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EXECUTIVE SUMMARY 
 
 

This guidance document presents a framework for developing and implementing 
technically defensible monitoring plans for habitat restoration projects associated with 
Department of Navy (Navy) Installation Restoration Program (IRP) sites undergoing remediation 
in compliance with the Comprehensive Environmental Response, Compensation, and Liability 
Act of 1980 (CERCLA). This guidance is also applicable to sites where habitat restoration 
activities are being considered to address natural resource injuries that may have occurred as a 
result of past or ongoing Navy activities. 
 
The purpose of this guidance is to: 
 

1. Provide a framework for the development and implementation of scientifically 
defensible monitoring plans for habitat restoration projects, 

 
2. Facilitate consistency of monitoring of habitat restoration projects across the 

Navy IRP, and  
 
3. Establish procedures for identifying decision criteria regarding habitat 

restoration success and cessation of further monitoring. 
 
This guidance presents a six-step framework for developing and documenting a habitat 
restoration monitoring plan.  This framework, which is fully consistent with U.S. Environmental 
Protection Agency guidance on monitoring plan development, includes identification of 
monitoring objectives and the development of monitoring hypotheses to focus the monitoring 
plan, and the development of exit criteria that include action levels and alternative actions for 
terminating or continuing the restoration project and/or its monitoring program. 
 

This guidance is not intended to specify the scale, complexity, protocols, data needs, or 
investigation methods for meeting the needs of site-specific restoration monitoring. Rather, it 
presents a framework that can be used to develop and implement scientifically defensible and 
appropriate monitoring plans for habitat restoration projects being conducted under the Navy’s 
IRP. Within the framework, Steps 1 through 3 document the logic and rationale of the 
monitoring program by developing monitoring objectives that are directly related to the 
objectives of the restoration project. These steps also develop decision rules that will support site 
management decisions related to the success of the restoration project and its associated 
monitoring program. Steps 4 through 6 focus data needs and data collection and analysis 
methods on directly supporting the monitoring objectives, decision rules, and subsequent 
management decisions. The framework is iterative and allows for the evaluation of the 
monitoring data as they are generated, thus supporting adaptive management of the restoration 
project and its monitoring program. 
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INTRODUCTION: 
GUIDANCE FOR HABITAT RESTORATION MONITORING 

 
 
PURPOSE 
 

This guidance document presents a framework for developing and implementing 
technically defensible and appropriate monitoring plans for habitat restoration projects associated 
with Department of the Navy (Navy) Installation Restoration Program (IRP) sites undergoing 
remediation in compliance with the Comprehensive Environmental Response, Compensation, 
and Liability Act of 1980 (CERCLA). It is also applicable to sites that are implementing habitat 
restoration activities to address natural resource injuries that may have occurred as a result of 
past or ongoing Navy activities. It is directed to the site managers (Remedial Project Managers 
[RPMs]) who are responsible for managing removal and remedial site activities and their support 
staff. The purpose of this guidance is to: 
 

1. Provide a framework for the development and implementation of scientifically 
defensible monitoring plans for habitat restoration projects, 

 
2. Facilitate consistency of monitoring of habitat restoration projects across the 

Navy IRP, and 
 
3. Establish procedures for identifying decision criteria regarding habitat 

restoration success and cessation of further monitoring. 
 
 The framework described in this document is 
intended solely as guidance. This guidance is not a 
regulation itself, nor does it change or is a substitute 
for any existing or future provisions and regulations. 
Because of site-specific circumstances, the framework 
and associated guidelines provided in this document 
may not apply to all situations under which Navy 
habitat restoration activities are being conducted. Thus, 
the RPM is free to deviate from this guidance as deemed necessary under a particular situation. 
However, application of this guidance to the development of habitat restoration monitoring plans 
is expected to provide overall benefits to the restoration project, in particular, and, in general, to 
the overall remediation project. 
 

The United States Environmental Protection Agency (U.S. EPA) has recently prepared 
interim guidance (U.S. EPA 2004) for developing and implementing monitoring plans at 
hazardous waste sites. The monitoring framework presented in that guidance describes a process 
that can be adapted to monitor remedy effectiveness, compliance, and restoration activities. The 
monitoring design and implementation framework presented in this Navy guidance is fully 
consistent and compatible with U.S. EPA monitoring guidance. 
 

Habitat Restoration 

In this guidance, habitat restoration refers 
to the process of establishing a habitat 
that resembles a natural condition and 
provides for habitat conditions that are 
improved over prerestoration conditions. 
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This guidance document is not intended to specify the scale, complexity, protocols, data 
needs, or investigation methods for meeting the needs of site-specific restoration monitoring. 
Rather, it presents a framework that can be used to develop and implement scientifically 
defensible and appropriate monitoring plans for habitat restoration projects being conducted 
under the Navy’s IRP.  
 
 
OVERVIEW OF MONITORING 
 

Monitoring may be defined as the collection and analysis of environmental data 
(biological, chemical, and/or physical) over a sufficient period of time and frequency to 
determine the status and/or trend in one or more environmental parameters or characteristics 
toward meeting a management objective (Elizinga et al. 1998). On the basis of this definition, 
monitoring is driven by management objectives and is implemented within a management 
context. 
 
 Contingent upon the nature of the site, the 
focus of the restoration monitoring will depend directly 
on the specific restoration activity and its associated 
objectives. In general, restoration monitoring will have 
one overarching objective, namely, documenting 
restoration effectiveness. Another monitoring 
objective, equally if not more important, is that of 
guiding restoration activities to enhance overall 
restoration success. In most cases, monitoring should 
not produce a “snapshot in time” measurement, but 
rather should involve repeated sampling over time in order to define the trends in the parameters 
of interest relative to clearly defined management objectives. In some cases, restoration 
monitoring may have the additional objective of demonstrating regulatory compliance. 
 

The data generated during monitoring will, in general, point toward one of three 
conclusions related to restoration success that will be used to support a management decision 
regarding the restoration project. First, the monitoring results may indicate that the restoration 
has been successful, and the management decision may be to terminate monitoring and further 
restoration activities. Second, the monitoring data may indicate that the restoration is trending 
toward success. In this case, the decision may be to continue the restoration and its monitoring, 
continue restoration but reduce the frequency of monitoring, or to conclude that the restoration 
has been successful and terminate further restoration and monitoring. Finally, the monitoring 
data may be equivocal, show no restoration success (e.g., fail to attain the desired restoration 
goal), or show a slight trend toward success. The management decision in this case may be to 
evaluate both the restoration project and the Monitoring Plan to determine what factors may be 
responsible for the observed results, and revise the restoration project and/or the Monitoring Plan 
accordingly. Such management decisions may be made throughout the monitoring period as 
monitoring data are generated and interpreted. 

 
 

Focus of Habitat Restoration 
Monitoring 

• Evaluation of restoration effective-
ness. 

• Compliance with regulatory require-
ments.  

• Guidance of restoration activities to 
enhance success potential.  
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HABITAT RESTORATION-SPECIFIC MONITORING ISSUES  
 

Monitoring for habitat restoration will be quite different from the monitoring associated 
with determining the site remediation success, especially from a temporal perspective. For a 
remediation project, monitoring will likely focus on environmental parameters related directly to 
the contaminants of concern. For example, remediation success will often be based on 
monitoring data showing that an environmental contaminant level has been reduced to a target 
concentration, that the spatial extent of contamination has been reduced, and/or that contaminant 
migration has been controlled. Depending on the type of remedy (groundwater treatment, soil 
excavation, or landfill capping), the success of the remediation project will be relatively 
straightforward to ascertain and may be relatively quickly achieved. 
 

At habitat restoration sites, the monitoring design will be affected not only by the 
physical, chemical, and biological nature of the site, but also by the natural variability of 
ecological parameters and unpredictable time frames for desired habitat responses to occur. 
Restoration sites can be expected to have a much greater degree of uncontrollable variability and 
unpredictability with regard to the target habitat conditions and may require considerably greater 
time (decades) for the preferred habitat condition to be achieved. In contrast to an engineered 
remediation project, project staff cannot control many restoration-related site parameters. 
 

Once the initial restoration activities have been implemented (such as planting or 
stocking of desired species, exotic species removal, or physical construction), the determination 
of restoration success often moves into a “wait-and-see” approach for some aspects of the 
restoration. Subsequent restoration activities typically occur in direct response to the observed 
changes in the monitored habitat parameters and professional judgment. Observed changes may 
occur for a variety of reasons. Biota from outside the restoration site may move into the site and 
become established, while plant species in a seed bank may not germinate for a year or more 
following initial placement into the restoration site. Alternately, previously uncommon biota 
within a site may spread throughout the site. Finally, environmental conditions may change as 
the new habitat “ages,” affecting which species can best use the restored site at any particular 
point in time (a natural ecological process known as succession). 
 

In each of these situations, the time frame needed to observe a change may be several 
years. The time frame may vary, not only as a function of the type of restoration project being 
implemented, but also on the basis of the site-specific environmental and biological conditions of 
the site, regardless of the restoration project itself. Because of the temporal aspects of ecological 
change in habitats, actual restoration success may require many years (decades or more) to 
demonstrate. Thus, monitoring programs for determining restoration success may be more 
difficult than programs designed for demonstrating remediation success. In such cases, the 
monitoring objectives may be directed more to showing a trend toward the desired habitat 
condition rather than the determination that the desired condition has been attained. 
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HABITAT RESTORATION MONITORING PLAN DEVELOPMENT 
 

This guidance document presents a six-step process (Figure 1) that can be used to 
develop clear-cut restoration monitoring objectives; develop scientifically defensible study 
designs and data interpretation methods; and support management decisions based on decision 
criteria for continuing, revising, or concluding monitoring and site activities. This guidance does 
not provide details on individual data collection methods, statistical analyses, or other data 
collection and analysis aspects of monitoring. Rather, it focuses on the components critical to 
developing a monitoring plan for restoration projects with clearly identified and appropriate 
objectives, methods, and decision criteria. 
 
 At the conclusion of each of the steps of the 
monitoring framework, a scientific management 
decision point (SMDP) occurs. These SMDPs serve 
as points in the process where decisions are made 
with regard to Monitoring Plan objectives, 
hypotheses, study design, and, ultimately, the 
management decision. Depending on the specific 
step in the process, documentation of the SMDP in a 
formal deliverable may or may not be appropriate. 
The Monitoring Plan should include the quality 
assurance (QA) and quality control (QC) policies and 
procedures needed to achieve the monitoring 
objectives. 
 

The development of a restoration monitoring plan may go through one or more iterations, 
especially involving Steps 2 through 4. For example, development of the Monitoring 
Implementation Plan may show that using the restoration monitoring hypotheses and decision 
rules developed in Steps 2 and 3 may result in a monitoring plan that is too expensive or too 
difficult to implement. In this case, one should return to Step 2 and see if the current hypotheses 
can be revised, or alternative monitoring hypotheses and decision rules can be developed that 
would allow development of an appropriate monitoring plan. 
 
 
USE OF THE DATA QUALITY OBJECTIVES PROCESS 
 

The six-step process for developing restoration monitoring plans presented in this 
guidance is fully consistent with recent U.S. EPA monitoring guidance (U.S. EPA 2004) and 
relies heavily on the use of the data quality objective (DQO) process (U.S. EPA 2000a). The 
DQOs identify (1) when and where to collect samples, (2) the number of samples to be collected, 
(3) how the samples should be analyzed, (4) the analytical performance criteria that need to be 
met, (5) how the results should be interpreted relative to the monitoring objectives, (6) the 
practical constraints for collecting the samples, and (7) the level of uncertainty that is acceptable 
to the decision maker with regard to making a management decision about the restoration. 
 
 

Monitoring Framework Scientific 
Management Decision Points 

Step 1: Monitoring objectives. 
Step 2: Monitoring hypotheses, questions, 

and conceptual site models. 
Step 3: Preliminary decision rules. 
Step 4: Monitoring Quality Assurance 

Project Plan. 
Step 5: Revisions to monitoring 

implementation. 
Step 6:  Decision document. 
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FIGURE 1  Six-Step Process for Developing and Implementing  
a Habitat Restoration Monitoring Plan 

Step 1. Identify Restoration Monitoring Objectives 
• Examine the habitat restoration project 

− Identify the restoration objectives and endpoints 
− Identify the restoration approach 

• Identify monitoring objectives 
• Solicit stakeholder input 
• Scientific Management Decision Point (SMDP) (the monitoring objectives) 

Step 4. Design the Monitoring Plan 
• Identify data needs 
• Determine Monitoring Plan boundaries 
• Identify data collection and analysis methods 
• Finalize the decision rules 
• Prepare Monitoring QAPP 
• SMDP (the Monitoring QAPP) 

Step 5. Collect Data and Characterize Results 
• Conduct data collection and analysis 
• Evaluate results per the monitoring DQOs (developed in Steps 1-4) and 

revise data collection and analysis as necessary 
• Characterize  results and evaluate relative to the decision rules 
• Revise the Monitoring QAPP (and SMDP) as necessary. 

Step 3. Formulate Monitoring Decision Rules 
• Formulate monitoring decision rules 
• Solicit stakeholder input 
• SMDP (the preliminary decision rules) 

Step 2. Develop Monitoring Plan Hypotheses 
• Develop monitoring hypotheses and questions 
• Develop monitoring conceptual site model (CSM) 
• SMDP (the monitoring hypotheses, questions, and CSM) 

Step 6. Management Decision 
• Monitoring results support the decision rule for restoration success  

− Conclude the restoration project and monitoring 
• Monitoring results do not support the decision rule for restoration success but 

are trending toward support of the decision rule 
− Continue the restoration  and monitoring 

• Monitoring results do not support the decision rule and are not trending 
toward support 
− Conduct causative factor and uncertainty analysis 
− Revise the restoration and/or monitoring program and implement  
         revisions 

• SMDP (the decision document) 
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 Use of the DQO process in the development 
of the restoration monitoring plan will serve to focus 
the Monitoring Plan on a clear action-oriented 
decision and help ensure that decisions are made with 
a desired level of confidence in the results. The DQO 
process consists of seven sequential steps that lead to 
the development of an optimized data collection plan, 
and the output of each step serves as input for the 
next step (U.S. EPA 2000a). The process may be 
iterative, with the output of one step resulting in 
reconsideration of earlier steps. Example 1 illustrates how the DQO process may be integrated 
with the restoration monitoring plan development framework for a hypothetical habitat 
restoration project. 
 
 
STAKEHOLDER INPUT 
 

Development of the restoration monitoring plan should include the early involvement of 
appropriate stakeholder such as regulators, Natural Resource Trustees (NRTs), and the public. 
Early involvement during development of the Monitoring Plan serves to identify stakeholder 
issues and concerns before the monitoring objectives, decision rules, and study design are 
finalized and implemented. During stakeholder involvement, it is important to keep in mind that 
the Navy is the lead decision maker for the restoration project and for the development of its 
associated monitoring program. While the intent of such early involvement is to take stakeholder 
opinions into consideration and thus limit future disagreements regarding the specific design of 
the Monitoring Plan and thereby avoid project delays and increased costs, it may not be possible 
for the Navy to meet all stakeholder expectations for restoration and monitoring. 
 

The DQO Process 
1. State the problem. 
2. Identify the decision. 
3. Identify input to the decision. 
4. Define the study boundaries. 
5. Develop a decision rule. 
6. Specify limits on the decision errors. 
7. Optimize the design for obtaining data. 
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EXAMPLE 1  Integration of Data Quality Objectives into the Development of a Monitoring 
Plan for Verifying the Success of a Hypothetical Prairie Restoration Project 

 
Monitoring 

Framework Step 

 
 

Associated DQO Step 

 
 

Habitat Restoration Project 
 
Step 1. Identify 
Restoration 
Monitoring 
Objectives 

 
A 50-acre former landfill site was selected for restoration to 
prairie. The Monitoring Plan objective is to determine when 
the restoration activities have successfully restored the 
50-acre site to acceptable prairie habitat. 
 

Step 2. Develop 
Monitoring Plan 
Hypotheses 

 
Step 1. State the Problem. Summarize the 
problem that will require new environmental 
data (the monitoring hypothesis). 

Through planting, controlled burns, and herbicide 
application, a prairie habitat will be established within  
7 years. Native plant species typical of this prairie habitat 
will compose >50%, and exotic species will compose <10% 
of the vegetative cover of the restored site. 
 

Step 3. Formulate 
Monitoring Decision 
Rules 

Step 2. Identify the Decision. Identify the 
decision that requires new data to address the 
problem. 

The decision, identified as a preliminary decision rule, is that 
If restoration is shown to be successful, then restoration and  
monitoring will be terminated. If success is not indicated, 
then the decision will be to continue restoration and 
monitoring. 
 

Step 4. Design the 
Monitoring Plan 

Step 3. Identify Input to the Decision. 
Identify information needed to support the 
decision; specify new data needs. 
 
Step 4. Define the Study Boundaries. 
Specify the spatial and temporal aspects of 
the environmental media or endpoints that 
the data must represent to support the 
decision. 
 
Step 5. Develop a Decision Rule. Develop a 
logical “if...then…” statement that defines the 
conditions that would cause the decision 
maker to choose among alternative decisions. 
 
 
 
 
Step 6. Specify Limits on Decision Error. 
Specify the decision maker’s acceptable 
limits on decision errors, which are used to 
establish performance goals for limiting 
uncertainty in the data. 
 
 
Step 7. Optimize the Design for Obtaining 
Data. Identify the most resource-effective 
sampling and analysis design for generating 
data needed to satisfy the DQOs. 
 

Needed data include plant community species composition 
and the contribution of native and exotic vegetation to the 
total vegetative cover of the restored site. 
 
Monitoring will be limited to the 50-acre restoration area; 
data collection will occur yearly in late summer-early 
autumn for the next 7 years. 
 
 
 
Finalize the decision rule as: If the plant community includes 
40 native species, with 7 native species composing >50% 
and nonnative species composing <10% of the vegetative 
cover of the site, then restoration will be considered 
successful and restoration and monitoring can be stopped.  
If these conditions are not met, then determine causative 
factors, revise restoration and/or monitoring, and implement. 
 
Reducing data uncertainty will be based on a sample size 
considered representative of the restoration site. Randomly 
placed transects with a minimum 15-m spacing interval and 
with plant survey locations spaced at 10-m intervals along 
each transect will be considered to adequately represent the 
restoration site. 
 
Identify appropriate sampling methods, develop sampling 
design, and  prepare the Monitoring Implementation Plan. 

Step 5. Collect Data 
and Characterize 
Results 
 

Implement design optimized in Step 7. Implement data collection and analyze data as they are 
collected. 

Step 6. Management 
Decision 

DQO Steps 2 and 5. Evaluate monitoring results and make a management 
decision based on the decision rules. 
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STEP 1  IDENTIFY RESTORATION MONITORING OBJECTIVES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Development of the restoration monitoring plan should begin with the identification of 
monitoring objectives that are directly related to the expected outcome of the habitat restoration 
project (i.e., creation of new habitat, mitigation of wetland function, restoration of a native plant 
community). In general, the restoration monitoring objectives can be placed into one of the 
following categories: 
 

• Demonstration of the establishment of a particular habitat type;  
 
• Demonstration of the attainment of a specified amount of habitat; or 

 
• Demonstration of compliance with a habitat-based regulatory requirement 

(i.e., required wetland replacement to meet Clean Water Act permit 
requirements). 

 
The monitoring objectives most applicable to a particular habitat restoration project will 

be determined by the nature of the restoration itself. In some cases, a variety of monitoring 
objectives may be needed at a single restoration site.  
 
 
1.1  EXAMINATION OF THE HABITAT RESTORATION PROJECT 
 

The identification of monitoring objectives will be based on the examination of the 
restoration project, which will help to identify physical, chemical, and/or ecological parameters 

Step 1. Identify Restoration 
Monitoring Objectives 

Step 3. Formulate Monitoring 
Decision Rules 

Step 4. Design the Monitoring 
Plan 

Step 5. Collect Data and 
Characterize Results  

Step 6. Management Decision 

Step 2. Develop Monitoring 
Plan Hypotheses 

Step 1. Identify Restoration 
Monitoring Objectives 
 
• Identify restoration objectives and 

endpoints. 
• Identify the restoration approach. 
• Solicit stakeholder input. 
• Develop monitoring objectives. 
• Document the monitoring 

objectives. 
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that could be used in developing the Monitoring Plan study design. Examination of the 
restoration project should focus on: 
 

• The expected outcome of the habitat restoration project (what is the 
restoration intended to accomplish and what are the specific biological or 
environmental parameters expected to be affected by the restoration?) and 

 
• The restoration approach (how is the restoration expected to meet its intended 

objectives?). 
 
In addition to aiding in the development of monitoring objectives, information regarding the 
expected outcome of the restoration project, its endpoints, and its approach will also be useful in 
the development of monitoring decision rules (see Section 3) and in the design of specific 
monitoring studies (see Section 4). The time frame for implementation and completion of the 
habitat restoration should be identified to provide temporal bounds to the monitoring objectives 
and subsequent monitoring studies. 
 
 
1.1.1  Identify the Restoration Objectives and Endpoints 
 
 Each habitat restoration project will have a 
unique set of biological endpoints (and related physical 
and chemical endpoints) that are associated with 
(or related to) the restoration objectives and are the 
target of the restoration activity. These endpoints 
should be considered in developing the monitoring 
objectives. For example, the target endpoints for a 
grassland restoration project may be a specified level 
of plant species diversity or a specific community 
structure, while the target endpoint for a wetland 
restoration project may be a specified areal amount of 
wetland coverage. For the former example, the 
monitoring objective would likely be related to demonstrating attainment of the target species 
diversity or community structure. For the latter example, the monitoring objectives would be 
related to demonstrating attainment of the specified areal extent of wetland habitat. 
 
 
1.1.2  Identify the Restoration Approach 
 

The restoration approach defines how the restoration is expected to attain its desired 
outcome and relates the restoration endpoints to the restoration objectives. For example, at a 
wetland restoration project the restoration objective might be to mitigate past impacts to the 
wetland community, with the restoration targeting plant community structure and species 
composition. The mode of action of the restoration may be the establishment of a specific 
wetland community type through the use of controlled burns and herbicide application to reduce 
or eliminate exotic and undesirable vegetation, and active planting to establish desired wetland 

Restoration Endpoints 

Restoration endpoints are the biological, 
chemical, and/or physical parameters that 
are the target of the restoration activity. 
Examples include: 
 

• A target plant community structure.  
• A minimum level of fish production. 
• A specific amount of artificial reef.  
• A specified flooding regime.  
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plant species. Monitoring objectives related to this 
mode of action may focus on demonstrating the 
reduction or elimination of exotic vegetation as well as 
the establishment of the desired native wetland 
vegetation. 
 
 
1.1.3  Stakeholder Involvement 
 

The Navy is the lead decision maker for the 
restoration project and for the development of its 
associated monitoring program. Because habitat 
restoration projects will typically be of high interest to 
NRTs, and probably other parties, it is important that interested stakeholders be involved during 
the identification of the restoration outcome and approach. Such groups have probably played 
some role in the development of the restoration project, including the identification of the 
restoration methods and outcome.  
 
 
1.2  IDENTIFICATION OF MONITORING OBJECTIVES 
 

The ultimate purpose of the restoration monitoring program is to demonstrate that the 
desired restoration outcome has been, or is being, met and to thus support a management 
decision regarding project success and termination. Once information regarding the restoration 
objectives and approach has been examined, one or more restoration-specific monitoring 
objectives can be identified. These objectives should be developed to specifically evaluate 
restoration success relative to the stated objectives of the restoration activity. The focus of the 
monitoring objectives relative to the restoration objectives and mode of action should be clearly 
stated. Example 1.1 presents potential monitoring objectives of different types of restoration 
activities.  
 
 
1.3  SCIENTIFIC MANAGEMENT DECISION POINT 
 

Once the initial monitoring objectives have been identified, the decision identifying the 
restoration project monitoring objectives should be documented. While a formal deliverable is 
not necessary, the monitoring objectives, including the rationale supporting the selection of the 
objectives and any discussions with stakeholders, should be recorded as a memorandum or letter 
to file. 
 
 

Restoration Approach 

The restoration approach refers to the 
mode of action by which the restoration 
is expected to be accomplished and may 
include: 
 

• Vegetation planting.  
• Fish stocking.  
• Artificial reefs.  
• Passageways to enhance fish access 

to existing  habitats.  
• Exotic species removal.  
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EXAMPLE 1.1  Potential Monitoring Objectives for Different Restoration Projects 

 
Restoration Project 

 
Restoration Approach 

 
Monitoring Objectives 

 
Grassland restoration 
to provide habitat for 
upland birds. 

 
Use prescribed burns to reduce or 
eliminate exotic vegetation and 
establish, through active planting, food 
and cover crops required by selected 
upland bird species. 

 
Demonstrate the successful restoration  
of upland bird habitat by the 
establishment of a plant community that 
can support upland bird populations. 

Wetland creation to 
provide waterfowl 
habitat. 

Contour terrain to support desired 
hydrologic regime followed by planting 
wetland vegetation. 

Demonstrate the successful creation of 
waterfowl nesting habitat through the 
creation of wetland that can be used by 
waterfowl. 

Stream channel 
restoration to return 
salmonid spawning to 
past levels. 

Restore substrate composition to create 
suitable spawning habitat for selected 
trout species. 

Demonstrate the successful creation of 
suitable trout spawning habitat through 
the creation of gravel bars with 
appropriate substrate characteristics. 
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STEP 2  DEVELOP MONITORING PLAN HYPOTHESES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The next step in developing the restoration 
monitoring plan involves the development of 
monitoring hypotheses, which serve to focus the 
Monitoring Plan, its decision criteria, and thus the 
overall and specific monitoring design. These 
hypotheses will be developed from the monitoring 
objectives developed in Step 1. The monitoring 
hypotheses can be incorporated into a monitoring 
conceptual model that describes the assumed 
relationships between the restoration activity and the 
expected environmental responses. The development of 
monitoring hypotheses and a monitoring conceptual 
model is analogous to Step 1 of the DQO process (State the Problem). Rather than stating a 
problem that requires new environmental data, a desired outcome is stated that will require new 
data to verify attainment of that outcome. 
 
 
2.1  MONITORING HYPOTHESES 
 

The Monitoring Plan presents the approach to be implemented in order to answer one or 
more monitoring questions related to the success of the restoration project. Specifically included 
in the plan are the data collection and analysis methods needed to adequately answer these 
questions and determine project success. Consequently, the outcome of the monitoring will aid in 

Step 1. Identify Restoration 
Monitoring Objectives 

Step 3. Formulate Monitoring 
Decision Rules 

Step 4. Design the Monitoring 
Plan 

Step 5. Collect Data and 
Characterize Results  

Step 6. Management Decision 

Step 2. Develop Monitoring 
Plan Hypotheses 

Step 2. Develop Monitoring Plan 
Hypotheses 
 
• Develop monitoring hypotheses 

and questions. 
• Develop monitoring conceptual 

models. 
• Document the monitoring 

hypotheses, questions, and 
conceptual models. 

Monitoring Hypotheses 
and Questions 

Monitoring Hypotheses: Statements 
on how the restoration project is 
expected to reach its objectives. 
 
Monitoring Questions: Questions that 
link the expected restoration outcome 
with specific restoration project 
activities and measurable habitat 
characteristics. 
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management decisions regarding the continuation, modification, or termination of the restoration 
project and/or its associated monitoring. 
 

The monitoring questions are based on specific hypotheses regarding the expected 
outcome of the restoration project and its associated activities. Development of these monitoring 
hypotheses is analogous to the problem formulation step of the DQO process. For most habitat 
restoration projects, the hypotheses will be statements on how the restoration project is expected 
to reach its stated objectives with regard to specific measurable characteristics of the habitat. The 
associated monitoring questions will directly link the restoration objectives with the measurable 
characteristics. 
 

For example, implementation of a remediation project may have required the elimination 
of a mature deciduous forest habitat. To mitigate the loss of habitat, nearby fallow fields will be 
planted with a number of tree species native to the deciduous forest to reestablish a native forest 
community. A simple monitoring hypothesis associated with this restoration activity could be 
stated as: “By planting nearby fields with native tree species and allowing for natural 
colonization from nearby woodlots, a forest habitat comparable to that impacted will be 
established as a result of the restoration project.” An associated monitoring question could be: 
“Have the native plant community structure and species diversity been restored to a desired 
level?” In this example, the Monitoring Plan would focus on the collection and analysis of 
vegetation data appropriate for a determination of diversity and dominance of the forest plant 
community. 
 

In this simple example, success of the restoration project is linked only to the 
establishment of a plant community similar in structure and species diversity to that of the 
impacted habitat. Note that this example does not include a temporal component. However, 
habitat restoration projects with the goals of establishing stable and mature habitats may require 
many years to reach a preferred level of success, particularly if the characteristic species are slow 
to mature and reproduce. This would likely be the case in the above example of the restoration of 
a mature forest community, which may take 50 years or more to establish. However, the 
development of certain habitat conditions during the monitoring period may indicate that the 
restoration activity is progressing toward the ultimate goal along an acceptable path. In this case, 
further monitoring may be deemed unnecessary once the desired plant community has been 
established (but before the mature community has developed). 
 

Restoration monitoring hypotheses and associated monitoring questions may include 
statements regarding not only ecological parameters but also physical ones, such as hydrology 
and soil structure. For example, a remediation project may have required soil removal that 
resulted in the destruction of a freshwater marsh. To compensate for the loss of wetland 
functions, a restoration project was implemented that included grading the impacted area to 
topographic contours that would provide for a suitable hydrologic regime, along with planting of 
native wetland vegetation to reestablish the wetland plant community. For this example, the 
restoration monitoring hypothesis may be stated as: 
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The topography of the disturbed area will be contoured to provide a hydrologic 
regime that can support the formation of saturated (hydric) soils and that is 
conducive to the establishment of wetland vegetation. Native wetland vegetation 
will be planted within the newly contoured areas, which will lead to the 
establishment of a stable wetland plant community comparable to that of the 
wetland before it was impacted. 

 
In this example, the monitoring objective may be to evaluate the success of the restoration 
project in reestablishing a desired wetland plant community. Subsequent monitoring questions 
could include: 
 

1. Has the hydrology been restored to a desired level (including areal extent of 
hydric soils)?; 

 
2. Are the soils developing hydric characteristics?; and 
 
3. Have wetland plant community structure and species diversity been restored 

to a desired level, indicating the development of the site toward a future stable 
wetland? 

 
The Monitoring Plan, in this example, would focus on the collection and analysis of hydrologic, 
soil, and vegetation data appropriate for a determination of wetland area, as well as wetland plant 
species diversity and community structure, and colonization by native and nonnative species.  
 
 
2.2  MONITORING CONCEPTUAL MODELS 
 

Development of the restoration monitoring plan may be aided by the use of a restoration 
monitoring conceptual model. The conceptual model will consist of one or more restoration 
hypotheses that identify the relationships between the restoration activity and its expected 
outcome (Example 2.1). The model does not need to be highly detailed or describe all aspects of 
the restoration activity and its expected outcome. The model should include descriptions of the 
assumptions, objectives, and expected outcome of the restoration activity. These descriptions, 
subsequently, will serve as a basis for determining restoration success and play an important role 
in identifying the monitoring decision criteria, data needs, and collection methods. 
 
 
2.3  STAKEHOLDER INVOLVEMENT 
 

Stakeholders should be involved, to the extent appropriate, in the development of the 
remediation hypotheses, monitoring questions, and conceptual model. As previously discussed, it 
is very likely that NRTs, regulators, and/or the public had some degree of input into the original 
decision for implementing a habitat restoration project. While the Navy is the decision maker for 
the monitoring program, the involvement of appropriate stakeholders in this step of the 
monitoring framework will serve to identify any differences of opinion in the expected outcome  
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of the restoration project and in the restoration approach. Early identification of stakeholder 
issues or concerns will aid in the development of a restoration monitoring conceptual model that 
will limit future disagreements regarding the design of the Monitoring Plan. 
 
 
2.4  SCIENTIFIC MANAGEMENT DECISION POINT 
 

The outcome of this step of the monitoring framework (Step 2, Figure 1) will be one or 
more restoration hypotheses, associated monitoring questions specific to the restoration project, 
and a conceptual model identifying the relationships between the restoration activity and its 
expected outcome. The hypotheses and related conceptual model comprise the SMDP for this 
step. The purpose of the SMDP is to document a decision regarding monitoring hypotheses, 
questions, and the conceptual model. Any subsequent changes to these items should be agreed 
upon by the Navy and applicable stakeholders. While a formal deliverable is not necessary, the 
SMDP should be recorded as a memorandum or letter to file. 

EXAMPLE 2.1  Monitoring Conceptual Model for a Wetland Restoration Project 

. This example illustrates a monitoring conceptual model, a monitoring hypothesis, and associated 
monitoring questions for a habitat restoration project implemented to mitigate the loss of 
wetlands as a result of a remediation project. The monitoring objectives for this activity would 
be to evaluate the effectiveness of the mitigation activity in restoring wetland hydrology, soils, 
and plant communities, and determining whether and when restoration should stop, continue, or 
be revisited and possibly revised. 

 

Site 
Issue 

Basis for 
Success 

Site 
Activity

Expected 
Outcome

Restoration Monitoring Hypothesis: 
Soil remediation resulted in the loss of 
wetland habitat. To mitigate the habitat 
loss, the site will be graded to provide 
hydrologic conditions needed to support a 
wetland community, and annual planting of 
native wetland vegetation will be used to 
reestablish the plant community and restore 
previous wetland functions within 5 years.

Monitoring Questions: 
1. Have hydrological conditions been 

restored to a desired level or 
condition? 

2. Have the desired hydric soil 
conditions been attained? 

3. Has a desired wetland plant 
community been established? 

Surface inundation or soil 
saturation encompassing 

0.5 ha. 

Development of desired hydric 
soil conditions. 

Remediation 
activities 

eliminated 0.5 ha 
of palustrine 

emergent 
wetland. 

Mitigate wetland 
loss and restore 

wetland functions  
by grading site to 
original drainage  

contours and 
planting with  

native vegetation.

Restoration of 0.5 ha 
of palustrine emergent 

wetland and 
associated wetland 

functions;  restoration 
of wetland hydrology 

and native wetland 
plant community. Development of desired plant 

community characteristics. 
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STEP 3  FORMULATE MONITORING DECISION RULES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

With the development of the monitoring conceptual model, the monitoring objectives 
have been identified, and restoration hypotheses and associated monitoring questions have been 
developed. The next step in developing the restoration monitoring plan is the establishment of 
the monitoring decision rules (Step 3, Figure 1). These decision rules identify the criteria for 
deciding whether to continue, cease, or modify the habitat restoration and/or monitoring 
activities. 
 
 
3.1  RESTORATION MONITORING DECISION RULES 
 
 The monitoring decision rules are analogous to 
the decision rules of the DQO process (Example 1) and 
take the form of “if...then...” statements that establish 
the criteria for making a choice between specific 
alternative actions. Data collected during monitoring 
are analyzed and evaluated with regard to how well the 
decision rules are met, and the results of these 
evaluations are used to determine the success of the 
restoration in relation to its objectives. The final 
determination of success of the habitat restoration project will be based on the decision rules, 
thus linking the restoration hypotheses and monitoring questions with the restoration objectives 
and monitoring results. 
 

Monitoring Decision Rules 

Statements that establish the criteria for 
deciding whether or not the restoration 
objectives have been met, and thus 
whether or not to continue, cease, or 
modify the restoration and/or monitoring 
activities.

Step 1. Identify Restoration 
Monitoring Objectives 

Step 3. Formulate Monitoring 
Decision Rules 

Step 4. Design the Monitoring 
Plan 

Step 5. Collect Data and 
Characterize Results  

Step 6. Management Decision

Step 2. Develop Monitoring 
Plan Hypotheses Step 3.  Formulate Monitoring 

Decision Rules 
 
• Formulate preliminary decision 

rules 
− Identify action levels. 
− Identify alternative actions. 

• Solicit stakeholder input. 
• SMDP. 
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Formulation of the monitoring decision rules consists of two steps. First, preliminary 
decision rules relate, in general terms, the expected restoration objectives and monitoring results 
to a decision for continuing or ending the restoration activity and monitoring. Next, as the 
specific monitoring study design is developed (in Step 4 of the monitoring design framework 
[Figure 1]), the preliminary decision rules are refined to specifically relate to the monitoring 
studies and anticipated results, to identify specific measurable parameters and target parameter 
values, and to identify under what conditions a specific alternative action would be implemented. 
 
 
3.2  DEVELOPMENT OF PRELIMINARY DECISION RULES 
 

In general, there should be four main elements to each monitoring decision rule: 
 

• The restoration parameter of interest, 
 
• The expected outcome of the restoration activity, 

 
• An action level (the level at which a monitoring decision will be made), and 

 
• Alternative actions (the monitoring decision choices for the specified action 

level).  
 

The preliminary decision rules should be stated in general terms with regard to these 
elements. At this step in the development of the restoration monitoring plan, the preliminary 
decision rule does not identify specific bounds for the action level, such as a specific plant 
community structure or level of habitat use by wildlife, or specific time frames within which 
restoration success is expected. Such details will be developed during the specific design of the 
Monitoring Plan and incorporated into the final decision rules. Example 3.1 illustrates the form 
and content of preliminary decision rules for a hypothetical terrestrial habitat restoration project. 
 
 
3.2.1  Action Levels 
 
 The monitoring decision rules must specify the 
action level for each restoration parameter 
(or combination of parameters) that is monitored. 
These action levels are often referred to as success 
criteria or performance standards and specify the 
target level of the measured parameter. Success 
criteria must be carefully selected so that if the criteria 
have been met, as evidenced by analysis of the data 
collected during monitoring, there should be certainty 
that the mitigation objectives were achieved. The 
monitoring decision rules must also specify the restoration and/or monitoring actions to be taken 
whether the success criteria are met or not.  
 

Preliminary Action Levels 

An action level is the threshold value that 
provides the criterion for choosing 
between alternative actions. For a 
restoration monitoring program, the 
preliminary action level will be a general 
value or condition of the monitored 
parameter.  
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3.2.2  Alternative Actions 
 

Once the action levels (success criteria) have been identified, alternative actions must be 
developed. These identify the options from which the decision maker will choose with regard to 
the restoration activity. In general, these choices will be that: 
 

• The restoration has been successful and further restoration and monitoring are 
not necessary; 

 
• The restoration has not yet reached its desired outcome but is proceeding 

toward success, and thus the restoration and associated monitoring should 
continue; and 

 
• The restoration has not been successful and is not trending toward the desired 

outcome, and causative factors should be evaluated and the restoration (and 
monitoring) revised accordingly or stopped. 

 
 
3.2.3  Multiple Decision Rules 
 

Depending on the nature of the restoration project and its monitoring objectives, a 
number of monitoring decision rules may be required (Example 3.2). If the monitoring study 
design includes the collection of several types of dissimilar data (e.g., community structure, 
species diversity, and areal coverage by preferred species), the analysis of these dissimilar results 
may produce conflicting results. In such cases, the interpretation of dissimilar data with respect 
to one another should be predetermined and incorporated into the alternative actions.  

EXAMPLE 3.1 
Preliminary Decision Rules for a Terrestrial Habitat Restoration Project 

. A habitat restoration project was developed to restore a previously impacted woodlot to a 10-acre savannah 
with an understory plant community similar to that of undisturbed regional savannah habitats. The project 
involves the use of controlled burns, mechanical and chemical removal of exotic vegetation, and planting 
native vegetation to reach these objectives. The preliminary monitoring decision rule may be stated as: 

1. “If the monitoring results indicate that a savannah habitat with an understory plant 
community of a desired structure and diversity has been established, then the restoration will 
be considered to have reached its objectives and no further restoration or monitoring will be 
necessary. If the savannah and desired understory plant community have not been 
established, then controlled burns, exotic species removal, and native planting should 
continue.” 

.  
. In this example, the preliminary decision rule identifies: (1) the parameter of interest (a savannah habitat 

with a desired understory plant community), (2) the site activities (controlled burns, exotic plant removal, 
and planting), (3) the action level that will serve as the basis for a decision (a desired understory plant 
community structure and diversity), and (4) the alternative actions (conclude or continue restoration and 
monitoring). 
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3.2.4  Development of Final Decision Rules 
 

Development of the final decision rules will involve refinement of the parameters of 
interest, the action levels, and possibly the alternative actions identified by the preliminary 
decision rules. Because the final decision rules will focus on one or more measurable aspects of 
the restoration project and thus will be directly related to the type of monitoring data to be 
collected, the refinement of the preliminary monitoring decision rules will occur in Step 4 during 
the design of the Monitoring Plan when specific data needs and collection and analysis methods 
are identified (Step 4, Figure 1).  
 
 
3.3  TEMPORAL CONSIDERATIONS REGARDING RESTORATION SUCCESS 
 

Decision rules associated with remediation activities support management decisions that 
generally are made within a relatively short period of time (e.g., 5 to 10 years, depending on the 
nature of the selected remedy). However, natural communities typically require much longer 
periods of time to develop into mature communities with associated species assemblages and 
habitat functions. Many native plant species are long-lived and require a number of years to 
reach maturity, while the complex relationships among vegetation, wildlife, micro- and 
macroinvertebrate biota, and other habitat components (both biotic and abiotic) require relatively 
long periods of time to develop (e.g., 20 years or more). Some habitats, such as mature forest, 
may require many decades to develop the attributes considered to be indicative of the mature 
habitat. Thus, attainment of a desired restoration objective may not be fully discernable for a 
length of time acceptable to project management, regulators, or other stakeholders. 
 

Habitats (both natural and at restoration sites) generally develop through a continuous 
process of community succession, wherein there is a gradual change in both the composition of 
species and environmental conditions toward a mature habitat type. For example, while planting 
at a restoration site may introduce desired species into the site, the site will most likely also 
support and/or be colonized by a variety of other native and exotic plant species. As these 
species interact with one another and the environment over time, they will influence subsequent 
changes in the plant community at the site, which in turn will determine ultimate success or 
failure of the restoration activity. In some cases, the desired species may not become fully 
established until years later, when site conditions have changed sufficiently enough to support 
the desired plant community. 
 

Because habitats may require very long periods of time (decades or more) to reach a 
restoration objective, it may be warranted to include decision rules that consider temporal trends 
in key habitat components that may be early indicators of restoration success. Examples include: 
 

• Increasing abundance of desired species, 
 

• Establishment of desired physical conditions such as hydric soils or water 
quality, and 

 
• Increasing areal coverage by target species. 
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A habitat progression toward the desired condition may also be strongly influenced by 
the natural climatic variability at the restoration site. This variability can be short or long term; 
be completely out of the control of the restoration team; and may affect the nature, extent, and 
timeliness of both desirable (establishment of a target species) and undesirable (the invasion of 
undesirable species) ecological responses. For example, an extended period of drought may 
greatly retard, set back, or even prevent establishment of a desired plant species or community, 
or result in reduced water levels and affect spawning in a restored aquatic habitat. 
 
 Temporal considerations may also be important 
when there are multiple decision rules for a restoration 
project. In Example 3.2, two different action levels are 
identified: the development of hydric soils and the 
establishment of a desired plant community, with the 
latter being dependent on the former. In this example, 
hydric soils will be present before the desired plant 
community becomes established, although establishment 
of the plant community will likely begin as the hydric 
soils become present. Thus, these action levels 
temporally overlap with regard to their initiation but differ with regard to time for attainment. 

EXAMPLE 3.2 
Preliminary Decision Rules for a Wetland Restoration Project 

To mitigate the loss of a wetland following site remediation, a restoration project was designed to 
reestablish the wetland plant community. The restoration project includes: (1) soil grading to provide 
topographic contours that will result in a suitable hydrologic regime and promote development of anaerobic 
hydric soils, and (2) planting with native wetland vegetation. In this project, success of the wetland 
vegetation planting will be strongly dependant on the establishment of appropriate hydrology and hydric 
soils. If wetland hydrology and hydric soils are not sufficiently established, the planting of wetland 
vegetation will not be successful. For this example, the first preliminary monitoring decision rule may be 
stated as: “If the monitoring results indicate that the hydrology has been restored to a desired level, and soils 
are developing the desired hydric characteristics, then the contouring has been successful. If hydric soils are 
not developing, then additional hydrologic manipulation may be necessary.”  For this decision rule, the 
parameter of interest is hydric soil, the site activity is hydrological manipulation via surface contouring, the 
action level is the development of hydric soils, and the alternative actions are to continue with the planned 
restoration activities (including plant community monitoring) or revisit establishing appropriate 
hydrological conditions. 

 
A second preliminary decision rule, related to the success of the vegetation planting, may be stated as: “If 
the desired native plant community structure and species diversity have been attained, then the wetland 
restoration will be considered to have reached its objectives and no further restoration or monitoring will be 
necessary. If the desired plant community structure and diversity have not been attained, then planting of 
native species should continue.”  For this decision rule, the parameter of interest is the native wetland plant 
community, the site activity is the planting of native wetland vegetation, the action level is the 
establishment of a desired plant community, and the alternative actions are termination of the restoration 
and monitoring activities or continue planting and monitoring. 

Temporal Considerations 

• Community succession rates. 
• Species-specific reproduction and 

colonization rates. 
• Effects of natural climatic 

variability. 
• Multiple decision criteria with 

different time lines for success. 
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Because of the temporal aspects in community succession and the potential effects of 
climatic variability, it may not be possible to develop monitoring decision criteria based solely 
on the desired final outcome of the restoration project. For restoration projects where the 
attainment of a desired habitat type will proceed through community succession and could be 
significantly affected by climatic conditions, development of the monitoring decision rules 
should consider temporal trends in habitat parameters that may indicate successful early 
development toward the target habitat. Additional information on temporal considerations and 
trend analysis for determining restoration success is presented in Sections 5 and 6 of this 
guidance. 
 
 
3.4  STAKEHOLDER INVOLVEMENT 
 

To the extent practicable, appropriate stakeholders should be brought into the process of 
developing the decision rules. In some cases, the stakeholders may have extensive experience in 
habitat restoration and may provide valuable input into the decision rules, especially the action 
levels. However, with the exception of habitat restoration projects being conducted to satisfy 
regulatory permit requirements, the Navy is the lead decision maker for the restoration project 
and for the development of the associated monitoring program. However, input from appropriate 
stakeholders may identify issues or concerns related to the success criteria and alternative 
actions. Early knowledge of such concerns may allow for the development of decision rules that 
meet the Navy’s needs and satisfy stakeholder concerns, thereby reducing the likelihood of 
future project delays. 
 
 
3.5  SCIENTIFIC MANAGEMENT DECISION POINT 
 

At the conclusion of Step 3, one or more preliminary monitoring decision rules have been 
developed. These decision rules define, in general terms, the conditions that allow the decision 
maker to choose among alternative actions related to the monitoring program and the restoration 
project. These preliminary decision rules represent the SMDPs for Step 3. While a formal 
deliverable for the SMDP is not necessary, the preliminary decision rules, as well as any input 
from or communication with appropriate stakeholders, should be formally recorded as a 
memorandum or letter to file. Because the final decision rules are completed in the next step 
during development of the study design, they are included with the SMDP for that activity. 
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STEP 4  DESIGN THE MONITORING PLAN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The preliminary monitoring decision rules developed in Step 3 are based on the 
monitoring objectives, hypotheses, questions, and conceptual models previously developed in 
Steps 1 and 2, and will be used to support a management decision regarding the success or 
failure of the habitat restoration project. In Step 4, the data needed to address the monitoring 
hypotheses and questions are identified, and a monitoring plan is developed that identifies the 
data collection and analysis methods and associated QA/QC requirements. The previously 
developed preliminary decision rules will also be finalized in this step. Step 4 concludes with a 
monitoring implementation plan that documents the monitoring activities that will be conducted 
to meet the monitoring objectives and support a management decision regarding the success or 
failure of the restoration project. 
 
 
4.1  IDENTIFICATION OF DATA NEEDS 
 

A variety of data may be necessary to test the restoration monitoring hypotheses, answer 
the monitoring questions, and ultimately to support a management decision regarding habitat 
restoration success or failure. These data may be physical (Table 4.1), chemical (Table 4.2), 
and/or biological in nature (Table 4.3), depending on the hypotheses and questions, and on the 
decisions to be made. Factors to consider when identifying data needs should include the 
following:  
 

• Anticipated outcome of the habitat restoration project, 
 
• Preliminary monitoring decision rules, 

Step 1. Identify Restoration 
Monitoring Objectives 

Step 3. Formulate Monitoring 
Decision Rules 

Step 4. Design the Monitoring 
Plan 

Step 5. Collect Data and 
Characterize Results  

Step 6. Management Decision 

Step 2. Develop Monitoring 
Plan Hypotheses 

Step 4.  Design the Monitoring Plan
 

• Identify data needs. 
• Determine monitoring boundaries. 
• Identify data collection and analysis 

methods. 
• Finalize the Monitoring Plan design.
• Prepare Monitoring Implementation 

Plan. 
• SMDP. 
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TABLE 4.1  General Physical Data Categories Commonly Considered for Monitoring Success 
of Habitat Restoration Projects 

 
 

Monitoring Variable 
 
 

Habitat Type 

 
Surface 
Water Groundwater 

Hydro-
dynamics Turbidity Temperature 

Soil or 
Substrate Geomorphology Area 

 
Freshwater wetlands X X X X X X  X 

Estuarine wetlands X  X   X X X 
Coastal wetlands X  X   X X X 
SAVa    X  X  X 
Artificial reef      X   
Stream X  X X X X X  
Bottomland forest X X X   X  X 
Upland forest      X  X 
Grassland      X  X 
 
a SAV = submerged aquatic vegetation. 

 
 

TABLE 4.2  General Chemical Data Categories Commonly Considered 
for Monitoring Habitat Mitigation Projectsa 

 
Monitoring Variable 

 
Habitat Type 

 
Water Quality pH REDOX DO Salinity 

      
Freshwater wetlands X X X X  
Estuarine wetlands X  X X X 
Coastal wetlands X  X X X 
SAV      
Artificial reef      
Stream    X  
Bottomland forest X X X X  
Upland forest X     
Grassland      
 
a Abbreviations: DO = dissolved oxygen; REDOX = reduction/oxidation;  

SAV = submerged aquatic vegetation. 
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TABLE 4.3  General Biological Data Categories Commonly Considered for Monitoring 
Habitat Mitigation Projects 

 
Monitoring Variable 

Habitat Type 
Species 

Composition 
Species 
Density 

Vegetation 
Cover 

Fish and 
Wildlife Use Biomass 

 
Abundance 
of Native 

and Exotic 
Vegetation 

 
Freshwater wetlands X X X X X X 

Estuarine wetlands X X X X X X 
Coastal wetlands X X X X X X 
SAVa X X X X X  
Artificial reef X X  X   
Stream X X  X   
Bottomland forest X X X X X X 
Upland forest X X X X X X 
Grassland X X X X X X 
 
a SAV = submerged aquatic vegetation. 

 
 

• Data characteristics, 
 
• Availability of data from the restoration site prior to the habitat disturbance, 

and  
 

• Availability of a reference site. 
 

In cases where a habitat mitigation project is being conducted to fulfill the conditions of a 
permit issued by a natural resource agency, the permit may contain specific data requirements. 
Guidelines for habitat mitigation and monitoring issued by permitting agencies also often include 
data collection recommendations. 
 
 
4.1.1  Expected Outcome of the Habitat Restoration Project 
 

By considering the expected outcome of the restoration project, the monitoring team can 
identify the specific chemical, physical, and/or biological parameters expected to be targeted or 
affected by the project. These parameters can serve as the starting point for identifying the 
habitat restoration monitoring data needs. For example, terrestrial and wetland restoration 
projects focus on the establishment of a specific type and extent of plant community, and affect 
the presence, abundance, diversity, and cover of plant species at the site. In these projects, the 
monitoring data will be related to one or more of these biological parameters. 
 

Alternately, restoration projects such as a wetland restoration will also affect the physical 
environment at the site, and hydrologic data or data relating to soil characteristics may be 
needed. Monitoring for a freshwater wetland may require data related to the seasonal hydrologic 
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regime (such as surface water depth and depth to groundwater) to determine adequate hydrology 
across the proposed wetland area. Monitoring of tidal wetlands, however, may require 
measurements of the extent of high tides and low tides, and salinity may be measured in 
estuarine wetlands. 
 
 
4.1.2   Previous Site Conditions and Reference Sites 
 

The decision criteria may be based on a desired, predetermined condition, such as a 
permit-specified aerial coverage, a habitat type, or a water quality parameter. In such cases, 
restoration success may be measured against a specific, prescribed condition. Alternately, the 
objectives of the restoration project may be to restore a habitat to either a previous condition or 
to a condition that is comparable to a similar habitat in the area. 
 

For example, if a high-quality mature 
deciduous forest is eliminated by a construction 
project, data collected prior to clearing of the area may 
be useful in establishing decision criteria for mitigation 
of the impact. For impacted sites for which little data 
are available or are degraded by site conditions, 
restoration success may be based on the degree of 
similarity to a reference site. Reference sites are 
habitats that reflect a relatively undisturbed condition 
for the type of habitat that is the objective of the 
restoration project. Reference sites are typically 
located in the same ecological region and in a similar 
landscape setting as the restoration site. Although they are generally not pristine sites, the 
ecological conditions found at reference sites reflect the types and quality of natural communities 
that can be supported under the conditions present within the region. 
 

Data from reference sites can also indicate natural variability in habitat parameters, 
particularly if the reference site is monitored along with the mitigation site and changes occur 
because of regional effects, such as weather patterns. The use of reference sites in developing a 
habitat restoration project and establishing goals, objectives, and decision criteria is 
recommended by numerous agencies and organizations associated with habitat restoration or 
creation (Clewell et al. 2000; Society of Wetland Scientists 2001; USACE 2001; SER 2002; U.S. 
EPA 2002, 2003; NOAA undated). 
 
 

Reference Sites 

A reference site is a relatively 
undisturbed habitat of the type targeted 
by a habitat restoration project. The site 
supports plant and animal communities 
of the type desired to be established at the 
restoration site. The reference site may 
provide physical, chemical, and 
biological data that can be compared to 
the restoration site to evaluate restoration 
success. 
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4.1.3  Data Characteristics 
 
 Data characteristics refer to the nature and 
type of the data, such as a detection level or a 
taxonomic level. For example, a monitoring plan to 
determine the success of a prairie restoration may 
require the collection of abundance data for a variety 
of species, or may focus on the abundance of only a 
single indicator species. Suppose data from previous 
studies indicated a plant community of about 
100 species in the undisturbed prairie habitat. In this 
example, success of the prairie restoration may be 
based on the establishment of a minimum number of 
those species (e.g., the presence of at least 80 of the 
previously identified 100 species). Alternatively, success may be based on the abundance of a 
smaller subset of species that are considered indicators of desired species associations. In this 
example, the specific data characteristics are dependent on the restoration and its desired 
outcome (i.e., establishment of a desired plant community), the monitoring objectives 
(i.e., determine whether the activity has been successful), and the monitoring hypotheses and 
questions (i.e., the restoration will establish a target plant community). 
 

Thus, expected outcome of the restoration project, as described in the site conceptual 
model, will indicate the specific habitat parameters that will be affected by the project. These 
parameters form the basis for the identification of data needed for a management decision and 
therefore measuring these parameters forms the basis for monitoring. Previous studies that 
collected data on habitat parameters at the project location or at a reference site of similar habitat 
type can also provide information on monitoring data characteristics. 
 
 
4.2  DETERMINATION OF MONITORING BOUNDARIES 
 

The monitoring boundaries represent the “what, where, and when” aspects of monitoring. 
In defining these boundaries, the monitoring team answers the following questions: 
 

• What data are needed? 
 
• How should samples be collected (discrete or composite)? 

 
• Where should monitoring samples be collected? 

 
• When should monitoring samples be collected? 

 
• How often should sampling continue? and 

 
• How long should sampling continue? 

Data Characteristics 

Data characteristics describe the nature 
and type of the needed data. These may 
include: 

• Level of taxonomic detail 
(i.e., species, genus, or family). 

• Species diversity. 
• Abundance (of a desired species).  
• Environmental concentration  

(e.g., concentration of a water 
quality parameter). 
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The type of data to be sampled will be based largely on the data needs identified earlier in 
Step 4 (see Section 4.1). For example, information regarding the formation of hydric soils may 
be needed for a wetland restoration project. The Monitoring Plan study design must identify 
where soil samples should be collected (in terms of both soil depth and spatially across the site) 
to provide the necessary data regarding formation of hydric soils. The spatial area from which 
the data should be collected will be a function of the location and size of the restoration site. 
 
 Once the necessary data have been identified and the spatial boundaries selected, the 
temporal boundaries for the Monitoring Plan should be established. Identification of the temporal 
boundaries should include information on (1) when samples should be collected (e.g., spring, 
summer, dawn, dusk, etc.), (2) how often they should be collected (e.g., hourly, daily, weekly, 
etc.), and (3) how long sampling should continue (e.g., 6 months, 2 years, or until a specified 
condition is reached). The temporal sampling boundaries will be directly related to the type of 
mitigation project being implemented and the environmental parameter of interest. 
 

For example, monitoring the success of a 
wetland restoration project may require vegetation 
sampling twice during the growing season (in spring 
[May/June] and late summer [August /September]) to 
assure adequate identification of plant species present 
on the site that are only identifiable at different times 
during the year. Sampling groundwater or surface 
water parameters for hydrologic monitoring may 
involve a weekly, monthly, or quarterly sampling 
frequency, depending on the purpose of the data. In 
contrast, sampling of tidal cycles may require measurements at least daily. A 5-year monitoring 
period is frequently used for habitat mitigation projects. Tables 4.4, 4.5, and 4.6 identify relative 
time frames for observable changes in different categories of chemical, biological, and physical 
monitoring data. 
 
 
4.3  SELECTION OF DATA COLLECTION AND ANALYSIS METHODS 
 

The specific data collection methods will be a direct function of the data needs, and for a 
specific data need there may be a variety of approaches to collecting the necessary data. In 
addition, it will be very unlikely that any single data set will be sufficient to provide data of 
appropriate quality and quantity to address the decision rules and support a management 
decision. Rather, data for a variety of parameters will likely be needed to support a decision 
regarding the success or failure of the habitat restoration project.  
 

It is not necessary to identify specific sampling designs at this stage of the Monitoring 
Plan design. Specific sampling designs are developed during optimization of the data collection 
design (see Section 4.5.1). Instead, at this point, data collection methods are identified that may 
be appropriate to collect the required data, and a preliminary determination is made of the 
feasibility of using those approaches to collect the data with the required characteristics and 
within the required time and cost restraints. 

Monitoring Boundaries 

Monitoring boundaries specify the spatial 
and temporal locations and limits for data 
collection. 

• Define the geographic areas for data 
collection.  

• Determine when to collect samples.  
• Identify the time frame in which 

management decisions will be made. 
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TABLE 4.4  Relative Response Times for Observing Changes 
in General Categories of Potential Chemical Monitoring Dataa 

 
Monitoring Variable 

Habitat Type 

 
Water 

Quality pH REDOX DO 

 
 

Salinity 
 
Freshwater wetlands 

 
S−M 

 
S–M 

 
M 

 
S–M 

 
NA 

Estuarine wetlands S–M S–M M S–M S 
Coastal wetlands S–M S–M M S–M S 
SAV NA NA NA NA NA 
Artificial reef NA NA NA NA NA 
Stream NA S–M NA S–M NA 
Bottomland forest S–M S–M M S–M NA 
Upland forest S–M NA NA NA NA 
Grassland NA NA NA NA NA 
 
a Abbreviations: DO = dissolved oxygen; M = moderate response time; 

NA = not applicable; REDOX = reduction/oxidation; S = short 
response time; and SAV = submerged aquatic vegetation. 

 
 
TABLE 4.5  Relative Response Times for Observing Changes in General Categories of Potential 
Biological Monitoring Dataa 

 
Monitoring Variable 

Habitat Type 
Species 

Composition 
Species 
Density 

Vegetation 
Cover 

Fish and 
Wildlife Use Biomass 

 
Abundance of 

Native and Exotic 
Vegetation 

 
Freshwater wetlands 

 
S–L 

 
S–L 

 
S–M 

 
S–L 

 
S 

 
S–L 

Estuarine wetlands S–L S–L S–M S–L S S–L 
Coastal wetlands S–L S–L S–M S–L S S–L 
SAV S–L S–L S–M S–L S NA 
Artificial reef S–L S–L NA S–L NA NA 
Stream S–L S–L NA S–L NA NA 
Bottomland forest S–L S–L S–M S–L S S–L 
Upland forest S–L S–L S–M S–L S S–L 
Grassland S–L S–L S–M S–L S S–L 
 
a Abbreviations: L = long response time; M = moderate response time; NA = not applicable; S = short response 

time; and SAV = submerged aquatic vegetation. 
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TABLE 4.6  Relative Response Times for Observing Changes in General Categories of Potential 
Physical Monitoring Dataa 

 
Monitoring Variable 

Habitat Type 

 
Surface 
Water Groundwater Hydrodynamics Turbidity Temperature 

Soil or 
Substrate Geomorphology Area 

 
Freshwater wetlands 

 
S 

 
S–M 

 
S 

 
S 

 
S–M 

 
S–L 

 
NA S–M 

Estuarine wetlands S NA S NA NA S–L S–M S–M 
Coastal wetlands S NA S NA NA S–L S–M S–M 
SAV NA NA NA S NA S–M NA S–M 
Artificial reef NA NA NA NA NA M–L NA NA 
Stream S NA S S S–M S–M S–L NA 
Bottomland forest S S–M S NA NA S–L NA S–M 
Upland forest NA NA NA NA NA S–M NA S 
Grassland NA NA NA NA NA S–M NA S 
 
a Abbreviations: L = long response time; M = moderate response time; NA = not applicable; S = short response time; and  

SAV = submerged aquatic vegetation. 

 
 
4.3.1  Data Collection Methods 
 

The methods for collecting monitoring data will depend directly on the data needs, 
characteristics, and boundaries. Once these specifics are determined, then the monitoring team 
should identify and evaluate methods for collecting the needed data. On the basis of the data 
needs and the data characteristics identified, a variety of methods may be available that could 
provide the necessary data. The monitoring team should identify the methods that may be 
suitable for addressing the specified monitoring data needs. 
 

For a particular type of data, there may be a number of data collection methods with 
widely varying costs, advantages, and limitations. For example, the evaluation of submerged 
aquatic vegetation (SAV) restoration projects has included the collection of data associated with 
habitat function, such as animal abundance, taxonomic composition, complexity of the seagrass 
canopy, and macroalgal abundance (Fonesca et al. 1998). The collection of these types of data 
can be effort intensive and costly and involve lengthy periods of data analysis. In contrast, area 
coverage of the SAV and the persistence of that coverage have been shown to reflect habitat 
function and could be readily and inexpensively measured (Fonesca et al. 1998). While coverage 
and persistence may not provide detailed data on specific features of the habitat, data on these 
parameters may be sufficient for the decision criteria developed for the project. 
 

A wide variety of methods are available for sampling terrestrial plant communities. 
Quadrat sampling (Hays et al. 1981; Bonham 1989) is an efficient method of collecting 
representative vegetation data over both large and small mitigation sites, and is one of the most 
widely used methods of vegetation sampling on habitat mitigation sites.  
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Alternately, vegetation may be sampled using the point-intercept transect method in 
which the species occurring at specific data points along the transect are recorded (Bonham 
1989). Variations of this method include the use of a single pin or rod to record species present at 
each sampling point (only plants contacting the pin are counted) or a point frame, which may 
contain 10 pins, which is placed at the sampling point (Hays et al. 1981; Bonham 1989). When 
using this method, however, only species presence is recorded; the percent cover data for each 
species is not collected. 
 

The line-intercept method is also used to sample vegetation along a transect; however, 
data are recorded continuously along the transect line rather than at distinct points or quadrats 
(Hays et al. 1981; Bonham 1989). This method may be efficient and very accurate, particularly 
in short vegetation, but may be difficult to use where the visual determination of transect 
interception of plant canopy becomes difficult, as with tall or diffuse vegetation. 
 

On very large restoration sites, such as tidal marsh restorations covering hundreds of 
hectares, aerial photography may be used to measure vegetation development. Areas dominated 
by highly visible species of interest, such as common reed, may be readily identified and 
delineated on aerial photographs. Patches may be measured using a geographic information 
system (GIS). Photographs taken periodically may be used to record changes in size or changes 
in number of such populations. Similarly, unvegetated areas within the mitigation site may be 
delineated and measured. 
 

Aerial photography may also be used to measure the development of tidal channels in 
tidal marsh restoration projects. The size, number, and complexity of channel development can 
be delineated and measured on aerial photographs with a GIS. Areas of open water can also be 
measured periodically to record changes during the growing season and from year to year. 
 
 
4.3.2  Data Analysis Methods 
 

Monitoring is the collection and analysis of repeated observations or measurements to 
evaluate changes in condition and progress toward meeting a management objective. It is critical 
that the monitoring design and data analysis methods can distinguish between natural variability 
in the data and actual response in the parameter under evaluation. Analysis of the monitoring 
data will likely involve some form of statistical analysis. In cases where habitat restoration is 
being conducted to provide a specified aerial coverage of habitat, a target species diversity or 
other specified condition, statistical analysis may not be necessary. However, for many 
restoration projects, analysis of the monitoring data will employ some combination of descriptive 
and inferential statistics as well as time-series analysis. 
 

A variety of statistical tests may be employed to evaluate the monitoring data. The 
specific type of tests that are deemed valid will depend on the nature of the monitoring 
hypotheses and questions, the type of data and the collection methods (sample size, replication, 
etc.), the desired level of decision error, and on the nature of the preliminary decision rules. 
Some common data analysis methods are described in detail in Guidance for Data Quality 
Assessment (QA/G-9) (U.S. EPA 2000d). 
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4.3.2.1  Descriptive and Inferential Statistics 
 

Descriptive and inferential statistics can be used to compare the data collected from the 
restoration site to similar data from a reference site or to predisturbance data. Descriptive 
statistical analysis of the monitoring data will typically involve a determination of the central 
tendency of the data, such as the mode, median, or mean, and also identification of the dispersion 
(e.g., range, standard deviation) and frequency distribution (e.g., normal, bimodal) of the data. 
Inferential statistics examine a set of data in order to accept or reject a specific hypothesis. 
Information on descriptive and inferential statistics can be found in a variety of sources 
(e.g., Sokal and Rohlf 1981; Zar 1984; U.S. EPA 2000b). 
 

For habitat restoration projects, there will be two general types of hypotheses that the 
statistical analysis may support: (1) the null hypothesis that the expected outcome of the habitat 
mitigation has been attained, or (2) the alternative hypothesis that the expected mitigation 
outcome has not been attained. For example, a preliminary decision rule may be: “If the species 
diversity of the restored prairie habitat is the same as the diversity at a prairie reference site, then 
the habitat mitigation project is a success.” In this case, mean plant diversity at a prairie 
restoration site can be statistically compared with similar data from a reference area to determine 
if there are differences in the species diversity between the two sites.  
 
 

4.3.2.2  Trend Analysis 
 

Trend analysis evaluates data collected at specified intervals over a specified period in 
order to determine if conditions are changing over time, and if so, how they are changing 
(i.e., the magnitude and direction of the change). Trend analyses can be applied to biological, 
chemical, or physical monitoring data. In addition, trend analysis may provide better 
interpretation of natural variability effects (such as occasional herbivory or unusual weather 
conditions) on habitat parameters and thus provide a better picture of the habitat development 
than can be determined by year-to-year comparisons. 
 

The amount of data needed to conduct a trend analysis will depend on the nature of the 
data being collected and the expected outcome of the activity. While several years of data may 
be needed for the analysis of trends in some parameters (such as plant community structure), 
sufficient data may be collected in a relatively short period to allow for trend analysis of other 
parameters. For example, suppose the success of a habitat restoration project is being evaluated 
on the basis of the restored habitat providing suitable nesting habitat to support a given density of 
nesting birds. Since nesting may only occur yearly (i.e., during the breeding season), several 
years of data would be needed before any analysis of a trend in habitat restoration could be 
conducted. 
 

Trend analysis may also be employed to predict how parameters of interest might 
respond in the future, or how well an activity is progressing toward its stated objectives. Such an 
analysis can help in determining the direction in which the habitat may be changing and the rate 
and magnitude of the change. The results of such trend analyses may be used to refine or revise 
site activities (e.g., herbicide applications, planting, and frequency of controlled burns) and thus 
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assist future site management planning. The results may indicate whether the habitat is 
developing toward meeting the criteria rapidly enough for the project to be successful within the 
time frame anticipated, such as in a 5-year monitoring period. 
 

Trend analysis can also play an important role in the adaptive management of the habitat 
restoration project. For example, trend analysis may show that the abundance and diversity of 
benthic invertebrates in a restored SAV habitat is increasing at a rate exceeding original 
expectations, which would suggest earlier-than-expected attainment of benthic abundance and 
diversity. On the basis of the trend analysis results, a decision may be made to reduce the 
frequency of sampling of the benthic community, with the expectation that restoration success 
will be reached sooner than expected and that restoration activities and monitoring may be 
terminated sooner than expected. 
 
 
4.3.3  Uncertainty Analysis 
 

Evaluation of the monitoring data must also consider the uncertainty associated with the 
data. The nature and magnitude of any uncertainty may strongly affect the interpretation of how 
well the data are meeting the DQO specifications, and whether the data support the decision rule. 
There may be several sources of uncertainty associated with the monitoring data, such as 
incomplete monitoring conceptual models, natural variation in the parameter being measured by 
the monitoring program, and analytical uncertainty or variability. The monitoring team should be 
aware of the uncertainties associated with the data and its analysis and interpretation, and 
especially of how any such uncertainties may affect management decisions regarding mitigation 
success or failure. 
 
 
4.4  FINALIZATION OF THE MONITORING PLAN DESIGN 
 

At this point in designing the habitat mitigation monitoring plan, the monitoring team 
will have: 
 

• Developed the monitoring objectives; 
 
• Developed the monitoring hypotheses, questions, and conceptual models; 

 
• Formulated the preliminary monitoring decision rules;  

 
• Identified data needs, data characteristics, and data collection and analysis 

methods; and  
 

• Determined the spatial and temporal boundaries for data collection.  
 

This information represents the preliminary design parameters for the preliminary 
monitoring plan, as developed through the first six steps of the DQO process. These DQOs 
identify the why, what, when, and how aspects of data collection and analysis for the Monitoring 
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Plan. The Monitoring Plan is finalized using the DQO process to optimize the study design, 
refine the monitoring action levels, and finalize the decision rules. 
 
 
4.4.1  Optimizing the Monitoring Study Design 
 

During optimization of the study design (Step 7 of the DQO process), the sampling and 
analysis methods previously identified are reviewed with regard to satisfying the monitoring 
DQOs. In addition, alternative methods should be reviewed with regard to: 
 

• Cost of data collection activities, 
 
• Ease of data collection, and 

 
• Method limitations. 

 
Table 4.7 presents some general advantages and limitations of some data collection 

methods commonly used in monitoring habitat restoration projects. Sources of information on 
data collection methods for habitat monitoring include BLM (1986), U.S. EPA (1989), and 
USACE (2001). 
 

From the alternatives determined to best satisfy the DQOs, those that are the most 
resource-effective (cost, effort) should be selected for use in monitoring. For example, larger 
plots or belt transects may be used for sampling vegetation with relatively widely spaced 
plantings, such as tree seedlings or saplings (Hays et al. 1981; Bonham 1989). This type of 
sampling, however, would not be an efficient method for collecting data for densely planted 
herbaceous vegetation because of the difficulty in estimating the cover for each species over a 
large area. For herbaceous vegetation, smaller subplots may be established within the plot, and 
data collected as in a quadrat. 
 

During the optimization, a decision is made on which of these approaches or combination 
of approaches would best meet the monitoring DQOs. Once an optimized monitoring design has 
been completed, the data collection methods should be further evaluated to ensure that they can 
be successfully implemented under site conditions and within cost and budget constraints. 
 
 
4.4.2  Finalizing the Decision Rules 
 

During the initial development of the monitoring study design, specific investigations 
were identified to provide the data needed by the decision rules and success criteria to support a 
management decision on the habitat restoration project. As the monitoring study design is 
optimized, the preliminary monitoring decision rules should be revisited and refined so that they 
directly relate to the specific parameters being measured and the data being collected. This 
refinement of the decision rule should include the following for each parameter of interest: 
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TABLE 4.7  Advantages and Limitations of Some Commonly Used Monitoring Data 
Collection Methods 

 
Method 

 
Advantages 

 
Limitations 

 
Quadrat 

 
Useful in conducting species 
inventories, collecting presence and 
absence data, determination of 
occurrence frequency, and estimation of 
percent plant cover. 

 
Estimation of cover values can be time- 
and labor-intensive 

Point-intercept  Many data points can be quickly 
surveyed; useful for estimation of 
species abundance. 

Uniform spacing of data collection 
points may result in unrepresentative 
data. 

Line-intercept  Provides accurate measurements of 
vegetative cover by species. 

Visual determinations of cover may be 
difficult in some vegetation types. 

Plot/belt transect Rapid collection of data on tree or shrub 
plantings; useful for estimation of 
species density. 

Not suitable for estimation of 
herbaceous species cover. 

Aerial photography Identification and measurement of 
vegetation and hydrologic features over 
large land areas. 

Greatly reduced species identification. 

Screened groundwater 
wells 

Permanent, easily sampled hydrologic 
data points; useful for collection of 
time-series groundwater data. 

May not provide accurate determination 
of final wetland boundary; cannot 
determine groundwater levels below 
well depth. 

Soil pit Provides easy examination of soil 
profile for determination of hydric 
characteristics; allows easy examination 
of groundwater levels. 

Must be redone at a different, 
undisturbed point each time; can be 
difficult in saturated loose soils or 
inundated soils. 

Soil core/boring Rapid acquisition of samples; may be 
effective in saturated loose soils or 
inundated soils. 

May compress soil profile; observation 
of redoximorphic features and 
groundwater levels may be difficult. 

 
 

• Identification of the specific monitoring study endpoint metric (e.g., species 
diversity or habitat area),  

 
• Identification of specific action levels (e.g., a specific numerical diversity 

value or habitat acreage), or 
 

• Identification of a time frame within which the action level is expected to be 
reached.  

 
For example, a preliminary decision rule for a terrestrial habitat restoration project may 

identify a native understory plant community with a desired diversity as the focus of the action 
level to be used to determine restoration success. In this form, the preliminary decision rule 
action level is vague and open to interpretation. A variety of parameters (and associated data 
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collection methods) may be appropriate for evaluating the native understory vegetation. The 
specific parameters selected will depend on the objectives of the restoration project as well as on 
the availability of methods that can discriminate actual responses from natural variability. For 
this example, parameters of interest may include: 
 

• Native plant species richness (i.e., a minimum number of the desired native 
species), or 

 
• Vegetative cover of the site (i.e., the vegetative cover of the project site should 

be dominated by the desired native species). 
 

Once these parameters are identified and specific data collection methods are selected, 
the preliminary action levels should be revised to identify specific values (or conditions) for 
these parameters that will represent the success criteria for the restoration project. For the above 
example, the final decision rule may be stated as: 
 

“If native plant species account for at least 90% of all understory plant species, 
and native vegetation accounts for at least 80% of the understory vegetative 
cover, then the restoration has reached its objectives and no further restoration 
will be necessary.” 

 
In this final decision rule, the overall parameter of interest remains the understory plant 
community; however, it has now been divided into two subparameters for which measurable data 
will be collected. These parameters are plant species richness and native vegetative cover. In 
contrast to the vague action levels identified in the preliminary decision rule (i.e., a desired 
understory plant community), the action levels in the final decision rule specify measurable 
numeric values that represent the success criteria, namely an understory plant community with 
native species comprising 90% of the community and 80% of the plant cover. 
 
 
4.4.3  Adaptive Management Considerations 
 

Ongoing evaluation of monitoring data allows for adaptive management of the restoration 
project. Adaptive management greatly increases the potential for success of a habitat restoration 
project by providing for the early detection of problems in the habitat’s development and the 
immediate remedies. The final decision rules should incorporate ongoing evaluation of the 
monitoring program as data are collected and analyzed, and support changes to the monitoring 
design as deemed appropriate. 
 
 
4.5  PREPARATION OF A MONITORING QUALITY ASSURANCE PROJECT PLAN 
 

The final habitat restoration monitoring plan should be documented in a Monitoring 
Quality Assurance Project Plan (QAPP). The Monitoring QAPP should include: 
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• An overview and general background of the habitat restoration project for 
which the Monitoring Plan was developed;  

• A description of the restoration and monitoring objectives;  
 

• The monitoring hypotheses, questions, and monitoring conceptual model;  
 

• The data needs and characteristics;  
 

• The data collection methods, including sampling location, timing, and 
frequency;  

 
• The sampling equipment and procedures;  

 
• The data handling requirements;  
 
• The data analysis methods; and 
 
• The QA and QC procedures necessary to evaluate the data and ensure that the 

data are of sufficient quality to support the DQOs and a management decision. 
 

Documentation of the final monitoring plan in a Monitoring QAPP serves a variety of 
important purposes. First, it documents the rationale behind the development of the monitoring 
design, including identification of the monitoring objectives, data needs, data collection and 
analysis methods, and decision criteria for determining project success. Second, the Monitoring 
QAPP presents the detailed data collection, analysis, and interpretation procedures to be 
implemented during the monitoring program. Third, it specifies when and how adaptive 
management will be used to maximize the potential for mitigation success and potentially reduce 
project costs. Finally, if the habitat mitigation project is being conducted as part of a larger, 
CERCLA remediation project, the Monitoring QAPP would satisfy U.S. EPA requirements for a 
QAPP when environmental data are being collected (U.S. EPA 2000b). 
 

The Monitoring QAPP may take the form of a stand-alone document or as an addendum 
to the remediation project QAPP. 
 
 
4.6  SCIENTIFIC MANAGEMENT DECISION POINT 
 

The SMDP for Step 4 is the finalized Monitoring QAPP.  
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STEP 5  COLLECT DATA AND CHARACTERIZE RESULTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

At the completion of Step 4, a Monitoring QAPP has been developed. Implementation of 
the plan, including data collection and analysis, occurs in Step 5, and the results of the Step 5 
analyses will be used to support a management decision in Step 6 regarding success of the 
habitat restoration project. As the monitoring data are collected and analyzed, the data are 
evaluated against the Monitoring Plan DQOs, and a causative factor assessment is conducted to 
determine the cause of any deviations from the DQOs. As a result of this analysis, a revision to 
the Monitoring Plan and/or the restoration project may be indicated. The data are further 
evaluated with regard to the monitoring decision rules to determine whether a management 
decision regarding habitat restoration success may be supported. 
 
 
5.1  DATA COLLECTION AND ANALYSIS 
 

During Step 5, the data collection activities should strictly adhere to the study design 
identified in the Monitoring QAPP and be conducted at the times, locations, and frequencies 
specified by the DQOs. Thus, a major component of Step 5, in addition to data collection and 
analysis, is the evaluation of the data (as they are collected) with regard to the DQOs. This 
evaluation assists the monitoring team in determining whether changes in the implementation of 
the Monitoring Plan and/or the habitat restoration project may be warranted. In addition, this 
continuous data evaluation may indicate early success of the habitat restoration project and 
support a management decision to terminate both the mitigation project and the associated 
monitoring plan. 
 

Step 1. Identify Restoration 
Monitoring Objectives 

Step 3. Formulate Monitoring 
Decision Rules 

Step 4. Design the Monitoring 
Plan 

Step 5. Collect Data and 
Characterize Results  

Step 6. Management Decision 

Step 2. Develop Monitoring 
Plan Hypotheses Step 5. Collect Data and 

Characterize Results 
 
• Conduct data collection and 

analysis. 
• Evaluate results per the monitoring 

DQOs and revise data collection 
and analysis as necessary. 

• Characterize results and evaluate 
relative to the decision rules. 

• Revise the Monitoring QAPP as 
appropriate.  
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During the conduct of Step 5, the monitoring team should be continually evaluating and 
interpreting the data with regard to three basic questions: 
 

1. Do the monitoring data meet the DQOs specified in the Monitoring QAPP? 
 
2. If yes, can the monitoring data (collected to date) support a decision rule? or 
 
3. If the data do not meet the DQOs, why not and what changes should be made 

so that the data meet the specified DQOs? 
 

These evaluations may be conducted as part of a data quality assessment (DQA), which 
assesses the type, quantity, and quality of data in order to verify that the planning objectives, 
QAPP components, and sample collection procedures specified in the Monitoring QAPP were 
satisfied and that the data are suitable for its intended purpose. Guidance for conducting a DQA 
can be found in U.S. EPA (2000c). Depending on how well the monitoring results meet the DQO 
requirements, the monitoring program may either proceed as identified in the Monitoring QAPP, 
be revised, or proceed to a management decision (Figure 5.1). 
 
 
5.2  CONTINUED OPTIMIZATION OF THE MONITORING PLAN 
 

Optimization occurs during finalization of the Monitoring Plan (see Section 4.4.1) and 
should continue throughout the monitoring period. As monitoring data are generated and 
evaluated, the QAPP should be revisited to see if improvements or modifications could be 
implemented that continue to meet the monitoring DQOs without compromising the quality of 
previously collected data. Optimization of the Monitoring QAPP during monitoring would be 
largely associated with the availability of new or previously unavailable sampling technologies 
or approaches that may be easier to implement, less costly, more effective, and/or more rapid 
than the monitoring methods being used. 
 
 
5.3  EVALUATION OF ANALYTICAL RESULTS 
 

Throughout the monitoring period, assurance 
must be made that the data generated meet the DQOs 
specified in the Monitoring QAPP. Analysis of the 
monitoring data should occur as the data are generated 
and successfully undergo the DQO review. Data 
analyses will employ the analytical methods identified 
in the Monitoring QAPP, and the results of these 
analyses should be evaluated (as they are generated) 
with regard to the monitoring hypotheses, the DQOs, 
and the monitoring decision rules. 
 

Consequences of DQO Deviations 

• The restoration project and 
monitoring program continue as 
planned.  

• The restoration project and/or 
monitoring plan are modified.  

• The restoration project and 
associated monitoring are terminated. 

• A longer-than-planned duration for 
the restoration project and associated 
monitoring is required.  
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Monitoring Plan Implementation:  
Data Collection and Analysis

YES 

Identify 
Nature of DQO 

Deviation

Do the 
Data Meet the 

Monitoring Plan 
DQOs? 

YES Is a 
Decision Rule 

Supported?

Proceed to 
Step 6 

Evaluate Site Activity Assumptions
and Monitoring Conceptual Model 

Site Activity 
Design 

Site Activity 
Implementation 

Sampling 
Regime

Data Collection Data Analysis 

Evaluate Monitoring 
Plan Implementation

Implement Revised Site  
Activity and Monitoring Plan 

(Step 5) 

Revise Site Activity and Monitoring 
Plan as Appropriate  

(Steps 1−4) 

Revise Monitoring Plan as Appropriate, 
Consistent with Monitoring Objectives and Monitoring DQOs 

(Step 4) 

Resume Collection and 
Analysis of Monitoring  

Data (Step 5) 

Implement Revised 
Monitoring Plan (Step 5) 

FIGURE 5.1  Decision Path during Monitoring Implementation and Data Collection and Analysis 
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If the DQOs are met, a determination should be made regarding the ability of the data 
collected thus far to support a decision rule. If the data can support a decision rule, then the 
habitat restoration monitoring program should proceed to Step 6, the management decision 
(Figure 5.1). If the DQOs are not met, a determination must be made as to why the DQOs have 
not been met, and a subsequent decision made to (1) continue the restoration project and 
monitoring program as planned, (2) revise the Monitoring QAPP and/or the habitat restoration 
project, or (3) terminate the project. 
 

An evaluation of the monitoring results may show that the habitat restoration project is 
proceeding as expected toward its goal, and that the collection of monitoring data would 
continue as prescribed in the Monitoring QAPP. If the data indicate that the success of the 
restoration project is proceeding more rapidly than expected and may reach its goal sooner than 
planned, a revision to the monitoring data collection schedule may be warranted. In this case, the 
frequency of some restoration activities (e.g., seeding or herbicide treatments) may be reduced. 
 

In contrast, the monitoring results may indicate a much smaller change in the measured 
habitat parameters or overall habitat condition than expected, or even that habitat quality is 
decreasing (e.g., due to increases in invasive species). In such cases, the restoration project and 
the Monitoring Plan should be reevaluated, and revisions to either the restoration project, the 
Monitoring Plan (including design and implementation), or both, may be necessary and 
appropriate. 
 

Alternately, the monitoring results may support a decision rule, and if the data meet the 
criteria for success of the habitat restoration, consideration should be given to proceeding to a 
management decision to terminate restoration activities and monitoring. However, habitats in 
early stages of restoration often do not have the stability typically associated with mature 
habitats. Therefore, continuation of some level of the habitat restoration project and its 
associated monitoring may be appropriate for the scheduled mitigation project period. 
 
 
5.3.1  Relationship of the Results to the Habitat Restoration Monitoring Hypotheses 
 

Recall that the basic monitoring hypothesis is “Has (is) the habitat mitigation project 
reached (reaching) its stated objectives?” This hypothesis is based, in part, on specific 
assumptions of how the restoration project is expected to reach its objectives. As the monitoring 
program generates data, the monitoring team should continually analyze those data with regard 
to how well the data support the monitoring hypotheses and the underlying restoration 
assumptions (as developed in the monitoring conceptual model). Evaluation of the data may 
show that the habitat restoration project is proceeding as expected, better than expected, or worse 
than expected. The specific evaluation outcome will determine whether any modifications or 
adjustments to the restoration project or to implementation of the Monitoring QAPP may be 
appropriate. 
 

For example, suppose a habitat restoration project is initiated to restore a wetland (and its 
functions) that was impacted during a cleanup action (see Example 2.1). The monitoring 
hypothesis may be that surface grading will create conditions suitable for the formation of hydric 
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soils, which in turn will support wetland vegetation, and that annual planting of native wetland 
vegetation will reestablish the desired wetland plant community and restore previous wetland 
functions. If the monitoring data indicate that the development of hydric soils and the desired 
wetland plant community are proceeding as expected, data collection would continue as 
described in the Monitoring QAPP.  
 

If the data indicate a better than expected response (i.e., hydric soils are rapidly 
developing and native wetland vegetation is becoming rapidly established), then the monitoring 
team may consider revising the Monitoring QAPP. In this case, it may be appropriate to revise 
not only the expected duration of the restoration project and the associated monitoring program 
(5 years), but also aspects of the planting regime and associated vegetation sampling 
(to document establishment of the plant community). It may be possible to reduce the frequency 
of planting and vegetation sampling, and/or proceed to a monitoring decision and overall site 
management decision sooner than was originally planned (i.e., 5 years), thereby reducing overall 
project costs.  
 

In contrast, the monitoring data may indicate little or no change in soil conditions of the 
plant community, or an increase in nonnative vegetation. In this case, it may be appropriate to 
evaluate both the restoration project and the Monitoring Plan with regard to implementation and 
underlying assumptions, and identify possible revisions to the Monitoring QAPP, the restoration 
project, or both (Figure 5.1). 
 
 
5.3.2  Data Adherence to the Data Quality Objectives 
 

Throughout data collection and analysis, the monitoring team should pay special attention 
to ensuring that the specifications established by the DQOs for the monitoring design are being 
adequately met. These specifications include where and when the monitoring data are being 
collected (the spatial and temporal boundaries), how the data are being collected (the collection 
methods, including the sampling equipment and procedures), and how the data are being 
evaluated (data analysis). The monitoring team should ensure that (1) all data collection and 
analysis activities conform to the QA/QC policies and procedures identified in the Monitoring 
QAPP (see Section 4.5), and (2) all data validations procedures identified in the QAPP are 
carried out on all data generated by the monitoring program. 
 
 
5.3.3  Data Support of the Decision Rules 
 

As the monitoring data are collected, they should be compared with the decision rules 
identified in the Monitoring QAPP. Recall that the decision rules specify the criteria for 
continuing, stopping, or modifying the monitoring program and/or the habitat restoration project. 
For example, a monitoring decision rule associated with a wetland restoration project might be 
“If the areas of the wetland restoration project site undergoing seeding with native wetland 
vegetation exhibit 80% areal coverage by the native vegetation, then restoration of the seeded 
areas has been successful.” If at any point during the collection and analysis of monitoring data 
the results support the decision rule, then the restoration project could proceed to Step 6. 
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Alternately, if the results do not support the decision rule, then both seeding and vegetation 
monitoring would continue as identified in the Monitoring QAPP (Figure 5.1). 
 
 
5.4  ADDRESSING DATA DEVIATIONS FROM THE MONITORING DQOs 
 
 Deviations from the DQO specifications 
presented in the Monitoring QAPP can arise for a 
variety of reasons, such as natural variability, 
unexpected data collection problems, analytical errors 
in the laboratory, or computational errors during data 
analysis (Figure 5.1). Uncertainties associated with the 
monitoring conceptual model or assumptions regarding 
the expected performance and outcome of the habitat 
mitigation project may also be the basis for any 
observed DQO deviations. 
 

If evaluation of the monitoring data indicates DQO deviations, the monitoring team 
should determine the underlying basis for the observed deviations and consider the consequences 
of those deviations on the success of the continued conduct of the monitoring program and on the 
success of the restoration project. If unacceptable consequences are indicated, then actions 
necessary to address the DQO deviations should be identified. In general, deviations from the 
monitoring DQOs may be due to (1) design and/or implementation problems with the habitat 
restoration project, or (2) implementation problems with the Monitoring QAPP. Actions to 
address these deviations may include (1) changes to the design and/or implementation of the 
restoration project, and/or (2) changes in the implementation of the Monitoring QAPP 
(Figure 5.1). 
 
 
5.4.1  Natural Variability 
 

Natural variability in the chemical, physical, and biological parameters being measured 
by the monitoring program may result in data that greatly deviate from the Monitoring Plan 
DQO specifications. In such cases, there are no aspects of the restoration project or the 
Monitoring QAPP that could be revised to obtain more suitable data. Natural variability is 
outside of the control of the monitoring team and will likely result in extending the duration of 
both the restoration project and the Monitoring Plan. A reference site will be needed to 
confidently attribute DQO deviations to natural variability for many monitoring parameters. 
However, the occurrence of atypical climatic conditions (e.g., a summer drought, above-average 
rainy season) preceding or during implementation of the mitigation project may be expected to 
affect many monitoring variables. 
 
 

Causes of Monitoring DQO Deviations

• Natural variability. 
• Underlying habitat restoration 

assumptions incorrect. 
• Inadequate sampling regime. 
• Inadequate data collection methods. 
• Inappropriate analytical methods. 
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5.4.2  Evaluating the Habitat Restoration Project 
 

The monitoring team should examine the implementation, expected and ongoing 
performance, and success of the habitat restoration project as monitoring data are collected. 
Because deviations from the monitoring DQOs could be the result of problems associated with 
implementation of the restoration project or with underlying project assumptions, examination of 
the monitoring conceptual model may greatly aid in this evaluation. Recall that during early 
development of the monitoring program, a monitoring conceptual model was developed to 
identify known and expected relationships between the restoration project and the monitoring 
goals and objectives (see Step 2). Once developed, this conceptual model was used to identify 
the monitoring data needs and develop the Monitoring Plan. If the monitoring data indicate that 
one or more of the restoration project assumptions are incorrect or that implementation of the 
project is incorrect, then changes in the assumptions, design, and/or implementation of the 
habitat restoration project and/or the Monitoring QAPP will be necessary. 
 

Problems with implementation of the restoration project may arise for a variety of 
reasons. For example, wetland or upland vegetation may be planted in locations with 
inappropriate soil characteristics, moisture regimes, or light availability to support adequate seed 
germination or survival of seedlings or live plantings, thus preventing or delaying the 
establishment of a desired plant community. 
 

The assumptions underlying the habitat restoration design and expected success may be 
incorrect because of unforeseen or unexpected conditions. For example, agricultural drain tiles 
present at a wetland restoration site may have been assumed to be fully functioning and 
effectively draining the site. However, monitoring data collected following tile removal indicate 
a lower degree of groundwater rebound than expected. In this example, the tiles may not have 
been fully functioning as assumed, and thus the removal of the tiles resulted in a less than 
expected and inadequate hydrologic regime for the planned wetland. In this example, the 
restoration project was modified to include a weir to reduce surface outflow from the site and 
thereby provide the desired hydrologic regime. 
 

In another example, herbivory of woody plantings by deer or beaver may have been 
assumed to be the primary threat to the survival of plantings for a wetland restoration project, 
and measures to control deer and beaver access to the site were provided. However, the site 
conditions created by the restoration project attracted large numbers of Canada geese that 
subsequently destroyed much of the emergent wetland plants installed near open water areas. To 
address this problem, the restoration project was modified to include the installation of netting to 
discourage use of the site by geese. 
 

In these examples, the assumptions for the habitat restoration were incorrect, and the 
projects themselves were modified to address the DQO deviations. Following any changes to the 
restoration project proper, the monitoring team should revisit the Monitoring QAPP and 
determine whether any revisions to the Monitoring Plan may be necessary. 
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5.4.3  Evaluating Implementation of the Monitoring Plan 
 

Evaluation of the monitoring data may indicate that the observed monitoring DQO 
deviations are due to problems associated with implementation of the Monitoring QAPP and not 
with the habitat restoration project itself (Figure 5.1). Implementation problems may be 
associated with one or more of the following aspects of data collection: (1) the sampling regime, 
(2) the data collection methods, or (3) the data analysis methods (Figure 5.1). 
 

Sampling Regime: Problems with the sampling regime may be related to the spatial and 
temporal boundaries of the sampling design (i.e., sampling location and frequency). The 
monitoring team should examine the monitoring data, the current sampling regime, and the 
nature of the DQO deviations, and determine whether changes in the sampling design may be 
warranted to rectify the DQO deviations. Such changes may include an increase or decrease in 
the number of samples collected during each sampling event from current sampling locations, an 
increase or decrease in sampling locations, a change in the sampling location, or a change in the 
frequency or timing of sampling events. 
 

For example, the Monitoring QAPP may identify a biannual (May and September) 
vegetation sampling regime at a grassland restoration site and have a decision rule that identifies 
a specific species richness of grass species as indicative of restoration success. Determination of 
species richness (the number of species in a community) requires taxonomic identification of 
vegetation. Under the sampling regime in the QAPP, it may not be possible to identify many of 
the grass species at the site because they flower and seed (plant parts necessary for taxonomic 
identification) at times that fall between the sampling periods. Data collected in May and 
September would miss many of the grass species and thus not be able to support the decision 
rule. The addition of a sampling event in summer may be necessary to ensure adequate 
identification of grasses on the restoration site. 
 

Any changes in the sampling regime should be consistent with the underlying monitoring 
hypotheses, DQOs, and decision rules identified in the Monitoring QAPP and should not require 
changes in data collection and analysis methods. If the sampling regime is modified, the 
Monitoring QAPP should be updated to include the changes. 
 

Data Collection Methods: In some cases, evaluation of the monitoring data may show 
that sampling methods are the basis for the DQO deviations. Such a problem could result from a 
variety of factors related primarily to unexpected environmental conditions (e.g., a greater than 
expected aquatic vegetation density that reduces benthic grab sampler efficiency). If such 
problems are encountered, the monitoring team should determine if the data collection method 
could be revised or whether an alternative method should be implemented. 
 

In some cases, the changes may be relatively straightforward and easy, such as simply 
changing from one type of sediment sampler to another (e.g., Eckman dredge versus core 
sampler). In other cases, a completely different sampling method may be needed 
(e.g., electrofishing versus gill netting). With any change in data collection methods, the 
monitoring team should ensure that the subsequent data would provide data of sufficient quality 
to meet the DQO specifications and the needs of the decision rules. If not, additional aspects of 
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the Monitoring QAPP, such as the monitoring goals, hypotheses, and/or DQOs, may also have to 
be revised. Data collection methods may also be changed as new technologies become available, 
or as alternative methods with increased efficiency and/or reduced costs are identified. 
 

Data Analysis Methods: In some cases, inability of the monitoring data to meet the DQO 
specifications may be related not to sampling regime or data collection methods, but rather to the 
analytical methods being employed. For example, matrix interference is a commonly 
encountered problem in the chemical analysis of environmental media, and, if not carefully 
considered, may lead to the generation of erroneous data. 
 

Inappropriate statistical analyses may also play a role in any observed DQO deviations. 
For example, during development of a monitoring plan it may have been assumed that the 
monitoring data would be normally or lognormally distributed and that parametric methods for 
statistical analyses would be appropriate. However, if the monitoring data are not normally 
distributed, then the use of parametric analyses would produce incorrect statistical results. In this 
case, the monitoring team would replace the parametric methods with a nonparametric 
(distribution-free) data analysis approach. 
 
 
5.5  REVISING THE MONITORING PLAN 
 

Any changes in the sampling regime, data collection and analysis methods, monitoring 
objectives and hypotheses, or decision rules should be documented as an addendum to, or a 
revision of, the Monitoring QAPP.  
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STEP 6  MANAGEMENT DECISION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In Step 6, the monitoring results are evaluated with respect to the monitoring decision 
rules, and a determination is made as to how well the habitat restoration project has met its stated 
objectives. If the monitoring results support the decision rules, the interpretation will be that the 
restoration project has successfully reached its specified outcome. In this case, the management 
decision will be to discontinue both the activity and its monitoring program. Alternately, if the 
monitoring results do not support the decision rules, the interpretation may be that the mitigation 
project has not been successful. In this case, the management decision will be to determine why 
the project was unsuccessful and to identify what, if any, actions may be necessary to achieve the 
restoration goals. In both cases, the management decision has consequences that affect the 
restoration project and future costs. 
 
 
6.1  GENERAL MANAGEMENT DECISIONS 
 

At the end of the data collection, analysis, and characterization, as specified in the 
Monitoring QAPP, the monitoring results will point toward one of three conclusions (Figure 6.1) 
relevant to the monitoring objectives and decision rules: 
 

• The monitoring decision rules have been met (results indicate that the habitat 
restoration project is successful),  

 
• The data are trending toward meeting the decision rules (results indicate that 

the restoration project is trending towards success), or  
 

Step 1. Identify Restoration 
Monitoring Objectives 

Step 3. Formulate Monitoring 
Decision Rules 

Step 4. Design the Monitoring 
Plan 

Step 5. Collect Data and 
Characterize Results  

Step 6. Management Decision

Step 2. Develop Monitoring 
Plan Hypotheses 

Step 6. Management Decision
 
• Monitoring results support decision 

rule for restoration success 
− Conclude restoration and 

monitoring activities. 
• Monitoring results trending toward 

success 
− Continue restoration and 

monitoring activities. 
• Monitoring results do not support 

the decision rule for success and are 
not trending toward success 
− Conduct causative factor and 

uncertainty analysis 
− Revise restoration and/or 

monitoring activities and 
implement. 

• SMDP. 
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• The monitoring decision rules have not been met (results indicate that the 
restoration project has not achieved its stated objective).  

 
 
6.1.1  Monitoring Results Indicate Habitat Restoration Is Successful 
 

The most desired outcome of the monitoring program would be that the results meet the 
monitoring decision rules, thus indicating that the habitat restoration project has reached its 
stated objectives. For this outcome, the management decision may be to conclude the restoration 
project and the associated monitoring program (Figure 6.1). 
 

It is critical that the monitoring results be carefully examined with regard to the 
monitoring decision rules, and especially with regard to how well the results met the 
specifications of the monitoring DQOs. Uncertainties associated with the monitoring data should 
be qualitatively or quantitatively identified and carefully examined in relation to the 
consequences the uncertainties may have on the management decision (i.e., concluding the 
restoration project and monitoring program before restoration success has actually been reached). 
If the project is being conducted to meet a permit requirement or as part of a CERCLA cleanup 
action, all appropriate parties should agree that the monitoring results (and the associated 
uncertainty) have met the decision rules. 
 
 
6.1.2  Monitoring Results Indicate Habitat Restoration Is Trending toward Success 
 

In some cases, the monitoring data may not meet the decision rules indicating habitat 
restoration success (Figure 6.1). However, the data may show a strong trend indicating that 
restoration success will likely be met sometime in the foreseeable future. In this case, the 
restoration project is simply taking longer to meet its objectives than was anticipated during 
development of the monitoring program. If a data trend toward a timely restoration success is 
indicated, the management decision may be to continue both the restoration project and its 
associated monitoring program for the completion time indicted by the trend analysis 
(Figure 6.1), if funding permits. 
 

If the data are indicating a trend toward restoration success and the decision is made to 
continue monitoring, it may be appropriate at this time to evaluate the estimated time to 
completion and the monitoring frequency and determine whether sampling frequency could be 
changed. Depending on the observed trend in the monitoring data (especially with regard to an 
estimated time to completion), a reduction in sampling frequency (and concurrent decrease in 
monitoring costs) could be warranted. For example, trend analysis on 3 years of monitoring data 
that were collected on a quarterly schedule may indicate that the restoration is steadily 
proceeding toward success; however, only minimal changes are observable between any two or 
three samples. In this case, reducing the monitoring frequency to an annual basis would provide 
a similar level of tracking restoration success, but with a greatly reduced cost. A similar 
reduction in the monitoring frequency may be appropriate if the monitoring data indicate a very 
strong trend toward success. 
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FIGURE 6.1  Monitoring Outcome Management Decision Path 
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6.1.3  Monitoring Results Indicate Habitat Restoration Is Unsuccessful 
 

If the monitoring results do not indicate habitat restoration success, the monitoring team 
should examine all aspects of the restoration project in order to identify the causative factors 
responsible for the project's inability to meet its stated restoration objectives. Causative factors 
may be associated with problems implementing the restoration project, or an inappropriate 
restoration activity. Causative factors may also be associated with a number of non-project-
related issues, such as unexpected natural variability in environmental (i.e., an extended period 
of drought affecting groundwater conditions or aquatic biological communities) or biological 
conditions (i.e., unexpected disease outbreak). The monitoring team should also consider 
conducting an uncertainty analysis to determine to what extent the uncertainties associated with 
the restoration project and the monitoring program may have affected the interpretation of 
restoration success (i.e., how well the monitoring results meet the decision rules). 
 

Once the causative factors and potentially important uncertainties have been identified, 
the monitoring team should identify the actions that may be needed to address those factors and 
uncertainties. The resulting management decision could be to (1) revise the restoration project 
and/or monitoring program and continue restoration and monitoring, or (2) conclude the 
restoration and monitoring (Figure 6.1). Additional cost and effort requirements for continuing 
the restoration and/or monitoring should be considered in the management decision.  
 

Revisions to the restoration project or monitoring program may or may not require the 
development of an entirely new Monitoring QAPP. If the new restoration and/or monitoring 
activity has the same or similar objectives, then a complete revision of the Monitoring QAPP 
(e.g., going through Steps 1 through 4) would not be warranted. Rather, the existing plan 
(including the monitoring hypotheses, DQOs, and decision rules) may be revised to incorporate 
the new restoration and monitoring activities. A new Monitoring QAPP, including new decision 
rules, would be needed only if the revised restoration project has objectives that are completely 
different from the original restoration objectives. 
 

It is possible that the causative factors evaluation may also identify errors in the 
collection and analysis of the monitoring data. Such errors should have been identified and 
corrected in Step 5 as part of the DQO evaluations. However, if such errors are now found 
(i.e., in Step 6), the monitoring team should correct the errors, and, in the case of analytical 
errors, reexamine the monitoring data with regard to DQO compliance (Step 5) and meeting the 
monitoring decision rules (Step 6). A subsequent management decision would then be based on 
this new evaluation. 
 
 
6.2  DOCUMENTATION AND SCIENTIFIC MANAGEMENT DECISION POINT 
 

The management decision made in Step 6 on the basis of the monitoring results should be 
documented. The specific nature of the monitoring decision document will depend on the 
decision made (Table 6.1). This document serves as the SMDP for Step 6. 
 
 



Guidance for Habitat Restoration Monitoring  August 2004 

6-5 

6.2.1  Interim Annual Monitoring Reports 
 

An annual monitoring report should be prepared for each year of the restoration project 
and may be required to meet permit requirements of other regulatory obligations. The annual 
report should: 
 

• Describe the restoration project and its objectives; 
 
• Summarize the Monitoring QAPP (i.e., the monitoring hypotheses, monitoring 

study design, decision rules, and DQOs); 
 

• Present the monitoring results for the year covered by the report; 
 
• Discuss overall status of the restoration project and its progress toward 

achieving its mitigation objectives; and 
 
• Identify any revisions to the project or the monitoring program that may have 

been implemented, including the basis for any such revisions. 
 
 
6.2.2  Final Monitoring Report ⎯ Conclude Habitat Restoration 
 

If at the conclusion of monitoring the restoration project is determined to have 
successfully reached its objectives, the final management decision will be to conclude the  
 
 

TABLE 6.1  Monitoring and Management Decision Documentation 

 
Management 

Decision 
 

Monitoring Document Component 

 
Monitoring 
Document 

 
New or Revised 

Monitoring 
QAPP Needed? 

 
Conclude restoration 
and monitoring 

 
• Management decision 
• Monitoring decision rules 
• Monitoring results 
• Uncertainty description 
 

 
Annual and final 

 
No 

Continue restoration 
and monitoring 

• Management decision 
• Monitoring decision rules 
• Monitoring results, including trend analyses 
• Uncertainty description 
 

Annual and final No 

Revise restoration • Management decision 
• Monitoring decision rules 
• Monitoring results 
• Causative factor analysis 
• Uncertainty description 
• Suggested activity revisions 

Annual and final Yes 
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restoration project and associated monitoring. The final report should present the following 
information: 
 

• A description of the restoration project and its objectives, 
 
• A summary of the Monitoring QAPP (i.e., the monitoring hypotheses, 

monitoring study design, decision rules, and DQOs), 
 
• A summary of the monitoring results, 
 
• A description of the final condition of the restoration site, and 
 
• A statement of the management decision that the restoration has reached its 

objectives and that no further mitigation or monitoring is warranted. 
 

Alternately, the monitoring results may indicate that the habitat restoration project has 
failed to reach its restoration objectives, and the management decision may be to conclude the 
restoration project and associated monitoring. The final report should present the same 
information as above. However, rather than a statement regarding restoration success and the 
conclusion of restoration and monitoring, the final report should present the management 
decision for no further restoration or monitoring and the basis for that decision (i.e., low 
expectations for future success). 
 
 
6.2.3  Final Monitoring Report ⎯ Continue Habitat Restoration and Monitoring  
 

A final monitoring report should be prepared at the specified project and monitoring end 
date. If at the conclusion of monitoring the restoration project is determined to not yet have 
reached its objectives but is proceeding toward attainment of the restoration goals, the final 
management decision will be to continue restoration and monitoring (as specified in the 
Monitoring QAPP) and possibly with a reduced monitoring frequency. The final report should 
present: 
 

• A description of the restoration project and its objectives; 
 
• A summary of the Monitoring QAPP (i.e., the monitoring hypotheses, 

monitoring study design, decision rules, and DQOs); 
 

• A summary of the monitoring results; 
 
• A description of the final condition of the restoration site; 
 
• A description of the revised monitoring frequency (and supporting rationale), 

if appropriate; and 
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• A statement of the final management decision (and supporting rationale) for 
continuing restoration or monitoring. 

 
Because the decision is to continue the restoration project and monitoring (as described in 

the QAPP), no revisions will be needed to the Monitoring QAPP. Additional annual monitoring 
reports should be prepared for each additional year of restoration and monitoring, and a revised 
final report prepared upon attainment of the restoration objectives. 
 
 
6.2.4  Final Monitoring Report ⎯ Revise the Habitat Restoration Project 
 

If the monitoring results effect a decision to revise the restoration project, the final 
monitoring report should present: 
 

• A description of the restoration project and its objectives; 
 
• A summary of the Monitoring QAPP (i.e., the monitoring hypotheses, 

monitoring study design, decision rules, and DQOs); 
 
• A summary of the monitoring results; 
 
• A description of the final condition of the restoration site; 
 
• A statement of the final management decision (and supporting rationale) to 

revise the restoration project and the underlying monitoring results and 
decision rules on which the decision is based;  

 
• A description of the causative factor and uncertainty analyses and a summary 

of the results, showing as clearly as possible why the decision rules for 
restoration success were not met; and 

 
• A description of the actions needed to address the causative factors and 

uncertainties associated with the lack of restoration success. 
 

If the need for a completely new restoration approach is identified, then the development 
of a new or revised Monitoring QAPP will be necessary; development of the QAPP would 
follow Steps 1 through 4 of the Monitoring Plan development process described in this guidance. 
Following implementation of the revised restoration project and its monitoring program, annual 
and final monitoring reports should be prepared as previously described. 
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APPENDIX A: 
 

CASE STUDY 
 

LONG TERM WETLAND MONITORING PLAN 
AREA A DOWNSTREAM/OBDA 

NAVAL SUBMARINE BASE NEW LONDON 
GROTON, CONNECTICUT1 

 

                                                 
1 The Long Term Monitoring Plan (LTMP) was designed prior to the development of this guidance. While the 

LTMP was not developed following the process advocated in this guidance, it includes and illustrates many of the 
aspects (e.g., monitoring decision rules) advocated in the guidance. 



Guidance for Habitat Restoration Monitoring  August 2004 

A-2 

 
 
 
 
 
 
 
 
 
 
 
 

(This page intentionally blank.) 



Guidance for Habitat Restoration Monitoring  August 2004 

A-3 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-4 



Guidance for Habitat Restoration Monitoring  August 2004 

A-5 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-6 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-7 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-8 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-9 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-10 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-11 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-12 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-13 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-14 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-15 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-16 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-17 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-18 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-19 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-20 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-21 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-22 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-23 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-24 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-25 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-26 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-27 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-28 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-29 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-30 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-31 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-32 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-33 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-34 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-35 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-36 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-37 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-38 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-39 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-40 

 
 



Guidance for Habitat Restoration Monitoring  August 2004 

A-41 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-42 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-43 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-44 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-45 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-46 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-47 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-48 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-49 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-50 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-51 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-52 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-53 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-54 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-55 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-56 



Guidance for Habitat Restoration Monitoring  August 2004 

A-57 

 



Guidance for Habitat Restoration Monitoring  August 2004 

A-58 

 


