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Abstract

Fundamental to maintaining the integrity of protected area ecosystems is
understanding their complexity and ecological organization within the context
of their bioregional surroundings. This research sets out a conceptual system
model to synthesize knowledge from diverse fields and identify key ecosystem
processes, thereby providing new insight into system organization, function,
and integrity (Parker, 2003 ). This understanding was then applied to planning
for ecological integrity in the Canadian National Parks context through a case
study of the Greater Kluane Region (GKR), Yukon, an area encompassing
Kluane National Park and Reserve (KNP&R). A set of criteria, derived from
complex systems and hierarchy theory served as the basis for identifying key
processes in the GKR. A panarchy model (Gunderson and Holling, 2002) was
used to integrate these key biophysical and socioeconomic processes, describe
their role(s) in system stability and resilience, and elucidate pathways by which
significant ecological change may occur. The case study of the GKR illustrates
the heuristic value of a conceptual modeling approach and its import in build-
ing a synthetic and adaptive knowledge base to found ecological integrity plan-
ning.

The Challenge of Ecological Integrity

With the continuing search for a holistic theory of environmental management ecological
integrity is receiving increased attention, and becoming a leading concept in environmen-
tal management strategies (Norton, 1992; Woodley et al, 1993). In 1988 ecological
integrity was established as the first priority in Canada’s national parks, while more
recently it has gained increased prominence as a result of the 2000 report released by the
Panel on the Ecological Integrity of Canada’s National Parks, the main message of which
was that this mandate is in peril. As defined by Parks Canada (Parks Canada, 2000) “An
ecosystem has integrity when it is deemed characteristic for its natural region, including
the composition and abundance of native species and biological communities, rates of
change and supporting processes”. This definition provides a normative goal for parks
within the national system. The challenges of interpretation, appropriate policy develop-
ment and on-the-ground application remain.

Ecological integrity is a plastic concept dependent on the scale at which it is applied and
the conceptual perspective(s) underlying its application (King, 1993). Applying the con-
cept of ecological integrity through planning, management and assessment necessitates a
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holistic understanding of ecosystem organization and function. However, managing fot
ecological integrity often rests on analyses that only partially integrate ecosystem com-
plexity and generate results with limited ecological relevance (Schaeffer et al., 1988). A
much greater understanding is needed of the relationship between ecosystem structure and
function across hierarchical levels. At larger scales of research the integration of knowl-
edge from many disciplines is vital but lacking (Brown, 1994). There is a concurrent need
to identify coupled feedback cycles that may lead to synergistic or large-scale effects on
ecosystems when affected by human activity (Jefferies and Bryant, 1995).

Confounding the development of such fundamental understanding to guide ecological
integrity planning is the inherent complexity of ecosystems, the segregation of knowledge
perpetuated by disciplinary study, and the construing of hierarchical organization in eco-
logical systems as being spatially nested (Allen and Hoekstra, 1992). A synthesis of
empirical knowledge founded by a robust conceptual base and integrated across scalar
domains is needed if we are to effectively develop policy and management practices that
nurture ecological integrity.

Fostering Synthesis While Maintaining Pluralism

The difficulty in the realm of ecology arises in dealing with the interplay of processes
operating at different rates or scales that produce complex interactions and patterns. Over
time as the complexity of a system’s organization and interactions increase so too does the
intractability of its behaviour. This scalar disparity and complexity, combined with our tra-
dition of scientific reductionism, has resulted in an array of disciplinary studies (e.g.,
microbiology, physiology, population biology, ecology, landscape ecology, community
ecology), the outcome of which has been disparate bodies of knowledge (Allen and
Hoekstra, 1992). Just as the notion of observational scale affects ecological description of
organization, function and integrity so too does ones conceptual perspective. Describing
the integrity of ecological phenomena requires synthesis of the knowledge accumulated
from diverse scientific as well as experiential traditions. In seeking a holistic understand-
ing of integrity employing a pluralistic approach that draws on a diverse array of concep-
tual perspectives will enrich system description and subsequent understanding. Table 1
outlines six rich concepts drawn from pendant fields that facilitate different ways of
observing ecological phenomena across many scales (Allen and Hoekstra, 1992). Diverse
but convergent research perspectives/efforts are essential, as a pluralistic approach is
needed to describe complex systems. Employing these in a system description provides a
means to garner complementary insight into a system’s ecological organization and func-
tion.

A Conceptual Framework: Complex Systems Thinking and Hierarchy
Theory

Complex systems thinking is increasingly being employed to engender integrative, holis-
tic perspectives and approaches to describe ecosystem dynamics (Jorgenson and Muller,
2000). A systems approach may prove effective in linking the diverse perspectives out-
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lined above (and underlying theory) into a coherent whole. The rationale of systems think-
ing is that a system, such as an ecosystem, cannot be understood by teasing it apart and
studying the parts in isolation. Understanding must be derived from a holistic systemic
investigation because there are properties of the system and its parts that emerge from the
ordered relationships within the system (Bertalanffy, 1968).

Table 1. Conceptual perspectives and attendant criteria used to characterize system
processes.

CONCEPTUAL CRITERIA USED TO CHARACTERIZE SYSTEM PROCESSES

PERSPECTIVE

Global Critical climate, physiography and vegetation physiognomy;
gradients over large arcas

Landscape Spatial areas, contiguity, and patterns; fluxes of materials in
spatial contexts; topographic relations

Ecosystem Sequences of events rather than spatially located; energy and
matter movements; pathways of processes and fluxes
between organisms and environment; interlinked, scaled
processes defined in turnover times

Community Integration of complex behaviour of biota; accommodation

between organisms; members who share a common resource;
not a function of the environment but rather exhibit a relation
to the environment
Population Collection of individuals with genetic relatedness bound
together by interactions; predator-prey pairings stem from the
population concept

Organism Genetic integrity, discrete bodily form, physiological integri-
ty and autonomy; a collection of fluxing internal processes
with a tangible boundary; the functional environment as
defined by an organism’s perceptual boundaries is of partic-
ular interest in linking to other conceptual domains

Living systems have been described as dissipative structures, which by dissipating exer-
gy as entropy to their surroundings maintain a high degree of order ie., organization
(Wicken, 1987). Organization as such can be described as perpetual reorganization pro-
duced by degradation and regeneration of the system (Morin, 1992). It is the continual
processing of energy, and the resultant structure, that enables ecological systems to
dynamically respond to environmental change. A system’s continued integrity is contin-
gent on this dynamic self-organizational capacity to avoid becoming maladaptive and cat-
astrophically vulnerable to novel change. It is from this basis that catastrophic events such
as fire, flooding, and drought, are understood to be important elements in the natural
renewal, reorganization and evolution of ecosystems. Such disturbances may cause an
ecosystem to proceed through a period of rapid reorganization to a steady state with new
dissipative structures, i.e., new energy pathways between old parts or new pathways
emerging from the presence of new component parts (Kay er al, 1999). This new state
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may be quite different from the former state of the system. If, for example, prolonget
flooding occurs in an area the attendant anaerobic conditions will suppress the microbia
community. This suppression induces nitrogen loss, limits and protracts decomposition
and results in nutrient-limited soil (Freedman, 1998). Under such changed conditions new
successional trajectories often ensue. Such disturbances not only change the present state
of the system but by their cascading influence on process pathways alter conditions such
that former states are excluded.

Historically, an equilibrium-centered view where populations and succession progress
along a linear path to a stable equilibrium state has directed investigations of ecosystems
(Jensen er al., 2001). The more recent resiliency-based view (Holling, 1973) acknowl-
edges the inherent variability, heterogeneity, complexity and subsequent unpredictability
of living systems. Holling’s (1973) now classic adaptive cycle model of ecosystem
dynamics describes four phases in ecosystem development: exploitation, conservation,
release and reorganization (Figure 1). Instability in response to changing variables is seen
as maintaining the system’s resilience by enabling reorganization and adaptation to future
change (Gunderson et al., 2000). Such an understanding suggests management be direct-
ed at maintaining the innate resilience of systems to ensure their capacity to absorb envi-
ronmental change (Gunderson and Holling, 2002).

Succession occurs from the exploitation phase to the conservation phase at which point
overconnectedness and abundant natural capital precipitate a catastrophic disturbance.
Such disturbances release stored capital and reduce the connectedness of ecosystem
processes and in so doing make resources (e.g., carbon and nutrients) accessible for reor-
ganization into another adaptive cycle. The arrows relate to the speed of the adaptive cycle
with closely spaced arrows indicating rapid change. The arrows moving outside the fig-
ure eight in the reorganization phase depict the potential for leakage of capital (e.g., nutri-
ents) and subsequently novel reorganization (Figure 1).

The importance of scales in ecosystems is being made more explicit through the applica-
tion of hierarchy theory in ecology (King, 1993). Natural systems have been described as
consisting of a hierarchy of ordered relationships. This view asserts that higher levels
(larger spatiotemporal scale processes) constrain those below providing context and
boundaries for their activity, while lower levels are basis for the emergence of upper level
phenomena.

Knowledge of the scalar organization of ecological systems is particularly useful in con-
ceptualizing organization and integrity in complex systems. Complexity is a feature of
natural systems arising in part from the occurrence of processes at different rates of speed,
differently scaled structures and/or entities of disparate types. The notion of hierarchical
levels in systems provides a general organizational frame with which to investigate and
characterize complex system interactions (Figure 2) (Allen and Hoekstra, 1992).

Returning to the adaptive cycle described by Holling this phenomenon operates across
hierarchies from small to large scales (Gunderson et al., 2000). This dynamic interaction
of adaptive cycles has been coined a “panarchy”, a term that is synonymous with hierar-
chies. Panarchies are essentially made up of a nested set of adaptive cycles that exhibit



Parks Research Forum of Ontario (PRFO) 2003 Proceedings 397

multiple cross-scalar connections between levels. These cross-scale interactions are par-
ticularly important during release and reorganization phases. During the release phase of
lower level adaptive cycles disturbances may cascade up to higher levels and precipitate
a catastrophe (Figure 3). Conversely, following a catastrophe the potential stored during
the conservation phase of larger slower upper levels determines the constraints and oppor-
tunities for lower level reorganizations.

Figure 1. Figure-eight model of the adaptive cycle of ecosystem dynamics.
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Central to understanding ecological integrity is elucidating pathways of change and trans-
formation in ecosystems. Conceptualizing ecological systems as dynamic self-organizing
complexes made up of hierarchies of adaptive cycles (i.e., panarchy) provides a starting
place for describing key processes driving ecological organization and exploring how bio-
physical and socioeconomic interrelationships impact on ecosystems. In this endeavor the
cross-scale interactions of processes are used to elucidate connections and potential path-
ways of change. Through their highly integrative functioning key processes link across
conceptual domains and scales (e.g., succession links an array of communities with
ecosystem development while functional structures such as functional species groups tie
organisms to ecosystem processes). Process interactions that alter system feedbacks and
engender new pathways for ecosystem development are of particular interest. Such a con-
ceptual systems modeling approach describing process pathways to change was devel-
oped for the Greater Kluane Region (GKR) in the Yukon to elucidate how impacts might
propagate throughout regional ecosystems and affect ecological resilience and integrity
within Kluane National Park and Region (KNP&R).
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Figure 2. A depiction of hierarchical levels and their interactions across system bound-
aries.
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Figure 3. Panarchy model showing cross-scalar connections of adaptive cycles.
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Case Study Overview: The Greater Kluane Region

Located in the southwest corner of the Yukon, the GKR an area (66,000 km2) encompass-
ing KNP&R and many of the human activities that influence it served as a case study for
applying the conceptual system model. Although extensive information on the ecology of
the region exists much of it remains unsynthesized while conceptual models of ecological
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integrity in KNP&R, and in general, are relatively simple (Schaeffer et al., 1988; Parks
Canada, 2001).

Due to its remoteness from major human settlement and size, 22,013 km?, KNP&R has
effectively conserved a large intact wilderness area where ecological processes dominate.
However maintaining the park’s wilderness character is not without its challenges. The
introduction of exotic species, unforeseeable management effects, and outside human
activity such as mining, dams, agriculture, sewage disposal, sport fishing, and urbaniza-
tion have been identified as causing significant ecological impacts, while new and
expanding developments in the region including tourism, forestry, and mining have the
potential to compound these stressors (Parks Canada, 2001; Slocombe et al., 2002).

Identifying Key Organizing Processes

" After identifying a wide array of processes through literature review and regional consul-
tations, three criteria distilled from the preceding discussion of complex systems were
used to assess and identify those that were key in the GKR:

« Domain of influence: characterized ecosystem processes according to concep-
tual perspective (Table 1) best suited for observing role/influence of process
and then delimited functional scale of action;

« Relatedness: identified and compared influence, on and by, each process to
assess the role in system connectedness; and,

« Cross-scale interaction: located processes within the adaptive cycle to deter-
mine how each was associated with phases of ecosystem development (i.e.,
frontloop, release phase, backloop or environmental context) (Figure 1).

As the functional agents integrating many ecosystem processes across domains, species
were characterized using a functional groups approach (Chapin er al., 1995). Flora and
fauna in the GKR were classified according to their influence on resource supply and
cycling i.e., nutrients. Using the assessment criteria 28 highly integrated processes were
delimited for inclusion in modeling (Figure 4).

Modeling System Organization and Function

The GKR panarchy model depicts the association of key processes with adaptive cycles
across the six conceptual domains (organism, population, community, ecosystem, land-
scape, global) and portrays their role in system stability or resilience. The central foci of

each domain is depicted at right (*) along with those species that are particularly signifi-
cant because of their ecology (i.e., influence and or vulnerability) (Figure 4).

Socio-economic Interactions

With the panarchy model serving as a template of ecosystem organization and function,
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focus turned to exploring the influence of socioeconomic processes. During this step i
was important to assess the linkages between socioeconomic and regional ecologica
processes in order to describe how human-induced activity might propagate throughou
the system. The socioeconomic processes with the potential for the largest influence are
those in the global domain and include climate change and the long-range transport of pol
lution. However, more direct and immediate effects at the landscape and ecosystem level
will likely be felt through regional activities including cumulative impacts from recre-
ational activities, mining, fire management, and forestry. Exotic species are of concern,
although their threat has not been assessed in detail, while wildlife management in the
GKR is occurring with limited monitoring or assessment of its ecological effects.

Process Pathways to Change

Linking up the understanding of system dynamics engendered by the conceptual model
with a knowledge of significant human impacts in the GKR potential process pathways to
change could be described. Table 2 provides three examples of the potential pathways
through which human influence could affect significant system change in the GKR
(Parker, 2003 provides a thorough discussion of socioeconomic influences).

Figure 4. Panarchy model depicting associations among adaptive cycles, key processes
and species in the GKR .
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Table 2. lllustrative examples of Process Pathways to Change triggerd by Socioeconomic
influences in the GKR.

 SOCIOECONOMIC INFLUENCE PROCESS PATHWAYS
Global level Drought influence on fluvial, fire and insect disturbance
Large anticipated human -exacerbated regimes with likely alteration of disturbance regimes
climatic changes in the GKR. creating prime condi tions for insect infestations .

! Landscape level Synergistic influence of fire regime patterning on insect

. Fire and forestry management as well as outbreaks will have attendant effects on insect outbr eaks.
; climatic change may pre cipitate changes
< in fire regime.

{ Community level Associations between flora -fauna entrain particular

~ Wildlife management activities . successional pathways; alterations of wildlife

5 populations/keystone species during reorganization and
exploitation phases may have significant troph ic and or
succession effects .

Addressing questions about impacts on ecological integrity from a process pathway basis
serves to elucidate the larger systemic interactions in relation to the specific issue being
addressed thereby helping in holistic problem framing of management issues. The model
suggests some general tenets for describing and understanding system change:

* the larger, more frequent, more intense or the more types of environmental
change occurring simultaneously the greater the potential for novel system
reorganization;

+ due to the cyclic nature of system processes, the impact of environmental
change varies according to the cyclic period in which it occurs; and,

» system heterogeneity, redundancy, and modularity all act to limit the influence
of environmental changes.

Implications for Ecological Integrity Planning and Management

Presently, ecosystem models developed by KNP&R, as well as those in other national
parks, serve to facilitate the selection of indicators for monitoring, although their role will
hopefully expand as Parks Canada’s renewed focus on ecological integrity takes hold. A
robust model such as the one developed in this research could serve an expanded heuris-
tic role in informing planning and management action.

A Synthetic and Adaptive Knowledge Base

Parks Canada, as an agency, currently undervalues the benefits of learning, providing lit-
tle guidance for incorporating new knowledge in planning and management (Parks
Canada, 2000). This has impacts on the ability of managers to effectively apply an adap-
tive management approach (Parks Canada, 2001). The modeling process described here
may serve as a synthetic and adaptive knowledge base, with which to better align the
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many components included in park management plans that are directed at maintaining
ecological integrity. Such a knowledge repository used to familiarize planning participants
with the agency’s holistic approach to ecological integrity and to coalesce knowledge aris-
ing from planning processes would support the agency’s commitment to adaptive manage-
ment,

Linking Monitoring and Assessment to System Understanding

Monitoring is critical to assess ecological integrity, direct research, develop ecological
understanding, detect change, and provide feedback on the effects of management action
(Parks Canada, 2000). However, monitoring is not often well linked to management deci-
sion-making or accountability, and so has warranted limited attention. In light of the hier-
archical structure of ecosystems, a monitoring program should identify the hierarchical
context of monitoring protocols, in order to contextualize monitoring protocols and help
in interpreting monitoring results. Applying the stratified design of the panarchy model to
a monitoring program helps to establish the sensitivity of indicators and the extent and
significance of changes detected by each.

Similarly, the typical valued ecosystem component (VEC) based cumulative effects
assessment, normally applied in parks, would benefit from a more integrated understand-
ing of ecosystem functioning, using conceptual models to augment present attempts to
assess environmental impacts on ecological integrity. Such knowledge would enhance the
pathway and network diagrams used in impact assessment (Hegmann ef /., 1999), mini-
mize the likelihood of overlooking pathways by which socioeconomic activities may
impact ecological integrity, and be a useful precursor for informing assessment and man-
agement goals.

Heuristic Stakeholder Engagement

There is widespread evidence that ecosystems cannot be protected without deliberately
involving regional communities in planning and policy making (Mulrennan, 1997).
Stakeholder engagement leading to partnerships is critical to maintain ecological integri-
ty in KNP&R and elsewhere. A process of model-building similar to that employed in this
research may be a useful process for park planners and managers to nurture a vision of
ecological integrity amongst local communities, stakeholders, and other management
agencies. Holding open, model-building workshops at parks would produce many bene-
fits similar to those of the modeling carried out in this research, as well as elicit stakehold-
er values and knowledge, infuse planning and management with a systems understanding
of ecological function, identify management concerns, and hopefully improve the base for
cooperative partnerships. Through modeling, those involved in the process can build
mutual understanding about a system and potential agreement on what management
actions would be most effective (Costanza, 1996). It may be this heuristic value of such
modeling that is most compelling.
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Conclusion

The conceptual modeling process offers a rich approach for understanding complex
regional systems such as that of the GKR and merits an expanded role in planning and
management. Results indicate that ecological integrity planning would benefit by focus-
ing on the dynamics of processes with cross-scale influence and employing keystone
species as the tangible points of articulation between processes, conceptual perspectives,
and scales. The dynamic hierarchical nature of ecosystems means that system description
and management may be ineffective or even harmful if an equally dynamic and pluralis-
tic approach is not taken. A conceptual model may serve as a synthetic and adaptive
knowledge base with which to integrate new knowledge and cultivate system understand-
ing to support ecological integrity planning. The heuristic process of developing region-
specific conceptual models may help to foster the culture of learning in park agencies that
is vital to managing for ecological integrity. It is an understanding of change, its origin,
and process pathways of effects that should pervade planning, cumulative effects assess-
ment, management, and monitoring for ecological integrity. It is hoped that new insight
derived from this conceptual modeling perspective will empower management that might
assure the protection of ecological integrity.
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