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Abstract

There is a clear need to apply better and more effective management schemes to coastal ecosystem restoration
projects. It is very common for aquatic ecosystem restoration projects not to meet their goals. Poor performance has
led to a high degree of uncertainty about the potential success of any restoration effort. Under adaptive management,
the knowledge gained through monitoring of the project and social policies is translated into restoration policy and
program redesign. Planners and managers can utilize the information from the monitoring programs in an effective
way to assure that project goals are met or that informed and objective decisions are made to address both ecological
and societal needs. The three main ingredients of an effective adaptive management plan in a restoration project are:
1. a clear goal statement; 2. a conceptual model; and 3. a decision framework. The goal ‘drives’ the design of the
project and helps guide the development of performance criteria. The goal statement and performance criteria provide
the means by which the system can be judged. With the conceptual model, the knowledge base from the field of
ecological science plays an active and critical role in designing the project to meet the goal. A system-development
matrix provides a simple decision framework to view the alternative states for the system during development,
incorporate knowledge gained through the monitoring program, and formulate a decision on actions to take if the
system is not meeting its goal. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction spatial and temporal variability in natural condi-
tions such as hydrology and weather, natural

1.1. Background variation in growth and reproduction of plants
and animals, errors in site preparation and in care

Confidence levels are low regarding predictions and handling of transplant material, effects of
of specific outcomes of most restoration projects natural predators on transplants, and unpredicted
(NRC, 1992) because of uncertainty regarding changes in the surrounding landscape due to hu-

man actions. During the development of a
restoration site, our knowledge is often incom-
*Tel.: + 1-360-6813657; fax: + 1-360-6813681. plete about the state of the system, the prognosis
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for further development, and the measures needed
to correct problems. The evolving system is typi-
cally subjected to stresses that can significantly
alter the progress and course of the project.
In addition, attitudes (i.e. social values) can
change.

It is not surprising that projects fail to meet
goals. Although missing a goal may not be a
major problem under some circumstances, it can
be critical when restoration is conducted within a
regulatory framework such as in compensatory
mitigation projects. Here, projects are often
carried out under major time and cost con-
straints, which can result in reduced planning
time, poor site selection, and lack of understand-
ing of conditions of the restoration site, causing
further uncertainties about the performance of the
project and ultimately reducing the success
of the project. Failed restoration projects waste
resources and lead to disillusionment among
those trying to implement them (Hobbs and
Norton, 1996). Disillusionment about our
ability to restore ecosystems hinders restoration
efforts and does not motivate funding of applied
resecarch needed to improve performance.
In the end, the environment suffers and resource
managers are left with a smaller range of
options.

Vast sums of money now earmarked and allo-
cated to restoration will be short-lived because of
a potentially bad reputation of a mounting num-
ber of failed projects. In the United States alone,
projects associated with regional or national pro-
grams easily total more than $100 million annu-
ally (Thom, 1997). Considering the potential for
projects such as the Kissimee River-Everglades
ecosystem restoration, this total could climb to
more than several billion dollars. The net
effect of failed restoration, especially at this scale
of investment and visibility, could be the drying
up of the project funds along with the will to
restore.

Because of uncertainties in restoration and the
experimental nature of many restoration
projects, the principles of adaptive management
are potentially useful in both planning and man-
aging restoration projects toward a greater
probability of success (Thom, 1997). This

paper explains how adaptive management can be
incorporated into coastal restoration projects. De-
tailed examples of how these principles
can be applied are found in the two case studies
by Marcus (2000) and Steyer and Llewellyn
(2000).

1.2. Adaptive management

Adaptive management, which can loosely be
defined as the learning by doing, relies on an
accumulation of credible evidences to support a
decision that demands action (Walters and
Holling, 1990). If established early in the project
planning phase and implemented during the mon-
itoring and management phases, adaptive man-
agement can become a powerful method to
systematically assess and improve the perfor-
mance of restored systems as well as contribute to
the technology of restoration.

An adaptive management program associated
with a restoration project requires:

e measuring the condition of the system (using
selected indicators);

e assessing progress toward goals and perfor-
mance criteria (i.e. asking questions of the
data); and

e making a decision on actions to take.

The three main actions are:

o doing nothing (i.e. waiting for conditions to
improve);

o doing something (i.e. implementing corrective
actions, based upon the data); and

o changing the goal (i.e. admitting that the pro-
ject will likely never reach the original goal,
and that an alternative system state is
acceptable).

The third action is controversial. However,
projects that do not meet specific performance
criteria but are ecologically viable are common
(Simenstad and Thom, 1996). For example, a
project may not produce the exact floral composi-
tion that was desired or predicted, but can still
promote much-enhanced functions within the
ecosystem. At the very least, the understanding
gained with a project that ‘failed’ to meet perfor-
mance criteria can be incorporated into planning
the next project (NRC, 1992).
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1.3. Adaptive management examples

Although there are numerous examples of very
large (i.e. exceeding $50 million) restoration pro-
grams that recommend the use of adaptive man-
agement (Thom, 1997), there are a few published
examples showing how adaptive management,
was explicitly used to enhance the success of a
coastal restoration project. A national review of
aquatic restoration projects turned up no explicit
examples among the 39 projects examined
(Shreffler et al., 1995). However, every project
reviewed had a restoration goal with associated
performance criteria. Some projects had specific
contingency plans if the project was not meeting
performance criteria after a specified period of
time. Monitoring, a key component of adaptive
management, was specified in most projects. Con-
tingency plans, within the context of adaptive
management, represent a set of alternative actions

OBJECTIVE: Reduce odors from algal blooms
PROBLEM: Cause of algal blooms uncertain

if the ‘experiment’ indicates that a change is
needed.

Zedler (1996) has provided examples of smaller
tidal wetland restoration projects that evaluate
restoration options on an experimental basis. The
projects use a flow chart to show how experimen-
tal results fit in the decision process, and to make
recommendations on full implementation of
restoration actions (Fig. 1). The consistent ele-
ment of the flow charts is the feedback loop from
the assessment (i.e. monitoring) step to the deci-
sion step. This active adaptive approach is highly
useful for testing options where uncertainty may
be great, provided, there is time available for this
evaluation step.

1.4. The problem with traditional goals for
some restored systems

The reasons that restored systems do not meet
intended performance criteria can be many. In

Getermine alternative caUSes)

[
Circulation too sluggish

Replace tide gate

“Determine impact on algal blooms
and on vegetation.encroachment
and general water quality

1
Nutrient loading too high

Excavate first
stormwater pond

Determine reduction in nitrogen
loading and algal response

Vegetation Vegetation
begins to fill boundaries
inlagoon stable
Stop Algal blooms
cease -
Stop

Algal blooms
continue

Excavate additional
stormwater pond

Fig. 1. Flow diagram for Formosa Slough, San Diego County, CA, USA (from Zedler, 1996).
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some cases the oft-proposed performance crite-
rion of ‘matching conditions in a natural reference
system’ may not be realistic or appropriate. For
example, diked tidal marshes subside substantially
because of lack of sediment accretion coupled
with oxidation of organic matter and dewatering
(Josselyn et al., 1990). A performance criterion
that states that following dike breaching, the sys-
tem will be statistically similar to a native tidal
marsh after five years sets the project up for
failure. Subsidence may have reduced elevation a
meter or more, preventing re-establishment of na-
tive vegetation in quantities similar to native ref-
erence marshes. Furthermore, at accretion rates
of, for example, 5 mm per year, it would pre-
dictably take two centuries to build a meter in
elevation and replace the native community.
Hence, if after five years the system is moving
from a non-tidal system towards a tidal marsh
that is dissimilar but highly productive and di-
verse, the goals should be changed to reflect real-
ity. Efforts to ‘force,” via engineering, the restored
system to match the reference system at any cost
will be a waste of time and money.

Shreffler et al. (1995) found that the primary
goals of the projects they reviewed were re-estab-
lishing historical vegetation, restoring or enhanc-
ing habitat for wildlife and fish species, stabilizing
shorelines, controlling mosquitoes, treating
wastewater, and restoring hydrology. Thom and
Wellman (1996) recommend that if goals can be
stated in a clear manner and can be reworded as
a set of testable hypotheses, performance criteria
can be developed. Further, the task of developing
the criteria involves linking criteria to the goals of
the project, linking criteria to the actual measure-
ment parameters, and specifying the bounds or
limit values for the criteria. They concluded,
based on a review of aquatic restoration monitor-
ing programs, that it is not necessary to develop a
large number of complex measures if a small,
simple set of measures will suffice. NRC (1992)
recommended that at least three parameters
should be selected and that they included physi-
cal, hydrological, and ecological measures. The
most efficient parameters are those that are easy
to carry out, are strong indicators of controlling
factors and ecological goals, are repeatable and

are scientifically-defensible (Thom and Wellman,
1996).

1.5. Duration of monitoring

The duration of a monitoring and management
program for a restoration project is controversial,
and a growing body of evidence on restored and
constructed systems shows that most aquatic sys-
tems do not reach stability in less than five years
(Thom and Wellman, 1996). Cairns (1989) stated
that if the system is essentially ‘new’, and contains
no vegetation and for which hydrology must be
established, development will take a very long
time. In contrast, systems requiring only minor
adjustments of existing conditions will require less
time. The system should be monitored long
enough to provide reasonable assurances that the
system has either met its performance criteria or
that it will not likely to meet the criteria. The
program should extend to a point somewhere
after the period of most rapid change and into the
period of stabilization of the system. In the proce-
dure developed earlier (Thom, 1997), predictions
of time to reach each development stage are made
prior to initiation of the restoration action. These
predictions then dictate the duration of the moni-
toring program.

2. Incorporating adaptive management into
coastal restoration projects

2.1. Main components

The three main components of an effective
adaptive management plan for a restoration pro-
ject are:

1. a clear goal statement;
2. a conceptual model; and
3. a decision framework.

Along with these, the responsible party must
have the will to implement and manage the pro-
ject through its ‘lifetime,” and there must be posi-
tive interaction between technical advisors and the
project management team (Zedler, 1996). Moni-



R.M. Thom / Ecological Engineering 15 (2000) 365-372 369

CONTROLLING RESOURCES/
—*>STRUCTURE —*>
FACTORS FUNCTIONS
Mammals
Elevation Waterfowl
Morphology Shorebirds
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Substrata (stem height,
stem density) )
Hydrology Fish Prey
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Fig. 2. Conceptual model of a salt marsh restoration design
for Manchester, Washington, USA, showing controlling fac-
tors, and structural and functional characteristics.

toring is an integral part of the evaluation
framework.

2.1.1. Goal statement

The most commonly stated paradigm in
restoration ecology is ‘establishing a goal for a
restoration project is critical’ (NRC, 1992). The
goal ‘drives’ the design of the project, and helps
guide the development of performance criteria.
The goal statement and performance criteria
provide the means by which the system can be
judged. Monitoring provides the tools, and a sys-
tematically applied adaptive management plan
provides the framework. In the planning phase,
the management team (i.e. the managers and advi-
sors) decides that the system shall be in a specific
target state after a certain number of years. The
team should also predict potential alternative
states or conditions of the system on its way to
meeting the final target conditions defined by the
goal. Finally, the team needs to determine the
procedures to follow if the system is in these
alternative states.

2.1.2. Conceptual model
With the conceptual model, the knowledge base

from the field of ecological science plays an active
and critical role. The process of writing down
controlling factors along with the desired system
structure and function is a useful exercise for
providing the basis for the design of the project.
Ecological structure must be established in order
for the desired ecological function (goal) to occur.
In order to achieve the structure and function,
physical, chemical, and biological controlling fac-
tors must be correct at the site.

The salt marsh conceptual model in Fig. 2
shows controlling factors (i.e. elevation, slope, soil
type, and hydrology) that are critical for the
desired ecological structure and function. If the
project does not meet its structural or functional
goals, the project manager can go back to the
conceptual model to understand what went
wrong. In some cases, this process may show that
either the conceptual model or the values (e.g.
elevation range) for the controlling factors were
incorrect. Based on this knowledge, corrections
can be recommended.

In the example in Fig. 2, the planner would
write down the actual values for the controlling
factors, for example, elevation range (+ 1 to 1.3
m relative to mean sea level), morphology (slope
between 1:30 and 1:200), substrata (fine sand to
silt) and hydrology (mixed semidiurnal tides;
salinity 15-30 ppt; waves no greater than 1 m;
and current velocities less than 0.5 m s —!). Struc-
tural parameters could include stem density and
stem height that would promote waterfowl and
shorebird use as well as fish prey production.
These data would be gathered from the literature
and/or from sampling of natural systems nearby
the site to be restored. If, for example, the target
stem density or height is not attained, then the
planner can consult the monitoring information
and compare that with what was thought to be
the appropriate ranges for controlling factors. It
may be that wave energies were greater than
predicted, or that salinity was lower than pre-
dicted, resulting in stressful conditions for the
plants. From this analysis, a revised prediction of
the ultimate vegetation structure and decisions
regarding actions to improve conditions for the
plants can be evaluated.
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Fig. 3. Generalized model of system development showing
pathways of development from initial undesirable state to the
desirable (target) state for both structural and functional con-
ditions.

2.1.3. Decision framework

As a new system develops to the desired (target)
structure and functions through time, it may fol-
low several developmental pathways (Fig. 3;
Bradshaw, 1987). It may also oscillate between
two or more system states depending on the fac-

tors such as disturbance regimes and climate. A
system-development matrix is proposed as one
simple way to view the alternative system states
(Fig. 4; Thom, 1997). Here, knowledge of the
system gained through the monitoring program
can help explain why a system may be in an
alternative state. For example, a system that has a
low density of a selected plant species (structural
state) but a high density of animals (functional
state) may be due either to unusually high sur-
vival of young-of-the-year animals or low preda-
tion pressure (upper left box in Fig. 4).
Alternatively, the information used to develop the
matrix may have been insufficient or incorrect.
Upon seeing this result early in the monitoring
phase, the management team may decide on one
of the three options listed in Section 1.2. They
may conclude, based on the data, that the event is
unusual due to anomalously favorable conditions
for the animals and that the abundances are not
sustainable. In this case, the decision by the com-
mittee may be to wait (i.e. do nothing).

Fig. 4. Generalized system-development matrix showing the 9 states a restored system can occupy during development (redrawn

from Thom, 1997).
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The range of values for functional and struc-
tural performance criteria results from dividing
the x and y-axes into three (i.c. low, medium, and
high) or more levels (Fig. 4). This approach recog-
nizes that, owing to uncertainties due to natural
variability, influences from the surrounding land-
scape, and frail predictive capabilities, we can
reliably only get close to the target (Shreffler and
Thom, 1993; Hobbs and Norton, 1996).

2.2. Role of the management team

The group of individuals assigned to managing
the project can use credible evidence to help for-
mulate decisions systematically. If explanations
and alternative actions are defined up front while
planning the project, and if written down in a
simple form that can be revised annually, deci-
sions on actions will be easily made. The matrix
or flow chart provides a framework for actively
using the monitoring data, and ultimately pro-
vides a mechanism for learning from the project.

A simple matrix and accurate conceptual
model, established in the planning phase of a
restoration project and implemented through the
monitoring phase, can provide a useful tool for
managing projects to their maximum expected
performance. The adaptive approach strives to
minimize conflict while maximizing use of avail-
able data and knowledge for learning from the
developing system and making educated decisions
in a cost-effective way. If designed and imple-
mented appropriately, the decisions that will be
made will be scientifically defensible, will be sensi-
tive to new information on the project, will
provide a logical link to goals through the concep-
tual model, clearly guide adjustments in the sys-
tem, and will be generally the most cost-effective.

2.3. Cost

Because adaptive management programs re-
quire some level of monitoring, they can poten-
tially become expensive. Thom and Wellman
(1996) found that monitoring costs averaged 13%,
and ranged from 3 to 62%, of the total cost of
aquatic restoration projects. Adaptive manage-
ment involves some up-front costs associated with

planning the projects, and some post-construction
costs. There are no data that I have found regard-
ing these costs, but I believe that a half-day
meeting each year where the monitoring data are
reviewed relative to the goals and where actions
are prescribed would not increase project costs
substantially.
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