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Abstract

Effectiveness monitoring is undertaken to evaluate the success of management actions at
achieving the goals of a particular strategy. Within the context of sustainable forest
management in North America, goals for biological diversity are usually based on historic and/or
current conditions with the assumption that future conditions will continually reflect the past
and/or present. In practice, most monitoring is concentrated at the stand-level and focuses on
cause-event relationships between indicators and current practices. However, it is usually
impossible to monitor all the processes and other indicators that would enable a full cause-event
explanation to be achieved; most monitoring programs ignore causality and by so doing
decrease the predictability of the cause-event relationships and increase the statistical
uncertainty of the results.

At the same time, the need to scale monitoring results from the stand-level to the landscape-
level, through the assumption that the whole is equal to the parts, has the potential for failure
over the long-term due to the dynamic nature of environments. Not only is there complexity
associated with the interactive dynamics of ecosystems, but the interactions between the effects
of forest management, climate change, other forms of environmental change, natural
disturbance and succession mean that evaluating the success of a particular management
strategy is not a simple causal deterministic problem. Consequently, a monitoring program that
does not consider environmental change has the potential to acquire erroneous and confounded
results which may increase the biological and economic costs of management. With so much
uncertainty associated with the dynamics of ecosystems and landscapes, is this traditional
methodology typically used in effectiveness monitoring going to provide the reliable outcomes
and contribute to conserving biological diversity? Here, we propose that a top-down approach
that considers environmental change at the landscape scale and uses a multiple-species
indicator approach to evaluate the impacts of alternative management actions under the
influence of environmental change could provide the means to develop a monitoring framework
from which traditional effectiveness monitoring approaches can be used with increased
predictability and certainty.
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Introduction

Holling (1978) has argued that monitoring should be done by all organizations involved with
natural resource management, as it promotes learning, understanding, application and
adjustment (i.e., adaptive management). These are all essential to the proper management of
natural resources. Monitoring can be defined as the collection or creation of data for comparison
to an explicit standard of performance over time (McClain 1998; Hickey 2004). In terms of the
adaptive management framework, the most important approach to monitoring is termed
‘effectiveness’ monitoring® (Holling 1978; Bunnell 2003). Effectiveness monitoring involves the
regular evaluation of management practices to assess their effectiveness in meeting desired
management objectives (Bunnell 2003). Mulder et al. (1999) described the essential steps that
can be used by forest managers when approaching the development of an effectiveness
monitoring program, as follows:

¢ Specify goals and objectives;

¢ Characterize stressors and disturbances;

¢ Develop conceptual models — to outline the pathway from stressors to the ecological
effects on one or more resources;

¢ Select indicators — to detect stressors acting on resources;

e Determine detection limits for indicators — guide to sampling design;

e Establish trigger points for management intervention; and

o Establish clear connections to the management decision process.

This paper describes some of the challenges facing forest managers as they approach
effectiveness monitoring for biodiversity values in British Columbia, Canada.

Ecosystems, Causality, and the Principle of Determinism

Ecosystems are complex interacting systems composed of nonlinear interactions, but they also
exist in alternating stable states over time (years to centuries) created by the influence of biotic
and abiotic variables (Holling 2000). It is these alternate states of stability that Holling has
identified as the source of resilience in ecological systems. In some situations, there may be
multiple states for a particular system that are determined by purely intrinsic factors, such as the
ash and beech forests that alternate on the same sites in southern England (Watt 1947). More
often than not, extrinsic factors interact with intrinsic process to create multiple potential states.

A fundamental tenet of science is that all things are determined (Kimmins 2004). Based on this
tenet it is assumed that there is an explanation for all events or conditions in the form of
antecedent conditions, factors or determinants that collectively cause the event (e.g., species
extinction). This has been referred to as the scientific ‘Principle of Determinism’and describes
the importance of determinism in relation to the predictability of the event and the complexity of
the determinant. Kimmins (2004) describes three forms of determinism: causal® (one
antecedent), multiple (2 to 30 antecedents), and statistical (> 30 antecedents). The greater the

® According to Mulder et al. (1999) there are two other types of monitoring: ‘implementation’ and
'validation’ monitoring.

* Described by Kimmins (2004), based on the work of Bunge (1959).

® Causal determinism is described as a cause-event relationship. This means that the event occurs only
when the cause is present, and every time the cause is present the event will occur (Kimmins 1996)
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number of antecedents, the lower the predictive ability of science because of the production of
random, unpredictable results when antecedents are combined (see Figure 1).
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Figure 1: Predictability versus complexity through the Principle of
Determinism (adapted from Kimmins 2004).

When dealing with systems that are both spatially and temporally complex, there is a need to
recognise antecedents. Each time an antecedent and its causal relationship are identified, the
predictive power of the study is increased. By working to increase our understanding of the
antecedents associated with a particular (complex) system, the problem being examined can
often be reduced to a form of determinism with higher predictive power (Kimmins 2004).

Based on a similar line of reasoning, Gunderson and Holling (2001) devised the term ‘panarchy’
to describe the evolving nature of complex adaptive systems. They defined panarchy to be the
structure in which systems of nature are interlinked in never-ending adaptive cycles of growth,
accumulation, restructuring, and renewal, that take place in nested sets of spatial and temporal
scales. Figure 2 shows the adaptive cycles within an ecosystem (Gunderson and Holling 2001).
Energy flows between the ‘potential’ of the system to accumulate resources and the
‘connectedness’ of the system that determines the source of variability acting on the system. At
a period of low potential and low connectedness there is the possibility of resources exiting the
system and pushing the system into a new state of equilibrium.

Holling (2000) and Gunderson and Holling (2001) have argued that ecosystems are not systems
driven by single casual deterministic relationships, but multiple deterministic factors and
influences, and this is supported by, Chorley and Kennedy (1971), O’Neill et al. (1986), and
Kimmins (1996; 2004). Ecosystems have been identified as ‘dual organisational’ (O’Neill et al.
1986). Dual organisations are determined through the interactions of structural and functional
constraints that cannot be reduced to each other in any simple way. O’Neill et al. (1986) found
that significant ambiguities can be introduced into the understanding of systems when either
functional or structural constraints® are ignored. Gunderson and Holling (2001) advocated that

® Functional constraints operate on ecosystem processes, while structural constraints operate on
organisms.
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by gaining an understanding of ecosystem cycles and their scales, it may be possible to identify
points at which a system is capable of accepting positive change, and, from this understanding,
foster resilience and sustainability within a system. Consequently, when dealing with the
complexity of ecological systems, and the interactions of biodiversity within these systems,
monitoring programs must reflect the interactive and non-linear effects of environmental
dynamics on ecosystem processes. This will allow managers to gain an understanding of what
role their management actions play in influencing biodiversity and ecosystem stability response.
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Figure 2: Holling's Figure Eight Model and a representation of the flow of events
between ecosystem functions (Q, I', K, a) (adapted from Gunderson and Holling 2001).

Monitoring Biological Diversity in British Columbia

Forest managers throughout the world generally recognize that the conservation of biological
diversity values should be given a high priority. This is enshrined in a number of international
agreements, such as the Montreal Process. Managers are concerned about biodiversity as
damage to biodiversity values is often impossible, difficult, or very expensive to rectify (Poore
2003). It has therefore become important for certain ‘indicator’ species to be used to determine
whether management decisions are detrimental to landscape biodiversity, or are acting
congruently with conservation efforts to maintain these values. The choice of indicator species
must consider not only species that represent all ecosystem types and forest structures, but
also species that represent different life forms, as these will respond differently to management
and environmental change. In British Columbia, the choice of indicator species is a critical
aspect of most biodiversity monitoring programs (see, for example, Kremsater et al.2003).

There are many proposed management paradigms for selecting ‘indicator’ species. For
example, coarse and fine filter approaches have been advocated (Noss 1987; Hunter 1990;
Thompson and Angelstam 1999; Kremsater et al.2003; Rempel et al. 2004). In such cases, the
coarse filter approach is holistic while the fine filter approach is species-specific. Within this
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context, Thompson and Angelstam (1999) have identified a grouping of potential indicator
species that merit individual consideration:

¢ ecologically important species (keystone species)

e species sensitive to disturbance;
0 area-sensitive species (area- and edge-sensitive species);
0 species that concentrate during sometime of the year (e.g., in winter habitats);
o rare, threatened and endangered species;

e economically important species; and

e indicator species (species that can be monitored).

Hunter (1990) defined indicator species as species that have such a narrow ecological tolerance
that there presence or absence is a good indication of particular environmental conditions. This
idea has been developed further by Thompson and Angelstam (1999), who suggested that
indicator species can be used to evaluate the effects of change within a particular system at a
variety of scales. Selection of such indicator species is difficult, given the bewildering diversity of
species that could be used. However, within the context of forest management, Kremsater et al.
(2003) have helped to resolve this issue by stating that the selection of indicator species should
be guided by three broad features: sensitivity to forest practices, ease of monitoring, and
usefulness of information for guiding management.

This does not mean that only one species should be selected for monitoring. Rather, as
Thompson and Angelstam (1999) have stated, the choice and number of indicator species
chosen should be a suite of species that represent forest change at each spatial scale of
importance (stand, landscape and regional scales). This will provide a much more robust data
set that can then be used to examine the impacts of particular management strategies on forest
ecosystems.

While the use of indicator species is generally recognized as an important component of
effectiveness monitoring, there remain a number of issues surrounding the choice of indicators
before it can be certain that biodiversity values will be protected. One issue that needs to be
considered is the impact of environmental change on the response of indicators to current
practices. Environments are dynamic, so monitoring programs must build flexibility into their
structure to account for environmental change (Innes 1998). The identification of multiple and
redundant indicators based on the recommendation of indicator development studies is one
approach that can provide this flexibility to deal with the issue of environmental change. This
approach is congruent with Gunderson et al.’s (2002) recommendation to use a diversity of
species that are ecological ‘drivers’ and a diversity of ‘passenger’ species’ that could be
potential drivers due to environmental change.

Dynamic Systems: The Issue of Environmental Change

To effectively monitor biodiversity in dynamic systems, managers need to evaluate the influence
of environmental change, particularly climate change and climate-driven disturbance, on
biodiversity in a landscape. Abiotic components that drive environmental change provide a
fundamental problem for describing ecosystems in simplistic ways (O’Neill et al. 1986). Owing to
the causality associated with these systems, it is very important for mangers to use a holistic

" Driver and passenger species are based on the ‘Driver and Passengers’ hypothesis of Walker (1992).
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approach that relies on a suite of indicator species designed to represent multiple scales and
functions. This holistic approach has been supported by a range of authors, including McLaren
et al. (1998); Thompson and Angelstam (1999); Kremsater et al. (2003) and Rempel et al.
(2004).

The interacting effects of environmental change can create systems with multiple deterministic
relationships. In such systems, the impact of one change in the environment can influence
another change through interactive and feedback effects. For example, local, regional and
global changes in temperature and precipitation can influence the occurrence, timing and
frequency, duration, extent, and intensity of disturbances (Dale et al., 2001). Dale et al. (2001)
identified that ecosystems could resist the direct influences of climate change for decades or
centuries if they were not altered by climatically-influenced disturbance regimes. Climatically-
induced disturbances can lead to rapid changes in ecosystems over large areas. For example,
Allen and Breshears (1998) reported a climate-induced shift in a 2,378 ha forest area over a 5
year time period (1953-1957) (Figure 3). They observed changes in the environmental variables
that shifted the area from an ecosystem dominated by Ponderosa pine (Pinus ponderosa) forest
to a Pinon (Pinus edulis) - Juniper (Juniperus monosperma) woodland. This change in the
ecosystem was driven by a 5-year drought that severely stressed the Ponderosa pine, making it
susceptible to infestations by bark beetles (Dendroctonus pondersae and Ips spp.). Over the
following five years the beetles killed the majority of the pine, thereby reducing the forested area
from ~38% to ~15% (Allen and Breshears 1998). At the end of the drought, the pine forest had
transformed into a Pifon - juniper woodland that still had not shown any signs of recovery to its
prior state after 30 years, due to the ability of Piflon and juniper to suppress and out compete
the Ponderosa pine regeneration. Similarly, Innes (1992) argued that logging and burning had
caused a major shift in the forest composition on the Taitao Peninsula of southern Chile, from a
high forest dominated by Pilgerodendron uviferum and Nothofagus betuloides to a low forest
dominated by Tepualia stipularis.. These situations provide examples of how a system can be
driven into a new state of equilibrium (as outlined in Figure 2), by extrinsic factors. An interesting
caveat to the Pifion —juniper study was that the response of the system was amplified by a
history of fire suppression activities (Allen and Breshears 1998).
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Figure 3: Climate-induced change in percent forest area between
1935 and 1975 (adapted from Allen and Breshears 1998).
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If effectiveness monitoring for biodiversity values had been conducted, it could have shown a
dramatic loss of some species associated with the Ponderosa pine forest, but an increase in
species associated with the Pifion-juniper woodland ecosystem. In such a situation, the
manager does not have the ability to mitigate or determine the cause quickly because of the
interactive effects of multiple determinants.

Environmental change does not only influence forest ecosystem structure; it can also have a
direct influence on the species being used as indicators. Trees, birds, amphibians and
mammals show a strong interaction between the environmental variables of temperature and
precipitation whereas reptiles respond significantly to temperature, but not precipitation (Currie
2001). This is supported by Hansen et al. (2001), who found that reptiles and amphibians are
expected to increase in richness while bird and mammal richness may undergo significant
reductions as a consequence of climate change (i.e., temperature and precipitation change).
See Shugart (1998), National Assessment Synthesis Team (2000), and Gitay et al. (2002) for
potential changes in temperature and precipitation as a result of climate change. The responses
of indicator species to changes in environmental variables could confound monitoring results by
erroneously showing an increase or decrease in biodiversity as a result of management actions.
Kerr and Packer (1998) assumed that mammals will be able to track their shifting climatic zones
despite anthropogenic and natural barriers and that the southern half of BC may show as much
as a 10% increase in mammal diversity, with the northern half showing a possible 20%
increase. If this assumption holds, then shifts in biodiversity are inevitably associated with shifts
in climate, leading to many new interaction effects that could confound the results of
effectiveness monitoring.

Discussion: Is It Possible?

Phenomena associated with environmental change, such as climate change and altered natural
disturbance regimes, could increase the habitat for some species while at the same time
reducing the habitat available for others, hence the need for a comprehensive and diverse list of
species. In the current (2004) context of forest management, the goals for biodiversity
conservation are being set based on historic and/or current observations. Ecological monitoring
frequently relies on the statistical assumption that future observations can be modelled as a
function of past observations (Bunnell 2003). Consequently, monitoring programs typically do
not address causality. Since the effectiveness monitoring approach is effectively converting
observations from identified cause-event relationships (e.g., a glass rod being broken by
dropping it onto a stone floor (Kimmins 2004)) into assumptions (e.g., direction or rate of change
(Bunnell 2003)), it cannot be expected to account for causality beyond the context of a given
relationship. Causal deterministic relationships probably never occur in biological systems since
any biological event involves at least two major antecedents (i.e., multiple determinism)
(Kimmins 2004).

So, what are the implications of removing causality from the effectiveness monitoring
programmes designed to track biodiversity values? As effectiveness monitoring generally
focuses on simple causal deterministic problems, typically enveloped in multiple deterministic
systems, the interaction effects of multiple antecedents on indicators are either ignored by
managers, or addressed by simplifying assumptions. By using causal deterministic approaches
and not recognizing the interaction effects associated with environmental change (e.g., climate
change and natural disturbance), forest management may confound monitoring results by
reducing the probability of predicting an effect. The probability of producing highly predictive and
effective results raises questions about how managers should use effectiveness monitoring to
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guide the conservation of biodiversity in dynamic environments. The statistical power of
monitoring to detect change in populations of an indicator species is often weak and provides
too much uncertainty (Taylor and Gerrodette 1993). This is supported by Doak (1995), who
showed that statistical uncertainties often exist when monitoring environmental change effects
on a species. Doak found that even when monitoring data are of high quality, lag times can exist
between critical levels of change and detectable changes in the indicator (e.g., grizzly bear
populations (Figure 4). These findings add strength to Bunnell’'s (2003) observation that
monitoring trends usually reflect time periods that may not provide robust results for some
ecological indicators.

Two broad classes of uncertainty have been identified (Manning et al. 2004): statistical and
structural. Statistical uncertainty is associated with parameter or observational values that are
not known precisely while structural uncertainty is associated with not correctly identifying the
important relationships between variables or their functional forms. By not incorporating
causality, monitoring programs may face increased statistical uncertainty and may overlook
structural uncertainty. Kremsater et al. (2003) advocated that monitoring programs must
incorporate processes that are critical to monitoring long-term habitat projections for indicator
species, while Doak (1995) argued that an a priori analysis of the potential consequences of
development is required to add rigour to monitoring programs. This suggests that to monitor
indicators effectively, the influences of change in the environment must first be addressed in
order to reduce statistical uncertainty. Therefore, by assessing structural uncertainty, the
effectiveness of the monitoring program should be increased.
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Figure 4: Change in grizzly bear (Ursus arctos) population in Yellowstone over a 25
year period under the influence of 1% loss of high quality habitat. 10-year marker identifies the
initial point where high quality habitat falls below the point necessary to maintain a stable
population and the point where a 10% decrease  in population can be statistically identified
(adapted from Doak 1995).
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In order for effective monitoring to take place, indicators must be sensitive to stresses, respond
to stresses in a predictable way, and, must be easy to measure in a cost-effective way (Bunnell
et al., 2003). If managers are to consider the impacts of environmental change; they will need to
gain a better understanding of how the environment will affect their chosen indicators through
time and space. In this situation, how can we effectively monitor biodiversity in a cost-effective
way and how do we know the extent to which indicator species will be sensitive to management
induced stressors or environmental stressors®? These questions describe the complexity that
managers and researchers face. To be cost-effective, managers often need to work at smaller
scales, with indicators that are easy to measure, but these may not be the most effective for
evaluating change (Innes 1998). Also, managers often need to work from the assumptions
surrounding cause and event relationships. The exclusion of causality can be described as a
bottom up approach where monitoring results are scaled from the effects of change at the
stand-level and extrapolated to the landscape-level. One must be careful here because with this
monitoring approach there is an assumption that the whole is equal to the parts and this has the
potential for failure over the long-term due to the dynamic nature of environments. O’Neill and
King (1998) identified that by changing scale you change the level of organisation and thus
could simplify the nature and potential behaviour of the system at the landscape-scale. This
means that the potential response of the indicator to stressors may change as well. Since this
has implications for both the biological and economic costs of management it becomes
essential that an approach that offers trade-offs between simplicity and complexity needs to be
used for effectiveness monitoring.

To address this trade-off, we believe that a top-down approach needs to be used to evaluate the
responses and behaviours of a wide range of species within a management area. This is
supported by Chorley and Kennedy (1971) who argued that it is important to investigate the
development of systems through time. Gunderson et al. (2002) also stated that it is important to
understand dynamics of systems and their vulnerability to change. The top-down approach
involves starting at the landscape scale and conducting a holistic analysis of the impacts of
alternative management actions on an array of potential indicators, under the influence of
stressors such as climate change and natural disturbance. Such an approach may develop
and/or reinforce our understanding of the interactions between ecosystem processes and
thereby provide measures of ecological resilience®. An understanding of this resilience will
provide managers with the opportunity to successfully learn and change their management
actions (Gunderson et al. 2002). A holistic evaluation of landscape behaviour can provide
measures of ecosystem resilience under environmental change that then can be used to
develop a monitoring framework from which biodiversity can be effectively monitored through
the traditional bottom-up approach (Figure 5).

The top-down approach alone is not an effective approach since it can only provide an
understanding of how processes influence the evolution of the system (Chorley and Kennedy
1971). The bottom-up approach allows for the step by step development of management;
however, the lack of understanding of abiotic processes makes results potentially ambiguous
(O’Neill et al. 1986). Melding the two methods into a hybrid approach allows for these limitations
to be minimised and the strengths of each method to be maximised. The hybrid approach allows
for increased statistical certainty associated with effectiveness monitoring results which will then
translate into increased success of the adaptive management framework it drives. The hybrid

® For a descriptive list of management induced stressors and environmental stressors in riparian
ecosystems see Kershner et al. (2004).
° Resilience allows a system to withstand the failures of management actions (Gunderson et al. 2002).
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approach will also better enable managers to conserve biodiversity. However, due to the high

degree of uncertainty associated with future events, the question of whether or not it is possible

for effectiveness monitoring to conserve biodiversity in dynamic systems will remain open for
some time.

Top-Down Approach
Analysis of landscape and indicator behaviour under Decreased Structural
environmental and anthropogenic stressors Uncertainty
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Figure 5: Hybrid Approach to developing effectiveness monitoring program
for biodiversity conservation.
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