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ABSTRACT

Woodland caribou (Rangfer tarandus caribon) are a threatened species in Ontario’s
boreal forest. Caribou require habitat that supports appropriate forage, including large areas
of lichen rich forests. This research examines two dynamics that influence woodland
caribou habitat in northwestern Ontario. These dynamics are forest fires and land use
policies. The effects of forest fires are assessed quantitatively at both the ecosite and
landscape scales within Woodland Caribou Provincial Park. Land use policy and
management activities are evaluated using a case study and a policy analysis of protected area
and forest management approaches to woodland caribou conservation in this region.

Forest fires in Woodland Caribou Provincial Park exert tremendous influence on
woodland caribou habitat. However, they vary significantly in their ecological effects and
return intervals. Fire severity plays an important role in determining both structure and
composition of forest communities, shaping forest openings, duff characteristics, and how
terrestrial lichen (an important food source for woodland caribou) recolonize an area after a
burn. Results show that the amount of terrestrial lichen able to regenerate varies depending
upon canopy openness and duff accumulation on V30 sites within Woodland Caribou
Provincial Park. The amount of area burned within the park (measured by decade) in the
20™ century varied dramatically from 319 ha in the 1950’s to over 106,000 ha in the 1980’s.
These variations in site characteristics and stands of suitable ages have important
implications for management and policy development. Forests suitable for woodland caribou
habitat in this portion of Ontario are not in equilibrium. Land use policies intended to
conserve caribou in this region must incorporate concepts of non-equilibrium forest

dynamics.



Management and policy development related to the conservation of woodland
caribou is largely absent in Ontario Parks, due to a lack of information and limited strategic
vision. The Forest Division of the Ontario Ministty of Natural Resources is making
significant strides towatds sustainable management of forests, but silvicultural constraints
imposed by the sustained yield paradigm are limiting the management prescriptions
attempting to mimic natural disturbances. Fire management continues to be problematic in
both jurisdictions, as the cost of ecologically oriented management remains very high.
Moteovet, concepts of non-equilibrium forest dynamics have not been integrated into any
land use management presctiption, further limiting forest fire management. Adaptive -
management that integrates the complexity of this ecosystem at multiple spatial and
temporal scales is necessaty for effective long-term conservation of woodland caribou

habitat in northwestern Ontario.



“Learning is a long-term proposition that requires a ballast against short-term
politics and objectives.”

Lance Gundetson, 1999
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1.0 INTRODUCTION

Woodland catibou (Rangsfer tarandus caribos) are an area-sensitive threatened species
that inhabits Canada's boreal forest (Hatris, 1999). In Ontario, woodland catibou have
experienced a dramatic recession of their historic range, which once extended south into the
Great Lakes St. Lawrence forest region. Today, woodland caribou generally only exist to the
north of the industrial boreal forest and in large protected areas such as Woodland Caribou
Provincial Park (WCPP) (Schaefer, 2003). The reason for the reduction in range 1s due to
over hunting, predation, and most importantly, habitat alteration by humans (Bergerud,
1974, 1985; Darby et al., 1989; Pruitt, 1997; Racey and Armstrong, 2000). Woodland caribou
are now considered a focal species for sustainable land use in Ontario’s boreal forest (Datby
¢t al., 1989; Cumming, 1992; Duinker ez a/., 1998b; Racey and Armstrong, 2000). The
Ontario Ministry of Natural Resources (OMNR) considers the management and protection
of this species to be a priority (Racey e¢7 a/., 1996a; Duinker ¢z 4/., 1998b), as they are an
indicator of an ecologically intact Canadian boreal forest (Pruitt, 1997). The extirpation of
caribou from this region indicates that land use management practices are not sustainable
(OMNR, 2002b).

Woodland caribou are dependant upon a constant renewal of suitable habitat to be
able to persist in a region (Schaefer and Pruitt, 1991; Cumming, 1992). This research
focused on winter woodland caribou habitat, as habitat at this time of year is critical for
survival. I have chosen to study winter woodland habitat because caribou congregate at this
time of year, allowing for clear delineation of habitat. Delineating summer woodland
caribou habitat is beyond the scope of this research, as caribou are highly dispersed at this
time of year, making habitat classification difficult (Rettie and Messier, 2000; Gerrish pers.

comm.). Areas considered to be high quality winter woodland caribou habitat i this region



are coniferous, lichen rich forests on well-drained soils (Morash and Racey, 1990; Schaefer
and Pruitt, 1991). These forests are important because terrestrial lichen, particularly Cladina
spp., are very important winter forage for caribou (Klein, 1982; Schaefer and Pruitt, 1991;

Harris, 1992; Racey ez al., 1996a; Lance and Eastland, 2000; Johnson ¢z a/., 2001).

1.1 Purpose

The purpose of this research was to examine issues related to conservation planning
for woodland caribou in northwestern Ontario using a multidisciplinary approach.
Examining and integrating the dynamics of woodland caribou management allowed me to
delve into the complexity of resource management issues in this region. The two dynamics
are:

1) Forest Fire - 1 have assessed the role of forest composition and structure at varying
scales in relation to past fire events and its implication for woodland caribou
management. I examined fire severity and its effects on winter caribou habitat in
Woodland Caribou Provincial Park (primarily its effects on terrestrial lichen
regeneration).

2) Land Use Management - ] have evaluated policy and management approaches of
the OMNR in this region, and how concepts of applied ecology have been
incorporated into land use policy initiatives. I used the case study of Rangfer
conservation and management to explore how concepts of ecosystem management
(EM) are being employed at multiple spatial and temporal scales.

This research uses both quantitative and qualitative methods to examine the
dynamics influencing woodland caribou conservation planning and habitat renewal. A

multidisciplinary approach, incorporating ecological assessment policy analysis is used.



Ecological assessment and policy analysis research must be integrated to overcome
management and planning impasses that result from disciplinary isolation (Van der Vink,
1997; Cortner, 2000; Ludwig ez al., 2001). More holistic ideas can be generated if science and
policy assessment are combined in one study (Salwasser, 1993; Christensen ef a/., 1996;
Jensen et al., 2001).

1.2 Study Area and Context

This study takes place in a region surrounding Woodland Caribou Provincial Park,
which is located in northwestern Ontario between the town of Red Lake and the Manitoba
border (Figure 1.1). The park was established to protect known woodland caribou habitat,
and 1s a primarily upland representative landscape of the boreal ecosystem in Ontario
(OMNR, 1986).

WCPP has a continental climate, and is highly influenced by prairie weather; this
results in some of the lowest precipitation in Ontario. The summers are warm and dry; so
that the landscape is particularly prone to forest fires (OMNR, 1986; Ehnes, 2000). This is
evident with the abundance of fire-adapted species such as jack pine (Pinus banksiana Lamb.),
which 1s common in this portion of the province (OMNR, 1986; Johnson, 1992; Ehnes,
2000; OMNR, 2002b).

The park is dominated by shallow soils and extensive bedrock outcrops. The
predominant tree cover is jack pine, and to a lesser degree black spruce (Picea mariana Sarg.).
In areas with deeper, richer soils, trembling aspen (Populus tremuloides Michx.) and paper birch
(Betula papyrifera Marsh.) also make up a significant portion of the canopy (OMNR, 1986;
Wepruk, 1986). Much of the park has experienced some form of disturbance by fire in the

last century, with the most active forest fire decade being the 1980’s.



This region’s main economic engine is resource extraction, primarily forest
hatvesting (OMNR, 2002b). This is also the dominant land use management approach in
the area. All areas south of the 51% parallel, excluding First Nation lands, settlements and
provincial parks, are managed for this objective (Duinker ef 4/, 2001). The dominant form
of forest harvesting 1s through clear-cutting, primarily jack pine and black spruce (Gordon ez

al., 2001).

B3 Woodland Caribou Provincial Park

2 Study Area (50 km buffer)
W Major Waterbodies
“.» Ontario

Figure 1.1: Woodland Caribou Provincial Park and the 50 km Buffer Study Area in the

Ontario Context.
(Produced by Brian Kutas under License with the Ontario Ministry of Natural Resources © Queen’s Printer for
Ontario, 2003)



1.3 Research Questions
1. How do variations in fire severity influence winter woodland caribou habitat?

2. Is there significant variation in the openness of known and potential caribou habitat,
and how does this affect terrestrial lichen regeneration?

3. What are the past and present the land management approaches for conserving
woodland caribou habitats in northwestern Ontario?

4. How is ecological science being integrated with land use policy in this region?

1.4 Objectives

By addressing these questions, I shall achieve two main objectives:
1.4.1 ACADEMIC
1. To conduct a multidisciplinary study of woodland caribou management issues,
mntegrating knowledge from both the ecological and policy sciences.
2. Improve concepts of how policy and ecology influence one another in conservation
planning.
3. Improve knowledge of the boreal forest ecosystem.
1.42 PRACTICAL
Beyond the realm of academe, this research will assist tesource managers dealing
with ecologically based landscape planning. It will assess how forest fires and
policies influence management efforts of woodland catibou.
1.5 Thesis Approach
The quantitative and qualitative portions of this thesis are dealt with independently
from this point until the end of the results section. This approach was used so that ideas
and concepts could be developed and explored in detail. This results in four smaller
chapters (two methods chapters and two results chapters). In the discussion and conclusion

the ecological and land use policy sections are integrated to link concepts of how ecological

and political dynamics interact. The integrated assessment of these dynamics gives a more



holistic picture of the complex issues facing woodland caribou and resource managers in
northwestern Ontario.
1.5.1 QUANTITATIVE SECTION

The quantitative section of this research explores the variable effects of forest fire
severity on the regeneration of winter woodland catibou in WCPP. Fire severity was
selected because lichen rich stands on shallow soils are born in fire (Schaefer and Pruitt,
1991; Johnson, 1992; Heinselman, 1996). Moreover, fire severity dictates the composition
and structure of these forests (Johnson, 1981; Payette, 1992; Wang, 2002). To explore how
fire has shaped these forests, I examine areas classified as suitable potential winter woodland
catibou habitat at both the landscape and ecosite scales; ecosites are areas with relatively
uniform topography, soil and hydrology, and chronosequence of vegetation (Uhlig and
Wiltshire, 2001: 123). A typical ecosite in this region ranges from 100 m? to 10,000m> 1
used a multiscale assessment as understanding how ecosystems operate at multiple spatial
scales improves management decisions (Heinselman, 1996; Elkie and Remple, 2001; Turner
et al., 2001; Wiens ez al., 2002).
1.5.1.1 Research Hypotheses
The hypotheses for the quantitative section of this research are:
1. Ecosite Scale Assessment

a. Winter woodland caribou habitat varies in composition and structure at the ecosite
scale.

b. Age of forests is important in determining lichen abundance.
2. Landscape Scale Assessment

a. Individual stands classified as high potential winter woodland caribou habitat vary in
their structural openness.

b. The amount of area burnt over time in WCPP is not in equilibrium.



1.5.2 QUALITATIVE SECTION

The qualitative section examines how the land use policy and management
approaches have been developed for woodland caribou conservation in northwestern
Ontario. I examine the approaches of both Ontario Patks and the Forest Division of the
OMNR. These two branches are part of the Ministry of Natural Resources, but operate
quite independently of one anothet, both in their otganizational structure and management
mandates. Ontario Parks is responsible for the management and development of provincial
parks in the province, whereas the Forest Division is responsible for the management of
lands allocated for forest harvesting in Ontario. Woodland catibou are far ranging species;
they, along with other management issues, do not recognize arbitrary resource management

boundaries. Therefore it is important to examine policy approaches of both branches of the

OMNR.

1.6 Research Relevance

Past research on woodland caribou has focused on the spatial relationship of habitat
patches and movement in relation to predators and disturbance (e.g., Rettie and Messier,
2000; Smith ez al., 2000; Schaefer ez a/., 2001). The characteristics of forest fires, particularly
the effects of fire severity on woodland caribou habitat, have not been explored in great
detail. Potential future habitat is often characterized based on coarse scale vegetation
classification and the age of the forest since last disturbance (FRI, etc), with fire severity
being largely ignored. However, fire severity is relevant to woodland caribou, as it dictates
the composition, structure and abundance of regenerating vegetation (Johnson, 1981;
Payette, 1992; Schimmel and Granstorm, 1996; Turner ez al., 1999; Payette ez al., 2000; Wang,

2002).



Policy analysis related to woodland catibou in this region 1s extremely limited, with
almost no research exploring the relationship between protected areas and lands managed
for industrial forestry, and how this affects planning and management of this species at risk.
Woodland catibou utilize both reserve lands and the industtial forests of northwestern
Ontatio; therefore tesearch examining policies of both land management approaches is
necessary.

This research draws on concepts and ideas from the biogeography, applied landscape
ecology and conservation planning literature. It will contribute to the fields of conservation
biology, tesource management, and landscape ecology, by examining how policy approaches
and fire characteristics interact and affect woodland caribou conservation planning efforts.
Knowledge from this study may be used in other jurisdictions, where resource extraction
interests and protected area agencies must work together to maintain populations of species

at risk.

1.7 North American Focus

This research is focused on the North American context, as woodland caribou only
exist in North America. Reindeer (Rangifer tarandys) in northern Europe are a very similar
species, with similar habitat requirements (Harris, 1992; Kumpula ez 4/, 2000). I have limited
comparison between the two regions, as most reindeer are semi-domesticated in Europe,
making them a productive policy interest (Bostedst ez 4/, 2003). Moreover, the dynamics
between woodland caribou and reindeer are quite different, as predation by carnivores such
as wolves on reindeer is limited, as most predators have been extirpated. The significant
difference in the incidence of forest fires (Suffling, 1992) further limits the potential for

compatrisons between northern Europe and northwestern Ontario.



2.0 LITERATURE REVIEW

2.1 Introduction

The objective of this chapter is to review literature relevant to woodland caribou
habitat ecology and management. This review will explore three broad fields of study, which
reciprocally influence one another in a dynamic fashion; the fields are: ecology, resource
management and policy, and scale. First, fire ecology and management are important
aspects, as the onset of forest fires, and their ecological effects determine both the amount
and the quality of caribou habitat in this region (Schaefer and Pruitt, 1991). Second, land
management plays an important role in species conservation, which influences the
effectiveness of catibou management initiatives in northwestern Ontario (Noss and
Cooperridet, 1994; Cortner and Moote, 1999; Clark ez 4/, 2000; Ludwig ef al., 2001). Finally,
issues of scale atre reviewed, as an understanding of scale affects both ecological phenomena
and management decisions (Gibson ¢z a/., 2000; Wiens ez a/., 2002). An effective way to
explore complex resource management issues is through a multi or interdisciplinary

approach, drawing on numerous and diverse fields, allowing for a more holistic exploration

of the issue at hand (Ewel, 2001; Ludwig ez a/., 2001; Mitchell, 2002).

2.2 Woodland Caribou

Woodland catibou are members of the deer family (Cervidae), and live primarily in
Canada’s boteal forest (Pruitt, 1997). Caribou are habitat generalists that consume a wide
vatiety of plants to sustain themselves throughout the year, and are widely dispersed
(Cumming, 1992; Rettie and Messier, 2000). Caribou do however concentrate their range in
the winter months, when many of them cluster together in small herds in areas with lakes
and lichen-rich mature coniferous forests (Datby ez 4/, 1989). Woodland caribou consume a

significant amount of lichen, both terrestrial, and when available, arboreal, primarily in



winter months (Klein, 1982; Darby ez a/., 1989; Johnson et a/., 2001). Lichens can make up as
much as 60-70 percenf of their diet during this ecologically critical time of year (Klein, 1982;
Schaefer and Pruitt, 1991).

Caribou range throughout Ontario and the rest of North America has receded
significantly since 1900 (Bergerud, 1974; Darby ez 4/, 1989). Historical caribou range once
extended south to the French River region of Ontario, and caribou were once found in every
province other than Prince Edward Island (Cumming, 1992). Today woodland caribou have
been extirpated from both Nova Scotia and New Brunswick, and the continuous line of
suitable habitat has been pushed north of 50 degrees latitude in Ontario (Figure 2.1) (Racey
et al., 1999; Cumming, 1992). Today the southern most catibou populations are found in a
few large provincial parks in Ontario (e.g., Wabakimi and Woodland Caribou) (Cumming,
1998; Morash and Racey, 1990). This southern boundary is also the northern boundary of
industrial forest harvesting in the province (Racey ¢z af., 1999), as caribou do not exist in
recently cutover areas (Smith ¢z 4/, 2000). Effective conservation of caribou in the boreal
forest would require restrictions on forest harvesting, which is undesirable for it (Cumming
et al., 1994; Pruitt, 1997).

Disturbance of forests by fite i1s an important dynamic for woodland caribou, as it
destroys and renews habitat (Klein, 1982; Cumming and Beange, 1993). Most winter caribou
habitat is in jack pine forests, which have their origins in fire (Morash and Racey, 1990,
Johnson, 1992). Caribou will not return to fire altered habitat for long periods of time - at
least 50 years, at which time the forests have reached a more mature state (Schaefer and
Pruitt, 1991). Fritz ez a/ (1993) discussed the cyclical use of a region by woodland caribou; in

portions of northwestern Ontario caribou were largely absent for many decades, but as
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habitat became suitable, the occupancy by catibou increased. Caribou will continue to

occupy such areas until another disturbance event.
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Figure 2.1: Range Recession of Continuous Woodland Caribou Habitat in Ontario
from Racey ez al 1999:5

2.3 Ecological Dynamics

The numerous ecological variables influencing the sustainability of woodland caribou
in the boreal forest include predation, disease, and habitat alteration by fire (Bergerud, 1985;
Racey et al., 1999; Schaefer and Pruitt, 1991). For the purpose of this research I will only

explore the issues related to fire.
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2.3.1 FOREST FIRES

Most winter woodland caribou habitat in northwestern Ontario is in mature
coniferous (primarily jack pine) forests on shallow or well-drained soils (Racey ¢z a/., 1999).
These communities were engendered by, and maintained by fire, and therefore disturbance
by fire represents an important factor in the ecology and management of woodland caribou
(Cumming, 1992; Schaefer and Pruitt, 1991). For the putpose of this research, I will
characterize these habitats based on the Forest Ecosystem and Ecosite classification systems
used for northwestern Ontatio (Racey ef a/., 1996b and Sims ef a/., 1997). Winter habitat in
mature jack pine forests, on shallow well drained soils are classified as Ecosite (ES) type 12
and Vegetation (V) type 30 (Figures 2.2 and 2.3) (Morash and Racey, 1990; Racey ¢z 4L,
1999).

Although fires may reduce the amount of caribou habitat in the short term with the
alteration in habitat structure and the removal of lichen, forest fires are required to renew
and maintain woodland caribou habitat over time (Klein, 1982; Webb, 1998). The absence
of fire will lead to forests that are structurally and compositionally unfavorable to woodland
catibou, as incteasingly unsuitable and less fire tolerant species such as black spruce, and
eventually balsam fir (Abies balsamea (L. Mill.), trembling aspen and white spruce (Picea glanca
(Moench) Voss) colonize the landscape (OMNR, 1986; Heinselman, 1996). These tree
species, and their associated ground cover, do not favour winter foraging opportunities for
catibou. (Klein, 1982; Schaefer and Pruitt, 1991).

Fire plays an important role in shaping plant communities in almost all terrestrial
ecosystems in North America (Kilgore and Heinselman, 1990). Perhaps nowhere in North
America is fite more important in shaping vegetation dynamics than in the boreal forest

(Heinselman, 1973, 1981; Van Wagner, 1978; Bonan and Shugart, 1989; Payette, 1992;
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Suffling, 1995; Kimmins, 1997; Bergeron, 2000; McCarthy, 2001). Many species within the
boteal forest are very well adapted to the onset of fire (Payette, 1992; Heinsleman, 1996;
Bergeron, 2000); many boreal species such as jack pine with its serotinous cones, trembling
aspen with theit root suckering reproductive characteristics, black spruce with their lateral
gtowth pattern, and fireweed (Epilobinm angustifolium (L.)); have evolved with fire, and in
many cases require the onset of fire to promote their regeneration (Johnson, 1992;
Heinselman, 1996; Johnson ¢z al., 1998). The regeneration of plant species after fire will
depend on the available seed sources, the intensity, severity and return interval of fires
(Heinselman, 1981; Johnson, 1992; Schimmel and Granstorm, 1996; Greene ef /., 1999).
Fire mobilizes nutrients, diversifies landscape mosaics, and perpetuates fire dependant

species (Suffling, 1995; Ryan, 2002).
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Black Spruce—Jack Pine:
Very Shallow Soil

approximately 250 m

General Description

Overstory open and patchy to close-crowned. Dominated by black spruce and jack pine.
Balsam fir and trembling aspen in patches. Shrub- and herb-poor. Soils very shallow (<20 cm)
with bedrock outcrops. Bedrock frequently covered only by a shallow litter layer. Ground
cover consists of bedrock, needie litter, lichen and feathermoss,

Dry

Soil Types
Of $81, 582, $83, §84, S5
P 1 Mode of Deposition
10 bedrock, morainal
1 2 % Humus Form
fibrimor, humifibrimor
Overstory
28 2 black spruce, jack pine, white birch
22 o | B Shrubs/Trees (<10 m)
Vaccinium myrtillotdes, Vaccinium angustifolium,
Gaultheria bispidula, black spruce, balsam fir,
I i 98 Linnaea borealis
3 Herbs and Graminoids
Aralia nudicaulis, Cornus canadensis, Trientalis
borealis, Clintonia borealis, Maianthemum
canadense
Mosses and Lichens
Cladina mitis, Cladina rangiferina, Cladina stellaris,
. Pleurozium schreberi, Ptilium crista-castrensis,
Hylocomium splendens, Dicranum polysetum

26 29

Moisture Regime

Very Wet

Poor €«————————e  Rich

Nutrient Regime

Comments

May occur as pure jack pine, pure black spruce or as a mixture. May cover small rock outcrops
or extensive open bedrock areas. Forest cover may be patchy, with lichen-covered bedrock
knobs and ridges. In addition to the characteristic V30, there may be small patches of a wide
variety of other V-types, including V35-V38 where drainage is disrupted. White cedar may be
locally abundant, especially in the Atikokan, Fort Frances and Dryden arcas. Stow tree growth.
S-types $S1 to 884 are characteristic and dominant (>50% of polygon area), but inclusions of
885, §S6 and SS9 are frequent.

Figure 2.2:Description of Ecosite (ES)12 for Northwestern Ontario
from Racey ez al., 1996b: 48.
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- V30
Jack Pine - Black Spruce / Blueberry / Lichen

General Description (n=46)

Sparse jack pine and/or black spruce stands. The understory is open with scattered clumps of
black spruce shrubs. Vaccinium spp. predominate in the herb / dwarf shrub layer. The forest
floor is characterized by abundant lichen cover. Usually occurring on shallow, sandy or rocky
sites.

Overstory Species

v ® ,Tn» 5
12 . .
BV s jack pine®
8
@ a1 0,0 black spruce®
&Y 946 15 balsam fir!
u 24
8 373 1
35 32
23 21 2
22
wet
poor rich

Common Understory Species

Shrubs:  Vaccinium angustifolium, black spruce, V. myrtilloides
Herbs: Maiantbemum canadense, Melampyrum lineare
Mosses:  Pleurozium schreberi, Dicranum polysetum

Lichens: Cladina rangiferina, C. mitis, C. stellaris

Forest Floor Cover
Lichen: 48 Moss: 34 Conifer litter: 10 Bare rock: 9

Soil / Site Characteristics

Soil Groups: (v shal)’, (mod dp)?, (dp d-f)?

Thickness of Organic Layer: [LFH] - (1-5)%, (6-15)%, (16-25)'

Surface Texture : ¢. loamy*, c. sandy?, f. sandy?, non-soil?, silty'
C Texture (when present): f. sandy®, ¢. sandy?, c. loamy’

Moisture Regime / Drainage:  dry?®, fresh? / rapid®, well!, poor*
Mode of Deposition:; morainal®, glaciofluvial’, acolian’

Comments

Typically, V30 describes poorly stocked stands on shallow soils over bedrock. However, soil
conditions can vary from talus slopes and bare bedrock (“non-soils™) to deep mineral soils;
deep soils are more common in the west. Ledum groenlandicum and Arctostaphylos uva-urst
can be abundant as dwarf shrubs. The ground lichen flora is generally dominated by Cladina
spp. but occasionally, especially in the west, Stereocaulon spp. can form significant cover.
Some very poor mixedwood stands, most likely keying to V18 and V20, could be comparable
to the V30 Type description.

Figure 2.3: Description of Vegetation (V) type 30 for Northwestern Ontario
from Sims ez a/., 1997: 65.
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For the purpose of this literature review, I will focus on stand-replacing fires that kill
trees, as these are the most common types of fires in this region, and most relevant to
woodland caribou habitat management at the landscape level (Ehnes, 2000; Johnson, 1992;
OMNR, 1986). Small-scale ground fires do occur, but do not make up a significant
proportion of area burnt in this region (Ehnes, 2000; Johnson, 1992). Almost no literature
was found exploring the effects of small, or low intensity ground fire on caribou habitat.
However, low intensity surface fires have long been used to promote lichen abundance for
reindeer foraging in the highly managed landscapes of northern Sweden (Hornberg ef 4.,
1999). This portion of this review will examine aspects of fire ecology that are relevant to
woodland caribou management.
2.3.1.1 Fire Ignition

Most fires in the boreal forest are caused by either lightning or humans (Johnson,
1992; Li, 2000). Lightning is the dominant ignition source in more temote locations,
whereas humans are the primary cause of fire in more developed areas (Johnson, 1992;
Heinselman, 1996; Ryan, 2002). The effects of lightning-caused fire are more pronounced
when they are accompanied by dry thunderstorms with little or no rain (Johnson, 1992).
The absence of precipitation increases the likelihood of ignition and eventual fire spread
(Ryan, 2002). Campers and others along transportation corridors (roads, railways and canoe
routes in this region) do cause a significant number of fires (Heinselman, 1996). Human and
lightning caused fires are common in the boreal forests of northwestern Ontario, with the
Red Lake area, the field site for this research, having one of the highest number of lightning

caused forest fires in Canada (OMNR, 1986; Johnson, 1992).
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2.3.1.2 Fire Spread

Fuel characteristics determine both the rate, and how fires spread (Li, 2000). Mature
forests with significant downed, dead trees will facilitate fire spread (Romme, 1982; USDA,
2000; Veblen, ez 4/., 2001). Highly heterogeneous landscapes do not facilitate rapid fire
spread, as fuels often vary in their flammability, and connectedness (Turner ¢z a/., 1989;
Turner ¢t al., 1999; Cumming, 2001). Conifers are generally more flammable than deciduous
trees, and facilitate both burning and spread (Johnson ef 4/, 1998; Wang, 2002). Wind is the
dominant agent facilitating the spread of fite in the boreal, although fire also spreads by
conduction and convection up slopes (Johnson, 1992).

Fires may spread through the canopy, surface and ground of forests; one
fundamental variable to the spread of fire is fuel connectivity (Stocks, 1987a,b, 1989;
Johnson, 1992; Kimmins, 1997). If no available fuel is in close proximity to a fire, the fire
will not spread (Turner ez 4/., 1994; Miller and Urban, 2000).
2.3.1.3 Fire Return Intervals

The return interval of fires will determine both the structure and composition of
species within any given stand (Johnson, 1981; Romme, 1982; Heinselman, 1996; Turner ef
al., 1994; Weir et al., 2000). Forests that burn at short intervals after one another will favor
species adapted to a short fire cycle, species such as jack pine (Johnson, 1992; Suffling, 1995;
Lesieur ez al., 2002; Fule ef al., 2003). The average fire interval in northwestern Ontario in
dry upland jack pine sites is less than 100 years (Ehnes, 2000), although there can be
significant variation in forest ages (Schaefer and Pruitt, 1991). Since fires do not burn
uniformly across the landscape, accurately aging large areas may be difficult and misleading
(Johnson ez al., 1995; Fortin ef al., 1999). In areas that are less prone to extended dry

weather, the fire return interval may be noticeably longer (Foster, 1983).
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Since the 1890’s, the return interval of fire has lengthened in much of the boreal forest due
to the end of the little ice age (Lesteur ¢z 4/, 2002). The ecological implications are not well
understood, beyond recognizing that the average forest age is older (Larsen, 1997; Weir ez a/.,

2000).

2.3.2 FIRE CHARACTERISTICS

The boreal forest has two primary types of stand replacing forest fires, wind driven
and convective fires (Johnson, 1992). The effects on fuel consumption vary inversely with
rate of spread; fast moving fires have relatively limited fuel consumption, whereas slow

moving, convective fires consume considerably more fuel (Johnson and Miyanishi, 1995)

(Figure 2.4).
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Figute 2.4: Rothermel and Anderson Fire Spread/Fuel Consumption Model.

Fire charactetistics illustrating rate of spread (m/min) and total fuel consumption (#/ha) to
fire intensity (kW /m) and flame length (m) (Rothermel and Anderson, 1966 cited in Johnson
and Miyanishi, 1995: 273).
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Wind driven fires move quickly across the landscape, and cover large areas. Many
trees are killed, and the fires are often considered to be stand-replacing burns (Ehnes, 2000,
Ryan, 2002). These fires are highly variable and may have limited ground fuel consumption
(Miyanishi, 2001; Ryan, 2002). Wind driven fires generally result in an oblong shaped burn,
with varying degrees of disturbance throughout the affected area (Romme, 1982; Li, 2000;
McRea ¢t al., 2001b). These fires often leave many unburnt patches in the forest landscape,
due to spotting ahead of the main fire front, and the variable influence of topography
(Turner et a/. 1994). Wind driven fires are much more common in the boreal, accounting for
most of the area burnt in any given year (Johnson, 1992; Ontario Parks, 1998; McRea ¢/ a/.,
2001).

Convective fires in comparison have relatively low rates of spread, but consume
significantly more biomass (Johnson, 1992; Johnson and Miyanishi, 1995; Ryan, 2002).
These fires have a more radial growth pattern (Ryan, 2002). Convective fires are less
common, and require specific weather conditions to be maintained over time, usually
associated with strong high-pressure systems, with low winds. Convective fires are much less
undetstood than wind dtiven fires (Johnson, 1992).

The ecological effects of these two types of fire can vary dramatically (Johnson and
Miyanishi, 1995; Ryan, 2002). From a tree death and regeneration perspective the effects
may seem quite similar, as most trees are killed; but the similarities end there. The effects on
ground vegetation, its composition and abundance will vary dramatically based on the
characteristics of the fire (Johnson, 1981; Frelich and Reich, 1998; Lance and Eastland, 2000;
Fule ¢z al., 2002). Tree and understory vegetation regeneration in fires with limited
understory disturbance will favour less fire tolerant species such as trembling aspen

(Heinselman, 1996; Payette ez a/., 2000; Bergeron; 2000). More intense fires, where
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significant amounts of humus form (duff) have been burnt off will favor more fire tolerant
species, such as jack pine, and other species able to withstand the harsh micro-climate site
conditions (Johnson, 1981; Green ¢z a/., 1999; Ryan, 2002; Wang, 2002).
2.3.2.1 Fire Severity Effects

Fire Severity can be defined as:

The proportion of individual plant organisms and their propagules killed in a disturbance

(Miller, 2000). It relates to the extent of mortality and survival of plant and animal life both

aboveground and belowground and to loss of organic matter (Ryan, 2002). It is determined

by heat released aboveground and belowground. Low severity disturbances will only slightly
alter the biotic structure of a landscape (e.g. small insect outbreaks). Whereas, high severity
disturbance will dramatically alter the biotic structure of a landscape, killing most plants and

trees (e.g. large stand replacing forest fires) (Frelich, and Reich, 1998).

In areas where fire severity was high, and significant organic matter was removed,
the regeneration of species will be quite variable, ranging from areas of pure jack pine in
moderately severe burns, to areas with extreme disturbance, where the only plants to
recolonize these areas will be robust pioneer species such as lichen (Whittle ez 4/, 1997,
Lance and Eastland, 2000; Nguyen-Xuan e? /., 2000; Wang, 2002). More severe fires will
remove more duff and limit regeneration of trees (Johnson, 1981,1992; Payette, 1992;
Miyanishi, 2001). Severe fires can change a forest ecosystem from a closed canopy forest to
an open canopy forest (Heinsleman, 1996; Payette e 4/, 2000). In very severe burns, where
little or no suitable seedbeds exist, species may not recolonize sites until long after the burn,

as the nutrient capacity of the soils may be extremely low, and require long periods to

recover to a stage where they can support any vegetation (Schaefer and Pruitt, 1991; Neary ez

al., 1999).
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2.3.2.2 Effects on Ground Vegetation

Fire’s impact on ground vegetation and partially decomposed organic matter (duff) is
particularly important for woodland caribou winter foraging opportunities, as the amount of
organic matter on the ground determines the successional pathways of future colonization of
preferred foraging species, specifically, terrestrial lichen (Racey ¢z 4/, 1996; Payette ez al.,
2000; Pharo and Vitt, 2000; Sulyman and Coxson, 2001). The effects of fire can be quite
variable depending on weather patterns leading up to the fire event (Bessie and Johnson,
1995; Beaty and Taylor, 2001; Kafka e 4/, 2001; Miyanishi and Johnson, 2002). Depending
on both the long and short-term weather patterns, the effect of fires on ground vegetation
can vary dramatically, from nearly complete consumption of soil organic matter in certain
areas, to almost no impact on the duff (Johnson, 1992; Miyanishi, 2001; Ryan, 2002).
Disturbance at the ground layer will also depend on the characteristic of the fire (wind
driven or convective), soil characteristics, topography, and fuel loading (Heinselman, 1981;
Johnson, 1992; Chipman and Johnson, 2002; Ryan, 2002). For the purpose of this literature
review, I will focus on the effects of fire on duff.

The amount of duff that will be consumed will be determined primarily by the
dryness of the duff, represented by duff moisture code values (Miyanishi and Johnson,
2002). A high duff moisture code reading during the fire is needed to have significant duff
consumption, with higher values needed to consume deeper duff layers (McRae ez 4/, 2001a;
Miyanishi and Johnson, 2002). Convective fires traditionally consume more organic matter
(Johnson, 1992; Ryan, 2002;), but forest fires are usually influenced by a combination of
both convective and wind processes (Ryan, 2002). Duff consumption is somewhat separate
from flame intensity, and the smoldering of ground litter and duff, through glowing

combustion in fires will remove significant amounts of organic matter on the ground in
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severe burns (Miyanishi and Johnson, 2002). This level of detail in fire research s still in its
infancy (Miyanishi pers. comm. 2002). The consumption of organic matter will leave areas
with exposed mineral soils and rock outcrops (Johnson, 1981; Heinseleman, 1996).

The characteristics of burnt ground will largely determine the successional
characteristics of futute forest structure and composition (Greene ef /., 1999; Charron and
Greene, 2002; Wang, 2002). Areas with a combination of mineral soil and thin organic
matter will support a diversity of tree species, and are considered the favoured substrate for
tree regeneration by forest managers (OMNR, 1997¢; Green ef 4/, 1999); the more organic
matter present, the more likely less fire tolerant species will regenerate (Brais ef 4/, 2000;
Wang, 2002).

2.3.3 FIRE AND LICHEN

The likelihood that lichen will regenerate on any given site will depend on the site
conditions and competition by other plants (Webb, 1998; Pharo and Vitt, 2000). The
variability of lichen stands has been attributed to the type of disturbance, with age being only
one factor in the successful recruitment of lichen (Webb, 1998; Pharo and Beattie, 2001;
Sulyman and Coxson, 2001). Generally sites that have extremely poor nutrient capacities are
the ones that will allow lichens to persist, as competition is limited (Ahti and Hepburn, 1967,
Nguyen-Xuan ez 4/, 2000). Once canopy closure occurs, lichen will be limited, and will be
succeeded by shade tolerant species such as red-stemmed feathermoss (Pleurogium schrebers)
(Payette ef al., 2000; Sulyman and Coxson, 2001). When feathermoss mats replace lichens as
the dominant ground cover, it is unlikely that lichen will be able to regenerate prior to
another fire (Payette, 1992). Even fire may not be able to regenerate lichen communities, as
the severity of burn will determine the suitability of post-fire sites (Webb, 1998; Neary ¢z 4/,

1999; Wang, 2002).
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The effects of forest fires on lichen communities in the boreal forest are both
detrimental and beneficial. In the short term after fire much of the lichen biomass will be
removed through combustion (Schaefer and Pruitt, 1991; Harris, 1992). Although fires do
limit lichen abundance, disturbance in the canopy and openings in the forest structure are
necessary for the persistence of lichens, absence of fire will allow other plants to out
compete lichen, and to shade out otherwise suitable habitats (Ahti and Hepburn, 1967;
Johnson, 1981; Coxson and Marsh, 2001). In the lichen woodlands of the Northwest
Territories and Quebec, relatively frequent fires ate needed to maintain the openness of
spruce stands to allow lichen mats to survive (Kershaw, 1985; Payette, 1992; Payette ez 4/,
2000). Similarly, the openness of jack pine barrens in the northern Great Lake region of the
U.S. is also maintained by fire; fires are required for both the maintenance of openings and
the composition of forest, in this case jack pine (Pregitzer and Saunders, 1999).

The regeneration of lichen after logging operations is becoming a consideration in
silvicultural prescriptions (Holistedt and Harris, 1992; Miege e7 a/., 2001). Various techniques
are being employed, including scarification and prescribed burns to reduce the organic
matter in the soil (Hartis, 1992). Short term (< 10 years) results have indicated that lichen
will regenerate after forest harvesting (Holistedt and Harris, 1992). Long term results
indicate that lichen are unlikely to remain on site in any abundance (Coxson and Marsh,
2001). The application of herbicides has also been considered to limit competing vegetation,
but there are concerns that this form of treatment actually reduces lichen productivity, with
particularly negative effects on species such as Cladina rangiferina (Newmaster e/ al., 1999).
The only known use of older cutovers by woodland caribou was near Armstrong, Ontario,
where Racey ¢ a/. (1996a) found that in the early 1990's caribou were using a site harvested

in the 1940’s. The caribou appeared to be consuming terrestrial lichen (Cladina spp.); these
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lichens were growing on old roads and skid trails, where feathermoss mats had been
removed at the time of the forest operation. In areas where the feathermoss mats were not
completely removed, very thick feathermoss mats remained, almost completely out-
competing the lichen. In northern Sweden, low intensity fire has historically been used to
maintain the openness of sites for reindeer, though low stem density would make it

undesirable for forest harvesting operations (Hornberg ef /., 1999).

2.3.4 FIRE MANAGEMENT

Since the 1940’s, when technology allowed humans to effectively control fire, the
dominant approach to forest fire management has been to suppress it (Heinselman, 1996;
Agee, 1997; Ward ez al., 2002). As forest management activities intensify, there is increased
interest in improving the effectiveness of fire suppression activities, to limit almost all fires
to prescribed burns (Ridout and Botti, 2002). The primary reason for fire suppression is to
presetve forests so they can be harvested; concern over private property and smoke
pollution are also concerns (Heinselman, 1996; Butry e o/, 2001). The forest industry is
ctitical to much of the notthern Ontatio’s economy (Martell, 1994, 2001; Lees and
Associates, 1998). Suppression efforts have extended the average fire return interval from
approximately 100 years in northern Ontario, to over 600 years (Ward ez a/., 2002).

Management of fire is changing slowly, with the recognition that it plays an integral
role in maintaining ecosystems (Schullery, 1989; Agee, 1997; Hann and Bunnell, 2001).
Using small-scale fires and disturbance emulation management approaches have become
very popular in recent years (Adamowicz and Veeman, 1998; OMNR, 2002a; Armstrong ez
al., 2003). This new approach to management will be quite controversial as most

management prescriptions must fall within acceptable (economic) silvicultural prescriptions
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(Kotar, 1997). Several authors suggest that approaching fire management from this

perspective will imit options, and 1s unlikely to result in effective and ecologically sound

management (Franklin ez 4/, 2000; McRae ez a/., 2001b; Kuuluvainen, 2002). Fire’s role in

ecosystems has been altered quite dramatically by fire suppression activities throughout

North America (Heinselman, 1996; Keane ¢ 4/., 2002; Woodley, 2002). Increasing fuel

accumulation is a growing concern for resource and fire managers, as increased fuel loads

will increase the likelihood of catastrophic fire (Hann and Bunnell, 2001; USDA, 2000).

Measures are being taken to reduce fuel loads with small scale prescribed burning, how this

will affect ecosystems is yet to be seen (Keane ¢7 a/., 2002). Forest fire management in

Ontario is based on three fire management zones (Table 2.1 and Figure 2.5) (Ward ¢z a/,

2002).

Table 2.1: Frest Fire Mana

ocement Zones in Ontatio

Intensive Suppress all fires except for prescribed burns.
Measured Variable fire response depending on need, and threat to timber
resources. Will suppress fires if suppression resources are available.
May allow prescribed wildfire in large protected areas (e.g., Quetico
- Provincial Park).
Extensive Let it burn, except where otherwise indicated (settlements, etc.)
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Figure 2.5: Forest Fire Management Zones in Ontario
(Ward ez al., 2002: 1469).

2.3.4.1 Fire Management and Protected Areas

The return of fire as a natural process in protected areas has long been a desirable
objective, but remains operationally difficult (Canadian Parks Service, 1989; Woodley, 2002).
The management of fire needs to be addressed in protected areas, as stand regeneration by
other means such as harvesting is not an option for most parks (Murray, 1996; Frelich,
1993). Very few protected areas have a "let it burn" policy, Yellowstone National Park in
1988 allowed many fires to burn their course, but not without considerable public outcry
(Schullery, 1989). From a long -term vegetation and ecosystem management perspective,
these types of stand replacing fires may be in the best interest of the protected area (Romme,

1982; Romme and Despain, 1989; Ontario Parks, 1998).
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Protected ateas at both the national and provincial level have been very consetvative
in their approach to fire management. The most common form of management is to have
relatively small natural burn zones at the heart of the protected area, with large buffers
within the reserve to protect economic interests adjacent to parks (Heathcott and Crofts,
1997; Ontario Parks, 1998). Small prescribed burns are also used, often to reduce fuel loads,
and to prevent larger fires (Ontario Parks, 1998; USDA, 2000). Most parks' fire programs in
Canada remain the jurisdiction of provincial and territorial resource management agencies
(Manitoba Conservation, 1998; Ontario Parks, 1998; OMNR, 2002b). Fire management in
protected ateas has been simplistic, due in part to a general lack of understanding of specific
ecosystems variables, and strategic management direction (Johnson and Miyanishi, 1995 and
2001; Murray, 1996; Richards ez al., 1999; Possingham, 2001). More staffing and resources
need to be invested in fire management programs, as this process represents one of the most
important ecological variables in many ecosystems (Kutas ¢z 4/, 2002). This may be difficult,

due to a lack of public appetite for such a costly investment (Woodley, 2002).

2.4 Land Use Management Dynamics

The management of land in North America has traditionally been focused on the
development of resources and economic prosperity (Epp, 2000). Little attention was paid to
the ecological consequences of such activities (Hessing and Howlett, 1997; Dale ez 4/., 2000,
Lawson ez al., 2001). Land management and their associated policies are critically important
to the consetvation of biodiversity and the management of ecosystems, as these
management paradigms often frame our knowledge, and give general direction to research
(Salwasser, 1993; Bean, 1997; Goldstein, 1999; Gordon ef /., 2001; Ludwig ez al., 2001). 1f

biodiversity and ecosystems ate to be effectively managed, a broader research approach must
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be taken, looking beyond disciplinary boundaries and exploring multiple aspects of resource
management (Franklin 1993; Brewer, 1999). This section of this review will focus on three
of the more relevant approaches to land management influencing woodland caribou:
protected area management, forest management, and the evolving concepts of ecosystem-

based management (Euler, 1998).

2.41 PROTECTED AREA MANAGEMENT

Protected areas in North America have long been viewed as the likely savior of
threatened ecosystems and biodiversity conservation (Dearden and Rollins, 2002; Noss and
Scott, 1997; Noss and Cooperrider, 1994). Most remote protected areas have limited
development, and preserve naturally evolving ecosystems (Meffe and Carrol, 1997). All
protected areas are not equal; many reserves located in close proximity to large population
centres have numerous stressors and are usually quite small - less than 1000 ha (Shafer, 1995;
Zorn et al., 2001). These parks require active management to maintain viable ecosystems and
prevent infiltration of exotic species such as Garlic Mustard (Alzaria petiolata), and reduce the
impacts of native species that have limited predation (e.g. white tailed deer (Odocoilens
virginanus) and other species (Parks Canada Agency, 2000; Noss ez a/., 2002; Woodley, 2002).
Large reserves far away from urban centres can also face numerous management issues.
These reserves often have low visitation, are not in the public eye, and funding is often in
short supply, which limits management options (Eagles, 1998; Kutas ¢z 4/, 2002).

Although the guiding principle of many protected area agencies is to maintain some
form of ecological integrity (EI) or naturalness, many parks were designated in another era,
when concepts of EI had not yet been proposed, making effective EI management difficult

(Noss, 1995; Promaine and Rempel, 1999; McNamee, 2002). Reserves such as Yellowstone
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and Banff National Parks, and Algonquin Provincial Park were initially established to
promote tourism and other development opportunities in more remote parts of the
continent in the 19" century (Killan, 1993; McNamee, 2002). Little thought was given to the
future impacts of resoutrce development that would occur around once remote protected
areas (Noss and Cooperrider, 1994). Today, with the encroachment of resource extraction
activities adjacent to reserves, threats to ecosystems are increasing within reserves (Buechner
¢t al., 1992; Nelson, 1993; Heinselman, 1996).

Much of the protected area academic and government literature has focused on the
benefits of having an extensive reserve systems in place; a general theme of conservation
biology, is that the more land or water under protected areas management, the better (Noss
and Cooperrider, 1994; Margules and Pressey, 2000). In recent years, there has been
growing criticism and concern of how protected areas have been established and managed
(e.g. Pressey ¢t al., 1993 Eagles, 1998; Nudds ¢ a/., 1998; Margules and Pressey, 2000; Kutas
et al., 2002). Few concepts of how ecosystems evolve over time within reserves have been
explored, with most research focusing on very short time intervals. The important effects of
disturbance and landscape evolution and petsistence would likely not fit well within the
current approach to park management (White, 1987; Baker, 1992; Cumming ez a/., 1996).
With limited funding allocated to various management agencies, large protected area systems
with numerous resetves are impropetly managed, and face serious threats both from within
and outside the reserves (Woodley ¢ al., 1998; Margules and Pressey, 2000; Lambeck and
Hobbs, 2002).

Ecosystem-based management has emerged as an important consideration in
protected area management, as most reserves are NOw seen as experiencing considerable

threats from activities beyond their boundaries (Nelson, 1993; Landres ¢ a/., 1998; Slocombe
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and Dearden, 2002). Parks Canada has been particularly outspoken in their commitment to
ecosystem-based management, and has identified it as a key component in their quest for
managing for EI (Parks Canada Agency, 2000). Effective implementation of ecosystem-
based management objectives, as identified by Grumbine (1997), has been limited (Wilson,
2001b); most research and management activities that result in lasting changes occur on very
small scales (Lambeck and Hobbs, 2002).

Contemporaty ctitiques of protected areas have identified more pressing issues of
how existing reserves and reserve systems have evolved throughout the 20" century. There
is now growing concern that many protected areas, particularly large parks, were primarily
established out of political convenience, and in regions that were deemed undesirable for
extractive resoutce interests, making the ecological merit of any one reserve debatable
(Norton, 1999; Margules and Pressey, 2000). This is likely the case for many protected areas
in Ontario (Priddle, 1982; Lee Kam, 1993; Duinker ¢z 4/, 1998b), and therefore should be
considered critically important when undertaking any type of ecological or policy assessment
of protected areas in this jurisdiction. For this reason, I will limit my discussion of protected
area theory and management. For a more detailed assessment of protected area
management, readers are encouraged to review Noss and Cooperider (1994); Meffe and
Carroll (1997); and Dearden and Rollins (2002).

Forest and ecosystem management have considerably more influence than protected
area management on the viability of woodland caribou (Fuler, 1998). In the case of
northern Ontario, protected area management is very much nested within these land use

approaches (Duinker ez 4/, 1998b; Cumming and Beange, 1993).
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2.4.2 FOREST MANAGEMENT

Forest management and land use policies related to the extraction of timber have
long influenced land use planning in North America (Epp, 2000), with forestry interests
playing a very important role in the allocation of land throughout Canada (Killan, 1993;
Wilson, 2001a). Traditionally, the focus of forest management has been the extraction of
wood fibre in the most economically effective manner possible (Duinker ez 4/, 1998a; Oliver
et al, 1999). This type of management has resulted in large areas of North America being
cleared of virgin timber; the Great Lakes region, the southeastern United States and the
Pacific Northwest are all examples of this form of resources extraction (Noss and
Cooperrider, 1994; Perry, 1999). Today, areas once deemed undesirable for large scale and
economical forestry practices are being exploited. One of these regions is the boreal forest
of northwestern Ontario, where the high quality fibre from black spruce makes fibre for
newsprint and paper products. Larger trees such as jack pine are also harvested. This
northward extension of forestry has put increasing pressure on organisms and ecosystems in
this region (Cumming and Beange, 1993; Pruitt, 1997).

Forestry practices have evolved significantly from the time of pure extraction
(Ontario Forest Policy Panel, 1993), where little concern was paid to the regeneration of
forests, or the importance of other organisms living within these ecosystems (Duinker ez a/.,
2001; Perry, 1999). Numerous forest management paradigms have been used in North
America since this time of pure of resource extraction. Currently more environmentally
sensitive approaches that include ecosystem-based and landscape management are being
used (Duinker ez /., 2001; Bassillie, 2002; OMNR. 2002b). The approach to forest

management may change overtime, but the focus on accessing timber still remains.
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2.4.2.1 Planning in a Forestry Environment

Land use planning in regions where forestry is an important economic intetest
dominates the management of land; this has been the case for well over two centuties in
North America (Baskent and Yolasigmaz, 1999; Epp, 2000). This is primarily due to the
seemingly endless supply of this tenewable resource, which covers much of the continent,
and historically, all of the settled regions in Ontario (Epp, 2000). Land use planning
exercises have been somewhat imbalanced due to the influence of productive interests
(forest extraction) versus non-productive interests (preservationists) (Priddle, 1982; Hessing
and Howlett, 1997).

In northern and central Ontario the forest industry plays a critical role in the
economies of the regions, and therefore has significant influence over policy (Lawson ef a/.,
2000; Duinker ¢# a/, 2001). Many communities in northern Ontario are almost exclusively
economically based on the extraction of forest resources (Lees and Associates, 1998; Martell,
2001). This dependence on forest resources, and the simplicity of economies in the region,
has significantly limited the policy alternatives that have been explored. All land use policies
in this region are framed within the context of forest management (Lawson ez /., 2001).

Traditional forest management activities in Ontario have been very insensitive to the
ecological requirements of forest ecosystems (Duinker ez 4/, 1998a). Little attention has
been paid to alternative management prescriptions that would limit the supply of timber to
local mills (Priddle, 1982; Lawson ez 4/, 2001). Sustained yield is the dominant form of
forest management in Ontatio, in which most of the forestry estate is slated to be harvested
in the future. The idea behind sustained yield is that no more can be harvested than is
regenerated in a given time period (OMNR, 1994, 1997; Gordon ez 4., 2000; Duinker ef .,

2001). This form of management imposes significant restrictions on policy decisions and
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directions, as there can be no net loss of forest productivity over time. The designation of
protected areas, and forests lost to fire, wind and msect damage, place increasing constraints
on the forest industry (Oliver ez 2/, 1999). Minimizing these perceived adverse effects is in
the best interest of the forest industry (Oliver ¢z a/., 1999; Martell, 2001). Limiting forest
productivity (flow of forest products) 1s not only a difficult political “sell”’; in many forestry
circles it 1s simply unacceptable (Wood, 2000).

Forest ecosystems are inherently complex, and present an interesting dilemma for
society. They provide important resources, which support both local and global economies,
yet, at the same time, they are critical components needed for the conservation of
biodiversity and carbon sequestration, along with many other ecosystem functions (Perty,
1998; Spies and Turner, 1999). Balancing these seemingly conflicting and contradictory
interests presents a formidable challenge for resource managers responsible for equitable
land allocation (Mitchell, 2002). Since the late 1980’s, ecosystem-based management has
become an increasingly important consideration in forest planning decisions (Perry and
Maghembe, 1989; Hunter, 1993; Ontario Environmental Assessment Board, 1994); with
concepts of forest and Jand use sustainability coming to the forefront of forest management
(Kohm and Franklin 1997). A diversity of approaches are being explored to minimize the
adverse effects of the forest industry on forest biodiversity, ecosystem functions and
processes (Kohm and Franklin 1997; Duinker ¢z a/., 2001). Various guidelines and
regulations have been devised to maintain selected non-forest product species within the
landscape (Potvin ¢# 4/, 2000; OMNR, 2002b). Numerous species, particularly those of
economic value, are being used as indicators of forest health (McLaren ez 4/, 1998; Perry,
1998; Simbetloff, 1998). This approach appears to work well, although there 1s a significant

bias towards promoting habitat for species that complement desirable silvicultural
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prescriptions, and have economic value (Rempel ¢ 4/, 1997). Species that limit the
economic potential of forest harvesting are given considerably less attention (Cumming ef a/.
1996; Montegomery and Brown, 1992).

The beneficial impacts of ecosystem-based forest management have been quite
variable, as traditional power structures remain (Song and M'Gonigle. 2001; Wilson, 2001b).
True ecosystem-based management prescriptions have been slow to follow due to the
separation of economic, ecological and societal interests (Endter-Wada ez a/., 1998,;
Lindenmayer ez a/., 2000).

Forest management approaches continue to avoid taking into consideration the
complexities of forest ecosystems (Bunnell and Huggard, 1999; Quinby, 2001). Forest
management is still very much dominated by economics and sustained yield concepts, as
noted by Gordon ez a/. (2001):

...complexity has largely been ignored in the development of forest management
systems, most of which are based on a superficial knowledge of successional processes,
some historical successes, and a good understanding of growth and yield. (66).

The effects of forest management, including those undertaken since the 1990’s, have
had adverse effects on numerous wildlife species, particularly those requiring large areas of
mature forests (Pruitt, 1997; Cumming, 1998). Woodland caribou numbers and densities
continue to decline significantly due to the forest harvesting methods being used throughout
their range (Pruitt, 1997; James 1999).

More recently, large-scale mitiatives have been undertaken to promote a more
realistic pattern of disturbance by harvesting in a way that emulates fire patterns (usually
larger cut blocks), with lower edge to interior area ratios (Attiwill, 1994; OMNR, 2002b). It
is hoped that by emulating fire patterns and size, that this silvicultural technique will improve

future habitat of species requiring large mature forests, such as woodland caribou. This
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method of harvesting has been criticized, as it only addresses one aspect of fire emulation
(pattern) (Gordon, 1996; Franklin e a/., 2000; McRae ¢t a/., 2001b). Successful
implementation of emulation techniques will take considerably more research and clever
silvicultural practices, if natural characteristics, including biodiversity protection, are to be
viable (Niemela, 1999; Simbetloff, 1999; Seymour ¢ 4/, 2002). Larger scale, and longer-term
research and management initiatives will have to be taken for humans to begin to understand
the complexities of forest ecosystems (Lindenmayer, 1999). Management prescriptions that
do not necessarily favor the most economically and aesthetically pleasing options will also

have to be explored (KKimmins, 1999; Leadbitter ez 4/., 2002).

2.4.3 ECOSYSTEM MANAGEMENT

Ecosystem management or ecosystem-based management (EM) is an evolving
research and management paradigm that attempts to integrate and understand the
complexities of ecosystems, by looking at the "big picture” (Francis, 1993; Mitchell, 2002).
EM i1s a land (and potentially water) management framework that promotes a holistic view of
all resources within an ecosystem. The desire is to protect and perpetuate complex
ecosystem functions, structures, and compositions within a given landscape (Dale ef /.,
2000). This may include sustaining viable populations of endemic species and maintaining
disturbance regimes (such as fire and insect outbreaks) and sustaining other ecosystem
processes (such as water filtration and CO, sequestration), so that a region can evolve in a
sustainable fashion while maintaining a predetermined state of ecological integtity (Noss and
Cooperridet, 1994; Grumbine, 1997; Slocombe, 1998a; Woodley ¢z al., 1998; Yaffee, 1999).
Humans should be considered a critical component of ecosystems, as they exert tremendous

influence over almost every system on earth (Endter-Wada ez 4/, 1998; Mitchell, 2002).
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Yellowstone National Park in the United States was an early testing ground for EM
concepts, where large and far ranging animals such as the grizzly bear (Ursus arctos horribilis)
were coming under increasing threats from activities beyond the boundaries of this reserve,
necessitating an approach that operated at a broader scale (Agee and Johnson, 1988; Noss
and Cooperrider, 1994). Threats to this ecosystem continue today, with many of the initial
issues remaining unresolved (Glick and Clark, 1998; Noss ¢z 4/, 2002).

The ecosystem approach looks at the complexity of parts, both social and
biophysical, within a given system and how they interact (Slocombe, 1998b), and attempts to
be holistic in nature (Mitchell, 2002). EM is not a new idea; Leopold (1949) proposed
similar ideas long ago. EM has evolved out of integrated resource management and
watershed planning, with strong influences from the protected area planning and
management literature (Slocombe, 1993; Noss and Cooperrider, 1994). This holistic form of
management is needed due to a deficiency in the way sustained yield and multiple-use
management systems have approached resources in the past (Seymour and Hunter, 1999).
Information is fundamental to the success or failure of EM; if this type of management is to
be successful, a tremendous amount of research is needed to understand the complexities of
even the simplest ecosystem (Perry, 1998; Dale ez 4., 2000).

Success of EM is primarily based on the ability of planners and managers to
recognize the need for shared knowledge, the behavioral tendencies, the value systems of
stakeholders, and the ability to understand the benefits of both short and long-term plans
(Brunner and Clark, 1997; Yaffee, 1997). EM is a complicated approach to land
management, with many skeptics (e.g., Fitzsimmons, 1996), as many people have embraced
various facets of EM, with little consensus on direction of land use strategies (Yaffee, 1999;

Wilson, 2001b). Although there is widespread acceptance of the term (Wilson, 2001b), lack
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of specifics and clear definitions of terms and concepts have hindered its implementation
(Salswasser, 1994; Simberloff, 1999).

Grumbine (1994) proposed ten key themes of EM (Figure 2.6), which appear to have
stood the test of time, and have been widely accepted as the vital characteristics of successful

EM planning approaches (Mitchell, 2002).

1. Hierarchical Context 6. Adaptive Management

2. Ecological Boundaries 7. Interagency Cooperation

3. Ecological Integrity 8. Organizational Change

4, Data Collection 9. Humans Embedded in Nature
5. Monitoring 10. Values

Figure 2.6: Grumbine's Ten Themes of Ecosystem Management.

The appealing characteristic of EM is that it incorporates a diversity of ideas into a
holistic planning framework (Grumbine, 1997). Understanding how ecosystems operate
over both space and time may be beyond our comprehension; ecosystem-scale research
projects are extremely expensive and somewhat intangible, and as a result, are very rare
(Carpenter, 1996; Schindlet, 1998). Unfortunately, small spatial and short temporal scale
research projects may not be able to be replicate the complexities of actual ecosystems, as
indicated by Schindler:

Unless they (experiments) can be cleverly designed to mimic major ecosystem processes

and community composition, smaller-scale experiments often give highly replicable but
sputious answers. Problems with appropriate scaling are difficult to deduce without direct
compazisons to whole-ecosystem experiments. ...Accurate management decisions cannot be
made with confidence unless ecosystem scales are studied (1998, 323).

EM attempts to balance two fundamental concepts within its planning domain.
These include understanding the importance of science, which informs the planning process;
and recognizing the values of various stakeholders (Christensen ¢z a/., 1996; Grumbine,

1997).
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2.4.3.1 Science and Ecosystem Management

Scientific understanding of how ecosystems function is considered a primary
requirement for effective EM (Dale ez 4/, 2000). Unfortunately, our understanding of
ecosystems at multiple scales is still quite limited (Spies and Turner, 1999; Dale ef /., 2000;
Woodley, 2002). Science should play an important role in EM (Meffe and Viederman, 1995),
and research will have to accommodate a diversity of interests and approaches to be truly
effective (Franklin, 1997). Both scientists and resource managers must recognize the limits
of their knowledge (Holling and Meffe, 1996; De Leo and Levin, 1997; Gunderson, 1999).
Many ecosystem properties operate at scales that cannot yet be measured (Romme ¢z a/,
1998; Suffling and Perera, In press). An important aspect of science’s contribution to
ecosystem management is the desire to maintain the resiliency of ecosystems (Gunderson,
2000; Carpenter and Gunderson, 2001). Resiliency of an ecosystem was first proposed by
Holling (1973), and is considered important as ecosystems that ate resilient can withstand
alterations by disturbance without changing system states (Gunderson, 1999).

Ecosystem management and conservation biology may be an overarching theme in
ecology related research, but vety rarely is this research conducted in a strategic fashion that
would limit the impact that humans have on ecosystems (Woodwell, 2002). This strategic
approach to management may be difficult for scientists who pride themselves on objectivity,
as such a strategy would imply some form of bias or value (Brunner and Clark, 1997; Ludwig

et al., 2001). But as Costanza (2000) noted, a strategic vision is fundamental to sustainability:

The most critical task facing humanity today is the creation of a shared vision of a
sustainable and desirable society, one that can provide permanent prosperity within
the biophysical constraints of the real world in a way that is fair and equitable to all of
humanity, to other species, and to future generations.
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2.4.3.2 Values and Ecosystem Management

Science does play an important role in ecologically-oriented approaches to
management (Francis, 1993; Noss and Cooperrider, 1994; Meffe and Viederman, 1995),
however EM will unlikely be effective based on science alone (Yaffee, 1997; Brunner and
Clark, 1999). Beyond the understanding of the scientific nature of non-human components
in ecosystems, there must also be a much greater understanding of the social complexities
and dynamics that will both decide and be affected by EM decisions regarding natural
resources (Kotar, 1997; Chavas, 2000). Grumbine (1997) found that:

People make commitments based on values as much if not more so than on
facts and logic. As managers learn to accept the role of human values
explicitly, the success of ecosystem management will become more likely (46).

Understanding and managing the values of society are inherently complex and often
contradictory. These values play a key role in EM, as they direct ideas and policies
(Grumbine, 1997; Slocombe, 1998a). The recognition of these values is critical to any
planning process, and should not be underestimated (Grumbine, 1997). In addition, they
must often work in the face of conflict and uncertainty (Mitchell, 2002; Suffling and Perera,

In Press).

2.4.4 UNCERTAINTY AND ADAPTIVE MANAGEMENT

Ecosystem management is a large scale and long-term undertaking; our knowledge 1s
incomplete and will have to evolve as new information becomes available (Light, 2001;
Slocombe, 1998a). Uncertainty in complex systems requires management and
implementation approaches that can cope with ever-changing environments. Adaptive
management is one approach that can be applied to a complex system like boreal forest

management and planning. This approach is attractive and necessary, due to the uncertainty
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of how the bio-physical and socio-economic systems operate, and how they may evolve in
the future (McLain and Lee, 1996; Walters, 1997; Gunderson, 1999; Stankey ez 4/, 2003). An
adaptive management process will allow practitioners of the policy to implement this
strategy so that it best reflects the local idiosyncrasies (Mitchell, 1997; Yaffee, 1999).
Adaptive management will also allow all people in the planning and implementation process
to learn from examples, expetiments, and hopefully mistakes through feedback mechanisms
(Nudds, 2000).

Rescarching future alternatives and possible end results is another attractive aspect of
adaptive management, and may provide more relevant information for decision makers,
while at the same time reducing uncertainties in both the research and planning processes
(Gray, 2000). Adaptive management is not a simple task, people must be willing to accept
that all theories investigated and plans implemented may not work (Gunderson, 1999).
Adaptive management can be a very expensive process that will take a significant amount of
time to implement, but the focus should not solely be on the end product, it should be on
the process of achieving the end goal (Gray, 2000; Duinker ¢7 4/., 1998b).

In most planning exercises, implementation is likely to be gradual or, if rapid, will often
fail to achieve all targets, particularly those landscapes with economic potential. In these
cases, the planning process should loop back periodically, so that progress can be updated,
new ideas selected as appropriate, and implementation reconsidered

(Margules, and Pressey, 2000: 249).

This is particularly relevant for the boreal forest, where the majority of current values
place short-term economic gains ahead of long-term sustamability (Pruitt, 1997; Dellert,

2000; Lawson ef a/., 2001).
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2.5 Scale

Issues facing land use managers invariably occur at multiple scales (Lembeck and
Hobbs 2002; Bunnell and Huggard, 1999). Scale related problems are important when
dealing with both ecological phenomena and policy developments, and have come to the
forefront of ecological and landscape research (Turner, 1989; Wiens, 1989; Forman, 1995;
Turner ¢z al., 2001; Meadowcroft, 2002; Suffling and Perera, In press). Ecological
phenomena may change according to the spatial and temporal scale at which they are
measured, making scale a particularly relevant variable when posing research questions or
management options (Delcourt ez a/.,, 1983; Levin, 1992; Wiens ef a/., 2002). Scale can
however present many complex and contradictory issues for managing natural resoutces
over space and time (Bunnell and Huggard, 1999; Haufler ¢z 2/, 1999; Gibson ez a/., 2000;
Schneider, 2001); effective management prescriptions at one scale do not necessarily result in
lasting or effective management prescriptions at other scales (Haufler ez 4/, 1999; Haila,
2002).

Scale can be defined as "The spatial or temporal dimension of an object of process, characterized
by both grain and extent." (T'urner ez al., 2001: 29). Important to understanding scale is the
understanding of hierarchy. Hierarchy in landscape ecology is a way of categorizing
ecosystems into functional units (Urban e a/., 1987); it allows scientists to view ecological
phenomena at various levels of organization (Forman, 1995). Another concept that can
assist ecologists and resource managers in addressing questions of scale is domains of scale
(Wiens, 1989). Domains refer to regions of the scale spectrum in which scale dependency in
some ecological systems may have discrete boundaries, creating regions of the spectrum in

which process-pattern relationships are constant regardless of scale (Wiens, 1989).
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Scale-related research is gaining greater prominence in ecology and resource
management, as landscape ecology and planning become an important part of resource
decision-making (Turner ez a/., 2001; Wiens ez a/., 2002; Wu and Hobbs, 2002). Resource
management decisions occur at multiple spatial and temporal scales. Spatial and temporal
dynamics in landscape ecology are linked as patterns and processes influence one another
over both space and time (Turner, 1989; Spies and Turner, 1999). Larger spatial scale
dynamics will evolve more slowly; reciprocally, slower moving dynamics may need to be
observed at larger scales to be detected (Figure 2.7) (Turner and Dale, 1998). The shifting
mosaic of habitats, and the organisms that occupy them over time, determine the
characteristics of ecosystems, and how they will continue to evolve based on their structural

and compositional legacies (Swetnam ¢z a/., 1999; Foster et al., 2003).
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Figure 2.7: Relationship Between Spatial and Temporal Scale in the Boreal Forest
(Holling 1992: 452).
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2.5.1 SPATIAL SCALE

Spatial scale is an important aspect of landscape ecology and planning as the both the
grain and extent of measurements must be determined prior to undertaking research. The
grain refers to level of detail, whereas the extent refers to the total area that 1s being observed
or analyzed (Dungan ¢z /. 2002). Grain and extent set the lower and upper limits of
resolution 1n a given study, meaning that patterns cannot be detected at finer or coarser
scales than the grain and extent of the data (Turner ez 4/, 2001; Dungan ez /. 2002). Spatial
scale can be examined at several hierarchical levels, such as patch, stand, region and
landscape (Bunnell and Huggard, 1999). Ecological phenomena such as forest fires occur at
multiple scales, which are quite different from forest harvesting activities, which are managed
at only one scale (Elkie and Rempel, 2001). Three categories exist in which spatial scale
related issues can arise: 1) the phenomenon being studied such as the spatial structure of
vegetation and the processes that affect it; 2) the sampling units used to study the
phenomenon, for example the size of the quadrats used to study vegetation; and 3) the
analysis of the data, used to draw conclusions about the phenomenon (Dungan ef 4/. 2002:
627). These three categories all provide potential sources of researcher-induced bias, as well
as potential sources of dissention among researchers undertaking similar studies.

Spatial scale is particularly relevant to caribou management, as this species requires
large areas of undisturbed boreal forest, that are made up of a complex mosaic of forest
patches, wetlands, lakeshores and exposed rock ridges (Darby ez 4/, 1989; Schaefer and
Pruitt, 1991; Schaefer, 1998; Racey ¢z 4/, 1999). Research and management of this species
requires an understanding of many complex spatial variables, such as the size of

management unit, juxtaposition of habitat patches, patch and landscape shapes (James, 1999;

Spies and Turner, 1999; White ¢z a/., 1999).
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Determining the scale at which to conduct research and to manage organisms is an
ongoing issue in conservation biology (Kotilar and Wiens, 1990; Wiens ez 4/, 2002).
Traditional forms of land management in Ontario have occurred at relatively narrow spatial
scales and in isolated contexts (Spies and Turner, 1999; Francis, 2000; Duinker ef 4/, 2001).
This form of decision-making looks inward towards the defined management unit (Franklin,
1993), isolating decisions from one another (Brunckhorst and Rollings, 1999). Quinby
(2001) noted 1n his study of old-growth forests in northern Ontario that the representation
of selected areas to be protected or harvested depended upon the scale at which
management prescriptions were made; although the overstorey composition was similar in
various stands, the understory and future conditions of the forests were likely to be quite
different.

Protected areas are also managed on a limited spatial scale, often with little
consideration of resources or activities beyond their boundaries; the exception to this
phenomenon is the exclusion of forest fires for the protection of timber resources outside of
patks (e.g., Heathcott and Crofts, 1997). This relatively small-scale, inward looking approach
has limited the management options (Skibicki, 1995; Theberge and Theberge, 2002). This
approach to land management may be particularly risky for woodland catibou as resource
extraction activities occurring adjacent to known catibou habitat do affect the viability of this
species, as management prescriptions in one region do have spillover effects on other

management units (Cumming, 1992; James, 1999).

2.5.2 TEMPORAL SCALE
Temporal scale 1s a much more abstract concept, as it is difficult to detect change

and measure ecological phenomena over long time periods (Turner and Dale, 1998; White o7
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al., 1999). As a result, the study of 1ssues related to temporal dynamics has been given
significantly less attention in the literature in comparison to spatial scale (Gordon ef /.,
2001). Addressing variation of ecological phenomena over time 1s significantly more
challenging, as most research projects rarely extend beyond a few years, making long-term
research imperative for effective resource management (Turner ef 4/, 2003). Temporal scale
issues permeate all aspects of resource management, and have been called the invisible
present (Gordon ef a/., 2001). Time is critical to deciding the rotation age of a forest stand
and its implications on economic and ecological values. It is also relevant when deciding
what timescale to design and manage protected areas on (Scott ez a/., 1999; Oliver et al., 1999;
Margules and Pressey, 2000). Clearly, temporal dynamics are complex and require significant
attention (White ez a/., 1999; Schneider, 2000). In some cases paleoecology may assist in this
regard, but understanding the dynamics over time remains a significant obstacle in both
landscape ecology and planning (Delcourt ef a/. 1983; Wiens 1989; Turner ef a/. 2001;
Mitchell, 2002). Spatio-temporal simulation modelling is attempting to address the potential
change in ecosystem structure over time, but many generalizations and assumptions have to
be made in order for most models to function effectively (Mladenoff and He 1999;
Armstrong ez al., 2003), limiting their direct application and effectiveness in resource
management (Gutzwiller, 2002).

Varying the timescale to be used in ecological studies and management can
dramatically alter the processes observed, and can determine the range of patterns and
processes that can be detected (Wiens, 1989; Turner e 4/. 2001). Ecosystems evolve over
long periods of time, and demonstrate lasting impressions from past disturbance events
(Heinselman, 1996; Foster ¢z al., 2003). As Romme e a/. (1998) noted, the impacts of a

disturbance will depend on its size and/or severity; these impacts will vary depending on the
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scale and phenomena being measured, with few universal rules, as context is of paramount
importance.

Policies also come and go in very short succession, often dictated by political bias
and the need for expediency in planning processes (Yaffee, 1997; Courtner and Moote, 1999;
Clark, 2002; Mitchell, 2002). The understanding of long-term ecological dynamics may not
be desirable in planning processes focused on resource extraction, as the complexity of
issues related to temporal dynamics would not likely fit into economic models (Wood, 2000,
Hall ez 4l., 2001). However, in the case of Ontario, this may be improving somewhat
(Francis, 2000). The tremendous uncertainty in long-term planning makes the development
of long-term policies difficult (Lee, 1993; Noss and Coopetrider, 1994; Gordon and Cole,
1994; Stankey ez al., 2003), requiring a truly adaptive management process (Gunderson, 1999;
Light, 2001). Planning with the uncertainty of long-term ecological dynamics in mind,
historical variability may be used to frame research, but as ecosystems are constantly
evolving this is a moving target (Johnson and Miyanishi, 1995; Landres ez a/, 1999). The
change in forest fire frequency in the boreal since the little ice age is a good example (Larsen,
1997, Suffling and Speller, 1998; Lesieur ¢f a/., 2002).
2.6 Overview of Ideas

Woodland caribou are far ranging species that require large areas of boreal forest
(Cumming, 1992). Their primary winter habitat is mature jack pine forests; to perpetuate
these forests, and their associated habitats, large natural fire regimes are necessary (Schaefer
and Pruitt; Heinselman, 1996). Fires however have undesirable effects on forest harvesting
operations 1n this region (Martell, 1994). Small prescribed burns improve potential habitat
(Aht1 and Hepburn, 1967; Harris, 1992), but do not replicate the large and stochastic nature

of natural fires (McRea ez a/., 2001). Forest harvesting has been promoted as an alternative
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to forest fire, although there is little empirical evidence that suppotts their similarities
(Gordon, 1996; Franklin ¢f 4/, 2000). Moreover, the ecological effect of forest disturbances
occurs at multiple spatial and temporal scales, all of which influence the dynamics of
woodland caribou habitat (Schaefer and Pruitt, 1991; Lindenmayer, 1999). An adaptive

ecosystem approach, operating at the landscape level, is needed to conserve this species

(Bulet, 1998).
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3.0 QUANTITATIVE METHODS
3.1 Ecosite Scale Assessment

One hundred and sixty random plots were generated in Kernel derived polygons (p
= 95%) using ArcView (Hooge and Eichenlaub, 1997). The Kernel polygons were based on
point location of GPS collared woodland caribou winter distribution within Red Lake and
Kenora districts, in the WCPP region (OMNR, 2002) (Figure 3.1). The Kernel polygons
delineate areas within and directly adjacent to WCPP where there is known winter woodland
caribou occupancy. Of the 160 random points, 141 accessible plots were inventoried using
Ontario Parks’ Rapid Assessment Plot (RAP) method (based on the northwestern Ontario
Forest Ecosystem Classification; Racey ¢z a/, 1996b and Sims ¢z 4/, 1997). One hundred and
twelve of the 141 ecosites were classified as ES12/V30 sites (Racey ez 4/, 1996b; Sims ¢t al.,
1997). These were selected based on the importance of open jack pine forests for winter
woodland caribou use, and the likely presence of terrestrial lichen (Wepruk, 1986; Darby ez
al., 1989; Morash and Racey, 1990; Schaefer and Pruitt, 1991; Kenkel ¢ @/, 1998).

Age since last disturbance was determined by sampling three mature jack pine (where
available), using an increment borer, and measuring age of tree at breast height in the field
(Luckai, 2001). When no jack pines were present, the species and age of the three closest (to
the randomly generated point) canopy trees were inventoried (Luckai, 2001). The mean age
of these trees was used to determine the age of the stand. Presence and characteristics
(depth in mm) of the duff on site were also assessed in relation to the last disturbance. Four
duff depth samples of were measured two metres from the randomly generated point in each
cardinal direction. Depth of duff was calculated by averaging the four duff depths. High

duff accumulation below the ground vegetation/ground cover would indicate either
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abundant duff accumulation prior to past fire events, or low severity of ground fires, or both
(Johnson, 1992; Payette ¢ a/., 2000; Miyanishi and Johnson, 2002; Ryan, 2002).

A Principal Components Analysis (PCA) (multivariate ordination technique) was
used to determine pattern of ground vegetation gradients in relation to age and humus
characteristics (Johnson, 1981; Manley, 1994; Kenkel ef 4/, 1998; Bergeron, 2000; Townend,
2002). The variables used in the PCA are humus form depth (mm); percent of ground
covered by lichen and feathermoss; canopy cover (percent), and age of the stand in years.
PCA was selected as this is a common ordination technique used to explore variations in
multivariate data (e.g., Johnson, 1981; Kenkel ¢z @/, 1998). In addition, age of canopy was
plotted against percent ground cover of both lichen and feathermoss, and least squares

regression was calculated for each (Zar, 1999).
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Figure 3.1: Location of Rapid Assessment Plot Study Areas. Study areas were based on
woodland caribou home range assessment and a 1937 burn within Woodland Catibou Provincial
Park.

(Produced by Brian Kutas under License with the Ontario Ministty of Natural Resources © Queen’s Printer for Ontario,
2003)
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3.2 Landscape Scale Assessment

The purpose of this portion of the study was to compare the forest structure
(openness) of four areas that burned during the 1930s within WCPP. As mentioned above,
terrestrial lichens (primarily Cladina spp.) are very important winter forage for woodland
catibou (Klein, 1982; Datby e 4/, 1989; Schaefer and Pruitt, 1991; Kumpula, 2001). Forests
with more openings (clearings on suitable substrates) have the potential to support more
lichen than do closed canopy forests (Ahti and Hepburn, 1967; Kenkel ¢ a/., 1998; Payette et
al., 2000).

OMNR's forest fire coverage (from the Natural Resources Values Information
System (NRVIS), OMNR’s GIS database coverage) for Ontario was clipped to the WCPP
boundary in ArcView; the area for each of the 1930 burns in the coverage was calculated in
m” and hectares. This GIS coverage delineates fires 40 ha and latger in Ontario (Bilbey and
Lipsett-Moore pets. comm.). The coverages primarily delineate the outline of the burnt
areas. The uniformity of fires in this landscape (Ehnes, 2000) makes the coverage a useful
and appatently accurate GIS/mapping data source in this context. The amount of area
burned between 1900 and 1996 was also calculated for the park for each decade.

Landscape scale study areas were selected based on areas that should become
available winter habitat within this decade (2000-2010). Optimal woodland caribou habitat
in this region occurs when fotests with appropriate structure and composition are between
50 and 90 years old (Schaefer and Pruitt, 1991; Morash and Racey, 1990; Racey ¢ @/, 1999).
These sites were selected to provide resource managers with the most current information to
aid in management decisions.

Three 1930 fire polygons were clipped based on the existing NRVIS woodland

caribou habitat mosaic layer. Ateas supporting inappropriate soils and vegetation, as well as
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those recently burned (<60 years old), were removed, leaving three polygons. As the NRVIS
layer did not include all areas burnt in the 1930s (personal observation while inventorying
sites within WCPP), one additional polygon was delineated in ArcView by air photo
interpretation of 1983 air photos, ground truthing, and RAP methods described above (5
sample plots). These four clipped polygons, delineating four individual fires during the
1930's, became the focus of this portion of this research (landscape scale study areas) (Figure
3.2). These were selected as they were the only remaining potential caribou habitat within
WCPP that are on appropriate soils and the correct age. Each burn polygon was named for
ease of reference, the names are: North, Mid, Wrist, and South (Figure 3.2).

Digital Ontario Ministry of Natural Resources 1983 air photographs (images)
(1:15,840) were individually georeferenced. Using Patch Analyst 2.2, each individual burn
was partitioned into a lattice composed of 5-ha hexagons (Elkie ¢z a/., 1999). Within the four
study areas, using ArcView, the 5-ha hexagons were randomly selected throughout the burn
polygon, so that 20% of each individual burn was sampled. The individual images were then
clipped using a mask based on the random sample of hexagon shapefiles (ArcView Image
Analysis) (ESRI, 2000). The digital air photos were converted into grids using ArcView
Spatial Analyst 1.0 and then reclassified into Boolean images using spectral image clustering
and reclassification (Verbyla and Chang, 1997). The images were classified into 64 classes on
a gray scale between 0 and 255. The forest openings and rock clearings (spectral value of
178 - 255) = 1, the remaining features (specttral value 0-178) = 0, or no data. As all air
photos have different spectral reflectance values, the minimum range for forest openings

values was between 178 and 191.
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Figure 3.2: Landscape Scale Study Areas and the NW Ontario Caribou Mosaic within
Woodland Caribou Provincial Park. Caribou mosaic classification is based on OMNR
descriptions.

(Produced by Brian Kutas under License with the Ontario Ministry of Natural Resources © Queen’s Printer for Ontario,
2003)

The reclassified grids were then converted into shapefiles and were merged together

based on the extent of the individual burns. The areas in m” of the fotest openings were
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then calculated for each of the 5-ha hexagons in each of the 1930 burns. This was repeated
for each of the four fires assessed.

A Levene's test for homogeneity of variance was conducted. As the samples had unequal
variances, a non-parametric Kruskal-Wallis H test was used to compare the amount of forest
openings (m”) between the 1930 burns. Individual Mann-Whitney U tests were then used to

compare the amount of forest openings (m°) between each of the 1930 fires (Zar, 1999).
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4.0 QUANTITATIVE RESULTS

4.1 Ecosite Scale Assessment

Of the 141 Rapid Assessment Plots inventotied, 79% (112) were ES12/V30 sites.
These sites were underlain by very shallow soils or bedrock (FEC soil type = SS1-S83).
Canopy coverage varied from 0 to 100%; the age of the plots ranged from 53 to 157 years
old. Ground cover ranged from bare bedrock, to lichen rich mats, to thick feathermoss
mats (primarily Pleurogium schreberi). The lichen cover ranged from 0 to 80%, whereas
feathermoss ranged from 0 to 100%, depending on site characteristics; the most common
terrestrial lichens were Cladina mitis, C. rangiferina and C. stellaris. The most common
understory woody-stemmed plants were velvetleaf blueberry (Vaccnium myrtilloides Michx.)
and black spruce saplings. Green alder (A/nus crispa (Ait.) Pursh) and common juniper
(Juniperus communis L.V ar. depressa Pursh) also were present on many sites.

The principal components analysis revealed distinct variations among the V30 sites
(Figure 4.1). The sites were grouped based on the accumulation of humus form and ground
cover characteristics, which were dominated by either feathermoss or lichen species.
Principal Component 1 was a gradient from almost no humus form accumulation, to areas
with abundant humus form development (161 mm). The sites ranged from open jack pine
sites with abundant Cladina spp., to closed canopy jack pine stands with up to a 30% black
spruce component, dominated by feathermoss ground cover. Principal component 2 was an
age gradient, from young to old (53 - 157 years old). The principal component axis 1 and 2
accounted for 82 percent of the variation of the PCs (58 and 24 % respectively); they were

delineated based on eigenvalue assessment.
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Figure 4.1: Principal Components Analysis of Feathermoss and Lichen Dynamic. The PCA is
based on feathermoss (F) ot lichen (C) dominance of ground cover on V30 sites in WCPP. The
shaded region is a transition area where (M) denotes mixed amounts of lichen and feathermoss,
ranging between 60/40 and 40/60 percent of total ground cover.

4.2 Landscape Scale Assessment

The area burnt in the 1900s (organized by decade) varied from 319 ha in the 1950s,
to over 106,000 ha in the 1980s (Figure 4.2). During the 1930s nearly 50,000 ha burnt within
the park.

To compare the median openness of each of the 1930 burns, a non-parametric
Kruskal-Wallis H test was conducted as the assumptions for ANOVA were not met
(unequal variances). These results indicated that there was a significant difference between

at least two of the samples (p<0.00001) (Figure 4.3). The Wrist study site had the highest
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average forest opening (12380m?), whereas the South study site had the lowest (3168m?

(Table 4.1).

L
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Figure 4.2: Area burnt by decade in Woodland Caribou Provincial Park during the 1900s.

os and Area of Landscape Scale Study Sites.

‘Table 4.1: Variation in Mean Forest O

42,000,000

53 3556 13,250,000

13 12380 3,250,000
448 3168 112,000,000
682 N/A 170,500,000
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Figure 4.3: Variation in the Openness of V30 Sites in WCPP. An example of the differences in
the forest openings on two different sites burnt in the 1930s. The site on the left is adjacent to
Burntrock Lake (South study site), and has abundant feathermoss growing over bedrock. The site on
the right is adjacent to Wrist Lake (Wrist study site), and is very open with abundant terrestrial lichen.
The hexagons are the 5 ha used in this analysis. The scale of the photos is 1:15,840.

Individual Mann-Whitney U tests wete conducted between each study area. Significant
differences were found in the openness of forests (area m?), between the Wrist and South,

North and South, Wrist and Mid, and North and Mid study sites (Table 4.2).

Table 4.2: Compatrison of Mean Openness of Landscape Scale Study Sites. P-values from the
Mann-Whitney U tests. Significant values have been italicized. (when p= 0.0083).

<0.00001

<0.00001

There was very weak negative relationship between stand age and lichen abundance (R* =
0.05). Conversely, thete was a very weak positive relationship between stand age and
feathermoss abundance (R*> = 0.06) (Figure 4.4). The R® values are not the same, as the

abundance of ground cover does not total 100 percent.
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5.0 QUALITATIVE METHODS

5.1 Policy Evaluation — Case Study

Both Ontario Parks and the Forest Division of the OMNR (hereafter Ontario Parks
and Forest Division) have identified ecosystem management as an important component of
land use policy and management activities, as it provides direction and a holistic framework
in which to operate (Duinker ez 4/, 2001; OMNR, 2002b; Ontario Parks, 2003b). Land use
policy is an integral part of woodland caribou planning and management (Landres ez 4/,
1998; Armstrong, 1998; Duinker ef a/., 1998; Cartwright, 2001; Clark, 2002). However,
policy analysis is a complex undertaking, wrought with subtleties and intricate dynamics at
play (Hessing and Howlett, 1997). As Clark ez a/. (2000) stated:

Policy is motre than formal mechanisms such as legislation or government action, and it
includes the informal, collective, and often unconscious actions of many people and
institutions (682).

Thus, this evaluation uses two different approaches to provide a more holistic
perspective of land use policy issues related to woodland caribou conservation planning.
The two sections are:

1. Historic Assessment, Current Developments and Description Case Study.

2. Policy Analysis.

1. Historic Assessment, Current Developments and Description Case Study

A case study of policy approaches of Ontario Parks and industrial forest
management interests (Forest Division and forest management companies, e.g.
Weyerhaeuser) related to woodland caribou planning and management was conducted. This
case study examines policy approaches within an identified study area, which includes a 50
km wide buffer surrounding WCPP (Figure 5.1) (Feagin ez 4/, 1991; Pal, 1992, 1997

Neuman, 1997; Clark, 2002). This area was selected because existing OMNR data of GPS
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collared caribou indicate that woodland caribou inhabiting WCPP travel within this area in
their natural home range. I did not want to select a larger area, as caribou are not found
more than 50 km south of WCPP (Racey and Armstrong, 2000; Schaefer, 2003; Gerrish
pets. comm). Moreover, this region encompasses a sufficiently large but somewhat
manageable area (1.94 million ha).

I examined established policy and management guidelines related to resource, land
and woodland caribou management; I used grey literature to support concepts and to clarify
ambiguities. Multiple sources were used for this assessment, including:

-Formal policy, such as the Crown Forest Sustainability Act.

-Management Prescriptions, such as forest management plans for FMUs within the

identified buffer zones.

-GIS data, primarily from the NRVIS database, including the catibou mosaic, road

network patterns, and harvesting blocks.

-OMNR grey literature, such as the Interim Management Statement for WCPP

The analysis gives a short historical context starting in the 1980’s (a more detailed
historic context can be found in the literature review) - the decade when Woodland Caribou
Provincial Park was established and concepts of EM were starting to take hold in North
America (OMNR, 1986; Agee and Johnson, 1988; Noss and Cooperrider, 1994). 1 then
described and critically evaluated how policy approaches have been developed and are being
implemented, and what this means for woodland caribou, and their ability to persist in this
region.

The decision to omit information from Manitoba was a difficult one, but due to the

sporadic nature and rudimentary quality of available data, Manitoba was not examined in

great detail.
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Figure 5.1: Woodland Caribou Provincial Park Within the 50 km Buffer Study Area




5.2 Policy Analysis

This analysis examined, when possible, policy approaches taken by Ontario Parks
and the Forest Division, relating to woodland caribou conservation planning in
northwestern Ontario. I have used content evaluation of formal legislation, management
guidelines, and internal government literature from the Ontario government, to assess how
these two branches of the OMNR have embraced concepts of EM, and have integrated
them in resource planning and management of woodland caribou in this region (Hogwood
and Gunn, 1984; Hessing and Howlett, 1997; Cortner and Moote, 1999). This analysis used
a focused criteria and indicator system for its assessment, similar to that used by the OMNR
in assessing the sustainability of forest management practices (Pal, 1992; Mrosek, 2001;
OMNR, 2002). This analysis examined policy approaches at the operational/management
level of land use planning; linkages with higher-level policy were also discussed, but is not be
the primary focus of this research.

The criteria that have been selected for this analysis are the goals outlined by
Christensen ef al. (1996), in The Report of the Ecological Society of America Committee on the Scientific
Basis for Ecosystem Management. These criteria were selected based on their applicability to the
woodland caribou conservation issues, the sensibility for ecological assessment and
widespread use and acceptance of these goals (Jensen e @/, 2001). Motreover, these four
criteria are useful for woodland caribou conservation planning assessment, as they are
succinct, making them a manageable set of critetia for this evaluation. The criteria are:
Defining Sustainable Goals and Objectives
Reconciling Spatial Scales

Reconciling Temporal Scales
Making Systems Adaptable and Accountable

Eal ol e

A scoring system is used to compare and evaluate how these four criteria have been

adopted and integrated into land use policy approaches by the Forest Division and Ontario
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Parks. The indicators are selected based on concepts of EM outlined in academic and
professional literature related to themes in conservation biology and planning, forest
management, species at risk management and landscape ecology. Each indicator is posed as

a question; an index ranging between 1 and 5 was used (Table 5.1).

Table 5.1: Rationale for Scoring Used in Policy Analysis

1 No mention of the concept or related ideas to the indicator(s).
2 Acknowledgement of concept, but no proposed strategy or action developed.
.3 Acknowledgement of concept with proposed management strategies.
"4 - | Acknowledgement of concept with established policy and/or management related
to indicator.
-5 .| Establishment of policy related to indicator with demonstrated management result
< | (e.g., defined scale for spatial planning).

The Defining Sustainable Goals and Objectives critetion is considered the most important
of the four criteria, as plans and policy approaches without this fundamental critetion cannot
effectively implement the remainder of the criteria (Mitchell, 1997; Chavas, 2000;
Possingham, 2001). No hierarchy or rank of importance for the remaining criteria is used, as
the other indicators are considered to be of equal value. Citations and rationale are provided
to clarify concepts and the basis for the indicators selected for this analysis. The sum of
each indicator was not tabulated, as changing the weight of each indicator would change the
total score for each policy assessed. A breakdown of the criteria and associated indicators
are outlined in tables 5.2 - 5.5.

The documents that were assessed for the Forest Division are:

1. Racey, G., A. Harris, L. Gerrish, T. Armstrong, J. McNichol, and J. Baker. 1999. Forest

Management Guidelines for the Conservation of Woodland Caribon: A Landscape Approach.

Version 1.0 Draft. Ontario Ministry of Natural Resources, Thunder Bay, Ontario.

2. Ontario Ministry of Natural Resources. 2002a. Forest Management Guide for Natural
Disturbance Pattern Emulation. Toronto, Queen's Printer.
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And for Ontatio Parks:

1. Ontario Ministry of Natural Resources. 1992. Ontario Provincial Parks: Planning and
Management Policies. Toronto, Queen’s Printer.

2. Ontario Parks. 1997. Ountario’s Parks and Protected Areas: A Framework & Action Plan.
Toronto, Queen’s Printer.

3. Ontatio Parks. 2000. Woodland Caribou Provincial Park Interim Management Statement. Red
Lake, Queen’s Printer.
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related to

t 1

Are goals and
-} objectives (G & O)
1 clearly stated and

.| defined in policy or

Table 5.2: Criterion 1, Defining Sustainable Goals and Objectives and the three indicators
odiand cacb on plansi

Are the G & O dynamic, and
do they represent a range of
values?

Are G & O based on
science and an
understanding of
social values, and not

-] management solely on

» | prescription(s)? assumptions or
philosophies?

| Christensen et 4/, Pal, 1997; Franklin, 1997; Grumbine, 1994,

:| 1996; Franklin, 1997; | Clark, 2002 1997;

I Mitchell, 1997; Lautenschlager,

:| Possingham, 2001 1998; Matrgules and

Pressey, 2000; Nazir,
2001

. +'| The first step in resolving resource and environmental management issues is to
| envision what a sustainable and equitable future will look like (Mitchell, 1997:

{ 285). This can only be achieved with clearly defined goals and objectives
(Christensen ez al., 1996). Clearly stated goals and objectives based on scientific
principles and recognized social values are necessary if sustainable resource

-} management initiatives are to be effectively implemented (Salwasser, 1993;
Franklin, 1997; Lautenschlager, 1998; Cortner, 2000; Hall ¢ 4/, 2001).

for large contiguous areas,
incorporating linkages with
other management

| jurisdictions?

Do policies reflect the need

Table 5.3: Criterion 2, Reconciling Spatial Scales and the three indicators related to
woodland catibou consetvation planning

Do policies clearly state
what spatial scale the
intended management
presctiption pertains to?

Do policies
acknowledge other
phenomena (e.g.
forest harvesting and
fires) operating at
other scales that may
affect caribou

: management?

o -+ | Cumming, 1992, 1998; Spies and Turner, 1999; Franklin, 1993;

L | Wiens ef al., 2002 White et al., 1999; Quinby, 2001
Meadowcroft, 2002; Wiens, | Turner ez al., 2001

et al., 2002

| Woodland caribou are highly nomadic creatutes requiting both winter and

| summer ranges, and because they use dispersion as a predator avoidance technique
| (Darby ez al., 1989; Cumming, 1992), large spatial scales must be incorporated into
| policy, planning and management of this species. Small residual patches within a

4 largely disturbed landscape, with limited connectivity to other habitats, are unlikely
to support area sensitive species (Noss and Cooperrider, 1994; James, 1999; Wiens
| et al, 2002). Not recognizing scale related issues in management simplifies
complexity, resulting in missed opportunities for sustainable management

(Franklin, 1997; Bunnell and Huggard, 1999).
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Table 5.4: Criterion 3, Reconciling Temporal Scales and the three indicators related to
woodland caribou conservation planning

Do policies or management | Do P & M recognize the | Have P& M
plans (P & M) incorporate time required for acknowledged and
*| concepts of long term woodland caribou habitat | incorporated the
planning, extending beyond | needs (i.e. planning and | concept of non-
1 20 years? management for 50 —200 | equilibtium patch
years)? dynamics in this
region?
Meadowecroft, 2002; Yaffee, Schafer and Pruitt, 1991; | Johnson, 1992;
1997; White ef a/., 1999; Noss and Coopetrider, Heinselman, 1996;
| Pruitt, 1997 1994; Spies and Turner, | Spies and Tutner,
1999; Wiens, et al., 2002 1999; White ¢z 4/,
1999; Ryan, 2002;
Armstrong ef al.,
2003

| Long term policies and management prescriptions are rare, as tremendous
uncertainty exists in what the future may hold (Mitchell, 1997; Meadowcroft,

| 2002). Planning and management cycles are often dictated by political direction,
cycles and objectives (Yaffee, 1997). Concepts of non-equilibrium patch

1 dynamics are important as the effects of disturbances exhibit tremendous
variation, resulting in diverse, non-renewing patch and landscape characteristics
(Baker, 1989; Sprugel, 1991; Shinneman and Baker, 1997; Spies and Turner, 1999;
Turner ¢f al. 2001; Perry, 2002; Armstrong et a/., 2003; Suffling and Perera in

| press).

Table 5.5: Criterion 4, Making Systems Adaptable and Accountable and the three
indicators related to woodland caribou conservation planning

| Is there a recognized | Are P & M Are there formal policy

adaptive management | accountable for missed | instruments to take remedial
| framework in which opportunities? action to rectify or improve
1 P & M are nested problem areas?

1 within, and has this
| system been used?

1 Lee, 1993; Mitchell, 1997; Noss and Cooperrider, 1994;
Gundetson ef al., Christensen, 1997; Yaffee, 1997; Possingham,
1 1995; Light, 2001 Stankey e al., 2003 2001; Stankey ef a/., 2003

1 Most of the boreal forest is poorly understood (Pruitt, 1997; Schindler, 1998a),
with few long-term studies. Woodland catibou are particularly poorly understood
1 (Cumming, 1992). With such tremendous uncertainty, and limited knowledge, all
| policies and management decisions should be considered as experiments

1 (Gunderson, 1999; Nudds, 2000; Light, 2001). Policies must also be accountable,
as implementation of well-intentioned policy directions often do not result in

| substantive actions (Noss and Cooperrider, 1994; Yaffee, 1997; Possingham,

{ 2001, Stankey ¢z al, 2003).
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6.0 QUALITATIVE RESULTS

6.1 Introduction

This case study presents the results of an evaluation of woodland catibou
management in both the forestry environment and Woodland Caribou Provincial Park. The
WCPP region has long been recognized as an important area that supports woodland
caribou habitat (Simkin, 1965; Ahti and Hepburn, 1967; OMNR, 1986). This area is part of
the central boreal uplands, and in Ontario, is part of Hill’s site region 4S. It is dominated by
large fairly homogeneous stands of even-aged forests that have resulted from large forest
fires that dominate landscape evolution in this region (Ehnes, 2000; Perrea ¢z 4/, 2001). The
dominant tree cover in this region is jack pine: it covers 80% of WCPP (OMNR, 1986;
OMNR, 2002b). Areas that are suitable for winter woodland caribou occur primarily on dry
upland sites dominated by jack pine and black spruce (Darby e# 2/,1989). These stands tend
to be pootly stocked, and have many forest openings, allowing sufficient light to penetrate to

the forest floot, supporting terrestrial lichen (Harris, 1992; Gollat, 2000).

6.2 The Developing Woodland Caribou Management Issue

Protecting woodland caribou has been a concern in this region for over 25 years. In
1978, woodland caribou range extended south to Cliff Lake (approx. 175 km south of Red
Lake) (Brousseau, 1979; Racey and Armstrong, 2000). At this time there were very few
protection measures for caribou. Formal planning incorporating protected areas began in
the late 1970’s in this region, and continued into the 1980’s at which time the Strategic Land
Use Planning process (SLUP) began (EPP, 2000). Through the SLUP process two land
management approaches were developed that influenced caribou conservation efforts in this

region. Forest management, which is now starting to consider the protection of this species
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through forest management planning processes; and provincial parks, namely WCPP which
was established to protect woodland caribou in this region. The establishment of WCPP
was influenced by the development of adjacent Atikaki Provincial Park in Manitoba (Atikaki
Coalition, 1974; OMNR, 1986).

Since the late 1970’s continuous woodland caribou occupancy has receded north by
about 200 kilometers (Schaefer, 2003). Today small remnant populations are found near Far
Falls, but most caribou populations, which are considered viable, are found considerably
further north, or in areas such as WCPP (Racey and Armstrong, 2000). The continuous
push north of forest harvesting and the constraints imposed by forest fires have considerably
reduced the region’s supply of land suitable for woodland caribou occupancy. This is likely
to continue with the expansion of forest harvesting into the Northern Boreal Initiative
planning area. Within WCPP alone, more than 106,000 ha burned in the 1980’s, making
these areas unsuitable for woodland caribou for at least the next 50 years. This limited
supply of habitat is the key threat to the preservation of woodland caribou and the resource

managers responsible for their persistence.

6.3 Changing Land and Forest Management

The 1980s wete a time of reflection and change for land management in Ontatio.
The Strategic Land Use Planning process (SLUP) was coming to an end, with very few
significant (large wilderness class) new protected areas established (Killan, 1993). There was
an even greater focus on intensified timber extraction in the province at that time (Priddle,
1982; Killan, 1993; Epp, 2000). By the latter half of the 1980's, significant pressure on the
provincial government forced politicians and the forest industry to take stock of the state of

the natural forest resources in Ontario (Duinker ¢ a/., 2001). This was the Integrated
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Resource Management (IRM) period in Ontario’s forest management history (Lawson ef 4/,
2001). IRM brought new stakeholder and resource interests to the forest policy
development table; some of these include, tourism, fish and wildlife, and environmental
interests (Epp, 2000; Duinker ez 4/, 2001). The integrated approach to management
appealed to a broader group of policy actors than pure sustained yield, but there was
growing concern that IRM was still very much dominated by fibre extraction interests
(Euler and Epp, 2000). Decisions were still based on the concepts of growth and yield, with
little attention paid to developing more holistic management (Noss and Cooperrider, 1994;
Oliver et al., 1999).

During the 1980’s and into the eatly 1990’s new ideas were developed and put into
practice, which led to ecosystem-based management (Agee and Johnson, 1988; Noss and
Cooperrider, 1994). As new approaches were being explored, forestry operations were
increasing in intensity and productivity as the industry embraced new technologies, allowing
for increased use of resources (Euler and Epp, 2000). The limitations of the IRM approach
became increasingly evident (Howlett and Rayner, 2001). Ideas of EM began to shape how
policy developers and resource managers approached forest resource issues (Epp, 2000;
Duinker ef a/., 2001). Ontario was no exception to the change in forest management ideals.
Forest management in the province was going through a tumultuous time; there was
increasing pressure from other interest groups to change the way forest management was
approached (Priddle, 1982; Lawson ef a/, 2001 ). These new ideas lead to the establishment
of the Class Environmental Assessment of Timber Management on Crown Lands, which
eventually resulted in the development of the current provincial Act that directs the
management of timber on Crown lands, the Crown Forest Sustainability Act (Duinker e/ 4/,

2001).
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Leading the change in direction in Ontario were the landmark recommendation set
out in the Dzversity report, prepared by the Ontario Forest Policy Panel (1993). This group of
diverse stakeholders effectively took the pulse of Ontario, and identified what direction the
province should follow with regard to forest policy and management. Many of the
recommendations outlined in this report became the basis for forest policy direction in
Ontario (Euler and Epp, 2000). The panel recommended that forest policy and
management be more holistic and able to adapt to the changing values of both the citizens
of Ontario and the global community (Ontario Forest Policy Panel, 1993). This would mean
adopting both ecosystem and adaptive management concepts as leading direction in forest

land use in Ontario.

6.4 Forest Management of Woodland Caribou

Forest policies and management practices have dramatic effects on woodland
caribou (Pruitt, 1997; Racey and Armstrong, 2000). In Ontario’s boreal forest there are no
formal policies directly related to the conservation of woodland caribou. There is interest in
developing formal and binding policy, but lack of consensus between stakeholders has
limited its development and implementation (Armstrong, 1998; Basillie pers. comm.)

The Crown Forest Sustainability Act (CFSA) and the Policy Framewortk for
Sustainable Forests are enabling legislation that set the direction for all policy and
management development for forestry practices on Crown land in Ontario. Both pieces of
legislation have identified ecosystem-based management as a fundamental principle leading
the direction in sustainable forest management in the province (Armstrong, 1998; OMNR,

2002b).
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The CFSA and the associated EM initiatives are based on the following principles:

1. Large healthy, diverse and productive Crown forests and their associated
ecological processes and biological diversity should be conserved.

2. 'The long term health and vigor of Crown forests should be provided for
by using forest practices that, within the limits of silvicultural
requirements emulate natural disturbances and landscape patterns while
minimizing adverse effects on plant and animal life, water, soil, air and
social and economic values, including recreational values and heritage
values. 1994, c. 25, s. 2(3).

Moving away from the traditional sustained yield paradigm is a significant departure
for policy makers in Ontario. Forest policy now identifies other forest values as an integral
part of sustainable forestry (Franklin, 1997; Adamowicz and Veeman, 1998; Lawson ¢f 4/,
2001). No upper level policy documents explicitly cite woodland caribou as a policy priority,
but selected wildlife species have been identified as indicators of their ecosystem, where
special management approaches are necessary for sustainable forest management. The

woodland caribou is one of these featured species for the boreal region of Ontario (McLaren

et al., 1998; OMNR, 1999).

6.4.1 OPERATIONAL SCALE OF WOODLAND CARIBOU MANAGEMENT

Forest policy sets the general direction for forest management activities, but
management prescriptions on the ground are the decisions that will have the greatest effect
on woodland caribou management (Howlett and Rayner, 2001). To carry out the direction
set forth by the CFSA, operational management prescriptions are made in the management
planning process for forestry activities on Crown land (OMNR, 2002b). These management
plans are developed for 20 years, they are both reviewed and updated every five years
(OMNR, 1997a). The five year review period is likely to be extended to 10 years with 2 five

year operational periods (OMNR, 2002c). This change is in the process of being
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implemented through the Environmental Assessment (EA) review process (OMNR, 2002c).
Forest management planning is primarily a process to ensure that forest resources are used
and regenerated in a cost effective and efficient manner, while limiting waste (e.g., the
reduction in timber productivity). The forest management plan is the guiding document that
sets out the direction for forest harvesting, and other resource protection within a forest
management unit (FMU). This is achieved by a sustainable forest management license
agreement between the province and a forest management company (i.e Weyerhaeuser).
Forest management plans are regulated and directed by selected guidelines and regulations

that are meant to promote forest regeneration and protection of the environment (OMNR,

2002b).

6.4.2 NORTHWESTERN ONTARIO WOODLAND CARIBOU MANAGEMENT

To guide forest management plans in the conservation of woodland caribou, two
informal strategies have been developed for this region: 1. Towards a Strategy for Caribou
Habitat Management in Northwestern Ontario (Greig and Duinker, 1997), and 2. .4 Management
Framework _for Woodland Caribou Conservation in Northwestern Ontario (OMNR, 1999). Both of
these documents identify directions that the OMNR should take to manage woodland
caribou in Ontario. The general consensus is that there should not be a further recession of
woodland caribou in northwestern Ontario, and that caribou management must fit within
the silvicultural constraints of economical forest harvesting (Greig and Duinker, 1997; Racey
et al., 1999). A caribou line (southern extent of current woodland caribou population in this
portion of the province) has been identified as the benchmark for maintaining caribou
populations. This is to be accomplished through the caribou mosaic of planned

disturbances through forest harvesting (Armstrong ef a/., 1998; Racey ez al., 1999; Gollat,
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2000). The caribou mosaic approach has partitioned the landscape into harvesting blocks
based on the stand age, these stands are to be renewed when the stands reach between 80-
100 years of age (Figure 6.1) (Gollat, 2000). Both strategies have identified two key
guidelines to direct woodland caribou planning and management. The forest management
planning process on Crown lands uses two management guidelines that directly affect
caribou conservation planning. They are:

1: Forest Management Guidelines for the Conservation of Woodland Caribou: A Landscape
Approach Version 1.0 Final Draft (Hereafter Caribou Guidelines)

2: Forest Management Guide for Natural Disturbance Pattern Emulation (Hereafter Emulation

Guidelines)
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Figure 6.1 Current Caribou Line and Planned Disturbance Mosaic in the WCPP Study Area
Context. Disturbance Mosaic is based on 20 year management planning.
(Produced by Brian Kutas under License with the Ontario Ministty of Natural Resources © Queen’s Printer for Ontario,
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Forest Management Guidelines for the Conservation of Woodland Caribou: A Landscape Approach
Veersion 1.0 Final Draft — Summary

The woodland caribou guidelines indicate that current forest management harvesting
practices (small clearcuts and relatively short rotation periods (60-80 years)) are
inappropriate for maintaining caribou within the managed forest landscape. The desire is to
avoid further range reduction of woodland caribou within northwestern Ontario. Forest
management plans should incorporate large spatial scales (potentially even larger that current
FMUs), and much longer temporal scales of planning (appox. 100 years) in management
prescriptions. Long term planning should also consider the allocation of winter habitat in
the next forest rotation. Fire can be used when economically feasible, but caribou habitat
should be a priority when protecting forest resources through suppression efforts,
particularly winter, migration and calving sites. Wood flow is unlikely to be negatively
affected by these guideline, but some adjustments may have to be made to ensure habitat
suitability and connectivity, especially in the short-term. The guidelines indicate that caribou
management must be nested within an adaptive management framework, as our knowledge
of woodland caribou is not complete. Management practices must still fall within the
silvicultural framework of existing forest management for this region. These guidelines are
to work in concert with the Forest Management Guide for Natural Disturbance Pattern
Emulation, which will direct harvesting patterns.

Forest Management Guide for Natural Disturbance Pattern Emulation - Summary

The emulation of fire pattern through harvesting techniques in the boreal forest has become
a dominant forest management paradigm (Attiwill, 1994; Adamowicz and Veeman, 1998).
This concept is founded on the principle that by emulating the pattern of natural disturbance
(forest fires), the function and associated ecosystem values will also be mimicked and
maintained to an acceptably sustainable level. This management approach addresses the
deficiency of smaller block type clearcuts, and the adverse effects of high edge to area ratios
of cutovers, which primarily promotes habitat suitable for edge adapted species (white tail
deer, brown-headed cowbird, etc). The larger cut size is more natural than the cutrent
maximum 260 ha. This guide indicates that clearcuts may be as large as 10,000 ha. Clearcuts
of this size are more representative of the size of fire disturbances in the boreal forest, and
may promote large uniformly aged stands for species such as woodland caribou. Larger
clearcuts must be separated by larger residual patches, and cannot be harvested prior to the 3
metre green-up or 20 years post harvest criteria. The more natural shape of harvesting
leaves residual (insulat) patches and peninsulas within clearcut areas, to provide shelter for
organisms, and to potentially provide linked corridors across cutovers between uncut areas
within the managed forest. Prescribed fire should be used as often as possible to better
emulate the effects of fire.

6.5 Protected Area Management and Woodland Caribou
Formal protection of woodland caribou came into existence in 1929, when hunting

of woodland caribou was outlawed in Ontario (Darby ef 4/, 1989). At that time there were
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no protected areas set aside for woodland caribou conservation, although Quetico Provincial
Park was in existence at this time, and caribou inhabited the region (Heinselman, 1996).
Early wildlife managers and researchers identified an area around Irregular Lake (currently
within the WCPP boundary) as an important year round area that supported woodland
caribou (Simkin, 1965). This region was recognized as having high woodland caribou
populations and was jointly set aside as a Caribou Game Preserve in 1957, along with an area
that crossed the Manitoba border (Sandilands and Gagnon, 1982). This region was then
identified as a potential provincial park, and became a Provincial Park Reserve in 1967
(Sandilands and Gagnon,1982). At this time there was the possibility of setting aside an area
within this region as a national patk (OMNR, 1986). Further protected area development
did not occur until the late 1970’s and into the 1980’s when resource assessments were
conducted as part of the SLUP process. During the 1980's, management prescriptions wete
applied to large sections of the boreal forest in Ontario through the SLUP planning process
(including the West Patricia Land Use Planning Process). In the 1980’s two large protected
areas in northwestern Ontario were identified as provincial park candidates that were to be
established as reserves protecting woodland caribou habitat; these reserves were Wabakimi
Provincial Park (155,000 ha at the time of establishment) located northwest of Lake Nipigon
and WCPP (Lee Kam, 1993; Killan, 1993). For the purpose of this research I only explore
policy developments related to WCPP. Once it was determined that the park area had low
mineral potential and only small areas of productive forest would be lost, the region was
designated as a 450,000 ha boreal wilderness park under the Provincial Parks Act (Sandilands
and Gagnon, 1982; OMNR, 1980).

Significant amounts of background information were collected prior to the park's

establishment in 1983. Most of the data was related to rare plant communities (Brunton,

77



1986), and fisheries (Wepruk, 1986b). Woodland caribou surveys were conducted in both
the 1970’s and 80’s as moose (Alkes ales) densities were being determined (OMNR, 1986).
Wepruk (1986a) conducted a formal assessment of woodland caribou population and
potential habitat; habitat potential was last evaluated in 1991 by C.M. Consultants (Harris ¢
al., 2001). During the 1990’s almost no research or formal assessment was conducted on
woodland caribou or their habitat within the patk.

Ontario provincial parks are directed by the Provincial Parks Act, which is not
discussed, as this act gives very general direction to strategic planning, and makes no
reference to species at risk, and only passing reference to the concept of nature protection in
parks (Eagles, 1993; Wilkinson, 2002). More explicit direction for Ontario provincial parks
is provided by Ontario Provincial Parks: Planning and Management Policies (also known as the Blue
Book) (OMNR, 1992).

Provincial parks are categorized according to a provincial park classification system;
patks can be classified as: Wilderness, Nature Reserve, Historical, Natural Environment,
Waterway and Recreation parks (OMNR, 1992; Priddle, 1993). Woodland Caribou
Provincial Park is a Wilderness class provincial park.

Wilderness parks are substantial areas where the forces of nature are permitted to
function freely and where visitors travel by non-mechanized means and experience
expansive solitude, challenge and personal integration with nature (OMNR, 1992: 15).

Many management prescriptions are based on a zoning system; the zones within a
Wilderness class provincial park can be any combination of the following: wilderness, nature
reserves, historic, and access zones (Priddle, 1993). The designation of park zones is
completed through the management planning process.

Ontario Parks has developed strategies beyond the Blue Book, including: Ontario’s

Parks & Protected Areas: A Framework and Action Plan (OMNR, 1997). This strategy builds on
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concepts developed in the Blue Book, and identifies both EM and adaptive management as
integral parts of Ontario Parks’ strategy for protected area planning and development. This
strategy was part of the Lands for Life (LFL) planning process which is now part of
Ontario’s Living Legacy (OLL), a land use planning process to complete a system of
protected areas in Ontario, while providing greater certainty for resource extraction interests
(Francis, 2000). The Convention on Biological Diversity is also recognized by the Ontario

government (OMNR, 1997).

6.5.1 WOODLAND CARIBOU PROVINCIAL PARK

Although Woodland Caribou Provincial Park has existed for 20 years, a park
management plan has not yet been developed for the area. A formal park management
planning process is underway and should be completed by 2005; this process will identify
priorities and general management direction for the park. An Interim Management
Statement (2000) has been published which recognizes woodland caribou as a priority
species that should be protected. The statement recognizes forest fire as a very important
landscape dynamic, since the region’s forest ecosystems have evolved with fire (OMNR,
2000). Fire and vegetation management plans are planned as future developments (D.
Gilmore, pers. comm). Until the management planning process is complete, no zoning, and
therefore no specific planning or management actions can be taken, beyond what is outlined
in the Provincial Park’s Act (enforcement of basic regulations and the maintenance of
infrastructure).

An interim fire management strategy is in the process of being developed for WCPP;
the draft strategy has identified a buffer zone within the park perimeter as a no burn zone, to

protect forest resources outside the park. Another mosaic approach is to be used, to protect
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the maximum amount of woodland caribou habitat over the next 20 years (D. Gilmore pers.
comm.). This research will contribute to these concepts and potentially how the mosaic will
be planned.

Ontario has a recovery team (through the Committee on Endangered Wildlife in
Canada (COSEWIQ)) for woodland cartibou that is developing a strategy for woodland
caribou conservation (Lipsett-Moote, pers com). The team includes members from Ontatio
Parks, however, the only fulltime staff member of WCPP, the park superintendent, is not a
member of the recovery team. The strategy developed by this team will feed into provincial
conservation initiatives and the new federal species at risk legislation. The new federal
species at risk legislation (SARA) has no capacity for enforcement, or implementation of any
strategy (Ontario Parks, 2003), so this will not be discussed in great detail. A new
Environmental Assessment (EA) policy is being developed to facilitate management and
planning of species at risk and forest fire management (Ontario Parks, 2003b). This EA has
not yet been implemented; therefore an assessment of its efficacy is not yet possible.

Policy development in Ontario provincial parks is much less structured than in the
forest management sector of the OMNR. This is not due to the lack of complexity, or need

for better management practices; it is likely due to limited human and financial resources.

6.6 Policy Analysis Results

The policy analysis section examines how the Forest Division and Ontario Parks
have approached selected criteria of ecosystem management. An index of indicators is used
to evaluate whether or not selected concepts of EM are being integrated into land use policy

approaches.
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60.6.1 DEFINING SUSTAINABLE GOALS AND OBJECTIVES

Based on all indicators within this critetion, the Forest Division is doing a bettet job
at defining sustainable goals and objectives of EM compared with Ontario Parks (Table 6.1).
Ontario Parks received a low score largely because they failed to clearly define goals and
objectives (Table 6.1). However, at the local (i.e. management planning) level, Ontario Parks
did achieve moderate success at defining goals and objectives of EM. None of the policy
and management approaches had dynamic goals, nor did they represent a wide range of
values.
6.6.2 RECONCILING SPATIAL SCALES

The Forest Management Guidelines for the Conservation of Woodland Caribon addressed
issues of spatial scale, which resulted in the highest score of all policies analyzed (Table 6.2).
These guidelines incorporated many concepts of spatial planning and management. The
remaining policy approaches only make passing reference to spatial scale related issues.
Ontario Parks has no formal policy related to woodland caribou management, therefore it

cannot address issues related to this species, resulting in very low scores.

6.6.3 RECONCILING TEMPORAL SCALES

None of the policy approaches used by either Ontario Parks or the Forest Division
scored exceptionally high on this criterion; one exception was the Forest Management Guidelines
Jor the Conservation of Woodland Caribon, which did moderately well as it addresses the need for
long-term planning (Table 6.3). All of the policy approaches failed to acknowledge or
incorporate the concept of non-equilibrium patch dynamics in this region (Table 6.3), which

dramatically lowered the final scores.
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6.6.4 MAKING SYSTEMS ADAPTABLE AND ACCOUNTABLE

All policy approaches scored particularly low on this final criterion (Table 6.4).
Although Forest Management Guidelines for the Conservation of Woodland Caribou, Forest Management
Guide for Natural Disturbance Pattern Emulation, and Ontario’s Parks & Protected Areas: A
Framework & Action Plan mention the desire to integrate adaptive management into policy
and management decisions, no framework exists. None of the policy approaches make any
reference to being accountable for missed opportunities (Table 6.4). Similarly, none of the
policy approaches indicate how or if remedial action can be taken to rectify or improve

problem areas (Table 6.4).
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7.0 DISCUSSION
7.1 Ecosite Assessment

At the ecosite scale, the ES12/V30 plots exhibit variation with respect to forest
structure and composition of species on these sites. Forests with mote openings and lower
stem densities had less humus form development and more terrestrial lichen on site.
Conversely, sites with thicker humus form development over bedrock were associated with
greater canopy closure, more feathermoss, and less lichen (Johnson, 1981; Payette ez 4/,
2000). This variation at the ecosite scale has important implications for woodland caribou in
this region, as they are dependant on terrestrial lichen as an important food source (Klein,
1982; Schaefer and Pruitt, 1991; Johnson e @/, 2001).

The lichen abundance can be attributed to the openness of stands, which varies
depending on humus form depth. Lichen did not exist in abundance under closed or neatly
closed canopies, even though suitable overstorey trees (jack pine) and substrate (shallow soil
or bedrock) were present. Humus form accumulation appears to be the controlling factor in
the feathermoss-lichen dynamic (Nguyen-Xuan e/ 4/, 2000; Payette ef a/., 2000). Where
humus form (>2 cm depth) is present over bedrock, there is little or no terrestrial lichen.
These sites have higher tree stem densities and greater canopy closure, limiting lichen
regeneration. In WCPP, open woodlands (with extensive exposed bedrock outcrops) appear
to be necessary to support abundant lichen over long periods of time (Johnson, 1981;
Schaefer and Pruitt, 1991; Sulyman and Coxson, 2001). Sites with relatively deep humus
form development on bedrock or shallow, well-drained sites did not support abundant
lichen (Payette ef @/, 2000).

In forest of the ages studied (53-157 years after fire), lichen was found in abundance

at all ages on open sites. The characteristics of these lichen stands can be attributed to the
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characteristics of past forest fire events (Johnson, 1981; Payette, 1992), as fires dictate
aboveground site characteristics, as well as which seeds or rhizomes survive after the

disturbance (Johnson, 1981, 1992; Payette, 1992; Heinselman, 1996; Miller, 2000).

7.2 Regeneration of Jack Pine Forests After Fire

How a boreal jack pine forest regenerates after a forest fire will depend on fire
severity (Ryan, 2002; Wang, 2002). Fire severity determines both the structure and
composition of these forests (Johnson, 1981; Payette, 1992; Turner ef al, 1999; Payette ef a/.,
2000; Wang, 2002). Severe fires, or fire events with short return intervals, will consume
more organic matter (including humus form) than low severity fires (Johnson, 1992; Payette,
1992; Miyanishi, 2001; Ryan, 2002).

Humus form is critical in northern forests, especially in shallow soil environments,
where it becomes much of the soil. Humus form is often the entire nutrient capital for
many forests on V30 sites (OMNR, 1997¢; Green, e al., 1999; Prescott ¢t al., 2000; Gordon et
al., 2001). Areas with little or no humus after a fire have limited ability to support trees, as
growing conditions are too severe. Few trees are able to effectively regenerate with almost
no soil to retain moisture (Kimmins, 1997). This leads to extreme fluctuations in
microclimate site conditions (extreme drought and significant frost damage), making
germination and survival of vascular plants very difficult (Kimmins, 1997; Green ¢ a/., 1999;
Prescott et al., 2000). Low seedling densities result in low tree densities in mature forests,
often with many forest openings or gaps (Figure 7.1) (Johnson, 1992; Heinselman, 1996;
Turner ez al., 1999; Ryan, 2002). These forest openings become ideal habitat for species that
can withstand these harsh environments and require abundant sun light, such as Cladina

rangtferina, an important food source for woodland caribou.
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Figure 7.1: Openness of Lichen Rich Ecosites. These are examples of open jack pine forests
growing in a bedrock dominated ecosystems. The top photo shows a forest opening where Cladina
rangiferina is the dominant ground cover; the bottom photo is an example of jack pine growing on
bedrock. Stemns are relegated to cracks in the bedrock and in depressions where humus form
provides rooting foundation and nutrients. All stems ate of the same cohortt; the smaller ones have
been limited in size due very harsh growing conditions.
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Limiting duff accumulation will depend upon forest fire severity. Stand replacing
fires that burn through the canopy and consume aboveground biomass will not necessarily
consume duff (Miyanishi and Johnson, 2002; Ryan, 2002). The remaining unconsumed duff
may not be abundant, but the effects on the variation in the density of stem regeneration on
V30 sites after fire are dramatic. Areas with even thin layers of burnt duff on site are very
favorable substrates for jack pine regeneration, especially compared to bedrock (Greene ez
al., 1999). Tree regeneration and density on sites with greater amounts of unburnt or
partially burnt duff will be more abundant, as this offers a suitable seedbed (Kimmins, 1997;
Prescott et al., 2000).

Humus forms will develop over time as forests mature; forests with more canopy
cover will have more litter fall, contributing to greater amounts of potential humus form
development (Miyanishi, 2001). Ateas with low stem density and forest openings will
accumulate humus form much more slowly, which in turn will influence the characteristics
of future forest fires and how forests regenerate in the future.

The effects of humus form will have a lasting legacy on forest regeneration and site
characteristics (Kimmins, 1997; Prescott ¢f a/., 2000). The legacy of humus form
development on a site will determine how a stand regenerates, and the amount of terrestrial
lichen on site. The stand legacy will also influence future disturbance events, as stand
density and composition will determine fuel type, abundance and pattern of future fires

(Ryan, 2002).

7.3 Landscape Assessment
The variation of shallow soil jack pine forests was not only an ecosite scale

phenomena (Figure 7.2). The four 1930 fires showed significant variation in the openness of
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the forests studied. The North and Wrist sites had a higher average amount of forest
openings than the Mid and South study sites. The greater average size of forest openings in
the North and Wrist sites mean that sun dependant species such as Cladina spp. will likely be
able to persists for longer time periods and in greater abundance (over time) than areas such
as the Mid and South study areas. Forests at the landscape scale that have smaller forest
openings will support lichen, but lichen regeneration and abundance will occur at an eatlier
successional state than forest with large canopy openings (Johnson, 1981; Payette ¢f a/,
2000). Larger forest opening may also favor woodland caribou foraging opportunities, as
average snow depths are shallower due to wind, allowing easier access to lichen in the critical
late winter months (Schaefer and Pruitt, 1991; Johnson ez 4/, 2001).

The effects of forest fires within WCPP do not only vary with stand composition
and structure. The amount of area burned over time also varies tremendously. During the
20" century there was dramatic variation in the amount of area burned, measured by the
amount of area burned in each decade. Almost no fires burned during the 1950s (319 ha),
whereas a large portion of the park burned during the 1980s (106,696 ha). This extreme
fluctuation in fire size will make prescribed fire within the park challenging; burning small
areas (<2000 ha) each year may be manageable (Reilly pers comm.) but this would limit fire
size to a maximum of 20,000 ha per decade. This is far smaller than the largest area by fire
decade in the 20th century. Moreover, most large fires burned a considerable amount of
area outside of the park (at least as much as was burnt in the park). By limiting the amount
of area burned, resource managers are limiting the amount of potential caribou habitat.
How woodland caribou respond to this extreme variation in habitat availability over time is
beyond the scope of this research. However, some interesting points can be made about

lichen regeneration in a non-equilibrating fire environment.
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Figute 7.2: Variability in Landscape Scale Forest Openings. Landscape views of open jack pine
sites in Woodland Caribou Provincial Park; the photo on the top is a very open area with abundant
lichen (the polygons are 5 ha hexagons); the bottom photo shows the variability of forest openings in
this region.
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7.3.1 TERRESTRIAL LICHEN DYNAMICS OVER TIME

Terrestrial lichens are well adapted to surviving periodic disturbance by fire, and can
persist in harsh environments (Johnson, 1981; Kershaw, 1985; Webb, 1998). The onset of
fire can actually improve habitat for terrestrial lichen by opening up closed canopies and
limiting competing species such as feathermoss and shrubs which will shade out lichen when
they become dominant (Ahti and Hepburn, 1967; Schaefer and Pruitt, 1991; Payette ef a/.,
2000; Coxson and Marsh, 2001).

On average, forests with smaller canopy openings had higher percentages of lichen
cover in young stands (50-70 years) than young stands with expansive forest openings. This
is likely due to the effects of fire severity; where more lichen biomass was combusted in
more severe fires, resulting in a Jonger regeneration time (Heinselman, 1996; Payette ¢z 4/,
2000). This however changes quite dramatically as these forests begin to age, when stands
become dominated by feathermoss and black spruce. Stands with smaller forest openings
begin to succeed to forests with greater overall canopy closure than stands with larger
canopy openings. Black spruce begin to fill in the canopy gaps, and feathermoss (primarily
Pleuroggum schreberi) becomes the dominant ground cover at an earlier successional stage than
in forests with larger average forest openings, limiting shade intolerant species (Figure 7.3)
(Johnson, 1992; Sulyman and Coxson, 2001; Miyanishi and Johnson, 2002). The resulting
lack of light, and the ability of feathermoss to out-compete lichen, changes the dynamics and
the amount of lichen in these forests, transforming these forests from lichen rich to

feathermoss rich forests (Payette, ef a/., 2000; Coxson and Marsh, 2001). (Figure 7.4).
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Figure 7.3: Black Spruce Regeneration. Regenerating black spruce and feathermoss in a once
open V30 jack pine (bare stems in foreground) stand on Wrist Lake. Notice the vigorous growth of
black spruce saplings, shading out potential lichen habitat.

Figure 7.4: Succession of Ground Cover in V30 Stands. The photo on the left shows the
competition for ground cover in a 62 year old V30 site, the forest opening is to the right of this
picture (where the lichen is), whereas the closed canopy forest is to the left. (whete the feathermoss is
growing). The photo on the right shows the dominance of feathermoss in a 127 year old shaded V30
site. Feathermoss was found growing over lichen in this stand.
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In forest with larger openings, and less humus form, terrestrial lichens are able to
persist for much longer (Johnson, 1981; Schaefer and Pruitt, 1991). The harsh microclimate
of these larger forest openings limits the encroachment of feathermoss and black spruce
(Payette, 1992; Heinselman, 1996). The openness allows lichens to persist in this landscape
until these stands are very old for this region (>150 years). The average fire return interval
for this portion of the country is less than 100 years (Ehnes, 2000). The longer than average
return interval of fire events in this region may be attributed to lack of fuel, and poor fuel

connectivity (Heinselman, 1996; Tutner ¢/ 4/, 1989; Ryan, 2002) or just by chance.

7.4 Importance for Woodland Caribou

The pronounced vatiation in the mean amount of forest openings, and resulting
lichen regeneration in these V30 sites is important for caribou persistence in this region.
Woodland caribou must respond to available forage (lichen), by accessing forests with
different attributes (lichen abundance) at different ages. In regions with low severity fires
(smaller forest openings, greater amount of humus form), caribou likely access these
stands/landscapes at an eatlier successional stage (50-80 years old), when lichen is most
abundant. In areas where fires were more severe (greater forest openings, less humus form
accumulation) caribou can access these stands at later successional stages, as these stands will
continue to support lichen until they are much older (>150 years old) (Schaefer and Pruitt,
1991; Sulyman and Coxson, 2001). This dynamic availability of lichen at different forest ages
is very important for caribou, as the forest fire return intervals are not in equilibrium
(Sprugel, 1991; Shinneman and Baker, 1997; Armstrong ¢f a/., 2003). This means that there
is not a sustained yield of lichen rich stands for caribou forage in any one area. When fires

are small or infrequent such as in the 1950s, or when fires are not severe, the result will be
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less lichen over time. To make up for this lichen deficit, older stands that experienced more
severe burns in the past, which are generally more open, and large fires (e.g., 1980s) must

provide foraging opportunities when lichen availability is limited elsewhere.

7.5 Land Use Policy Assessment

The development of policy related to the conservation of woodland catibou in
Ontario has been very limited. Although Ontario Parks and the Forest Division have
expressed interest in developing policy, no formal policy has yet been developed. This is the
case, despite the fact that woodland caribou have been considered a species at risk for over
25 years. Establishing large protected areas such as Woodland Caribou Provincial Park was
an important step towards conserving this species, but the lack of management within the
protected area and encroaching forest harvesting activities increase uncertainties regarding

species persistence in this region.

7.5.1 FOREST MANAGEMENT AND WOODLAND CARIBOU

The Forest Division has made great strides in addressing other forest values not
directly tied to fibre extraction (Adamowicz and Veeman, 1998; Duinker ez 2/, 2001, Balsillie,
2002). Some of these advances are related to habitat considerations for other valued
organisms such as moose and fish, and their habitats (Remple ez 2/, 1997; Francis, 2000).
These values have economic value (are hatvestable), and are able to fit within the silvicultural
constraints of economic forest harvesting. The strategies that have been developed for
woodland caribou conservation give some direction for caribou conservation, but are
primarily descriptive in nature (e.g., Greig and Duinker, 1997; OMNR, 1999). These have

yet to be tested or put into practice; therefore it is difficult to assess their potential efficacy.
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Two forest management guidelines have been developed, which direct land use activities that
affect woodland caribou habitat. These forest management guidelines appear promising, as
they incorporate new ideas of ecosystem and adaptive management, but significant
challenges in implementation remain (OMNR, 2002b).

7.5.1.1 Forest Management Guidelines for the Conservation of Woodland Caribou

The Caribou Guidelines appear to be a substantive move on the part of the Forest
Division to address the issue of woodland caribou range recession due to forest harvesting
activities. Even though these guidelines are still in the draft stages (final draft, version 1.1),
many of the concepts ate being implemented through the forest management planning
process and the implementation of the caribou mosaic (Armstrong, 1998; Racey and
Armstrong, 2000; Gerrish and Lipsett-Moore pers. comm.). These guidelines consistently
outscored all other policy approaches (1.Forest Management Guide for Natural Disturbance
Pattern Emulation, 2. Ontario Provincial Parks: Planning and Management Policies, 3.
Ontario’s Parks & Protected Areas: A Framework & Action Plan, and 4. Woodland Caribou
Provincial Park Interim Management Statement) evaluated in this study. The guidelines have
clear objectives, and acknowledge the limitations of small scale and short term planning in
conservation efforts for this species. An adaptive management approach to management is
also encouraged.

Reconciling spatial and temporal scale related issues is the greatest challenge in the
implementation of these guidelines. Planning on the regional scale (larger than individual
FMUs) will be very difficult as the management of wood flow is currently based on FMU
boundaries (OMNR, 2002b). This is important for woodland caribou, as they are far a
ranging species (Darby ez a/, 1989; Racey ez al., 1999). Restricting harvesting in one FMU to

protect caribou habitat will not be an easy political “sell”’, and will cause local, if not regional,
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economic concerns (Barrett e a/., 1998). The cost of planning at the regional level, in
cooperation with operational plans, will be very high and complex (Margules and Pressey,
2000; Possingham, 2001). No example of this scale of management with operational plans
exists in Ontatio.

Temporal scale issues will be the most difficult to address as they are often abstract,
and may not become apparent until management regimes have been put into place (including
regional timber access rights) (White ez a/, 1999; Gordon ez al, 2001). Resource extraction
interests will demand guaranteed long-term resource access rights, to ensure profitable
returns on planning and infrastructure investments (Loehle ez 4/, 2002). By granting long-
term resource access, opportunities for adaptive management are compromised (Yaffee,
1999; Light, 2001). This is particulatly relevant in caribou management, as the area required
to maintain a viable woodland caribou population in this region is not known (Schaefer pers
comm.). Current caribou population numbers (which are not known) may be unsustainably
low, resulting in future extirpation. The ability of woodland caribou to reoccupy an area
after forest harvesting is also not known. There have been very few examples of woodland
caribou using cutover areas after harvesting (Darby ef 4/, 1989; Racey e 4/, 1996; Racey and
Armstrong, 2000). Therefore the current approach to management is not guaranteed to be
effective at conserving woodland caribou.

The Caribou Guidelines were developed on the premise of adaptive management, as
so little is known about this animal and their habitat requirements. Management
prescriptions are based on the best available knowledge and are considered to be
experimental. The concept of adaptive management is an attractive option for resource
managers in Ontario as all management prescription should be dynamic and reflect new

knowledge (Nudds, 2000). Adaptive management will be difficult, as no adaptive
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management system exists within the OMNR (Baker, 2000); this is compounded by the fact
that there is insufficient monitoring and scientific research in this region (Nudds ef 4/, 1998;
Kutas ez al., 2002; Lipsett-Moore, 2002). There is concern that an adaptive management
framework is too complex and costly to implement in practical application (MacDonald ez 4/,
1999). As Stankey ef /. (2003) noted, if a system designed for adaptive management is too
difficult to implement, the system will remain rigid, limiting options and preventing
mitigative actions.

Small-scale, informal monitoring systems and changes to policies and management
prescriptions do occur, but cannot be considered to be truly adaptive (Gunderson, 1999;
Baker, 2000; Stankey ez al., 2003), as these approaches are ad hoc. The real challenge in
implementing an adaptive management framework for woodland caribou conservation is the
length of time necessary to regenerate caribou habitat after a disturbance (at least 50 years).
Based on this planning horizon, the effects of management prescriptions made today cannot
be fully evaluated until well into the future. It is unknown whether adaptive management
can work on this Jong time horizon or this large spatial scale (Stankey ez a/., 2003).
7.5.1.2 Forest Management Guide for Natural Disturbance Pattern Emulation

Pattern emulation forest harvesting is meant to mimic the shape and size of forest
fires, and potentially their ecological effects. This forest management concept is an
interesting idea with some ecological merit (Franklin e# a/., 2000; McRea ez /., 2000b). This
form of forest harvesting has become the dominant silvicultural prescription in Canada’s
boreal forest (Adamowicz and Veeman, 1998). Increasing the size of cut blocks will
minimize edge effects, and will better approximate the size and potential pattern of natural

disturbances such as forest fires (Niemela, 1999; McRea ¢ a/., 2000b). However, this
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perspective on forest fire characteristics and their ecological effects is simplistic (Gordon,
1996; Franklin ez a/., 2000).

The Pattern Emulation Guidelines (PEG) recognizes the differences between forest
fires and forest harvesting, and acknowledge their limitations. The biggest difference
between the two processes is that forest fites are primarily a chemical form of disturbance,
with physical impacts, whereas clear cutting is dominantly a mechanical process (Gordon,
1996; McRea ¢t al., 2000b; OMNR, 2002a). The chemical changes in soil pH due to ash
accumulation and cation exchange generally leads to higher pH after fire, whereas in forest
harvesting operations, this does not occur (Kimmins, 1997; Johnston and Elliott, 1998;
Prescott ¢f al., 2000; Simard ef a/., 2001). This change in the timing and availability of soil
nutrients and soil pH may have long-term ecological effects on stand characteristics (Simard
et al., 2001). The PEG have not addressed the differing ecological effects of these two
disturbance processes. Forest fires are highly variable disturbance agents, with diverse
ecological effects depending on the severity of the fire events (Johnson, 1992; Turner et 4/,
1999; Ryan, 2002; Wang, 2002; this study). The variability of clear cutting and their
ecological effects do not reflect the range of scales at which fires operate (Franklin e# o/,
2000; Elkie and Remple, 2001). Disturbance severity is purposefully limited to promote
productive tree regeneration (OMNR, 1997¢). Although the desire of these guidelines is to
emulate the pattern of fire disturbance, the variable effects of disturbance severity are not
emulated (Figure 7.5).

Ttee regeneration after a disturbance is an impottant part of sustainable forest
management (OMNR, 2002b). If site conditions are inappropriate (lack of nutrients), tree
regeneration will be compromised; therefore, sites with sufficient nutrient capitals are

required for sustainable forest
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management (Kimmins, 1997; OMNR, 1997¢c; Whittle ¢# a/., 1997). The Forest Division has
acknowledged in the Forest Management Guidelines for the Protection of the Physical Environment
(Physical Environment Guide) how they would like to emulate disturbance severity. This is

clearly stated in the Physical Environment Guide, where the authors state:

Site damage must be viewed in context with effects of natural disturbances (e.g., wildfire,
windthrow, erosion) on ecosystem form and function. Natural disturbance regimes and their
effects are highly variable and it is important that effects of human disturbance stay within
the range of natural variability. Although some natural disturbances are severe, the intent of
our human activities is to emulate less catastrophic disturbance effects (i.e., although some
severe natural disturbance events can reduce site productivity, the goal of forest management
is to maintain site productivity) (OMNR, 1997c: 2).
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Figure 7.5: Landscape Disturbances Northeast of WCPP. These two disturbances are directly
adjacent to one another. The top photo shows the uniformity of a cutover in the region, whereas the
bottom photo shows the variability of an area that burned in 2002.
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The maintenance of site productivity for trees dramatically alters the ecological
characteristics (amount of humus form and the regeneration of both tree and understorey
plants) of sites harvested, compared with the effects of fire (McRea ez 4/, 20002; Nguyen-
Xuan ef al., 2000; Wang, 2002). Numerous studies have found significant differences
between the effects of forest harvesting and the effects of fire. Catlton (2000) stated that the
regeneration of understorey plants was much more vigorous in areas harvested using clear
cutting methods compared to sites that were burnt. Similar findings were found by
Hearnden ez 4/, (1992) in their assessment of post logged conifer sites, where hardwoods
such as trembling aspen regenerated in greater abundance than in similar burnt areas. When
cutovers regenerate excessive broad leaf species the application of herbicides, such as
glyphosate is used to limit competing plant regeneration (Campbell ¢z @/, 2001). These
herbicides have dramatic negative effects on Cladina spp. (limiting caribou forage)
(Newmaster ez al., 1999). The effects of clear cutting on bryophytes and lichens are also
significantly different than in burnt areas, as the amount of ground vegetation and cover
(particulatly duff) that is disturbed vaties significantly (Nguyen-Xuan ef 4/, 2000; Ehnes and
Keenan, 2002). These differences pose challenges for site regeneration that will be suitable
for woodland caribou winter habitat. The objective of maintaining site productivity for trees

compromises the ecological characteristics of naturally disturbed sites.

7.5.2 IMPLICATIONS FOR WOODLAND CARIBOU

Forest regeneration using clear cutting under the PEG has important implications
for woodland caribou management. The regenerating forest composition and structure in
clear cuts does not emulate the effects of fire. Sites after forest harvesting are richer in soil

nutrients, with more humus form, as well as greater competition from plants such as
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trembling aspen, herbs and feathermoss. All of these site regeneration charactetistics are
diametrically opposed to the site conditions needed for significant terrestrial lichen
regeneration (poor nutrient capacity soils, limited competition and open canopy). These
differences limit potentially high quality winter woodland caribou habitat, as lichen biomass
will be reduced. The amount of lichen likely to regenerate in cutovers will be dramatically
less than in areas disturbed by fire. Therefore, the PEG may emulate the shape and
approximate size of fires (Niemela, 1999; Suffling and Perera, In press), but when it comes
to woodland caribou habitat requirements, these guidelines do little to improve or maintain

lichen forage for woodland caribou in their winter habitats.

7.6 Protected Area Management and Woodland Caribou

Large protected areas such as Woodland Caribou and Wabakimi Provincial Parks
have been established in northwestern Ontatio to protect woodland caribou (Duinker ef a/,
1998b). Both parks are very large, totaling 450,000 and 892,000 ha respectively. Resource
managers and policy makers see these parks as protected woodland catibou habitat;
however, they are not directly managed for the conservation of woodland caribou, as neither
park has a management plan. The lack of management plans (policy development) may be a
result of lack of interest on the part of the bureaucratic organization, in this case Ontario
Parks (Pal, 1997; Kernaghan and Siegel, 1999). Research on woodland caribou is now
beginning to occur in both parks. I will only discuss issues related to WCPP, as this is the
focus of this research, although ideas and findings likely equally apply to Wabakimi.

The policies affiliated with Ontario Parks tended to score lower in the policy
assessment compared with policy affiliated with the Forest Division. The distinction

between the policy approaches is that the Forest Division policies had much clearer
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objectives when it came to conservation practices. Moreover, the lack of policy
development by Ontario Parks with regard to management of large boreal protected areas
limited their score. The lack of explicit policy direction can be attributed to two challenges
facing Ontario Parks. These are:

1. Lack of Information.
2. Lack of Clear Strategic Vision.

1.) Lack of Information: The absence of original research related to the conservation of
woodland caribou and fire management in protected areas has limited the ability of Ontario
Parks to form substantive policies (KKutas ¢z /., 2002; Lipsett-Moore, 2002).

This is a significant issue for Ontario Parks. Provincial parks in northern Ontario are
not well studied (Kutas e 4/, 2002; Lipsett-Moore, 2002; Kingston, McGrath, Gilmore pers.
comm.). Purposeful and strategic research and monitoring programs do not exist in most
protected areas in northern Ontario. Most large protected areas are only now collecting the
most basic information for general management planning purposes (Gilmore, Kingston pets.
comm.)

Ontario Parks appears to have a southern Ontario focus, as much of the research
budget is allocated to protected areas in this portion of the province (e.g., Jalava ez a/, 2002;
Mallaney, 2002). This may be due to the high concentration of people in this region, and a
general awareness of the limited amount of protected land in this portion of the province.
Although the amount of protected land in northwestern Ontario far exceeds that of
south/central Ontario, clearly the budgets are not based on the size of the protected area.
This is very problematic for research and monitoring of these large northern parks, as access
and field research is much more costly, due to their remoteness and lack of roads in the

parks. This results in parks with little or no data to assist in the formulation of policies and

management prescriptions.
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WCPP does not have specific management plans for species at risk or forest fires,
resulting in an ad hoc approach to management. This is problematic, as policies from other
jurisdictions, notably forestry interests, become the default policy in these parks (e.g.,
Caribou Guidelines). This poses significant challenges, as management objectives may differ
considerably. The development of the caribou mosaic for planned disturbances in Red Lake
District, which extends from the forest management land base into WCPP, exemplifies the
problem. By applying the caribou mosaic for planned disturbances to WCPP, the efficacy of
the park's management is determined by forestry practices outside the park. This form of
"command and control" management makes conservation practices "brittle" (Holling and
Mefte, 1996; Francis, 2000). If any one part of the system fails to achieve its goals, then the
management system (in this case, maintenance of woodland caribou within the region) fails,
possibly resulting in the demise of woodland caribou.

The current caribou mosaic that extends into the park is also problematic, as this
management prescription attempts to dictate the size, spatial extent, and timing of
disturbances within the WCPP. As noted in the Landscape Assessment section of this thesis,
fire size and severity are highly variable, and not in equilibrium. This means that the current
caribou mosaic cannot be applied to WCPP, as humans do not posses the capabilities to
manage fire (the only acceptable disturbance with the park) over this large an area (Agee,
1997; Martell, 2001; Woodley, 2002). Moreover, a single fire, burning with the right
conditions, could burn this entire area (with remnant unburned patches) (McRea ¢z 4/,
2000b).

2.) Lack of Clear Strategic Vision: Ontario Parks has a dual mandate, to both protect
important natural heritage values and to provide recreation opportunities to the residents of
Ontario and beyond (OMNR, 1992). This mandate is necessarily broad, but more specific

and needed policies related to the protection of ecological integrity are needed (Wilkinson
and Eagles, 2001). The management of far ranging organisms such as woodland caribou,
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and ecosystem processes such as forest fires, do not exist for this region. Both of these
management policies would require clear and long term strategic planning.

The lack of a clear strategic vision in government agencies is an institutional problem
(Dovers, 2001). Bureaucracies are often not meant to have clear strategic visions, and are
meant to manage and mitigate issues (Goodin, 1996; Botins, 2000; Possingham, 2001). The
lack of a strategic, long term vision, with clear goals and objectives, is common in the
protected area domain (Possingham, 2001). Too often strategies are short term and focused
on delaying the inevitable, such as species extinction, catastrophic fire, etc. (Possingham,
2001). This approach to management does not bode well for complex issues requiring long
term, careful, operational planning, issues like fire management and woodland caribou
conservation. Developing plans and strategies that are not tested or implemented further
complicates these inevitable problems (Searle, 2000).

A clear strategic vision is necessaty to address complex resource and environmental
issues (Chavas, 2000; Mitchell, 2002). Without a clear vision, Ontario Parks will continue to
face significant challenges into the future. Many protected areas in northwestern Ontatio
have only been in existence for two decades. At the time of establishment, many issues were
not well understood, and have been ignored for too long. Now that industrial activities are
encroaching on areas once deemed as perpetual wilderness areas (notably the Northern
Boreal Initiative Planning area), parks must reevaluate, and establish clear strategies, if

species such as woodland caribou are to be protected.

7.6.1 IMPLICATIONS FOR WOODLAND CARIBOU
Resource managers have traditionally seen protected areas in northwestern Ontario
as “protected caribou habitat”. Although resource extraction activities are not permitted

within these areas, caribou persistence is not guaranteed. Resource extraction activities
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beyond the park boundary, lack of information, and fire management issues within WCPP
have increased the complexity and uncertainty of this issue. A clear understanding of best
management practices may not be possible, due to the lack of information and strategies.
Woodland caribou management must be dealt with at multiple spatial and temporal scales in
order to understand and potentially manage this far ranging species. Not investing in even
basic research in this region will severely limit the potential for effective woodland caribou
management, as effective policies cannot be developed in the absence of knowledge (Yaffee,

1997; Gunderson, 1999; Possingham, 2001; Lipsett-Moore, 2002).

7.7 Ecosystem Management and Woodland Caribou

Ecosystem management has been identified by both the Forest Division and Ontario
Parks as a desirable management framework in which to operate (OMNR, 2002b; Ontario
Parks, 2003a). Although the Forest Division and Ontario Parks have conceptually embraced
concepts of EM, based on the goals outlined by Christensen ez 4/ (1996) used in this
assessment, both branches of the OMNR face significant challenges in implementing EM
objectives.

Management prescriptions and policies that reflect the dynamic, and often
unpredictable nature of the boreal forest have not been embraced. Both branches of the
OMNR have only supetficially reconciled issues of scale. Management of large areas
(>500,000 ha), with clear operational plans still eludes the OMNR. The Forest Division has
made greater advancements in their EM initiatives compared with Ontario Parks. Important
research has been conducted on forest dynamics in the forestry environment (e.g., Kenkel e
al., 1998). The biggest limitation to forest ecosystem dynamic research in this region is that

it is constrained by the economics of silvicultural reality (OMNR, 2002a,b). This means that
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forest fire, the major driver of ecosystem renewal, is almost always excluded from all
research and management prescriptions.

Information and an understanding of ecosystem dynamics are fundamental
components of EM (Salwasser, 1993; Christensen ¢ @/, 1996; Noss and Scott, 1997;
Christensen, 1997; Kohm and Franklin, 1997; Jensen ¢ 4/, 2001). This does not bode well
for Ontario Parks, as information on ecosystem dynamics (including woodland catibou) is
nearly absent. If this information vacuum persists, Ontario Parks will not be able to
effectively comment on, or contribute to EM initiatives. This will result in the maintenance
of the status quo, where the Forest Division dictates land management in this region.

Temporal scale issues are beyond the scope of most management systems currently
used in this region. Most of these systems were developed based on the concept of
ecosystem equilibrium, which does not reflect the dynamic nature of the boreal ecosystem
(Baker, 1989; Suffling and Speller, 1998; Turner ez 4/, 2001; Armstrong e al., 2003). An
example of this is the zoning system within Ontario Parks, which was not developed to
reflect the dynamic nature of this fire prone ecosystem. To address the issue of an ever-
changing ecosystem, a comprehensive monitoring program should be initiated to understand
change (Spies and Turner, 1999).

Sustained yield at any scale does not reflect a dynamic ecosystem where spatial extent
and forest characteristics (structure and composition) of landscapes are not in equilibrium.
However, sustained yield, long term planning, and resource allocation are important
components of forest management (Oliver ef @/, 1999; Lochle ¢z a/., 2002). This need for
resource certainty limits the adaptability of forest management systems (Stankey e @/, 2003).
EM cannot be implemented if a system is not adaptable (Christensen e# 4/, 1996), thus,

learning will have to occur to facilitate EM (Gunderson, 1999).
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EM is a costly and complex undertaking (Franklin, 1997). Protected areas and
forestry interests will have to develop a system where clear strategies are developed for
integrated information collection, monitoring, and adaptable management practices, to

ensure woodland caribou habitat viability in this region.

7.8 Summary

Forest fires are a critical factor in landscape evolution in the boreal forest, and play
an integral role in determining the characteristics of woodland caribou habitat. Resource
managers must address the complex nature of forest fires and incorporate them into policy
and management planning decisions. Policy development must be highly adaptable in this
context, as the effects of forest fires can vary dramatically. The ecological ramifications of
rigid policies or incremental change will result in lost opportunities and mismanagement.
Woodland caribou are vulnerable in this region, as they are at the southern limit of their
current range. Pressures from forest harvesting, and the inevitable onset of fire, require
active and adaptive management (Woodley, 2002).

The highly variable nature of forest fires will be a challenge for existing management
systems, as dramatic changes in woodland caribou habitat availability, due to the onset of
fire, can occur in a short period of time (less than a decade). This periodic, but rapid change
resulting from forest fires is a natural phenomenon in fire prone landscapes (Romme, 1982;
Heinselman, 1996; McRea ef a/., 2000b; Fule ef 4/, 2003). Attempting to suppress this
ecological process will have significant ecological ramifications in the future by severely
limiting the amount of future caribou habitat.

An equally challenging endeavor will be attempting to improve forest management

practices so that they are more sustainable, and better reflect the dynamic nature of forest
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fires. Maintaining a set severity of disturbance for productive tree regeneration will do little
to maintain winter woodland caribou habitat in northwestern Ontario. Although severe
disturbances may decrease tree productivity of forests in the boreal, the productivity and
long term sustainability of woodland caribou is dependant upon these periodic severe fires.
Ecosystem management ideals will have little benefit on conservation of woodland
catibou, as long as they remain in the conceptual realm. Without the development of
applicable management prescriptions, which are tested and monitored, ecosystem
management will simply remain a game of semantics (Noss and Cooperrider, 1994;

Fitzsimmons, 1996).
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8.0 CONCLUSIONS AND RECOMMENDATIONS

Woodland caribou habitat and forest fires are inextricably linked in northwestern
Ontario. The variable effects of fire severity determine the composition, structure and
abundance of winter woodland caribou habitat in this region. Policy and management
decisions made to conserve woodland caribou must also incorporate the variability of fire,
and the dynamic nature of these habitats. In protected areas, fires dictate the quantity,
quality and timing of suitable winter habitats. Protected area policies must reflect an
understanding all of these variables, if they are to direct management of caribou. In areas
managed for forest harvesting, where fire pattern emulation is the dominant management
technique used to renew caribou habitat, the differences between fire regenerated stands and
human regenerated forests have important implications for woodland caribou’s ability to
recolonize an area after harvesting. Not addressing the fire management issue will result in

lost opportunities and the increased probability of further woodland caribou decline.

8.1 Woodland Caribou Provincial Park Management

Setting aside land in protected areas does not guarantee the protection of species or
ecosystems, as threats from beyond their boundaries, such as habitat fragmentation and
alteration, make active monitoring, assessment and management a necessity for conservation
efforts (Margules and Pressey, 2000; Woodley, 2002). This portion of the boreal forest
exemplifies these issues and needs, as forest harvesting adjacent to WCPP, and forest fires
within the park, play an important role in shaping terrestrial ecosystems (Johnson, 1992;
Payette, 1992; Heinselman, 1996; Franklin, 1997). Threats to protected areas are not only
from beyond their borders; significant threats also exist within Ontario Parks themselves.

The most prominent threats include a lack of information, limited clear strategic vision, and
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the limited active management of complex ecosystems within WCPP. These three
challenges threaten woodland catibou persistence in this region, as there is very little
management of these animals or their habitat in Ontario Parks. Protected areas must reflect
stresses outside their boundaries and take mitigative action to ensure the maintenance of
these ecosystems within their boundaries.

The boreal ecosystem is dynamic, and representative examples may be difficult to
maintain as landscapes exhibit tremendous variation depending on their successional state
(Payette, 1992; Cumming ef al., 1996; Fortin e a/., 1999). To date, the variable nature of
forest fires and their important ecological effects have not been adequately integrated into
land use policy and management prescriptions. WCPP and Ontario Parks have not
addressed fire management effectively, which threatens fire-adapted ecosystems in protected
areas (Kilgore and Heinselman, 1990; Agee, 1997; Johnson and Miyanishi, 2001; Kutas ez a/,
2002). Forest fires should no longer be perceived as a binary event (simply burnt or not
burnt), as burnt forests exhibit tremendous variation, depending on the severity of forest
fires (Turner ez al., 1999; Kafka ez al, 2001; Wang, 2002). Complete fire suppression in this
region is unlikely, and for the reasons mentioned previously, is undesirable. Many of the
terrestrial environments in WCPP are fire-adapted ecosystems, and any type of vegetation or
fire management plan must address this. WCPP is unique in this regard, as it is one of the
most fite driven ecosystems in Ontario Parks’ system of protected areas. Fire and species at
risk management plans should reflect this uniqueness, and the importance of variable fire
characteristics (including fire severity) in this ecosystem.

If high quality woodland caribou habitat is to be maintained, clearly articulated
management objectives must be developed; these in turn should be supported by ongoing

research, and monitoring (Lindenmayer, 1999; Turner ¢# al., 2003). Active management and

113



restoration of degraded ecosystems through prescribed burning for example should also be
considered (Agee, 1997; Margules and Pressey, 2000; Possingham, 2001; Woodley, 2002).
Policies and progressive management prescriptions may have to be developed somewhat
independantly by entrepreneurial bureaucrats (KKernaghan and Siegel, 1999, Borins, 2000), if
formal policy developments continue to be elusive.

Not investing in substantive research and monitoring programs limits what
management programs Ontario Parks can initiate. With limited knowledge of the
ecosystems that Ontario Parks is responsible for managing, only the most basic policy and
management decisions can be made. When larger or more complex planning initiatives are
undertaken {e.g., Ontario’s Living Legacy), or during future landscape level planning
initiatives for the conservation of woodland caribou, Ontario Parks will not be able to

contribute.

8.2 Forest Management Practices and Woodland Caribou

The Forest Division is taking important steps to develop more ecologically otiented
management practices. However, implementation of these practices is occurring at an
extremely slow rate. The delay in the development of substantive policies and management
practices pose significant threats to woodland caribou. The most pronounced threat is the
continued atttition of catibou habitat, which is altered by forest harvesting. The northward
expansion of harvesting is limiting current woodland caribou habitat in this region. The
long-term response of caribou to these large-scale human land alterations is still unknown.
Resource managers of this generation will not know if their management prescriptions will
be able to sustain woodland caribou. Thus a precautionary approach to management should

be utilized (Mitchell, 2002).
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The Northern Boreal Initiative will further constrain options for sustainable caribou
conservation. If forest harvesting continues north of WCPP, existing populations within the
park may be compromised, as this large protected area will become an island of protection.
The effects on metapopulation dynamics and genetic exchange with other caribou may also
be compromised (Noss and Cooperrider, 1994).

8.2.1 ACCEPTING FIRE

The desire for near complete fire suppression in the managed forest is having
remarkable consequences on how ecosystems evolve (Kilgore and Heinselman, 1990; Noss
and Cooperrider, 1994; Heinselman, 1996; Agee, 1997; Kirwan and Shugart, 2000; Keane o
al., 2002). Not reflecting the variable nature of fires in forest management prescriptions by
selectively choosing which aspects of fire are desirable (shape and size), threatens the long-
term viability of woodland caribou and other organisms dependant on fire-regenerated
ecosystems (Pruitt, 1997; Hobson and Schieck, 1999; McRea et 4/, 2001b) Recognizing the
stochastic character of fire driven ecosystems, and incorporating these characteristics in
policy and management decisions will not be easy or cheap. But if sustainability of these
ecosystems is the measure of sustainable forest management, then the cost of forestry may

have to increase and account for the habitat needs of organisms such as woodland caribou.

8.2.2 IMPLEMENTING WOODLAND CARIBOU POLICY

The Catibou Guidelines are impressive; they outline the need for landscape level
planning over multiple forest rotations, and conceptually embrace adaptive management.
These conceptual ideas are an important first step, but implementation continues to be
elusive. Although conceptually progressive, the Caribou Guidelines in concert with the

Pattern Emulation Guidelines are very much framed within a traditional forest management
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paradigm (sustained yield). The overriding influence of silvicultural constraints will limit the
potential of these guidelines. By managing complex, dynamic ecosystems within the bounds
of the sustained yield paradigm, concepts of non-equilibrium ecosystem dynamics are
completely ignored (Dellert, 2000). This does not bode well for sustainable management, as
the boreal forest is a non-equilibrating system, which requires periodic large and severe
disturbances (Johnson, 1992; Heinselman, 1996; McRea ¢z 4/, 2001b). Shifting away from
the sustained yield system will be very challenging, as the forest industry and all the
communities based on this industry are dependant upon continued access to fibre (Ontario

Forest Policy Panel, 1993; Lee and Associates, 1999; Oliver e a/., 1999).

8.2.3 THE IMPORTANCE OF FORESTRY

Much of northwestern Ontario’s economy is based on the forest industry (Wightman
and Wightman, 1997; OMNR, 2002b). Limiting forest resource development in this region
will require more than a shift in values, it will require a complete social and economic
transformation. The cost of this transformation would be immense, if not impossible, given
the current situation. Policies limiting productive interests are unlikely to change
dramatically, unless they are forced to change, with no other option (Hessing and Howlett,
1997).

Although I have been critical of the forestry practices throughout this research, I do
not see substantial changes in forestry practices until a majority of society recognizes the
need for a dramatic change in consumption patterns. I also feel like somewhat of a
hypocrite, as I criticize land management practices from the largest, petsistent clear cut in the
province (southern Ontario). When I move to northern Ontario, I know I want to live in a

community with a strong forest sector as they provide the tax base for schools, hospitals and
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libraries. Currently there do not appear to be many other options. Although the number of
jobs has decreased in the forest sector (Lawson ez /., 2001), alternatives do not offer viable
options for sustainable livelihoods in this region. If substantive change is to occut, all
residents of Ontario will have to recognize the implications of their consumptive decisions.
Forests are harvested as a result of existing and growing demands for fibre-based products.
Limiting consumption of these products will increase the likelihood of woodland caribou
survival in Ontatio.

8.3 Future Prospects

The management of forest dwelling woodland caribou is inherently complex, and
presents an interesting dilemma for resource managers. Woodland caribou are considered to
be an indicator of an ecologically intact, mature boreal forest ecosystem, yet their habitats are
dynamic and prone to disturbances such as forest fires (Schaefer and Pruitt, 1991; Pruitt,
1997; McLaren ef al., 1998), resulting in contradictory short and long term management
objectives. Balancing these seemingly opposing management objectives will be challenging,
and will require exploration, learning, and most importantly an ability to adapt (Gunderson,
1999). Woodland caribou appear to be a good indicator of an ecologically intact boreal
forest in this region; however, a sequence of indicators should be identified for all
successional stages of boreal forest development.

Policy developed for woodland caribou conservation is largely absent in Ontario as
protection of habitat will affect resource interests in this region. Woodland caribou
conservation (large scale management, over millions of hectares) will be very costly for
resource interests, as it would require significant land use restrictions (Cumming ez /., 1994,
Pruitt, 1997; Hann and Bunnell, 2001). Moreover, woodland caribou have limited direct

monetary value, as they cannot be hunted. The large-scale and long-term research needed to
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understand how caribou react to fire, harvesting and predation will be very costly. A project
on woodland caribou dynamics in British Columbia has been ongoing for 5 years, with a
budget of at least $800,000 per year (Walshe, pers comm.). This project is only beginning to
understand some of these dynamics, and will likely have to both broaden its scope, and
focus on how specific variables (e.g., fire) influence other dynamics.

Woodland Caribou Provincial Park and environs is a spectacular boreal landscape,
where the forces of nature have persisted with relatively limited human intervention. This
park should be viewed as an exciting opportunity for discovery and learning. Many of the
challenges faced by more southern, and developed protected areas are not yet a concern
here, notably large human populations nearby. This relative freedom could allow resource
managers and academics to explore and better understand the dynamics of forest fires and
how they influence fire dependant species such as woodland caribou on a grand scale.
WCPP’s proximity to other large protected areas in Manitoba, and undeveloped areas to the
north, broaden opportunities for landscape level research projects.

Past management decisions have identified the park as “protected caribou habitat”,
with little regard to the quality of this habitat, or the duration/suitability of potential habitats
in the future. Woodland caribou will be best managed when decisions are made based on
research and an understanding of the ecosystem in which they live. This can only be
achieved if we examine and understand controlling variables of woodland caribou habitat,

such as forest fires, and how their dynamics operate at multiple spatial and temporal scales

(Wiens ef al., 2002).
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8.4 Recommendations

The management of highly dispersed animals with dynamic habitat requirements,
such as woodland caribou, is challenging. In order to effectively manage these ecosystems
and the organisms that live within them, a sound understanding of variables that influence
their sustainability is required (Franklin, 1993). The following are recommendations for

future research and management of woodland caribou within WCPP and environs.

1. Invest in the development of a vegetation management plan that examines current
vegetation distribution, composition and structure. This plan should account for
variability of vegetation characteristics in the future. This is critical if resource
managers within the OMNR are ever to setiously model future woodland caribou
habitat. In addition, the vegetation management plan should address lichen
abundance and dynamics. This will require further research, as current FEC/ELC
frameworks may be insufficient to characterize and quantify this important variable
in caribou habitat management.

2. Develop a forest fire management plan. This plan should be primarily based on
clearly stated management objectives, which should include woodland caribou
habitat requirements. It should also recognize that WCPP is a very fire driven
landscape, and fire suppression should be only one of several management
prescriptions.

3. As woodland caribou winter habitat occurs in a diversity of stand ages (50 —150
years), resource managers should resist the tendency to assume all suitable conifer
stands meeting this age criterion are appropriate habitat. As mentioned throughout
this study, in many cases stands that appear to meet the age and vegetation
composition critetia exhibit considerable variation in lichen abundance, therefore
making some sites unsuitable. Areas that have been identified as current or potential
future habitat should be examined in greater detail.

4. Develop a large-scale woodland caribou habitat project, which investigates the
effects of fire, forest harvesting, predator- prey interactions, and ungulate parasite
interactions. This project should be developed in conjunction with key stakeholders,
including:

-Ontario Parks
-Manitoba government
-Manitoba Model Forest
-First Nations

-the forest industry
-other interested parties
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This should be an ongoing project, and should not be directed solely to fit within
silvicultural guidelines, as this limits ideas and options, many of which may not be
compatible with Ontatio Parks’ mandate.

All woodland caribou research, management, and planning should be nested within
an adaptive management framework, as much of the understanding of caribou
habitat dynamics is still in its infancy. Attempts should be made to make this truly
adaptive, as other adaptive management projects have failed due to their lack of
flexibility, unwillingness to learn, and the dominance of a few influential stakeholders
(Gunderson, 1999; Light, 2001; Stankey ef o/, 2003).
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10.0 APPENDIX

Glossary of Terms

ANNUAL ALLOWABLE CUT (AAC)- The volume of wood that may be harvested in a
given region per year.

AREA OF THE UNDERTAKING (AOU) - The region
within the geographic boundaries of the area of the
undertaking (sensu environmental assessment) is all land and
water within forest management unit boundary lines. The
northern boundary is generally the northern limit of current
commercial timber operations; the southern boundary is
generally the limit of the forest on Crown Land (Figure 10.1)
(OMNR, 2002b: 6-10).

Figure 10.1: The AOU in Ontario
(shaded region)

DISTURBANCE - A relatively discrete event that disrupts the structure of an ecosystem,
community, or population and changes the resource availability or physical environment
(White and Pickett, 1985). Disturbances may be either biotic (insects, pathogens, herbivory,
etc) or abiotic (fire, wind, drought, avalanche, and others); they may be either natural or
human induced (Pereta ¢t a/, 2000). The influence of disturbance events is dependent on
both the spatial and temporal scale of the event (Tuner ¢# 4/, 2001; Suffling and Perera, In
Press).

DISTURBANCE INTENSITY - The force of the disturbance event; it can be measured
quantitatively (e.g. energy released from the flame of a forest fire, or the velocity of wind)
(Johnson, 1992).

DISTURBANCE LEGACY - The influence of one ot more disturbance events, and how
they affect communities from individuals to landscapes of a given period of time. A specific
disturbance event on a particular community or patch may influence both succeeding

disturbance events and the sequence of succeeding disturbance events (Heinselman, 1996;
Foster e al., 2003).

DISTURBANCE SEVERITY - The propottion of individual plant organisms and their
propagules killed in a disturbance. Low severity disturbances will only slightly alter the biotic
structure of a landscape (e.g. small insect outbreaks). High severity disturbance will
dramatically alter the biotic structure of a landscape, killing most plants and trees (e.g. large
stand replacing forest fires) (Frelich and Reich, 1998).
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ECOSITE — Areas with relatively uniform topography, soil and hydrology, and
chronosequence of vegetation. Scale of 1:50,000 - 1: 10,000 (Uhlig and Wiltshire, 2001: 123).

ECOSYSTEM MANAGEMENT (EM) — Ecosystem management is a land (and
potentially water) management framework that promotes a holistic view of all resources
within an ecosystem. The desire is to protect and perpetuate complex ecosystem functions,
structures and compositions within a given landscape (Noss and Coopetrider, 1994;
Christensen ez al, 1996; Franklin, 1997; Grumbine, 1997; Woodley et a/., 1998; Yaffee, 1999).
EM must consider humans as an integral part of the an ecosystem (Grumbine, 1997;
Franklin, 1997). As ecosystem boundaries are often intangible and difficult to define,
properly managing an area within a defined boundary is often impossible, since influences
beyond the confines of a land parcel almost always influence activities within it (Woodley ez

al., 1998).

FOREST MANAGEMENT UNIT (FMU)- All ot part of a Crown forest that has been
designated as a management unit for the purposes of the Crown Forest Sustainability Act
(OMNR, 2002b: 6-15).

FOREST RESOURCE INVENTORY (FRI) A resource inventory conducted for each
management unit on average every twenty years. The FRI divides the area into a number of
components, such as water, non-forested, non-productive forest, and productive forest; and
further classifies each component by ownership/land use categoties. The FRI provides
descriptive information about the timber resource on each management unit (e.g., stand age,
stand height, species composition, stocking level) in the form of interpreted aerial

photographs, forest stand maps and a set of standard inventory ledgers referred to as reports
(OMNR, 2002b: 6-13).

NORTHERN BOREAL INITIATIVE (NBI) - An ongoing land use planning process
to develop forest resources in cooperation with First Nations north of the current AOU.
This initiative is subject to Environmental Assessment approval.

POLICY — A course of action or inaction chosen by public authorities to address a given
problem or an interrelated set of problems (Pal, 1997).

POLICY APPROACH - A policy direction taken by a government agency relating to a
specific subject. This may be observed through supporting policy documents, management
regulations and guidelines (Hogwood and Gunn, 1984; Hessing and Howlett, 1997; Clark e
al., 2000; Clark, 2002).

SCALE - The spatial or temporal dimension of an object or process, characterized by both
grain and extent (Turner ¢f /., 2001: 29)

WOODLAND CARIBOU PROVINCIAL PARK (WCPP) - A 450,000 ha wilderness
provincial park in northwestern Ontario, which represents a boreal upland ecosystem. The
park was established to protect known woodland caribou habitat in this region of Ontario
(OMNR, 19806).
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