saskatchewan

Information currently available does not permit a
revision of Kelsall's (1984) estimate of woodland
caribou in Saskatchewan. Population trends suggest
that the caribou metapopulation south of the
Churchill River is fragmented and likely declining.
The effect of logging activity in the area has inclu-
ded the production of habitat well suited to black
bears, moose, elk (Cervus elaphus), and white-tailed
deer, and hence to wolves. Viable caribou popula-
tions inhabit the remaining patches of habitat that
are extensive enough to provide refuge from preda-
tors. Continued resource exploration and extraction
in central Saskatchewan will further limit the
amount of caribou habitat available and will result
in the decline, and possibly the disappearance, of
local caribou populations.

Research and management recommen-
dations

If caribou are to remain viable in the region south of
the Churchill River, the persistence of small local
populations should be the key management objecti-
ve as there appears to be little movement among
populations. Furthermore, movements among
populations are likely to become more restricted as
the region becomes increasingly fragmented by
roads and logged areas, an outcome that may pre-
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vent recolonization following local extinctions.
Providing habitat to preserve the areas with low
densities of predators used by local caribou popula-
tions, as well as to preserve corridors among them,
should represent a management priority. Recent
research activities have identified some of the re-
maining caribou populations, and will ultimately
provide information on selective use of various habi-
tat types. In this regard, it is likely that more data
will be required to quantify the availability of the
various types of peatlands in the region. These data
are required to assess the relative preferences of cari-
bou for different types of bogs and fens.

In contrast to the predictions of Rock (1992) we
do not expect current research to support the idea
that the best woodland caribou habitat in the region
is in the areas on, or immediately adjacent to, the
Precambrian shield. Despite higher levels of distur-
bance, the caribou populations which are stable or
possibly even increasing are to be found further
south. Though the more southerly populations are
closer to active logging operations, they may still
have access to larger or higher quality predator-free
areas. The proximity of logging operations to
remaining caribou populations increases the need
for prompt action.

In summary, we agree with Edmonds (1991) that
some local caribou populations may not be viable,
and support the recommendation of Rock (1992)
that parts of the boreal forest will need to be mana-
ged for caribou in order to ensure their persistence.
Long-term monitoring of the discribution and
demography of caribou in the region will be requi-
red to assess the success of any management strate-
gies. Effective management will require coopera-
tion from the forest industry, government, and abo-
riginal groups as suggested by Thomas & Arm-
bruster (1996).
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Abstract: A recent teview of woodland caribou (Rangifer tarandus carsbon) status in Alberta estimated that there are bet-
ween 3600 and 6700 caribou occupying 113 000 km? of habitat. There are two ecotypes of caribou in Alberta; the
mountain ecotype in the west central region and the boreal ecotype primarily in the north. Mountain caribou populati-
ons are stable or declining and boreal populations, where data are available, appear ro be stable or declining slowly. A
major iniriative in caribou management in Alberta has been the development of the Woodland Caribou Conservation
Strategy. This document was developed over two and a half years by a committee of multi-stakeholdet representatives.
The past five years has seen an increase in baseline inventory and applied research jointly funded by government, indus-
try and universities, addressing a wide range of management issues from caribou response to logging to interactions of
moose, wolves and caribou in the boreal ecosystem. Land use conflicts on caribou range remain high with timber har-
vesting, oil and gas development, peat moss extraction, coal mining, agricultural expansion and increasing road access
overlapping. Cumulative effects of these disturbances are poorly understood and have received little attention to date.

Key words: population size, distribution, current research and management programs.

Current status

Woodland caribou and their habitat are threatened
in Alberta and the Wildlife Acr lists them as an
endangered species. This means that caribou are
likely to become endangered in Alberta if the fac-
tors causing their reduction in numbers are not
reversed. Since 1900, caribou distribution and
numbers have declined along the southern edge of
their range where human encroachment has been
greatest. Alberta has two ecotypes of woodland
caribou; a mountain ecotype in west central Alberta
and a boreal ecotype primarily in northern Alberta.
There are few data on past and current population
sizes, and the decline in caribou numbers and distri-
bution documented by Edmonds (1986) has been
challenged (Bradshaw & Hebert, 1996). A recent
assessment estimates that 3600 to 6700 caribou
inhabit about 113 000 km? of northern and west
central Alberta  (Alberta’s Woodland Caribou
Conservation Strategy, 1996) (Fig. 1).

Mountain herds are estimated to total 600 to 750
animals with growth trends varying from stable to
declining sharply (Brown e 4/, 1994; Alberta

Rangifer, Special Issue No. 10, 1998

Rangifer, Special Issue No. 10, 111-115

Environmental Protection, unpubl. data). Densities
and population trends estimated in two studies of
boreal herds 0.05 caribou/km? and stable
(Alberta Environmental Protection, unpublished
data) and 0.08 caribou/km? and stable or declining
slowly (Stuart-Smith ez #/., 1997). Most of the bore-
al herds of Alberta have not been adequately inven-
toried. However, baseline inventory and research
studies of Alberta’s woodland caribou populations
have increased substantially in the past five years so
the knowledge base has improved for understanding
population numbers, trends, and limiting factors
(Edmonds & Smith, 1991; Bradshaw, 1994; Brown
et al., 1994; Hornbeck & Moyles, 1995; Bradshaw ez
al , 1995; Stuart-Smith er «/., 1997).

were

Limiting Factors

In Alberta, scientists and managers agree that pre-
dation by wolves (Canis lupus) is the major cause of
death of caribou that inhabit undisturbed habitat
(Brown et «/, 1994; Stuart-Smith et 2/, 1997,
Alberta’s Woodland Caribou Conservation Strategy,
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Fig. 1. The present distribution of caribou habitat in
Alberta.

1996). Grizzly bear (Ursus arctos) predation is also
an important factor in the mountain caribou herds
(Edmonds, 1988; Brown et /., 1994; Alberta
Environmental Protection, unpubl. data).

Direct mortality from humans results from ille-
gal hunting (recreational sport hunting was closed
in 1981), mistaken identity (caribou shot in mista-
ke for moose, deer or elk) and native subsistence
harvest. Generally, data on human hatvest is poor.
In west central Alberta where monitoring has been
longer and more successful, and road access within
caribou range is abundant, at least five to ten cari-
bou a year are shot (about 1% of the population)
(Alberta Environmental Protection, unpubl. data).
One study in northeast Alberta determined that
three of 16 radio- collared caribou (18%) that died
during the four year study were shot (Stuart-Smith
et al., 1997). Vehicle collisions are a serious problem
with one mountain caribou herd where as many as
17 caribou (about 10% of the herd) have been killed
in one winter on a highway that bisects their winter
range (Alberta Fish & Wildlife, unpubl. data).
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An adequate amount of suitable habitat is a key
factor in maintaining viable caribou populations in
Alberta. Timber harvesting, oil and gas exploration
and development, coal mining, peat moss extracti-
on, agricultural expansion and the proliferation of
access routes have and will continue to result in loss,
fragmentation or alteration ofi important habitat
elements such as winter ranges, calving areas or
migration routes. All caribou range in west central
Alberta outside of provincial and national parks,
and most range in northern Alberta has been com-
mitted to timber harvesting through Forest
Management Agreements or Quota Licences. Con-
flict between timber harvest and caribou range in
west central Alberta is high. In northern Alberta
this conflict may not be as significant, particularly
for the herds that remain for much of the year in lar-
ge fens and peatlands. Expansion of coal mining in
west central Alberta will remove alpine winter
range and possibly distupt seasonal movements of a
mountain caribou herd. Oil and gas exploration
and development generally does not result in much
direct loss of habitat but the associated access can be
a significant disturbance Incremental increases in
the abundance and quality of roads, pipelines, seis-
mic lines, etc. will result in increased mortality
from hunting and vehicle collisions. Predator effi-
ciency and seasonal movements may also be affec-
ted. Proliferation of access is one of the primary fac-
tors degrading the effectiveness of caribou habitat
in Alberta.

Management

In 1994, the Natural Resources Service, Wildlife
Branch convened a committee to develop a
Provincial Woodland  Caribou  Conservation
Strategy. This committee consisted ofi representati-
ves from a variety of industries, conservation
groups, aboriginal groups, academic and govern-
ment agencies. They produced a document that
identified and assessed the various factors (biologi-
cal, social and economic) that may affect the overall
vision of a healthy caribou population in Alberta;
developed solutions to deal with those factors;
recommended specific actions to make the strategy
effective; and outlined the consequences ofi those
actions. Maintaining the effective partnerships,
cooperation, and lines oficommunication that were
developed among the stakeholders will be key to
achieving the caribou population and habitat goals
that the committee endorsed.
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The Caribou Conservation Strategy is provincial
in scope and a more specific level of management is
required. Presently three regional caribou manage-
ment committees exist to develop management
plans for caribou in northern and central Alberta.
These committees are comprised of government,
industry, university and aboriginal representatives.
They; develop guidelines for how industrial activity
will be conducted on caribou range and how ade-
quate amounts of caribou habitat will be maintai-
ned in the short and long term; determine whar fur-
ther research or inventory is required in order to
assess the effectiveness of the guidelines and habicat
supply analysis; and develop a cost sharing agree-
ment for the management of caribou and their habi-
tat (Rippin ef a/., 1996).

There are two main challenges in caribou mana-
gement in the next decade:

1. to resolve and better define the conflict between
timber harvesting (wood supply for the mills)
and caribou habitat needs in both the short and
long term;

. to resolve and better define the conflict between
caribou habitat and oil and gas development,
which generally requires high quality access to
extract and move their product to markets.

o

Resolution of these conflicts require a commit-
ment from industry to try new approaches and to
accept the increasing cost of operating in a fashion
that maincains the sustainability of all resources on
public land. The majority of industries in Alberta
are meeting this challenge and along with govern-
ment agencies and concerned public groups, are
willing to try the concept of adaptive management
as a way to ensure the long term survival of current
caribou populations.

Current research

There are presencly six research and inventory
studies of woodland caribou being conducted in
Alberta. Table 1 outlines the type of study, locati-
on, duration, primary investigator or coneact per-
son, and progress reports, if any.

Research needs

A relatively accurate and cost effective method of
caribou herd inventory is needed. Woodland cari-
bou herds are sparsely distributed often in forested
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habitat making sightability low. For the mountain
caribou ecotype a large sample of marked animals is
required, and the time of year when caribou are
most visible must be determined. There are other
methods that show some promise to assess populati-
on trends of the boreal ecotype such as annual
March surveys to obtain cow;calf ratios and stratifi-
ed track density surveys (Farnell & Gauthier, 1988).
The technique of using faecal pellet counts and
DNA sequencing for a ‘mark/capture’ estimation of
population size also deserves investigation.
Assessment of population status is of considerable
importance to  industries working within caribou
range where operational guidelines can be costly.
Industry and the public are concerned about our
ability to manage viable caribou populations in the
face of increasing human and natural impacts.
Future studies are needed to assess the effective-
ness of mitigation guidelines applied to industrial
and recreational activity on caribou range. New
guidelines for operating in caribou range should be
implemented on an experimental basis, monitored
for population response and then if justified applied
more broadly, i.e implement adaptive management.
Changes in population trends; herd distribution and
movements in response to disturbance (particularly
the extensive linear developments of the petroleum
industry); and recovery of lichens and other habitac
actributes after logging are a few of the factors nee-
ding study. In northern Alberea, further informati-
on on the extent of human harvest is needed, and
cooperative approaches with aboriginal communiti-
es are essential and are being developed.
Cumulative impacts are poorly understood.
Several industrial developments can occur on cari-
bou range simultaneously, complicating our under-
standing of individual limiting factors. Govern-
ment regulation of human impacts on the land are
dealt with individually. There is no requirement of
an applicant to assess their impact within the con-
text of other land use activities unless the type of
project requires an environmental impact assess-
ment. In Alberta, this is not required for land based
forestry operations or oil and gas exploration. The
regional management committees have recognized
the presence and impact of multiple users on the
land and are trying to co-ordinate and mitigate
their accumulated activities. The field of cumulati-
ve impact assessment is a young discipline in
Alberta, but models for elk and grizzly bears are
being developed. The development of GIS (Geo-
graphical Information Systems) greatly increases
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Table 1. Current studies of woodland caribou being conducted in Alberta.

Type Location Duration Primary Progress Reports
Investigator/Contact in preparation
Woodland caribou Grande Cache 1993-1997 K. Smith (goal for
response to clearcut  — west central Alberta distribution
logging on Alberta Environmental December 1997)
winter range Protection, Edson,
Alberta
T7E 1T2
ksmith@env.gov.ab.ca
Woodland caribou Wabasca and 1994-1997 K. Stuart-Smith poster published —
and wolf distribution Winefred Lakes Dept. of Forest Science, these proceedings
relative to linear — northeastern Oregon State University,
corridors Alberta Corvallis, OR,
97331-7501, USA
stuartK @fsl.orst.edu
Spatial relationships ~ Northeastern 1994-1997  A.James Ph.D. Thesis in prep.
dynamics of wolves,  Alberta Alberta Environmental Dept. of Biological
moose and caribou, Protection, Natural Sciences, University
Resources Service. of Alberta T6G 2E9
Grande Prairie, Alberta.
T8V 6J4
ajames@env.gov.ab.ca
Woodland caribou Caribou 1995-1999  B. Wynes none
population, Mountains and Diashowa-Marubeni
distribution Red Earth International Ltd.,
and habitat use in Peace River, Alberta
northwestern Alberta T8S 1Y4
predator-prey and bwynes@telusplanet.net
Response of caribou ~ Wabasca 1996-199?  Elston Dzus Nova Gas none
to a long-term heavy Transmission Led.
oil development 158-10114 Ave.
project Edmonton,
AB T5M 274
elston.dzus@pipe.nova.ca
Movements and Red Earth, 1995-1998  Elston Dzus none
survival of caribou in  Wabasca and (see above)
relation to linear Caribou Mtns
corridors
Web Sites ~ Woodland Caribou Research and Management in Alberta
htep://129.128.55.125/profs/lmorgant/caribx/caribl.htm
North American Caribou Resources
http://www.ualberta.ca/~ajames/Caribou.html
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our ability to do cumulative effects analysis. The
next decade will require the application of such a
management tool if caribou are to survive on some
of the more heavily impacted ranges.
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Douglas C. Heard' & Kathryn L. Vagt’

' British Columbia Ministry of Environment, Lands and Parks, 1011 4th Avenue, Prince George, British Columbia
V2L 3H9, Canada (dheard @prince.env.gov.bc.ca).
* British Columbia Conservation Foundation, Prince George, British Columbia V2M 1G7, Canada.

Abstract: Caribou (Rangifer tavandus) in British Columbia are classified inro mountain, northern and boreal ecotypes
based on behavioural and ecological characteristics. We recognized 12 mountain caribou herds, 27 norrhern caribou
herds, and an area occupied by low density boreal caribou dispersed in the boreal forests of the northeast portion of the
province. Abundance estimates were usually based on attempts at total counts made from rhe air. Trends were based
on repeated population estimates or the difference between recruitment and mortality rates for each herd. In 1996 the-
re were approximately 18 000 caribou in British Columbia; 2300 mountain and 15 600 northetn and boreal. These
estimates suggest a slight increase in the numbers of both ecotypes over the last 18 years. Fifteen percent of the herds
were reporredly increasing, 10% were decreasing, 31% were stable, but for 44% of the herds the trend was unknown.
Historically caribou were found throughout 8 of the 14 biogeoclimatic zones in B.C. Catibou are now rarely found in
the Sub-Boreal Spruce zone, likely due ro increased predation from wolves that increased in response to increasing moo-
se numbers. Ranges of several herds in the Engelmann Spruce — Subalpine Fir and Alpine Tundra zones of south-eas-
tern British Columbia are also reduced relative to historic conditions, probably because of habitat loss, habitat fragmen-
tation, ptedation and hunting. Forest harvesting represents the greatest threat to caribou habitat and current research
focuses on the mitigation of forest harvesring impacts.

Key words: Rangifer tarandus, caribou, demography, forestry impacts, distribution, habitat, biogeoclimatic

zones.

Introduction

Caribou (Rangifer tarandus) in British Columbia are
classified into mountain, northern and boreal ecoty-
pes (Bergerud, 1978; Edmonds, 1991; Stevenson,
1991) based on behavioural and ecological differen-
ces. Mountain caribou are found in the rugged
mountains in the south-eastern portion of the pro-
vince (Fig. 1). They winter at high elevations and
rely almost exclusively on arboreal lichens because
the deep snowpack restricts access to terrestrial
foods (Stevenson & Hatler, 1985). Mountain cari-
bou have been designated as a blue-listed species by
the British Columbia Conservation Data Centre
because of past declines in distribution and abun-
dance. As a blue-listed species, these caribou are
considered vulnerable or sensitive, and need special
management to ensure their survival.

Northern caribou, on the other hand, occur in the
mountainous western and northern parts of the pro-
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vince where snowfall is low, relative to mountain
caribou habitat (Bergerud, 1978). They winter in
either mature low elevation lodgepole pine or black
spruce forests where they feed primarily on terres-
trial lichen and to some extent on arboreal lichen, or
also on high wind-swept slopes where there is access
to terrestrial lichens (Bergerud, 1978; Stevenson &
Hatler, 19895).

The boreal ecotype occurs in the relatively flat
boreal forests of the northeastern portion of the pro-
vince. They do not appear to occur in discrete herds,
but live in small, dispersed, relatively sedentary
bands throughout the year (Edmonds, 1991;
Stevenson, 1991). The boreal ecotype is sometimes
lumped with northern caribou (e.g., Seip &
Cichowski, 1996) and because neither are conside-
red vulnerable or sensitive, are yellow-listed.

The status of caribou in the province has been
reviewed in whole or in part by Bergerud (1978),
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Stevenson & Hatler (1985), Williams & Heard
(1986), Edmonds (1991), Seip & Cichowski (1996)
and Simpson e /. (1997). This paper maps the dis-
tribution of all caribou herds in the province and
summarizes recent estimates of herd sizes and
trends.

Methods

We asked biol-gists in the province to supply us
with their most recent population estimates and
range boundaries. Mapped ranges include the year-
round distribution of all animals and for 22 of the
herds, boundaries were based primarily on the
movements of radio-collared caribou (Table 1).
Abundance estimates included calves and were usu-
ally based on attempts at total counts made from the
air. Trends were based on repeated population esti-
mates or the difference between recruitment and
mortality rates.

Results and discussion

Distribution

Two systems of classification have been used to des-
cribe the major ecosystems of British Columbia.
The Biogeoclimatic Ecosystem Classification system
(BEC) classifies areas by climate and vegetation,
whereas the Ecoregion Classification system (EC)
defines major climate and physiographic regions
(Meidinger & Pojar, 1991). There was no correlation
between caribou distribution and ecoregions possi-
bly because the EC classifies the landscape into con-
tiguous geographic units that circumscribe all eleva-
tions. The historical and current distribution of
caribou is closely related to biogeoclimatic zones,
probably because the BEC delineates altitudinal
belts within geographic units (Meidinger & Pojar,
1991), which are important components of caribou
foraging and anti-predator strategies (Bergerud et
al., 1984).

Historically, caribou were found in 7 forested bio-
geoclimatic  zones: Sub-Boreal Spruce (SBS),
Engelmann Spruce-Subalpine Fir (ESSFE), Interior
Cedar-Hemlock (ICH), Montane Spruce (MS), Sub-
Boreal Pine Spruce (SBPS), Spruce-Willow-Birch
(SWB) and Boreal White and Black Spruce (BWRBS)
and the adjacent Alpine Tundra (AT) (Fig. 2).
Caribou no longer occupy about 15% of their histo-
ric ranges (Seip & Cichowski, 1996). Caribou are
now rarely found in the Sub-Boreal Spruce zone,
likely due to increased predation from wolves that
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Fig. 1. Distribution and range boundaries of mountain, northern and boreal caribou ecotypes in Brirish Columbia.
Stippling represents the mountain caribou herds, shading the norchern caribou herds, and diagonal lines the
areas of low caribou density and, in the northeast, where caribou do not appear to occur in defined herds (i.e.,

the boreal caribou).

increased in response to increasing moose numbers.
Caribou are absent from the alpine and adjacent
forested areas south of the Spatsizi and Edziza herds,
and their range has shrunk, relative to historic con-
ditions, within the other previously occupied bioge-
oclimatic zones in the southern half of the province
(Figs. 1 and 2), probably because of habitat loss,
habitat fragmentation, predation and hunting.
Caribou have never occurred in the Interior
Douglas-fir (IDF), Bunchgrass (BG), Ponderosa
Pine (PP), Coastal Douglas-fit (CDF), Coastal
Western Hemlock (CWH) or Mountain Hemlock
(MH) biogeoclimatic zones to any great extent.
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We recognized 39 discrete herds; 12 mountain
and 27 northern caribou herds (Fig. 1, Tablel).
Where herd boundaries were based on the move-
ments of radio-collared animals, there was little
interchange between adjacent herds. The boreal
caribou in the northeast do not appear to occur in
discrete herds (represented by the number 40 on
Fig. 1).

Abundance

In 1996 there were about 18 000 caribou in British
Columbia; approximately 2300 mountain caribou
and 16 000 northern and boreal caribou (Table 1).
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Fig. 2. Groupings of biogeoclimatic zones by relative importance as caribou habitat. Caribou occupy most of the ESSF,
ICH, MS, SBPS BWBS SWB and the adjacent Alpine Tundta and, formerly, also occupied rthe SBS. See the

text for names of the biogeoclimatic zones.

This provincial total is slightly higher than the
1991 estimate of 13 800 to 17 000 animals, of
which 1900 - 2000 were mountain caribou
(Edmonds, 1991), and substantially higher than
Bergerud’s provincial estimate of 10 500 - 13 000
(Bergerud, 1978). Both Bergerud (1978) and
Stevenson & Hatler (1985) estimated the number of
mountain caribou to be about 1500. There appears
to have been an increase in the number of both
mountain and northern ecotypes over the last 18
years based on those reports. More intensive survey
efforc may have contributed to the apparent increase
in numbers of the northern ecotype.

Rangifer, Special Issue No. 10, 1998

Of the 39 herds, 15% (6) are increasing, 10% (4)
are decreasing, 31% (12) are stable, and the trend
for the remaining 44% (17) of the herds is unknown
(Table 1). The trend for boreal caribou is unknown.

Population Dynamics

The status of the following herds has changed rela-
tive to previous repores. In 1996, a total of 19 cari-
bou was translocated from the Yellowhead and
Wells Gray herds to the range of the South Selkirk
herd that extends into Washington State. Those
animals may make a substantial contribution to a

herd of only 50 individuals.
121



Simpson et al. (1997) concluded that caribou
numbers were stable in the Wells Gray and Quesnel
Lake herds in 1996, but both of: those herds now
appear to be increasing based on recent counts and
Seip & Cichowski’s (1996) analysis of birth and
death rates.

Even though Simpson ez 2/. (1997) considered the
George Mountain herd part of the increasing
Yellowhead herd, we considered it a separate herd
because no radio-collared animals have left the
mountain and conversely no radio-collared animals
from the Yellowhead or Narrow Lake herds have
traveled there. The trend for the George Mountain
herd is unknown.

The Yellowhead and Itcha-Ilgachuz-Rainbow
Mountains herds have increased as expected based
on analysis of birth and death rates (Seip &
Cichowski, 1996). But contrary to their prediction
ofi a decline, the Tweedsmuir-Entiako herd popula-
tion estimates have not changed.

The Telkwa herd has continued its long decline
and with only 9 individuals remaining, is clearly in
danger of: extinction.

The abundance of most caribou populations
appears to be primarily a function of: their ability to
avoid wolf predation (Bergerud, 1978; Bergerud e
al., 1984; Seip & Cichowski, 1996). Caribou num-
bers declined, following the range expansion by
moose in the early 1990’s into central BC. Because
moose provide alternative prey for wolves, this leads
to a wolf population that is not only larger, but
shows no negative feedback to declining numbers of
caribou.

The expansion of moose range may not only
explain the decline in caribou abundance, but may
also explain changes in their distribution. Increased
predation was likely responsible for the elimination
of: caribou from their former range in the Sub-
Boreal Spruce biogeoclimatic zone because caribou
were too far from the relative safety of: alpine and
subalpine refugia.

Increased moose and wolf numbers are most pro-
nounced where moose take advantage of: the early
seral habitats created by logging. Industrial deve-
lopment (primarily logging, but also mining and
oil development, and associated road building for
all three) also contributes to population declines
and reduced home ranges. Logging eliminates old
growth forest stands which bear arboreal lichens.
Roads provide access for people, which increases the
potential for disturbance from increased recreational
activities such as snowmobiling and hunting
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(Stevenson & Hatler, 1985; Simpson, 1988). The
resulting reduced foraging options force caribou to
seek food elsewhere which may make them more
vulnerable to wolf: predation. Plowed roads, skidoo
trails and snowshoe trails also increase access by
wolves to caribou winter ranges with concomitant
increase in predation. Development may also isola-
te and fragment small herds which then become
more susceptible to extirpation from random varia-
tion in population processes.

Current Research

Many landscapes in the province are currently being
managed at a variety of: spatial scales which may
mitigate the adverse effects on caribou habitat.
Forest companies have had to avoid some areas,
plan for extended rotations, change the size and sha-
pe of cut-blocks and retain movement corridors
(Seip, 1998). An interconnecting mosaic of: tempo-
rary and permanent reserves and integrated mana-
gement areas atre recommended to maintain the
long-term viability of this species (Simpson et /.,
1997).

Most current research is designed to increase our
understanding of caribou ecology in order to miti-
gate the impacts of: forest development. Specific
studies are being carried out to determine habitat
selection at various scales (landscape, forest stand
and feeding site) and for various behavioural purpo-
ses (feeding, migration and calving), relationships
between predators and prey, the impact of logging
practices on the growth of arboreal and terrestrial
lichen and calf and adult mortality.

Several projects across the province continue to
use radiotelemetry or trailing studies to review cari-
bou behaviour, ecology, and habitat relationships in
order to assist in setting management recommenda-
tions for land use. Future research should test those
operational recommendations.
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Abstract: ‘There are presently about 960 000 caribou in 32 herds in Alaska, including 4 herds shared with Yukon and
Northwest Territories. Since complete population data were lasr published in the mid-1980s, Alaska's caribou popula-
tion has doubled in size, largely from increases in the Western Arctic and Mulchatna hetds. The number of recognized
herds has increased by 6, largely because of increased use of radiotelemetry to inventory small caribou herds in inacces-
sible areas, and transplanting caribou to unoccupied ranges. About 33 000 caribou are harvesred annually in Alaska,
mostly from the Western Arctic, Mulchatna, and Nelchina herds. The primary wildlife management problem in Alaska
for caribou and othet species is the lack of clear management authority among state and federal agencies. Research prio-
rities include work on the influence of short-term and long-term weather trends on nutritional ecology of caribou, and
predation mitigation including sterilization, translocation, and diversionary feeding of wolves during the catibou cal-

ving petiod.

Key words: Rangifer, population size.

Population Size and Distribution

Since the last published status report on caribou in
Alaska (Williams & Heard, 1986), the number of
recognized herds has increased from 26 to 32 (Fig.
1, Table 1). Increased use of radiocollars, a greater
effort to inventory wildlife resources in remote areas
of the state, and transplanting caribou to unoccupi-
ed ranges are primary factors resulting in the increa-
se in recognized herds. The herd definition based on
use of discrete calving areas, originally proposed by
Skoog (1968), continues to be useful and appro-
priate for management. All major caribou herds
(those larger than 5 000) are censused with aerial
photography of postcalving aggregations every 1 to
3 years, and minor herds are censused (total count
method) during the postcalving period or during
the rut as frequently as needed for management.

As of the 1995 census season, there were about
960 000 caribou in Alaska including 4 herds shared
with Yukon (Porcupine, Chisana, Nelchina, and
Mentasta), and 1 shared with Yukon and Northwest
Territories (Porcupine) (Fig. 1, Table 1). Over 800
000 of these caribou are in the 2 largest arctic herds
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(Western Arctic and Porcupine), and the Mulchatna
Herd (Table 1). The Mulchatna Herd has been
increasing at about 17% per year since the mid-
1970s and shows no signs of slowing (Van Daele,
pers. comm.). The Western Arctic Herd grew at
about 13% per year from 1977 to 1990 and then
began to stabilize due to decreased calf production
and recruitment and increased adult mortality.
Many smaller Interior Alaska caribou herds decli-
ned from 1989 to 1994 due to warmer summers,
severe winters, increased predation of calves, and
increased vulnerability of adults to wolf predation
(Boertje e a4l., 1996, Valkenburg & «l., 1996a).
Population size of most caribou herds in Alaska is
no longer significantly influenced by harvest.
However, the Fottymile Herd which was once one
of Alaska’s most important herds, has not recovered
from a population low exacerbated by overhunting
in the early 1970s (Davis ez 4/., 1978; Valkenburg et
al., 1994).

The distribution of most caribou herds in Alaska
has remained virtually unchanged during the last
25 years. However, the prolonged increase of the

125


mailto:pvalkenburg@fishgame.state.ak.us

Barrow,

» U Adak 25

Fig. 1. Location of Alaskan caribou herds.

Mulchatna Herd in southwestern Alaska has resul-
ted in a doubling of range size and reoccupation of;
ranges, especially winter ranges, that have not been
used by caribou for over a hundred years. The
Western Arctic Herd has also expanded its winter
range southward in the area between the Yukon
River and Norton Sound.

Harvest

About 33 000 caribou are being harvested annually
in Alaska. An additional 2 500 caribou are taken
each year from the Porcupine Herd and about 100
are taken from the Nelchina Herd in Canada. About
half of the caribou taken in Alaska are harvested by
about 25 000 local residents in the range of the
Western Arctic Herd. Alaskan caribou herds pre-
sently could support a much larger harvest, especi-
ally the Western Arctic and Mulchatna herds, but
these areas are largely inaccessible to most hunters
because they are roadless, aircraft landing sites are
limited, and native-owned lands have been closed to
access by nonlocals in northwestern Alaska.

Along the road system in Interior Alaska caribou
hunting opportunities have been limited in recent
years because many of the more accessible herds
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have declined from natural factors (Boertje e a/.,
1996; Valkenburg e «/., 1996a), and recruitment
continues to be low. The Nelchina Herd will cont-
inue to provide most of the road-accessible caribou
hunting opportunity for the next several years, but
it has been closed to all nonresident hunters because
ofistate and federal subsistence priority laws.

Management Issues

Management anthority

The primary wildlife management problem in
Alaska for caribou and other species is conflicting
management authority between state and federal
agencies. In the United States, the states have tradi-
tionally been responsible for managing resident
wildlife. However, in 1980 Congress provided for a
federal takeover ofimanagement of subsistence hun-
ting on federal public lands in Alaska if the state
did not provide a priority for “rural residents.”
Because ofithe “equal opportunity clause” in the sta-
te constitution the state cannot provide a “rural pre-
ference,” and, consequently, the federal law and sta-
te constitution are in conflict. Because wildlife
management for subsistence uses on federal lands is
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Table 1. Date of most recent census, 1995 population estimate and 1994-1995 harvest estimates for Alaskan caribou

herds.
1994-1995  Population trend
Herd Year Census 1995 Harvest since previous
no.* Herd name of census count Estimate estimate census
1 Adak 1993 661 1 500? 77 up
2 Andreafsky 1991 0 0 0 extirpated
3 Beaver Mountains 1993 429 200? 2 down
4 Central Arctic 1995 18 093 18 100 341 down
5 Chisana 1995 723 775 0° down
6 Delta 1995 4 646 4700 o° stable
7 Denali 1995 931 2300 0" stable
8 Farewell-Big River 1984 700 7502 46 down?
9 Fortymile 1995 22558 22 600 338 stable
10 Fox River 1995 83 85 o up
11 Galena Mountain 1993 259 400 2 unknown
12 Kenai Lowlands 1995 84 90 0° stable?
13 Kenai Mountains 1996 425 425 28 stable
14 Killey River 1995 261 290 11 up
15 Kilbuck 1993 3682 4216 47 down
16 Macomb 1995 477 500 0" down
17 Mentasta 1995 739 852 or down
18 Mulchatna 1994 168 351 200 000 6129 up
19 Nelchina 1995 49 808 50 281 3579 up
20 Northern Peninsula 1995 11 500 12000 1273 down
21 Nushagak Peninsula 1993 1 007 1519 35 up
22 Porcupine 1994 146 808 152 000 3 266° stable
23 Rainy Pass 1990 231 5007 57 unknown
24 Ray Mountains 1995 1727 1750 12 up
25 Southern Peninsula 1995 1434 1550 0 stable
26 Sunshine Mountains 1993 553 600? 0 unknown
27 Teshekpuk 1993 27 630 28 000 0¢ up
28 Tonzona 1991 1101 8007 25 down
29 Twin Lakes 1995 48 50 o up
30 Western Arctic 1993 451 067 450 000 20 000 up
31 White Mountains 1992 832 1,200 21 stable?
32 Wolf Mountain 1992 595 625? 2 unknown

* Numbet corresponds with number on Fig 1.
* No open season.

¢ Merging with Mulchatna.

4 Includes Canadian harvest.

¢ Included with Western Arctic harvest.

not separable from other management on other
lands, the state and federal agencies are in conflict.
Courts have issued contradictory rulings supporting
opposing viewpoints, and the US Supreme Court
has, so far, been unwilling or unable to address the
issue. Congress must act in order to settle the issue,
but state and federal politicians are caught between
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major constituencies and are reluctant to take the
lead. In response to perceived conflicts among hun-
ters, large areas of federal land have been closed by
federal regulation to caribou hunting by “nonrural”
residents even though, in most cases, data do not
support allegations of conflict. Problems with
management decision-making mean that caribou
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hunting opportunities have been eliminated or are
restricted to well below biological limitations.
Decision-making is also becoming inefficient and
costly, and management planning is impossible
amid the chaos.

Herd management issues

For the first time the Alaska Department of Fish
and Game is proposing to control the size of a major
caribou herd to prevent a long-term decline. The
Nelchina Herd, which numbers 50 000 to 60 000,
will be reduced to below 40 000 beginning in fall
1996. Body condition and body size have been
declining and peak calving time has become relati-
vely late (Eberhardt & Pitcher, 1992; Valkenburg er
al., 1996b). The 1996 harvest goal is 10 000 cows
and up to 5 000 bulls. Under an experimental har-
vest regime, most hunters will be required to shoot
a caribou with “6 antler points or less on 1 side” to
prevent an overharvest of large bulls and promote
harvest of cows. Road corridor closures will be used
to avoid hunter crowding and allow caribou to cross
roads relatively undisturbed.

The Adak caribou herd, was introduced to a pre-
dator-free island in the late 1950s to provide emer-
gency food and recreational hunting for the US
Navy. The herd was kept at a relatively stable size
for almost 30 years by harvest, but since the base
was decommissioned the herd is increasing rapidly
and will soon overgraze the island. ADF&G worked
with federal agencies, native groups, and environ-
mental organizations to remove caribou from the
island. However, fear of adverse publicity is preven-
ting allocation of money by the US Congress, and
the dilemma remains unresolved.

Research Priorities

After major caribou herds declined in the early
1970s, using refined survey methods ADF&G
intensified ecological research on caribou in coope-
ration with the University of Alaska and other
agencies. We intensively studied several caribou
herds for 15 to 20 years, including periods of popu-
lation increase and decline (c.f. Adams e «/., 1995;
Gerhart e /., 1996; Valkenburg e «l., 1996a,b;
Whitten, 1996). Recent declines in Interior caribou
herds were caused by increased vulnerability to wolf
predation. New research priorities include: 1)
determining how short- and long-term weather pat-
terns affect caribou nutrition and vulnerability to
predation; 2) developing nonlethal methods of pre-
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dation management; and 3) monitoring caribou
body condition. Three graduate student projects are
nearing completion: 1) the influence of insects on
feeding and other caribou behaviors, 2) the influen-
ce of moisture and sunlight regimes on plant nutri-
tion and productivity, and 3) the influence of micro-
climate on selection of calving areas. Beginning in
1998, dominant wolves in the range of the
Fortymile Herd will be neutered and subordinate
wolves will be translocated to increase caribou calf
survival in that herd. We will also continue experi-
ments with diversionary feeding in the Delta Herd
to keep key wolf packs from feeding on caribou cal-
ves during the critical 3-week period after calving

(Valkenburg, 1997).

References

Adams, L. G., Singer, F. G. & Dale, B. W. 1995.
Caribou calf mortality in Denali National Park,
Alaska. —J. Wildl. Manage. 59 (3): 584-59%4.

Boertje, R. D., Valkenburg, P. & McNay, M. E. 1996.
Increases in moose, catibou, and wolves following
wolf control in Alaska. — J. Wildl. Manage. 60 (3):
474-489.

Davis, J. L., Shideler, R. T. & LeResche, R. E. 1978.
Fortymile caribou herd, studies. Alaska Dep. Fish and
Game. Fed. Aid in Wildl. Restor. Final Rep. Proj. W-
17-11. Juneau. 153pp.

Eberhardt, L. L. & Pitcher, K. W. 1992. A further ana-
lysis of the Nelchina caribou and wolf data. — Wi/dl.
Soc. Bull. 20 (4): 385-395.

Gerhart, K. L., White, R. G., Cameron, R. D. &
Russell, D. E. 1996. Body composition and nutrient
reserves of arctic caribou. — Can. J. Zool. 74: 136-146.

Skoog, R. O. 1968. Ecology of the caribon in Alaska. Ph.D.
Thesis, Univ. California, Berkeley. 699pp.

Valkenburg, P., Davis, J. L., Ver Hoef, J. M., Boertje,
R. D, McNay, M. E., Eagan, R. M., Reed, D. J.,
Gardner, C. L. & Tobey, R. W. 1996a. Population
decline in the Delta Caribou Herd with reference to
other Alaskan herds. — Rangifer Spec. Issue No. 9:
53-62.

Valkenburg, P., Kelleyhouse, D. G., Davis, J. L. &
Ver Hoef, J. M. 1994. Case history of the Fortymile
Caribou Herd, 1920-1990. — Rangifer 14 (1): 11-22.

Valkenhurg, P., 1997. Investigation of regulating and,limi-
ting factors in the Delta Caribou Herd. Alaska Dep. Fish
and Game. Fed. Aid in Wildl. Restor. Final Rep.
Proj. W-24-4, Study 3.37. Juneau. 45 pp.

Rangifer, Special Issue No. 10, 1998



Valkenburg, P., Ver Hoef, J. M. & Zarnke, R. M.  Whitten, K. R. 1996. Ecology of the Porcupine Caribou

1996b. Investigation and improvement of techniques for Herd. — Rangifer Spec. Issue No. 9: 45-51.

monitoring recruitment, \population trend, and nutritional.  Williams, T. M. & Heard, D. C. 1986. World status of
status in the Western Avctic Caribou Herd. Alaska Dep. wild Rangifer tavandus populations. — Rangifer Spec.
Fish and Game. Fed. Aid in Wildl. Restor. Final Rep. Issue No. 1: 19-23.

Proj. W-24-1 through W-24-4. Juneau. 53pp.

Rangifer, Special Issue No. 10, 1998 129



130 Rangifer, Special Issue No. 10, 1998



The Seventh North American Caribou Conference,
Thunder Bay, Ontario, Canada,
19-21 August, 1996.

The status of Rangifer tavandus caribon in Yukon, Canada
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Abstract: This paper summarizes the population trends as well as research and management programs for woodland cari-
bou (Rangifer tarandus caribon) in Yukon, Most herds are stable although not all are counted regularly and systematic
monitoring of herds remains an essential need. Over the past decade the Southern Lakes, Aishihik, and Finlayson herds
have been well studied and provide valuable models for guiding Yukon management programs. Over harvest and the

spread of agriculrure, forestry and mining are ongoing human activities ate of concern to caribou managers.

Key words: woodland caribou, North America.

Introduction

This paper summarizes the most recent population
trends and research and management programs for
woodland caribou (Rangifer tarandus caribou) in
Yukon. Woodland caribou in Yukon are classified
as the mountain/terrestrial ecotype based on their
winter foraging behavior (Edmonds, 1991) and rela-
tive to barrenground caribou occur at lower densiti-
es, form smaller aggregations, make less extensive
seasonal movements and disperse rather than con-
centrate at calving. Studies indicate that the likeli-
hood ofi population change due to inter-herd move-
ment is low, at least for present densities.

First Nation harvesting rights are assured under
the Yukon Act and thus unrestricted by law necessi-
tating voluntary restraint by First Nation hunters
where restrictions are required. As well, under the
Yukon Land Claim Agreement indigenous and sci-
entific information are evaluated within a co-mana-
gement framework comprised of 14 local
Renewable Resource Councils and a Yukon-wide
Fish and Wildlife Management Board. Further,
because Yukon is a Tetritory of Canada the Federal
Government retain jurisdiction over land, water and
timber resoutces, limiting the ability of Yukon to
manage catibou habitats. These factors greatly
influence harvest management of caribou within
Yukon.
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Caribou inventory and research

Woodland caribou studies essentially began in
Yukon in 1980 when the first systematic inventory
of herds was established. The primary objectives of
this program were to identify distinct seasonal
movements and distribution of herds, secure relia-
ble population estimates, monitor population
trends through annual ot periodic winter census and
assess herd composition through fall breeding sea-
son surveys.

Caribou studies have increased matkedly over the
last 3 years (Fig. 2) in response to public concern for
the welfare of wildlife exposed to expanding human
settlement and industrial activity. A total of 236
animals have been captured, radio-collared and
monitored since 1993 and an additional 90 have
been collected to provide data on caribou physical
condition and the presence of contaminants
(Gamberg & Scheuhammer 1994; Gamberg 1993;
Florkiewicz, 1993). A total of 128 relocation sur-
veys were flown since 1993 providing 2200 contacts
with radio-collared caribou. As well, 77 census and
sex/age composition surveys have been flown.

Status of caribou

Woodland caribou are estimated to number appro-
ximately 28 000-35 000 in Yukon, within 22
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Fig. 1. The distribution of caribou herds in Yukon. (Numbers refer to herd numbers, Table 1).
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Fig. 2. Number of caribou radio-collared, relocation flights, and population counts conducted to inventory Yukon
woodland caribou between 1980 and 1996.

recognized herds ranging from 180 to perhaps
10,000 individuals (Fig. 1, Table 1). Fifteen herds
have been surveyed during the 1990s and of these 4
are increasing, 7 are stable, 1 is decreasing, and 3
are of uncertain status. For the other seven herds
only crude estimates of population size and trend
are available. The latter are populations in remote
localities and their distributions are conjectured
from superficial survey activity and/or anecdotal
information from people with long term local
knowledge of the area.

Annual licensed harvest of caribou has declined
and become more erratic in the last 5 years and has
averaged 271 (SD = 47) animals compared to 336
(SD = 28) in the 1980s (Fig. 3). Much ofi this
change is due to increased restriction on caribou
harvest. Harvest has been restricted to males only
since 1984, and more recently, six herds have been
closed to hunting (Table 1). Presently quotas are
being formulated for licensed outfitters who guide
non-resident hunters. The average annual harvest
by residents (#=162) is greater than non-resident
hunters (z=154). First Nations harvest is unknown
but is suspected to equal that ofi licensed hunters
harvest. Enforcement of compulsory reporting by
all licensed hunters began in 1994.

Research and management programs

A number of herd ranges are known to overlap with
adjacent jurisdictions and joint management efforts
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are underway with Alaska (Chisana herd), British
Columbia (Carcross, Atlin, and Little Rancheria
herds) and with the N.W.T. (Nahanni herd -
Nazhanni National Park). However, there are no for-
mal management agreements in place at present.
While these informal management arrangements
appear adequate at this time, more formal manage-
ment plans may be required where harvest and land
use issues persist between neighboring jurisdicti-
ons. The Redstone herd remains a potential mana-
gement problem with moderate to high levels of
harvest and minimal population information availa-
ble.

There are presently 3 programs directed at reco-
very and maintenance of woodland caribou herds in
the Yukon (Fig. 4).

Southern Lakes Carihou Recovery Program

The Southern Lakes caribou program is aimed at
rebuilding what may be called the ‘urban caribou
herds’ (Ibex, Carcross, Atlin) that exist near
Whitehorse, Yukon (O’Donchue, 1996) (Fig. 4a).
Southern Lakes caribou had declined in both num-
bers and distribution since historic times and their
biological viability had come into question. A
management plan to restore the herds was develo-
ped in 1992 which entails co-management with 6
First Nations whose traditional territory boundaties
include the herd ranges. Hunting was prohibited
(including First Nation hunting by voluntary com-
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Fig. 3. Number of woodland caribou harvesred in Yukon 1979 - 1995.

pliance) and meaningful input made to logging and
agricultural land use practices. Initial indicators
suggest that at least the Ibex and Carcross herds are
now expetiencing population growth as a result of
this program. It is recognized that local harvest
demand can never be satisfied by these herds and
will one day be allowed for cultural and traditional
consumptive uses only. Nevertheless, the Southern
Lakes caribou herds offer enormous wildlife viewing
benefit for tourists and people who reside in the
area.

Aishihik Recovery Program

The Aishihik Recovery Program began in 1993 in
response to both scientific and traditional informa-
tion indicating that the herd had drastically decli-
ned, and was showing poor calf recruitment and an
imbalanced sex ratio (Hayes, 1992) (Fig. 4b). An
intensive research and management plan was deve-
loped to attempt herd recovery using harvest prohi-
bition (including First Nation hatvest) and wolfi
control following the provisions and guidelines set
out in the publicly developed Yukon Wolf
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Conservation and Management Plan (Yukon Wolf
Management Planning Team, 1992). An initial 2
year evaluation found significant increase in calfi
survival following an 80% reduction in wolves
compared to untreated (no wolf control) caribou
herds (Wolf Lake, Ibex, Klaza, and Chisana, Fig.1)
(Yukon Fish and Wildlife Branch, 1994). Surveys
have further documented improved adult survival,
based on reduced mortality of radio-collared cari-
bou, normalization of sex ratio and population
increase. While providing valuable research on pre-
dator-prey relationships, the Aishihik project has
nevertheless been controversial nationally and inter-
nationally because it entails lethal control of wolves.
Locally the herd is recognized as an important
resource for subsistence hunters and as an integral
component of one ofi Yukon’s most diverse large
mammal ecosystems.

Finlayson Herd Management Program

Management ofi the Finlayson herd is the most
advanced of all Yukon’s woodland caribou programs
(Fig. 4c). Harvest reduction and wolf control were
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Fig. 4. Distribution of the Southern Lakes’, Aishihik”,
and Finlayson® caribou herds.

used to restore this population in the 1980’
(Farnell et 4/, in prep.). The herd increased from
approximately 1800 to 4500 adults in the span of 7
years (1983-1990) following an 80% reduction in
wolves. This was accompanied by an increase in the
region’s moose population from 3000 to 10 000.
Wolves subsequently rebounded and stabilized at
250, higher than the pre-reduction population size
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of 215. Meanwhile the caribou herd appears to have
presently stabilized at 4000 adults. Efforts are now
directed at sustainable harvest management and
assessment of potential disturbance impacts from
recent large scale mining exploration activity. The
range of the Finlayson herd experienced a record
16 000 new quartz claims registered in 1995-96
following discovery of massive sulfide ore deposits
with high metal values on the herd’s summer range
(Dept. of Northern and Indian Affairs, 1996). This
development presents a new challenge to herd
management. Findings from disturbance assess-
ment work presently being carried out cooperative-
ly with mining companies may shed new light on
how industrial developments can be mitigated to
lessen or avoid serious impacts to caribou.

Research priorities and management
needs

Predation, primarily by wolves, has been considered
limiting for Yukon’s Kluane (Gauthier & Theberge,
1986), Aishihik (Hayes ez /., 1994), and Finlayson
herds (Farnell e /., in prep.). Wolves occur at
natural densities in Yukon and therefore play an
important role in the interaction with factors such
as human caused mortality, climate, and
forage/nutrition relationships.

Yukon has conducted wolf control and found it
unacceptable to much of the Canadian public.
Research focused on development of more humane
non-lethal control methods may provide a publicly
acceptable alternative to the trapping or shooting of
wolves. Experimental fertility control is presently
being applied to slow the recovery of 6 selected wolf
packs in the range of the Aishihik caribou herd
(Bubela, 1995). This involves artificially reducing
birth rates by sterilizing wolves whose territories
occur in the control area. The objective is to reduce
wolf numbers but also wolf immigration from out-
side the control area. If successful, this technique
could be applied in exceptional circumstances whe-
re predation must be addressed to sustain caribou
herds.

Problems associated with logging and agricultu-
ral development (increased access, direct loss of
habitat, changing predator/prey relationships) are
rapidly  spreading northward into  Yukon.
Following experience in British Columbia and
Alberta, it is expected that these activities could
precipitate declines in Yukon caribou if manage-
ment actions are not taken to maintain population
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levels. It is therefore essential that baseline invento-
ry data be used to develop specific timber harves-
ting quotas and guidelines, and to direct allocation
of agriculture land in a way which minimizes thre-
ats to caribou. Yukon’s caribou inventory effort
should proceed in all cases before caribou ranges are
designated for logging and agricultural develop-
ment. Long-term monitoring of specific herds
should also continue to provide baseline assessment
of changes over time.

Increased mining exploration activity in central
Yukon is cause for some concern. Behavioral
responses to disturbance associated with mining
activity could result in range abandonment and
subsequently compromise caribou antipredation
tactics and/or foraging strategies. Moreover, post
exploration development and production activity
may result in direct losses of caribou where such
activity traverses winter range concentration areas.
Because of the normally high adult mortality rates
in these caribou herds, any increased mortality
could result in lost human harvest opportunities.
While perhaps acceptable to the resident hunting
fraternity, this would be unacceptable to local First
Nations.

Preliminary caribou disturbance assessment is
underway in cooperation with mining proponents.
Caribou distribution, peak of calving date, annual
calf recruitment levels, and population size are
being monitored to assess potential behavioral and
demographic responses to advanced exploration
activity. Input to the long-term access and seasonal
activity plans of mining companies is absolutely
essential to avoid population decline.
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Fractal measures ofifemale caribou movements
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Abstracr: Understanding caribou movement during short-term searches for specific habitats, potential mates, and refu-
gia against predarors can help resolve ecological questions on how individual caribou perceive their environment. We
used measures of fractal dimension and standardized pathlength to compare the movement pathways of female caribou.
Satellite telemetty locarions were collected over a 2-year study, March 1994 to mid-May 1996, for a caribou popularion
in central Saskatchewan living in the southern boreal forest. Female caribou displayed more random seatching behavi-
our during winter and more regular dispersal movements during eatly winrer/spring and autumn periods. Females with
a calf showed no difference in movement pattern (fractal dimension) telative to females without a calf but their standar-
dized path length was shortet. We discuss the advantages of using fractal dimension as a measure of the tortuosity of
movement pathways and how changes in fractal dimension over a range of scales can define domains of consistent ecolo-
gical processes.

Key words: fractal dimension, hierarchy, landscape, movement pathway, scale, space use, Rangifer tarandus.

Introduction

An understanding of animal movement behaviour is
central to the basic questions of distribution and
abundance (Swingland & Greenwood, 1984). Social
and ecological factors interact to create spatio-tem-
poral patterns of space-use by animals (e.g., search
behaviour; Bell, 1991), and long-term dispersal
movements (Stenseth & Lidicker, 1992). Animal
movements are influenced by factors intrinsic to the
animal, such as timing of their reproductive cycle
and physiological condition, as well as by factors
extrinsic to the animal, such as predation and the
spatial characteristics of their habitat. These factors
affect the spatial dynamics of populations, metapo-
pulation structure, and trophic dynamics of the eco-
system within a hierarchy of space-time.

As patterns of animal movements correlate with
time (Dicke & Burrough, 1988), space (Wiens &
Milne, 1989), and body size (Swihart ez /., 1988),
ecologists need to use scale-independent measures
of movement patterns. Fractal dimension of a move-
ment pathway is scale-independent and provides a
useful measure to compare different taxa as well as
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to make intraspecific comparisons among populati-
ons or among sex-age-reproductive classes. We
expect measures of movement patterns to differ
with animal size, community structure, and phylo-
geny (Wiens e al., 1995). Also, movement patterns
are influenced by the spatial structure of the envi-
ronment and how animals perceive habitat hetero-
geneity (With, 1994).

The term ‘fractal’ describes temporal and spatial
patterns that show details at all scales (Mandelbrot,
1983; Burrough, 1988). Fractal geometry is an
alternative mathematics to Euclidean geometry and
uses the concepts of self-similarity and power laws
to calculate fractal dimension (Hastings & Sugihara,
1993). Animal movements qualify as fractal because
they are continuous and difficult to differentiate. A
continuous line is differentiable if it can be split
into an infinite number of straight lines. In con-
trast, a continuous, but non-differentiable line, such
as an animal movement pathway, cannot be split
because the smaller parts continue to show ‘wiggli-
ness’ (see Dicke & Burrough, 1988). The fractal
dimension, D, of a movement pathway is a quantifi-
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Fig. 1. Location of study area in central Saskatchewan, Canada.

able measure of roughness or irregularity and varies
between 1 and 2 (Dicke & Burrough, 1988;
Ferguson & Messier, 1996). As D increases, the irre-
gularity of the trail increases so that a value of D
approaching 2 represents a wiggly trail that fre-
quently intersects itself.

Here, we use fractal measures to compare move-
ment patterns of female caribou (Rangifer tarandus
carthoy) with and without calves over five seasons
and 2.2 years. We expect differences in movement
patterns to reflect differences in reproductive cycle
over seasons, and differences in the risk of predation
to a female and her calf versus a barren female. This
is part of a study of caribou-forestry relations in the
southern boreal forest of central Saskatchewan.

Methods

Study Avea

The study area (Fig. 1) lies between approximately
53°30'N and 56°00’N and 104°00"W: to 110°00"W
(see Rettie er /., 1997) and is largely within the
Mid-Boreal Upland Ecoregion (Ecological Stratifi-
cation Working Group 1995). Topography is main-
ly undulating to rolling plains (Harris ef 2/., 1989).
The climate is cool and subhumid with mean
January and July temperatures of -19°C and
+16 °C, respectively. Mean annual precipitation is
45.6 cm, including a mean snowfall of 147 cm
(Atmospheric  Environment  Service, 1993).
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Vegetation in the area is subject to frequent fires,
and dominant tree species are white spruce (Pices
glauca), black spruce (P. mariana), jack pine (Pinus
banksiana), and aspen (Populus tremulvides; Rowe &
Scotter, 1973). Other ungulates in the region inclu-
de moose (Alces ales), white-tailed deer (Odocoilens
virginianus), and wapiti (Cervus elaphus). In addition
to wolves (Canzs lupus), large carnivores include coy-
otes (Canis latrans), black bears (Ursus americanus),
and lynx (Lynx canadensis).

Capture and, Radio-Collaring

Over four winters of radio collar deployment (5 in
1992, 10 in 1992-93, 24 in 1993-94, and 13 in
1995), a total of 40 female caribou were radio-colla-
red (Telonics, Inc., Mesa, Arizona, USA), including
the replacement of 12 collars. The number of radio-
collars functioning at the end of each winter were
27 in 1994, and 31 in 1995. Individuals were trac-
ked continually on a 2-day cycle during the post-
calving season and on a 4-day cycle for the remain-
der of the year. Only caribou with almost continual
observations were used (16-23 locations per season).
Seasons were defined as follows: post-calving (16
May to June 30), summer (1 July to 15 September),
autumn (16 September to 30 November), early win-
ter (1 December to 28 February), late winter/spring
(1 March to 15 May). If during a season more than 2
locations were of poor quality (< class 1; Keating et
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Step Length =1

Step Length = 3

Fig. 2. Example showing changes in caribou movement
pathway (locations every 4" day) according to
changes in step lengeh. For step length = 1, all
locations are used; for step length = 3, locations
are recorded every 12% day; and for step length =
3, locations are recorded every 20* day. For each
step lengths the distances are summed to calcula-
te total length of pathway.

al , 1991) then we did not calculate the fractal
dimension of the movement pathway for that sea-
son. A total of 38 female caribou were used over 11
continuous seasons that resulted in 221 estimates of
fractal dimension.
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The pregnancy rate for collared females caribou
(>16 months old) was 94% (unpubl. data). For the
following compatisons we assumed all collared
females gave birth to a calf. During March surveys,
if a female was seen without a calf then we assumed
she had lost her calf soon after giving birth and she
was designated "female without a calf” for the entire
reproductive year.

Calculation of Fracial Dimension of Caribou Movements
Our focus was on coarse-scale movement of female
caribou over seasons. At this scale we expected the
fractal dimension to reflect weekly foraging as well
as seasonal migration. Most measures of animal
pathways, such as straight-line distance from begin-
ning to end of a pathway, are scale-dependent. In
comparison, fractal dimension is a scale-indepen-
dent measure of the complexity or tortuosity of a
pathway (Wiens et al., 1995). We measured total
length (m) of a pathway over six different step
lengths. For example (Fig. 2), for a step length of
three, and a 4-day duty cycle, we summed the
length between every 3rd location, or every 12 days.
Note that on step length of three there are three
possible starting points. We used total length mea-
surements for all three, starting on location one,
location two, and on location three. We then took
the mean total pathlength using all three distances.
This same process was repeated for each step length.
For example (Fig. 2), for a step length of five, we
measured by starting on location one, location two,
location three, location four, and location five, and
then we took the mean of the five distances. We
ignored the "remainder” of the total distance moved
when the step length did not divide evenly into the
total number of locations (see Carr & Benzer, 1991
or Hastings & Sugihara, 1993 for options for dea-
ling with the remainder).

The measured length of a pathway (L) decreases
as the measurement scale (8) increases according to
the following power-law function:

L(d)=Kd"™ (1)

where D is the fractal dimension (Mandelbrot,
1983). D is derived by regressing log I. on log &
(Fig. 3), where 8 represents a measurement scale
(see Dicke & Burrough, 1988; Milne, 1991). Due to
our small sample sizes (16-23 locations per season)
and highly irregular pathways of caribou (mean D =
1.88), some log-log regressions estimated fractal
dimension as greater than 2.0 (70 of 221).

Another scale-independent measure of caribou
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Fig. 3. Example of regression of log L (Step Length)
against log O (Total Length ofi Pathway) for a
caribou movement pathway. The fractal dimensi-
on is calculated as, D = (1 - slope), and the stan-
dardized pathlength, K, as the y-intercept.

movements is the intercept of the log-log plot used
to calculate fractal dimension (Milne, 1992). This
measure, K, can be considered the standardized
length of movement pathways (Wiens e a/., 1995).
The fractal dimension, D, indexes the overall com-
plexity of pathway configuration over a range of
spatial scales, whereas, K, indexes a standardized
measure of total pathway length.
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Fig. 4. Changes in fractal dimension of movement path-
ways over seasons for radio-collared female cari-
bou, 1994-96. Data are presented as mean values
+ S.E. and differing means are based on Tukey’s
multiple comparison test ((0=0.05). Means with
the same letter do not significantly differ. See
methods for definition ofiseasons.
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Statistical Analyses

Data were analyzed using SAS (SAS Institute Inc.,
Cary, NC) statistical software for microcomputers.
We pooled data among years (P > 0.15) to assess the
seasonal pattern. Standardized pathlength, K, was
normally  distributed  (Shapiro-Wilk statistic;
PROC UNIVARIATE in SAS: W = 0.98, P = 0.10)
whereas fractal dimension, D, was not (W = 0.97, P
= 0.01). Since neither log-transformation nor ran-
king improved normality for D (P <0.001) we deci-
ded to use parametric statistics for both measures
(see Stewart-Oaten 1995). We compared fractal
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Fig. 5. Relationship between standardized pathlength of
caribou movement pathways and season, and
whether a female was wirh a calf or not, 1994-96.
Data are presented as mean values + S.E. and dif-
fering means are based on Tukey’s multiple com-
parison test (0.=0.05). Means with the same let-
ter do not significantly differ. See methods for
definirion of seasons.

dimension, D, and intercept, K, using analysis of
variance (2-way ANOVA with season and reproduc-
tive class as effects). If differences were found within
the ANOVA, then Tukey’s multiple comparison
tests were performed. For all tests, probabilities gre-
ater than 0.05 were considered not significant.
Values are reported as mean = SE.

Results

Fractal dimensions of female caribou movements
varied with season (F,;5 = 3.08, P < 0.02) burt not
with whether or not a female had a calf (F, 55 = 1.5,
P = 0.37), and no interaction was present (Fy ;5 =
0.15, P > 0.90). During the summer season, cari-
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Fig. 6. Movement patterns for a female caribou with a calf in 1994-95 and without a calf in 1995-96, by season.
Comparison of the fractal dimension of movement (D) and standardized pathlength (K).
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bou movements had the highest fractal dimension
indicating more random and irregular movements
(Fig. 4). The lowest movement fractal dimensions
were recorded during the late winter/spring and
autumn periods suggesting that caribou movement
was more directed and less irregular. These seasons
coincided with the period when caribou moved
from winter habitat to spring calving habitat and
back again to winter habitat. During the post-cal-
ving and early winter periods, caribou movement
was intermediate in terms of fractal dimension.

For the standardized measute of total pathway
length, K, we found differences among seasons
(Fi217 = 6.39, P < 0.01), and whether or not a
female had a calf (F, ,, = 19.4, P < 0.01) with a
possible interaction (F4,; = 2.31, P = 0.00).
Overall, the highest standardized length was for the
eatly winter season while the lowest estimates came
from the post-calving seasons (Fig. 5). Female cari-
bou without a calf moved shorter distances (standar-
dized measure, K) during the autumn and early
winter periods (Fig. 5).

Fig. 6 depicts the movement pathway of a radio-
collard female during 1993-94, when she success-
fully raised a calf, and in 1994-95 when she was
observed without a calf. During the spring of 1994,
when she had a calf, this female recorded her lowest
fractal dimension of movement and highest standat-
dized pathlength. Throughout the remainder of the
year, the fractal dimension ofi movement was high
(ca. 2.0) with the exception of autumn 1994,
Generally, the fractal dimension of movement was
higher for the female the following year when she
was observed without a calfi Also, the standardized
pathlength was higher for the female in 1995 when
she was without a calf.

Discussion

Differences in the fractal dimension of pathways
may reflect differences in the way caribou perceive
environmental heterogeneity related to differences
in resource availability and possibly predation risk.
Therefore, the parameters, D and K, may indicate
how an animal responds to, or perceives, environ-
mental pattern wichin the range of spatial scales
considered. For example, the movements of a female
caribou with a calf are directed principally at keep-
ing her calf safe from predators, whereas a female
caribou without a calf directs her searching to maxi-
mize energy intake (Roby, 1978; Boertje, 1981,
Bergerud ez al., 1984, Ferguson er al., 1989). In the
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case of females with a calf, the need to provide pro-
tection from predators may reduce their movement
rates (low K) and relatively rapid and direct move-
ments between sheltering locations may reduce
pathway complexity (low D) relative to females
without a calf.

Animals will move in a more straight line
through an area with an evenly distributed resource
(i.e., small D; Wiens er «/., 1995). In contrast, ani-
mals searching for sparse but highly clumped
resources will search in a subregion with greater
relative resources resulting in a more convoluted
search path (i.e., large D; Crist & MacMahon 1991).
Following this argument, the greater linearity of
female caribou pathways in early spring and
autumn (lower values of D) may have the effect of
increasing the likelihood of encounters among
widely dispersed individuals. During winter, the
greater feactal dimension indicates a more tortuous
pathway and suggests that caribou may interact
with environmental heterogeneity on a finer scale
(smaller grain; semsw Wiens, 1990). The fractal
structure of animal pathways shifts when funda-
mental behaviour changes in response to food densi-
ty, social factors, predation, or physiological stress
(Dicke & Burrough, 1988; Crist et a/., 1992).

Wiens et @/, (1995) advised that researchers in
animal behaviour complement the use of fractal
dimension with other scale-dependent measures (see
Li & Reynolds, 1995). Patterns of space use can be
described by speed of movement. Mean daily dis-
tance travelled ranged from 3-26 km/day for two
barren-ground caribou herds in Alaska-Yukon
(Fancy & Whitten, 1991) and 2-3 km/day for 3
woodland  caribou  populations in  Labrador
(Harrington & Veitch, 1991). For both of these stu-
dies, daily distances of females wete lowest during
the calving period, highest during spring and
autumn when moving between winter and summer
range, and also increased after a female had lost her
calf. Unpublished results support this same pattern,
with distances moved by female caribou in central
Saskatchewan being similar to other woodland cari-
bou populations (data in prep.). Fractal dimension
and standardized pathlength are scale-independent
measures of movement behaviour whereas speed of
movement varies with changes in scale. Also, the
spatial pattern ofi movement behaviour is described
by the fractal dimension.

We strongly urge researchers to consider spatial
and temporal scale carefully when calculating frac-
tal dimension from movement pathways. One ope-
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rational problem of fractal dimension measurements
relates to estimating the slope of the regression line
from the log-log plot. The slope may change with
step length (i.e. curved line). For example, our
results for caribou and similar data for polar bears
(Ursus maritimus; Ferguson et /., in press), show that
satellite telemetry data (temporal scale based on 4-6
day intervals) for large-bodied mammals estimates a
fractal dimension of movement of 1.5 < D < 2. In
contrast, insect movement pathways measured on a
temporal scale of minutes show fractal dimensions
of 1 < D < 1.5 (Wiens et /., 1993). Turchin (1996)
argued that these differences are scale-dependent
and therefore fractal theory is not applicable to
movement data (ie., lack of self-similarity).
Researchers can consider the following options: (1)
test for self-similarity before using fractal methods
(see Cox & Wang, 1993); (2) choose a particular
straight section of the curve for the estimation of
slope and assume that the straight segment is the
range of scales over which fractal theory applies; and
(3) use statistical methods (e.g., "broken stick”;
Sibly et al., 1990) to delineate the range of scales
over which the log-log plot is linear.

The structural complexity of the environment
influences the fractal dimension of movement pro-
cesses (Burrough 1981; 1983; Palmer 1988).
Remotely-sensed measurement of landscape pat-
terns can be used to estimate fractal dimensions
(Milne 1989; De Cola 1989) and such studies can
focus on the consequences of heterogeneity for the
movement of animals, resources, and energy.
Consequences of heterogeneity probably result from
similar processes for beetles as for ungulates alt-
hough allometric considerations are necessary
(Swihart er 2/, 1988). Adding to the descriptive
observations and experiments in movement path-
ways in relation to landscapes for a number of popu-
lations and species will help to understand basic
ecological processes.

Are differences in movement patterns attributa-
ble to differences in predation, body mass, diet, life-
history, physioclogy, vagility, or social organization?
Can we relate the fractal geometry of animal move-
ments to the fractal geometry of their landscapes?
These are the important questions we need to
address in the merging fields of behavioural ecology
and landscape ecology (Lima & Zollner, 1996). We
need to study animal space-use patterns in the con-
text of scale; particularly animal-perceived scale or
the animal’s perceptual range and not the narrow
range of human-perceived scale. This will help us to
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develop an understanding of the limits to extrapola-
tion of the results of a study, regardless of the scale
of which that study is conducted. Wiens & Milne
(1989) proposed that we adopt a multi-scale con-
ceptualization of landscapes by conducting studies
over a range of scales, thereby defining the domains
of scale that apply to particular patterns, processes,
or phenomena. One method of determining the
domains of scale relative to a particular process, is to
analyze the fractal geometry of patterns over a range
of scales and determine at which points the fractal
dimension changes (e.g., Krummel et /., 1987;
Palmer, 1988; Horne & Schneider, 1995). A con-
stant fractal dimension over a range of scales defines
a domain within which the patterns, and perhaps
the causative processes, are repetitive and predicta-
ble.

This approach can be applied to animal move-
ment pathways. We would not expect animal trails
ro be pure fractals since, in nature, hierarchical ‘bre-
aks’ define the domains over which self-similarity
occurs (Mandelbrot, 1990). For movement trails,
natural hierarchical steps interrupt the pattern as a
sequence in time and space (Dicke & Burrough,
1988; With & Crist, 1995). For example, we have
estimated fractal dimension of caribou movement
pathways using a spatial and seasonal scale. At a
higher hierarchical level, home ranges, which are
movement pathways over a larger area and a longer
time, define another domain of fractals. Gautestad
& Mysterud (1993) estimated the fractal dimension
of the home range of domestic sheep (Ovis aries).
They argued that fractal dimension of this annual
temporal measure is approximately 1.5, like other
physiological measures of time that are allometrica-
ly related to body mass raised to the 1/4 power. Ata
lower hierarchical level, walking gaits, define anot-
her domain of fractal self-similarity (Hausdorff e
al., 1995). Therefore, spatial and temporal patterns,
or trends in random directions, can be seen as a pro-
cess of hierarchies: small-area, short-term trends
may be imposed upon larger-area, longer-term
trends, imposed on yet larger-area, even longer-term
trends, and so on (Mandelbrot, 1983; Milne, 1992;
Arino & Pimm, 1995).
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Abstract: Woodland caribou habitat management in northwestern Ontario is a complex spatial problem. The Strategic
Foresr Management Model (SFMM), a linear programming PC-based planning tool being developed in Ontario, was
used to examine the impacts of alternative management strategies on caribou habitat. The management alternatives
investigated included the cessation of timber management and maximising the present value of wood production with-
out any explicit concern (in the model) for caribou. Three major findings are worth noting: 1) ttying to maintain prime
caribou habitat within active Forest Management Units will come at a cost to wood supply but the cost will depend on
the absolute amount of area affected and the spatial configuration of that land in relation to mills. The cost of maintai-
ning catibou habitat in one management unit at a level about 25 000 hectares is roughly $324 000 per year (about 3
cents for each Onratio resident). The imposition of an even-flow constraint on wood production is in fact potentially
mote costly; 2) Given the tegion is heavily dominated by sptuce aged 90 years and over, forest succession and fire dis-
turbance will likely cause large declines in prime caribou habirtat in the near to medium term (20 to 40 years) even if no
timber harvesting occurs; 3) The complexities of the trade-offs in this resource management problem highlight the
limitations of any single modelling tool to satisfactorily address all issues. Planners need to take advantage of a wide

range of analyrical techniques to quantify the issues and formulate integrated policies.

Key words: caribou, habitat, wood supply, economic analysis, forest management.

Introduction

Forest management planning problems tend to be
large and complex. For example, wood growth and
yield functions are required across many stands.
Silvicultural costs and stumpage values may vary
spatially and stand management options are usually
numerous. When non-wood outputs (values) are
considered the complexity increases. A common
response to this problem in forest planning has been
to use linear programming (LP) to explore the tra-
de-offs implicit in forest planning (e.g. Davis,
1996; Buongiorno & Gilless, 1987; Johnson e al.,
1986; McKenney & Common, 1990). Linear pro-
gramming is a tool which can efficiently search
through the large number of possible management
combinations and permutations that are typical in
forestry to identify a particular scenario that maxi-
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mises an objective subject to certain types of mana-
gement constraints.

In this paper, we quantify some of the trade-offs
berween wood supply and caribou habitat across
northwestern Ontario using a linear programming
model. The overall area of interest includes 17
Forest Management Units, and over 7 000 000 hec-
tares of land (Fig. 1). A large geographic perspective
is required for this forest management problem
because of the nomadic nature of woodland caribou
and the relatively low densities of caribou remai-
ning in the region (Cumming, 1992). The Ontario
Ministry of Natural Resources (OMNR) is commit-
ted to maintaining species within their current
ranges and have developed a set of proposed guideli-
nes for Caribou management (Racey e al., 1992).
Caribou numbers have been declining for a number
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of reasons but in a manner that roughly parallels the
northern extent of timber harvesting operations.
The caribou guidelines call for the maintenance ofi
large tracts ofi older forest to provide for caribou
habitat. These large tracts are identified in a mosaic
which ensures special consideration ofi caribou win-
ter habitat, areas used for calving and travel oppor-
tunities. This strategy suggests a set ofispatial con-
straints to balance wood supply and habitat con-
cerns that are somewhat different than most resour-
ce planning problems.

LP models allow the management problem to be
set up in a number ofi ways although typically it
involves maximising an objective such as the Net
Present Value (NPV) ofi management activities
through time. Effects of management on forest
growth and yield are modelled for each land unit.
The range of potential costs of management and
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Fig. 1. Northwestern Ontario caribou region map.

benefits, usually a measure of stumpage value, asso-
ciated with each land unit or activity are discounted
by a rate ofiinterest to derive a net value in today’s
dollars. In theory, the management strategy selected
is the combination ofi activities through time that
maximises the NPV. In practice, many scenarios
and assumptions are examined to formulate actual
management strategies.

Although it is possible to directly include non-
wood values like wildlife habitat in objective func-
tions of LP models, very few empirical studies actu-
ally do so. One reason is the difficulty in obtaining
willingness-to-pay measures (i.e. prices) for non-
market goods. Hence nonmarket values are usually
identified as constraints on management in LP
models. One example is maintaining a target total
amount ofi area in particular age classes because
some wildlife species associations prefer certain age
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classes. The cost ofithese constraints can be determi-
ned by running the model with and without the
constraints. The difference in NPV represents the
potential economic cost ofi that constraint. Decision
makers can then use personal judgement and/or
other information to assess whether the cost is
worth while.

We examined changes in caribou habitat for one
particular Management Unit in the region using
three different objective functions, i.e. maximise net
present value, maximise wood production, and
maximise net present value subject to a constraint
on changes in caribou habitat. A no timber manage-
ment scenario is also presented. The second set ofi
analyses simulates changes in caribou habitat on
three far north management units in the region
assuming no timber management. In this case the
changes in caribou habitat arise as a result ofi fire
regimes and natural forest succession. Data availabi-
lity and the nature of LP make it difficult to expli-
citly examine some ofithe spatial aspects of this pro-
blem over the entire region.

Methods and data

The Strategic Forest Management Model (SEMM) is
a PC based interactive forest modelling system that
allows users to represent large forested areas at a
strategic level (Davis, 1996). SEMM has been and
continues to be developed by the Forest Resource
Assessment Project of the OMNR. The modelling
system is based on linear programming techniques,
and is designed specifically for Ontario’s forest con-
ditions and strategic planning requirements. SEMM
provides a flexible framework to represent a forest as
it evolves through time, in response to natural
dynamics and active intervention. Users can evalua-
te a variety of forest management objectives and tar-
gets, and explore long-term strategies and trade-
offs. Through a graphical interface, users can:
1. Define the current forest and non-forest land
base;
2. Simulate the
through time;
3. Describe their silvicultural options; and

forest’s natural development
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4. Explore management alternatives and scenarios
to design a forest management strategy that pro-
vides an appropriate mix of benefits.

Resules of a model run are provided through
graphics and text in seven categories: forest conditi-
on, forest dynamics, areas treated, finances, volumes
harvested, wildlife habitat and forest diversity.

The structure of SEMM is known as a “Model 111"
network (Fig. 2). The model is built upon a series of
similar linked networks that together represent the
various forest types within a large forest land base.
The simplified network shown in Fig. 2 represents a
single forest unit. Each box represents an age class
within the forest unit. The arrows represent how
area transfers between these age classes to represent
growth, harvesting, and renewal through time.
Linkages with other, similar networks (not shown)
can also transfer to and feom other forest types. Land
might change in status from one forest type to anot-
her through natural succession, tending treatments,
or harvesting and renewal treatments that do not
return all the area harvested to the same forest unit.

Like most planning problems, four basic types of
information were required for this scudy:

1. Forest Resource Inventory (FRI) data describing
the forest stands within each township, base map
or map unit in general in the region;

2. Projections of forest dynamics, i.e. growth and
yield estimates, natural succession rules, and
natural disturbance rates (probability estimates);

3. Information regarding eligibilities and costs of
forest types for harvesting and renewal treat-
ments; and

4. Standing timber values.

Forest Resource Inventory data

The FRI contains information on species compositi-
on, age, stocking and the area for each forest stand.
These data for northwestern Ontario was obtained
from the OMNR’s Forest Resource Assessment
Project. It was available in summary form by map
sheet for the 17 active and currently inactive
Management Units of interest for this analysis.
Information on non-forested land types, and areas
reserved from harvesting (e.g. protection forest)
were also included as part of this analysis.

To simplify the model construction and interpre-
tation, the FRI data was aggregated as: "White
Birch” when it was 609 or more of the stand com-
position; "Jack Pine” when it was 60% or more;
“Poplar” when 60% or more; "Spruce” when 60%
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or more black or white spruce and; “Mixed” for the
remaining forest types which are primarily combi-
nations of these species assemblages.

The region is heavily dominated by spruce age 90
years and older. However there is also a large
amount ofi 50-90 year old jack pine and mixed
forest.

Growth & yield estimates and forest dynamics

Growth and yield estimates describe the changes in
timber volumes at different ages or through time
for each of the different forest types. Very lictle is
known about spatial variations in growth rates
across northwestern Ontario, hence the same
growth and yield estimates were used for each map
unit. Average growth and yield estimates were
developed for each of the forest types described abo-
ve in consultation with OMNR Forest Resource
Assessment Project. These values and assumptions
regarding successional pathways, natural and fire
disturbance rates were derived from previous work
and historical data (see Arlidge, 1995). It is impor-
tant to note that volumes decline over time as these
forests become over-mature due to successional
change.

Silvicultural options

Planning models developed previously by foresters
in the region were used to derive the silvicultural
options for this study. These included specific opti-
ons and costs for forest harvesting and renewal tre-
atments. Forest renewal options were $10 per hecta-
re for basic; intermediate renewal at a cost of $300
per hectare, and intensive renewal at a cost of $1300
per hectare (Arlidge, 1995).

Standing timber values

In most planning models that involve an economic
component a value of standing timber is required.
The value of standing timber to society has long
been a subject of debate. Forecasting the value
through time further complicates the problem. The
stumpage fees that are charged by the OMNR are
administratively set, not through a competitive
market process. The implication is that these fees
would therefore not correspond to the true value of
standing timber by standard economic criteria.
Although the OMNR has recently changed its pri-
cing policy to more closely correspond to current
market conditions, determining the actual numeri-
cal value of standing timber to wood producers
remains a contentious and difficult issue. A residual
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value approach is commonly used to determine
standing timber values and has been applied in
Ontario (Nautiyal e 2/, 1994). This approach
quantifies the difference between the final product
value and the cost of producing the good. For exam-
ple in the case of lumber, the standing timber value
would be the markert value of lumber less the cost of
harvesting, transportation to the mill and an allo-
wance for profit (Nautiyal e #/., 1994). This num-
ber represents the maximum amount the firm
would be willing to pay for the right to harvest the
standing timber.

A variant of this residual valuation approach was
used to derive standing timber values for the study
areas:

MWTP = (Starting MWTP - Hauling Cost)

where MW TP stands for "Mill Willingness to Pay”
($ per cubic metre), and "Starting MWTP” is inten-
ded to represent the maximum amount a mill
would be willing to pay for standing timber if it
was situated next to the mill. Given the difficulty in
determining a single number this approach enables
different views of long run standing timber values
to be considered. Results presented here used a star-
ting MWTP of $30 per cubic metre and existing
mill locations (see McKenney & Nippers, 1996 for
additional analyses). These MWTP values were
adjusted by hauling costs for each map unit. The
average of these values was then calculatred to deter-
mine the average MWTP for the entire
Management Unit. There is an inherent, though
debatable, assumption, that harvest costs would not
vary spatially.

Hauling costs are the $ costs/cubic metre of
transporting wood from the harvest site to the mill.
The further away wood is from a mill, the more it
will cost to haul. Hauling costs were calculated as
follows:

HAULING COST = (Distance to mill (km) *
0.0772(cents/cubic metre/km))

0.0772, the transportation cost factor used was
based on Nautiyal ez «/. (1994) and OMNR, 1994).
Distances were calculated using a Geographic
Information System (GIS) algorithm and data on
road locations and map units. The distance from
each map unit centroid to the nearest major road
was calculated for each map unit (e.g. township or
Ontario Base Map). The GIS also calculated the dis-
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tance to the mill that had primary rights to the
standing timber for each Forest Management Unit.
The distance to the mill used in the hauling cost
calculations was the sum of these two values i.e. the
“map centroid to nearest primary road distance” and
the distance from there to the mill.

In summary, the general SFMM caribou model
template tracked caribou habitat by using growth
and yield projections based on other SFMM analyses
in the region, inventory data summarised at the
Map Unit level, standing timber values that were
adjusted by hauling distance for each Map Unit and
possible silviculture costs ranging from $10/ha-
$1300/ha. Planning periods were 10 years and the
planning horizon was 100 years. Prime caribou
habitat was defined as hectares of spruce, jack pine
and mixed forest aged 80 years and older.

Several SFMM analyses were performed on the
Lac Seul Management Unit representing different
objectives: no timber management (NTM), maxi-
mise NPV, maximise timber harvest volumes
(MTH), and maximise NPV subject to maintaining
a specified amount of caribou habirat in each plan-
ning period. This Unit was assumed to be represen-
tative of the active Management Units in the regi-
on. A major challenge in this type of analysis is sif-
ting through the large volume of output to focus on
the major issues. The results presented here are par-
ticularly salient. In addition some no timber mana-
gement scenarios were run for 3 far north units
which are not currently being harvested (see Fig. 1).

Results and discussion

Fig. 3 portrays the likely aggregate changes in cari-
bou habitat over time for the different possible
management strategies on the Lac Seul Unit. In the
NTM scenario, caribou habitar fluctuated between
100 000 and 150 000 hectares. In the timber
management strategies, caribou habitar dropped
from near 100 000 ha currently to below 13 000 ha.
After several trials, a set of constraints were develo-
ped that maintained total caribou habitat above
28 000 ha. No constraints could be found that
would maintain a higher level of habitat.

The habirat results are driven by changes to the
aggregate projected age class distributions. The
NTM scenario skews the age classes to the older
levels. Timber management scenarios result in very
little of the older classes by the Sth decade. The
magnitude of the drops could not have been easily
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Fig. 3. Lac Seul caribou habitat summaries.

ascertained without this type of modelling tool.
SFMM makes such assessments straightforward.
The total NPV of various scenarios can be used to
gauge the cost effectiveness of different manage-
ment strategies. The cost in terms of NPV of the
maximise timber harvest objective is approximately
$122.3 million. This is the difference between
maximise NPV scenario and the MTH run ($414.5
million versus $292.1 million). This amount
should be weighed against the difference in the
amount of caribou habitat between scenarios (which
appears relatively insignificant - see Figure 3). In
fact, prime caribou habitat reaches the lowest levels
in the maximise timber scenario. The NPV of the
habitat constraint scenario is $406.4 million. Thus,
the cost of maintaining this level of habitat is $8.1
million over 100 years or roughly $324 000 per
year (using a 4% discount rate), This translates into
0.07 percent of the NPV. This value represents
what Ontario residents would have to be willing to
pay to justify the constraint on economic efficiency
grounds (about 3 cents per person in Ontatio per
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year). Interestingly, additional analyses (not shown)
which included even-flow, plus or minus 20%, tim-
ber constraints had much lower net present values
$90 to $115 million depending on harvest con-
straint. Even flow constraints are often used in forest
management to try to reduce volatility in harvest
levels (Buongiorno & Gilless, 1987). In these runs
caribou habitat reached low levels comparable to
the MTH scenario.

Whether this 25 000 or 50 000 hectates of habi-
tat in the Lac Seul Unit are sufficient to sustain the
caribou population in the larger region is an impor-
tant biological question but beyond the scope of
this analysis. There may be alternative, more cost-
effective means to maintain a population of caribou
in the region at large. For example, timber harves-
ting could, in principle, be restricted in the far-
north units. This fibre is potentially less valuable to
industry because ofi the large hauling distances
involved and may therefore involve less of a sacrifice
if forgone. However, even if timber management
was eliminated from these units, natural forest suc-
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cession and fire patterns will affect habitat quality
and quantity over time.

To investigate this issue, no timber management
scenarios were developed for several far north mana-
gement units (Ogoki, Lake St. Joseph and Berens
River units - see Fig. 1). These scenarios examined
potential changes in habitat given minimal fire
suppression activities and natural succession. The
fire probability disturbance rate was 0.015 as com-
pared to 0.004 85 in Lac Seul where fire suppression
activities are more common (Tithecott, pers.
comm.).

Fig. 4 shows the implications of no timber mana-
gement on 3 far north units on the expected aggre-
gate amount of caribou habitat over time. Except
for the Berens River Unit, caribou habitat substan-
tially decreases over time relative to current levels.
This is attributed to the existing old forest conditi-
on (age class structure) of these units. Note that the
absolute amount of caribou habitat vaties considera-
bly across each of the units. More research is likely
required to understand the actual spatial variation
in habitat quality across these units. For example,
would 50 000 hectares of “caribou habitat” in the
Berens River Unit be better than 100 000 hectares
in the Lake St. Joseph Unit because of the quality of
overwintering areas’

Conclusions

This paper demonstrates how a generic linear pro-
gramming based forest planning model can be used
to investigate caribou, wood supply and forest eco-
nomic issues. The implications of the proposed cari-
bou guidelines are difficult to quantify in precise
terms over such a large region. There is a complex
array of trade-offs between wood supply and the
value of standing timber and the spatial arrange-
ment of caribou habitat. Models such as SFMM and
other forest planning tools help planners and stake-
holders to clearly identify and organise what is
known and not known. This quantifies trade-offs
more cleatly. What makes the caribou management
problem unique is the nomadic nature of the animal
hence many Forest Management Units could be
affected by policy directives. Wood supply issues
may need to be co-ordinated over a much larger
geographic area than is currently taking place.

The Lac Seul analyses presented here suggest that
it will be ditficult to maintain caribou habitat in a
single management unit once timber harvesting
occurs depending on the amount of habitat explicit-
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ly required. The results support the notion that co-
ordination among management units may be neces-
sary to maintain caribou range across the currently
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occupied portion of northwestern  Ontario.
Extrapolating this result to other Forest Manage-
ment Units in the region is nevertheless difficult.
The composition (species) and structure (age classes)
of each unit is different. Maintaining small patches
of habitat within harvested areas across the entire
region may in fact be a less cost effective approach
to maintaining the species (see Hyde, 1989 for a
similar recommendation in the context of a forest
dwelling bird species). More analyses are required
to investigate this assertion.

The no timber management scenarios on the far
north units also suggest that prime caribou habitat
is likely to fluctuate considerably over the next 100
years regardless of timber management activities.
This is due to the preponderance of mature/over
mature spruce forest in the region that is suscepti-
ble to fire. Woodland caribou may be mote reliant
on these areas than they have been in the past
because of harvesting activities south of these units.
Despite the likely declines in prime caribou habitat,
timber harvesting may not be an economically via-
ble proposition for these units. Restricting timbet
harvesting in these far north units may still be the
most cost effective way of maintaining caribou in
the region at large.

Clearly maintenance of caribou habitat in any
given area that includes timber harvesting will
require rigorous spatial analysis on the layout of
hatvest patches. Co-ordinated planning efforts with
surrounding Management Units is necessary to
minimise the impacts on both wood supply and
habitat. Linear programming by itself will likely be
of limited value in such broad scale planning. Forest
planners will need to take advantage of a wider
range of tools such as Geographic Information
Systems, and other simulation and optimization
tools to provide additional insights. (e.g. McKenney
& Nippers, 19906).
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Analysis of forest stands used by wintering woodland caribou in Ontario
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Abstract: Two summers’ field surveys at 9 locations in northwestern Ontario showed that woodland caribou (Rangifer
tarandus caribor) wintering areas supporred jack pine and black spruce stands with low tree densities (mean 1552 tre-
es’ha, 39% of a fully stocked stand), low basal areas (mean 14.14 m%ha), low volumes (mean 116 m*/ha, 68% of
Normal Yield Tables) and short heights (95% of stands 12 m or less). Ecologically, most sights were classed V30.
Significantly more lichen (averaging 39% lichen ground cover) was found on plots used by caribou. Three measured
areas showed few shrubs, possibly enhancing escape possibilities and reducing browse attractive to moose. An HIS
model predicted known locations of caribou winter habitat from FRI data with 76% accuracy. Landsat imagery theme
3 (open conifer) produced 74% accuracy. Combining these methods permitted prediction of all 50 test sites. The low
volumes of timber found in caribou wintering areas suggest that setting aside reserves for caribou winter habitat would

not sacrifice as much wood product value as might at first appear.

Key words: Rangifer tarandus caribou, landsat, habitat, timber stands, HSI.

Introduction

During the last 2 decades, forest managers have bro-
adened the scope of their activities to include many
uses previously ignored. Providing habitat for
woodland caribou constitutes a recent challenge
(Cumming, 1992). Unlike white-tailed deer
(Odpcoilens virginianus) and moose (Alces alces) which
associate primarily with young stands and thus can
thrive in a managed forest, caribou frequent even
earlier ecological stages (moss, lichen) that paradox-
ically may not show up until forests are old and
sometimes breaking up. Forest management for
woodland caribou, therefore, involves some of the
problems associated with managing old forests for
other species (Cumming, 1994).

To meet these challenges, caribou biologists have
often recommended that portions of the forest be
reserved from cutting (Johnson ¢t «/., 1977; Simp-
son et 4/, 1985; Ritcey, 1988; Servheen & Scott,
1988; Ministere du Foréts. Ministere du Loisir, de la
Chasse et de la Péche, 1991; Cumming & Beange,
1993; Cumming, 1994). In Ontario, some biolo-
gists (Racey et «/, 1992) have proposed caribou
habitat management by scheduled cutting in large
blocks, rather than specific reserve systems, but this
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scheme also requires delaying wood harvesting of
occupied winter habitat until alternate habitat
becomes available. The situation is made more
urgent by the finding that only about 1800 wood-
land caribou remain in the commercial forests of
Ontario (Cumming, in press).

These considerations raise important questions
for those who wish to manage forests to retain cari-
bou winter habitat: what kinds of forest do wood-
land caribou inhabit in winter? What losses of wood
products can be expected if cutting in caribou win-
tering areas is deferred? Can potential winter habi-
tat be predicted? To answer these questions, we
applied standard forest mensuration techniques,
augmented by lichen and sighting surveys, to 9
caribou wintering areas known from previous aerial
surveys to be frequented by caribou (Cumming &
Beange, 1987). We then proposed a habitat suitabi-
lity index (HSI) for predicting potential caribou
habitat in forest planning.

Study areas

The Royal Commission on the Northern
Environment (1980) describes the area around Lake
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Lake
Superior

Lake
Nipigon

Fig. 1. Locations of study areas relative to Lake Nipigon, in the order they were examined. Location code: 1 Elf Lake, 2
O’Neil Lake, 3 Armsrrong Old, 4 Molison Lake, 5 Crocker Point, 6 Armstrong North, 7 Armstrong South, 8

Wabakimi Lake, 9 Lamaune Lake.

Nipigon (ftom Wabakimi Lake to Molison Lake,
Fig. 1) as Canadian Shield made up of granitic rock
partially covered by lacustrine sediments and the
occasional ground moraine. The mean daily tempe-
rature for January is - 19.5 °C. Snow covers the
ground for 160 to 200 days of the year. The area
receives 160 to 280 cm ofi snow fall annually.
During the years in which surveys determined loca-
tions of caribou for this study, maximum snow
depths ranged from 35 to 65+ cm (Cumming &
Beange, 1987).

Nine study areas were chosen from results of eat-
lier research that documented locations of wintering
areas over 4 winters by telemetry and aerial map-
ping of tracks (Cumming & Beange, 1987) . Four of
the chosen areas had been used by caribou all 4 win-
ters; 2, 3 winters; 1, 2 winters; and 2, 1 winter (Fig.
1). The Lamaune Lake study area was clear-cut in
1963, and another area at Springwater Creek that
had been selectively logged in part during World
Wear II and in part during 1980 was investigated for
lichen regeneration only. All other locations support-
ted virginal stands in the boreal forest zone (Hosie,
1973). The study areas represent the southern limits
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to the range of woodland caribou in the Lake
Nipigon area (Cumming & Beange, 1987).

Methods

To learn what signs ofi caribou winter use looked
like in summer, we marked, during February, 1980,
winter feeding craters south of Armstrong and revi-
sited them the following May. We then measured
horizontal and vertical distribution ofitrees in the 9
locations during the summer of 1980. When a win-
tering area was chosen to be sampled, its boundaries
were located on a map and on aerial photographs.
The following sample design was used in all areas
studied. Three transect lines (400 m long and 100
m apart) were laid out on the photos before the area
field work commenced. The starting point was ran-
domly located. Lines were established at right
angles to the topography, both to provide for repre-
sentative sampling and to minimize the need for
slope cotrections. Each line consisted of 14 sample
plots, 10 m long and 20 m apart. This sampling
intensity was chosen because it met the guidelines
of the Ontario Ministry of Natural Resources
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(OMNR) for sampling vertical transects (Ontario
Min. Nat. Res., 1980), based on Bickerstaff (1961).
Therefore, each study area contained 3 lines with 14
vertical sampling plots and 42 corresponding
ground lichen and caribou usage plots. The only
exception to this sampling design was at Lamaune
Lake where access difficulties reduced sampling to
10 plots located 30 m apart on a single transect
across the stand.

Up to 6 collection and analyses strategies were
employed at each location. Ontario Forest Resources
Inventory (FRI) data were collected (Ontario Min.
Nat. Res., 1978) for a detailed description of cari-
bou wintering areas. Vertical distributions of trees
were measuted using the vertical transect method
described by Husch et 4/. (1982). Briefly, this met-
hod involves the tally by height class and species of
all trees subtended by a vertical angle of 45 degrees.
The sampling is carried out on a continuous Strip
with observations at right angles to the line of tra-
vel. Intensity of sampling varied with the size and
heterogeneity of the stand. We sampled 100 m/ha, a
rate that had been found suitable in the boreal forest
(Day, pers. comm.), and agreed with suggestions by
Husch et /. (1982).

Horizontal profiles ofi the forest stands were exa-
mined in conjunction with the vertical transect
sampling, following Avery (1967) and Husch e 4/.
(1982). We followed their recommendation in
using a small BAF prism (2 m? to reduce possible
bias. From the horizontal sampling results stand
descriptions similar to those used by FRI were deve-
loped.

In 1992, we re-assessed these areas using the
newly developed Northwestern Ontario Forest
Ecology Classification (NWO FEC) for standardiza-
tion of ecological site characteristics (Sims et al.,
1989). Ten plots were located in each of 8 measured
locations. V-type plots NWO FEC) were located at
30 m intervals along the sampling transects. The
descriptions of the various vegetation types found in
Stocks et al. (1990) were used to confirm the site
assessments. Crown closure was estimated from the
ground in accordance with the guidelines and charts
provided by Sims et al. (1989).

In addition to the forest stand sampling, ground
lichen and caribou usage were also measured as fol-
lows: (1) 10 - 1 my* plots were located along the line
used for vertical stand sampling; (2) plots 1, 5, 10,
were “framed” using 4 - 1 m sticks and then occu-
larly assessed for the percentage of ground lichen;
(3) evidence of woodland caribou winter use, inclu-
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ding pellet groups, browsing, antlers, and bush
thrashed trees, were recorded on each plot.
Although arboreal lichens may be important to
caribou in some places, summer efforts at evaluating
use proved too inaccurate for further pursuit, and
arboreal lichens were not included in this study.

Visual sighting measures, and lichen regenerati-
on quadrat data were also collected in the summer
of 1992. To help assess the impacts of these winte-
ring conditions on the caribou themselves, and to
obtain a rough measure of shrub availability, visual
sighting measures were taken in conjunction with
the NWO FEC plots at Crocker Point, O’'Neil Lake,
and Molison Lake. An 8 1/2” by 11”7 aluminum
clipboard was held at breast height (1.3 m) at the
plot centre. This height was chosen because it is the
approximate height of a caribou’s eye (Godwin,
1990). In each case, we recorded the distance along
the transect line at which the clipboard could no
longer be seen. If the distance was greater than 30
meters it was recorded as 30+ m. Comparative mea-
sures in fully stocked mature black spruce stands
were taken near Shebandowan Lake, 100 km west of
Thunder Bay, Ontario.

Due to wide interest in times required for lichen
to grow again after trees are cut, the Lamaune Lake
study area was examined for lichen regeneration 30
years after harvesting. In addition, the cut areas at
Springwater Creek were examined on the ground in
1980 and 1992. During the second visit, we ran a
transect line through each ofithe 2 cut-overs (12, 50
years old) at right angles to their common bounda-
ry. In each cut area, we established 10 sampling sta-
tions spaced 5 m apart, and at each station we mea-
sured 2 side by side plots, 1 m? in size.

We built our HSI model on FRI data because of
their wide availability. Our model was derived from
HSI models for moose in the Lake Superior Region
(Allen et 4l., 1987) and for woodland caribou year
round habitat in Saskatchewan (Yurach et /., 1991).
To test the predictive ability of the FRI stand des-
criptions against known wintering areas, we obrai-
ned stand descriptions for “good habitat” values
feom the habitat suitability index model and then
attempted to locate similar sites in the forest.

Another approach was made possible by
Timmermann (pers. comm.) who provided Landsat
imagery for Northwestern Ontario that had been
developed, analyzed and summarized into 15 possi-
ble themes (for forest fuel analysis) for fire manage-
ment. The Landsat MSS data with a 50 m resolution
were corrected to UTM co-ordinates and a supervi-
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Table 1. Forest Resources Inventory descriptions, Forest Ecosystem Classifications, and lichen ground cover percenta-
ges on 9 locations where caribou repeatedly concentrated during winter.

Plots showing FRI Description

Lichen ground cover (%)

Survey use by  Working Age  Height  Crown Site Plots used® Plots not used
location® caribou (%) Group (m) closure Class by caribou by caribou
1 31 Pj 90 11 40 4 43 1¢ 13.7
2 33 Sb 60 6.5 50 3 27.3 0.6
3 21 Pj 70 18 60 2 S0 22.7
4 36 Pj 98 15.1 40 3 30.9 1.9
5 26 Sb 90 12 40 2 24.5 1.9
6 40 Pj 65 13.2 80 3 41.6 315
7 40 Pj 65 13.2 80 3 63.1 8.9
8 26 Sb 87 114 50 3 24.8 2.1
9 60 Sb 25 4.2 40 3 45.6 29.1
Mean 35 72 11.6 53 38 12
S.D. 11 22 4.2 0.17 12 12

* Area code: 1 Elf Lake, 2 O’'Neil Lake, 3 Armstrong Old, 4 Molison Lake, 5 Crocker Point, 6 Armstrong North, 7

Armstrong South, 8 Wabakimi Lake, 9 Lamaune Lake.

b Signs indicating caribou use of a plot included pellet groups, browsing, antlers, and brush-thrashed trees.
¢ We used original data because squate root, logarithmic and arcsin transformations did not substantially improve nor-

mality plots.

sed classification was performed to produce 15
forest fuel classes by the OMNR. The dates of the
imagery ranged from 1976 to the mid- 1980’s. The
classified data (data which had already been analy-
zed into specific classes or themes) were downloaded
onto a Sun workstation. The accuracy and reliabilicy
of forest fuel mapping by Landsat was checked by
contacting the OMNR fire control centres in
Thunder Bay and Sault Ste. Marie, Ontario. The
only testing available was operational. The mapping
system worked very well and met operational requi-
rements (Mr. Turner & Mr. Checkley , OMNR fire
control officers, pers. comm).

Test sites for these approaches were located in the
vicinity of Wabakimi Lake, Ontario, where winter
use by woodland caribou was well documented.
Fifty locations where winter activity(feeding craters,
telemetry locations, track aggregations, and visual
sightings) had been observed were chosen from 8
winter surveys of caribou activity from 1978- 1984
and 1989-1991 (no surveys were conducted from
1985-1988, Gollat, pers. comm.) to compare with
FRI data and Landsat theme areas.

Results

Three of the 9 surveyed wintering areas were situa-
ted on deep sand, the remainder on bedrock. Eight
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of the 9 were of fire origin. The NW.O FEC class V
30 (Jack Pine-Black Spruce/Blueberry/Lichen) des-
cribed a portion of every study area (half were enti-
rely V30), totaling to 86% of the plots. Class V31
(Black Spruce-Jack Pine/Tall Shrub/ Feathermoss)
occurred with V30 on 1 study area ( 6% of the
plots), and V 32 (Jack Pine-Black Spruce/Ericaceous
Shrub/Feathermoss) on another (5%). Class V 28
(Jack Pine/Low Shrub) shared an area with V30, V
32 (1%), and V 34 (Black Spruce/Labrador
Tea/Feather moss) with V30, V 31 (1%). Non-V30
areas were usually located on water catchments bet-
ween humps of exposed bedrock, where the slope
difference was often sufficient to change the classifi-
cation on the 10m x 10m sample plots. The mean
estimated crown closure (from the ground looking
up) was 25% (S5.D.=10). Ground cover consisted of
339% (8.D.=18.08) feathermoss (Plexrozium schreberi
and  Dicranum  polysetum) and 52% (S5.D.=20.80)
ground lichens (Cladina spp.). For further details
see Antionak (1993).

Working groups (based on most common species)
classed 5 study areas as jack pine, 4 as black spruce.
Ground surveys using Ontario’s FRI classes indica-
ted that ages of fire-origin stands ranged from 60-
98 years (Table 1); the sole harvest-origin stand at
Lamaune Lake was 30 years old. Apart from
Lamaune Lake ( height 4.2 m) heights ranged from
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Table 2. Vertical distribution (stems/ha) of all tree species by area and height class compared with Plonski’s (1981)

Normal Yield tables.

Normal Yield Table

Area 3m 6m 9m 12m 15m 18m Total Values (stems/ha)
1 619 329 442 127 90 16 1623 3584
2 1302 627 138 28 2095 5140
3 250 56 151 190 283 930 1611
4 1310 645 907 240 2 3106 3673
5 516 552 809 369 3 2249 3099
6 158 83 90 105 237 71 744 3490
7 143 48 190 335 128 844 1815
8 333 492 796 433 16 1981 4020
9 190 119 85 394 9495

MEAN 536 328 401 228 108 44 1552 3992

S.D. 439 241 325 132 106 28 834 2194

» Plonski (1981).

6.5-15.1 m. Forest site classes ranged from 2-4,
crown closure from 40-80%. Within each study
area, plots showing winter use by catibou comprised
a mean of 35% (range 21 to 60) .

Vertical distribution of the forest

Descriptions of forests include vertical and horizon-
tal measurements. Measures of vertical distributions
showed that all trees were relatively short (Table 2),
with no stands reaching the height-over-age ratios
required to be included in site class 1 (Plonski,
1981). Overall, 99.9% of the trees were in the 15 m
height class or less, and 95% in the 12 m height
class or less. Vertical distribution surveys showed no
significant difference between the used and unused
plots (#=1.71, df=8, P>0.1). Therefore all plots wit-
hin each study area were combined for an overall
description of the area (Table 2). Species compositi-
on within each study area and between study areas
showed no significant differences (¢1=0.32, df=16,
P>0.5;£=.99, df=16, P>0.5). All stands were black
spruce and jack pine mixed stands. Other species
within the study areas included white birch, tremb-
ling aspen (Populus tremuloides), larch (Larix laricina)
and balsam fir (Abies balsamea). None of these, nor
any combination in total, constituted more than 5%
of the stems in any of the study areas. When stems
per ha by height class and study area were tested,
the ANOVA showed no significant difference bet-
ween study areas (f=1.411, df=8, 45, P=0.2181)
but, as suspected, a highly significant difference
among height classes within study areas (f=5.82,
df=5.40, P=0.0004).
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Vertical distribution of total stems per ha (Table
2) on the plots compared with values from Normal
Yield Tables (Plonski, 1981) showed study areas
always with fewer stems per ha (t=2.75, d.f. 8,
P<0.05) averaging 38.8% of a fully stocked stand.
Woodland caribou wintet in a range of stem densi-
ties which are significantly fewer than fully stocked
stands (Table 2).

Horizontal disrribution

Differences in horizontal distribution berween plots
with signs of caribou and those with no evidence of
use were not significant (#=1.32, df=8, P>0.2).
Therefore the data fcom these categories were amal-
gamarted (Table 3). Only 1.7% of the total volume
was composed of species other than black spruce or

Table 3. Horizontal distribution: volume/ha by species.

Area  Black Spruce  Jack Pine Orthers
m’/ha m>?/ha m*/ha
1 71.06 21.18 3.31
2 51.59 4.31
3 15.22 128.48
4 169.03 5.79
5 129.96 8.35
6 19.91 97.27
7 16.28 92.53
8 142.4 5.94 21
9 37.01 28.38
Mean 72.5 47.99 4.59
S.D. 56.2 46.71 2.34
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Table 4. Horizontal distribution (volume) and basal areas of plots used by caribou in winter compared with those not

used and with normal tables by Plonski (1981).

Volume (m?/ha)

Percentage of

Caribou sign Total normal volume
Location Present Not present Volume (Plonski, 1981)
1 51 85 94 61
2 75 42 56 72
3 137 150 144 48
4 93 219 175 71
5 99 178 138 56
6 188 109 117 59
7 116 164 109 55
8 100 179 150 97
9 32 54 65 98
Mean 99 131 116
S.D. 43 58 37
Basal area (m?/ha) Percentage of
Caribou sign Total normal yield
Location Present Not present Basal Area (Plonski, 1981)
1 11.3 11.7 12.2 51
2 9.7 10.9 10.7 54
3 16 16 9.6 37
4 9.3 26.3 20.7 87
5 12.7 21.7 17.2 50
6 22 12.6 17.6 78
7 13.5 19.2 13.3 59
8 12.7 14.7 18.7 64
9 5.3 21.7 7.2 51
Mean 12.5 17.2 14.1
S.D. 4.4 5 4.4

jack pine. An ANOVA showed no significant diffe-
rence in volume between study areas (f=1.248,
df=8, 117, P=0.2774) but a highly significant dif-
ference between diameter classes within study areas
(f=7.528, df=13, 104, P=0.0001). This is to be
expected with the larger volumes occurring in the
upper diameter classes. Total volume per ha from all
study areas, compared with volumes from Normal
Yield Tables (Plonski, 1981), showed that the study
areas would yield significantly lower volumes than
expected (#=3.91, df=8, P<0.01). On average they
supported 68% of the volume listed as Normal
Yield Tables (of the same site class) and ranged from
48% to 98% of the table volumes (Table 4).

Basal areas did not differ significantly (r=1.68,
df=8, P>0.05) between plots showing usage and
those that did not (Table 4). The basal areas for stu-
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dy locations when were significantly lower (1=6.42,
df=8, P<0.01) than those from the Normal Yield
Tables (Plonski, 1981). The study areas had a mean
basal area of 14.14 m2/ha which is less than the
mean table value of 24.00 m2/ha. The differences
ranged from 37% to 87% below the table values.

Caribou signs revealed a highly significant ten-
dency to occupy plots with a greater coverage of
lichen (#=6.54, df=8, P<0.001). The average per-
cent of ground covered in lichen in plots that sho-
wed caribou usage was 39% ($.D.=12.4) compared
with a covering of 12% (8.D.=11.7) in the unused
plots.

Visual sighting measures
Standard forestry measurements do not indicate
thickness of understory, therefore, at 3 study areas
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Table 5. Lichen regeneration quadrats in 50+ year old
and 12 year old cutover stands at Springwater
Creek.

Percentage of plot covered with lichens

Plot no.  Old Cutover Recent Cutover
Quadrat 1 Quadrat 2 Quadrat 1 Quadrat 2

1 80 70 60 30
2 60 80 0 0
3 10 0 0 0
4 10 40 0 0
5 5 15 0 0
6 40 10 0 0
7 0 0 0 0
8 80 50 0 0
9 30 60 0 0
10 0 0 0 0

special measurements were taken of sighting distan-
ces. Mean visual sightings from 10 measurements in
each location were 22.4 m (S.D. 8.2), 24.3 m (S.D.
7.0), and 19.2 m (S.D. 5.4). Ten of the 30 determi-
nations showed visibility beyond 30 m. Since no
significant differences were found within locations
(ANOVA F=1.226, df=2, 27, P=0.309), they were
combined to calculate a mean visual distance of
22.0 m (S$.D. 7.3), which proved to be significantly
(+=4.76, df=38, P<0.001) longer than in the unu-
sed spruce forest, mean of 10.8 m ( S.D. 1.9), with
which it was compared

Regeneration of lichen

Caribou use had been recorded in parts of a stand
along Springwater Creek in 1979 that was clear-cut
in 1980. Subsequently, neither aerial surveys
(Cumming & Beange, 1987) nor ground inspections
showed further use by caribou. Our ground surveys
in 1992 found that 12 years after the 1980 cutting,
lichens grew in only 10% of the plots. In the 50
years following the 1940’ selective logging, 80% of
the 20 plots had established ground lichens (Table
5).

Assignment of HSI values

In forming an HSI equation we assumed that lichen
is the key to winter stand usage (see discussion by
Cumming, 1992). The HSI values, then, rate the
ability of FRI descriptors to predict the likelihood
of ground lichen. The overall HSI value for each
stand is determined by multiplying all variable HSI
values togethet, as follows:
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HSI (overall) =
((species comp. HSI)(site class HSI)(age HSI)crown
closure HSI))"

The variables were multiplied because any 1 vari-
able has the potential to decrease the positive attri-
butes of all other variables when indexing stands for
potential wintering areas. The product was then
taken to the quadratic root to eliminate the effect of
4 multiplicand decimal multiplication. As a result,
HSI overall values fall between 0<>1.0. Potential
woodland caribou habitat can then be rated on a
scale: 0-0.33 poor; 0.34-.066 fair; and 0.67-1.0
good.

With the equation in place, results of the field
research were used to assign values. Maximum HSI
values for species age, crown closure, composition,
and site class were based on the authors’ data and
the findings of Racey e #/. (1992). Zero values were
omitted because a single 0 would make the overall
HSI value 0, and there is always a chance that a cari-
bou can be anywhere. The major change points were
derived from the results of this study and from
other values in the literature. Survey results sugge-
sted that stand age values should be assigned as fol-
lows: fecom first establishment, when little or no
lichen would be present, 0-20=0.01 (mid-range
value, Fig. 2). When a stand is fitst being establis-
hed there is little or no lichen and therefore a very
low value is assigned 0-20=0.01(mid-range value),
medium age 20-60=0.5 (mid-range value), mature
forest, when lichen availability would be high 60-
100=1.0, and older stands that would have a dimi-
nishing amount of lichen over time 100-150=(mid-
range value) 0.75 (Fig. 2a).

Stands ranging from no crown closure to the
development of a canopy would be very young and
were rated as 0-10%=0.5 (mid-range value).
Maximum lichen growth requires an open canopy,
therefore 10%-70%=1.0. As the canopy closes the
amount of lichen decreases with the corresponding
values 70%-100% = (mid-range value) 0.45 (Fig.
2).

Species composition was expressed as total per-
centage of jack pine and black spruce in the stand.
HSI considerations follow. Since no caribou winter
activity was found in mixed stands, a low value was
assigned to them 0 - 70% = (mid-range value)
0.025. The constraints of timber mapping often
demand that small pockets of deciduous trees be
included in what would otherwise be a pure conifer
stand. As the conifer component (suggesting a dry
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Fig. 2. HSI relationships for places where woodland caribou winter in Ontario. HIS scales are on the verricle axes.

site) increases there is an increase in the likelihood
of lichen presence (Sims et al 1989) and the follo-
wing values were assigned: 70%-80%=0.05 (mid-
range value), and 80%-90%=0.45 (mid-range
value). Pure conifer stands were currently being
used, thus they were given the highest rating 90%-
100%=1.0 (Fig. 2¢)

Site classes based on the relationship of tree
height over age (Plonski, 1981) are affected by the
moisture and nutrients available on a site. The
lower the site class the drier or poorer the site which
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makes it more suitable for lichen. Since no caribou
were found in site class X or 1 they were assigned
the lowest values: X and 1= 0.1. Since 2 of the 9
study areas were site class 2 they were assigned a
medium value 2= 0.5. The remaining site classes, 3
and 4, made up 78% of the study areas and were
given the highest values 3=14=1.0 (Fig. 2d)

Tests of FRI Data and. Landsat Imagery
Use of the HST model with FRI data predicted 38 of
the 50 known caribou winter areas. In a total area of
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516 000 ha for which Landsat imagery was availa-
ble, 107 000 ha (21%) was water, 346 000 ha fore-
sted land. In the latter, 22% was classified as theme
3, which predicted 37 of the 50 locations correctly.
However, these were not all the same locations as
predicted with FRI. When both approaches were
combined, the known caribou-use stands were pre-
dicted 50 times out ofi 50.

Discussion

Answers to our questions were obtained from our
results. Caribou chose mainly V30 type forests for
winter habitat (a finding that supports Morash &
Racey, 1990), and our FRI data confirmed this conc-
lusion. Horizontal distribution analysis showed low
basal areas and volumes, modest densities, and rela-
tively short heights (95% are 12 m or less), all cha-
racteristics that tend to make the stands of little
interest economically. Maximum recovery of wood
products would be no more than 2-3 m-sawlogs per
tree from the tallest trees in the stands. Even so, the
quality would be low. Pootly stocked stands produ-
ce trees that are heavily limbed with tapering
trunks (Stoddard, 1978), factors that reduce their
value as sawlogs. Near Armstrong, the forest might
be economical to harvest because of existing road
access and the flat sandy country which allows for
low harvest costs. But even here low wood volumes
might make individual stands unmerchantable.

The distribution of trees across a number of
height classes suggested that these uneven aged
stands (overstory of shade intolerant jack pine,
understory of black spruce), once cut, might be dif-
ficult to replace. To insure the return ofia similar
forest, the slash would have to be spread across the
site to distribute the serotinous and semi-serotinous
cones so that heat near the ground would open them
(Burns, 1983). This action would simulate regene-
ration after fire better than planting and would lea-
ve lichen on site. Sims ez 2/, (1990) suggest a rotati-
on age of 70 to 80 years on low growth jack pine
and black spruce stands, but this would entail har-
vesting during the peak period of caribou benefits.
For caribou, the rotation age should be extended to
over 100 years.

The HSI model might have a number of uses. It
could be combined with a GIS digitized FRI map to
locate potential woodland caribou wintering areas
and to predict how changes in forest stand composi-
tion would affect woodland caribou winter habitat.
The latter might be expanded to model changing
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forest conditions on computer GIS programs as the
forest is “grown” and “harvested”, permitting
managers to see compare present inventory with
predicted consequences management action. Since
high HSI value stands indicate correspondingly low
economic worth, concentrations of high HSI stands
might suggest a candidate places for non-timber
management objectives, such as park land or wildli-
fe areas. However, this was a first attempt at such a
model and the HSI values assigned to the variables
may require modification for different areas. Other
variables such as predation and snowfall could be
added to further define the winter habitat of wood-
land caribou.

The value of the described stands to the caribou
remains speculative, but we suggest some possibili-
ties. The finding of significantly more lichen on
plots used by caribou supports the suggestion that
lichen presence may represent a benefit. Lichen
growth is limited by the amount of sunlight that
reaches the ground. Hale (1961) estimated that
lichens contain between 10% and 25% the chlorop-
hyll of regular plants, and thus require large
amounts of sunlight for growth. Apparently the
amount of sunlight in the study atea stands was suf-
ficient for fruticose lichens. The mean density of
1552 trees per ha allowed a 39% lichen ground
cover; the maximum value obtained of 3106 trees
per ha still showed 31% lichen cover. Yet Moore
and Vesrspoor (1973) found that tree densities bet-
ween 3080 and 4840 per ha constituted a transition
range between lichen and moss as ground cover, and
suggested that a mid-point of 3960 per ha might be
the limiting density for lichen growth. Further-
more, Rencz & Auclair (1978) in northern Quebec
found that a mean black spruce density of 556 trees
per ha resulted in a 97% ground cover of lichen.
Thus, the densities of trees in our study areas may
be near the maximum that lichen can tolerate.

Few lichens were recorded 12 years after logging
but some lichen was present after 30 years and
heavy lichen regeneration was present on sites selec-
tively cut 50 years ago. Although the sample is
small results agree with Carrol & Bliss (1982) in
northern Saskatchewan who found successful lichen
regeneration 45 years after fires. Rencz & Auclair
(1978) in northern Quebec reported 47 years. In
northwestern Ontario, Webb (pers. comm.) and
Harris (1996) observed that lichen regeneration
may be sooner after logging than by fire, because
the lichen is already on the site and does not have to
re-invade the site. Racey et «/. (1996) found caribou
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using stands 40 years after logging, in the same
area.

If these stands are near their maximum, why do
caribou not move to more open areas? Perhaps there
is a difference between lichens on the ground and
lichens available to caribou. Conifer forest canopy
reduces the hardness and thickness of snow cover
(Schaefer & Pruit, 1991) when compared with open
sites. Caribou move into these stands in the winter
because of the more favourable snow conditions
(Darby & Pruit, 1984). Therefore these low density
conifer areas produce lichens which are easier to
access for food in winter. The range of height distri-
butions within our study locations may alter snow
conditions during different times of winter and in
different years, and such a range may provide opti-
mal feeding throughout the winter and over a series
of different winters. Choosing a specific canopy den-
sity may not provide the best winter habitat for all
snow conditions. An overhead canopy which is open
enough to allow lichen growth in the summer yet
closed enough to reduce ground snow depths is may
be the optimum.

Another possible benefit from these forest stands
might relate to the observed lack of shrubs and
good visibility. The 3 measured areas showed
almost total lack of shrub understory to block
ground vision, a condition that might have several
benefits: the ground is not shaded allowing good
lichen growth; caribou should be able to detect pre-
dators (wolves) more easily; and, caribou escape will
not be hindered by understory. The lack of shrubs in
these areas also suggested a reduction of amounts of
browse available for moose. Allen et #/ (1987),
modeling moose habitat, calculated that a moose
would require 3 kg of browse per day in concentra-
ted patches to survive. Although browse volumes
were not measured in this study, it seems doubtful
that our study locations would grow such browse
densities; these areas would probably not support
many moose in the winter (Harry, 1957; Dodds,
1960; Telfer, 1974; Crete & Bedard, 1975; Miquelle
& van Ballenberghe, 1989).

Implications for management

The low volumes of timber found in this study sug-
gest that setting aside reserves for winter caribou
habitat would not sacrifice as much wood product
value as might at first appear. Cumming & Beange
(1987) found that caribou wintering areas totaled 5-
9% of whole forests. These stands on average sup-
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ported only 68% of normal yield. Therefore, the
loss in wood product value from reserving these
stands might be in the neighbourhood of 3-6% of
total volume. Loss of dollar values from these volu-
mes should be further reduced since the timber
values of stands being used as wintering areas by
woodland caribou are not high. Seventy-eight per-
cent of the stands studied were either site class 4
(protection forest, which is already set aside from
harvesting) or site class 3 which is the most fragile
and least productive of the merchantable stands.
The stands are slow growing, low density, and on
dry, fragile sites (sand and bedrock) that would be
hard or impossible to regenerate to fully stocked
stands. Considering the low product value, the cost
of harvesting trees of low densities would make the-
se stands economically marginal at best. Managing
such stands for caribou management purposes
might require that the areas being removed from
production because optimizing regeneration and
growth would not be in the best interests of caribou
winter habitat production.

Managing forests for caribou may require optimi-
zing lichen production while retaining a suitable
canopy to reduce snow depths and hardness. At the
same time, it appears that the stands should have an
open canopy and understory to allow for predator
detection and escape, and to reduce browse supplies
that might attract alternate prey for wolves.
Harvesting of natural stands should not occur
during the peak lichen period between age 60 to
100 years. Yet later harvesting might be better than
no harvesting. It may return the areas to winter
habitat for caribou in a shorter time than natural
fires, and may accelerate lichen regeneration, but
further studies are needed to ascertain if adequate
crown closure can be developed to coincide with
peak lichen development. The wintering areas
would require a range of canopies to provide ade-
quate micro- winter habitat to allow for changing
snow conditions.

Forest harvesting in known wintering areas
should occur only in locations where caribou have
alternate habitat away from the disturbance.
Erikson (1975) recommends winter harvesting to
reduce lichen disturbance and provide arboreal
lichens for food, but these factors may be outweig-
hed by the negative aspects of winter disturbance.
In our view, harvesting should be carried out in late
summer to reduce poaching and road kills, to elimi-
nate plowed winter roads providing easy access for
poachers and wolves, and to minimize impacts on
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other birds and mammals that mighe result from
harvesting during the spring reproductive period
(Telfer, pers. comm.).
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Abstract: Woodland caribou (Rangifer tarandus caribou) are native to Minnesota but started to decline in the mid 1800s
and disappeared from the state by 1940. Their demise had been attributed to extensive timber harvest and ovethunting;
but more recently mortality from the meningeal worm, Parelaphostrongylus tenuis, carried by white-tailed deer (Odbcoilens
virginianus), and increased predation by timber wolves (Canis lupus) and black bears (Ursus americanus) have been sug-
gested as additional causes. We describe a current initiative to explore feasibility of restoring caribou to the boundary
waters region of Minnesota and Ontario. Feasibility studies have been conducted under the guidance of the Notth
Central Caribou Corporarion (NCCC), a non-governmental organization with representation from relevant state, fed-
eral, Native American, and Canadian agencies. Results indicate a) Within Minnesota the most suitable site for wood-
land caribou lies within the eastetn sector of the Boundaty Waters Canoe Area Wilderness (BWCAW), and this is
contiguous with a similarly suirable sectot of Ontario’s Quetico Provincial Park: Together these comprise the re-
commended 1300-km? Boundary Waters Caribou Region (BWCR); b) Vegetation in the BWCR has changed little
since the 1920s when caribou were last present other than effects of fire suppression; ¢) Level of white-tailed deer, hence
the meningeal worm, is so low in the BWCR that this factor is unlikely to impede survival of re-introduced caribou; d)
While wolf numbers within the wider region are relatively high, their impacts may be minimized if caribou are released
in small, widely scartered groups; in addition, an abundance of lakes with islands affords good summer-time predation
security; e) Threat to calves from black bears, probably more numerous rhan in earlier times, appears lessened by the
security of lakeshores and islands; and f) A simulation model, combining knowledge from elsewhere with the BWCR
assessment, suggests that released animals have a 0.2 to 0.8 chance of increasing in numbers during the first 20 years
post-release. Strategies for maximizing success are identified. NCCC has concluded that the only practical approach that
temains for determining restoration feasibility is through experimental releases or caribou. While promise of eventual
success appears only moderate, the NCCC feels that costs and uncertainties associated with the experiment are justified
by the environmental benefits from a success. Even if the effort fails, valuable knowledge would acctrue for conservation
biologists in general. An action plan is outlined, and progress and problems in selling the caribou initiative are
discussed.

Key words: woodland caribou, restoration, Minnesota, Quetico, survival assessment, agency support.
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Introduction:

Native woodland caribou of Minnesota began decli-
ning in the mid 19th Century and disappeared
completely by the early 1940s (Fashingbauer,
1965). The species disappeared earlier from other
regions of the northeastern states: northern New
England, upper Michigan, Wisconsin, and Isle
Rovyale, Michigan, in that sequence. In the west, a
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resident herd in the Selkirk Mountains of north-
eastern Washington and northern Idaho numbered
>100 in the 1950s, but declined to about 25 by the
1980s, and these last animals were transient be-
tween the US. and British Columbia (U.S. Fish &
Wildlife Service, 1994). Over the past 15 years,
woodland caribou from British-Columbia have been
released into both Idaho and Washington in a co-
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operative restoration effort among provincial, state,
and federal agencies; but there has not been the
anticipated increase in population size (U.S. Fish &
Wildlife Service, 1996).

This report updates progress in a current effort
to determine the feasibility of restoring woodland
caribou to a small sector of northeastern Minnesota,
and, by proximity, to a sector of adjacent Ontario.
The driving justification is a commitment to restore
biota that have been lost since European settlement.

Background
Disappearance of caribon from Minnesota
At the time of the first European exploration, wood-
land caribou were faitly common in northern
Minnesota, being found as far south as Mille Lacs
and Kanabek counties; however, by the late 1800s
they had receded to a region near the Ontario bot-
der, from Lake Superior to Red Lake (Fashingbauer,
1965; Bergerud, 1978; 1988). Hunting of caribou
was regulated by the state: with declining numbers
in the 1880s, limits and seasons were sharply redu-
ced, and by 1904 all hunting was prohibited. By
the late 1920s no animals remained in northeastern
Minnesota; and the last caribou, centered around
Red Lake in the northwest, disappeared in the early
1940s (Fashingbauer, 1965). During the early
1980s, two caribou were seen for about a year
around Hovland, Minnesota, some 50 km south of
Ontario near Lake Superior (Fig. 1, inset) (Mech ez
al, 1982). At that time, the closest breeding popu-
lation was 250-300 km north around Armstrong
and Lake Nipigon, Ontario (Fig. 1, inset). The sub-
sequent fate of the Hovland caribou is unknown.
Demise of Minnesota’s caribou was at first attri-
buted to overhunting (Trygg, 1966 vide Heinsel-
man, 1996:164) and to habitat changes from log-
ging, wildfires, and clearing for agriculture
(Fashingbauer, 1965). More recently, strong evi-
dence indicates that a parasite may have been a pri-
factor as  well: the nematode,
Parelaphostrongylus tenuis or the meningeal worm, is
in white-tailed deer and transmitted
through an intermediate gastropod, but is fatal to
caribou (Anderson & Strelive, 1968). The decline of
caribou coincided with a marked northward ex-
tension of whitetails during the past century
(Bergerud, 1974). Also, the increase of deer in
northern Minnesota apparently expanded the prey
base for timber wolves, leading to a rise in their
numbers. This in turn, according to Bergerud
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(1974), would have increased the threat to caribou,
particularly to populations already stressed and
declining. After 2 decades of legal protection,
wolves are now relatively abundant in northern
Minnesota, but it is doubtful they played a signifi-
cant role in extirpation of caribou eatlier in the cen-
tury, because they were then bountied and subject
to unregulated trapping and shooting. Another
potential predator was the black bear, whose ability
to impact caribou was not fully understood until
somewhat recently (Ballard, 1993), as in Maine
where, during the 1980s, animals released in a
restoration project suffered significant losses from
bears (McCollough & Connery, 1990). Whether
bears contributed to the extirpation of caribou in
Minnesota is unknown.

In summary, the loss of woodland caribou from
Minnesota will never be explained with certainty. It
is likely that human impacts upon populations and,
in some regions, upon habitats was the key factor
during the 19th Century, while the meningeal
worm may well have been the leading cause behind
continued loss and ultimate extirpation during the
20th Century.

Restoration assessment and the status of caribon elsewhere
in the region

Currently several populations ofi woodland caribou
exist within the Lake Superior region of Ontario:
the Armstrong-Lake Nipigon herd, 225-250 km
north of eastern Minnesota (Cumming & Beange,
1987), and several insular populations in Lake
Superior, the closest to the BWCR being on the
Slate Islands some 65 km north and 300 km east of
Minnesota (Fig. 1, inset). Starting in 1982, Ontario
undertook several releases on other islands in Lake
Superior (Darby e 4/., 1989; Gogan & Cochrane,
1994).

Feasibility of caribou restoration was assessed for
two U.S. national parks in the region. For Isle
Royale National Park in northwestern Lake
Superior (Fig 1, inset), where caribou were last
known in 1928, it was concluded in the early 1990s
that, although white-tailed deer were absent,
wolves were too numerous and security habitat in-
adequarte for caribou to succeed there (Cochrane,
1996). For Voyageurs National Park near
International Falls, Minnesota, some 90 km east of
the BWCR, it was concluded that abundance of
white-tailed deer, hence the threat of meningeal
worms, was probably too great for caribou to sur-
vive (Gogan & Cochrane, 1994).
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Fig. 1. The Boundary Waters Caribou Region (BWCR), lying across the Minnesota-Ontario border, rhe southern sec-
tor being wirhin the Boundary Waters Canoe Area Wilderness (BWCAW) of the Supetior National Forest and
the northetn sector within Quetico Provincial Park. The 1300-km?> BWCR represents the estimated con-

tiguous zone of favorable habitat for caribou.

An earlier study for vestoring Minnesota's caribou

During the 1970s, a comprehensive assessment of
caribou-restoration feasibility was carried out by the
Minnesota Department of Natural Resources
(DNR) in consultation with several North
American caribou experts (Karns, 1980; Karns &
Lindquist, 1986; Gogan ¢ «/., 1990). From a survey
of four regions of northern Minnesota that appa-
rently possessed suitable vegetation and topography,
only one, located in the northeastern corner of the
state, appeared to have all the required habitat com-
ponents for caribou. The testoration initiative did
not, however, progress further. At that time it was
believed that if wild-caught animals were released,
they would disperse far from the intended region;
consequently it was assumed that animals for release
must be captive-reared yearlings. Funding was not
available for establishing a nursery herd, so the
attempt was terminated. Subsequently, it has been
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shown elsewhere that released, wild-caught adults
will remain localized, as in the Maine restoration
attempt (McCollough & Connery, 1990).

Progress in the current caribou-
restoration initiative

The North Central Caribou Corporation

In 1988, a group of Minnesota citizens formed the
North Central Caribou Corporation for exploring a
new effort to restore caribou to the state. The
Cotporation’s board of directors included represen-
tation from relevant state, federal, Native-
American, and Canadian agencies plus one citizens’
organization. While the eatlier caribou-restoration
assessment (Karns & Lindquist, 1986) served as an
important guide, the NCCC carried out its own fea-
sibility analysis. The work was funded mainly by
the Duluth Saferi Club (independent of Safari
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International), which had disbanded in order to
form the Caribou Corporation. Research was done
collaboratively among the U.S. Forest Service, the
Natural Resources Research Institute, and the
University of Minnesota. These analyses with resul-
tant conclusions and recommendations were com-
piled as a report by the North Central Caribou
Corporation (Raven, 1993) and are summarized
below.

The Boundary Waters Caribou Region

The site recommended by the NCCC for catibou
restoration (Raven, 1993) covers some 1300 km?
(500 mi®) and is referred to as the Boundary Waters
Caribou Region or BWCR (Fig. 1). It extends
across the international border, from within the
Boundary Waters Canoe Area Wilderness
(BWCAW) of the Superior National Forest in Cook
and Lake counties, Minnesota, to the southeastern
portion of Quetico Provincial Park in Ontario. The
BWCR coincides with the area in Minnesota that
was recommended for caribou restoration in the ear-
lier assessment (Karns, 1980), bur it defines more
clearly the extent of suitable habitat within the
Ontario portion.

Both the BWCAW (Heinselman, 1966; Lewis ez
al, 1996) and Quetico Park (Anderson & Lime,
1984) are managed as wilderness, a status unlikely
to change in the foreseeable future. Human presence
within the BWCR is curtently restricted to ca-
noeists, skiers, and hikers (Anderson & Lime,
1984). Logging was never intensive within the
BWCR, and has been completely banned for some
decades.

The Caribou Region is vegetated primarily with
upland and lowland boreal forest, but includes some
mid-successional upland aspen (Populus tremuloides)
and paper birch (Betula papyrifera). Forest structure,
while not strongly affected by past logging, has
been altered through prevention of natural fires on
both sides of the border (Woods & Day, 1976, 1977;
Day, 1990; Heinselman, 1996). Within the
BWCAW, the Superior National Forest is now com-
mitted to restoring the natural pattern of fire (U.S.
Forest Service, 1997), but that will probably be
somewhat constrained due to concern for adjacent
commercial timber.

Suitability of vegetation and landform

Landform and vegetation in Minnesota’s northeas-
tern border region wete analyzed for presence and
juxtaposition of factors critical to woodland caribou
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as defined by Betgerud (1978) and Bergerud &
Mercer (1989). Broschart & Pastor (1992), working
with satellite imagery, created a geographic infor-
mation system (GIS) data base centered on the
designated BWCR but including several thousand
km? of adjacent area as well. They analyzed for spa-
tial associations among mature conifers, lowland
bogs, and lakes with islands. They concluded that
the BWCR not only offered a favorable landscape
for caribou, but that it met these criteria better than
any other area of comparable size within the region.
In particular, the widespread presence of lakes with
small islands offered an abundance of potential
summer-season protection from both wolves and
bears. Bergerud er a/. (1990) state that such habitat
is critical for the security of young calves, as was
found by Cumming & Beange (1987) around Lake
Nipigon, Ontario. Also, the landscape-suitability
analysis of Broschart and Pastor agrees with the
conclusions of caribou biologists A.T. Bergerud and
V.E]. Crichton concerning the best region within
the state for caribou (Karns & Lindquist, 1986).

Deer and the meningeal worm
To estimate the threat of the meningeal worm to
caribou, Pitt & Jordan (1995) made wide-ranging,
semi-systematic surveys for deer and meningeal-
worm larvae within and adjacent to the BWCR. For
deer presence, all current sign was recorded, but
primary emphasis was on locating fresh fecal drop-
ping (pellets), since they related to both deer densty
and source of the parasite. During summers of 1989
and 1990, > 250 km® of the BWCR within
Minnesota were covered, plus a sampling of ad-
jacent regions. LandSteward and Timmermann
(1991) made a shorter but similar survey within the
Quetico portion of the BWCR in 1990. All
evidence from both sectors suggests that summer
deer-density within the BWCR was < 0.5/km?
Frequency of encountering current-season pellets
outside the BWOCR where deer density was
reportedly around 5/km? was about 1 group/hr,
while in the BWCR it was roughly 0.1 group/ht.
Furthermore, during the snow season, deer were
apparently absent from the Minnesota portion of
the BWCR according to Nelson & Mech (1992)
who made repeated aerial surveys for wolves there.
Their report to the NCCC was restricted to winters
1989-90 and 1990-91, but absence of deer in
winter there is believed to hold over the longer
term.

For estimating levels of meningeal-worm larvae,
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deer pellets and gastropods were collected through-
out the Minnesota portion of the BWCR; from
several sites in which at least some ofi the BWCR
winter; and from scattered intermediate locales
having higher summer deer densities than the
BWCR (Pitt & Jordan, 1995). Larvae were found in
27% of 15 recent pellet-groups from the BWCR
and in 57% of a larger sample of pellets from the
wintering areas. In samples of terrestrial gastropods
comprising several snail and slug species, none from
the BWCR (2=56) showed of larvae, while 0,8 % of
those from elsewhere within the region (r=744) did
show larvae.

It was concluded that the low density of deer
found within the BWCR, together with the negli-
gible presence of meningeal-worm larvae, indicated
that mortality from this parasite would not be great
enough to prevent a caribou population from
growing within the BWCR, but such would pro-
bably not be possible elsewhere in the region.
Furthermore, there is an unknown but realistic
possibility that habitats used by deer in summer
differ sufficiently from those of caribou, so that cari-
bou exposure to meningeal-worm larvae would be
even lower than projected from the survey data,
e.g., if caribou cows with calves are mainly on
islands, while deer do not use these islands. Finally,
all caribou being introduced, plus animals sub-
sequently captured for marking or re-marking,
could likely be protected temporarily from the
meningeal worm with the anti-helminth drug, iver-
mectin, in a form designed for slow release (see
"Capture and Release,” below).

Wolf predation

As part of intensive, long-term studies of wolf dy-
namics in northeastern Minnesota (Mech, 1986;
Mech & Goyal, 19935), Nelson and Mech (1992)
reported that in the early 1990s wolf density within
the Caribou Region was around 16-20/1000 km?.
While woodland caribou elsewhere have been
judged unable to expand their numbers under this
level of wolves (Bergerud,1980; Bergerud & Elliot,
1986), in those cases there was not an abundance of
lakes with islands providing critical security from
predation during summer. During winter, ac-
cording to A.T. Bergerud (pers. comm.), as long as
numbers of caribou in a given locale remain rela-
tively low, e.g. in groups of < 10-20, then wolves
are not likely to concentrate on this prey. It is also
important that other prey are not locally abundant
to attract wolves. In Pukaskwa National Park,
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Ontario, wolves in winter are apparently localized
near moose that are wintering some distance inland
from Lake Superior; while a small number of cari-
bou reside along that lakeshore, relatively free of
wolf predation (G. Eason, pers. comm.). Absence of
deer in the BWCR, plus a relatively low density of
moose, may well serve the same function, with
wolves being focused mainly on the wintering
grounds of deer that lie no closer than 20 km from
the BWCR. However, as pointed out below, there
remain no reliable means for determining the
potential of wolves to severely reduce introduced
caribou other than with experimental releases.
Before European settlement, caribou had obviously
co-existed with wolves, as well as with Native
Americans hunters, throughout this region.

Bears and island security

Black bears are a potential threat to caribou, parti-
cularly where they have easy access to calves
(Ballard, 1993). Security from bears would pre-
sumably be along lakeshores and on islands when
calves are in their early months. However, in the
BWCAW and Quetico the many campsites for
canoeists are located on islands and lakeshores.
Bears regularly visit these campsites, having pre-
sumably been conditioned to the availability of
campers’ food. While the effect of camp-food on
bear populations in the BWCR region has not been
studied, in nearby non-wilderness areas. Rogers
(1987) showed that the bear sows feeding regularly
at garbage dumps were significantly more produc-
tive than others. Otherwise, lake islands of the
region should not have food sources that would
particularly attract bears. Almost none have been
recently burned or cut-over, hence would not likely
have abundant berries, and none have oaks or other
good sources of mast.

Pitt & Jordan (1996) documented frequency of
black bears using islands and lakeshores, based on
visits to stations baited with bacon. They found that
bears commonly swim to islands, but only to those
with permanent camp sites. Likewise the only
stretches of shoreline regularly visited by bears were
those with campsites. Regulations in both the
BWCA and Quetico restrict canoeists to a limited
number of designated camp sites, and bears seem
habituated to these. Since the survey indicated that
bears did not visit islands or segments of shore lack-
ing campsites, such areas should be relatively safe
for caribou calves in summer. And it is assumed that
caribou would avoid the proximity of campers.

173



Furthermore, if and when a bear does encounter a
cow and calf along a shoreline, the latter have quick
access to the lake for refuge.

Future hunting

Since objectives of the NCCC’s caribou restoration
do not include harvest of caribou, this source of
mortality was not considered in the feasibility ana-
lysis. That some caribou in the BWCR might be
illegally killed is unlikely due to the area’s relative
inaccessibility. If some animals do disperse into
adjacent, non-wilderness regions, they might be
subject to poaching. However, such animals should
be more vulnerable to the meningeal worm than to
being shot because of the high deer levels outside
the BWCR.

Simulations of post-release population dynamics

To estimate probabilities of survival and increase in
caribou after release, a dynamic population model
was generated based on mortality factors from our
feasibility studies plus studies elsewhere. Precise
predictions cannot be expected from such models,
but they are valuable for identifying whatever mor-
tality factor(s) may prove most critical. They also
serve to identify priorities in ecological research
critical to management planning (Starfield &
Bleloch, 1991; North & Jefters, 1991).

Our model was structured to estimate, under
varying scenarios, the probability that within 20
years after release, caribou numbers will have in-
creased (Raven 1993; 1994). Several scenarios were
used for starting the simulations. Number of re-
leases and numbers of animals per release plus age
and sex ratios were set at different levels. Presence of
wolves and of bears, plus availability of suitable
islands, were also varied. Probabilities of population
growth projected by the model indicate that with
both beats and wolves present, population success
was closely tied to how consistently calving cows
moved to islands or suitable shorelines, and whether
wolves would swim our to islands, a behavior not
well understood. Multiple releases increased the
estimated probability of achieving a self-sustaining
population. Overall, the modeling suggests that
caribou released into the BWCR have a 0.2 to 0.8
probability of surviving and increasing in numbers
over ther first 20 years. As a postsctipt, the inputs
here do not reflect information subsequently dis-
covered concerning a caribou release in Grands
Jardins, Quebec (formerly called Laurentides Park),
where caribou restoration succeeded in the presence
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of both wolves and bears, but with deer being
absent (Cantin, 1991).

The modeling for this analysis addressed the
potential for population growth rather than a quan-
tification of total numbers that might be supported
within the BWCR. Estimating the total potential
of the BWCR to support caribou would require
knowledge of an average carrying capacity for the
region, plus the total expanse of suitable landscape,
i.e. just how accurate the estimate of 1300 km?
actually is. Consequently, the model’s estimates of
an increase within the first 20 years were based sim-
ply on natality minus mortality, without regard to
total habitat capacity. For example, if 75 animals
were introduced, and the area’s total capacity was
only 75, the model’s predictions on growth would
not be applicable. However, the model’s output can
still be used as an indication of long-term viability
within whatever expanse of habitat there may be.

Summary and conclusions from the feasibility studies
Despite serious uncertainties about success in re-
storing caribou to the Boundary Waters Caribou
Region, the majority of NCCC Board of Directors
agreed in 1996 that it was still fully reasonable and
worthwhile to undertake experimental releases.
Their conclusion reflected the following considera-
tions: a) After the comprehensive feasibility studies,
the only practical means left for better estimating
whether this restoration will succeed is through
experimental releases and follow-up monitoring; b)
Considering the high environmental benefits from a
successful restoration, the estimated level of risk is
judged fully acceptable; and ¢) Regardless of out-
come, such experimentation would provide impor-
tant scientific information for restoration efforts in
general; and, should released animals fail to sustain
themselves, habitat deficiencies— apparently not
present 70 years ago— could be identified.

Proposed experimental restoration

In 1996 the NCCC prepared a draft strategy for
experimental telease of caribou under a set ofibroad
guidelines:

a) Stock for release should come from one or more
free-living caribou population whose habitat is
closely similar to the BWCR, and preferably that
has been exposed to some predation;

b) Multiple releases should be made over 3 years,
involving up to 20 mature cows and 5 marture
bulls each year; and
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c) Within and among years, releases should be
spaced widely, with no mote than 4-6 animals
released at any one locale.

Source of animals for release

The most reasonable source of woodland caribou for
a Minnesota release is from the Slate Islands,
Ontario, an isolated archipelago in northern Lake
Superior (Fig. 1, inset). Either the NCCC would
formally request a donation ofi Slate-Islands caribou
from the Ontario government, or, more likely, such
a request would be made by an agency of the United
States government. NCCC Board member, H.R.
Timmermann (pers. comm., 1996), a former
Ontario Natural Resources biologist, believes this
would be acceptable because the Slate-Islands popu-
lation has long been judged too numerous for its
forage resources (Euler ¢z /., 1976).

In winter 1994-95, 2-3 wolves dispersed to the
Slate Islands where wolves had not previously been
known (Euler ez /., 1976). For 1 or 2 years these
wolves reportedly preyed heavily on caribou, par-
ticularly calves. However, after winter 1995-96,
none were seen there (Bill Dalton, pers comm.).
Thus, being exposed to wolf predation should have
improved the adaptability of Slate-Islands caribou
for the BWCR environment, but then the sub-
sequent disappearance of wolves should lead to the
previous circumstance of over-abundance, hence the
reasonableness of this herd being a source of stock.

Because caribou on the Slate Islands have most
likely been genetically isolated, at least since 1907
(Euler ¢z al, 1976), the population may now be
inbred. To insure satisfactory genetic diversity in
the BWCR, caribou stock from elsewhere should be
added. Possible mainland sources for this include
the Lake Nipigon-Armstrong herd, Ontario, or, less
likely, the Sasaginnigak Lake population in south-
eastern Manitoba, since that herd was recently given
endangered status (V.E]. Crichton, Manitoba
Ministry of Natural Resources, pers. comm.).

In making the request to Ontario for a donation
of animals, it would be argued that restoration of:
caribou immediately south of Quetico Provincial
Park should serve to create a new population within
Ontario as well, since some animals would un-
doubtedly disperse across the border. This is also in
line with the current provincial commitment to
protect caribou in northwestern Ontario (Racey &
Armstrong, 1996), as reflected the policy statement:
”.this can be achieved by supplementing small
existing populations and establishing new ones in
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areas of former range, where they could be self-
sustaining, through relocation of animals.” (Datby

et al , 1989).

Capture and release

Caribou could be captured on the Slate Islands in
box traps or by netting of swimming animals from a
boat (Timmermann, 1985). Captured animals
would be tranquilized and, as soon as practical,
transported by float plane directly to the release
sites. For capture of adults on the mainland, proce-
dures would be under advisement of Ontario or
Manitoba biologists, who have recently had good
success with helicopter-netguns (Carpenter & Innes,
1995).

For importing animals from Canada, a prolonged
quarantine might be required by the US.
Department of Agriculture. However, a waiver
would be requested on the basis that caribou in
northwestern Ontario or southeastern Manitoba
were unquestionably contiguous with those present
in Minnesota just 60 years ago, or those that appa-
rently dispersed from Ontario into northeastern
Minnesota just 20 years ago (Mech ¢z /., 1982). It is
similar to the caribou-restoration project in
Washington state where animals were imported
from British Columbia without a quarantine-
holding requirement (U.S. Fish & Wildlife Service,
1996). Appatently a similar agreement was reached
by the U.S. Fish and Wildlife Service for the recent
"hard release” of wolves from western Canada into
Idaho. Furthermore, when moose from Ontario
were used for restoration into Upper Michigan in
1985, each animal was treated with antibiotics
against bacterial infection and ivermectin against
nematodes and ticks (Schmitt & Aho, 1988). Blood
was sampled to test for a wide variety pathogens
considered threatening to livestock. Thus, after
release, any animal found positive for a threatening
pathogen could be relocated and destroyed, since all
were radio-collared — as would be the case for all
releases in this project.

Transporting of caribou to release sites within the
roadless BWCAW would be practical only by float
plane. Because landing planes is currently prohibi-
ted in the BWCAW, a waiver would be needed from
the U.S. Forest Service. Should a waiver for float-
plane landing (or quarantine-holding) be denied,
then release just across the border in Canada would
be considered. In an ecological sense, this would be
little different from a release in Minnesota. How-
ever, wete all releases made in Canada, the ability to
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attract needed public and financial support could be
considerably reduced in Minnesota and elsewhere in
the U.S.

To provide some relatively short-term protection
from the meningeal worm, all animals released or
recaptured would be treated with the anti-helminth
drug, ivermectin, in the form of a slow-release
implant that should be effective for over a year.
While such technology had not been investigated at
the time of this report, a consultant veterinarian (T.
Kreeger, pers. comm.) indicated that it should be
feasible.

Monitoring and research

For comprehensive monitoring, all experimentally
released caribou would be equipped with highly
dependable radio transmitters. These would be
equipped with a mortality-mode function that per-
mits rapid location of newly dead animals to deter-
mine cause of death. Such monitoring should con-
tinue at for least a decade after the last releases to
document not only survival and mortality of re-
leased animals, but also their reproductive success
andtheir seasonal use of the landscape.

Monitoring radio-marked large mammals in
remote regions has in the past involved periodic
relocation by searching for transmitter signals from
a small aircrafe, with maximum range of reception
generally < 25 km. Disadvantages of this method
include cost of frequent flights, interruptions by
bad weather, and general inability to account for
individuals that disperse far from the study region.
Advantages are relatively lower cost of equipment,
good precision in locations, and opportunities for
direct observation. A newer system involves signals
from transmitters being received by satellites and
then forwarded as ground-location points to the
investigator. Locational precision with this system
is only within a few km, but it has the advantage of
giving readings at a prescribed interval so, regard-
less of flying weather, mortality information is regu-
larly available. Also, regardless of how far some ani-
mals may move, they can always be located.
Although equipment and satellite charges make
telemetry costs higher, this is partly offset by great-
ly reduced flying costs. A more recent and quite
expensive  system is based on Geographic
Positioning System (GPS) technology: the animal’s
radio automatically accumulates information that is
received from satellites and then is converted into
precise location coordinates. The animal is periodi-
cally located by direct telemetry, usually from a
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small plane, and, upon radio-interrogation, the col-
lar transmits the stored location data (Moen e /.,
1997). This system provides the most precise loca-
tion data; however, of greater importance in a
restoration experiment is having rapid access to
mortality information and knowledge of animals
moving far from the study region, as with the satel-
lite system.

To monitor reproduction, each marked cow
would be located for direct observation during late
spring and again in late summer to determine birth
and subsequent early survival of a calf. This would
initially be from the air for a general locale,
followed by radio-tracking on the ground or from
canoes in the known vicinity of each radioed cow.

For evaluating the population over a sufficient
time span, a sample of offspring should be radio-
collared during the decade of continued moni-
toring. Under BWCAW and Quetico regulations,
such capture would be most practical from canoes.
From mid-spring into summer, locations of known
radioed cows with calves would be identified; then
such animals, presumably on islands or along lake
shores, would be radio-located by a cance party. If
telemetry location from the water proved difficult,
the search could be aided by communication with
airborn telemetry operators. The animal pair would
be pursued on foot into the water, where the calf
would be hand-captured from a canoe, as done
elsewhere from motor boats (Timmermann, 1985),
and towed to shore for processing; immobilization
should not be necessary.

Developing agency and public support for
caribou restoration

Legal status of caribon

For Minnesota, the woodland caribou is surely a
species in jeopardy, having completely disappeared
some 55 years ago. However, since there were no
animals extant in 1973 when the U.S. Endangered
Species Act took effect, this species is not under
mandate to be listed. In contrast, caribou in
Washington and Idaho are "endangered,” since a
few animals were still present in the 1970s. In
Minnesota, any animals released for restoration
would be classified as "experimental” under provi-
sions of the Endangered Species Act; this circum-
vents responding to federal regulations requiring
special protection or habitat enhancement on public
lands. For a restoration, the inconsistency of not lis-
ting locally extirpated species has mixed impli-
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cations. Caribou have no federal starus in Minne-
sota, so it would be less complicated for both state
and federal agencies, since they would nort be faced
with constraints and expenditures associated with a
listed species. On the other hand, there is no legal
mandate for agencies to work towards restoration of
a non-listed species.

Paytnerships and support
Today the primary effort towards caribou restora-
tion in the BWCR has moved from research on eco-
logical feasibility to building of partnerships for
governmental agreements and public support. First,
among key agencies, the Minnesota DNR and the
Superior National Forest must consent to restoring
caribou to the BWCR. Then the Province of
Onrario would hopefully agree to contribute the
caribou stock. Concomitant permits from federal
agencies are needed for importation of wild animals.
In parallel, a major program will be undertaken to
inform the public and to seek political and funding
support from a diversity of sources. High among
such groups are Narive Americans of the region,
who are considered pattners in the caribou restora-
tion, since this animal was an important component
of their environment prior to European settlement.
Detailed planning for the restoration and moni-
toring would be directed by a full-time coordinator.
State and federal funding would be sought, particu-
larly since caribou restoration would conform with
responsibilities under current policies for protection
and restoration of natural biodiversity and endange-
red species on public lands. At the same time, due
to uncertainty about state or federal funding, the
NCCC will vigorously seek financial support and
volunteer help from the private sector.

Issues of possible concern by government or private interests
While a formal announcement, along with detailed
public information about the proposed restoration,
has not been released by the NCCC, some reports
have appeared in the media, and relevant agencies
have been kept abreast through participation on the
NCCC board. The points that follow are nor in
response to any formal statements from government
or private sources, but they do address questions
that have been informally raised or may be as plan-
ning proceeds:

a) Timber harvest: Unofficial comments from
leaders within the Minnesota timber industry
suggest there is fear that habitat protection for
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b)

o)

restored caribou may entail restrictions on tim-
ber harvest, particularly within the Superior
National Fotest. Unlike potential conflict bet-
ween the forest industry and caribou manage-
ment in northwestern Ontario (Racey &
Armstrong, 1996), this fear has no basis. All-
though release sites would be within the
Superior National Forest, all these sites plus the
region in which caribou could survive are man-
aged entirely as wilderness — on both sides of the
border: thus there could be no logging or oppot-
tunity for logging within the BWCR. Further-
more, the NCCC surveys clearly indicate that,
were caribou to disperse from the BWCR into
areas of managed forests in eicher Minnesota or
Ontartio, their survival would be in jeopatdy
from the meningeal worm (Pitt & Jordan, 1995)
rather than from any possible timber practice.
Consequently it is not possible to foresee any
alteration of timber-harvest regulations regard-
less of where released caribou may wander.
Tourism Industry: Many resort owners and out-
fitters in northern Minnesota are aligned with
groups opposed to almost any government regu-
lations of natural resources or wildland uses. In
the case of caribou within the BWCR, however,
a successful restoration should have nothing but
positive effects upon tourism. There would be
no restrictions whatsoever upon tourism’s cur-
rent operations, while restoration of a native
large mammal should markedly increase the
attractiveness of these areas to canoeists. Hence,
if anything, tourism-related businesses should
be improved by successful establishment of cari-
bou in the boundary waters country.

Sport Hunring: Concern that presence of cari-
bou might restrict legal hunting within the
BWCR is without basis. First, current hunting
in that portion of the BWCAW is extremely
low, since access requires at least 1 day ofi ca-
noeing and portaging. Second, since the legal,
large game, deer and moose, are relatively
sparse, the area offers little attraction to most
hunters, even those willing to deal with the wil-
derness challenge. And, third, those few hunters
who do venture far into such wilderness tend to
be environmentally knowledgeable, hence
would be sensitive to possible disturbance of
caribou, perhaps even more than many non-
hunter canoeists in summer. Furthermore, any
treduction of either deer or moose by hunting
within the greater region would be in the best
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d)

1)

i1)

interests of caribou, as it would reduce both the
meningeal worm and the quantity of prey for
wolves. Finally, there are good indications that
Minnesota hunting groups will support the
return of caribou, not as a future game animal,
but simply to restore a native large mammal.
The Minnesota Department of Natural
Resources: The DNR administers statewide pro-
grams for non-game, natural heritage, scientific
and natural areas, and endangered species.
Minnesota ranks high among U.S. states in the
scope and effectiveness of conservation pro-
grams. At the same time, the DNR has indica-
ted significant reservations about caribou resto-
ration. This hesitancy may reflect one or more of
the following:

Some DNR biologists feel that chances of resto-

ration are poor, and a failed attempt, even if

identified as a necessary experiment, would
reflect badly upon that department despite the
current initiative being of private origin.
Citizens can and do mistakenly associate the
caribou initiative as originating with the DNR
rather than the NCCC.

In 1979 a caribou restoration initiative by the
DNR was based on the assumption that rearing
a nursery herd was necessary (see ”..recent resto-
ration study..” above), and funding for this
could not be raised. The DNR then removed
caribou restoration from its agenda, perhaps
reflecting frustration over having nothing to
show for a considerable investment.

iii) A small herd of introduced elk or wapiti (Cervus

iv)

elaphus), originating 100 years ago with a trans-
plant from Yellowstone National Park into
Itasca State Park in northwestern Minnesota,
subsequently moved into farmland. These ani-
mals have caused minor but conspicuous dam-
ages that have led to annoying political pro-
blems for the DNR. Such experience leaves the
DNR less than enthusiastic for experimenting
with another ungulate restoration, even though
caribou are never likely to disperse into farm
areas.

With funding problems typical of most state
agencies, the DNR assumes that long-term
management of a possible caribou population
would become their responsibility, regardless of
the future role of the NCCC. However, a resto-
red caribou population should require minimal
management expenditure. The species would
not be listed as endangered (see “Developing
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e)

agency and public..” above), hence no habitit
attention would be required. In addition, even if
desired, no habitat manipulations could be done
because caribou would be within designated
wilderness areas. Also, as discussed above, there
would be no hunting to administer.
Administrative costs should be confined to
reporting whether the population is persisting
or not. Data for this might well come from a
systematic index generated voluntarily by a
non-governmental organization that solicited
and summarized canoeists’ sightings of caribou.

On the other hand, the Minnesota DNR has

contributed extensively to restoration of the
peregrine falcon (Falco peregrinus) and the trum-
peter swan (Cygnus buccinator); it has an active
program of returning river ottets (Lutra canaden-
si5) to regions from which extirpated; and in
1993 the agency seriously considered releasing
wolverines (Gulo gulo), another species long
absent from the state. In a report of the
Minnesota  Endangered  Species  Technical
Advisory Committee (Coffin & Pfannmuller,
1988), woodland caribou are listed as of “special
concern,” but it is stated that, "The difficulties
inherent in maintaining a permanent popula-
tion of caribou in Minnesota must be addressed
before any serious consideration is given to rein-
troduction..” The NCCC believes it has now
addressed these concerns.
The Superior National Forest: In general, U.S.
Forest Service guidelines call for restoration of
natural biodiversity and a natural-resource
management apptoach based on ecosystem prin-
ciples. In the most recent plan for the Superior
National Forest (U.S. Forest Service, 1986),
woodland caribou are listed as a species of "con-
cern;” also in the plan is the statement,
"Reintroduction of native species is desirable
and acceptable.”

However, administrators of this Forest have
been relatively neutral towards bringing caribou
back. They may be concerned that establish-
ment of caribou in the BWCAW might lead to
recommendations for reducing campgrounds or
visitor numbers. Summer usage is already so
great that reservations for entry are required.
The plan prepated by NCCC does not recom-
mend any change in visitor policy.

On the other hand, successful restoration of
caribou within the Superior National Forest
would attract national attention to that forest’s
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environmental accomplishments. It would also
add a new dimension to the experience of visi-
tors in the BW.CAW. In Idaho and Washington,
close cooperation by the U.S. Forest Service in
interagency programs for caribou restoration has
contributed positively to the image of that
agency.

d) Native Americans: Several bands of Native
Americans reside in northeastern Minnesota. In
recent years, native peoples have developed a
renewed interest in the fauna present before
Europeans so thoroughly altered their home
region. While NCCC has a representative from
one band on its board, detailed discussions with
regional tribes need to be expanded. It is the
intention of NCCC to actively involve Native
Americans in the process of testoring an impor-
tant animal that was once part their wildlife
heritage.

Summary and conclusions

A thorough feasibility analysis for restoration of
woodland caribou to the Boundary Waters Caribou
Region of Minnesota and Ontario has been carried
out. The North Central Caribou Corporation be-
lieves that an experimental release of woodland cari-
bou in Minnesota is justified based on two general
criteria: a) Its comprehensive assessment indicates a
reasonable chance for successful restoration; and b)
The valuable environmental benefits from successful
restoration of caribou to the Boundary Waters re-
gion clearly outweigh the uncertainties surrounding
this proposal.

Acknowledgements

Valuable reviews of the manuscript were provided by
H.R. Timmermann, W.C. Pitt, and D.J. Augustine. Map
preparation was by T.M. Shay and J.P. Campbell.
Funding was provided by the Minnesota Agricultural

Experiment Station, the North Central Catibou
Corporation, and the Natural Resources Research
Institute.

References

Anderson, C. G. & Lime, D. W. 1984. Boundary
Waters Canoe Area-Quetico Provincial Park: an inter-
national partnership. — Western Wildlands 10: 13~19.

Anderson, R. . & Strelive, U. R. 1968. The experimen-
tal transmission of Parelaphostrongylus tenuis to catibou

Rangifer, Special Issue No. 10, 1998

(Rangier tarandus rerraenovae). — Canadian Journal of
Zoology 46: 503-510.

Ballard, W. B. 1993. Effects of black bear predation on
catibou — a teview. — Alres 30: 25-35.

Bergerud, A. T. 1974. Decline of catibou in North
America following settlement. — Journal of Wildlife
Management 38: 757-770.

Bergerud, A. T. 1978. Caribou. — I: J. L. Schmidt & D.
L. Gilbert (eds.). Big Game of North America. Stackpole
Books, Harrisbutg, Pa., pp. 83-101.

Bergerud, A. T. 1980. A review of the population dy-
namics of caribou and wild reindeer in North
America. — In: E. Reimers, E. Gaare & S. Skjenneberg
(eds.). Proc. 2nd Int. Reindeer/Caribon Symp., Rpros,
Norway. Direktoratet for vilt og ferskvannsfisk,
Trondheim, pp. 556-581.

Bergerud, A. T. 1988. Caribou, wolves and man. —
Trends in Ecolology and Evolution 3: 68-72.

Bergerud, A. T. & Elliot, J. P. 1986. Dynamics of cari-
bou and wolves in northern British Columbia. —
Canadian Journal of Zoology 64: 1515-1529.

Bergerud, A. T., Ferguson, R., & Butler, H. E. 1990.
Spring migration and dispersion of woodland caribou
at calving. ~ Animal Bebaviour 39: 360-368.

Bergerud, A. T. & Mercer, W. E. 1989. Caribou intro-
ductions in eastern North Ametica. — Wildlife Sociery
Bulletin 17: 111-120.

Broschart, M. & Pastor, J. 1992. Regional assessment
of woodland caribou habitat in northeastern
Minnesota using remote sensing and geographic
information systems. Unpubl. repr. ro North Central
Caribou Cotp., Duluth. 18 pp.

Cantn, M. 1991. Tendances démographiques de la
population de caribous, Rangifer tarandus, des Grands-
Jardins, Quebec. Min. Loisir, Chasse er Péche, Dir.
regionale Que, Serv. aménagement et de I'exploitation
de la faune. 26 pp. (ttanslation NCCC files, Duluth).

Carpenter, L. H. & Innes, J. I. 1995. Helicopter gun-
netting: a successful moose capture technique. — Alces
31:181-184.

Cochrane, J. F. 1996. Woodland caribou restotation at
Isle Royale National Park: A feasibility study. Nat.
Park Serv. Tech. Rept. NPS/NRISRO/NRTR/9603,
83 pp.

Coffin, B. & Pfannmuller, L. (eds.). 1988. Minnesota’s
endangered, flora and, fauna. Univeresity of Minnesota
Press. 473 pp.

Cumming, H. G. & Beange, D. B. 1987. Dispersion
and movement of woodland caribou near Lake
Nipigon, Ontatio. — Journal of Wildlife Management
51: 69-79.

Cumming, H. G., Beange, D. B., & Lavoie, G. 1996.
Habitat partitioning between woodland caribou and
moose in Ontatio: the potential of shared predation
risk. — Rangifer Special Issue No. 9: 81-94.

Day, R. J. 1990. The dynamic nature of Ontario’s forest
from past glacial times to present day. — In: Faculty of

179



Forestry, Lakehead. Univ., Conf. on old-growth forests.
Toronto, Scholar’s Press, pp. 63122 .

Darby, W. R., Timmermann, H. R., Snider, J. B.,
Abraham, K. F., Stefanski, R. A. & Johnson, C. A.
1989. Woodland caribou in Ontario: background to
policy. Unpubl. rept., Ontario Ministry ofi Natural
Resources, Toronro, 38 pp.

Euler, D. L., Snider, B., & Timmermann, H. R. 1976.
Woodland caribou and plant communities on the
Slate Islands, Lake Superior. — Canadian Field
Naturalist 90: 17-21.

Fashingbauer, B. A. 1965. The woodland caribou in
Minnesota. — In: J. B. Moyle (ed.). Big game in
Minnesota. Minnesota Deparrment of Conservation,
Technical Bulletin 9, pp. 133-166.

Gogan, P. J., Jordan, P. A., & Nelson, J. L. 1990.
Planning to reintroduce woodland caribou to
Minnesota. — Tramsactions of the North American
Wildlife and Natural Resources Conference 55: 599-608.

Gogan, P. J. & Cochrane, J. F. 1994. Restoration of
woodland caribou to the Lake Superior region. — In:
M. L Bowles & C. J. Whelan (eds.). Resroration of
endangered. species: conceptual issues, planning and. imple-
mentation. Cambridge University Press, pp. 219-242.

Heinselman, M. 1996. The Boundary Waters wilderness
ecosysteme. University of Minnesota Press, 344 pp.

Karns, P. D. 1980. Environmental analysis reporr: re-
introduction of woodland caribou, Superior National
Forest. Unpublished report, Minnesota Deparrmenr of
Narural Resources and Superior National Forest,
Duluth. 31 pp.

Karns, P. D. & Lindquist, E. L. 1986. Reintroduction
of woodland caribou to the Superior National Forest.
Unpublished report, Minnesota Department of
Natural Resources, U.S. Department ofi Agriculture,
Forest Service, and U.S. Department of Interior Fish &
Wildlife Service. 50 pp.

LandSteward, D. & Timmermann, H. R. 1991. Final
report, Quetico deer study, May 29-June 7, 1991.
Unpubl. report North Central Caribou Corporation,
Duluth. 13 pp.

Lewis, M. S., Lime, D. W., & Anderson, D. H. 1966.
Paddle canoeist encounter norm in Minnesota’s
Boundary Waters Canoe Area Wilderness. — Leisure
Science 18: 143-160.

McCollough, M. A. & Connery, B. 1990. An evaluation
of the Maine Caribou Reintroduction Project, 1986 to
1989. Unpubl. report, Maine Caribou Reintroduction
Projecr, Inc., University of Maine, 54 pp.

Mech, L. D. 1986. Wolf population in the central Superior
National Foresr, 1967-1985. U.S. Department ofi
Agriculture, Forest Service, Research Paper NC-270.
6 pp-

Mech, L. D., Chapman, R. E, Cochran, W. W,
Simmons, L., & Seal, U. S. 1984. A radiotriggered
anesrheticdart collar for recapturing large mammals. —

Wildlife Society Bulletin 12: 69-74.
180

Mech, L. D., Nelson, M. E. & Drabik, H. F. 1982.
Reoccurrence of caribou in Minnesora. — American
Midland Naturalist 108: 206-208.

Mech, L. D. & Goyal, S. M. 1995. Effects oficanine par-
vovirus on gray wolves in Minnesota. — Journal of
Wildlife Management 59: 565-570.

Moen, R. A., Pastor, J. & Cohen, Y. 1997. Accuracy of
GPS telemetry collar locations with differential cor-
rection. — Journal of Wildlife Managemenr G1: 530-539.

Nelson, M. E. & Mech, L. D. 1992. Winter wolf den-
sity in the eastcentral Boundary Waters Canoe Area in
northeastern Minnesota, 1989-90 and 1990-91.
Unpubl. report, North Central Caribou Corporation,
Dulurh. 13 pp.

North, P. M. & Jeffers, J. N. R. 1991. Modelling: a
basis for management or an illusion? — In: I. F.
Spellerberg, F. B. Goldsmith & M. G. Morris (eds.).
The scientific management of temperate communities for
conservation. Blackwell Scientici Publications, Cam-
bridge, MA., pp. 523-541.

Pitt, W. C. & Jordan, P. A. 1995. A Survey of the
nematode parasite Parelaphostrongylus tenuis in the
white-tailed deer, Odocoilens virginianus, in a region
proposed for caribou, Rangier tavandus caribou, rein-
troduction in Minnesota. — Canadian Field Naturalist
108: 341-346.

Pitt, W. C. & Jordan, P. A. 1996. Influence of camp-
sites on black bear habitat use and potential impact on
caribou restoration. — Restoration Ecology 4: 423-426.

Racey, G. D. & Armstrong, E. R. 1996. Towards a cari-
bou habitat management strategy for northwestern
Ontario: running the gauntlet. — Rangifer Special
Issue No. 9: 159-169.

Raven, J. 1993. Woodland caribou: studying the feasibi-
lity ofirestoring the species to northeastern Minnesota.
Unpublished  report, North Central  Caribou
Corporation, Duluth. 90 pp.

Raven, J. 1994. Assessing the ifeasibility of restoring wood-
land. caribou (Rangifer tarandus caribou) t0 Minnesota:
Modeling for decision making. M.Sc. thesis, University of
Minnesota. 88 pp.

Rogers, L. G. 1987. Effects of food supply and kinship
on social behavior, movemenrs, and population
growrh ofi black bears in northeastern Minnesota. —
Wildlife Monographs 97. 72 pp.

Schmitt, S. M. & Aho, R. W. 1988. Reintroducrion of
moose from Ontario to Michigan. — In: L. Nielsen &
R. D. Brown (eds.). Translocation of wild animals.
Wisconsin Humane Society, Milwaukee, and C.
Kleberg Institute Kingsburg, TX., pp. 258-274.

Starfield, A. M. & Bleloch, A. L. 1991. Building models
Jor conservation and. wildlife management. Burgess
International Group, Inc. Edina, Minnesota, 253 pp.

Timmermann, H. R. 1985. Caribou relocation project,
St. Ignace Island, Nipigon District, Northcentral
Region. Unpubl. report, Ontario Ministry of Natural
Resources, Northcentral Region. 13 pp.

Rangifer, Special Issue No. 10, 1998



Trygg, J. W. 1966. General description and other com-
ments. Abstracts from U.S. land surveyors’ original
field notes in northeastern Minnesota.

U. 8. Fish & Wildlife Service. 1994. Recovery plan:
Selkirk  Mountain  woodland caribou  herd. Portand
Regional office. 71 pp.

U. S. Fish & Wildlife Service. 1996. Draft environmental
assessment: Sekirk Mountain caribou herd augumentation.
Spokane, WA., 13 pp.

U. S. Forest Service. 1986. Land and resource management
plan: Superior National Forest. U.S. Department of
Agriculture Forest Service, Eastern Region. 260 pp.

Rangifer, Special Issue No. 10, 1998

U. S. Forest Service. 1997. Fire management action plan.
Superior National Forest, Duluth. 106 pp.

Woods, G. T. & Day, R. J. 1976. The presenr and past
role of fire in Quetico Provincial Park. Report 2, Fire
Ecology Study. Unpubl. report, Ontario Ministry of
Narural Resources, Atikokan District. 9 pp.

Woods, G. T. & Day, R. J. 1977. A summary of fire
ecology study of Quetico Provincial Park. Report 8,
Fire Ecology Study, Unpublished report, Onrario
Ministry of Natural Resources, Atikokan District. 9
pp.

181



182 Rangifer, Special Issue No. 10, 1998



The Seventh North American Caribou Conference,
Thunder Bay, Ontario, Canada,
19-21 August, 1996.

Using caribou knowledge in expanding the Wabakimi protected area

Peter N. Duinker’, Ted R. Armstrong?, Bruce T. Hyer® & Bruce Petersen’

! Faculty ofiForestry, Lakehead Universiry, Thunder Bay, ON P7B SEl, Canada (pduinker-@lakeheadu.ca).

? Northwest Region, Ministry ofiNatural Resources, 435 James St., Suite 221, Thunder Bay, ON P7E 6S8, Canada.
» R.R.#14, Dog Lake Rd., Thunder Bay, ON P7B 5E5, Canada.

+704 Holly Crescenr, Thunder Bay, ON P7E 2T2, Canada.

Abstrace: When Wabakimi Wilderness Park was created in 1983, conservation of woodland caribou (Rangifer tarandus
caribou) was one ofithe primary considerations. Twelve years latet, in April 1995, the Government of Onrario announ-
ced that the Patk, measuring some 155 000 ha, was to be expanded into a ca. 890 000 ha prorected area. This was done
following 2.5 yr of deliberations of the Wabakimi Park Boundary Committee. The Committee tried to reach consensus
on an expanded protected area by examining a variety of options in terms of criteria related to a range of key values, one
of which was woodland caribou. The analysis procedure involved dividing the 1.25-million-ha study area into more
than sixty "assessment units”. These were defined primarily on the basis of approximate sub-watershed boundaries.
Each assessment unit was tanked on a five-level scale with respect to goodness for each value, including seasonal caribou
habitat. High-value habitats fot wintering, calving, and migration dominated the assessment of habitat importance fot
caribou.The initial assessment phase included six park expansion concepts ranging in size from just over 200 000 ha to
about | million ha. One of the concepts (about 750 000 ha), was based specifically on the catibou value. In the second
phase, four refined options wete examined, ranging from just under 600 000 to roughly a million ha. Two additional
options were added to rhe four and submitted to the Ontario Ministry of Natural Resources for consideration. The
Committee was, in the end, unable to reach full consensus on which of the final options to recommend. However, upon
consideration of the Committee’s final report and other input, the Ontario Government announced in April 1995 the
more than five-fold expansion. The new prorecred area contains about 475 000 ha of high-value caribou habitat.
Caribou were a key value in determining both the ultimate size and configuration ofithe expansion.

Key words: Rangifer tavandus cavibou, patks, boreal forest, Canada, caribou habitat.
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Introduction

Narural resources decision-making works best when
it is comprised of a productive blend of rational ana-
lysis and bounded politics (Lee, 1993). Analysis for
decision-making normally consists of a protocol
including: (a) identification of criteria and indica-
tors by which potential solutions are to be judged;
(b) creation of alternative potential solutions; (c)
prediction of the state of each indicator under
implementation of each alternative solution; and (d)
evaluation of alternative solutions in terms of the
predictions (Duinker & Baskerville, 1986).
Selection and implementation of a preferred alterna-
tive solution then follow.

In 1992, the Ontario Ministry of Natural
Resources (OMNR) established a public advisoty
committee - the Wabakimi Park Boundary
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Committee (WPBC) - to review the boundary of
Wabakimi Provincial Park, located a few hundred
kilometres north of Thunder Bay, and recommend
improvements to that boundary. The Committee
engaged in a 2.5-yr process that included both tech-
nical analysis and consensus building. In the tech-
nical analysis, eleven values (criteria) were chosen
for evaluation of boundary-expansion alternatives.
Among the eleven values was habitat for woodland
caribou - Rangifer tarandus caribou. Early in the pro-
cess, the WPBC members agreed that it was one of
the highest priority values to consider, not only in
its own right but also because it was felt to be close-
ly linked with other biotic values.

This paper relates how caribou were treated by
the WPBC in arriving at its conclusions about what
expansions to recommend. After presenting back-
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Fig. 1. Location of the original Wabakimi Park in
Northwestern Ontatio.

grounders on both the Park and the WPBC, we dis-
cuss current understanding of the status of caribou
in the Wabakimi area. Then we describe the assess-
ment protocol used for the caribou value, along
with our view on how caribou influenced the vari-
ous decisions of the WPBC. We conclude with
recommendations for future exercises that might
need to consider caribou in decisions for protected
areas.

Background to the Wabakimi Wilderness
Park

Overview of values in the area

The Wabakimi area (Fig. 1) contains a variety of
unique and representative features - biotic, physical,
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and cultural - that have long been of great interest
from patk protection and representation perspecti-
ves (Lee Kam, 1993). Woodland caribou are found
throughout most of the area, and were one of the

7 . primary considerations in the establishment of the

original park (Cumming, 1987). Winter habitat,
calving sites and summer habitat are distributed
across the landscape (see below).

A variety of earth- and life-science
features are found in the
Especially significant in the context of
the boundary review were the provincially
significant moraines, spillways, and other gla-
ciofluvial features associated with glacial Lake
Agassiz (Teller & Thorleifson, 1983). Also found in
the area are various kames, dune complexes, and
peatlands. The area is representative of the boreal
forest (Rowe, 1972), with the principal tree species
including jack pine (Pinus banksiana), black spruce
(Picea mariana) and trembling aspen (Populus tremn-
Ivides).

Much of the area has a history of traditional
Aboriginal use, with one lake containing one of the
highest known concentrations of native pictographs
in Ontario (Dewdney & Kidd, 1967). Several com-
munities surround and make use of the Wabakimi
area, including four First Nations and the hamlets
of Armstrong, Collins and Savant Lake.
Armstrong, southeast of the current Wabakimi
Park, is the largest community and is an area base of
operations for many ofi the fly-in remote tourism
establishments. Fishing and hunting are major uses
of the landscape from both recreational and tourism
perspectives.  Many canoeists frequent the area
because ofithe variety and quality of canoeing opp-
ortunities available. Although difficult to quantify,
the area is considered to have high value for remote-
ness and for wilderness experiences.

area.

Creation of the park

OMNR began working on the concept of a large
wilderness park northwest of Armstrong in the
mid-1970s, primarily to obtain protected-area
representation of Site Region 3W (Hills, 1976).
The Wabakimi Park concept evolved slowly, with a
variety of names: Whitewater Lake Candidate
Wilderness Area, Ogoki-Albany Wilderness, and,
when Minister of Natural Resources of the day
Allan Pope announced its creation in 1983,
Wabakimi Provincial Park. Even with park esta-
blishment, there remained considerable public inte-
rest and controversy sutrounding the park bounda-

Rangifer, Special [ssue No. 10, 1998



ry. Many parks advocates felt that the park was
much too small to be a self-regulating ecosystem,
and that many significant earth and life science fea-
tures remained outside its boundaries.

Background to the Wabakimi Park Boun-
dary Committee

Rationale
During the past few decades, decision-making in
natural resources in North America has been under-
going a shift from authoritarian and bureaucratic
approaches to democratic and inclusive approaches
(Johnson & Duinker, 1993). Such a shift has been
welcomed and endorsed in forest decision-making
in Ontario (e.g., Ontario Forest Policy Panel, 1993;
Koven & Martel, 1994). Indeed, our experience is
that the OMNR has been embracing such a shift in
recent years, and the WPBC is a prime example.
Park advocates felt that the 1983 park boundaries
were highly inadequate because they omitted criti-
cal caribou habitat, important recreational features,
and other significant park values. Rather than con-
ducting some classic public-consultation hearings
and calling in written submissions, OMNR decided
to put the issue in the hands of a group of local and
regional people, carefully selected to represent a
wide range of interests in the area. The WPBC was
thus created in fall 1992.

Mandate and, membership

The mandate of the WPBC was to review the exis-

ting boundary and develop a single, consensus-

based boundary recommendation to OMNR’s

Regional Director for the Northwest Region.

OMNR gave the WPBC a small secretariat and

modest budget to support its activities, and did not

constrain the WPBC as to any expected magnitude

or orientation of a boundary adjustment. The

WPBC comprised 16 local individuals representing

the following interests and organizations:

— First Nations (3)

— OMNR district office (1)

— OMNR regional office (parks) (1)

— tourist outfitters (fly-in fishing and hunting, and
canoeing and ecotourism (2)

— anglers and hunters (1)

— conservation and environmental groups (2)

— prospecting and mining interests (1)

— rural community interests (2)

— timber companies (2)

— outdoor education group (1)
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Regional and provincial groups desiring partici-
pation in the park-expansion discussions were enga-
ged through two workshops specially designed for
their input. In addition, opportunities were exten-
ded to the general public for consultation and
input.

Consensus-seeking deliberations

The WPBC used standard consensus-seeking tech-
niques for its overall decision-making process.
After six months of preliminary discussions, a facili-
tator was retained to move the process along more
vigorously without losing sight of the consensus
goal. Majority votes were avoided as much as possi-
ble, but were accepted as necessary when stalemate
situations arose. Voting has the advantage of effici-
ency, at the expense of effectiveness in the sense ofi
buy-in by the parties affected by decisions. On the
other hand, consensus building is relatively ineffici-
ent but can be highly effective. The commitment of
WPBC members (and the OMNR, to its credit) to
consensus was so strong that the WPBC exceeded
its original one-year deadline and took almost 2.5
years to reach its conclusion.

Landscape assessment units

Early on, the WPBC was considering an undefined
study area of roughly a million hectares surroun-
ding the cutrent park of 155 000 ha. WPBC mem-
bers were having difficulties dealing with the com-
plexity of such a vast landscape. A common appro-
ach was needed for referring to discrete portions of
the landscape, for defining boundary expansion
alternatives, and for making detailed assessments of
whether any particular location of the study area
should be within or outside a park expansion. The
group settled on the concept of landscape assess-
ment units (AUs), defined as small (ca. 10-50 thou-
sand ha) land/water areas that could be used for cre-
ating and assessing alternatives. For the most part,
the group defined the AUs on the basis of subwa-
tersheds, trying to maintain a reasonably consistent
size. Thus, AU boundaries followed heights of land
wherever possible and incorporated “complete”
water systems. Some 65 AUs were delineated (Fig.
2), each named according to a dominant lake or
river. The whole assemblage of AUs comprised an
area of over 1.2 million ha (Fig. 2).

Option development
Option development began with consideration of
alternative park sizes and configurations given cet-
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Fig. 2. Distribution of 65 assessmenr units within the
study area of the Wabakimi Park Boundary
Committee.

tain combinations of AUs. WPBC members quic-
kly recognized the political ramifications of option
development. Those who initially favoured a large
park expansion were anxious to see some large alter-
natives developed and assessed, and were cool
toward small options. Those who initially favoured
a relatively small park expansion, or no expansion at
all, were enthusiastic about creating such alternati-
ves but were reluctant to accept more-generous
expansion options.

With time, the group designed a set of six, first-
round park-expansion options ranging in size from
about 200 000 ha to about 1 million ha. These
options were called “protected-area concepts”, for
two reasons: (a) "protected” areas rather than parks,
because parks have narrow legal definitions and the
WPBC was considering a wide range of options for
protecting areas from roads, logging, mining, and
hydro-electric development; and (b) the term "con-
cepts” was considered more appropriate at this eatly
stage of examining theoretical expansions, whereas
"options” sounds more concrete and possible.

Once the six concepts were assessed by the
WPBC, discussed in public forums, and reviewed
by members of an invited scientific panel, the
WPBC proceeded to develop four composite opti-
ons for further assessment and discussion. The four
options ranged from about 570 000 ha to 1 million
ha. Essentially, two of the smaller expansion con-
cepts were dropped, and the larger four were rede-
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signed. One of the four options was based upon a
combination of earth science features and woodland
caribou habitat.

As the WPBC'’s work proceeded, full consensus
on one new boundary appeared increasingly elusive.
The WPBC was, however, able to agree on two
options - one was based solely on conservation
objectives (near 1 million hectares), and the other
was a rather conservative option of almost 600 000
hectares. There was strong consensus that the latter
option should be included entirely in any new pro-
tected area.

Values assessment

In its early work, the WPBC decided to group rele-
vant area values into four classes: (a) ecological and
watershed integrity; (b) landscape diversity and
natural heritage; (c) recreation; and (d) sustainabili-
ty of social and economic benefits. With time, the
four classes gave way to the following eleven basic
values which were used to assess both the first-
round concepts and the second-round options:

— Aboriginal and traditional use
— canoeing

— woodland caribou habitat

— community development values
— Crown-land recreation

— earth-science values

— economic minerals
— life-science values

Kitomaters

Fig. 3. Recession of the southern limit of continuous dis-
tribution of woodland caribou in Ontario since
1880 (source: Cumming & Beange, 1993).
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— remote tourism
— remoteness
— timber capability

For each value, much time was spent gathering
basic data and information on how the value was
distributed across the study area and in each AU. In
some instances, new data had to be collected. Then,
members created schemes, in some cases quantita-
tive, for rating the importance of each AU in terms
of the value. For most values, a five-class system
was used, so each AU could be rated low, low-
medium, medium, medium-high, or high for a
particular value. Maps showing the distribution of
these classes became a vital source of information for
WPBC members during assessment discussions.
Besides the obvious utility of breaking down a com-
plex task into more manageable bits, the AU app-
roach facilitated greater objectivity in assessing and
debating priorities for including AUs in an expan-
ded protected area.

Caribou in the Wabakimi area

Most woodland caribou in Ontario live north of the
northerly extent of roads and timber harvesting.
The original Wabakimi Park (ca. 1983) lay near the
southern edge of the line of continuous caribou dis-
tribution (Figs. 1, 3). Nonetheless, the original park
contained a concentration of about 175 caribou
(Bergerud, 1989). The size of the caribou popula-
tion within the combined area of the proposed park
expansion and adjacent caribou concentration areas
such as Brightsand, Jojo Lake, and Lake Nipigon
has been estimated at about 500 animals (R. Gollat,
pers. comm., 1996). Frankel & Soulé (1981) have
indicated that to avoid possible extirpation due to
inbreeding in the short term, a minimum popula-
tion of 50 breeding animals is required; to avoid
long-term extirpations, a minimum of 500 bree-
ding animals is thought to be required. Therefore,
despite its large size and relatively high caribou
concentrations, the largest possible Wabakimi Park
could be at or below the lower limits of long-term
caribou viability if the population were isolated.
However, exchanges of genetic material may occur
with caribou populations to the west, east and
north.

There are generally agreed to be three critical
habitats for woodland caribou: predator-free
spring/summer calving areas, lichen-rich winter
range, and corridors linking the two (Racey e 4/,
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1991; Cumming, 1992). The Wabakimi area is par-
ticularly well endowed with both winter and sum-
mer habitats. An arm of the ancestral Lake Agassiz
extended into the area north of Armstrong, leaving
a number of glaciofluvial features that constitute
important caribou habitats, including peatland-
dunefield complexes, outwash plains, glacial spill-
ways, moraifes, eskers, and extensive areas of wave-
washed bedrock (Zoltai, 1965). Parks advocates
have contended that many of the winter habitats are
of high quality for caribou because of the shallow,
dry and nutrient-poor soil conditions, resulting in
low site index and low stocking, which in turn fos-
ters prolific lichen growth (Morash & Racey, 1990).
Antoniak (1993) found that many habitats could be
well predicted using these parameters, and that vir-
tually all actively used caribou habitats could be
identified using a combination of standard forest
resource inventory (FRI) data and remote sensing
from Landsat.

Wabakimi’s concentration of large lakes with
convoluted shorelines and numerous islands offers
many actual and potential calving sites and summer
habitat (Timmermann, 1993a). The high density of
lake chains and rivers constitute excellent travel
corridors between winter and summer habitats.

Population studies on the Wabakimi-area caribou
have only begun to become comprehensive for the
entire area in recent years. Previously, several re-
searchers documented the presence of some por-
tions of the population. Following up reports by
canoeists and oufitters, and with the added impetus
of a 1978 proposal for a major logging road, Harold
Cumming carried out the first scientific aerial sur-
veys in the late 1970s and early 1980s, identifying
some of the winter habitats north of the CNR line
(Cumming & Beange, 1987). However, Cumming
carried out few investigations to the west or south.
These surveys had considerable influence upon the
Ontario Parks Council and the Minister of Natural
Resources in establishing the original 1983 park
boundary. Likewise, surveys in 1989 (Bergerud,
1989) were limited to the extant park area, plus
some area south of the park, but north of the CN
rail line. Bergerud’s (1989) population estimate
(mean) was 171 animals in the extant park.
Random aerial surveys from 1990 to 1993 (Hyer,
1997) showed that there were actively used winter
habitats and corridors in the Wapikaimaski, Ald-
ridge, and Loop Lake areas south of the CNR and
north of the Kopka River. Also, a travel corridor
from the Armstrong airport and Jojo Lake winte-
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ring range extending north via the Pikitigushi
River to the Ogoki River was documented at this
time (Hyer, 1997).

Additional studies on caribou populations and
habitats in the Wabakimi area were conducted by
OMNR, both during the years that OMNR was
considering a boundaty change and while the
WPBC was deliberating. These surveys added
many valuable data on winter habitat (much of
which appeared to be unoccupied), and on caribou
winter presence, including March migration routes
(1992-94) and linkages between Wabakimi animals
and those in the Brightsand, Kopka, and Savant
Lake areas. Since the announcement of the park
expansion in April 1995, additional work in the
summers of 1995 and 1996 has identified yet more
critical habitats outside the announced expansion
areas to the west, south and east. Collared animals
have confirmed that in 1995 and 1996 caribou win-
tering south of the tracks used Wabakimi habitats
north of the CN line in all seasons (R. Gollat, pers.
comm., 1996).

Incorporating the caribou habitat value in
Wabakimi expansion deliberations
Agssessment Protocol

The total area under consideration consisted origi-
nally of 65 AUs ranging in area from 1600 to over
50 000 hectates, and averaging ca. 17 500 hectares.
This included five AUs representing the original

[ ] No Assessment
[ tow
Low-Medium
Medium

park. The larger AUs were generally to the north
(Fig. 2), where caribou habitat values were con-
sidered relatively low.

Information on caribou habitat values was compi-
led for the entire study area. This included infor-
mation on winter habitat sightings, traditionally
used wintering areas, summer sightings, calving
sites, and documented and suspected travel corri-
dors (between winter and summer range). The
information came from a variety ofi sources using
various techniques, e.g. winter caribou sutveys,
incidental caribou sightings during moose surveys,
caribou research projects, calving site surveys on
specific lakes, incidental reports of caribou sightings
from forest users, Timber Management Plan values
maps, and published and unpublished reports (e.g.,
Cumming 1987; Bergerud, 1989). Data coverage
was not uniform, making quantitative comparisons
difficult - the study area spanned four administra-
tive districts and five Wildlife Management Units
as defined by OMNR. Much of the information was
recent, due to an increasing interest in caribou
inventory and management in recent years. Little
information was available for winter habitat utiliza-
tion for large portions of the study area, particularly
to the north and the east; specific winter caribou
surveys were conducted in these areas to collect data
using general transect survey methods (Timmer-
mann, 1993b).

The overall value of each AU as currently utilized
caribou habitat was evaluated - habitat potential,

current or future, was not ranked. In some
cases, the habitat was provided in only a portion
of the AU, but the entire AU received the same
ranking. An effort was made to provide consis-
tent judgements across all AUs. AUs were

Medium-High . . . .
High ranked according to the following qualitative
scale:
10, 010 20 High: — repeated winter use, or
Kilometers — essential calving lake, or
— winter use and heavily
used/linear
travel corridor, or
— favoured habitat type and
demonstrated use;
Med.-High: - avalue judged to be
mid-way
between high and medium;
Fig. 4. Caribou habitat values ranked for each assessment unit ~ Medium: — significant winter use, or
within the study area of the Wabakimi Park Boundary — winter use and light/diffuse

Committee.
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Rangifer, Special Issue No. 10, 1998



Table 1. Relative ability of four park concepts (G to J) and the proposed expansion to incorporate assessment units con-
taining critical woodland caribou habitats. All figures include the area of the original park.

Total Area (ha)  Area of AUs
with High
caribou habitat

values (ha)

Park Concept *

Area of AUs

caribou habitat

Area of AUs
with Medium
caribou habitat

values (ha)

Proportion of
critical caribou
area within
habitat is study
the concept (%)

with M-H

values (ha)

Original Park 155700 123 250
Concept G 571 200 218 800
Concept H 763 600 284 400
Concept 1 846 200 321 800
Concept J 1 038 600 312500
Study Area 1 204 000 359 500
Expansion 891 500 243 500

0 32420 23

57 700 60 700 50
80 400 134 700 74
109 500 146 800 86
153 300 149 000 91
158 000 158 100 100
114 500 118 700 71

* Qriginal Park = Wabakimi Provincial Park as originally established in 1983,
Concept G = concept based on maintaining some high quality timber and mineral opportunities.

Concept H = concept based on tourism and recreation.

Concept I = concept based on landscape and biological diversity (including woodland catibou).

Concept ] = concept based on maintaining ecological integrity.

Study area = total area considered by the Wabakimi Park Boundary Committee.

Expansion = territory included in the protected-area expansion announced by the Govetnment of Ontario in April

1995.
— habitat type with occasional
use;

Med.-Low: — a value judged to be
mid-way between medium
and low;

Low: — occasional or no winter use, and

~ no known calving sites or travel
corridors, and
— unfavourable habitat type.

Assessment outcomes

The ranking of caribou habitat values for all the
AUs resulted in a ranking classification as follows:
high - 18 AUs; medium-high - 8 AUs; medium -
10 AUs; medium-low - 14 AUs; and low - 15 AUs
(Fig. 4). Three AUs were split and each section was
ranked separately, because of the clumped spatial
distribution of caribou habitat features.

Caribou habitat values for each of the four refined
concepts (concepts G, H, I, J - Fig. 5) were compa-
red to determine how well each concept incorpora-
ted caribou habitat values. Critical caribou habitat
was considered to include the medium, medium-
high and high rankings. The four park concepts
incorporated from 50 to 91% of the critical caribou
habitat considered to be within the approximately
1.2 million hectare study area (Table 1). Some qua-
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litative assessments of the various concepts were
also undertaken, to determine how well they incor-
porated specific habitat needs such as travel corri-
dors to adjacent habitats, and linkages with Lake
Nipigon (a2 major calving/summering lake). Con-
cept I was judged to meet these qualitative needs
best, an expectable result since development of this
option most closely considered all seasonal caribou
habitat values.

As part of the selective scientific review, respon-
ses were received from ten of 24 invited scientists.
Five reviewers commented specifically on caribou
habitat considerations relative to park expansion,
and most were supportive (see summary in Table 2).
Reviewers generally did not comment specifically
on the relative merits of the various patk concepts,
but rather provided comments on caribou habitat
protection and biodiversity conservation.

Subsequent to the development of the four con-
cepts, the WPBC created two additional concepts
(K and L) for OMNR to consider. These two con-
cepts were further assessed by OMNR to determine
their ability both to protect park-related values and
provide  resource-development  opportunities.
Caribou habitat concerns were again considered in
this assessment, with regard to how they supple-
mented the caribou habitat incorporated within the
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Option G

Option |

Option H

Option J

Fig. 5. Phase-2 options for protected-area expansion as derermined by the Wabakimi Park Boundary Committee.

existing park. The 577 100 ha Concept K added
about 150 000 ha of critical (i.e., seasonal high-
value) habitat to the existing park, and with the
current park represented about 45% of such habitat
within the study area. Concept L, which was over a
million hectares, added almost half a million hec-
tares of critical habitat to the existing park, and
along with the current park represented almost
95% of the critical habitat within the study area.

In April 1995, Minister of Natural Resources
Howard Hampton announced that Wabakimi Park
was being expanded to an area of approximately 891
500 ha (Fig. 6). This included 475 000 ha ofi criti-
cal woodland caribou habitat, or 71% of the critical
habitat identified wichin the study area.

Influence in boundary redefinition
In the process of developing and assessing- park
expansion options, the WPBC moved through three
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distinct phases. In the first phase, six options were
used to stimulate response, but without conclusion.
In second phase, four refined options emerged, and
these moved the process ahead encouragingly. The
final phase found general consensus on a minimum
core expansion, but consensus could not be reached
on a single new boundary. Caribou values remained
key in all three phases.

Indeed, caribou were always central to all the
WPBC deliberations, for two reasons. First, the
evidence is clear that whatever factors may be
implicated in the continuing northward regression
of caribou range, the northern boundary of continu-
ous caribou habitat coincides with the northern
timber cut line. Consequently, the provincial policy
that no species of flora or fauna be allowed to de-
cline permanently in total numbers across the pro-
vince as a result of forest management dictated that
Wabakimi be considered an important caribou refu-
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‘Proposed
Boundary

SN T

Wabakiei Park

Fig. 6. Proposed boundary of a protected-area expansion at
Wabakimi as announced by the Government of Ontario

in April 1995,

gium. Protected areas are important in maintai-
ning woodland caribou within Ontario’s forests, as
approximately one third of the documented caribou
within the boreal forest are found within parks
(Cumming & Beange, 1993). Second, park expan-
sion advocates understood well the importance of
public opinion associated with such a policy where
an animal as appealing as the caribou is concerned.

Space is believed by many biologists to be the
most important overall caribou habitat requirement
(Bergerud, 1992). Within that space must be cer-
tain forested sites in a sequence of age classes re-
newed over time by disturbance (traditionally wild-
fire). As Table 1 shows, the larger the expansion
option, the greater the inclusion of high-quality
space for caribou. Option J, in addition, was aimed
at providing sufficient area such that natural fire-
disturbance regimes could operate and thus create a
regional fire-renewing ecosystem. Preserving a
remnant of the boreal forest as a benchmark area
was also a key priority in Wabakimi expansion, but
it may be only within such a large area that wood-
land caribou can survive over time.

We believe that the prospect of wide provincial,
national and international interest in the caribou
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issue had a profound effect upon the final
expansion decision. Thankfully, promises of
mitigation of area and wood supply losses
brought the forest-products industry onside,
as it is doubtful the companies would have
moved based upon caribou and other park
values alone. Most participants and observers
would agree with the statement made by Paul
Gagné, Avenor’s CEO, at the April 1995
announcement of the proposed expansion of
the Wabakimi protected area: “The expansion
of Wabakimi will create a world-class park
and ensure the continued protection of unique
land forms and wildlife habitats indigenous to
the region.” We are happy to report that the
expanded park was officially regulated in July
1997.

Conclusions

Caribou habitat was one of eleven key values
that commanded much attention during the
deliberations of the WPBC. It was fortuitous
from a park-expansion point of view that seve-
ral park values (as opposed to resource-use
values such as timber harvest and mining)
overlapped spatially in roughly the same areas
surrounding the former, 155 000-ha Waba-
kimi Provincial Park. Moreover, areas with favour-
able seasonal caribou habitat were also generally
important in terms ofi earth-science, canoeing and
remote-tourism values.

WPBC members were firm in their conviction
that a reasonable outcome could be achieved
through a combination of principled consensus-
building and rational analysis of alternative park
sizes and boundary configurations. Analytical pro-
gress was strong once the WPBC worked out the
assessment-unit approach and methods to assess the
values objectively, either quantitatively or qualita-
tively. The caribou perspective was incorporated
into the technical analysis along with all the other
key values, and played a vital role in shaping the
new Wabakimi protected area.

We offer the following advice for participants in
future exercises where caribou (or any other featured
species, for that matter) may be a vital value in crea-
ting protected ateas:

1. Information will always be inadequate, and
decisions will always have to be made despite
inadequate information. As early as possible,
assemble extant information, analyze it, identify
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Table 2. Summary ofikey points raised by five scientific reviewers regarding woodland caribou habitat values.

Park expansion

Park expansion to the south required to include additional winter and summer habitat.

Boundary must include important habitat and linkages for seasonal migration.

Caribou should be given top priority in re-defining the park boundary - require a network of viable caribou

areas across northern Ontario.

To ensure long-term viability ofi the caribou population, must protect an area of sufficient size to maintain

natural fire patterns.

To ensure the long-term survival ofithe herd, it is important to incorporate landforms that will provide futu-

re habirat.

Adjacent land use

Ecologically sustainable land use should be implemented on the landbase outside the expanded park to

maintain landscape linkages.

Human disturbance
Human use of islands not considered a problem.

Winter snowmobile access should be restricted in some critical areas to avoid disturbance of caribou.

Park management

May wish to consider less restrictive park management policies that allow for vegetation management to
maintain caribou habitat (eg. Lightly stocked stands, prescribed burns).

May wish to consider option ofidirectly managing other wildlife populations to aid in caribou survival, e.g.

wolf control, moose hunting.

critical information needs, get the new required
information, and use the assembled information
base fully.

2. Simple analytical approaches are efficient, and
likely sufficient for strategic decisionmaking.
Detailed and site-specific information should be
compressed into more-usable forms at a regional
scale.

3. Hasty analytical work in support of important
decisions should be avoided. Useful analysis,
supported by careful information gathering and
incisive discussion, takes time, not to mention
the negotiations in which analytical results are
used. The WPBC overran four process dead-
lines, requiring substantial amounts of time to
reach its conclusions. The biophysically sensible
and politically feasible outcome that was
reached would have been elusive, if possible at
all, in a more rushed exercise.
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Abstract: Locational data collected over a one year period from 10 female woodland caribou, Rangifer tavandus caribou,
collared with Argos satellite collars in northwestetn Ontario, Canada were superimposed on supervised Landsat images
using Geographical Information System (GIS) technology. Landscape parameters, land cover classifications, and draina-
ge were utilized to create the basemap. Using ARCVIEW software, all digital fixes from collared caribou with infor-
mation of date, time, and activity status were overlain on the basemap to facilitate a preliminary analysis ofi habitat use
in this species. Results supported the conclusions (1) that woodland caribou in northwestern Ontario select habitats
containing high to moderate conifer cover and avoided disturbed areas and shrub-rich habitats, (2) that seasonal chang-
es in habitat utilization occurs in females of this species, and (3) that satellite telemetry technology can be employed in

the boreal forest ecosystem to assess habitat utilization by large ungulate species.

Key words: seasonal activity, habitat use, Landsat imagery

Introduction

Recent cooperative initiatives between the forestry
industry and provinical government to improve the
image and efficiency of forest resource management
has lead to the development of an integrated forest
management policy, which considers the impact of
forest harvesting practices on sustaining wildlife
populations, and enhancing forest regeneration and
harvest rotation time. In this regard, experimentati-
on with new cutting practices has been initiated
and research on regeneration and wildlife populati-
ons has been ongoing for the past few years. In nor-
theastern Ontario, comparison of the impact of dif-
ferent cutting mechods in the black spruce-
lichen/moss forest community has indicated that
small mammal species diversity and biomass can be
maintained, if intermediate impact cutting practi-
ces (light residual and heavy residual) were employ-
ed (Courtin & Beckerton, 1994). In addition, earli-
er forest regeneration and shorter rotation periods
between harvesting have been associated with these
techniques.
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However, the impact of various cutting practices
on the activity and sustainability ofi larger boreal
mammals is presently unclear. Research has shown
that woodland caribou, Rangifer tarandus caribou, are
the least tolerant of current logging practices and
have been extirpated over much of their former
range (Stardom, 1977; Chubbs e 2/., 1993). An
overview of habitat utilization by this species in
northwestern Ontario would provide government
and the forest industry with information required to
manage and sustain this species. In addition, an
understanding of the interactions associated with
current forest harvesting practices, ungulate popu-
lations, and their primary predators would also aid
in the development of sustainable forest manage-
ment policy and expand our knowledge of the
population dynamics and behaviour of these impor-
tant species (Edmonds, 1988; Seip, 1992).

Recent advances in remote sensing technologies
have presented new opportunities and challenges for
researchers working on ungulate species inhabiting
large diverse ranges in regions with limited accessi-
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bility. To date, few studies have examined the
advantages and limitations of satellite telemetry in
assessing habitat utilization and movement patterns
in ungulates in the boreal forest ecosystem
(Thompson et /., 1980; Ferguson, 1991; Pearce,
1992) and only one study has been conducted on
woodland caribou (Ellis & White, 1992). The appli-
cation of GIS technology to research on woodland
caribou has been conducted in Alberta (Bergerud,
1989; Chichowski & Banner, 1992) and has begun
to be applied in northwestern Ontario (Antoniak,
1993; Cumming ¢t al., 1996).

The objectives of this study were: (1) to obtain
preliminary estimates of annual and seasonal habitat
utilization by female woodland caribou in north-
western Ontario, (2) to assess variation in seasonal
activity patterns in females of this species, and (3) to
assess whether satellite telemetry technology was
able to identify habitat utilization by ungulates in
the boreal forest ecosystem.

Methods

Three classified Landsat thematic map images with
25 x 25 m pixels were supplied by the Ontario
Remote Sensing Office, Toronto, Ontario. Landsat
image areas chosen represented locations where cari-
bou fitted with Telonics Argos satellite collars
occurred. Nineteen land cover classes were present
on each image. Images were projected in pseudo-
colour and colour-themed using Image Legend
Editor, ARCVIEW 2.1 (Stafford, 1994).

Data were collected weekly from 10 female cari-
bou minimizing autocorrelation problems (Nau ¢
al., 1974). Caribou telemetry data were separated
into four seasons: (1) Spring: March 1 - May 31, (2)
Summer: June 1 - August 31, (3) Fall: September 1
- November 31, and (4) Winter: December 1 -
December 31. The n values were as follows; Spring,
n = 7; Summer, n = 11; Fall, n = 11; Winter, n =
10. Telemetry locations classified by Service Argos
as LQ (Location Quality Index) 1 (+/- 1000 m), LQ
2 (+/- 350 m), and LQ 3 (+/- 150 m) were used. It
was assumed that this approach provided a more
accurate representation of caribou behaviour as sam-
ple size was increased and levels of error would over-
lap and cancel each other (E Messier, pers. comm.).
Location points were used to create the boundary of
each polygon. Habitat use inside each polygon was
established by associating the location point of each
animal with the corresponding 25 x 25 m Landsat
classification pixel (Litvaitis et a/., 1994). All lati-
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tudes and longitudes were transformed from deci-
mal degrees to Universal Transverse Mercantor
(UTM) units to correspond to basemap point locati-
ons. The number of satellite collared caribou locati-
ons in each habitat were transformed into percenta-
ges to estimate trends in seasonal habitat use. The
Landsat land cover classifications were: Water/Ice,
Shoreline, Wetlands, Open Fen, Shrub-Rich Fen,
Treed Bog, Dense Deciduous Forest/Shrub, Dense
Conifer Pine, Dense Conifer Spruce, Mixed Forest
Deciduous, Mixed Forest Conifer, Sparse Conifer,
Sparse Deciduous Cover, Recent Clearcuts, Recent
Burns, Old Burns/Cutovers, Bedrock/Sand, Mine
Tailings, and Urban/Roads.

Seasonal changes in activity patterns were deter-
mined from the telemetry information provided by
Argos Service and animals were classified as resting
(0 - 5), feeding (6 - 30), walking (31 - 36), and run-
ning (> 37).

Results

Spring

During the spring (March 1 - May 31), caribou were
found predominately in 5 habitat types: Treed Bogs
(22%), Old Burns (17.1%), Sparse Conifer areas
(15.3%), Mixed Forest Deciduous areas (11.2%),
and Dense Spruce areas (10.2%). These classificati-
ons represented 75.8% of the habitat used by cari-
bou during this period.

In contrast, the 5 most under utilized habitats
consisted of: Urban/Roads (0%), Mine Tailings
(0%), Bedrock/Sand (0%), Dense Deciduous
Forest/Shrub areas (0%), Shrub-Rich Fens (0%),
and Wetlands (0%). These classifications were not
used by caribou in the spring and represent habitats
created by disturbance or containing a heavy deci-
duous shrub component (Fig. 1).

Other habitat types used by caribou ranged bet-
ween 7.7% and 1% and included: Shoreline (7.7%),
Dense Coniferous Pine areas (5.5%), Sparse
Deciduous Covered areas (3.4%), Recent Clearcuts
(2.6%), Open Fens (2%), Water/Ice (1.4%), Mixed
Forest Conifer areas (1.29%), and Recent Burns

(0.4%).

Summer

During the summer (June 1 - August 31), the 5
most common land classifications utilized by cari-
bou were: Treed Bogs (18.7%), Mixed Forest
Deciduous areas (16%), Dense Conifer Spruce areas
(14.8%), Shoreline (13.3%), and Dense Conifer

Rangifer, Special Issue No. 10, 1998
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Fig. 1. Percentage of point locations in different Landsat
land cover classes for woodland caribou during
the spring of 1995 (March 1 - May 31) in north-
western Ontario (DD = dense deciduous; MF =
mixed forest; SD = spatse deciduous; and DC =
dense conifer).

Pine areas (10.2%). These classifications represen-
ted 73% of the habitats utilized by caribou during
the summer (Fig. 2) and indicated caribou used
both dense canopy cover and open sites during this
period.

In contrast, the 5 least important land classifica-
tions used were: Mine Tailings (0%), Bedrock/Sand
areas (0%), Recent Burns (0%), Dense Deciduous
Forest/Shrub areas (0%), and Shrub-Rich Fens
(0%). These habitat types were not used by caribou
during the summer and represent habitats created
by disturbance or containing a heavy deciduous
shrub component (Fig. 2).

Other habitat types utilized by caribou in sum-
mer ranged between 7.5% and 0.3% and included,;
Sparse Conifer areas (7.5%), Old Burns/Cutovers

Rangifer, Special Issue No. 10, 1998

30
1 3 Summer

25 1

20 4

3

15 4

N e s N N T T T N T T T AT TN

Percentage of Point Locations

AR AN N ARG
I N N |

NSRRI NNNNNRRINIRNNNNN |

B2

N
-,
[
12
N
-
~
’
I
-
S
-
S
.,
S
B

PPN

-
i=1
)
SIS NN NSNS AN N

T

sy

SR IEIRIAI)

ol _ i MAmrea

) N EEEEEEEE NN
T Oy 3DV e@o0oct L0 30 =
€ e 3 > c 3 g% o

@ £ g = O C sz o oo = = o
o:“,.:u.msg._u.ﬁu :g_zggm
-y @s=DcoTa o 2w e =
- ® L £ 98 = - £ - a * -
Cl—i‘-‘";ggw‘"fncoom2=m
- sz o9 -]
aggen o o o -
S=Z% o2 8 = = w e o+
=E2u? 3 o =3 =
0~ = °© o 3

a s o] o a

-~

(=) o -

=]

Fig. 2. Percentage of point locations in different Landsat
land cover classes for woodland caribou during
the summer of 1995 (June 1 - August 31) in
northwestern Ontario (DD = dense deciduous;
MF = mixed forest; SD = sparse deciduous; and
DC = dense conifer).

(5.1%), Watet/Ilce (5.2%), Wetlands (1.8%),
Urban/Roads (0.8%), Mixed Forest Conifer areas
(0.8%), Open Fens (0.5%), and Recent Clearcuts
(0.5%).

Fall
In the fall (September 1 - November 31), caribou
were found in Dense Conifer Pine areas (29%),
Dense Conifer Spruce areas (9.9%), Recent
Clearcuts (9.9%), Treed Bogs (8.4%), and
Shorelines (7%). These classifications represented
64.2% ofi the habitats used by caribou in the fall
(Fig. 3).

In contrast habitats where caribou were found
least included: Mine Tailings (0%), Urban/Roads
(0%), Recent Burns (0%), Shrub-Rich Fens (0%),
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Fig. 3. Percentage ofipoint locations in different Landsat
land cover classes for woodland caribou during
the fall of 1995 (September 1 - November 31) in
northwestern Ontario (DD = dense deciduous;
MF = mixed forest; SD = sparse deciduous; and
DC = dense conifer).

and Dense Deciduous Forest/Shrub areas (0%).
These habitats were areas ofidisturbance and areas ofi
dense deciduous shrubs (Fig. 3).

Other habitats used by caribou during the fall
ranged between 7% and 0.1% and included: Mixed
Forest Deciduous areas (7%), Old Burns/Cutovers
(6.9%), Wetlands (5.2%), Sparse Conifer (5.1%),
Open Fens (4.9%), Bedrock/Sand (2.3%), Water/Ice
(1.8%), Sparse Deciduous Cover areas (1.6%), and
Mixed Forest Conifer areas (1%).

Winter

During winter (December 1 - 31), the 5 Landsat
classifications most utilized by caribou were: Sparse
Conifer areas (14.6%), Treed Bogs (14.3%), Dense
Conifer Pine areas (13.2%), Mixed Forest Conifer
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Fig. 4. Percenrage of point locations in different Landsat
land cover classes for woodland caribou during
the winter of 1995 (Decembet 1 - December 31)
in northwestern Ontario {DD = dense deciduous;
MF = mixed forest; SD = sparse deciduous; and
DC = dense conifer).

areas (13.2%), and Dense Conifer Spruce areas
(11.9%). These classifications represent 67.2% of;
the habitat utilized by caribou during winter
(Fig. 4).

In contrast, classifications not used by catibou
during winter were Shrub-Rich Fens (0%), Mine
Tailings (0%), Bedrock/Sand areas (0%), Recent
Burns (09%), Sparse Deciduous areas (0%), and
Dense Deciduous Forest/Shrub areas (0%). These
classifications represented areas of disturbance or
contained heavy deciduous shrub components
(Fig. 4).

Other land classifications utilized ranged betwe-
en 11.6% and 0.25% and included: Mixed Forest
Deciduous areas (11.6%), Wetlands (10.8%),
Water/Ice (3.5%), Old Burns/Cutovers (3%), Open
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Fens (1.9%), Shorelines (1.1%),
(0.8%), and Recent Clearcuts (0.1%).

Urban/Roads

Activity

Annual activity patterns of 10 females are represen-
ted in Figure 5. Mean annual percentages for the
four behaviours were: resting (25.4%), feeding
(37.6%), walking (11.5%), and running (25.5%).
Resting activity ranged from 17% to 39%, reaching
a peak during the summer months (June, 39% and
July, 33%) and again in winter (December, 33%).
Feeding represented the highest recorded activity
ranging from 26% to 45% and was greatest in
March (45%) and May (45%) and lowest in June
(26%). Walking was less frequent and ranged bet-
ween 6 - 22%. Running was most common during
the fall (August - October) and ranged from 16% to
35% of the total activity.
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Fig. 5. Annual activity patterns of woodland caribou
during 1995. Mean annual percentages for the
four behaviours assessed were: resting - 25.3%,
feeding - 37.6%, walking - 11.5%, and running -
25.4%.
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Discussion

Although only preliminary data were available,
woodland caribou in northwestern Ontario during
1995 appeared to utilize specific Landsat land cover
classifications more, while others were avoided. The
four Landsat land cover classes most used throug-
hout the year in order of importance were; Treed
Bogs (15.9%), Dense Conifer Pine (14.5%), Dense
Conifer Spruce (11.7%), and Mixed Forest
Deciduous areas (11.5%). These habitats were utili-
zed during all seasons of the year and received
53.6% of all point locations. Similar findings have
been reported by Bergerud & Butler (1975) and
Cummings & Beange (1987) for woodland caribou
herds associated with the Lake Nipigon region. In
this area, winter concentration areas were found to
occur on sandy flats containing 90% jack pine and
10% white birch, with a lichen understory. Further
analysis by Darby e «/. (1989) and Hyers (1997)
indicated that the entire winter range of approxima-
tely 180 km2 was estimated to be composed of 61%
conifer, 17% mixed forest, 11% deciduous forest,
7% muskeg and open habitat, and 4% water.
Stardom (1997) working in Manitoba concluded
that woodland caribou preferred open larch or black
spruce bogs and intermediate to mature jack pine
stands on rocky ridges or sand plains.

In contrast, the three Landsat land cover classes
never or minimally utilized were; Mine Tailings
(0%), Shrub-Rich Fens (0%), Dense Deciduous
Forest/Shrub areas (0%), and Recent Burns (0.1%).
These habitats were avoided during all seasons of
the year and only received 0.1% of the point locati-
ons. Although data on habitat availability were not
analyzed, the results support the conclusion that
woodland caribou in this region select habitats con-
taining high to moderate conifer cover and avoided
disturbed areas (Mine Tailings) and shrub-rich habi-
tats, such as Shrub-Rich Fens, Dense Deciduous
Forest/Shrub areas, and Recent Burns. Recent
Clearcuts which are known to support heavy shrub
layers also appeared to be avoided and received only
3.3% of the point locations. In contrast, Old
Burns/Clearcuts received 8% of all point locations.
Hyers (1997) studying a caribou herd in northwes-
tern Ontario impacted by winter log hauling and
roads concluded that caribou temporarily avoid dis-
turbance and human development, but return once
development is completed. Similar results were
found by Hill (1985) studying caribou in
Newfoundland associated with the construction of a
hydroelectric development. In this study, natural
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and man-made shrub-rich habitats with high levels
of broad-leaf browse have been shown to be avoided
by caribou, which is supported by the literature
(Datby & Dugquette, 1986; Godwin, 1990). These
habitats favour moose and consequently increased
wolfiand black bear numbers, which may make cari-
bou more vulnerable to predation. Bergerud (1983a,
1983b) and Seip (1992) have both presented data
supporting this hypothesis.

Although seasons were only defined broadly wit-
hin this study, trends in Landsat land cover class
utilization were observed (Figs. 1 - 4). During the
spring period, Treed Bogs, Old Burns/Cutovers, and
Sparse Conifer habitats were most commonly used.
These habitats have been found to be associated
with calving females by other researchers and are
thought to allow caribou to separate themselves
from moose and associated predators (Shoesmith &
Story, 1977, Fuller & Keith, 1981, Brown e 4/.,
1986, Parker, 1997).

During the summer post-calving period, Treed
Bogs  remained  important,  while  Old
Burns/Cutovers and Sparse Conifer habitats decli-
ned in importance and were replaced by Mixed
Forest Deciduous areas, Dense Conifer Spruce and
Pine areas, and Shorelines. In is interesting that the
use of Shorelines was maximal during this period,
when biting insects reach their greatest numbers.
During the fall period, Dense Conifer Pine and
Spruce areas were much more utilized than any
other habitat type; however, Treed Bogs and Recent
Clearcuts were a poor second. This combination of
dense cover and open habitat may be associated
with the rut, which occurs during this period.
Winter habitats selected appeared to be more varia-
ble than fall land classifications and included; Sparse
Conifer areas, Treed Bogs, Dense Conifer Pine and
Spruce areas, and Mixed Forest Conifer areas.
Wetlands also became important during this period
when the substrate was frozen. As similar annual
and seasonal habitat use have been reported by other
researchers (Bergerud & Butler, 1975; Shoesmith &
Story, 1977; Fuller & Keith, 1981; Edmonds &
Bloomfield, 1984, Brown et «/., 1986; Cummings &
Beange, 1987; Bergerud, 1989; Rominger &
Oldemeyer, 1989; Hyers, 1997; Parker, 1997), it
was concluded that satellite telemetry technology
can be employed to assess habitat utilization by lar-
ge ungulates in the boreal forest ecosystem.

Mean annual percentages for the four behaviours
were: resting (25.4%), feeding (37.6%), walking
(11.5%), and running (25.5%). Although these
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activity data were not calibrated, some trends were
appatent. Resting reached a peak during mid-sum-
mer (June, 39% and July, 33%), when lactational
requirements would be greatest and again in winter
(December, 33%), when low quality forage and
severe weather conditions would require the conser-
vation of energy. Studies indicate that when forage
intake declines, reindeer respond by reducing meta-
bolic rate and energy expenditure (Fancy et al,,
1989). In contrast, feeding remained relatively con-
stant and the most frequent activity throughout the
year (Collins & Smith, 1989). Walking and run-
ning were more frequent during the fall (August -
October), when bulls spend most ofi their energy
chasing and herding females (W.]J. Dalton, pers.
comm.).

In summary, the results support the conclusions
(1) that woodland caribou in northwestern Ontario
select habitats containing high to moderate conifer
cover and avoided disturbed areas and shrub-rich
habitats, (2) that seasonal changes in habitat utiliza-
tion occurs in females ofi this species, and (3) that
satellite telemetry technology can be employed in
the boreal forest ecosystem to assess habitat utiliza-
tion by large ungulate species.
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Ecosystem management and the conservation of caribou habitat in British
Columbia
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Abstract: Woodland caribou (Rangifer tarandus caribow) in British Columbia inhabit a wide variety of forest ecosystems.
Numerous research projects have ptovided information that has been used to develop caribou habitat management
recommendations for different areas. Recently, the province has implemented guidelines to protect biodiversity that are
based on an ecosystem management strategy of mimicking narural forest conditions. Thete is a great deal ofisimilarity
between caribou management recommendarions and biodiversity recommendations within different forest types. 1n
mountain caribou habitat, both approaches recommend maintaining a landscape dominated by old and mature forests,
uneven-aged management, small cutblocks, and maintaining mature forest connectivity. In notthern caribou habitat,
both approaches recommend maintaining some older stands on the landscape (but less than for mounrain caribou),
even-aged management, and a mosaic of large harvest units and leave areas. The ecosystem management recommenda-
tions provide a useful foundation for caribou habitat conservation. More detailed information on caribou and orher

management objectives can then be used to fine-tune those recommendations.

Key words: Rangifer tarandus caribou, habitat management, forestry, biodiversity.

Introduction

Woodland catibou (Rangifer tarandus caribou) conset-
vation has been a high profile resoutrce management
issue in British Columbia (B.C.) for many years, pri-
marily because of the conflict between forest harves-
ting and conservation of caribou habitat. That con-
cern resulted in a large number of studies designed
to provide information on how to integrate caribou
habitat protection and forest harvesting. Those rese-
arch results led to the development of numerous
sets of guidelines and recommendations that have
been implemented to various degtrees throughout
the province (e.g. Cichowski & Banner, 1993;
Stevenson e al., 1994). Forestry/wildlife guidelines
have also been developed for vatious other high pri-
ority species in B.C. such as mule deer (Odocoileus
bemionus bemionus) (Armleder ef al., 1986), and coas-
tal black-tailed deer (0. 5. columbianus) and Roose-
velt elk (Cervus elaphus roosevelti) (Nyberg & Janz,
1990).

Mote recently there has been increased public
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concern about the impacts of forest management
practices on the full range of natural biodiversity.
Forest managers must now attempt to manage
forests in a way that will maintain all native species,
including vertebrates, invertebrates, vascular and
non-vascular plants, and micro-organisms. Given
this complex task, relying on single species guideli-
nes is no longer a feasible approach. The habitat
requirements of many native species are unknown,
and even if they were, it would be impossible to
integrate the individual requirements of thousands
of different species, many of which have habitat
requirements that are incompatible with the requi-
rements of others. Consequently, an ecosystem
management approach has been adopted as a more
appropriate strategy to conserve natural biodiversity
within managed forests in B.C. Ecosystem manage-
ment provides the framework for the British
Columbia Forest Practices Code Biodiversity
Guidebook (British Columbia Ministry of Forests,
1995).
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The British Columbia forest practices
code biodiversity guidebook

The basic assumption of the Biodiversity Guide-
book is that the more closely managed forests
resemble natural forests, the greater the probablilty
that all native species and ecological processes will
be maintained. As natural ecosystems become incre-
asingly modified by human activities, natural pat-
terns of biodiversity become increasingly altered,
and the risk of losing native species (including cari-
bou) increases. Forest biodiversity is related to the
age class distribution, patch size distribution (i.e.
the size of contiguous, similar-aged areas of forest),
and stand structure of the forest (Hunter, 1990). In
natural forests, those factors were determined pri-
marily by the frequency, scale and characteristics of
natural disturbances such as fires, insects and disea-
se. Thus, the Biodiversity Guidebook uses natural
disturbance regimes as a model for forest manage-
ment practices.

The degree to which natural biodiversity can be
maintained within managed forests depends on
how closely managed forests resemble natural forest
conditions. As the forest age class distribution,
patch size distribution, and stand structure become
more like natural forests, the pattern of biodiversity
will also approach more natural levels. However,
moving along that continuum towards natural
forest conditions usually has timber supply and eco-
nomic consequences. Where we choose to be on
that continuum becomes a social value judgement
that considers the trade-off between biodiversity
conservation and economic values. The Biodiversity
Guidebook outlines three different options along
that continuum, depending on whether biodiversity
conservation has a high, intermediate, or low priori-
ty in a given area. The primary difference between
those three options is the amount of old and mature
forest retention. The High option maintains 75%,
the Intermediate option maintains 50%, and the
Low option maintains 25% of natural levels of old
and mature forest in an area.

The Biodiversity Guidebook recommendations
are intended to be applied at a landscape planning
level. Forest Districts are subdivided into landscape
units that are generally from 50 000 - 100 000 hec-
tares in size. Landscape units must be quite latge to
represent the scale at which natural age classes and
patch sizes were spatially distributed. The
Biodiversity Guidebook provides recommended age
class, patch size, and stand structure objectives for
each landscape unit. Those recommendations vary
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depending on the natural forest characteristics (i.e.
biogeoclimatic subzones; Meidinger & Pojar, 1991)
and the biodiversity emphasis option for each lands-
cape unit. The biodiversity emphasis option for
each landscape unit is determined using a combina-
tion of ecological criteria, government policy on
allowable timber supply impacts, and public input
from strategic land use planning processes.

Ecosystem management and caribou habi-
tat

Woodland caribou in B.C. live in a wide variety of
ecosystems, but they can be broadly divided into a
"mountain ecotype” and a "northern ecotype” (Fig.
1); (Stevenson & Hatler, 1985). Habitat manage-
ment recommendations for the different caribou
ecotypes have been developed based on specific
information about caribou ecology in different are-
as. However, as will be discussed below, very similar
recommendations would result from simply apply-
ing an ecosystem management strategy of trying to
mimic the natural forest conditions in the areas
where they live. The purpose of this paper is to dis-
cuss the value of an ecosystem management strategy
for protecting caribou habitat.

Mountain caribou

Mountain caribou live in the southeastern part of
the province (Fig. 1). The habitat use of mountain
caribou has been the subject of numerous studies
including Simpson ez /. (1987), Servheen & Lyon
(1989), Seip (1990; 1992a), Terry (1994), and Apps
& Kinley (this volume). Mountain caribou spend
most of the year at high elevations (generally above
1500 m) in alpine areas and subalpine forests of
Engelmann spruce (Picea engelmannii) and subalpine
fir (Abies lasiocarpa). During the wintet, snow depths
are too great to allow cratering and the caribou feed
almost exclusively on arboreal lichens. In some are-
as, caribou use lower elevation forests of western
redcedar (Thuja plicata) and western hemlock (Tsuga
beterophylla)  during early winter (November-
December), but move to higher elevations as winter
progesses.

These wet, mountainous landscapes had a very
low frequency of stand destroying wildfires, and
when fires did occur, most were relatively small in
size. Thus, the landscape was naturally dominated
by contiguous old forests, with early seral habitats
relatively uncommon and small in size. Within
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Northern Caribou
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- Relatively Abundant
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Approximate boundary between
caribou ecotypes

Mountain
Caribou

Fig. 1. The distribution and relative abundance of the mountain catibou ecotype, and the northern caribou ecotype, of
woodland caribou in British Columbia (British Columbia Ministry of Environment, 1979; Stevenson & Hatler,

1985).

older stands, the death of individual trees or small
groups of trees from small scale natural disturban-
ces, such as insects or disease, created gaps in the
forest canopy. Those gaps allowed trees to regenera-
te and grow in the understory resulting in the deve-
lopment of uneven-aged stands.

Arboreal lichens are most abundant in old forests
(Antifeau, 1987) and are eliminated when those
forests are clearcut or burned. Thus, maintaining
old forests that provide arboreal lichen is an essenti-
al component of caribou habitat protection in these
areas. Wolf (Canis lupus) predation is a major limi-
ting factor of some mountain caribou populations,
and caribou appear to be more vulnerable to preda-
tion when they live in close proximity to moose
(Alces alces) because moose provide an alternative
prey that sustains increased wolf numbers (Seip,
1992b). A similar situation probably occurs in the
southern Selkirks and Monashee mountains where
cougar (Felis concolor) predation is a major mortality
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factor for woodland caribou, and cougar abundance
is associated with deer numbers (Compton et 4.,
1990; Simpson ez /., 1994).

Moose, deer and elk numbers usually increase in
response to the creation of early serai habitats by
clearcutting and fires. Increased ungulate numbers
may sustain increased populations of predators.
There is concern that fragmenting caribou habitat
into a patchwork of mature and eatly seral forests
will bring caribou and early seral ungulate species
into close proximity, sustain increased predator
populations in the area, and thereby lead to an
increase in predation on the caribou (Seip, 1991;
Stevenson ¢ al., 1994). Consequently, maintaining
large, contiguous tracts of old forest is generally
seen as preferable to maintaining fragmented pat-
ches of marure forest interspersed with clearcuts.

A variety of strategies have been implemented to
maintain large contiguous areas of old forest for
mountain caribou in southeastern B.C. Many exis-
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ting parks, especially Wells Gray Provincial Park,
provide habitat for a substantial number of moun-
tain caribou. British Columbia is in the process of
increasing the amount ofi parkland to 12% of the
provincial area (Anonymous, 1993). Many of the
new parks which are proposed for southeastern B.C.
will provide additional protection of caribou habitat
so that in the future, a substantial proportion of the
total mountain caribou habitat will be protected by
parks.

Caribou habitat is also being protected in areas
outside of parks. In some forest districts, the hig-
hest quality caribou habitat has been identified and
is unavailable for harvest. The areas have been remo-
ved from the timber harvesting landbase and the
allowable annual cut has been reduced accordingly
(e.g. Prince George Timber Supply Area, Robson
Valley Timber Supply Area). Most of the highest
quality caribou habitat is high elevation subalpine
forest that has relatively low timber productivity so
these areas can often be protected with relatively
modest impacts on timber supply. In some other
areas, forest age class constraints are applied to cari-
bou habitat to ensure that a substantial proportion
of the habitat is old enough to provide arboreal
lichens. For example, within medium quality cari-
bou habitat in the Robson Valley Timber Supply
Area, no more than 1/3 of the commercial timber
volume can be harvested every 80 years. If clearcut-
ting is being used, the constraint will ensure that at
least 1/3 ofi the forest is greater than 160 years of
age. Alternatively, partial cutting systems could be
used to remove 1/3 of the volume from the entire
habitat area every 80 years so long as the silvicultu-
ral prescription maintains caribou habitat attribu-
tes. In some areas, if clearcutting is to be used in
areas of caribou habitat, small cutblocks less than
15 hectares in size are recommended (Simpson ez 2/,
1994).  Some Forest Districts also require that
mature forest corridors be maintained across valleys
to provide connectivity between upper elevation
areas of caribou habitat.

Those caribou habitat management recommenda-
tions are very similar to the Biodiversity Guidebook
recommendations for those forest types. If a lands-
cape unit is to be managed with a "bigh emphasis” on
conserving biological diversity, the Biodiversity
Guidebook recommendations for these forests
include:

I) At least 54% of the upper elevation forest should
be >120 years of age (i.e. at least 75% of narural
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levels). Lower elevation forest types that had a grea-
ter frequency of natural wildfires have a lower target
for old and mature forest retention, but the target
still represents 75% of natutal levels.

II) No more than 17% of the upper elevation forest
should be <40 years of age (i.e. no more than 1.5
times the natural level). More early serai habitat is
allowed in lower elevation forests, but the targer is
still <1.5 times natural levels.

III) Partial cutting and uneven-aged silviculrural
systems are preferred in the upper elevation forests
to mimic the natural pattern of small disturbances
within stands.

IV) If clearcutting is used, a range of cutblock sizes,
up to 250 hectares in size, is recommended to
mimic the size distribution of natural stand-
destroying disturbances in these forests.

V) About 10% of the total area within each cut-
block must be retained as mature forest remnants to
mimic the structural features left behind by natural
disturbances. Those remnants will provide habitat
attributes, such as large diameter snags and arboreal
lichens, within the regenerating stand.

VI) Mature forest corridors must be maintained to
keep stands of mature and old forest connected into
a contiguous "Forest Ecosystem Network”.

These biodiversity recommendations are inten-
ded to maintain a relatively natural age class and
patch size distribution wirhin the landscape unit.
The stand management recommendations are desig-
ned to maintain natural stand structure and habitat
attributes such as snags and lichens. The "Forest
Ecosystem Network” is intended to partially main-
tain the contiguous distribution of old and mature
forests on the landscape.

By maintaining many of the characteristics of
natural forests, it is assumed that relatively natural
levels of biodiversity, and relatively natural popula-
tion levels of all native species will be maintained.
In relation to mountain caribou, implementation of
these biodiversity recommendations would main-
tain a landscape dominated by contiguous old and
mature forest that would provide arboreal lichens
for winter food, and allow caribou to maintain spa-
tial separation from early seral habitats and thereby
reduce the risk of predation. Thus, the ecosystem

Rangifer, Special Issue No. 10, 1998



management recommendations provide a useful
approach to conserving caribou habitat.

Ifia landscape unit is managed with an interme-
diate or low emphasis on biodiversity consetvation,
the mature and old forest requirement would be
reduced (ie. 50% or 25% ofi natural levels respecti-
vely). Moving from high, to intermediate, to low
emphasis biodiversity recommendations would
increase the timber availablility, but would result in
a greater impact on natural biodiversity, and increa-
se the threat to various native species such as cari-
bou.

Northern caribou

Northern caribou inhabit the northern and west-
central areas ofi B.C. (Fig. 1). Historically the dis-
tribution was contiguous, but it became fractured
during the past century due to the disappearance ofi
caribou from portions of their range (Bergerud,
1978). Habitat studies ofi northern caribou are pre-
sented in Hatler (1986), Cichowski (1993), and
Wood (1996). These caribou usually live in alpine
habitats during the summer months but use lower
elevation lodgepole pine (Pinus contorta) forests for
at least part of the winter. During winter the cari-
bou feed primarily by cratering for terrestrial
lichens. The primary conflict with forest harvesting
occurs on the low elevation winter ranges.

The low elevation forest types that provide cari-
bou winter range experienced natural wildfires on
average every 100-150 years. Those fires were often
thousands oft hectares in size. However, wildlfires
did not burn 100% of the area, but rather, left
small, unburned remnants of mature forest that
constituted 5-15% ofi the total burn area (Eberhart
& Woodard, 1987; Delong & Tanner, 1996).
Consequently, the natural landscape was a mosaic of
large, even-aged stands ofipine that regenerated fol-
lowing wildfires. Within those stands there were
remnants ofiolder forest that had survived the fires.

Terrestrial lichens were usually destroyed by fires,
but recolonized disturbed sites and became abun-
dant in mid-aged to mature stands (Brulisauer ez 4/.,
1996; D. Coxson, pers. comm.). Xeric growing sites
support abundant terrestrial lichens for hundreds of
years (Brulisaver ez «/., 1996). However, on more
productive sites, terrestrial lichens may be abundant
in mid-aged stands but are replaced by mosses in
older stands and thus require periodic disturbance
to be perpetuated (D. Coxson, pers. comm.). Very
productive sites are usually dominated by vascular
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plants and never produce substantial amounts of
terrestrial lichens.

Habitat management strategies for these caribou
must ensure that sufficient amounts of older forest
are maintained to provide terrestrial lichens.
However, on sites that naturally undergo a successi-
on to moss cover, periodic disturbances of old stands
are requited to reestablish lichens. In addition, sui-
table foraging habitat should be maintained in lar-
ge, unfragmented patches to keep the caribou spa-
tially separated from early seral habitat where they
would encounter increased exposure to moose and
wolves.

Forest harvesting within the winter ranges of
northern caribou in B.C. has been quite limited
until now, but increased activity in those areas is
anticipated. In response, a number ofistrategies have
been implemented to protect winter habitat.
Habitat for many northern caribou herds is contai-
ned within existing and proposed parks. There is an
appreciation among Ministry of Parks biologists
that maintenance of that habitat may requite fire
management plans that perpetuate natural wildfire
regimes (D. Cichowski, pers. comm.). In areas out-
side of parks, forest age class constraints have been
implemented in some Forest Districts to maintain
old and mature forests that provide terrestrial
lichens. For example, within caribou winter habitat
in the Mackenzie Forest District, 25% of the forest
must be older than 150 years. Similarly, in Ft. St.
John Forest District 40% ofithe forest that provides
low elevation caribou winter habitat must be older
than 100 years. Those areas are available for harves-
ting, but on a rotation period that is long enough to
provide terrestrial lichens for caribou. When har-
vesting is conducted, large harvest blocks of hun-
dreds or thousands of hectares, offset with similar
sized leave areas, are recommended to reduce habi-
tat fragmentation (Cichowski & Banner, 1993).

Again, these caribou habitat recommendations
are almost identical to the Biodiversity Guidebook
recommendations which are based on mimicking
the natural disturbance regime. Within landscape
units that are managed with a "bigh emphasis” on
conserving biodiversity, the Biodiversity Guidebook
recommendations for the forest types that provide
low elevation winter habitat for northern caribou
vary (depending on the biogeoclimatic subzone and
natural fire return interval) as follows:

I) At least 28-39% should be greater than 100 years
of age (i.e. 75% ofinatural levels).
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II) No more than 35-50% should be harvested wit-
hin a 40 year period (i.e. 1.5 times the natural
level).

IIT) Clearcutting with reserves is generally the pre-
ferred silvicultural system to mimic the stand stuc-
ture produced by stand destroying wildfires that
contained unburned mature forest remnants.
Generally, about 10% of the total area within each
cutblock should be retained as mature forest rem-
nants, similar to the pattern of wildfires.

IV) A range of cutblock sizes is recommended, but
the majority should be relatively large (i.e 250-
1000 hectares). This size distribution under-repre-
sents the frequency of much larger natural wildfires
in these forest types, but the objective of mimicking
natural patterns was balanced with public concern
about large clearcuts.

By providing a relatively natural forest age class
distribution, patch size distribution and stand
structure, it is assumed that relatively natural levels
ofi biodiversity will be maintained. For northern
caribou, implementation of these guidelines would
provide a perpetual supply of relatively large pat-
ches of matute forest that would provide terrestrial
lichens for food, and some spatial separation from
early seral habitats where predation risk is probably
greater. If a landscape unit is managed with an
intermediate or low emphasis on biodiversity con-
servation, the mature and old forest requirement
would be reduced, and the risk to caribou and other
native species associated with old forest would be
greatet.

Roads and disturbance

In addition to the forest management issues discus-
sed above, there are concerns regarding impacts of
roads, linear corridors, and disturbance on caribou.
Roads and linear corridors clearly provide improved
access to caribou for hunters and poachers, but may
also increase access for predators. Disturbances such
as snowmobiles can displace caribou and force them
into more rugged habitats where they probably face
increased energy expenditures and mortality risk
from avalanches (Simpson, 1987; own obs.).
However, these impacts can be quite subtle and
almost impossible to demonstrate conclusively with
research and monitoring. Although the cumulative
effects of small increases in poaching, energy expen-
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ditures, vehicle collisions, avalanche deaths, and
predation associated with increased disturbance
may have a major impact on a caribou population
over the years, it may be impossible to definitively
show a direct cause and effect relationship. An eco-
system management strategy would assume that
because roads, snowmobiles etc. are not part of the
natural ecosystem, the more prevalent they become,
the greatet the probablility that natural levels of
biodiversity will be disrupted. Thus it would be
prudent to minimize or prohibit roads and other
disturbances in areas where maintaining natural
levels of biodiversity, including caribou populati-
ons, is a priority, even if there is no conclusive rese-
arch information that demonstrates a deleterious
effect.

Predator control

Predation is often a major limiting factor of:caribou
populations and predator control can significantly
increase caribou survival (Bergerud & Elliot, 1986;
Farnell & McDonald, 1988; Seip, 1992b). How-
ever, use of predator control to increase caribou or
other ungulates to unnaturally high levels is a
disruption of natural biodiversity. It may be appro-
priate to manage predators in areas where society
has decided to enhance natural ungulate popula-
tions at the expense of natural biodiversity. Also, it
may be desirable to manage predators in areas where
past human practices have reduced caribou popula-
tions, and predator control is to be used to restore
natural caribou numbers. However, predator con-
trol to increase caribou herds to unnaturally high
levels is inappropriate in areas where there is a prio-
rity to maintain naturally functioning ecosytems
and biodiversity.

A general ecosystem management strategy

The following points outline the basic steps that are
required to implement an ecosystem management
strategy to conserve biodiversity in managed forests:

D) Delineate planning units that are large enough to
allow landscape level planning objectives for age
class and patch size to be applied. If the full range of
forest age classes and patch sizes are to be maintai-
ned within a landscape planning unit it will have to
be tens of thousands of hectares in size (B.C.
Biodiversity Guidebook recommends 50000 -
100 000 hectares).
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II) Determine the management objectives for each
landscape unit. If maintaining a high level of natu-
ral biodiversity, including caribou, is the priority,
this will usually have a greater impact on timber
production. Alternatively, an objective of maximi-
zing timber production will have major impacts on
natural biodiversity and caribou. An objective of
enhancing early seral ungulates such as moose and
elk may have negative consequences for some other
components of natural biodiversity, including cari-
bou.

III) Set forest age class and patch size objectives for
each landscape unit. If there is a desire to maintain
relatively natural levels of biodiversity within a
landscape unit, the age class and patch size objecti-
ves should be as close to natural values as possible.
Meeting other competing resource management
priorities such as timber production or moose
enhancement may require a significant departure
from natural forest characteristics. That departure
from natural forest conditions will result in signifi-
cant changes in natural biodiversity, and an increa-
sed risk to caribou.

IV) Use silvicultural systems that mimic the domi-
nant natural disturbances in the area, and retain
stand attributes left by natural disturbances. For
example, clearcuts with reserves can be used to
mimic stand destroying wildfires that contained
unburned mature forest remnants.

V) Minimize other habitat alterations which were
not part of the natural landscape such as roads, other
linear developments, and disturbance.

Fine-tuning ecosystem management
guidelines for caribou

Although a coarse-filter ecosystem management
strategy should provide suitable habitat conditions
to maintain most native species, some species may
require additional, more specific management prac-
tices to ensure their survival. Similarly, it may be
desirable to provide more detailed management
practices for species such as caribou that are a high
management priority. In either case, however, there
is no need to develop a completely new set of mana-
gement guidelines. Rather, the coarse-filter ecosy-
stem management guidelines simply need to be
"fine-tuned” to better meet the needs of those speci-
es of special concern.
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In areas of caribou habitat, landscape unit age
class objectives could be modified to provide more
mature forest than is recommended for more gene-
ral biodiversity conservation (e.g. maintain 100% of
natural levels of mature forest rather than 25-75%).
Also, the location of mature forest retention within
a landscape unit may be targeted towards sites that
have the greatest potential to provide caribou habi-
tat. A somewhat larger patch size objective may also
be required. As mentioned above, the B.C.
Biodiversity Guidebook recommends patch sizes up
to 1000 hectares in size within northern caribou
habitat. That size may be adequate for most species
that require larger patches of forest, but for caribou
habitat, a 10 000 hectare patch size mosaic as pro-
posed for northern Ontario (Racey & Armstrong,
1996) may be more appropriate. Similarly in moun-
tain caribou habitat, in areas where partial cutting
is not feasible, cutblocks at the upper end of the
recommended size range (up to 250 hectares) may
be preferred to reduce fragementation effects and
access concerns.

Eatlier guidelines for northern caribou often
recommended small clearcuts, which was inconsis-
tent with the size of natural disturbances in those
forests. Further research and understanding has sup-
ported a move to more natural sized disturbances to
reduce predation risk. This is an example of why
one should be cautious if habitat recommendations
for a species are very different from the natural habi-
tat pattern.

At the stand level, specialized site preparation
guidelines may be appropriate in areas of caribou
habitat. Natural wildfires often destroyed most of
the terrestrial lichen groundcover whereas careful
harvesting and site preparation methods have the
potential to maintain much of the terrestrial lichen
cover (Harris, 1996). Although an ecosystem mana-
gement strategy would suggest that site preparation
methods should mimic the natural pattern (i.e. bro-
adcast burning), caribou management considerati-
ons may favour practices that retain the terrestrial
lichen groundcover. Caution is required, however,
because on sites where terrestrial lichens are repla-
ced by mosses over time, periodic disturbances may
be required to maintain lichens. On those sites,
more aggessive site preparation techniques that
reduce organic matter accumulations may be requi-
red to prevent succession by mosses from replacing
lichens in the stand over time. Destroying lichens in
the short-term may be necessary to maintain them
in the long-term (Schaefer & Pruitt, 1991). This
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situation is another example of why habitat mana-
gement recommendations that greatly diffet from
natural patterns should be viewed cautiously.
Diverging from natural patterns may have unantici-
pated, negative consequences that only become
apparent after further study.

Naturally regenerating pine stands often had
dense stocking which probably shaded out much of
the lichen cover. It may be desirable to diverge from
that natural pattern and use spacing to enhance
lichen growth in regenerating stands.

Summary ofi ecosystem management and
caribou habitat

I) Ecosystem management recommendations to
conserve biodiversity are based on the assumption
that the more closely managed forests resemble
natural forest conditions (ie. age class distribution,
patch size distribution, stand structure), the greater
the probablility that relatively natural populations
of all native species will be maintained.

II) Ecosystem management guidelines that have
been designed to maintain the full range of native
species in B.C. also provide many of the habitat
requirements for caribou, and a strong foundation
for the development of mote detailed caribou habi-
tat management guidelines.

III) When the impact of a certain habitat alteration
is unknown (e.g. linear corridors), and difficult to
resolve by research, the most prudent approach
would be to assume that maintaining the habitat in
a more natural condition is the best strategy to
maintain all species.

IV) If habitat management recommendations for a
species are very different from natural habitat cha-
racteristics, one should be cautious. Diverging from
natural patterns may appeat beneficial on the sutfa-
ce, but have unanticipated, negative consequences
that only become apparent after we have a better
understanding of habitat relationships (eg. patch
size and predation risk).

V) Detailed understanding of the habitat require-
ments of individual species, such as caribou, need
not be used to develop an entirely new set of “single
species” habitat management recommendations,
but rather can be used to "fine-tune” ecosystem
management recommendations that have been
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developed to maintain the full range of natural bio-
diversity.
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Integrating woodland caribou needs and forestry: perspectives of Alberta’s
forest industry
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Abstract: Much of Alberta’s woodland caribou (Rangifer tavandus caribon) range outside protected areas is subject to com-
mercial forest management. In this papet, I discuss some perspectives of the forest industry regarding caribou-relared
issues. Six foresr companies holding Forest Management Agreements (FMAs) in Alberta wete polled. Fotest managers
were most concerned abour 2 aspects of caribou management: reductions of annual allowable cut (AAC) that may be
necessary to provide for caribou habitat needs; and management of public access. Perceived information gaps fell into 3
categories: caribou demographics (population size, trends and densities); primary limiting factors of caribou popula-
tions (including the influence of human activity); and caribou habitar tequirements (including the effects of timber har-
vest on caribou habirat). Increased costs associated with consideration of caribou have been incurred at the planning and
operational levels. However, those costs have been low, primarily because much proposed hatvesr in caribou ranges has
been deferred. Costs are expected to increase substantially in the future as timber from caribou ranges is required to
meert harvest objectives. Other issues identified included: the desire for an adaptive management approach to caribou-
forestry interactions; the need to incorporate natural-disturbance-regime models into forest planning; consideration of
the cumulative effecrs on caribou of all industrial and recreational activities; and unmanaged harvest by First Nations
people. A list of caribou-related projecrs conducred or supported by forest companies in Alberta during the past 5 years

is provided.

Key words: woodland caribou, Rangifer tarandus, forestry, forest management.

Introduction

The woodland caribou (Rangifer tarandus caribou)
was designated as an endangered species in Alberta
in 1985. Since then, extensive natural resource
development (forestry, oil and gas, mining, recreati-
on, peat harvesting) has caused managers to become
increasingly concerned about caribou populations
throughout the province.

Much ofi Alberta’s woodland caribou range out-
side protected areas is subject to commercial forest
management (Fig. 1). Forestry has the potential to
alter large areas of caribou habitat through timber
harvest and the creation ofi access routes. To limit
potential impacts, the provincial government has
required forest companies to implement measures
designed to reduce potential impacts to caribou and
caribou range. Companies also have recognized the
importance of maintaining caribou as a component
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ofi the province’s ecosystem, and have started pro-
grams to learn more about caribou and their habi-
tat.

The forest industry is an important sector that
will help to determine the direction ofi woodland
caribou research and management in Alberta. In
this paper, I discuss the perspective of forest compa-
nies holding Forest Management Agreements
(FMAs) regarding caribou-related issues, including
perceived knowledge gaps, studies done to fill those
gaps, the operational and financial costs ofi integra-
ting caribou needs into forest practices, and other
management-related concerns.

An FMA allows a company to harvest timber on a
sustainable basis on a designated portion of public
forest land (Alberta Environmental Protection,
1996). As part ofithe agreement, the company must
consider the impact of logging on other forest
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Fig. 1. Caribou distribution and forest lands in Alberta.

values such as fisheries, wildlife, and environmental
quality. Maintaining adequate quality and quantity
of caribou habitat is one component of that
responsibility.

Methods

I sent a questionnaire to individuals responsible for
caribou management for 6 forest companies holding
FMAs in Alberta. The questionnaire was intended
to provide information on the perceptions of forest
managers about caribou management and its effects
on forest planning and operations. Results were not
analysed statistically. All information provided is
included. Some answers were edited for brevity ot
combined with others that were similar, while
attempting to retain the substance ofi the response.
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Responses under each heading are not necessarily
ranked by importance, although those given more
than once are listed initially in each category. In
some cases, I have added annotation to summarize
remarks and to contribute an additional perspective.

Results

Replies to the questionnaire were received from all
6 companies (Appendix 1). Responses are presented
below by individual question.

1. Approximately what proportion of your FMA is consi-
dered cariboy vange?
There was a wide range among FMAs in the propor-
tion considered as caribou range:
e 5-10% (n =2 FMAs);
e 30% (n=3FMAs); and
e 75% (n=1FMAs).

The proportion of the annual allowable cut
(AAC) contained within caribou range may be grea-
ter than the proportion of the FMA considered as
caribou range because of the reliance of caribou on
older-aged stands which have greater timber vol-
umes per area of land than younger-aged srands.
Companies with 30% or more of their EMA within
caribou range have committed more resources to
studies ofi caribou, but all acknowledge the impor-
tance of caribou issues and related investigations.

2. What ave the 3 most important issues regarding caribou
and forestry in your FMA?
Of the issues identified, the 3 most commonly cited
were:
» Potential reductions of AAC (z = 3
responses),
* Finding ways to maintain long-term habitat
supply ( = 4 responses);
* Access management (# = 4 responses).

Timber harvest has been deferred in known cari-
bou range by most companies in an attempt to limit
potential impacts. Deferrals reduce the effective
land base for harvest and may require reductions in
the AAC in both the short (annual) and long (rota-
tional) terms. As an alternative strategy, harvest has
been reduced in some partts of caribou range to limit
habitat change. The reliance ofi caribou on older-
aged stands has the potential to intensify the effects
of deferrals or reduced harvest. Reductions in AAC
represent additional planning costs, a loss of logs to
the mill, and reduced capacity.
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Finding ways to maintain long-term habitat sup-
ply for caribou included developing a better under-
standing of: caribou habitat needs; caribou use of
merchantable timber stands; and the effects of tim-
ber harvest on habitat. Related operational questi-
ons included "what harvest patterns are most appro-
priate?” and "when is it appropriate to apply sum-
mer vs. winter logging?”

Roads and associated access generally are recog-
nized as an important impact of natural resource
development. For caribou, the intrusion of roads can
mean increased hunting, both legal (by First
Nations people) and illegal, and habitat fragmenta-
tion. There also is concern that compacted snow on
trails or plowed roads can make caribou wintering
areas more accessible to wolves. How roads are used
once they are developed is crucial in determining
their impact. Managing access is difficult and can be
expensive.

Other important issues included the following
points:

* The effects of forestry on large-mammal preda-
tor-prey relationships (in Alberta these systems
may be complicated, involving up to 7 ungu-
late species and 6 potential predators);

* The effects on caribou of disturbance associa-
ted with development, including logging, oil
and gas, mining, and recreational use; and

* Public perception regarding stewardship of
caribou and caribou habitat.

In general, there is a concern by forest managers
about the level of scientific knowledge available
regarding caribou/forestry relationships. Important
information gaps are considered below under ques-
tion 3. Studies are underway to answer some ques-
tions (see question 4); however, results and conclu-
sions are slow to be realized.

3. What are the 3 most important information gaps regar-
ding caribou in your FMA?

The answers to this question fell into only 3 catego-

ries, including:

* Caribou population size, trends and densities
(n = 6 responses);

* Primary limiting factors and how those inter-
act to influence caribou populations (z = 4
responses);

e Caribou habitat requirements (z = 6 respon-
ses), including the effects of timber harvest on
caribou habitat (# = 2 responses).
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There was a consensus that a better understan-
ding of caribou population sizes and trends is cru-
cial. This requirement creates an important dilem-
ma. The success of management efforts ultimately
will be judged by the presence or absence of viable
caribou populations. However, biologists have been
attempting for years, with limited success, to devise
adequate techniques for surveying caribou popula-
tions under dense forest cover. Population numbers
or trends are difficult or impossible to discern
(Thomas, 1998). Even the natural variability in
caribou population sizes is difficult to determine in
many instances. The management goal of maintain-
ing viable populations will be difficult to realize if
we cannot understand how management measures
affect population change.

In a related aspect, forest companies wish to
know what factors are acting to limit caribou popu-
lations. Forest managers would prefer to manage
those elements over which they have direct control,
such as habitat change, disturbance, and access.
They have no mandate to deal with factors such as
predation and no ability to deal with factors such as
climate. However, because most limiting factors
(predation, food, climate, insects and parasites, hun-
ting, and human development; Klein, 1991) relate
to habitat in some way, it is important that forest
managers understand how those factors operate and
how they are interrelated. For example, at least one
company has changed their cut block design to
reduce enhancement of moose habitat, thereby
reducing the potential of altering predator-prey
relationships.

Every respondent included habitat requirements
of caribou as an important knowledge gap. This
information is fundamental to understanding the
impacts of forestry on caribou. The habitat relation-
ships of woodland caribou have been the subject of
systematic study for less than 20 years. In Alberta,
the first detailed examination of ranges on provin-
cial lands began in 1979. Other studies have been
started since (see question 4, below), but progress
has been slow due to the complex nature of caribou
habitat selection, the inherent low densities of the
animals, and environmental wvariability. Studies
(e.g., Brown et al., 1994; Edmonds, 1988; Stuart-
Smith ez 2/., 1997) have shown that due to the wide
range of movement and habitat-use patterns exhi-
bited by caribou across the province, basic habitat
relationships for each herd should be determined
before the results obtained in other areas are app-

lied.
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4. What caribou-related projects have you undertaken or
Junded during the past 5 years to fill those, or any other,
gaps?
®  Much of the recent research conducted in the

province has been related to caribou habitat
selection, primarily in response to the informa-
tion gaps discussed in question 3.

A list of projects supported by forestry companies
during the past 5 years is provided in Appendix 2.
Several studies based on radio-telemetry and back-
tracking have been initiated recently to determine
basic aspects of caribou habitat use. Many funda-
mental questions remain regarding caribou habitat
needs at the landscape and stand levels, caribou food
habits, influences of environmental variables on
caribou habitat selection, and the short- and long-
term effects of timber harvest on caribou habitat
use.

The advent of regional standing committees has
been important to caribou research programs in the
province, and all of the FMA holders questioned
have been supporters and active participants. The
firse multi-sector committee was organized in west-
central Alberta in 1989 to increase knowledge and
communication among industries, government
managers, public interest groups and researchers,
and to provide a framework for research and infor-
mation gathering. Formalized standing committees
then were formed across the province in the early
1990s, primarily in response to provincial govern-
ment policy for oil and gas development on caribou
range (Alberta Forestry, Lands and Wildlife, 1991).

The standing committees have come to coordi-
nate much of the caribou-related research in the
province. Three committees currently are active in
separate regions. Recently, the research subcommit-
tees in the northeast and northwest have cooperated
to coordinate research efforts.

Participants in the standing committees include
representatives of government agencies (wildlife
management, forestry and mineral resources), and
resource industries (forestry, oil and gas, and pipe-
lines). Other representatives on some committees
include other industries (peat extraction, mining),
public interest groups, trapper and outfitter organi-
zations, and researchers. Dissatisfaction regarding
the committee process was expressed by one respon-
dent. However, the development of a forum that
involves most sectors with an interest in the land
has been important in obtaining funding, sharing
information, reducing unnecessarily repetitive re-
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search, and reaching agreements about caribou
management measures.

Although much importance was placed on gain-
ing more information about population numbers,
population trends, and limiting factors (see ques-
tion 3), forest companies have undertaken only a
few studies to address those issues (e.g., Stuart-
Smith e /., 1997). This is largely because the
responsibility for population management rests
with the provincial government, and forest com-
panies have considered those investigations beyond
their mandate. By participating in the standing
committees, forest companies will begin to contri-
bute to population studies.

5. How has planning been affected by trying 1o incorporate
caribou needs?
Measures have included:
e Deferral of harvest on caribou range;
e Changes in cutblock sequencing;
¢ Changes in the timing of harvest to avoid win-
ter ranges or condensing the harvest period to
ensure logging is completed before late-win-
ter;
e Increasing cutblock sizes to reduce their
attractiveness to moose;
¢ Development of access management plans; and
¢ In one case, the development of a specific "cari-
bou protection plan.”

To date, these measures have been considered easy
to incorporate into planning. Changes in cutblock
locations suggested by management agencies late in
the review process have caused some complications
for at least one company. Harder decisions related to
deferrals and reductions in AAC may be yet to come
as more is learned about the woodland caribou’s
need for habitat and space.

One company has started a relatively new ap-
proach to timber management on caribou ranges.
For the purposes of planning, individual winter
ranges will be treated as separate, sustained-yield
units (i.e., each range will have its own AAC), with
cutting sequences developed to ensure that intact
“chunks” of habitat adequate in size and composi-
tion for caribou needs are maintained. The approach
is in the early stages of development, and other fac-
tors such as relative geographic location, vegetation
composition, and stand structure, have not yet been
integrated. Until the critical characteristics of win-
ter ranges can be defined, planners are designing
harvest programs to more-closely resemble the
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natural landscape patterns of forest stand size,
shape, and age.

6. What have the real effects been on operations, and how

diffcult have those changes been to implement?
All but one company has, at some time, delayed
harvest in caribou range on their FMA. On at least
one caribou winter range, the second harvest pass
has been conducted earlier than originally planned.
That strategy was taken to avoid entry into the
remainder of the range, and to create a large block
of approximately even-aged stands that will be avai-
lable to caribou as the forest matures. The modifica-
tion of logging techniques by implementing mea-
sutes such as selective logging is being considered,
depending on the effects of those measures on lichen
regeneration trials (see Appendix 2). Implementa-
tion of these measures has been considered straight-
forward.

7. Please describe where additional costs have been incur-
ved as a vesult of changes ro planning and operations
due 10 cartbou-related concerns.

There are direct costs associated with measures to

integrate caribou needs and forestry. Some areas in

which additional costs have been incurred include:

* Active harvest by 2 companies has been stop-
ped by government order;

* Increased annual and long-term planning costs
and additional time have been required to
accommodate deferrals, to make changes in
road and cutblock design, and to identify effec-
tive harvest alternatives;

* Movements of additional logging equipment
and loaders into the caribou zone has been
necessary to ensute harvest is completed
during the available operating window;

* Seasonal restrictions have been placed on tim-
ber supply due to winter-only harvest;

* Caribou-related research has required direct
funding;

* Access management
implemented,;

* Additional road access has been built into areas
outside of caribou range to replace deferrals;

e Silvicultural costs have increased due to
restricted access following the reclamation of
roads for access-management purposes; and

* Signs have been developed and installed to
inform the public about caribou and the need
for road closures.

measures have been
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8. Are there any other issues that you would like to have
addressed or vesolved with vespect to caribou and timber
barvest in your FMA?

Other issues that respondents wished to raise inclu-

ded the following points:

* An adaptive-management approach (Walters,
1986) to caribou was considered necessary.
There exist no definitive answers about the
long-term impacts of timber harvesting on
caribou. Therefore, impacts must be moni-
tored and approaches modified when necessary.
An important issue arising from the adoption
of an adaptive approach is the question of
responsibility for the required monitoring.
The forest company representative who raised
this issue believes that the responsibility is
jointly government’s and industry’s.

* The use of models for forest planning based on
natural-disturbance regimes (i.e., attempting
to more-closely emulate the natural range of
variability of the ages, shapes and sizes, com-
position, structure, and distribution of forest
stands) is being investigated. This approach
would allow positive management action be-
fore a complete understanding of caribou habi-
tat requirements is developed, and would
address forest-management issues such as the
conservation ofibiodiversity.

s Several respondents stressed that the cumula-
tive effects to caribou of all industrial and
recreational activities should be considered
when developing management plans. They
considered that to focus on forestry issues in a
vacuum ultimately will be detrimental to the
caribou populations.

* One respondent indicated a need for more
information on sensory disturbance of caribou
and the ability of caribou to habituate to pre-
dictable industrial activity.

* One respondent considered access manage-
ment to be a "Band-Aid” solution, and that
education to ensure that the public recognizes
the need and role of access management may
be a better investment.

* Although recreational hunting of caribou has
been prohibited since 1981, caribou still may
be harvested, without limit or timing restric-
tions, by First Nations people. Forest com-
panies recognize that hunting by First Nations
could negate other management initiatives.

* One respondent suggested that consideration
be given to allowing no further coniferous tim-
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ber allocation until issues such as caribou habi-
tat supply are resolved.

Clearly, some of these issues ate controversial, but
the responses reflect the wide diversity of opinion
among forest managers.

Conclusions

The forest industry and provincial agencies alike are
concerned about maintaining woodland caribou in
Alberta. Forest companies are attempting to find
means of incorporating caribou habitat needs into
forestry practices without experiencing serious
reductions in AAC. Planning and operational costs
have been increased by implementing measures to
reduce the impacts of timber harvest on caribou and
by conducting biological research. Those costs are
expected to increase substantially as more is learned
about the population biclogy and habitat relation-
ships of caribou.

Specific concerns of forest companies relate to
potential loss of AAC through deferrals or changes
to harvest practices within caribou range, such as
the alteration of seasonal timing, cut patterns, and
rotation length. Access management within opera-
ting areas is of particular concern. Applied research
projects that are underway relate primarily to cari-
bou habitat requirements. However, forest mana-
gers also have a need for information on caribou
population status, dynamics and primary limiting
factors, all of which are difficult and expensive to
study. Limited availability of funds makes research
into those aspects more difficult. The formation of
regional committees that include a wide range of
land users has been important in dealing with that
issue by obtaining funding from a range of soutrces,
sharing information, reducing unnecessarily repeti-
tive research, and reaching agreements about cari-
bou management measures,

Woodland caribou occupy a wide range of habi-
tats across the province, leading to a diverse pattern
of habitat use and movement patterns. Respondents
agreed that the transfer of information directly from
herd to herd should not be done uncritically.
Although there may be many similarities between
populations, variations in habitat types and availa-
bility, distribution of other ungulates and predators,
and environmental variables such as snowfall can
have substantial effects on caribou behaviour.

Forest companies accept that adaptive-manage-
ment models may be useful in dealing with caribou

218

because many important questions remain unan-
swered regarding caribou-forestry relationships. If
adaptive management is to be applied toward cari-
bou in commercial forests, managers must ensute
that proper experimental design and adequate
monitoring are included in programs. The relative
responsibility between the government and private
sectors for that monitoring must be resolved. Some
companies also are considering the use of natural
disturbance models and cumulative effects analyses
as management tools.
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Appendix 1. Questionnaire respondents.

Greg Branton, Alberta Newsprint Company, PO
Bag 9000, Whitecourt, AB, T7S 1P6.

Daniel Gilmore, Canadian Forest Products Ltd.,
PO Bag 100, Grande Prairie, AB, T8V 3A3.
Randy Poole, Weyerhaeuser Canada Ltd., PO Bag
1020, Grande Prairie, AB, T8V 3A9.

Gordon Stenhouse, Weldwood of Canada Ltd.,
760 Switzer Drive, Hinton, AB, T7V 1V7.

Shawn Wasel, Alberta Pacific Forest Industries
Inc., PO Box 8000, Boyle, AB, TOA OMO.

Bob Wiynes, Daishowa-Marubeni International
Ltd., PO Bag 2200, Peace River, AB, T8S 1Y4.

Appendix 2. Caribou-forestry projects undertaken
by forest companies during the past
5 years in Alberta.

Alberta Newsprint Company
* Habitat suitability index (HSI) model desig-
ned to predict the occurrence of lichen on the
basis of forest cover and soils.
¢ Support for the West-central Alberta Caribou
Standing Committee to encourage information
exchange and to fund research.
Alberta Pacific Forest Industries, Inc.
¢ Distribution and seasonal movements, inclu-
ding habitat preference and use of recently dis-
turbed sites based on an intensive radio-tele-
metry program.
* Caribou population dynamics.
¢ Response of caribou to industrial disturbance.
¢ Access management and caribou distribution
relative to linear corridors.
¢ Support for the North-east Region Standing
Committee on Caribou to encourage informa-
tion exchange and to fund research.
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Canadian Forest Products Ltd,

* Support for the West-central Alberta Caribou
Standing Committee to encourage information
exchange and to fund research.

Daishowa-Marubeni International Ltd.

¢ Radio-telemetry studies of caribou to deter-
mine caribou distribution and movements.

¢ Back-tracking and fecal pellet analyses on cari-
bou winter range to assess habitat use patterns.

¢ Caribou habitat analysis using GIS.

¢ Peatland classification for caribou habitat ana-
lyses.

* Support for the Northwest Region Standing
Committee for Caribou to encourage informa-
tion exchange and to fund research.

Weldwood.of Canada Ltd.

¢ Effects of forest harvesting on lichen growth to
assess lichen response after various harvesting
strategies.

¢ Review of caribou habitat supply for west-
central Alberta.

¢ Caribou habitat selection and the effects of
logging on caribou distribution as a compo-
nent of the Foothills Model Forest.

» Support for the West-central Alberta Caribou
Standing Committee to encourage information
exchange and to fund research.

Weyerhaeuser Canada Ltd.

¢ Detailed habitat assessments ofi 3 caribou win-
ter ranges.

¢ Caribou distribution surveys on 2 winter
ranges.

¢ Caribou habitat selection and the effects of
logging on caribou distribution as a compo-
nent of the Foothills Model Forest.

¢ Support for the West-central Alberta Caribou
Standing Committee to encourage information
exchange and to fund research.
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The Seventh North American Caribou Conference,
Thunder Bay, Ontario, Canada,
19-21 August, 1996.

Integration ofiwoodland caribou habitat management and forest management
in northern Ontario - current status and issues

Ted (E.R.) Armstrong

Ontario Ministry of Natural Resources, 435 James Streer South, Suite 221, Thunder Bay, Ontario P7E 6S8, Canada
(armstrte@epo.gov.on.ca).

Abstract: Woodland caribou (Rangifer tarandus caribon) range across northern Onrario, occurring in both the Hudson Bay
Lowlands and the Boreal Forest. Woodland caribou extend south well into the merchantable fotest, occurring in
licensed and/or actively managed Forest Management Units (FMU's) across the province. Caribou range has gradually
bur continuously receded northward over the past centuty. Since the early 1990’s, the Ontario Ministry of Natural
Resources (OMNR) has been developing and implemenring a woodland caribou habitat management straregy in north-
western Ontario. The purpose of the caribou habitat strategy is to maintain woodland caribou occupancy of currently
occupied range in northwestern Ontario. Long-term caribou habitat needs and predator-prey dynamics form rhe basis oft
this strategy, which requires the development of a landscape-level caribou habitat mosaic across the region within cari-
bou range. This represents a significant change from traditional forest management approaches, which were based
partially upon moose (Alces alces) habitat management principles. A number of issues and concerns regarding implica-
tions of caribou management to the forest industry are being addressed, including short-term and long-term reduc-
tions in wood supply and wood quality, and increased access costs. Other related concerns include the ability to re-
generate forests to pre-harvest stand conditions, remore tourism concerns, implications for moose populations, and
required information on caribou biology and habitar. The forest industry and other stakeholders have been actively
involved with the OMNR in attempting to address these concerns, so that caribou habitat requirements are met while
ensuring the maintenance of a viable timbet industry, other forest uses and the forest ecosystem.

Key words: Rangifer tavandus caribon, forest management planning, forestry, logging, ecosystem manage-
ment.
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Incroduction

Woodland caribou occur in low densities and a dis-
persed distribution across all of northern Ontario,
within the northern portion of the boreal forest
(Rowe, 1972 ). Some isolated or remnant popula-
tions still exist along the islands and shoreline of
Lake Superior. In northwestern Ontario, the
OMNR has been involved in the development of a
woodland caribou habitat management strategy for
the past several years. The objective of this strategy
is to maintain current woodland caribou range
occupancy in norchwestern Ontario by sustaining a
suitable landscape for the provision of year-round
caribou habitat needs. This initiative was under-
taken because of the progressive loss of caribou
range and habitat over the past century - woodland
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caribou range has gradually but steadily receded
northward since the late 1800’s (Darby et al., 1989;
Cumming & Beange, 1993). While many factors
are likely involved in this range recession, recent
range loss appears to coincide directly with the
habitat disruption and human disturbance associ-
ated with the northward expansion of timber
harvesting in the boreal forest. Progress on the
development of habitat management guidelines for
Ontario, and on the development of a habitat
management strategy, have been reported at
previous sessions of the North American Caribou
Conference (Racey ez #/., 1991, Racey & Armstrong,
1996).

The forest industry and the OMNR have been
gradually implementing this strategy. The practical
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realities of planning and field implementation
focused attention on further issues and questions
requiring resolution, within an adaptive manage-
ment framework. The intent of this paper is to sum-
marize the cutrent status of caribou habitat
management within Ontario, outlining major
challenges and issues that have arisen, and how they
are being dealt with.

Background

The northward recession of woodland caribou range
within Ontario has been well documented (Darby ez
al., 1989; Cumming & Beange, 1993). The current
southern limit of continuous caribou range now clo-
sely approximates the northern limit of timber
management operations in northern Ontario. There
is a great variation in topography, drainage, soil
conditions, climate and fire patterns between not-
theastern and northwestern Ontario. Due to this
variation, there is substantially greater overlap bet-
ween the southern limit of caribou range and the
area of licensed and actively managed FMU’s in
northwestern Ontario than in northeastern Ontario

(Fig. 1). Because of this situation, the development
of a caribou habitat management strategy to inte-
grate caribou habitat needs with those of the forest
industry has been focused primarily in northwestern
Ontario. Greater emphasis has recently been placed
on caribou management in northeastern Ontario,
addressing many of the same issues being addressed
to the west.

Woodland caribou have been the subject of rese-
arch and management interests since the 1960%,
although that interest has been sporadic and not
focused on the development of management plans
for the species. Woodland caribou studies essen-
tially began with Simkins (1965) preliminary
report on caribou in Ontario and the habitat studies
of Ahti & Hepburn (1976). A considerable amount
of woodland caribou research, focused on caribou
that summered on the islands of Lake Nipigon, was
conducted throughout the 1980s (Cumming &
Beange, 1987). Ontario began development of a
provincial caribou policy and provincial habitat
guidelines in the mid-1980’s. There is as yet no pro-
vincial caribou policy in place, although a draft
policy and draft habitat management guidelines

[ Forest Management Units

Fig. 1. The southern limit of continuous woodland caribou range in northern Ontario in relation to designated Forest

Management Units.
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have been developed (OMNR, 1994a), and back-
ground information compiled (Darby e /., 1989).

Much of the early information on woodland cari-
bou in Ontario resulted incidentally from surveys of
moose. Mote intensive inventory efforts, focused
specifically on woodland catibou distribution and
seasonal habitat use, generally began in forested
areas during the late 1980’s and have continued
through the 1990’s. Earlier work occurred on cari-
bou in the Hudson Bay Lowlands during the 1970
and 1980’ (e.g. Thompson & Abraham, 1994).
There is a much more comprehensive inventory and
data base for woodland caribou in northern Ontario
now than there was even a decade ago (e.g. Smith,
Miller & Associates, 1995a & 1995b), although
much more needs to be done. There was no con-
sistent or coordinated attempt to address caribou
habitat needs within Forest Management Plans
until the late 1980's and early 1990s. Habitat
inventory information was limited or lacking, and
there was no corporate direction on how to address
caribou habitat needs. Local staff did attempt to
address specific known caribou habitat values with
what they considered to be appropriate protective
prescriptions; in many cases these were unsuccessful
(eg. Brousseau, 1979).

At the same time that there was increasing inte-
rest in addressing woodland caribou needs within
Forest Management Plans, changes were occurring
within the timber management planning process to
better ensure integration and environmental protec-
tion. After several years of hearings and input, the
report on the Class Environmental Assessment for
Timber Management on Crown Lands in Ontario
was delivered, with a total ofi 115 terms and condi-
tions (Ontario Environmental Assessment Board,
1994). Later in 1994, the Crown Forest
Sustainability Act was enacted to “provide for the
sustainability of Crown forests”, where sustainabili-
ty was defined as long-term forest health
(Government of Ontario, 1994). One of the princi-
ples identified for forest management planning was
that forest practices should, where feasible, “emu-
late natural disturbances and landscape patterns”.
These two events wete followed by the development
of a new Forest Management Planning Manual for
Ontario (OMNR, 1996), and a number of associ-
ated manuals and guidelines. These were developed
to ensure that forest planning and operations are
conducted in a manner that attempts to sustain the
forest ecosystem. Woodland caribou needs were
specifically addressed in the Forest Operations and
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Silviculture Manual (OMNR, 1995), which pro-
vided for woodland caribou habitat guidelines to be
applied where “traditional forest management prac-
tices are likely to reduce permanently the amount of
suitable habitat for woodland caribou and their
population in that particular district”. All of these
developments took place against the broader inter-
national backdrop of international agreements to
conserve biodiversity, movement in both the public
and private sectors towards ecosystem-based ap-
proaches to resource management, and progress on
the environmental certification of the forest indu-
stry (e.g. Canadian Council of Forest Ministers,
1995).

The caribou habitat management approach is a
significant departure from past management practi-
ces within caribou range, which saw the broad
designation of moose as the featured ungulate speci-
es, and the application of the moose habitat
management guidelines (OMNR, 1988). Ontario’s
“Management Guidelines for Woodland Caribou
Habitat” (OMNR, 1994a) have the objective of
sustaining a suitable landscape for the provision of
year-round caribou habitat needs. Caribou habitat
must be managed on a very large temporal and spa-
tial scale, spanning the entire rotation age of the
forest and across the entire FMU. Very generally, the
caribou habitat guidelines require that the forest be
managed at the broad landscape level, while still
considering  site-specific habitat needs. Thus,
currently used winter habitat, calving sites and tra-
vel corridors are identified and protected within a
broader forest mosaic. This mosaic consists of large
blocks of mature, undisturbed habitat that can pro-
vide a combination of winter and summer habitat,
escape cover, and areas of low moose and wolf densi-
ties, as well as adjacent blocks of young, regene-
rating (harvested or burnt) habitat that can provide
future caribou habitat. This mosaic pattern is in-
tended to crudely emulate the natural disturbance
patterns that result from wildfire, rather than the
more progressive, continuous cutting of smaller
harvest blocks often associated with traditional
timber harvesting. While it is not appropriate to
specify rigid minimum or maximum sizes for these
deferred and harvested blocks, they would generally
be in the range of 100 square km; however this is
not a continuous clear-cut. It is also necessary to
integrate plans so that caribou habitat needs are
considered across several adjacent FMU’s. As well as
providing for suitable habitat, the caribou habitat
management guidelines are intended to maintain a
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predator-prey balance on the landscape similar to
that which occurred before timber harvesting. The
objective is to not significantly enhance the quality
of moose habitat, which could lead to increasing
numbers of moose, corresponding increases in gray
wolf (Canis lupus) densities, and finally, increased
predation levels on caribou by wolves. The rationale
and basis for these guidelines have been described in
detail by Racey et 2/. (1991).

The Northwest Region of the OMNR has been
developing a regional caribou habitat strategy.
Although no provincial policy and approved guide-
lines are yet in place, resource managers believed it
was necessaty to either begin to consider caribou
habitat needs within forest management plans, ot
accept that there would be the further predictable
and permanent loss of caribou habitat, and a corres-
ponding continued recession of caribou range
northward. Progress on the initiation of this strate-
gy was reported at the last North American Caribou
Conference (Racey & Armstrong, 1996). In that
paper we reported on the initiation of the strategy,
major issues raised through public consultation, and
steps that were being taken to address these issues.
The balance of this paper will report on further pro-
gress that has been made as the strategy has been
implemented, and as we have attempted to integra-
te caribou habitat requirements with the forest
management planning cycle and foresc industry
constraints.

Current status and issues regarding imple-

mentation of the caribou habitat strategy
Timber management implementation

Caribou habitat mosaics have been developed for
each actively managed FMU wichin caribou range
in northwestern Onrtario. In most cases, these
mosaics were developed jointly by OMNR biolo-
gists and foresters, and company foresters, although
the degree of involvement of company represen-
tatives varied. These mosaics identify the general
leave and disturbance blocks across the landscape,
and the projected period of harvesting (20 year har-
vest periods) throughout the rotation age of the
forest. Plans for ten FMU’s that were approved
during the 1994-97 period have considered caribou
habitat needs during their development, and plans
for the remaining three units within caribou range
will be finalized in 1998.

The Northwest Region of the OMNR  issued
“Interim Direction” in 1994 to guide forest mana-
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gers in considering caribou habitat needs until the
final regional strategy and/or guidelines are ap-
proved and in place (OMNR, 1994b). This directed
resource managers to manage for woodland caribou
as “locally featured species” in FMU’s within cari-
bou range, and to manage in such a way so as to
avoid adversely affecting caribou habitat. Harvest
areas were allocated with a caribou habitat mosaic
in mind (i.e. within the larger harvest or “distur-
bance” blocks), and with specific caribou habitat
guidelines applied for the protection of winter habi-
tat, calving sites and travel corridors. Moose habi-
tat is not specifically managed north of the caribou
line, except in local areas where there is high poten-
tial for moose production and very limited capa-
bility for caribou habitat. Harvest blocks are larger
than under the moose guidelines, and are consoli-
dated within larger “disturbance blocks” consistent
with the overall caribou mosaic. Timber allocations
avoid large deferral or “leave” areas within the
mosaics, which provide for current and/or future
caribou habitat. The “Interim Direction” was issued
to ensure that current high value caribou habitat
and future caribou habitat management opportuni-
ties were maintained. In all FMU's, the caribou
mosaic has been considered but there has been vari-
ability in the degree to which it has been actively
applied. In some cases, the mosaic formed a back-
ground check to ensure that the harvest pattern was
consistent with the mosaic. In some other units the
caribou mosaic is being more directly applied, with
strategic decisions on harvest areas, access networks,
and unharvested areas being made on the basis of
the mosaic.

Interest in woodland caribou has
recently in northeastern Ontario, where proposed
logging areas are beginning to overlap more with
areas of known caribou occutrence. A caribou habi-
tat strategy is currently under development for
northeastern Ontario. Habitat conditions differ
markedly between northeastern and northwestern
Ontario, and it is likely that the final habitat
management strategies will be considerably diffe-
rent for the two regions.

Wood supply

Potential impacts of the caribou management stra-
tegy, and in particular che application of the caribou
habitat mosaic, were the most commonly raised
concerns from the forest industry. A study was
undertaken to compare available wood supply under
a caribou mosaic approach to that under a more tra-
ditional timber harvesting approach (i.e. applicati-
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on of moose habitat guidelines within a progressive
cut approach) (Aldridge, 1995). There were nega-
tive impacts of the caribou guidelines on available
wood supply over the first rotation period ofi the
forest: 1) a reduction of approximately 23% in the
sustainable conifer harvest as compared to the
benchmark scenario, and ii) an increase in the distri-
bution of balsam fir (Abies balsamea) mixedwood
forest units over time due to increased (deferral)
mortality and natural succession (Aldridge, 1995).
The benchmark case considered land base reduc-
tions due to riparian reserves and expected quanti-
ties of inoperable areas.

These results must be carefully interpreted.
Current management direction to more closely
emulate natural  disturbance patterns (e.g.
Government of Ontario, 1994), and to adopt an
ecosystem-based approach to resource management,
will clearly place spatial and temporal constraints
on the landscape even in the absence ofi caribou
management. Aldridge (1995) concluded that the
wood volume reduction that can be attributed spe-
cifically to caribou management will be less than
the 23% indicated by this study. These results sug-
gest wood supply losses can be reduced by careful
analysis and refinement ofi caribou habitat mosaic
options. In fact, participants in this study conclu-
ded that “thoughtful mosaic development can be
one of the most significant steps in mitigating any
reduction in wood supply, provided the mosaic is
still being driven by the biology of woodland cari-
bou” (Aldridge, 1995). This experience has been
affirmed by experience in other FMU’s, which has
shown that the impacts can be substantially reduced
by careful and thoughtful placement of mosaic
blocks and harvest schedules, while also considering
landscape characteristics such as landforms, distur-
bance history, and forest unit distribution (J.
Mackenzie, pers. comm.). Wood supply impacts
will clearly vary with the age class structure and
species composition ofi the forest, with greater
impacts in older-aged forests and forests with a
heavy preponderance of shorter-lived species.
Deferring harvest areas for an extended period be-
yond the normal operable life-span of the stand
results in reduced stand volumes as trees decay and
die. Wood supply impacts also appear to increase in
FMU’s which have a longer history of harvesting
and access development; there are fewer options for
the deferral of large habitat tracts, and mature trees
that were not cut during the same period as the rest
ofi the harvest block are not available to harvest

Rangifer, Special Issue No. 10, 1998

during the deferral period (J. Mackenzie, pers.
comm.).

Wood supply impacts have also been examined
from a regional perspective (McKenney & Nippers,
1996). Implementing a form of spatial adjacency
requirements, such as with the caribou mosaic, was
estimated to decrease the wood harvest values by
16-32% ofi the “unconstrained” value. There were
also implications to longer term wood supply; har-
vest targets did not appear to be achievable beyond
50-60 years without any constraints, and beyond 30
years with caribou habitat constraints. Intensive sil-
viculture, although expensive, was recognized as a
key to reaching hatvest targets.

In both studies, the reduction in projected availa-
ble wood supply was likely an over-estimate. The
benchmark case was determined aspatially, where
every stand in the FMU could be theoretically con-
sidered for harvest at any time regardless of spatial
and operational constraints such as access, adjacent
stands or minimum area.

Road access costs

The forest industry has also raised concerns about
access development costs (Racey & Armstrong,
1996). The spatial element ofi the caribou mosaic
requires that road development programs be accele-
rated to bypass some deferred blocks of mature tim-
ber and to access identified harvest blocks. The con-
cern is that this may have an associated increased
cost, further compounded by the fact that road con-
struction costs cannot be subsidized by hatvesting
wood from leave blocks that the road must bypass.
There were further concerns related to road
maintenance costs - a larger primary road network
may be required than under a traditional harvesting
pattern, although roads within identified future
winter habitat blocks will likely be abandoned and
regenerated soon after harvest. Road access costs
remain a significant issue with the forest industry,
but as yet there have been no detailed projections or
estimates of additional costs that may be incurred
by the application of the caribou mosaic. The regio-
nal analysis of wood supply tradeoffs suggested that
road costs may not differ greatly among various
management scenarios (McKenney & Nippers,
1996). The actual costs will depend on the way in
which the caribou guidelines are implemented
regionally. If portions of the region were harvested
more heavily in some decades, with wood flow
agreements between companies, then road costs
would not necessarily be higher. However, road
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costs will likely be higher if companies are restric-
ted to obtaining their entite wood volume from
within their own management units.

Silviculture and forestry

Considerable use has been made of the Forest
Ecosystem Classification system to aid in identify-
ing and regenerating high value caribou habitat
(Racey et al., 1989; Morash & Racey, 1990). Two
issues have been raised regarding the ability of
resource managers to successfully regenerate winter
caribou habitat: i) the regeneration of lichen in
second growth forests, and ii) evidence of caribou
re-use of second growth managed forests as winter
habitat. Lichen sampling at a number of mature
stands, cutovers and burns showed that cutovers
that formerly supported lichen-rich forest are likely
to regenerate to similar conditions (Harris, 1992).
Residual Cladina spp. fragments often survive in
the cutover after harvesting, and biomass recovery
may actually be more rapid after logging than after
a fire due to the presence ofi this residual lichen.
Caribou use of a second growth logged forest has
been documented approximately 40 years after har-
vest (Racey e /., 1996).

A number of additional silvicultural
remain to be addressed. A significant concern relates
to the potential increase in the hardwood compo-
nent, at the landscape level, after logging. A signifi-
cant increase in the proportion of hardwood and
mixedwood stands may decrease the quality of cari-
bou habitat and increase the suitability for moose
production, ultimately leading to changes in the
predatot-prey balance. This is of special concern
along the southern limit of caribou range, where
moose densities may be higher and where there will
be less opportunity for caribou to re-colonize young
stands that are currently unsuitable. In some instan-
ces herbicide treatments will likely be necessary to
control hardwood regeneration. Efforts can also be
made to modify harvesting and silvicultural practi-
ces to control hardwoods in other ways. The harves-
ting or “highgrading” of conifers within mixed-
wood stands is also ofisimilar concern because of the
potential for conversion to hardwoods.

issues

Remote tourism impacts

Some concetns have also been raised by the remote
tourism industry. Some outfitters perceive that
implementation of the caribou habitat guidelines
will have impacts in two major areas - larger cut
sizes and the increased development of road net-
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works. The concern about cut size relates to the
potential negative aesthetic impact of larger cuts on
remote tourism guests. A Remote Tourism Decision
Support Model was used to conduct a preliminary
evaluation of this concern, comparing the aesthetic
implications of implementing moose and caribou
habitat guidelines (Line & Racey, 1997).
Preliminary results indicated that the evidence of
logging itself has the major impact on tourist aes-
thetics and user preferences, with little difference
between the moose and caribou guidelines. Remote
tourism clients would clearly prefer outposts with
no evidence ofi logging. Thus it appears that some
criticisms by the tourism industry may reflect more
general concerns about logging, rather than con-
cerns specifically about caribou habitat manage-
ment. In this scudy large shoreline buffers, such as
those that could be used around calving lakes, were
effective in minimizing the negative perceptions of
logging activity. Over the rotation age ofithe entire
forest, the caribou guidelines may actually have
slightly less effect upon aesthetics than the moose
guidelines, primarily because logging would occur
in a more restricted time period, and then not occur
for an extended period of time.

Another tourism issue raised was the potential for
accelerated development of an access road network,
and the possible earlier construction of logging
roads near remote tourism facilities. There is a rela-
ted impression that the caribou mosaic is now for-
cing roads into previously remote areas. On the
short time scale, this may be true. In other situa-
tions, remote tourism facilities within a harvest
deferral block may maintain their remote status
much longer than under a conventional logging
strategy. However, all licensed FMU’s are intended
to be accessed and harvested by the forest industry
over time, so the net effect of the caribou guidelines
may be to accelerate access to some specific portions
of the unit earlier than under a more traditional
“progressive road construction and harvest” scen-
ario. This issue ultimately points out the need for
strategic access road planning for each FMU, to
ensure that access roads are planned properly to
have the least impact on the tourism industry and
other forest uses, over the entire rotation age of the
forest.

Moose management implications

One ofi the objectives of the caribou management
strategy 1s to reduce the enhancement ofi moose
habitat potential after logging, in otder to avoid
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increases in predator numbers. The intent is to not
enhance habitat for moose to the degree that would
occur with application of the moose habitat guideli-
nes (OMNR, 1988). This objective has been inter-
preted by some members ofi the public, including
some hunters, as managing “against moose”, with
the perceived goal of a reduction or even the elimi-
nation of moose populations. Resource managers
generally believe that moose habitat potential will
still increase after logging even under the caribou
guidelines, although the increase will not be as
great as ifi the moose habitat guidelines had been
applied.

Knowledge base

Gaps in knowledge base identified during public
consultation included incomplete information on
woodland caribou populations, habitat use and pre-
dator-prey relationships. In response to these con-
cerns, and to provide more detailed information to
Forest Management Plans, a radio-collaring project
was undertaken across northwestern Ontario.
Fifteen woodland caribou were captured and equip-
ped with ARGOS satellite collars during 1995 and
1996. This study is continuing, and further animals
are being captured and fitted with collars. The pro-
ject included university research partners to broa-
den its scientific basis and applications (Hillis ef #/.,
1998). A considerable amount ofi information
directly relevant to forest management planning has
already resulted from this study, and is being
applied. The large-scale movements of caribou
observed in this study have reinforced the need to
consider caribou management at the landscape
level, rather than the stand or working circle level.

Increased emphasis is being placed upon habitat
inventory and distribution surveys , including win-
ter habitat surveys and summer calving site surveys
(Timmermann, 1993a & 1993b). Woodland caribou
continue to be the species with the highest priority
information needs for forest management planning
across the northwest.

A comprehensive bibliography of caribou related
information for northern Ontario, with emphasis on
northeastern Ontario, has been developed (Smith,
Miller & Associates, 1995a & 1995b).

Public education and awareness of caribou occur-
rence and biology continues to be an area where
more effort is required. There has been a gradually
increasing public awareness of the presence of
woodland caribou in northwestern Ontario, and of
their specialized life history and habitat require-
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ments. Forest industry staff have become much
more familiar with caribou habitat requirements as
they have attempted to address caribou habitat con-
cerns in forest management planning, incorporate
caribou mosaics into harvest allocation decisions,
and deal with operational harvest and silvicultural
issues related to caribou management. Woodiand
caribou have featured prominently in forest mana-
gement planning open houses, another mechanism
for increasing public awareness and understanding.

Stakeholder advisory panel

There continues to be both some misunderstanding
and some concern about the basis for and applica-
tion of the caribou habitat management strategy. At
the same time, there has been no public consensus
on the best approach to caribou management; for
example, some stakeholders clearly want caribou to
be protected but have concerns with the manage-
ment strategy, while others have less concern about
caribou conservation but are very concerned about
specific aspects ofi the strategy that could impact
upon their use ofithe forest (see Racey ef /., 1996).

An advisory panel was established to review the
strategy and make recommendations on improve-
ments and implementation. This panel had regional
representation from all major forest client groups,
including both the pulp and paper and the lumber
industry, tourist outfitters, anglers and hunters,
environmentalists, naturalists, trappers, labour and
local citizens. Their discussions and recommenda-
tions took place within the context of three
“givens”:

1) maintenance of caribou populations within cur-

rent range;

11) maintenance of viable forest-based industries;

and

iii) consideration of the principles of ecological

sustainability and forest health.

A series ofifour facilitated workshops was held at
various locations across northwestern Ontario
during 1995 and 1996.

While this group could not achieve consensus,
they did make a number of very valuable recom-
mendations in their final report (Greig & Duinker,
1997). Of particular significance were recommenda-
tions on the structure of a regional caribou manage-
ment strategy. These included components on com-
munications and education, increased knowledge
and awareness, decision-making protocols, habitat
management, other (non-habitat) management con-
siderations, and adequate support for implementa-
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tion. This report will play an important role in the
future development of the caribou strategy.

A giant experiment?

A recurring criticism of any proposal to manage
caribou habitat is that this is in effect a “giant expe-
riment” that has not been tested before, and the suc-
cess of which will not be known for several decades.
This same criticism can similarly be directed at
other past approaches to wildlife habitat manage-
ment within the forest management planning pro-
cess, such as application of moose habitat guide-
lines. It can also be argued that past management
efforts, namely sequential logging and application
of moose habitat guidelines to provide a fragmented
habitat, have also been an experiment with a clear
result - the loss oficaribou from previously occupied
range.

This dilemma was highlighted eloquently by
Sample (1994) in an essay on the challenges of sus-
taining forest ecosystems: “... we don’t yet - and
may never - have the scientific knowledge to main-
tain or restore all the important pieces of a complex
forest ecosystem... ‘adaptive management’ means
we are all part of an immense, high stakes experi-
ment, the outcome of which will remain unknown
for the foreseeable future ...".

The criticism of a “giant experiment” can not be
completely refuted to the satisfaction of those con-
cerned. As for other forest management guidelines,
this management strategy has been based upon a
substantial foundation of scientific literature and a
knowledge of local (i.e. Ontario) caribou biology.
However the reality is that it will be several decades
before the success of the caribou management pro-
gram can be completely assessed. What is impor-
tant is to monitor and evaluate shorter-term results
within an adaptive management framework, so that
refinements and improvements can be made to the
program as new information is obtained. This is the
only reasonable option to consider where timber
harvesting is currently underway within caribou
range - take action now, and modify as scientific
knowledge and management information improves.

Conclusion and future direction

The issues associated with implementation of the
caribou habitat management strategy in northwes-
tern Ontario are many. However, significant pro-
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gress is being made in many areas, and caribou
habitat needs are being given more rigorous consi-
deration in forest management planning and opera-
tions.

Resource management within Ontario is being
undertaken more and more within an ecosystem
management context. Caribou habitat management
will continue to be important, but habitat needs
will be addressed within a broader ecosystem frame-
work that attempts to emulate natural disturbance
patterns. This approach is very consistent with the
caribou mosaic approach. Spatial and temporal con-
straints on timber harvesting can be expected to
result from any application of ecosystem manage-
ment approaches, whether or not caribou needs are
specifically addressed.

A caribou strategy is still seen as very important,
to address and integrate the variety of related habi-
tat and non-habitat issues that affect caribou.
Efforts must continue to be made to find ways to
address the concerns of and reduce the impacts on
the forest industry and other users, without loss of
caribou range. For example, greater involvement of
the forest industry in the initial stages of mosaic
development will help to reduce wood supply
1mpacts.

Woodland caribou are a key component of the
fauna of the northern boreal forest in Ontario, and
maintenance of caribou populations and range is
critical to any biodiversity conservation strategy in
the region. There will continue to be challenges to
implementing any caribou strategy that requires
significant changes to traditional timber harvesting
practices. However, Ontario resource managers be-
lieve it is feasible to achieve the objective of main-
taining caribou within their currently occupied
range within the managed forest.
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Abstyact: This paper describes the history and current status off NERSC (Northeast Region Standing Committee on
Woodland Caribou), a government/industry partnership established to address issues related to industrial developmenr
and the conservation of woodland caribou (Rangifer tarandus caribou) in northeastern Alberra. In mid 1991, NERSC
was established with broad participation from the oil and gas and forestry industries and relevant government agencies.
Its ptimaty role has been as an advisory body to the government through the regional environmental resource manage-
ment committee. Since its inception, it has become an open forum for the annual review of industrial operating guide-
lines based on adaptive management. NERSC has been highly successful at attracting financial support from various
sponsors and co-ordinating appropriate research and monitoring programs. Key achievements include: 1) greatly
enhanced understanding of problems, issues and positions among its diverse membership related ro resource develop-
ment and caribou management; 2) greatly enhanced delineation of imporrant caribou habirtats, and improved under-
standing of population status and limiting factors; 3) modified and more effective land use straregies; and 4) a recog-
nized collaborative partnership.
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Introduction . . .
agencies felt obliged to adopt a more restrictive

The distribution of woodland caribou (Rangifer
tarandus caribon) in North America has shrunk sub-
stantially since European settlement (Bergerud,
1974). Various causes have been suggested and
debated, but it appears likely that human activities
such as logging, agriculture, infrastructural deve-
lopment and settlement have generally been contri-
buting factors. In Alberta, sport hunting for cari-
bou was ended in 1981 due to concerns that the
population was declining. Extensive oil and gas
development throughout the 1980s, along with
major commitments of timber, heightened concern
and created an environment in which government
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posture towards regulatory approvals.

The primary emphasis was on reducing mid- to
late-winter disturbance by placing timing restricti-
ons on industrial activities in known caribou ranges.
Other measures included limiting the usability of
new seismic lines for public or predator travel by
“rolling back” woody debris and reducing snowplo-
wing, line widths, lines of sight, etc. Industrial
operators typically saw these restrictions as onerous
and costly, resulting in numerous disagreements. In
1991, the Alberta Government approved a
"Procedural Guide for Oil and Gas Activity on
Caribou Range” (Information Letter 91.17) which
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established a policy framework allowing for a more
constructive approach. Its most important princi-
ples were:

1. Industrial development could occur on cari-
bou range, provided that the integrity of the habitat
was maintained to support its use by caribou.

2. Government and industry should co-operate
in finding and applying solutions which satisfacto-
rily addressed the concerns of both parties. In parti-
cular, regionally-based committees should be esta-
blished to provide a forum for moving forward.

Formation of NERSC

Following a series of preparatory meetings and dis-

cussions in 1991, NERSC (Northeast Region

Standing Committee on Woodland Caribou) was

formally established with a five-year mandate to be

an advisory body to the regional environmental
resource management committee. Its original
members represented eight oil and gas companies,
one forestry company and six government agencies.

Its objectives were:

1) to foster co-operation between government and
industry.

2) to share information on environmental and
industrial needs.

3) to identify issues, define problems, and seek reso-
lution.

4) to recommend effective and practical operational
guidelines.

5) to develop area-specific plans to achieve caribou
conservation while meeting the needs of indus-
try.

6) to identify and address research and information
priorities.

NERSC is co-chaired by one industry representa-
tive and one government (wildlife agency) represen-
tative. Typically, it has met twice per year. Its cen-
tral focus has been on considering advice from vari-
ous subcommittees and making recommendations
regarding operational guidelines for the upcoming
winter field season. Decision-making is by consen-
sus, and recommendations are brought forward to
the government environmental resource managers’
committee for adoption and implementation.

Achievements
NERSC has been considered a significant success by
its participants in three particular areas: 1) research
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and information acquisition; 2) communication and
information sharing; 3) co-operation and improved
understanding among its members.

1) Research

The most important issue for NERSC has always
been the search for effective, efficient operational
guidelines. The rules in place prior to 1993 had
focused on terminating industrial activity in identi-
fied caribou ranges after January 15 in order to
minimize mid- to late-winter disturbance. Debate
on the reasonableness of this approach demonstrated
that new information from field research would be
required to justify changes. Work of this type, in
turn, would cost a significant amount of money.
NERSC established a funding subcommittee to gat-
her and manage funds, and a research subcommittee
to priorize and oversee research activities. Since its
inception, NERSC has been able to attract a total of
$1,200,000 for research related to woodland cari-
bou. The source of these contributions has been
roughly: industry (54%);  Alberta government
(16%); NSERC and other funding agencies (30%);,
non-governent organizations (<1%).

Major research initiatives have included: 1) a
study of caribou behaviour in response to disturban-
ce from simulated seismic exploration (Bradshaw,
1995); 2) habitat selection by caribou, as determi-
ned by radio-telemetry (Bradshaw er 2/., 1995); 3)
an examination of population structure and status
in relation to different landscape types (Stuart-
Smith et /., 1997). In addition, work is currently
underway on habitat use by moose (Alces alces), wol-
ves (Canis lupus) and caribou in relation to roads and
seismic lines in caribou range.

Taken together, these and other information-gat-
hering efforts have resulted in: much more precise
caribou range maps for northeastern Alberta; a bet-
ter understanding ofidisturbance effects and popula-
tion status, a significant relaxation of timing
restrictions {to March 1).

2) Communication

NERSC has made a point of keeping its members
and all other interested parties informed of its acti-
vities and achievements. It produces an annual
newsletter, an occasional research newsletter, and
has produced two pamphlets, an internet home
page, and three videos for general public use.
Presentations and posters have been provided at
conferences and other functions, and information
sessions have been held with senior company and
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government officials. NERSC meetings have been
open to non-members, and membership itself has
expanded to include representation from the horti-
culrural peat industry and several additional energy
and forestry companies.

3) Co-operation

The most significant achievement of NERSC is that
it has provided a forum for co-operative problem
solving for government and industry. In its five-
year history, NERSC has seen the number of con-
flicts greatly diminished and replaced by a signifi-
cant level of trust and openness amongst its mem-
bers. Discussion has been candid and problems
have usually been addressed directly. Most mem-
bers have been impressed by the commitment
which has been demonstrated by the whole mem-
bership in continually moving towards workable
solutions. At the end of its five-year mandate earli-
er in 1996, the membership agreed that NERSC
had been a substantial success and that it should be
continued to the end of 1999.

Challenges

Even though NERSC has so far been seen as a posi-
tive effort, it has not been without difficulties.
These include:

1) Time commitment

NERSC relies on consensus decision-making and
requires thorough consultation and communication
between many individuals representing numerous
agencies and interests. This requires what frequent-
ly seems to be an inordinate amount of time to get
things done. Although this can be a source of fru-
stration, it has to be kept in perspective. The alter-
native would likely be a similar amount of time
engaged in repetitive conflicts without the benefit
of new information or productive discussion. Most
NERSC members seem to have reached similar
conclusions, since they frequently display a surpri-
sing level of commitment to the whole endeavour.

2) Compliance

NERSC has focused on developing practical, effecti-
ve operating guidelines to accomodate the needs of
woodland caribou with those of industry. Even
though all members are involved on an annual basis
in reviewing and ratifying these guidelines, not all
companies have demonstrated an equal commit-
ment to applying them conscientiously at all times.
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This has strained the fabric of NERSC from time to
time, but it has also brought out one of its
strengths. NERSC is an advisory body with no
power to enforce compliance. However, peer pres-
sure from within its tanks has frequently been suc-
cessful in bringing things back into line and main-
taining a level playing field for all operators. From
a government perspective, this has been one of the
more surprising and gratifying features of the whole
experiment.

3) Access management

Access management was recognized as a priority
even before NERSC’s establishment. More access
encourages more poaching and aboriginal hunting,
more vehicle collisions and more disturbance.
Although the guidelines call for effective access
management as a key component of industrial ope-
rations in caribou range, it has never been easy or
straightforward to achieve this goal. Native and
non-native members of the public typically resent
restrictions on their use of Crown land, and fre-
quently ignore signs, gates and other access mana-
gement measures. In addition, there is a real reluc-
tance to create new rules and restrictions, particu-
larly if strong public support cannot be demonstra-
ted. NERSC has not found a simple solution, (it is
not alone in this regard), but it has now recognized
this as its most pressing challenge.

4) Funding

Although its ability to fund and conduct reseatch
has been one of NERSC’s most notable successes, it
is now at a point where its members, particularly on
the industrial side, are expressing a growing reluc-
tance to continue contributing money at previous
levels. The typical concern is that NERSC might
become simply a source of funds for graduate stu-
dents and other researchers, and that research must
bear some clear relation to solving the problems of
the NERSC membership. These are recognized as
legitimate concerns, and steps are being taken to
ensure that the research program, and its required
funding, are understood and supported by the
members.

New directions
1) Research program
Several new developments are changing the research
program. First, it has recently been amalgamared
with the research program of the Northwest Region
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Standing Committee, so that there will be a co-
ordinated approach and more efficient use of resour-
ces across the boreal caribou range of Alberta.
Second, a co-ordinator has been hired under an
industrial post-Doctoral fellowship program to: 1)
co-ordinate the amalgamated research programs; ii)
conduct research; iii) manage the research budget;
and iv) become a central source of information
regarding the research program and its budget.

It is too early to tell how this will work out, but
these measures were adopted to address several con-
cerns, including: potential duplication of effort
between two regions; confusion regarding status of
individual projects or of the overall direction of the
whole program; and excessive demands on a few
individuals to manage large budgets ”in their spare
time.”

2) Community participation

In response to the five-year review by NERSC of its
objectives, access management was identified as a
priority area which had not been successfully
addressed. To meet this challenge, a new subcom-
mittee has been created with a mandate to explore
ways of developing direct involvement in NERSC
by aboriginal communities and other stakeholders.
This initiative has just now started, so it is impossi-
ble to provide more details. It is likely that any suc-
cessful expansion of NERSC beyond its traditional
membership (government and industry) will funda-
mentally change it in ways that cannot be predic-
ted. It is also likely (and desirable) that stakehol-
ders from the general public will be interested in
morte than access management.
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Summary

In summary, the 5-year NERSC experiment has
achieved some significant successes, especially in
developing understanding between government and
industry and in developing co-operative approaches
to solving problems. Following a review of its man-
date, the members agreed that it had been substan-
tially worthwhile, and felt that it was worth contin-
uing for another five years. '

There have been stresses and strains, but the
overall conclusion is that this partnership approach
has proven highly beneficial to its members, especi-
ally in contrast to the confrontational approach
which preceded it.
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Abstract: The Ogoki-North Nakina Forests consist of (10 638 km?) unroaded boreal forest approximately 400 km nor-
theast of Thundet Bay, Ontario (lat 50°- 51°31’N, long 86°30'- 89°W). Woodland catibou (Rangifer tarandus caribou)
inhabit discrete portions within these forests based on minimal current and past historical data. As part ofi the Forest
Management Planning process, for the period 1997-2097, a woodland caribou habitat mosaic has been developed to
cootdinate present and furure forest management activities with the retention and development of current and furure
woodland caribou habitat. Several criteria including, past fire history, forest structute, age, species composition, proxi-
mity to current road access and location of existing and potential caribou habitat, helped identify and delineate 50
mosaic harvest blocks. Each harvest block will be logged in one of five 20 year petiods over a 100 year rotation (1997-
2097). The harvest blocks have been developed to simulate a pattern of past wildfire history in an area that has not been
subjected to past forest management activities, while managing for woodland caribou, a locally featured species.

Key words: forest management planning, harvest blocks, Canada.
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Introduction

The Ogoki-Nakina North Forest (10 638 km? ofi
largely unroaded boreal forest) is located 400 km
northeast of Thunder Bay in the northwest region of
Ontario (Fig. 1). Sustainable Forest Licences (SFL)
for both forests have recently been awarded to Long
Lake Forest Products Ltd. Mature and over mature
coniferous species, primarily black spruce (Picea

Atbany River Eabamatoong

Ogoki Management Unit

Nakina North
Management Unit

\
AN

mariana Mill), and jackpine (Pinus banksiana Lamb) —— owiza{ 7
occupy 87% ofithe productive forest land base. Both Seale ot
species will supply fibre to a spruce/pine/fir dimen- Aroens 2 o

sional lumber mill in Longlac and a “Small Wood
Maximizer” mill in Nakina Ontario.
The Ogoki Forest was first established in 1974

Hwy. 11

and was licenced to Kimberly Clark Forest Products Gersdton
Inc. as a Forest Management Unit. The first 20 year Fig. 1. Location of the Ogoki- Nakina North Forests in
management plan (1986-2006) was prepared in northwestern Ontario.

accordance with the Timber Management Planning

Manual for Crown Lands in Ontario (OMNR,

1985). to Kimberly Clatk Forest Products Inc. under a
The Nakina North Forest was originally part of  Forest Management Agreement (FMA). A SFL was

the Nakina Forest established in 1985 and licenced  issued to Long Lake Forest Products in March 1996
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and the current unit contains 382 132 ha of land
and water.

Long Lake Forest Products Ltd. is currently pre-
paring a Forest Management Plan for both the
Ogoki and Nakina North Forest in accordance with
the new Forest Management Planning Manual for
Ontario’s Crown Forests (OMNR, 1996). The plan
will be rewritten and updated every five years for
subsequent 20 year periods. Included under signed
terms and conditions is a comprehensive renewal
and maintenance program.

Both moose (Alces #lces) and woodland caribou are
commonly found within the area (Whitlaw e /.,
1993; Darby e 4/, 1989). Moose densities are con-
sidered low (< 0.10 per km?), and woodland caribou
densities are estimated at 0.06 per km2 or lower
based on density estimates in the nearby Wabikimi
Wilderness Park (Bergerud, 1989). The Ogoki-
Nakina North Forests are located in the northern
portion of the commercial forest which also includes
the southern portion of the present-day continuous
caribou distribution.

This paper describes the methods used to develop
a caribou habitat mosaic on the Ogoki-Nakina
North Forests for the period 1997-2017. The objec-
tive is to develop and coordinate present and future
forest management activities with the retention and
development of current and future woodland cari-
bou habitat.

Forest description

Both forests are located within the arctic watershed
and contain approximately 11-129%  water.
Productive forest land consists of 893 812 ha,
while the balance is classified as non-forested land
(120 877 ha) and non-productive forest land (123
598 ha). Major watetbodies drain north to James
Bay through the Ogoki-Albany river systems and
create formidable batriers to road construction and
access. Both units are located in the Central Plateau
(B8) section of the Boreal Forest Region (Rowe,
1972) within Hill’s Site Region 3w and 2w (Hills,
1959). They are considered part of a natural wildfi-
re-driven ecosystem characterized by short, hot
summers and long, cold, dry winters. Current forest
conditions are believed to be similar to historic
forest conditions as minimal fire suppression and
logging activities have been catried out in the past.
Predominant tree species are black spruce (£74%),
jackpine (£15%) and trembling aspen (Populus tre-
muloides Michx) (£10%). White birch (Besula papy-
rifera Marsh), white spruce (Picea glauca (Moench)
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Voss), balsam fir (Abses balsamea (L.) Mill), eastern
white cedar (Thuja occidentalis L.) and tamarack
(Larix laricina (Du Roi) K. Koch) are also found
intermittently throughout these forests. Forest age
composition is predominantly mature (70-120
years) to overmature (120+years) stands of predomi-
nantly coniferous forest originating from large even-
age wildfire ranging in size from several hundred to
100 000 hectares.

The growing season generally lasts from 145-155
days with a mean frost-free period of 70-80 days
(Chapman & Thomas, 1968). Mean annual precipi-
tation is 737 mm which includes an average annual
snowfall of 2660 mm (Environment Canada, 1973).

Geologically, the area lies in the northeast porti-
on of the Precambrian shield with bare and partially
bare bedrock exhibiting low to moderate relief
(Ontario Geological Survey, 1991). The most com-
mon surficial deposit is a ground moraine of varia-
ble depth with a discontinuous layer of bouldery sil-
ty sand till overlying the bedrock (Cooper, 1983).
Local patches of silty sand lacustrine plain deposits
and pockets of organic soil are common in low lying
areas. Glacial fluvial kame deposits with some out-
wash deposits form the bulk of both major morai-
nes; the Augutua and Nipigon Moraine (Prest,
1963; Cooper, 1983) located on these forests.

Past andicurvent use - a regional perspective

Historically the area was settled by the ancestors of
local native people who developed through a num-
ber of hunting, gathering, fishing and trading cul-
tures (Bray & Epp, 1984). In the late 1700s the
Hudsons Bay Company established posts on Wasi
and Eabamet lakes based on the fur trade. Trapping
for beaver (Castor canadensis), mink (Mustela vison),
marten (Martes americana), otter (Lutra canadensis),
fisher (Martes pennants), lynx (Lynx canadensis), wea-
sel (Mustela spp.), gray wolf (Canis lupus) and red fox
(Viubpes fulva) is still active in these forests and con-
tributes to the local native economy. In addition a
native commercial fishery is based on the Albany
River along the northern boarder and on Ara and
Met lakes along the forest’s southern boundary.
Remote tourism actvities offer fly-in angling and
hunting opportunities. The area currently boasts
119 main base tourism lodges, remote outpost
camps and land use permits that contribute to the
local economy. In addition several parks including
Sedgman Provincial Park, Wabikimi Park and the
Albany River Waterways Park provide high quality
remote fly-in fishing and canoeing opportunities.
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Road access to the the southern boundary of the
Ogoki Forest and to portions of the Nakina North
Forest is currently restricted to the Ogoki road
which terminates at the Ogoki River (Fig. 1).

Woodland caribou habitar mosaic

Woodland caribou in this area are managed as a
locally featured species (OMNR, 1994) for the pur-
poses of Timber Management Planning. The cari-
bou habitat/forest mosaic (Racey ez /., 1991) is the
basic approach currently suggested for all Forest
Management Units within caribou range. Eco-
system management designed to mimic the habitat
resulting from large naturally occurring fire is the
current habitat management focus. Ontario timber
management guidelines for the provision of wood-
land caribou habitat (OMNR, 1994 ) assume that
logging can replace fire as a means of regenerating
winter habitat and re-establish terrestrial lichens
(Cladina spp.) in boreal forest cutovers (Harris,
1992; Racey et al., 1996). Allocation of harvest are-
as over a 100 year rotation are to be concentrated
within what would become a large disturbance to
provide future habitat blocks (+40 years), while
cuts will avoid large deferral blocks of currently
identified high value seasonal caribou habitats
(Timmermann, 1993a; 1993b).

Specific guidelines for management of calving
sites, travel corridors and protection of wintering
areas are described (OMNR, 1994). Critical/core
caribou wintering areas or ‘“virtual refuges”
(Cumming, 1996) are to be avoided in Timber
Management Plan allocations and road corridors. In
addition an uncut buffer should be considered
around large or contiguous, clearly defined areas of
wintering habitat (Cumming, 1992; Cumming &
Beange, 1993). Caribou habitat management pre-
scriptions will minimize edge habitat and develop
patterns of cutting that do not favour moose as a
means of controlling wolf numbers.

Methods

The development of the caribou habitat mosaic for
the Ogoki- Nakina North Forest was consistent
with those outlined in Instructions for Developing
Caribou Habitat Mosaics (Young, 1995) and
Ontario Timber Management Guidelines For The
Provision Of Woodland Caribou Habitat (OMNR,
1994).

The following five steps were used in developing
the mosaic:
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Data collection
All available data relating to woodland caribou and
their habitat use was compiled. This included cari-
bou seasonal observations (both recent and histori-
cal), identification of current and potential future
caribou habitat (Timmermann, 1993a), current and
suspected calving sites (Timmermann, 1993b) and
existing travel corridors or migration routes. These
data were collected from recent Ontario Ministry of
Natural Resource aerial caribou surveys, current and
past reported sightings from tourist operators and
their clientele, caribou information collected during
past moose aerial surveys, and file reports and plans
(‘e.g. OMNR, 1983) that made reference to wood-
land caribou and their location within these forests.
Other sources used to help identify potential are-
as of caribou habitat were NOEGTS (Northern
Ontario Engineering Geology and Terrain Study)
maps in combination with NWOFEC (North-
western Ontario Forest Ecosystem Classification)
guide (Ontario Geological Survey, 1991; Sims e a/ ,
1989). All sources were helpful in identifying land
forms, soil types, forest age, structure, and composi-
tion, and vegetative cover, that are commonly asso-
ciated with woodland caribou habitat.

Forest disturbance history and patterns
Recorded wildfire size (1500 to 130 000 ha) and
distribution pattern from 1928 to the present was
obtained from the Ontario Ministry of Natural
Resources Regional Fire Centre in Thunder Bay.
Latge areas of even aged forest exist and these are-
as were used to develop a forest unit eligibility map
based on Forest Resource Inventory (FRI). An
attempt was made to map these areas on the
assumption that their size and pattern would reflect
the pre-suppression fire history. Criterion for stand
inclusion was that the ages between stands could
not vary by more than 20 years. This period was
consistent  with the Timber Management
Guidelines for the Provision of Caribou Habitat
(OMNR, 1994) that requires a mosaic block to be
harvested within a 20 year time frame. We believe
this criterion could potentially create a 20 year vari-
ation between age classes within that mosaic block
as a result of younger stands within the block being
harvested towards the end of the 20 year time fra-
me. Isolated stands of spruce lowland (site class 3)
did not have to meet the above criteria to be inclu-
ded in the fire area. This was done to reflect those
stands that may have been bypassed during a fire
and helped explain the sometimes substantial diffe-
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rence in age between these isolated lowland sites
and surrounding upland sites. Another approach
used to determine fire size and pattern was to iden-
tify those features that act as natural fire breaks such
as water, wetland ecosites, forest unit types (lowland
black spruce), and topographic features. We believe
these features assist in establishing mosaic block
boundaries that closely emulate natural fire pat-
terns.

Forest eligibility and maturity criteria

Maturity Class maps were used to identify stands
based on forest unit and age class and placed into
one of four maturity classes. They are: Juvenile,
Maturing, Prime Product, and Declining. This bre-
akdown helps identify forest areas where mature
and over-mature wood exists and thus delineates
preferred forest development areas within the
mosaic. Such a maturity class map is also useful for
identifying areas that may be potential preferred
winter caribou habitat such as coniferous-domina-
ted V30 sites (Sims et 2/, 1989). Eligibility maps
were created to identify current and future stands
that are considered eligible for commercial harvest
and each eligibility map was broken down by forest
unit at a stand level.

Other forest values

During mosaic development consideration was also
given to other existing forest values. These include
areas that could receive some Area Ofi Concern
(AOC) protection that may preclude Forest Mana-
gement Operations (e.g. remote tourism, parks, and
native values). Alcthough these values are not consi-
dered a major priority in mosaic development at the
landscape level, they do require some consideration
in as far as the potential impacts that the mosaic
may have on values at the operational level (e.g.
mosaic blocks containing many high value tourism

lakes).

Other considerations

Several additional key points were considered such
as: whether the mosaic development was consistent
with the Forest Management Plan objective for
woodland caribou as developed for the Ogoki-
Nakina North 1997-2017 Forest Management
Plan. The objective for woodland caribou is as fol-
lows: “To manage for the maintenance ofi woodland
caribou range and habitat through habitat mainte-
nance and species range conservation” (Armstrong,
1997). To help achieve this objective it was impor-
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tant to ensute that the mosaic provided good habi-
tat (preferred & suitable) distribution throughout
the forest over time, especially at the southern por-
tion oficurrent caribou range. Here caribou have the
opportunity to remain so they can repopulate areas
that become eligible as suitable habitat.
Distribution of habitat was determined by entering
the FRI information from each mosaic block into
the Strategic Forest Management Model (OMNR,
1995) and applying the Northwest Region wildlife
matrix to determine the type of woodland caribou
habitat (preferred/marginal) present, ifiany and its
location within the mosaic.

Considerations were given towards identifying
economic and logistical limitations during mosaic
development. It is important to ensure that the
access road development program associated with
the mosaic is within the economic capabilities ofi
the Company, and that forest units within mosaic
blocks allow for a balance of summer and winter
operating areas. Although these considerations were
not a major priority, they were considered to help
achieve an operable mosaic. In addition we exami-
ned the pattern ofi planned harvest blocks after 40
years to evaluate the protection of currently known
habitat, remaining habitat and travel corridor linka-
ges between uncut and logged mosaic blocks. The
final consideration was to develop a mosaic that
complemented caribou mosaics developed on the
adjacent forests oft Armstrong, Auden, and Nakina
FMUs.

Results and discussion

A total of 50 mosaic harvest blocks to be logged in
one of five-20 year periods over a 100 year rotation
(1997-2097) were delineated (Fig. 2). Watershed
boundaries were used to delineate the majority of
harvest blocks while the balance used past fire
boundaries. The disturbance cut pattern (mean size
20-25 000 ha.) was uniformly distributed, provi-
ding a balance ofi both summer and winter opera-
ting areas. Block configuration was southwest to
northeast, consistent with prevailing winds and pre-
vious fire history. Only several large lakes had more
than one block eligible for harvest in a similar time
period; thus minimizing disturbance impact. Cut
patterns were designed to impact only portions ofi
individual traplines within each 20 year period. The
objective being to provide a range of age classes wit-
hin each trapline to accommodate the habitat requi-
rements of a wide variety of furbearers and other
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Fig. 2. Location of 50 mosaic harvest blocks within the
Ogoki-Nakina North Forests of northwestern
Ontario. Shaded blocks represents the partern of forest
logging disturbance after 40 years.

wildlife. Examination of planned forest disturban-
ce suggests a solid pattern of travel corridor linka-
ges remained between seasonal caribou habitats
after 40 years. In addition tourism and park values
were identified as areas of concern and were with-
drawn from harvest eligibility.

The impact of disturbance on wood supply was
minimized by strategically locating individual
mosaic blocks.Every effort was made, however to
identify mature and overmature wood in eligible
blocks. In some cases old wood available on a defer-
red block was left and considered a lost opportunity
and in its place younger-aged wood was considered
eligible for harvest before reaching maximum yield
potential.

The mosaic pattern requires an extensive road
network to access the initial 20 year cut blocks. A
higher initial road cost is partially compensated by
both a short and long- term wood flow pattern from
these designated cut blocks. In addition, attempts
were made to design road locations that minimize
impacts on deferral blocks, allow for long- term
extraction use and provide management flexibility.
Finally, mosaic block design recognized established
mosaic patterns on adjacent southern forests and
attempted to reduce disturbance impact along
mutual boundaries.

It is believed that the Ogoki-Nakina North
Forests are somewhat unique in providing an oppot-
tunity to apply a caribou habitat mosaic. The appli-
ed methodology allowed flexibility in considering
other objectives including a sustainable supply of
wood and other socio-economic benefits associated
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with tourism and wildlife values. However, this
approach may not be directly applicable to other
forests where caribou are currently found; hence fle-
xibility, innovation and modifications will likely be
needed to meet specific resource-based objectives.

Advantages of the mosaic approach include facili-
tating a long-term planning and application appro-
ach to the entire management unit over a 100 year
rotation. This replaces past practices which only
included those areas falling under a 20 year allocati-
on and a 5 year cutting cycle. Current known seaso-
nal presence of woodland caribou was largely lefe
undisturbed in the first 40 years ofiplanned logging,
while provision was made to create future habitat
by mimicking the pattern of large naturally occur-
ring wildfires. The responsibility of harvesting and
regenerating 100 years from now is assumed by the
sustainable forest licence (SFL) holder. Periodic
assessment and incorporation of new information
through adaptive management will be required to
ensure biological and economic objectives are achie-
ved. We believe this ecosystem based approach will
allow for both a long-term sustainable wood supply
while providing a continuous supply ofi woodland
caribou habitat.

Some concerns however remain and will need to
be addressed. These include reduced flexibility to
manage for a sustained yield because the harvest
level for each mosaic block is determined by the
need to manage caribou in large blocks and not
necessarily on forest characteristics. Large cut blocks
are a sensitive issue and may produce a negative
impact in the marketing of forest products. In addi-
tion there is less incentive to practice intensive sil-
viculture because those areas treated intensively will
not be available for harvesting when they reach
their maximum growth and yield potential (i.e. 60
years of age). This is a direct result of the 100 year
cycle or rotation age dictated by the woodland cari-
bou habitat mosaic.
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Experimental log hauling through a traditional caribou wintering area

Harold G. Cumming' & Bruce T. Hyer?

! Faculty of Forestry, Lakehead Universiry, Thunder Bay, Ontario P7B 5E1, Canada (Harold.Cumming@lakeheadu.ca).
? RR 14, Dog Lake Rd, Thunder Bay, Ontario, P7BSES.

Abstract: A 3-year field experiment (fall 1990-spring 1993) showed that woodland caribou (Rangifer tarandus caribon)
altered their dispersion when logs were hauled through rheir traditional wintering area. Unlike observations in control
years 1 and 3, radio-collated caribou that had returned to the study area before the road was plowed on January 6 of the
experimental year 2, moved away 8-60 km after logging activities began. Seasonal migration to Lake Nipigon islands
usually peaked in April, but by February 22 of year 2, 4 of the 6 had returned. The islands provide summer refuge from
predarion, but not when the lake is frozen. Tracks in snow showed that some caribou remained but changed locations.
They used ateas near the toad preferentially in year 1, early year 2, and year 3, but moved away 2-5 km aftet the road
was plowed in year 2. In a nearby undisturbed control area, no such changes occutred. Caribou and moose partitioned
habitat on a small scale; tracks showed gray wolf (Cands lupus) remote from caribou but close to moose tracks. No pre-
dation on caribou was observed wirhin the wintering area; 2 kills were found ourside it. Due to the possibility of dis-
placing caribou from winter refugia to places with higher predation risk, log hauling through important caribou winter

habitat should be minimized.

Key words: Rangifer tarandus caribon, disturbance, moose, gray wolfy predation.

Introduction

Increasing concern for the viability of remnant
woodland caribou (Rangifer tarandus caribou) herds
along the southern limits of their range in North
America has led to recommendations for more
restrictive forest harvesting practices where these
caribou still occur (e.g., Freddy, 1979; Bloomfield,
1980; Ritcey, 1988). In Onrtario, where the geo-
graphic range of caribou has been dramatically
reduced over the last hundred vyears (Fig. 1), similar
concern has been expressed (DeVos & Peterson,
1951; Cringan, 1957; Darby et 2/, 1989; Racey e
al., 1991; Cumming & Beange, 1993). The wide-
spread caribou declines have traditionally been
artributed to habitat disturbance or direct morrality
factors. A rthird factor, disturbance of caribou
themselves by human activities, has been less tho-
roughly investigated. Several studies have examined
effects of human disturbance on barren-ground cari-
bou mostly in connection with oil pipeline con-
struction (e.g. Klein, 1979; Cameron & Whitten,
1980; Fancy, 1983; Curatolo & Murphy, 1986), but
the relevance of these studies to woodland caribou is
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questionable. Relatively few studies have concentra-
ted on disturbance of woodland caribou.

Those that have been reported have proven
somewhat contradictory. Most have concerned cari-
bou in Newfoundland. Bergerud (1974b) maintai-
ned that caribou have no aversion to human deve-
lopments, roads, or railroads, but Northcott (1985)
reported that caribou avoided development areas in
Newfoundland, and their movements were disrup-
ted by vehicular traffic during a construction peri-
od; caribou returned to pre-construction locations
after the development was completed. Hill (1985)
found caribou in Newfoundland more alert and less
inclined to intake energy while construction of a
hydroelectric development was in progress, though
they eventually became sensitized to the constructi-
on. Mercer et 2/, (1985) concluded that the distribu-
tion of caribou on the Avalon Peninsula, Fogo
Island, and Random Island relative to the road net-
works implied avoidance of these structures. He
pointed out that despite large numbers of caribou,
only 1 has ever been recorded killed by vehicles on
Newfoundland highways compared with 200-300
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Fig. 1. Study area in relation to the historic lines of continuous distributi-
on for woodland caribou in Ontario (after Darby & Duquette,

1986).

moose (Alces alees) killed annually. He suggested
that caribou may avoid the roads. Mercer ¢ al.
(1985) also drew attention to the fact that centres of
year-round ranges for all caribou herds, especially
calving grounds, are at maximum distances from
roads and population centres, and that distributions
of several herds have changed with the placement of
high use roads and railways within their ranges.
Bergerud (1974b) suggested that a road could be a
barrier if vehicular activity was perceived continu-
ously; perhaps developments and road traffic have
increased in Newfoundland since Bergerud (1974b)
made his observations. Mercer et /. (1985) reported
that both flushing and flight distances have been
reduced on the Avalon Peninsula since the 1960’s.

In British Columbia, Johnson et #/. (1977) found
that mountain caribou near Kootenay Pass became
habituated to the presence of highway traffic and
continued to use traditional routes, but Simpson
(1985) discovered that mountain caribou in sout-
hern British Columbia avoided single snowmobile
trails and left areas where recreational snowmobi-
ling was extensive, probably due to the presence of
human scent and large group movements.

Based on contemporary knowledge, the Ontario
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Ministry of Natural Resources
(OMNR) viewed with concern plans
by a local forest company, Buchanan
Forest Products Limited (BFPL), to
haul logs through a known caribou
wintering area while the caribou
were present (the cutting could not
be carried out at any other time of
year). To answer some of the questi-
ons regarding possible effects on cari-
bou, a research partnership was for-
med in 1990 among OMNR, BPFL,
and Lakehead University .

The major goal of the three-year
study was to examine the direct and
indirect effects of log hauling on
caribou use of this traditional winte-
ring area. The hypothesis to be tested
was that transporting machinery and
logs through a traditional woodland
caribou wintering area would cause
caribou to leave, or to modify their
movements and dispersion within
the wintering area in measurable
ways. We identified 2 null-hypothe-
ses: (1) caribou will not measurably
alter their occupancy, dispersion, or
movements when logs are hauled through their tra-
ditional wintering area; (2) caribou will alter these
parameters coincident with log hauling, but by
chance - the changes will be caused by concomitant
alterations in other environmental influences, most
likely in view of previous studies, wolf presence
(e.g., Simkin, 1965; Bergerud, 1974a; Bergerud,
1985a; Bergerud, 1985b; Elliott, 1985; Page, 1985;
Edmonds, 1988; Archibald, 1989; Bergerud, 1989,
Elliott, 1989; Gasaway, 1989; Hayes ez /., 1989;
Seip, 1991), or snow depths (e.g., Formozov, 1946;
Pruitt, 1959; Bergerud, 1974; Lent, 1979; Darby &
Pruitt, 1984; Edmonds & Bloomfield, 1985; Fancy
& White, 1985; Simpson e @/, 1985; Vandal &
Barrette, 1985).

Study area

The study required several related study areas, sur-
veyed at varying intensities. Overall Study Area
(2500 km?) included all forested land within a radi-
us of 32 km from the Armstrong airport (200 km
north of Thunder Bay, Ontario) and islands in the
north half of Lake Nipigon (north of 50 degrees
latitude), which lies 20-70 km east of the Prime
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cm). Wildfires have left a
mosaic of stands, primarily
black spruce (Picea mariana)
and jack pine, (Pinus banksi-
ana) with a few mixed
stands including trembling
aspen (Populus  tremuloides)
and white birch (Betwla
papyrifera). Mosses, such as
Pleurozinm  schreberi  cover
much of the forest floor, but
patches of ground lichens,
e.g., Cladonia miris, C.
rangiferina, and C. alpestris,
grow under pootly stocked
stands of jack pines on sand
flats and under scarttered
spruce on rock outcrops.
Tree lichens, e. g., Usnea
comosa and U. dasypoga, are
common but not especially
abundant (Ahti & Hepburn
1967). Ground access is
provided by an east-west

Fig. 2. Movement of radio-collared caribou duting the winter of experimental log
hauling from Dec. 10 until Apr. 17. For date details see Table 3.

Study Area (Fig. 2). In the Overall Study Area,
sand, gravel and till thinly cover the Archean grani-
tic uplands, typical of the heavily glaciated
Precambrian shield. Summer temperatures are cool
(mean daily temperature 16 °C), winters cold (mean
daily January temperature -20 °C). Total precipita-
tion (750 mm/year) and snow depths are moderate
(highest weekly average depth during the study 76

railway, highway 527 from
Thunder Bay, the all-
weather Pikitigushi Road
running north from the rail-
way, and the seasonal (experimental) Wabinosh
Road running south. The forest has been cut back
some 10+ m from the railway and highway, but
along other roads it grows within about 3~7 m.

A Prime Study Area, centered on Armstrong air-
port and Jojo Lake, encompassed 280 km?, 14 km
wide from Vallee Lake on the west to Mount St.
John on the east and 20 km long from Mt. St. John

Table 1. Design of log-hauling experiment: yeats 1, 3 served as controls; in year 2 logs were experimentally hauled
through a traditional caribou winrering area during January 14-March 10.

Jan 6-7

Jan 14-Mar 10

Mar 11-April 30

Control period

Control period

Road plowed

Log hauling
experiment
carried out

Control period

Control period

Control period

No log hauling

Control period

Period Before Dec 11 Dec 11-Jan 5
Year 1 Control period  Control period
Year 2 Control period  Control period
Year 3 Control period  Control period
Possible human Snowmobiles

disturbance

in year 2

Snow plow

Large machines
trucks, private
moving in,
vehicles

Private vehicles
only
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on the south to Whitesand Lake on the north. In
this area deep but poor sands support widely spaced
jack pine with a ground cover rich in lichens
(Antoniak & Cumming, 1998). A Northern
Extension of this Prime Study Area was bordered by
Big Lake on the west and Pikitigushi Lake on the
east, covering an additional area of approximately
800 km?. A Southern Extension, approximately 400
km?, included Waweig, Wabinosh and Castle Lakes.

Methods

Experimental design

Since the nearest potential control area was 25 km
distant (Wabakimi Provincial Park), a location that
differed in soils and landform, we turned to a con-
trol in time rather than space. Year 1 of the experi-
ment constituted a control year during which acti-
vities of caribou were mapped throughout their
winter occupation of the study area while the road
remained closed and little disturbance occurred
(Table 1). Year 2 was the experimental year during
which caribou activities were recorded before,
during and after a period when trucks hauled logs
through the caribou wintering area. Year 3 provided
a second control year during which the road was not
plowed and disturbance was minimized. However,
the picture was changed when field work during the
first winter revealed a second (at least partially
segregated) aggregation of caribou only 6 km north
of the disturbance area. This second aggregation
provided a suitable control in space and was added
to the study as such.

Field, data collection

Capture techniques followed methods reported by
Cumming & Beange (1987). Caribou were captured
by crews of up to 6 men and 1 or 2 dogs driving
them from islands into the water where they were
approached by boat, lassoed, and tagged. Fourteen
caribou (one cow in 1990; 1 bull, 6 cows, and 6 cal-
ves in 1991) were fitted with battery powered radio
transmitter collars (adults) or solar ear tags (calves),
from Advanced Telemetry Systems, running at 164
Mh.

High level winter flights to search for caribou
covered the entire study area (or the area being used
by the animals actively transmitting, if smaller); we
did not search for missing signals beyond the bor-
ders of the study area, but reception range from
high altitudes covered a substantial surrounding
band. Aircraft included a Cessna 185, a DeHaviland
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Turbo-beaver, and an Aeronca Champion. Altitudes
ranged from ca. 1800 to 6000 m above ground level
(AGL). We used a transect width of 10 km at 1 800
to 3 000 m AGL, wider at higher altitudes. Twin
directional yagi antennas were attached to the wing
struts, angled outward and downward (as per
Gilmer et «l., 1981). We flew weekly at times of
likely significant movement (i.e. migration times,
disturbance times) and at intervals of 1-3 weeks in
mid-season when movements were expected to be
fewer. Wherever possible, caribou that were roughly
"found” during high level telemetry were located as
exactly as possible, by “dropping lower” and cir-
cling, while switching from one antenna to the
other to "zero in” on the animals. Practice trials
demonstrated that transmitters could be located
within a radius of about 200-500 m.

Radio transmissions were also monitored during
low level transect flights to look for tracks in snow.
A Lotek scanner was connected to a small (20 cm)
whip antenna, which scanned the 14 frequencies (all
VHE in the 164 MHz range) of collared or tagged
animals, and fed the audio beeper into the aircrafe
intercom. With a detection range (at that altitude,
with just a whip antenna) of only about 2 km, any
collared caribou were noted and recorded as to loca-
tion. This was a supplement to, not a replacement
for, high level telemetry searches using twin yagi
antennae.

The main tools for mapping tracks in the Prime
Study Area and Extension Area were fixed wing
aircraft, using methods described by Cumming &
Beange (1987). Except in year 3 when lack of air-
craft and personnel reduced effort, flights were
made at 1-2 week intervals, from before the freeze-
up of Lake Nipigon (late November or December)
to whenever the caribou left their winter ranges to
return to their summer calving grounds, always
before ice-out. North-south transects flown at 300-
600 m (AGL) aimed at total coverage of the Prime
Study Area. For the Extension Areas, transect width
was 3 km, at a higher altitude (600 to 1200 m
AGL) to ensure transect coverage. A Champion 7EC
provided excellent visibility on both sides for two
people, a pilot/spotter and a spottet/recorder, seated
fore and aft. The air speed of 90 km/hr to 155
km/hr provided sufficient time for careful inspec-
tion of tracks. One observer spotted to the right, the
other to the left, and communicated via a two way
intercom. Data recorded on a 1:50 000 scale topo-
graphic maps, included live caribou, caribou tracks,
caribou beds, cratering, moose, moose tracks, moose
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beds, wolves, wolf tracks, vehicle tracks, and snow-
shoe tracks. Where helpful and possible (e.g. on
lakes) landings were made to confirm track types.
Tracks were also examined on the ground where
accessible, e.g. along the roads in the airport area.

In view of the null-hypothesis that caribou might
move due to changes in wolfibehaviour, we recorded
tracks of wolves as well as caribou. Suspecting that
moose dispersion and movements might influence
wolf behaviour which in turn might affect caribou
dispersion, we recorded moose tracks along with
caribou and wolf tracks. Three types of track records
were recorded: individual, aggregate and linear.
Individual tracks were recorded as discrete caribou,
moose, or wolf tracks. However, in many places
tracks were too numerous to be recorded individual-
ly. In these places, track aggregates were recorded as
caribou, moose, or wolf tracks, with a line drawn
around the perimeter ofi the aggregate, a practice
that has become common in studies of moose (e.g.,
McNicol & Gilbert, 1980). Linear tracks were
drawn as lines, with direction noted by an arrow
where possible (e.g. after ground truthing, or where
the animal was seen making the track).

The priorities for winter aerial surveys were first,
the Prime Study Area; second, the North and South
Extension Areas; third, the Overall Study Area.
Temperature, wind, and sun were recorded on days
of flights ot ground surveys.

Ground surveys

Although the most important means of collecting
data was by surveys with aircraft, we also examined
the Wabinosh Road, the Pikitigushi Road, and
snow machine trails on the ground to verify tracks
spotted from the air, as to location, species, and
completeness.

Tracks under heavy canopy cover were examined
on snowshoes where they lay close to a road.

To examine the null-hypothesis that snow depths
would affect caribou movements, we measured snow
depth and consistency throughout the study. But
the remote location of the study area made any
intensive (e.g., weekly) investigation of snow condi-
tions impossible. Instead we dug snow pits late in
each winter; in this northern location where snow
melts rarely occur, snow pits in late winter record
the entire snow history to that date each year. A
National Research Council snow kit was used to
measure snow depths, hardness and density. Plots
were located in cleat-cuts 7 km south on the
Wabinosh Road, and under jack pine stands used by
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the caribou as winter habitat about 1 km south of
the Armstrong airport. Under the jack pines, two
pits per visit were dug; one directly beneath tree
cover (1 meter from the bole), and one in a small
"open” (unstocked) space midway between trees.
Two pits per outing were dug in the open clear-cuts.

To supplement these data, snow depth informati-
on was obtained from the OMNR snow station at
Flat Lake, near the centre of the study area. The sta-
tion is located in a trembling aspen stand to mea-
sure intermediate conditions between those in open
areas and those under conifers. At each location, 10
measuring rods were placed in position before
snowfall and mean snow depths for the station were
recorded each Monday morning throughout the
winter. Due to the complexities of measuring snow
hardness and density, they were reported in only 3
classes: A - no crust, B - light crust, C - crust heavy
enough to hold a man on snowshoes.

To document the nature of any perceived distur-
bance from the logging trucks we attempted to
record traffic on the experimental road. Traffic coun-
ters were placed on the Wabinosh Road in year 2,
and on the Wabinosh and Pikitigushi Roads in year
3. However, these counters did not distinguish
types of vehicles. On the other hand, movements
recorded by BFPL (Robinson & Bodie, 1992) iden-
tified all types of forest harvesting equipment. Since
these data were judged superior they were reported
here.

Important also for evaluation of the second null-
hypothesis were records of caribou killed by wolves
or as a result of deep snow. Reception of a "mortali-
ty signal” (rapid beat) initiated a search by aircraft,
followed by ground search (using a scanner and yagi
directional antenna) to recover the collar or tag, and
to identify means of death ifi possible.

GIS and statistical analyses

Results from mapping tracks were first examined
manually. Subsequently, they were digitized into a
Macintosh computer running a rastor based
Geographic Information System (GIS) called Map
Factory . Original mapping error was estimated to
be within 100-1000 m for telemetry locations, 30-
100 m for low level mapping of tracks in the Prime
Study Area, and 30-300 m in the extensive study
areas. Due to the frequency of caribou aggregates in
this small, heavily used wintering area, analysis of
tracks as points (Cumming e @/, 1996) was not
possible. Instead, the rastor pixel size was set at 30
m and the computer counted numbers of pixels
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Table 2. Chronological time chart of traffic on haul road during experiment.

Date Year 2 Equipment movement Personal vehicle travel
- implied by number of shifts*
Jan 06 Snowplow opens Wabinosh Road 1
Jan 07 Grading begins, feller buncher floated in 5
Jan 08-13 Grapple skidder, delimber, bulldozer floated in 7
Jan 15 Haul trucks begin, sand truck begins 13
sanding road; loader, front end loader floated in 25 haul trucks Monday-Friday
until January 16, haul in progress 24 hrs.
Jan 17 Loader, haul bulldozer, front end loader floated 10 No hauling until Jan 23
out; sand truck moves out
Jan 23 2 loaders, front end loader, haul bulldozer 13 Hauling in progress once more.
floated in; sand truck driven in; haul trucks
begin again
Feb 01-11 Five slashers floated in 15-21
Feb 21 Cutting ceases 18
Feb 29 -Mar 1 Skidding, grading cease 14-12
4 slashers, grapple skidder floated out
Mar 02 Delimbing ceases 10
Mar 04 Slashing ceases, delimber floated out 7
Mar 06 - 10 Slasher, feller buncher, 2 bulldozers Haul operation personnel only
floated out; grader, sand truck,
front end loader out
Mar 11 2 loaders floated out Haul operations cease

Haul trucks finish

From: Robinson, L. & B. Bodie, 1992.

* Since no accomodation was available at the cutting location, workers used personal vehicles to go on and off shift.

showing presence or absence of tracks. Observed
track frequencies were then compared using chi-
squate. Spatial relations among caribou, moose and
wolves were examined by establishing 900 m buf-
fers (the closest to 1 km that Map Factory could
easily handle) around each species and counting
numbers of pixels within the buffer showing fresh
tracks of other species.

Results

Disturbance during year 1 consisted of a few snow-
mobiles on special trails and along the Wabinosh
haul road, mainly during the early winter when
snow depths were not excessive. The early part of
year 2 was similar. On January 6 of year 2, the road
was plowed and on January 7 company workers
began to move in heavy equipment (Table 2). The
haul consisted of 25 trucks hauling 24 hours/day,
Monday - Friday. The sounds produced by the har-
vesting equipment used in the actual logging ope-
ration could not be heard by humans from the cari-
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bou wintering area, as they were too far south;
however, large trucks and other pieces of equipment
could be heard for several kilometers, depending on
temperature and wind, and these passed right
through the occupied area. Among the sounds pro-
duced by these trucks low frequencies predomina-
ted. The highest frequencies recorded fell below 10
000 Hz (Hyer, 1997). In addition to this work-
related traffic, some people living nearby took
advantage of the plowed road for winter outings,
but they were not counted.

Telemetry data

All 14 of the caribou fitted with radio transmitters
on western islands of Lake Nipigon were relocated
in or near the Prime Study Area during year 2.
However, only 6 of these caribou actually returned
close to the haul road prior to the experimental hau-
ling in year 2. All 6 left again after initiation of log-
ging activities (Fig. 2). Caribou 1 moved far north
before returning to Lake Nipigon islands. Caribou 2
moved to the control area, then to the islands.
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Table 3. Locations of radio collared caribou during 2 winters.

Caribou collar frequency

Year Date cow 90 310 354 533 253 333
Year2  Dec. 10/91 W L.NIp W L.NIp W L.NIp W L.NIp
pre- Dec 19/91 Expt.area  Expt.area  Expt.area  Expt. area E. Expt. area W L.NIp
haul Dec 28/91 E. Expt. area Expt.area  Expt.area  Expt.area  Expt. area
period  Jan 4/92 E. Expt. area Expt.area  Expt. area
hauling Jan 7/92 Expt. area  Expt. area Expt. area Expt. area
period  Jan 14/92 Expt.area  E. Expt.area E.Expt. area Control area
Jan 24/93 E. Expt. area E. Expt. area
Feb 22/92 Islands Expt.area  Islands Islands Islands
Mar 1/92 Expt.area W L.NIp Islands Islands
Mar 10/92 Islands Expt.area  Islands Islands
post-haul Mar 30/92 Islands Expt.area  Islands Islands
period  Apr 17,18/92 Islands Islands W shore Islands Islands
Yeard  Oct 22/92 Islands Islands Islands Islands Islands
pre-haul Dec 22/92 Islands Islands Islands Islands Islands
hauling Jan 7/93 Expt. area
period  Jan 14/93 Expt. area
Jan 19/93 Expt.area  Control area Control area Islands Islands
Jan 27/93 Expt. area  Control area Control area Islands Islands
Feb 4/93 Expt.area  Control area Control area
Mar 3/93 Expt.area  Control area Control area
post-haul Mar 18/93 Expt. area
period  Apr 1/93 Expt.area  NW L. Nip Control area Islands Islands

Note - abbreviations indicate the following:

Expr. area - the experimental area south of the railway within 8 km of the road on which logs were hauled.

Control area - the undisturbed winter area north of the airport near Jojo Lake.

Islands - the islands of Lake Nipigon used as calving and summer habitat.

E., NE. Expt. area - within the prime study area but beyond 8 km from the haul road.

W., NW L. Nip - on the indicated shores of Lake Nipigon where they are usually found entoute to or from calving or

wintering areas.

Caribou 3 moved to a location 2-8 km east of the
experimental area, then to the west shore of Lake
Nipigon (a common staging location on the way to
the wintering area), then to the islands constituting
summer habitat. Caribou 4, 5, and 6 moved almost
directly to the islands. Four ofi the 6 caribou retur-
ned to Lake Nipigon islands before February 22
(Table 3), an exceptional early date, for a previous
study during a period when the haul road was not
open in winter, found that spring movement from
the Armstrong area began in early March and rea-
ched a peak in April (Cumming & Beange, 1987).

Mapping tracks
Maps of tracks in the Prime Study Area showed
caribou close to the haul road during the pre-haul,
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and hauling periods of year 1 (tracks were not recor-
ded for the post-haul period of the first year).
Caribou returned to much the same areas in year 2,
leaving many tracks close to the road during the
pre-haul period (Fig. 3). On the day when the road
was plowed, many linear tracks were recorded orien-
ted at right angles to the road. Caribou tracks cont-
inued to be found in the Prime Study Area, even
though all collared animals had left, but they were
found spaced away from the road > 900 m during
the haul period ofi year 2. Except for one small
aggregation of tracks 300 m from the road, caribou
continued to use only areas remote (>900 m) from
the haul road through the post-haul period ofi year
2. In year 3, caribou arrived later than in previous
years, but did return to areas near the unplowed
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Year 1

Year 3

road and continued to track these places throughout
the winter (Fig. 3). The fewer tracks recorded in
year 3 could have been due to reduced effort due to
problems with aircraft availability.

248

Pikitigushi

¢

e,

Lake %
Wh?gesand River

Year 2

Fig. 3. "Contout” maps of track densities showing pro-
portions of pixels wirh caribou tracks during the
mid-winter period (Jan 7-Mar 11) wven logs
were hauled in year 2. The darker the area, the
denser the tracks. The very light gray outer area
indicates the extent of the prime study area.
Conrour width 300 m.

"Contour” maps of caribou tracks showed propor-
tions of occupied computer cells concentrated in 3
preferred areas in year 1: the area directly south of
the airport, from the haul road to 2400 m west; an
area 1200-5400 m east of the haul road along the
outlet from Beacon Lake; and an area 2100-9900 m
east of the road along the Whitesand River (Fig. 3).
The same area west of the haul road continued to be
used during year 2, except for a strip 600 m wide
adjacent to the haul road which was used only light-
ly. The caribou virtually abandoned this stretch by
late winter. Areas east of the haul road were occu-
pied later in years 2 and 3. In year 2, caribou tracks
showed little use of the area within 900 m of the
haul road once logging began; some moved closer to
the railway tracks. In the post-haul period largest
track aggregations were located 2-3 km from the
road. Caribou began to use the area along the
Beacon Lake outlet in early winter, but discontinu-
ed its use during logging. In contrast, they continu-
ed to leave tracks in the Whitesands River area, far-
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Fig. 4. Proportions of 300x300 m cells showing presence of caribou for 3 winters in buffers
numbered east and west from the Wabinosh Road.

ther from the haul road, even into late winter. In
year 3, caribou used the area west of the haul road in
ways similar to year 1 throughoutr the winter.
However east of that road, the Beacon Lake area was
used very lightly, and caribou lefc tracks in only a
northern section of the Whitesands River area, a
section that was not favoured in years 1 or 2. Most
caribou left both eastern areas by late winter in year

Proportions of
occupied  computer
cells were graphed
using data from 300
m buffer zones east
and west of the road.
During year 1, the
control yeat, caribou
tracks were found on
the road or close to
the road throughout
the winter; presence
of tracks decreased
with distance from
the road (Fig. 4). In
year 2, the hauling
year, only small pro-
portions of tracked
cells were located
within 1200 m of
the road. During
year 3, a pattern
similar to year 1 was
re-established. Chi-
square tests showed
significant  differen-
ces among years for
each of the 3 impor-
tant periods of the
experiment - before
January 6 (pre-haul),
January 7 - March 11
(hauling in year 2),
and afecer March 11
(post-haul) (Table 4).
No significant diffe-
rences in caribou dis-
persion appeared
between the pre-haul
and hauling periods
of year 1, but highly
significant  differen-
ces were found before

and after the experimental hauling in year 2. These
differences indicared that caribou changed their dis-
persion patterns about the time the road was
plowed. A similar significant difference in year 3
probably arose from the later return of many cari-
bou to the prime study that year, making the early
period different from the period after the main body
arrived. Post-haul dispersions did not differ signifi-

3. cantly from the experimental hauling period in year
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Table 4. Chi-square values and probabilities for proportions of cells occupied by caribou or caribou tracks in 1-9
300 m GIS buffers from “the Wabinosh Road, near Armstrong, Ontario. Six east-west rows of
cells” were chosen to avoid influences ofinorth and south habitat changes. In "year 2, trucks hauled
logs through the caribou wintering area. Years” ”1,3 were controls.”

Test results Winter periods and years

Comparison of

Comparison ofi

Comparison of

pre-haul periods hauling periods post-haul periods
over all 3 years over all 3 years over years 2,3
Chi-square 39.31 31.66 88.2
Probability 0.006 0.047 <0.001
Pre-haul periods - Haul periods -
c. f. years 1,2 c. f years 1,2
Chi-square 13.79 19.13
Probability 0.183 0.039
Pre-haul period Pre-haul period Pre-haul period
c. f. haul period c. f. haul period c. f. haul period
in year 1 in year 2 in year 3
Chi-square 5.5 50.92 27.32
Probability 0.856 <0.001 0.002
Haul period Haul period
c. f. post-haul c. f. post-haul
period in year 2 period in year 3
Chi-square 16.63 27.16
Probability 0.083 0.003

1) All 3-year comparisons showed significant differences (including others not shown).

2) Dispersion in the periods before and during the first (control year), bur it did during the experimental year.
3) The hauling period did not differ significantly from the post-haul period in year 2, but did in year 3.

4) Pre-haul dispersion did not differ berween years 1, 2, but during the hauling period it did.

2. This lack of significant suggests that the more
remote (from the road) dispersions established by
caribou during the haul period of year 2 carried
through into the post-haul period. In contrast, track
locations did differ significantly between the hau-
ling and post-hauling periods of year 3, perhaps due
to the change from normally heavy track densities
during the January 6 - March 11 period to reduced
densities in the post-haul period as caribou began to
move toward summer locations. Comparisons of
pre-haul periods between years showed no signifi-
cant differences between years 1 and 2, but similar
comparisons for the hauling period did show a sig-
nificant difference, supporting the idea that the
change did not occur until hauling began.

At the control area in year 1, tracks indicated
ingress of caribou along a water course from a start
at least 10 km north. Similar movements were trac-
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ked in each succeeding year suggesting that this
might be a traditional travel route. At the same
times, radio-telemetry showed that some caribou
also moved there from the Lake Nipigon islands.
Thus, the caribou in the Control Area appeared to
come from at least 2 widely spaced summer locati-
ons. During winter, tracks of caribou in the Control
Area showed similar patterns for all 3 years (Fig. 5).
The only obvious shift in track dispersion unique to
year 2 constituted a filling-in of what had previous-
ly been an unoccupied strip near the northern end.
Thus track locations of caribou in the control area
changed little during the experimental year 2 com-
pared with other years.

Possible alternative explanations
Moose tracks were not usually found near locations
of caribou tracks (Fig. 6). A small exception occut-
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Fig. 5. Locations of caribou tracks at the control area (north of the railway and west of the Pikitigushi Road) during 3
winters. Note that the largest single area was that used by caribou in both year 1 and year 2 (light grey). Year 2
(black) was uniquely used in only a few small places. Thus changes from year to year were small. Column 2
indicates grey scale of category. Column 3 provides a pixel count indicating area.

Table 5. Association of wolves with moose and caribou as indicated by numbers of pixels showing wolf presence within

900 m buffers of prey species.

Year  Prey species Wolves No wolves Totals 9% used by wolves Chi-square Probability
1 moose 3099 8134 11233 27.6
caribou 986 42883 43869 2.2
Total 4085 51017 55102 7.4 8366.7 P<0.001
2 moose 11382 4580 15962 71.3
caribou 4064 41159 45223 9.0
Total 15446 45739 61185 25.2 242799  P<0.001
3 moose 1362 11064 12426 11.0
caribou 2503 21294 23797 10.5
Total 3865 32358 36223 10.6 1.679 P=0.1951

red in year 2, when a southwestward extension of
caribou tracks remote from the haul road coincided
with a northward shife in moose tracks producing a
small area near Randoph Lake where caribou and
moose tracks overlapped, the only such place in the
3-year study. East of the haul road, caribou and
moose were occasionally recorded in the same loca-
tion, but in different years. Apart from snowmobile
trails followed by wolves in portions of both the
Prime Study Area and the Control Area, wolf tracks
were found close to those of moose. Few wolf tracks
were observed at any time during the course of the
study in the parts of the Prime Study Area tracked
by caribou, but they were frequently found in other
parts where the moose tracks were located.
Distances to nearest wolf were significantly greacer
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for caribou than for moose in years 1, 2, but not sig-
nificantly different in year 3 (Table 5). Both aerial
and ground investigations located moose tracks and
wolf tracks, but not caribou tracks, in and around
the curtting area 2.8 km to the south.

In three winters of intensive flying, only 2 cari-
bou were found fed on by wolves. The first catibou,
#233, died 100 m from a snowmobile trail between
Jojo and Whitesand Lakes sometime between Jan. 7
and Jan. 24, 1992. Interviews with a local
hunter/trapper led to suspicion that the animal
might have been shot, and the remains scavenged
by wolves. Support for this belief, in addition to the
impression gained from the intetview and the pro-
ximity of the snowmobile trail, came from caribou
#293, the calf of caribou #233, which was not killed
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Fig. 6. Three years’ combined track data showing habitat partitioning by caribou and moose, with wolves, traveling
roads and snowmobile tracks, mostly associated with moose rather than caribou.
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but lived till the end of the study. If wolves had
been doing the killing, the calf would likely have
been killed first.

The only other dead caribou was found on Dec.
22,1992, on the travel route used by caribou ap-
proaching the Control Area from the north. Unsafe
ice conditions made landing to verify the identifi-
cation impossible, but the carcass lying on its back
with intestines removed, out strongly suggested a
wolf kill.

Not a single instance was observed of wolves, or
wolf tracks, following live caribou or caribou tracks,

although some wolf tracks may have been missed, as

Jackson (1990) suggested after a previous winter of
ground sutveys in the area. Wolf tracks were fre-
quently found within 3 km of caribou tracks in the
airport ared, yet we never observed any tendency for
wolves to depart from human and moose trails to
follow caribou.

In contrast, wolves and wolf tracks were recorded
closely associated with live moose and moose tracks
on many occasions (Fig. 6). During the 3 years, wol-
ves wete seen on 3 fresh moose kills in the Prime
Study Area, but always at locations remote from
areas occupied by caribou.

Snow pits showed slightly deeper snow in year 2
(mean open depth on 16 March of 64 c¢m) than in
years 1 ( 60 cm) and 3 (50 cm, Table 6). Further,
records from the OMNR snow station at Flatr Lake
showed greater snow depths in year 2 also (maxi-
mum depth 76 cm, compared with 63 in year 1 and
59 in year 2). To find if the second year depth was
unusual in the area, OMNR records for 1989 were
also examined; these depths equaled or exceeded
(maximum 79 c¢m) snow depths in year 2 (Table 6).

The heaviest crusts were in year 1 when some lay-
ers of pure ice resulted from a brief rainfall; crusts
were lightest in year 3. Densities also averaged con-
sistently highest in year 1. Stardom (1975) deter-
mined critical levels (i.e. levels that initiated emi-
gration from an area) for woodland caribou. Snow
depths at the study area never exceeded Stardom’s
(1975) critical snow depth level of 65 cm. The snow
hardness threshold was exceeded in up to 4 layers
during year 1, but rarely in the other years. Lowest
density thresholds were exceeded in 2 snow pits in
year 1, and 1 snow pit in year 2.

Discussion

An experiment requites changing some aspect of a
situation and comparing consequences with an unc-
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hanged control. But establishing control areas for
operational-size field experiments involving wildlife
is notoriously difficult (Walters & Holling, 1990).
Even the most carefully chosen controls in nearby,
apparently comparable, areas can differ significantly
from treatment areas in ways unrelated to the treat-
ments (Cumming, 1989). For this reason, the expe-
riment was set up with controls in time rather than
space. We examined the status quo, changed the
vehicular traffic pattern and observed consequences;
then we allowed traffic to return to its original,
minimally disturbing condition, once more obset-
ving results. This control worked well. Caribou sho-
wed behaviour in year 2 different from either of the
other 2 years. The discovery of a previously unk-
nown additional caribou wintering area north of the
railway tracks, provided an opportunity to add a
spatial control as well. The changes found in the
experimental area were not observed in the control
area. Therefore the evidence seems substantial that
the change in caribou behaviour occurred only at
the time of log hauling and only near the road on
which the logs were hauled. Further, during the
experimental period of year 2, the 6 radio-collared
caribou all left the experimental area; fresh rrack
aggregates of remaining caribou could be found
only beyond 2-5 km from the haul road. Caribou
dispersions differed significantly between periods of
log hauling and no hauling. No similar changes
were observed in the control area, nor near the con-
tiguously used railway and all weather road. Null-
hypothesis #1 that there would be no change was
disproved, and the hypothesis at least to some
degree supported.

The most likely alternative explanation for
changes in caribou dispersion and movements was
the presence of wolves. Presumably, caribou haras-
sed by wolves would be sensitive to changes in
behaviour or abundance of the latter and might
have moved out during year 2 for that reason coinci-
dent with the log hauling. Yet results indicated that
wolves did not in any year spend appreciable time
in areas occupied by the caribou, rather their tracks
wete found in areas frequented by moose, and these
areas were usually spaced some distance from those
used by caribou. The small over-lap between areas
showing tracks of caribou and moose in year 2 appe-
ared to result from independent changes in dispersi-
on by each species that brought them closer toget-
her. In the most intensively used and observed areas
near the Wabinosh Road wolf tracks were virtually
absent. Furthermore, no evidence suggested that
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Table 6. Snow depths from the Ministry of Narural Resources snow station at Flat Lake, Ontario, and from” snow pits
dug in this study. Data for the log hauling experimental year are shown in bold.

Years 1989-90 1990-91 1991-92 1992-93
Snow depths recorded by OMNR personnel at Flat Lake snow station
Week 13-14 “(includes January 6,7)"
Average depth (cm) 57 47 59 55
Crust A A C B
Week 22-23 (includes March 11)
Average depch (cm) 66 57 71 57
Crust C C C B
Entire winter
First recorded snow depth 6-Nov 26-Nov 4-Nov 9-Nov
No. of weeks snow depth >65 cm 8 0 10 0
Greatest depth (cm) 79 63 76 59
Last recorded snow depth 23-Apr 15-Apr 25-May 12-Apr
Snowpit data
Dates 16-Mar (Mar 11) Apr 8 11-Mar
Snow depth
Open locations Snowpit 1 60 (68) 58 48
Snowpit 2 58 79 53
Forested location  Snowpit 1 61 55 55
Snowpit 2 60 50
Comparable OMNR reported depths Dates 11/18-Mar 9/16-Mar 8/15-Mar
Depths 57/ 46 71/73 57159
Snow hardness
Open location Snowpit 1 Mean g/sq. cm. 230 (54) 74 38
Max. g/ sq.cm. 750 (78) 100 75
No layers>80 4 0 2 0
Snowpit 2 Mean g/sq. cm. 1814 47 8
Max. g/ sq.cm. 6500 70 10
No layers>80 4 0 0
Forested location Snowpit 1 Mean g/sq. cm. 233 35 29
Max. g/ sq.cm. 600 67 65
No layers>80 3 0 0
Snowpit 2 Mean g/sq. cm. 1771 n/a 12
Max. g/ sq.cm. 7000 n/a 35
No layers>80 1 n/a 0
Mean density per snow pit
Open locations Snowpit 1 0.22 0.30 0.12
Snowpit 2 0.26 0.16 0.11
Forested locations ~ Snowpit 1 0.25 0.13 0.16
Snowpit 2 0.12 n/a 0.12

1) Road was plowed and log hauling began on January 6,7, 1991-92. Hauling ceased March 11.
2) 65 cm was found to be a critical snow depth for caribou in Manitoba (Stardom, 1975).
3) A crust is very light, B medium, C heavy enough to hold a man on showshoes.
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wolf abundance or behaviour had changed noticea-
bly. Therefore, the results make impact of wolves an
unlikely alternative explanation for caribou move-
ments.

Snow depths were greater in year 2, than in either
the previous or subsequent year, supporting the
null-hypothesis that caribou might have moved in
year 2 because of the snow. However, depths never
exceeded critical thresholds that initiate movement
for caribou in Manitoba (Stardom, 1975). Nor could
they be considered unusual for the study area; simi-
lar snow depths were recorded at Flat Lake the year
before the study began, and were reported pre-
viously in the general area by Cumming and Beange
(1987). Likewise, changes in snow consistency did
not appear to be a factor since heaviest crusts, hard-
ness values, and densities, factors that might make
digging in snow more difficult and so spur caribou
to move, were most adverse in year 1, not in year 2.
Furthermore, similar behavioral changes were not
detected among caribou at the northern control area
during year 2 where snow depths could be pre-
sumed to be similar to those in the nearby study
area (they were not measured because of inaccessi-
bility). Thus all evidence suggested that differences
in snow conditions would not likely explain the
experimental results.

Other factors not measured might have affected
the caribou. Although habitat change due to fire
occurred some 5 km distant during the summer of
1991, none occurred in the occupied winter range.
No other habitat changes that could have accounted
for the caribou movements were recorded. No
changes in poaching or native hunting were noted.
Snowmobiles showed disturbance potential by dis-
placing caribou up to 200-300 m. Furthermore,
Klein (1971) reported snowmobile disturbance of
reindeer (Rangifer. tavandus tarandus) in Scandinavia,
stating that if approached too closely the reindeer
may panic and become unmanageable. But in this
study the snowmobiles stayed on roads and esta-
blished trails where their effects on caribou seemed
similar to but less than impact from roads. Apart
from log hauling, the human activity most likely to
have affected results was use of the haul road by
private vehicles. We considered use of private
vehicles during the hauling period as part of the
overall impact of the hauling operation. But use of
private vehicles after the hauling period in year 2
might have extended the length of disturbance
time. We concluded that in this instance, hauling
logs through a caribou wintering area caused cari-
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bou to change their behaviour by shifting their win-
ter dispersion from areas near the road to locations
farther from the haul road, some returning all the
way to summer habitat. Jackson (1990) reported
similar movements of caribou from the same winte-
ring area during December 1989, a time when
trucks were also hauling logs.

Long term effects of the log hauling could not be
determined from this study. Possible habituation
was suggested by the continued presence of caribou
in the area despite the presence of the railway and
permanent all-weather roads. Further, the return of
caribou to the Prime Study Area the third year sug-
gested some degree of resilience after disturbance. If
the road were traveled every winter, the observed
displacement of caribou might decline or the cari-
bou continue to occupy more remote ateas in a way
similar to caribou in the control area. Although
small groups of caribou some time cross the
Pikitigushi Road where they are sighted by local
people and truckers, our aerial surveys showed
major concentrations 2-3 km remote from the road,
pethaps avoiding it in a way similar to caribou in
Newfoundland (Mercer et al, 1985). Bergerud
(1974b) suggested that caribou might exhibit adap-
tive modification to human activities when food or
weather were the primary influences on their beha-
viour. Perhaps that could happen here if hauling
continued. Still this possibility is not reason for
complacency about the impacts of roads on caribou.
The number of caribou that became habituated to
disturbance aftet several winters of displacement
from favoured winter refugia might be considerable
fewer than the number of caribou originally displa-
ced.

Without disputing the validity of either or both
of the major theories attempting to explain caribou
declines, we speculate that a third possibility - seve-
re ot chronic disturbance to caribou - might also
cause range reduction or population decline. When
caribou occupy traditional winter habitats, they
may be very sensitive to predation, or to the percei-
ved risk of predation. Consequently, they may also
be extremely sensitive to sights and sounds that are
unfamiliar, sounds that may cover the approach of
wolves. Therefore, habituation such as that reported
in British Columbia (Johnson & Todd, 1977) and
Newfoundland (Hill, 1985) may be more likely
where predators on winter range are rare or nonexis-
tent. Where predators are present, caribou may
abandon, temporarily or permanently, otherwise
suitable winter habitat if stressed chronically by
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noise or other stimuli (e.g. sight, smell) that may
put them on "predator alert”. They would also be
less likely to move adjacent to disturbance areas
during their normal patterns of winter habitat use.
Thus, they may be forced into habitats with increa-
sed metabolic demand, decreased quality or quanti-
ty of food, and increased susceptibility to predation.
Caribou displacement from wintering areas may
result from various agents: humans, predators, cli-
mate, fites; the fact of displacement may be more
important than the absolute effect of a single cause.

Management implications

It might be argued that shifts in winter location
would be of little consequence for management of
animals as notable for their wandering as caribou,
but suitable wintering areas may not be in unlimi-
ted supply (Cumming ef /., 1996). This suggestion
is supported by a comparison of the population esti-
mates by Simkin (1965) with contemporary estima-
tes of population potential by Ahti & Hepburn
(1967). Caribou numbers in the Hudson Bay
Lowland regions amounted to only 19% and 32%
of their estimated carrying capacity. But in the
Nipigon-Superior and Central Regions they reached
80% and 50% of their habitat potentials. Habitat
loss in the former case presumably would be of little
consequence, but in the forest loss of winter habitat
through logging or disturbance might result in
decreased caribou numbers. The mechanism could
be simple food shortage, but it seems more likely to
involve the need for winter refugia from predation.
Even within the study area, movements of caribou
and moose during the time of log hauling brought
the two species together, possibly increasing preda-
tion risk for the catibou. The finding of caribou kil-
led or scavenged by wolves outside the major winte-
ring areas suggests that immunity to predation may
not extend beyond the traditional winter range
boundaries. Movements of radio-collared caribou
support this suggestion. The caribou that moved to
the control area might have been equally safe once
there, but the 2 collared caribou that traveled north,
probably into areas with more moose and wolves,
would likely face higher predation risks as a result.
Caribou that returned to Lake Nipigon islands did
so in the face of poor winter habitat conditions and
increased wolf presence (Bergerud et «/., 1990). A
caribou found killed by wolves near one ofi the
islands during the winter of 1989 (Beange, pers.
comm.) provided supporting evidence. Cumming &
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Beange (1993) suggested that the best explanation
for disappearance of caribou bands in Ontario was
displacement by logging from their wintering areas
that forced them into places with reduced protecti-
on from wolves, poaching, and accidents. The
results of this study suggest that displacement of
caribou by winter traffic might have similar effects.

The obsetvation of recreational driving on the
logging road suggests possible consequences for
roads through caribou wintering areas beyond
direct disturbance. The presence of more roads may
provide better access for wolves; more vehicles
increase the risk of caribou being killed in road acci-
dents; mote people heighten the risk that some may
be poachers. Even when caribou are not displaced,
the presence of roads may increase all usual hazards.

The multiple increased risks to caribou from the
use of winter roads, whether for logging or otherwi-
se, argues for a complete ban on roads through cari-
bou wintering areas. In Ontario caribou have been
threatened by human activities throughout this
century. Now even small bands are important to
retain linkages for genetic exchange. Increased mot-
tality due to displacement from favoured wintering
areas should be avoided. However, a complete ban
may not always be possible e.g., in places where
roads have already been built; in these cases, winter
use of roads should be reduced as much as possible.
In summary, management action should aim at
minimizing location of roads through caribou win-
tering areas, and restricting winter where there are
such roads.
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Spatial scale is integral to description in
ecology, including the ecology of
Rangifer. Increasingly, we are aware that
observations in ecology may be funda-
mentally altered, or even reversed, as a
result of seemingly trivial changes in sca-
le (Wiens, 1989). Scale has been labelled
by some as the unifying feature of ecolo-
gy (Allen & Hoekstra, 1992).
Particularly important are changes in
the bounds of the study area (i.e., the
extent) or the size of individual sampling
unit (i.e., the grain). As an example, con-

sider species associations. Such pair-wise
relationships, as between caribou and
moose, are typically conducted by noting
the presence or absence of species in a
quadrat. The results may be scale-depen-
dent: the choice of grain, in the form of quadrat
size, can dictate the direction of species associations,
i.e., whether positive or negative (e.g., Schaefer &
Messier, 1994).

Similarly, the choice of extent may strongly affect
study conclusions. Suppose, for instance, that an
animal selects strongly for a particular resoutce
type, such as forest (Fig. 1). A study covering a lar-
ge extent may indeed detect this pattern, whereas a
study conducted using a smaller extent will likely
conclude that no such pattern of selection exists
(Fig. 1).

Unfortunately, current decisions regarding grain
and extent in studies of caribou ecology ate typical-
ly relegated to whim.
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Fig. 1. Hypothetical habitat selection by an ungulate studied using
small (A) and large (B) study areas.

An organism-centred approach represents a rigo-
rous methodology for incorporating scale. For
example, in the study of caribou resource selection,
a natural hierarchy of scales exists, from choice of
home range to choice of plant species (e.g., Schaefer
& Messier, 1995). An equally useful approach is to
apply the techniques of spatial pattern analysis.
Largely the domain of plant ecologists, these simple
methods, such as paired-quadrat variance (Fig. 2),
can indicate scales of pattern for further study
(Ludwig & Reynolds, 1988).

Caribou carry out their ecological functions
simultaneously on many scales. This implies that
no one scale of study is universally appropriate. At
the same time, larger scales may offer constraints,
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Spatial pattern analysis of a hypothetical orga-
nism using paired-quadrat analysis (Ludwig &
Reynolds, 1988). (A) Organism abundance is
quantified using a set of contiguous quadrats. (B)
Variance between pairs of quadrats is calculated
and plotted as a function of inter-quadrat distan-
ce; peaks in the graph represent the scales of the
clumped pattern.

and lower scales, explanations, for any scale of inte-
rest (Allen & Hoekstra, 1992). This suggests that a
minimum of three scales is needed in research. For
example, in the study of population dynamics, one
might examine patterns on the levels of sub-popula-
tion, population, and meta-population (Wells &
Richmond, 1995). Fuller understanding of caribou
ecology may come from descriptions that employ a
hierarchy of spatial scales.
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Abstract

Autumn foraging dynamics ofi woodland caribou in experimentally mani-
pulated habitat

Eric M. Rominger!

Deparrment of Zoology, Washington State University, Pullman, WA 99164, U.S.A.
' Curvent address: P. O. Box 704 Santa Fe, NM 87504, U.S.A.

Abstract: Unlike other North American cervids, woodland caribou (Rangifer tarandus caribou) in the Selkirk ecosystem
do not forage on browse. Therefore, during autumn as forbs become senescent and deciduous shrubs defoliare, caribou
foraging decisions are narrowed. Shallow snow depths preclude a diet shift to arboreal lichen (Ascomycetes) in standing
trees, as is observed in lare winter. The objecrive of this research was to determine the importance of the two principal
forage irems previously reported in autumn diets: (1) arboreal lichen on windthrown trees and (2) the evergreen shrub
myrtle boxwood (Pachistima myrsinites). Foraging ttials were conducted with three tame woodland caribou in six 5000
m’ pens experimentally manipulated to either remove all windthrown trees and myrrle boxwood or retain extant myrt-
le boxwood and add “windthrown” trees by felling trees. Additionally, the pen design was such that half was in an old-
growth stand of western red cedar (Thuja plicata)l wesrern hemlock (Tsuga beterophylla) and half was in an adjacenr
clear-cut.

Arboreal lichen, as a result of a large bite size, had the greatest influence on intake tate. Caribou in pens with lichen
bearing windthrown trees had significantly higher intake rates (P<0.006) and significantly lower (P<0.01) eating bite
rate (exclusive of search time between plants). Foraging bite rate (inclusive of search time between plants) did not dif-
fer (P<0.20) due ro treatment. Intake rates (P<0.005) and foraging bite rates (P<0.03) of caribou were significantly
greater in timbered portions of pens. Search time was significantly greater (P<0.005) in clear-cut portions of pens. In
the timbered portion of treatment pens, lichen comprised 34% ofithe total bites and 67% of the dry matter intake and
arboreal lichen from windthrown ttees comprised 27% of the total bites and 52% of the dry matter intake. These data
suggest that arboreal lichen is an important dietary component earlier in autumn than previously reported and extends
the period that woodland caribou subsist primarily or solely on arboreal lichen 30-60 days in high snowpack ecosysrems
of wesrern North America.

Tame caribou aurumn diets were comprised of <1% myrtle boxwood, in apparent conflict with observations of wild
caribou in timbered habitats with myrtle boxwood. However, in these trials >95% of the myrtle boxwood occurred in
the clear-cut porrion of trial pens, and forages in clear-cuts have been reported to have significantly higher levels ofi
secondary plant compounds. Total phenolics in myrtle boxwood samples collected from the clear-cut portion of trial
pens and from clear-cuts in British Columbia were 3-times grearer than levels in myrtle boxwood samples collected
from old-growth stands in British Columbia. In addition, snow depths underneath the forest canopy never covered the
primary forage species. I hypothesize that these woodland caribou foraged very little on myrtle boxwood because ofi(1)
the availability of other forage species, and (2) the high level of phenolics present in myrrle boxwood during these trials.
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The Seventh North American Caribou Conference,
Thunder Bay, Ontario, Canada,
19-21 August, 1996.

Workshop: Conserving woodland caribou in the managed forest

A workshop was held August 19 to foster discussion
and debate on issues related to conservation ofi
woodland caribou in the managed forest. Six pane-
lists were invited to make brief presentations on
their points of view on this subject. They were Don
Thomas (Canadian Wildlife Service); Hartley
Multimaki (Buchanan Forest Products); Colin Edey
(NOVA Corporation); Jerry English (Ontario
Ministry of Natural Resources - retired); Dale Seip
(British Columbia Ministry of Forests) and Harold
Cumming (Lakehead University - retired).

Following some questions and discussion with
members of the audience, a "mini-debate” was set
up between Don Thomas and Dale Seip to discuss
in more detail the roles of the coarse vs. fine filter
approaches in dealing with woodland caribou. The
coarse filter implies a focus on protecting natural
processes and other attributes of the whole ecosy-
stem as a means of achieving a range of conservation
goals. The fine filter approach focuses on managing
individual species or addressing specific environ-
mental concerns. There had initially been an intent
to run several such debates, and to invite audience
participation in them, but this plan was altered due
to time constraints and substantial agreement
among the panellists regarding most points.

The main points emerging from the workshop
were summarized as:

1. Caribou should be conserved. (This may seem
obvious, but it should not be assumed that every-
one will always agree with this.)

2. The focus ofi caribou conservation efforts should
be on maintaining or managing habitat.
(Primarily, this will mean maintaining the inte-
grity of the habitat to support caribou.)

3. An ecosystem or landscape approach should be
adopted, as a backdrop for conserving caribou,
and also for conserving the full range of biodiver-
sity on the landscape.
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4. There will always be a need for fine filter approa-
ches, both for caribou, and for the multitude of
other species on the landscape.

5. Effective conservation initiatives require the
involvement and support of the broader commu-
nity, including all relevant economic interests.

Discussion / Identification of Information Gaps

A. The ecosystem approach was seen as a common-
sense strategy for conserving natural systems
through maintaining or mimicking natural pro-
cesses. However, there is a need for ecosystem-
level research:

-to define ranges of natural variability and to refi-
ne out ability to establish acceptable treatments.
-to explore and more fully understand the impli-
cations of various spatial and temporal scales.

-to provide better and more flexible treatment
options.

B. There was a clear recognition that the coarse fil-
ter approach will never be sufficient. Research
will always be needed to continue monitoring
various species for undesirable effects of manage-
ment, and to better understand linkages between
various ecosystem components.

C. We must acknowledge limitations to landscape
approaches. For example, roads and other deve-
lopments are in place and will continue to be
developed; these fundamentally alter the lands-
cape. We must be realistic in what can be achie-
ved. Monitoring and study of the implications of
these artificial elements will be required.

D. Management implies underlying assumptions
and objectives.
- Our research and management should acknow-
ledge “givens” such as timber allocations and
other human uses.
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-Our objectives should be explicit, and they  ce them in a context of larger conservation goals.

should enjoy the support of the broader commu-  This is needed to overcome fear and natural resis-

nity. tance to change.

-We must incorporate community and economic

interests in developing strategies which can actu-

ally be implemented. The partnership approach This report was prepared by George Hamilton

was recommended as a means for doing this. (Alberta Environmental Protection), Katherine
Parker (University of Northern British Columbia)

In summary, the challenge here is to deal with  and Bill Dalton (Ontario Ministry of Natural

social and economic self-interests explicitly and pla-  Resources).

264 Rangifer, Special Issue No. 10, 1998



INFORMATION FOR CONTRIBUTORS TO RANGIFER:
LANGUAGE

English only. It is the authors’ responsibility to submit manuscripts in as complete and petfect condition as possible.
¢ State names and addresses of your linquistic consultant(s).

TYPING

Use double spacing with 4 cm margins on both left and right sides. Do not hyphenate at the right margin.
¢ Note: Manuscripts with single spacing are returned for retyping!

Type on the top of page 1 the name and complete address, fax number, telephone number and e-mail address of the
person who is to receive editorial correspondance.

¢ Submit 2 good copies. Do not fold copies. When accepted, the manuscript with tables and figures should also be sub-
* mitted on a 3,5” diskette containing no other files (use ordinary programs and versions).

SUMMARY AND KEY WORDS

* Give comprehensive abstract and relevant key-wotds. A list of key-words, placed after the abstract, should not include
any words that occur in the title of the paper.

TABLES AND ILLUSTRATIONS
These shall be numbered wirh Arabic numbers (1, 2, 3 etc.) and provided with a short text, such that they can be
understood independently of the article text. Indicate in the margin of the manusctipt whete tables and illusttations

shall be placed in the text.

Tables are typed on separate sheets. Start each table on a separate page and continue onto more pages if necessary.
Long tables should be avoided.

e Illustrations must be ready for printing (repro quality). Figute legends must be typed on separate page, each text
clearly marked with the number of illustration. Mark the back of each illustration with the name of the senior author,
figure number and «TOP». Colour illustrations (slides) will only be accepted in exceptional circumstances.

MEASUREMENTS AND UNITS

Use metric units. Follow the accepted nomenclature of the International Symbol of Units (SI).

Numbers shall be given as: 739 847.34.

REFERENCES

* Sources given in the text shall be wricten: Smith (1994), (Smith, 1994), (Smith & Jones, 1994) or (Smith ez a/., 1994).

¢ Use semicolon between references: (Smith, 1994; Smith & Jones, 1995; Smith ¢ /., 1996). Put references in chrono-
logical order.

e The list of references shall be placed at the end of the manusctipt, written on separare sheets and listed alphabetically
according ro the author: Holleman, D. F., Luick, J. R. & White, R. G. 1979. Lichen estimates for reindeer and cari-
bou during winter. — J. Wildl. Manage. 43 (1): 192-201. (43 indicates volume number, (1) number in volume series
(can be omitted) and: 192-201 indicates page numbets). You can also give full journal names. Present book rirle in
italics.

ITALICS

e Iralics to be indicated in the manusctipt by single undetlining ot typed in italics. Taxonomic names in Latin (genus
and species) shall be written in italics.

PROOFS

e First correction of proofs is the responsibility of the author. Authors are fully responsible for checking all material for
accuracy.

OFFPRINTS

¢ Offprints must be ordered when galley proofs are returned after correction. 60 offprints are provided free of charge
(special issue aurhors have to order at cost). Additional offptints may be ordered at extra cost.

REFEREES

* The author is expected to submit suggestions on actual referees in the special field (name, address).



GEMEAAL
Ramgiler i S inicrmmiensl koarnad of the Nonbc Counc] for Beindeer Research

Masgilewr = o firu pulsiched in 1] Siace then the Journal beo appeaned i fwe Wk loir omlinary inuees per vea
with nocassmsl Soeciel laesrs, e beling Procendings sl Nossmaph:

WOALDS OMLY

Rangiler i (b sorlds only soiemiife jovmal desfing cxclisively with bavlogy, meapemen ed inenbandny of
Artie mad wistilacrs whgulase

Ranglier i papers om besic el spplied recarch, mansgemen aod Mushusdey of sodeen/cnigg and othes
nirThaeth g iliies

Rangiier i open (o papens in odegy, anifropology, Tiw sod otk e Dk of god meders practice in bishandry
il s ge el

INTERANATIONAL
RKangifer b reglsieed bn vernotonl dutshuses forschennfie papers, bcbodiig Bhosie CAN, Agris, Beinraf.

ARTICLES
Rangiler jiblishes ariginal, angubilished pupem, mevies e les and briel commmamlcams

Ranglier's mosiwrpes e saliansd by o lea reo indesdmlon noferes
Bangiler i the iuthor 80 reprmis of sach pubbicobion free of Charge



