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Abstract

I examined the interactions of key components of a hunting system of Sitka black-tailed
deer (Odocoileus hemionus sitkensis) on Prince of Wales Island, Alaska to address
concerns of subsistence hunters and to provide a new tool to more effectively monitor
deer populations. To address hunter concerns, I documented local knowledge and
perceptions of changes in harvest opportunities of deer over the last 50 years as a result of
landscape change (e.g., logging, roads). To improve deer monitoring, I designed an
efficient method to sample and survey deer pellets, tested the feasibility of identifying
individual deer from fecal DNA, and used DNA-based mark and recapture techniques to
estimate population trends of deer. I determined that intensive logging from 1950 into
the 1990s provided better hunter access to deer and habitat that facilitated deer hunting.
However, recent declines in logging activity and successional changes in logged forests
have reduced access to deer and increased undesirable habitat for deer hunting. My
findings suggested that using DNA from fecal pellets is an effective method for
monitoring deer in southeast Alaska. My sampling protocol optimized encounter rates
with pellet groups allowing feasible and efficient estimates of deer abundance. 1
estimated deer abundance with precision (+20%) each year in 3 distinct watersheds, and
identified a 30% decline in the deer population between 2006-2008. My data suggested
that 3 consecutive severe winters caused the decline. Further, I determined that managed
forest harvested >30 years ago supported fewer deer relative to young-managed forest
and unmanaged forest. I provided empirical data to support both the theory that changes

in plant composition because of succession of logged forest may reduce habitat carrying



v
capacity of deer over the long-term (i.e., decades), and that severity of winter weather
may be the most significant force behind annual changes in deer population size in
southeast Alaska. Adaptation at an individual and institutional level may be needed to
build resilience into the hunting system as most (>90%) of logged forest in southeast

Alaska transitions over the next couple decades into a successional stage that sustains

fewer deer and deer hunting opportunities.
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Chapter 1 General Introduction

1.1 Conceptual Framework and Outline

Wildlife hunting systems typically are composed of hunters, their game species, and the
environment in which those elements interact (Fig. 1.1A). Understanding how wildlife
hunting systems function requires information concerning needs of hunters, their hunting
patterns, life history and population characteristics of their wildlife prey, and the social
and ecological components and processes that govern interactions within the system (Fig.
1.1B). To sustainably manage a hunting system, information also is needed on how
system components and their interactions change over time and what intrinsic and
extrinsic forces drive those changes (Fig. 1.1C). In the following chapters, I describe a
hunting system involving rural hunters and Sitka black-tailed deer (Odocoileus hemionus
sitkensis) on Prince of Wales Island, Alaska (Fig. 1.2). The system was challenged by
social, economic, and ecological changes stemming from industrial-scale harvesting of
timber. For this system, the needs of hunters were well documented (Ellanna and
Sherrod 1987, Kruse and Frazier 1988, Turek et al. 1998, Alaska Department of Fish and
Game 2001, Mazza 2003) but patterns of hunting were not. The ecology of black-tailed
deer and relations with habitat were well understood within the local environment
(Wallmo and Schoen 1980, Schoen et al. 1988, Parker et al. 1999, Person 2001, Doerr et
al. 2005, Farmer et al. 2006, White et al. 2009) but population density and structure were
poorly known. There was a wealth of information concerning the potential of natural and

anthropogenic disturbances to change landscapes and alter ecosystem processes (Alaback



1982, Deal and Farr 1994, Hanley 1993, Nowacki and Kramer 1998, Hanley 2005,
Brinkman et al. 2007) but very little data documenting the effects of those changes on
actual deer populations, and none concerning their effects on hunters. I present
information on each key component obtained from previously published studies and from
my own original research. I describe and model the interactions of those components,
and discuss how the hunting system has changed over the last 50 years since the initiation
of industrial timber harvesting. Lastly, I speculate about the future of deer, deer hunters,
and deer habitat on Prince of Wales Island and discuss options that may enhance
adaptation and highlight why an integrative investigation was appropriate. My goal was
to supply local hunters and wildlife managers with data, tools, and a conceptual
framework, that could help them prepare for changes and challenges in the future. In this
way, | hoped to enhance the resilience of a subsistence hunting practice on which many
people depend, both nutritionally and culturally.

In Chapters 2, 3, and appendix, I focus on the hunters and how they have
perceived and responded to landscape changes. Those chapters also included information
on the drivers of change. In Chapters 4 through 6, I provide the first precise estimates of
population size and trends of Sitka black-tailed deer and present effective protocols for
deriving those estimates. In Chapters 7 and 8, I summarize the interactions of all key
components, speculate about future challenges and opportunities, and offer additional

research recommendations.



1.2 Deer Hunting System on Prince of Wales Island

1.2.1 Background

The social-ecological changes taking place on Prince of Wales Island, Alaska are similar
to those being experienced globally, particularly at higher latitudes. Intensive resource
extraction (i.e., logging), increased human activity (i.e., population growth, tourism), and
infrastructure development (i.e., road construction, expanded ferry service) have put more
and more pressure on the social-ecological systems on Prince of Wales. Synergistic
effects of intensive logging and increased human demand for a finite quantity of
resources have made this region particularly vulnerable to change. Communities,
particularly those with subsistence lifestyles, are struggling to maintain ties to the land
during a time of changing economic and cultural influences. Of significant importance to
Prince of Wales communities is the subsistence harvest of wild foods, which is a critical
component of people's connection with the land.

Sitka black-tailed deer is the most nutritionally and culturally important big game
species with respect to both subsistence and sport hunting in Southeast Alaska (Kruse and
Frazier 1988, Hanley 1993, Alaska Department of Fish and Game 2001, Mazza 2003,
Brinkman et al. 2007 [Ch. 2], 2009 [Ch. 3]), and healthy deer populations are important
to the well-being of Southeast Alaskan communities (Turek et al. 1998). Deer are also a
barometer of ecosystem health and an important indicator of effects of resource
management in Southeast Alaska. Hanley (1993) suggested that Sitka deer populations
could be used to quantitatively evaluate tradeoffs between timber management and the

biological and social values of the region's forests. Furthermore, resilience of other



wildlife species (e.g., wolf [Canis lupus]) in southeast Alaska is contingent on the
sustained availability of healthy deer populations (Person 2001).

In recent years, subsistence hunters (Native and non-Native Alaskan) on Prince of
Wales Island, Alaska (Fig. 1.2) have experienced difficulty harvesting the quantity of
Sitka black-tailed deer they require to meet their needs (Unit 2 Deer Planning
Subcommittee 2005). Previous subsistence research has provided valuable insight into
broad topical areas relating to the deer subsistence hunting system (Kruse and Frazier
1988, Turek et al. 1998, Alaska Department of Fish and Game 2001). However, a lack of
information about deer populations and the knowledge, perceptions, and behavior of
subsistence hunters has hindered attempts to address this problem. Nonetheless, several
hypotheses have emerged to explain problems meeting subsistence needs. For example,
subsistence users may be experiencing difficulty because:

1) There is an inadequate supply of deer available for harvest.

2) Vegetation has grown up in logged areas and along roads, reducing the visibility of
deer to hunters.

3) With the decline in activity of the timber industry, logging roads are being closed
or are no longer maintained, which has reduced hunter access to habitat
previously utilized by deer.

4) There is increased competition and interference from oft-island hunters.

5) Succession has converted clearcut logging areas to second growth forest, shifting
deer to habitat that has higher nutritional value but is less accessible to hunters.

Subsistence users are forced to adapt to spatial changes in deer densities and



establish new hunting areas. Harvest efficiency has been reduced during this

transition period.

One or a combination of those hypotheses may explain current subsistence
dilemmas on Prince of Wales. However, data were not available to test any of these
potential explanations. Because subsistence problems on Prince of Wales are likely a
result of both ecological and social changes, an integrative approach to research that
includes biological and social sciences was needed. This study aims to determine why
deer hunters are experiencing difficulty meeting their subsistence demands by evaluating
the linkages between deer hunting patterns, population dynamics of deer, and the rapidly
changing social and ecological environment (Fig. 1.1C). To date, the lack of reliable data
on deer population levels has thwarted attempts to understand the deer hunting system.
The absence of this important population parameter has perpetuated uncertainty and
disagreement about the cause of the difficulty experienced by hunters.

From the time deer regulations were established in Alaska, wildlife agencies have
managed deer and deer hunters without reliable estimates of deer abundance. As in other
thickly forested parts of the world (Ratcliffe 1987, van Vliet et al. 2008), the densely
vegetated environment of southeast Alaska has hindered researchers’ ability to collect
basic information (e.g., population parameters) on forest-dwelling mammals. Traditional
strategies using direct counts such as aerial surveys have not been effective because of
closed forest canopies, and ground-sampling techniques (e.g., live capture, road-side
counts) do not yield sample sizes sufficient to extrapolate to the population or landscape

scale. When direct observation or counts of wildlife are not possible, researchers



(including those of deer in Alaska) have often depended on fecal pellet or dung counts
(Putman 1984, Koster and Hart 1988, Kirchhoff and Pitcher 1988, van Vliet et al. 2008).
However, population estimates based on feces counts are often imprecise, unreliable, and
not cost effective (Neff 1968, Campbell et al. 2004, Smart et al. 2004). Estimates based
on fecal pellet counts are often too coarse to assess population size or trends at scales
useful to wildlife managers, and estimates have been interpreted with caution or
completely ignored when making policy decisions. Improving the accuracy and precision
of population estimates of Sitka black-tailed deer has been identified as a top priority by
both wildlife agencies mandated to monitor deer in Alaska, and by deer hunters who
depend on sufficient harvest opportunities (Unit 2 Deer Planning Subcommittee 2005).

The need for reliable estimates of population size of Sitka black-tailed deer has
escalated in recent years for 2 main reasons: 1) 50 years of industrial-scale logging has
significantly altered landscapes in southeast Alaska, and the effects on deer are
speculative, 2) landscape changes because of logging activity have begun to challenge
harvest strategies of deer hunters in southeast Alaska (Brinkman et al. 2007 [Ch. 2], 2009
[Ch. 3]).

Industrial-scale timber harvest began on Prince of Wales and adjacent islands in
the mid 1950s. Over the past 50 years, approximately 1,800 km? of forest have been
harvested on US Forest Service, State, and Native-Corporation lands; 20% of total land
area. This extensive timber harvest has changed important deer habitat by converting
old-growth coniferous forest to young-growth seral forest (Wallmo and Schoen 1980,

Hanley 1984, Schoen et al. 1988, Brinkman 2007 [Ch. 2], 2009 [Ch. 3]). Over the long



term, deer researchers have speculated that changes in plant composition toward a forest
with less understory vegetation (Alaback 1982) will likely reduce carrying capacity for
deer and result in population decline (Wallmo and Schoen 1980, Hanley and McKendrick
1985).

To facilitate logging, at least 4,000 km of road were built on Forest Service, state,
and Native-owned land on Prince of Wales Island (Southeast Alaska GIS Library 2007),
constituting the highest density of roads in Southeast Alaska. These roads penetrated
previously remote deer habitat, shifting hunting patterns from the use of boats to vehicles
(Kruse and Frazier 1988, Turek et al. 1998, Brinkman 2007 [Ch. 2], 2009 [Ch. 3]). The
impacts of these changes in hunting patterns, non-local harvest pressure, and habitat on
population dynamics of deer were unknown.

In the late 1990s, logging activity declined and the annual timber harvest was
reduced by approximately 90% compared to peak harvest. In response to the reduction in
revenue from timber sales, approximately 50% of the current road network is designated
to be closed over the next 10 years (PBS Engineering and Environmental 2005),
significantly altering hunter access [Ch. 3]. The changing economy and physical
landscape undoubtedly affect the way of life of Alaskan residents, particularly those
leading a subsistence lifestyle. With the heavy dependence on deer populations by
subsistence users, it is important to understand how hunters and deer populations are

responding to these changes.



1.2.2 Study area, methodology, and objectives

My study was conducted on Prince of Wales Island (~ 55° N - 136° W), Alaska (Fig.
1.2). Rugged mountains extend to 1,160 m in elevation with habitats at <600 m
dominated by temperate coniferous rainforest consisting primarily of Sitka spruce (Picea
sitchensis) and western hemlock (7isuga heterophylla) (Alaback 1982). Annual
precipitation varies from 130 to 400 cm, and mean monthly temperatures range from 1°C
in January to 13°C in July. Most of Prince of Wales is within the Tongass National Forest
that 1s administered by the USDA Forest Service. Prince of Wales and adjacent islands
constitute game management unit 2 (GMU?2) as designated by the Alaska Department of
Fish and Game. Deer hunting season is open from the end of July through December.
Rural residents of Alaska may harvest 5 deer annually, one of which may be antlerless.
Before the mid-1900s, Prince of Wales was occupied primarily by Tlingit and
Haida Indians who lived in numerous small coastal fishing villages (Langdon 1977,
Emmons 1991) and depended largely on marine resources such as wild salmon
(Oncorhynchus spp.). Intensive logging between 1950 and 1990 led to the construction
of roads, changes in forest habitat and a dramatic increase in human population,
particularly of non-indigenous forest workers, who moved from the Pacific Northwest
region of the continental United States. Prince of Wales currently has about 3,500
residents (40% Alaska Native) residing in 11 communities. Some communities comprise
of equal proportions of both Native and non-Native residents while others are ethnically

homogenous.



This study was designed to address immediate concerns regarding subsistence,
but also to provide new tools to more effectively monitor deer populations as a basis for
protocols for long-term investigations of human-wildlife resilience at high latitudes. My
two overarching goals are to: 1) determine why hunters on Prince of Wales are
experiencing difficulty harvesting the quantity of deer they require to meet their
subsistence needs; 2) improve data on population size of Sitka black-tailed deer by
developing a new approach that estimates abundance and density from DNA extracted
from fecal pellets. Knowledge gained concerning the relations between deer populations,
habitat, and hunter patterns will be extremely valuable to wildlife, hunters, and natural
resource managers who are mandated to evaluate the effects of land use activities on deer
herd dynamics (US Department of Agriculture 1997). Thus, we will be moving toward a
balance among biological conservation, economic development, and human culture,
which has been identified as “one of the most vexing problems in natural resource
management” (Hanley 1993).

To determine why hunters on Prince of Wales are experiencing difficulty
harvesting the quantity of deer they require to meet their subsistence needs, I drew upon
the perceptions and knowledge of local hunters. Local knowledge, including traditional
ecological knowledge, has provided insight into the effects of land management decisions
and human-use impacts on long-term ecological composition, structure, and function
(Watson et al. 2003). Further, merging local knowledge with science is argued to be an
effective approach to sustainable monitoring and management of local wild resources

(Kofinas 2002, Folke 2004, Berkes 2008). As discussed in Chapters 2 and 3, [ used a
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semi-structured set of open-ended and quantifiable questions to guide face-to-face
interviews with residents on Prince of Wales and two off-island communities. The
interviews served to collect hunter perceptions and knowledge about three main topical
areas: 1) deer hunting patterns, 2) deer population trends, and 3) deer habitat and access.
Specifically, my objectives were to: 1) identify local perceptions as to why hunters are
experiencing difficulty harvesting deer; 2) document local knowledge of deer population
abundance and change; 3) quantify landscape change and access owing to commercial
logging and road development; and 4) determine how subsistence hunters are responding
(spatially and temporally) to a changing landscape (e.g., clearcut logging, forest
succession, roads).

To improve data on population size of Sitka black-tailed deer, I tested a non-
invasive approach that utilized DNA from fecal pellets to identify individual deer. In
other situations where direct observation of wildlife is challenging or the research species
is elusive and in low densities, non-invasive approaches using genetic techniques have
become increasingly popular (Kohn and Wayne 1997, Bellemain et al. 2005; Ulizio et al.
2006; Pauli et al. 2008; Schwartz and Monfort 2008). Chapters 4 and 5 focused on
techniques used to estimate abundance of deer, and in Chapter 6 I present estimates of
deer density. Specifically, my objectives were to increase effectiveness of deer
monitoring protocols at different spatial scales and evaluate the effects of logging activity
by (Chapters, 4, 5, 6) 1) designing a new method to sample and survey pellet groups
deposited by deer in all major deer habitats; 2) testing the feasibility of extracting DNA

from fecal pellets of deer to identify individual deer; 3) applying genotypes of individual
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deer to mark and recapture techniques to estimate abundance, density, and population
trends for deer in harvested and unharvested stands of forest.

In each chapter, I linked deer hunter and deer population information with data on
landscape change. I used the geographic information systems (GIS) program ArcView
3.3, ArcMap 9.0 (ESRI, Redlands, California), and Hawth’s Analysis Tools in ArcMap
9.0 (Beyer 2007) to quantify landscape changes (e.g., forest habitat, logging activity, and
road composition). I analyzed changes at different temporal (i.e., past, present, future)
and spatial scales (i.e., region, island, watershed, habitat patch) in relation to harvest
opportunities of deer hunters, and DNA-based sampling design, deer density and
abundance estimates.

In the final chapters (Ch. 7, 8), my objectives were to: 1) link all key components,
2) discuss options for sustainable management, and 3) offer future recommendations to
enhance resilience of Sitka black-tailed deer hunting systems. Lastly, I strived to
extrapolate my findings to a larger audience and suggest how my contributions may assist

others in researching hunting systems.
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Figure 1.1. A) Description of the hunting system requires information on each key
component; B) Understanding how the system functions requires information on how
key components interact, C) To sustainably manage the system, information is needed
on how interactions between key components change over time along with what
factors are driving these changes. Ovals = key components of a wildlife hunting

system. Arrows = interactions between key components.
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Figure 1.2. Location of Prince of Wales Island, Alaska.
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Chapter 2 Influence of Hunter Adaptability on Resilience of Subsistence Hunting

Systems’

2.1 Abstract

The capacity of hunters to shape the fundamental properties of their lifestyle at times
when extrinsic factors change the availability of subsistence foods is critical to
subsistence cultures. Recent changes in deer hunting on Prince of Wales [sland, Alaska
illustrate the social-ecological challenges to the resilience of a rural subsistence hunting
system and raise the broader question of whether efficient hunting strategies necessarily
enhance resilience. During the latter half of the 20th century, indigenous people of
Alaska’s Prince of Wales [sland adapted to changing subsistence opportunities by
capitalizing on increased availability of deer due to clearcut logging and the construction
of roads. Consequently, deer became a more important source of protein. Four decades
later, a decline in logging activity is likely to reduce deer availability due to successional
changes in habitat. In the face of this social-ecological change, the resilience of the deer
hunting component of subsistence traditions will depend on hunters’ capacity to adapt to
irreversible landscape changes by adopting different harvest strategies that may require
more effort to maintain sufficient levels of subsistence harvest. For example, hunters may
return to pre-road hunting methods or reduce their reliance on deer for meat and re-

emphasize marine resources. These ecologically driven changes in social harvesting

! Prepared in the format for Journal of Ecological Anthropology. Published as: Brinkman, T. J., G. P.
Kofinas, F. S. Chapin, III, and D. K. Person. 2007. Influence of hunter adaptability on resilience of
subsistence hunting systems. Journal of Ecological Anthropology 11:58-63.
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practices suggest that adaptability protecting the fundamental properties of a subsistence
system from one disturbance may increase vulnerability to another. We show that
increased efficiency of a subsistence system did not necessarily enhance resilience if

system flexibility is reduced.

2.2 Introduction

In an environment where people have on-going access to wild plants and animals as a
subsistence food source, cultural connections to the land often depend strongly on
hunting and harvesting those foods (e.g., Wolfe and Walker 1987). However, rapidly
changing social, ecological and economic factors often challenge people’s capacity to
maintain a subsistence hunting lifestyle. We describe a subsistence system in which
people diversified their harvest and diet from mainly marine resources to a greater
dependence on Sitka black-tailed deer (Odocoileus hemionus sitkensis) in response to
new and more efficient (return per unit effort) hunting opportunities. In the face of more
recent ecological changes, these hunters may be forced to change their harvest strategy
again. We examine current and projected landscape changes—regrowth of forests
following clearcut logging— and their likely effects on the availability of deer, upon
which rural communities have come to depend nutritionally and culturally. Flexibility is
critical to the resilience of a subsistence lifestyle and, therefore, to the resilience of
cultural traditions and identity at times when extrinsic factors cause changes in the
availability of subsistence foods. Further, our case study illustrates that movement of a

subsistence system to a more efficient state does not necessarily enhance resilience. We
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describe how adoption of a more efficient hunting method increased the system’s rigidity
and its vulnerability to future disturbances, particularly those imposed by external forces
beyond the control of local hunters. It is our hypothesis that human adaptation to higher
efficiency and potentially reduced resilience often occurs rapidly, whereas the building of
resilience at the cost of more effort may be slow and result in a reassessment of social-
ecological values. The main components that we address are applicable to many social

and ecological circumstances.

2.3 Adaptability and Resilience

The ecological anthropology of traditional hunting cultures has long focused on questions
of adaptation and changing human-environment relations (Bennett 1976:243-305; Moran
1982:4). Variables such as resource diversity, social organization, and worldview have
been addressed to explain the structure and function of those systems. The ‘adaptive
system’ has been framed by some with an exclusive focus of energy flows while others
have highlighted institutional dimensions. In a modern context, issues of shifting
ideology and economy have been explored as factors contributing to the transformation
of subsistence-based hunting systems to mixed subsistence-cash economies (Kleinfeld et
al. 1983; Usher 1976). Although those issues remain important, dramatic changes in land
use raise other challenges for subsistence hunting and underscores the novel and complex

social-ecological dynamics underlying sustainability of subsistence hunting.

Resilience theory (Berkes et al. 2003; Gunderson and Holling 2002) provides a useful
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framework for understanding the persistence of subsistence hunting and harvesting
systems during times of rapid change. Social-ecological resilience is the capacity of a
system to persist and maintain its fundamental properties despite shocks or strong
perturbations. Adaptability is the capacity of actors in a system to influence resilience
(Walker et al. 2004). Together, these properties potentially contribute to the sustainability
and persistence of subsistence lifestyles. Robards and Alessa (2004) argue that the natural
capital on which subsistence harvesters depend waxes and wanes through time and that
adaptation to those conditions is central to the system’s resilience. Adaptation may
therefore at times require a shift from short-term increases in efficiency to foster long-

term control over the fundamental properties of the system.

In our case study, the fundamental properties of the subsistence system are communities
that place a high cultural value on the harvest and consumption of wild resources (marine
and terrestrial), and sufficient availability (supply and access) of these resources.
Resilience could be viewed as the vulnerability of the subsistence system to losing either
of these properties. Whether resilience is enhanced or reduced therefore depends on
hunter response to changes in wildlife availability, as well as on subsistence hunters’
perceptions of ‘sufficient’ supply and access. We specifically focus on how hunter
responses to changes in deer availability influenced the resilience of the entire

subsistence system.
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2.4 Subsistence Hunting System on Prince of Wales Island

For centuries, indigenous people of Southeast Alaska depended largely on marine
resources that varied seasonally (Emmons 1991:102-127). Until the mid-1900s, Prince of
Wales Island, in the southern portion of the region, was inhabited primarily by Tlingit
and Haida people living in small fishing villages. Tlingit and Haida Indians share many
social patterns, and their cultures are largely based on the abundant availability of salmon
(Oncorhynchus sp.). Prior to the mid-1900s, these indigenous groups harvested deer
opportunistically along shorelines in conjunction with their maritime activities (Ellanna
and Sherrod 1987). Deer represent the only significant terrestrial source of meat on

Prince of Wales Island for subsistence hunters currently and historically.

Industrial-scale harvesting of timber began in 1954, and by 1990 about 200,000 ha of
forest had been clearcut logged. Clearcut logging created favorable deer habitat,
particularly during years with mild winters, and an extensive network of roads (~4800
km) that facilitated easy and efficient harvesting of deer. Roads significantly increased
risk of deer death from hunting (Farmer et al. 2006) and dramatically expanded the

number of areas accessible to hunters.

Shortly after industrial logging commenced, island hunters began changing their
harvesting practices from hunting out of boats along beaches to driving along roads to
hunt deer in open muskeg habitat and clearcuts. Road access to deer increased the

stability of deer as a food resource because weather conditions (e.g., high seas) had less
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effect on vehicle access compared to boats, and deer were available during times of the
year when marine resources were less abundant. Hunting of deer from roads required less
time and effort than the early 1900s, causing most hunters to shift their subsistence focus
from mainly marine resources to one that included a large proportion of deer (Ellanna and
Sherrod 1987). Within one generation, accessing deer hunting areas from roads became
the dominant hunting tradition, which has lasted for more than 40 years. Indeed, the

minority of hunters had experience or an expectation of hunting in any other manner.

Logging activity from 1950 to 1990 corresponded to a dramatic increase in human
population on the island, particularly of non-Native immigrant loggers who arrived
already accustomed to living in rural areas and hunting deer via logging roads and new
clearcuts. Ferry services connected the island to other parts of Alaska in 1974 further
promoting population growth and hunting by off-island residents. However, competition
among hunters was likely mitigated during that period because of the simultaneous
expansion and increase in density of roads, and therefore, accessibility to more deer.
During this time of intensive logging, resilience of the system was enhanced by the
opportunity to diversify subsistence harvest and diet. Those who previously practiced a
marine subsistence lifestyle now had the opportunity to switch prey at times of the year

when deer were more available than fish.

2.5 Resilience Challenged

Y oung clearcuts produce abundant forage for deer during snow-free months (Alaback
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1982). Deer within young clearcuts are easily visible to hunters (Farmer et al. 2006).
Local knowledge of island hunters indicated that clearcuts less than nine years post-
logging yield abundant deer, but availability of deer begins to decline after that time.
Hunters reported that it is virtually impossible to hunt in clearcuts older than 14 years.
Twenty-five to 40 years after cutting, clearcuts transition into stem-exclusion second-
growth forest that shades out and virtually eliminates understory vegetation needed by
deer for forage (Alaback 1982; Hanley 1993; Wallmo and Schoen 1980). Because
clearcut logging often occurs adjacent to logging roads, densities of deer near roads will

likely decline after clearcuts transition to second-growth forest (Person 2001).

Logging activity and road maintenance declined with the collapse of the Alaskan market
for timber in the 1990s (Morse 2000). Post-logging forest succession and road closures
caused preferred deer habitat for hunting and access to hunting areas to decline faster
than they were replaced, resulting in increased hunting pressure in fewer areas, more
hunter competition, and possibly fewer deer. According to timber market projections
(Morse 2000), industrial logging is unlikely to rebound to levels that would support
hunting strategies relying on extensive road access and new clearcuts. Further, current
land management plans do not include second-growth harvesting that would augment
deer populations and will reduce hunting opportunities by closing roads that are
considered unsafe, environmentally detrimental, or expensive to maintain (United States
Department of Agriculture 2006). In the early 1990s, subsistence hunters of Prince of

Wales [sland expressed concern that they were experiencing difficulty harvesting enough



27

deer to meet their needs (Unit 2 Deer Planning Subcommittee 2005). The recent decrease
in logging may be causing ecological changes that reduce harvest efficiency within a

single generation of hunters. This trend is projected to continue for many decades.

2.6 Discussion

A successful subsistence harvesting tradition requires substantial adaptive capacity to
cope with seasonal and annual fluctuations in resource availability. A diversified
subsistence harvest that combines multiple resources and harvest strategies fosters
longterm resilience of the system. Equally important is the presence of formal and
informal institutions that respond flexibly to changing ecological and social conditions. In
the context of deer hunting, resilience can be assessed by determining the alternatives that
are potentially available, the institutional framework that influences the feasibility of (and

control over) these alternatives, and costs and benefits of adopting each alternative.

Local hunters lack control over natural (i.e., forest succession) and extrinsic (e.g., global
timber market, political) forces driving landscape changes and influencing the availability
of deer for harvest. The only way to temporarily maintain current success rates of hunters
using vehicle-based hunting strategies is to increasingly restrict harvest opportunities of
non-subsistence hunters (e.g., non-Alaskans and Alaskan hunters that reside in areas
designated as urban, such as Ketchikan). This policy only delays the inevitable reduction
in deer harvest all hunters using roads will experience owing to habitat changes. Harvest

restrictions already implemented have created conflict among hunting groups. For
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instance, the current regulatory regime provides subsistence hunters of deer on Prince of
Wales [sland with more hunting opportunities than non-subsistence hunters. Despite the
widespread perception by co-managers and agency regulators that competition with non-
subsistence or non-local hunters was the most important factor, data collected through
Geographic Information Systems analysis and interviews with island hunters suggested
that landscape change was the primary cause of harvest difficulty, and perceptions of

hunter competition was an indirect effect of these ecological changes (Brinkman 2006).

Another potential strategy is to liberalize harvest of black bears (Ursits americanus) and
wolves (Canis lupus ligoni) that prey on deer, as recommended by a public and
interagency deer management workgroup focusing on Prince of Wales Island (Unit 2
Deer Planning Subcommittee 2005). This solution has many ecological and wildlife
management consequences (Person 2001). For example, wolves on Prince of Wales
I[sland were petitioned in 1994 to be listed as ‘threatened’ under the Endangered Species
Act (United States Fish and Wildlife Service 1973) in part due to concern that roads
would lead to over-harvesting of wolves (Biodiversity Legal Foundation 1993). Clearly,
predator reduction to enhance deer hunting may invoke extrinsic pressures beyond the

control of subsistence hunters on Prince of Wales.

Although the relationship between deer population change and clearcut logging is poorly
documented, deer will likely remain moderately abundant despite succession of logged

stands into stem-exclusion forest. Crude estimates on deer abundance suggest a stable
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population over the last two decades (Alaska Department of Fish and Game 2005), which
is consistent with information collected through hunter interviews. Further, alpine
meadows, muskegs and productive old-growth forests important to deer will remain
undisturbed by logging activity under current forest management plans (United States
Forest Service 1997). Many of those lands, however, will not be directly accessible by
roads, and hunters must hike or boat to reach them. The small portions of these habitats
that are accessible by road will have concentrated hunting activity unless hunters are
willing to expend the greater effort to hike into productive areas or hunt along shorelines

using boats.

The ease and efficiency of using roads to hunt deer from clearcuts was so alluring during
the logging boom that former hunting traditions were largely abandoned within one
generation. We suggest that the resilience of lifestyles based on subsistence deer hunting
in conditions of irreversible landscape changes will depend on the capacity of hunters to
adapt their harvest strategies and revise their hunting ‘traditions.” Adaptations that require
more effort with less return may occur slower than the hunter adaptation to a road-
hunting strategy. This may cause hunters to reassess the cultural value of deer.
Alternative strategies for maintaining existing harvest efficiency through regulations that
exclude competing non-subsistence hunters will only delay the necessary transition to

other hunting strategies and elevate conflict between hunters.

Roads and clearcuts may represent a cultural trap analogous to ecological traps (sensu
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Kokko and Sutherland 2001) in which the long-term sustainability of that strategy is
questionable and cultural resilience is diminished despite short-term gains in efficiency.
Ultimately, building resilience into subsistence hunting of deer by indigenous and non-
indigenous people of Prince of Wales will require careful reflection on the value of deer
harvesting as a way of life and a concerted effort to modify and transform local traditions,
perhaps to a less desirable strategy. This new strategy may be less efficient than during
the period of intensive logging, but more efficient during the post-logging era and in the
long term. Because of the continued abundance of marine resources, the fundamental
properties of the subsistence system could potentially be maintained with reduced
opportunities to harvest deer. Nonetheless, the level of effort to which hunters have
become accustomed may have reduced system flexibility, resulting in a subsistence
lifestyle more vulnerable to state-altering shocks or perturbations. The implications of
this case study to resilience thinking underscores the need to consider carefully the
dynamics of tradition, the rate at which societies move towards greater efficiency, and the

challenges associated with transforming those behavioral patterns.
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Chapter 3 Linking Hunter Knowledge with Forest Change to Understand Changing

Deer Harvest Opportunities in Intensively Logged Landscapes’

3.1 Abstract

The effects of landscape changes caused by intensive logging on the availability of wild
game are important when the harvest of wild game is a critical cultural practice, food
source, and recreational activity. We assessed the influence of extensive industrial
logging on the availability of wild game by drawing on local knowledge and ecological
science to evaluate the relationship between forest change and opportunities to harvest
Sitka black-tailed deer (Odocoileus hemionus sitkensis) on Prince of Wales Island,
Alaska. We used data collected through interviews with local deer hunters and GIS
analysis of land cover to determine relationships among landscape change, hunter access,
and habitat for deer hunting over the last 50 yr. We then used these relationships to
predict how harvest opportunities may change in the future. Intensive logging from 1950
into the 1990s provided better access to deer and habitat that facilitated deer hunting.
However, successional changes in intensively logged forests in combination with a
decline in current logging activity have reduced access to deer and increased undesirable
habitat for deer hunting. In this new landscape, harvest opportunities in previously logged
landscapes have declined, and hunters identify second-growth forest as one of the least

popular habitats for hunting. Given the current state of the logging industry in Alaska, it
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is unlikely that the logging of the remaining old-growth forests or intensive management
of second-growth forests will cause hunter opportunities to rebound to historic levels.
Instead, hunter opportunities may continue to decline for at least another human
generation, even if the long-term impacts of logging activity and deer harvest on deer
numbers are minimal. Adapting hunting strategies to focus on naturally open habitats
such as alpine and muskeg that are less influenced by external market forces may require
considerably more hunting effort but provide the best option for sustaining deer hunting
as a local tradition over the long run. To sustain hunter opportunities, we speculate that
managing deer habitat in accessible areas may be more important than managing the
overall health of deer populations on a regional scale. We further suggest that the level of
access to preferred hunting habitat may be just as important as deer densities in

determining hunter efficiency.

3.2 Introduction

Industrial-scale harvesting of timber has altered landscapes around the world and
changed the ways in which hunters interact with local forests (Robinson et al. 1999). For
many of these hunters, the harvesting of wildlife is an important cultural practice, food
source, and recreational activity (Rao and McGowan 2002, Wolfe 2004) that helps to
strengthen the connections between people and their environment. Commercial logging
usually results in: the construction of roads that alter access to hunting areas, changes in
habitats that influence populations of game, and an influx of nonlocal timber workers. It
is therefore important to understand the relationships between the harvesting of wildlife

and the rapid social and environmental changes caused by logging. Although those
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relationships have been evaluated in tropical forests (Robinson and Bennett 2000), little
attention has been paid to the effects of intensive logging on subsistence hunters who
depend on wildlife in temperate regions. Temperate-zone studies have compared harvest
data on wild game in logged and unlogged forests (Hieb 1976) and documented deer
response to logging activity and changes in forage availability following clear-cutting
(e.g., Wallmo and Schoen 1980, Cambell et al. 2004, Doerr et al. 2005). Other studies
have explored the influence of hunters on deer in logged areas (Martin and Baltzinger
2002, Farmer et al. 2006), but not the influence of logging on deer hunters. We found no
studies that specifically addressed how and why deer harvest opportunities changed over

time in logged areas.

We investigated the subsistence hunting of Sitka black-tailed deer (Odocoileus hemionus
sitkensis) on Prince of Wales Island, Alaska. Intensive logging has significantly altered
landscapes on Prince of Wales over the last 50 yr. Because the availability of wildlife is
critically important to people dependent on the resource for food and cultural identity, we
drew upon the perceptions and knowledge of local hunters to identify how the increase
and subsequent decline in commercial logging have affected their harvest opportunities.
Local knowledge, i.e., traditional ecological knowledge, has provided insight into the
effects of land management decisions and human-use impacts on long-term ecological
composition, structure, and function (Watson et al. 2003). Further, a number of

researchers argue that merging local knowledge with science is an effective approach to
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sustainable monitoring and management of local wild resources (Kofinas 2002, Folke

2004, Berkes 2008).

Our objective was to determine how opportunities to harvest wildlife changed spatially
and temporally in intensively logged landscapes with changes in access to hunting areas
and changes in forest age structure as the logged stands transition through the
successional stages following a clearcut. We also considered options for adaptation by
which institutions and individual hunters might respond to the effects of logging to

sustain harvesting efficiency and cultural identity.

3.3 Study Area

Prince of Wales Island near the south end of the southeastern region of Alaska is the third
largest island in the United States (Fig. 3.1). Rugged mountains extending up to 1160 m
in elevation and long fjords characterize much of the topography on the island. Habitats
below 600 m are dominated by temperate coniferous rain forest consisting primarily of
Sitka spruce (Picea sitchensis) and western hemlock (7suga heterophylla; Alaback
1982). Annual precipitation varies from 130 to 400 cm, and mean monthly temperature
ranges from 1°C in January to 13°C in July. Most of Prince of Wales is within the

Tongass National Forest, which is administered by the U.S. Forest Service.

Before the mid-1900s, Prince of Wales was occupied primarily by Tlingit and Haida

Indians, who lived in numerous small coastal fishing villages (Langdon 1977, Emmons
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1991) and depended largely on marine resources such as wild salmon (Oncorhynchus
spp.). Prior to the mid-1900s, deer were hunted along shorelines in conjunction with
marine harvesting activities (Ellanna and Sherrod 1987). Intensive logging between 1950
and 1990 led to the construction of roads, changes in forest habitat, and a dramatic
increase in the human population, particularly in the number of nonindigenous forest
workers, who moved from the Pacific Northwest region of the continental United States.
Greater access via logging roads increased the availability of deer and the dependence of
local residents on deer meat. Many temporary logging camps became permanent
communities during the 1960s and 1970s. In 1974, ferry service linked Prince of Wales to
other parts of Alaska, Canada, and the continental United States, which further changed
its community demographics. Prince of Wales currently has about 3500 residents, of
whom 40% are Alaska natives, residing in 11 communities, some of which are populated
with mixed native and non-native residents and others of which are more ethnically

homogeneous.

Deer represents the most significant terrestrial source of meat for both indigenous and
nonindigenous residents and is the most important big-game species for both subsistence
and sport hunting in southeast Alaska (Kruse and Frazier 1988, Turek 1998, Alaska
Department of Fish and Game 2001, Mazza 2003). Although there is limited
documentation on early historical and precontact levels of deer harvesting, deer have
probably always been a major source of red meat for the people of southeast Alaska

(Ellana and Sherrod 1987). The number of hunters and the number of deer harvested on
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Prince of Wales Island have not changed significantly over the last 25 yr (Mazza 2003).
The total subsistence harvest of wild food in rural areas of southeast Alaska is estimated
at 81 kg/person annually, with an estimated replacement value of U.S. $11/kg (Alaska
Department of Fish and Game 2000). An average of 73% of households used deer as a
subsistence resource, with deer representing approximately 20%, in terms of usable
weight, of the total subsistence harvest (Alaska Department of Fish and Game 2001).
Purchasing a replacement for deer meat would cost U.S. $712 for a family of four.
Communities on Prince of Wales Island that have increased their per capita deer harvest
generally also showed an increase in the number of people living below the federal
poverty level (Mazza 2003). More difficult to quantify, but equally important, is the
cultural significance of hunting, harvesting, sharing, and consuming deer. Sharing of deer
meat among households is common among indigenous and nonindigenous households,
and Alaska natives use deer for potlatches, ceremonies, and funeral feasts (Turek et al.

1998).

Prince of Wales and adjacent islands constitute Game Management Unit 2 (GMU2) as
designated by the Alaska Department of Fish and Game. For residents of Prince of
Wales, deer hunting season is open from the end of July through December, with a
harvest limit of five deer annually, one of which may be antlerless. Hunters may harvest
more than five deer each year by acquiring a special permit, e.g., a designated permit, that
allows a hunter to harvest deer for others who are unable to hunt for themselves. Reliable

estimates of the deer harvest are unavailable (Southeast Alaska Subsistence Regional
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Advisory Council 2005), but the total harvest is thought to be around 6000 deer, with
most being taken by island residents and the neighboring off-island communities of
Ketchikan and Saxmon. Although the population of deer on Prince of Wales Island has
been roughly estimated at 55,000 deer (Porter 2005), there are no population data
available that are accurate and precise enough to assess population trends at the temporal
and spatial scales required for comparisons with changes in forest habitat and harvest
opportunities. Because the island’s interior was mostly uninhabited and unhunted before
commercial logging (Emmons 1991), there is no information on prelogging deer
populations, although descriptive accounts suggest deer were abundant (Osgood 1901,

Klein and Olson 1960).

Industrial-scale timber harvesting began on Prince of Wales and adjacent islands in the
mid-1950s. From 1954 to 2005, approximately 1800 km? of forest were harvested on U.S.
Forest Service, state, and native-corporation lands, representing 20% of the total land
area. South-facing productive old-growth forest below 300 m is considered critical winter
habitat for deer (Wallmo and Schoen 1980). More than 50% of that habitat has been
commercially harvested for timber. To facilitate logging, the highest density of roads in
southeast Alaska was constructed in areas that penetrated previously remote deer habitat.
At least 4000 km of roads were built on the above-mentioned lands (Southeast Alaska
GIS Library 2007). Currently, approximately 2900 km are open for passenger-vehicle
travel, with 2300 km under U.S. Forest Service control. Many roads have been closed by

gating, the removal of culverts and bridges, and the overgrowth of trees. In the late
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1990s, poor markets for timber and environmental litigation to prevent clear-cut logging
combined to severely reduce timber harvesting in the region. Indeed, 590 million board-
feet (mmb) of timber were harvested annually from the Tongass National Forest in peak
years during the 1970s, but by 2003, the harvest had declined to <51 mmb (U.S.

Department of Agriculture 2007).

During peak timber harvesting, most roads were suitable for motorized vehicles, which
provided easy access to open habitats such as muskeg heaths and clearcuts suitable for
hunting deer (Mazza 2003). Hunters no longer had to hike long distances from boats to
open alpine habitat or restrict their hunting forays to beaches. They were able to exploit
large areas of Prince of Wales and adjacent islands that had previously been inaccessible,
and the harvest increased per unit effort. Deer hunters responded to increased road access
by switching from boat-based hunting to vehicles (Ellanna and Sherrod 1987, Brinkman
et al. 2007), an adaptation that helped hunters overcome restrictions characteristic of boat

hunting, e.g., weather dependence, long travel distances to hunting area, and cost.

Road construction and maintenance on Prince of Wales Island depend mostly on
revenues from logging (PBS Engineering and Environmental 2005), but, as a result of the
recent decline in the activities of the timber industry, existing roads are being
decommissioned more quickly than new ones are being built. According to the U.S.
Forest Service (PBS Engineering and Environmental 2005), an additional 1500 km of

roads, or approximately 50% of current road network, are designated to be temporarily or
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permanently closed to passenger vehicle traffic over the next 10 yr, leaving a road
network of roughly 1900 km. Although some new road construction may occur to meet
future logging needs, the kilometers of road built will probably be small relative to the
length of the roads being closed. The market for timber from Alaska is unlikely to
rebound soon and may never again reach historically high levels (Morse 2000, Brackley

et al. 2006; L. K. Crone, unpublished manuscript).

Because of intensive logging, deer may shift their patterns of activity in response to forest
succession, and the density of deer may decline as even-aged young-growth stands
progress beyond shrub and sapling stages to stem-exclusion forests (Wallmo and Schoen
1980). Stem exclusion occurs about 25-30 yr after a stand is clear-cut and is
characterized by thick unbroken forest canopies and sparse understory vegetation
(Alaback 1982). Forage biomass for deer in these stands may be < 5% of that present in
young (< 20 yr) clearcuts. However, data are unavailable on how deer respond to these

changes in forest structure.

3.4 Methods

3.4.1 Identification of interview subjects

We used Alaska Department of Fish and Game records as well as informal community
interviews conducted during the summer of 2004 to locate experienced hunters to

participate in structured interviews. In some communities, we hired the environmental
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planner who worked for the local Alaska native village corporation to assist with the
selection of interview subjects. After an initial group of key hunters was identified in
each community, peer selection and chain referral methods, i.e., the snowball method,
were used to locate additional interview candidates. We attempted to interview the most
active hunters who concentrated their efforts in GMU2. We assumed that these hunters
had an above-average understanding of hunting patterns, deer populations, and deer
habitat. Because we interviewed adult Alaskan residents (native and non-native) who
were considered to have an in-depth knowledge of deer and deer hunting, our data should
not be interpreted as representative of all deer hunters on Prince of Wales. Instead, our
sample represented the knowledge and perceptions of seasoned deer hunters who were

particularly dependent on deer.

3.4.2 Interview topics

During the spring and summer of 2005, we used a semistructured set of open-ended and
quantifiable questions to guide face-to-face interviews with residents on Prince of Wales
and two off-island communities. The interview served to collect hunter perceptions and
knowledge in three main areas: (1) deer hunting patterns, (2) deer population trends, and
(3) deer habitat and access. The oft-island communities of Ketchikan and Saxmon,
Alaska, were included in the study because many residents of those communities
commonly hunt deer on Prince of Wales and depend on the resource. Along with
interview questions, we asked each participant to answer a short self-administered

questionnaire. We digitally recorded interviews and also took handwritten notes. Most
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interviews were conducted in the respondents’ work or home settings. We protected the
anonymity of the respondents. All methods and questions were approved by the
University of Alaska Fairbanks Institutional Review Board (#05-30) prior to the

interview process.

We evaluated hunter access by asking the interviewees about mode of travel to hunting
areas, e.g., foot, boat, vehicle; distance from home to hunting area; distance traveled on
foot while hunting; and how road construction and road closures have affected their
choice of hunting location, strategy, effort, success, and the island’s deer population. We
investigated hunter perceptions of habitat change in their hunting areas by asking if, how,
and when they changed location, effort, and strategy in response to changing forest
structure. Hunters were asked to rank major habitat types, e.g., clearcuts, old-growth
forest as defined below, on Prince of Wales based on hunting preference. Hunters were
also asked how harvest opportunities change as a clearcut transitions to second-growth
forest. There are no empirical data with respect to the response of deer population size to
forest change. Although we asked interview participants to share their perceptions of how
deer abundance may have responded to habitat change, we did not include these hunter
perceptions in our analysis because there was no consensus among hunters about
population trends, and the variance among hunters was too large to identify relationships

with habitat change.
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3.4.3 Data analysis methods

We estimated mean values for normally distributed data and medians when data were
asymmetrically distributed, i.e., when the ratio of skewness or kurtosis to its standard
error was less than -2 or greater than +2. Data were coded and analyzed using the
computer program SPSS 12.0.1 (SPSS Inc., Chicago, Illinois, USA). Chi-square tests
were used to test for associations between categorical variables. We used Student’s t tests
to compare variables grouped within two categories and one-way analysis of variance
(ANOVA) to compare scales and categorical variables grouped among > two factors.
Homogeneity of variance test was used to test for the equality of group variances. The
Welch statistic was used to test for differences when group variances were unequal. We
used a nonparametric Mann-Whitney U test with two independent samples and the
Kruskal-Wallis test with several independent samples to determine significant differences

when samples were not normally distributed.

We categorized habitat for deer hunting on Prince of Wales Island into seven major land-
cover types: (1) old-growth forest, (2) alpine tundra, (3) muskeg, (4) beach, (5) clear-cut
forest, (6) second-growth forest, and (7) precommercially thinned forest. Old-growth
forest usually consists of large old conifers undisturbed by logging, with pockets of
understory vegetation such as Vaccinium spp., Oplo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>