
FOREWORD

A major challenge facing society is to understand and pre-
dict the patterns and rates of change in regional systems in
response to directional changes in physical, biological, and
social drivers (Chapin et al. 2009). The boreal forest is an
ideal region in which to explore the dynamics of change for
several reasons (Berkes 2008; Chapin et al. 2006; Hinzman
et al. 2005; McGuire et al. 2006). (1) Its cultures and natural
ecosystems are relatively intact, making it easier to under-
stand the natural coupling of physical, biological, and social
components of regional systems. (2) The biophysical and so-
cial drivers of regional processes are changing rapidly. In par-
ticular, there has been substantial climate warming in the last
30 years. (3) Climatically sensitive processes include perma-
frost dynamics, fire dynamics, movement of the forest–tundra
boundary, and outbreak behavior of key forest mammals and
insects; the boreal forest is the northernmost forested biome
and is expected it to be sensitive to recent warming. (4) The
boreal region is among the most extensive biomes on Earth
and plays a major role in the global climate system.

Long-term research by the Bonanza Creek (BNZ) Long
Term Ecological Research (LTER) program has documented
natural patterns of interannual and successional variability of
the boreal forest in interior Alaska against which we can de-
tect changes in system behavior. Between 2004 and 2010
the BNZ LTER program focused on understanding the dynam-
ics of change through studying the resilience and vulnerability
of Alaska’s boreal forest in response to climate warming. The
overarching question in this endeavor has been How are
boreal ecosystems responding, both gradually and
abruptly, to climate warming, and what new landscape
patterns are emerging? The resilience concept (Chapin
et al. 2009; Gunderson and Holling 2002) is an ideal theoreti-
cal framework for understanding the dynamics of change in
Alaska’s boreal forest. Resilience is the capacity of a system
to absorb disturbances so as to maintain its structure, func-
tioning, and feedbacks (Folke et al. 2004; Walker et al. 2004).
Vulnerability is the degree to which a system is likely to expe-
rience harm due to exposure and sensitivity to a specified
hazard or stress and its adaptive capacity to respond to the
stress (Turner et al. 2003). Ecosystems are often quite resil-
ient to stochastic variation or even directional changes in driv-
ing variables, until some threshold is exceeded, causing them
to shift to a fundamentally new state (Folke et al. 2004;
Walker et al. 2004). The resilience framework requires that
we reach beyond the assumptions of steady-state dynamics
to ask what changes in drivers might trigger a change in eco-
system state (Gunderson and Holling 2002; Scheffer and Car-
penter 2003).

The strategy of the BNZ LTER in studying resilience and
vulnerability has been to investigate three aspects of change
in Alaska’s boreal forest: (1) climate sensitivity of the phys-
ical and biological processes to temporal variation in the envi-
ronment, which defines the limits of resilience to climate
change; (2) changes in the successional dynamics caused
by changes in climate and disturbance regime, which define
the points in the adaptive cycle of disturbance and recovery
at which ecosystems are most vulnerable to change; and (3)
threshold changes that are likely to cause the boreal forest
to function in a qualitatively new way. The BNZ LTER has
also conducted synthesis investigations in which these modes
of climate response have been integrated across multiple tem-

poral and spatial scales. The research has combined long-
term observations, long-term experiments, and process stud-
ies to identify ecological changes and to document controls
over ecosystem processes and successional dynamics in
three landscape units: floodplains, uplands, and wetlands.
The BNZ LTER has tested hypotheses about controls over
ecosystem dynamics by manipulating selected interactive con-
trols. These plot-level studies were extended to larger spatial
scales (watersheds, regions, and the state of Alaska) in a hi-
erarchical research design, using extensive measurements,
remote sensing, and modeling. Temporal scales of the re-
search span hours (weather), years (growth, populations),
successional cycles (stand-age reconstructions), and millennia
(vegetation and climate reconstructions).

The papers in this Special Issue of the Canadian Journal of
Forest Research represent synthesis studies that have been
conducted by the BNZ LTER to ascertain the progress that
the program has made in using the resilience framework to
understand the dynamics of change in Alaska boreal forests
in response to climate change. We have arranged the papers
in the special issue into three groups. The first group focuses
primarily on various aspects of climate sensitivity including
threshold changes. Papers in this group examine the vulner-
ability of white spruce tree growth to climate variability
(McGuire et al. 2010), the long term response of stream flow
to climatic warming (Jones and Rinehart 2010), the resilience
and vulnerability of permafrost to climate change (Jorgenson
et al. 2010), the role of mosses in boreal ecosystem dynamics
(Turetsky et al. 2010), and the demography of snowshoe
hares in relation to regional climate variability (Kielland et al.
2010).

The second group of papers evaluates responses of dis-
turbance and successional dynamics to climate change. Pa-
pers in this group evaluate hypothesized floodplain
successional dynamics by examining 25 years of vegetation
change in floodplain plant communities along a putative chro-
nosequence (Hollingsworth et al. 2010); the resilience and vul-
nerability of fungal communities in boreal forest soils (Taylor
et al. 2010); interactions among fire, climate change, and for-
est resilience in interior Alaska (Johnstone et al. 2010); and
the implications of Alaska’s changing fire regime for the vul-
nerability of its boreal forests (Kasischke et al. 2010).

The third group of synthesis papers evaluates different as-
pects of regional resilience and vulnerability and, in particular,
explores societal consequences by identifying past and poten-
tial future changes in ecosystem services that boreal forests
provide both locally (e.g., subsistence resources) and globally
(e.g., carbon sequestration). Papers in this group examine re-
gional dynamics in the context of long-term monitoring of cli-
matic and nutritional effects on tree growth in interior Alasks
(Yarie and Van Cleve 2010), the changing effects of Alaska’s
boreal forests on the climate system (Euskirchen et al. 2010),
and the resilience of native subsistence systems in interior
Alaska’s changing climate (Kofinas et al. 2010). A fourth pa-
per in this group represents an overall synthesis of the BNZ
LTER research program to understand the dynamics of
change through studying the resilience and vulnerability of
Alaska’s boreal forest in response to climate warming (Chapin
et al. 2010).

Together, the papers in this Special Issue of CJFR highlight
the strength of using the resilience framework to study and
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understand change in ecological systems. This framework is
applicable beyond the boreal forests of interior Alaska and
can serve as a means of understanding changes in regional
dynamics of forest ecosystems throughout the globe.
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