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1 Adaptive management

1.1 Background

In general, the premise behind decision making for
management is that we can predict the effects of manage-
ment actions and compare these to the effects of other
actions, including no action. Using past experience,
research, scenario studies, models and pilots, we quantita-
tively or semi-quantitatively predict the responses to
various actions, and select the “best” actions, based upon
our chosen set of criteria. Whilst this premise may be
correct for the simplest of problems (though even seem-
ingly “simple”, environmental problems have a tendency to
surprise us), as we move to more complex problems,
attempting to manage the effects of multiple stressors on
complex ecosystems at various scales, this becomes
increasingly difficult. Our scientific knowledge of how
various components of the ecosystem (both those we will
monitor and those we do not consider) respond to natural
and anthropogenic changes will always be incomplete, and
the variability and heterogeneity in natural systems can
never be replicated in model systems or fully characterized
in monitoring systems. Thus, no amount of research will
completely reduce the uncertainty inherent in ecosystem

management, and formal rule-based management frame-
works and presumptive remedies may at times fail to achieve
their objectives, or may even cause unanticipated impacts.

1.2 Adaptive management approach

Adaptive management concepts arose from concerns that
conventional resource management approaches inadequate-
ly considered system dynamics and uncertainties, and that
some problems in large-scale ecosystem and resource
management can only be understood through experiments
(NRC 2003). These principles, closely linked to the
Ecosystem Approach, acknowledge the natural variability
in ecosystems, recognise that ecosystems are dynamic, and
accept that there can only be incomplete knowledge of
these systems. As a consequence, the premise of adaptive
management is that management frameworks should not be
static, but should be continually reassessed and updated as
circumstances change. To attempt to adjust and adapt to
(often unexpected) changes and processes, adaptive man-
agement permits a wide variety of possible hypotheses and
strategies, taking into account the perspectives of both
biological and social sciences (WBGU 1999).

Adaptive management represents an evolving philosoph-
ical approach to environmental management; a review of
the literature reveals that there is no consistently used
specific definition. It has been called “learning by doing”,
but, to be successful, requires a system of monitoring,
structured feedback and decision making in which indica-
tors of both desired (and undesired) potential outcomes are
monitored, and responded to in an informed way. A well-
designed adaptive approach uses ecological indicators to
support the operational objectives, and requires that
monitoring and assessment are of sufficient accuracy,
precision, and frequency to ensure that the effects of
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management measures can be evaluated in a timely manner,
and adjusted as necessary (ICES 2005). Adaptive manage-
ment is the alternative to rigid and inflexible management
frameworks, and is part of the Ecosystem Approach (ICES
2005), which is the basis of most recent European
environmental policy (Apitz et al. 2006).

2 Sediment adaptive management

The issues faced by sediment managers are complex; the
problems involve a large number of variables, the systems
involved are dynamic, and the uncertainties associated with
them are large and often dominate the decision-making
process. Selecting the best management actions under such
circumstances is difficult and sometimes not possible. The
concept of adaptive management acknowledges the com-
plexity involved in the selection of and implementation of a
set of alternative actions that are tracked through monitor-
ing. Alternatives that perform well are promoted and poorly
performing alternatives are adapted or eliminated. Success-
ful adaptive management relies heavily upon well-designed
monitoring activities that provide key information for the
adjustment of management designs and actions (Wharfe et
al. 2007).

Long established in ecological restoration (Walters
1997), the concepts of adaptive management are increas-
ingly being embraced by the contaminated sediment
management community. In the US, they have been
invoked as an approach to develop and test methodologies
for implementing bioavailability considerations in policy;
for better managing megasites and for more intelligently
developing, testing and validating remedial strategies (NRC
1997; NRC 2001; NRC 2003; NRC 2007). In Europe, they
are at the core of the UK’s development of indicators for its
Marine Strategy; they are invoked as the basis for
ecosystem-based management of soil biodiversity and the
development of Integrated Coastal Zone Management
(COM 2002); and are stated to be guiding principles of
basin-scale management (www.sednet.org).

Adaptive Management seems intuitive to many as an
approach to addressing the complexity and uncertainty
inherent in managing contaminated sediments. A review of
recent publications, presentations and web pages on
sediment management reveals an ever-increasing number
of references to this approach and claims that various
sediment management studies, strategies and frameworks
are adaptive. However, there seems to be no consensus on
what it takes to make sediment management “adaptive” or
what, exactly, various approaches are adapting to. Further-
more, an informal, unrepresentative but international straw
poll of the sediment management community suggested
that adaptive management, though often invoked, is still

being only infrequently and often only retrospectively
applied (Apitz and Porebski 2009).

3 A call for discussion

3.1 Adaptive management, a reactive mode?

As with the growing use of other ecological concepts in
sediment management (Apitz 2008a, b), it is important that
we are clear about what we mean when we invoke adaptive
management. If we are adopting ecological concepts into
other disciplines, it is essential that we understand the
underlying principles, and how they do and do not pertain
to our own fields of expertise. Ensuring that adaptive
management concepts move from being the darling of
expert groups and think tanks to a set of tools that can be
used on the ground by practitioners and decision makers,
requires substantial changes in the way we design,
communicate and carry out sediment assessment, monitor-
ing and management.

Adaptive management is at times considered or used as a
fig leaf for iterative, undirected, reactive management.
Rather than defining and monitoring clear management
goals, many in environmental management “lapse into a
reactive mode, under the guise of being ‘adaptive’”, with
unanticipated effects leading to a series of ad-hoc actions
(Rogers 1998). However, truly adaptive management is not
reactive, but should be an experimental but goal-based
process in which well-designed indicators of management
objectives are monitored to inform management strategies.
This approach is inconsistent with rigid, standards-based
sediment decision frameworks, and also with presumptive
remedies that are still being promoted in some regions
(Apitz 2008b). Adaptive management requires that monitor-
ing programmes are clearly linked to indicators of success (or
failure) of a management strategy. From an ecosystem status
viewpoint, these indicators should be linked not only to the
control or reduction of anthropogenic stressors such as
contaminants or suspended sediments, but also to the health
and sustainability of ecosystem status, structure and function.
Such indicators, however, are not clearly linked to standard
regulatory criteria, but rather are based on a definition of
what, in terms of ecosystem status, we are trying to achieve.
Rogers (1998) calls these “conservation goals”, which he
defines as “…scientifically rigorous, spatially and tempo-
rally bounded targets of flux in ecosystem condition.” He
advocates a system in which “…each goal can be traced
back to its origin in both policy and science, as well as to
the institutional structure responsible for its achievement.”
There are a growing number of approaches to provide a
clear, logical and unbroken chain linking and translating the
fundamental science and its underlying assumptions to the
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applied issues and decisions they inform (Apitz 2007,
2008a, b)—but the development of such frameworks
requires “…a durable partnership between service provider
(science) and client (management)” (Rogers 1998). Such
partnerships face substantial institutional barriers.

3.2 Barriers to adaptive management

3.2.1 The myth of certainty

One barrier to the success of adaptive management is that the
public and decision makers (and some researchers) are
reluctant to repudiate the myth of certainty. There seems to
be an impression that, given enough research, uncertainty
will be removed, and that the “true” solution will become
apparent, but, as discussed above, this is not possible in
complex systems. Decision makers, long used to neat lines
generated by theoretical models and well-controlled labora-
tory experiments, can at times find the broad variability and
uncertainty that results from more realistic field measures
distressing. However, these are the realities of the systems
we are trying to manage. Academic departments must do
more to reward collaborative, interdisciplinary work. Tradi-
tionally, many research scientists have scorned the perceived
oversimplification necessary to communicate across disci-
plines and with the public, preferring the communication and
company of their own peer group—but this is unsupportable
if we are going to manage complex sediment problems.
Scientists must avoid the temptation to “research every detail
to death”, while working with decision makers to identify
those parameters most critical for adaptive decisions.
Decision makers must learn to accept that rigid decision
frameworks, even if very conservative, are not any more
protective than risk-based, adaptive ones.

3.2.2 Data access

Data access can also be a problem. In many countries,
much data collected by public agencies and their contrac-
tors is then continually re-sold to potential users. Academ-
ics are often reluctant to share data until they have
published their papers (and sometimes even after that).
Thus, many studies cannot access data, even if it was
collected with public monies. Although there is a growing
trend to make more data available, we have much to learn
about how to archive and communicate data so that it can
be used for purposes we do not currently foresee.
Furthermore, if we are to learn from mistakes, researchers,
managers and journals must be more willing to publish
negative or “messy” results, as the lessons learned from
these are important. Another barrier to successful adaptive
management is that research funding cycles are often too
short for the careful evaluation of ecosystem responses to

management actions. There is a perception that long-term
monitoring of pilot studies and management actions is too
expensive, but it is, in the long run, not nearly as expensive
as failed management, cycles of reactive management, and
gridlock. Clearly, rigid decision-making tools and a lack of
transparency in decision-making processes are anathema to
adaptive management. Antiquated monitoring programmes,
designed on the basis of regulatory criteria and historical
programmes, rather than indicators of ecosystem status and
goals, need to be reconsidered.

3.2.3 Risk-based remedial decision making

Many of the issues described above are similar to the barriers
to risk-based remedial decision making in Europe (Apitz
2008a, b; Förstner and Apitz 2007). In fact, the uncertainty
inherent in sediment risk management requires that risk-
based and ecosystem-based management decisions are
carried out using adaptive management principles. There is
ample support within European objectives and policy for
risk-based sediment management (Apitz 2008a, b), but
barriers remain. Addressing these will be a challenge, but
will be well worth the effort.

4 Call

As an Intercompartment Subject Editor for JSS, I encourage
those in the sediment (and soil) communities to share their
thoughts, experiences and case studies, both successful and
not, on this topic. We can only truly manage adaptively
when we are willing to learn from both our successes and
our failures.
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