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a b s t r a c t

We describe and label four types of monitoring—surveillance, implementation, effectiveness, and ecolog-
ical effects—that are designed to answer very different questions and achieve very different goals. Sur-
veillance monitoring is designed to uncover change in target variables over space and time;
implementation monitoring is designed to record whether management actions were applied as pre-
scribed; effectiveness monitoring is designed to evaluate whether a given management action was effec-
tive in meeting a stated management objective; and ecological effects monitoring is designed to uncover
unintended ecological consequences of management actions. Public land management agencies have
focused heavily on implementation and effectiveness monitoring and very little on the more ecologically
oriented surveillance and ecological effects monitoring. Tradeoffs, in the form of unintended ecological
consequences, are important to consider in the management of natural resources, yet lack of ecological
effects monitoring data has hindered our ability to fully understand these tradeoffs. Our proposed mon-
itoring classification scheme offers practitioners and stakeholders a framework that explicitly identifies
the type of monitoring they are conducting. We also suggest that, as a start, the effectiveness and ecolog-
ical effects of a particular type of management activity can be approached rapidly and relatively inexpen-
sively through use of a chronosequence approach to learning.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

A series of recent articles (Geupel et al., 2011; Lindenmayer and
Likens, 2009; McDonald-Madden et al., 2010, 2011; Nichols and
Williams, 2006) raise interesting points regarding the artificial
distinction between research and monitoring, the need for ques-
tion-driven monitoring, and whether monitoring can be equally
effective using active vs. passive approaches. Here, we contribute
to this discussion by drawing from our own experience with a
20-year-old regional landbird monitoring program (Hutto and
Young, 2002) and from our recent experience with one of 10
national collaboratives created in response to Title IV of the
Omnibus Public Land Management Act of 2009. A series of Collab-
orative Forest Restoration Programs were designed to engage
diverse collaborative stakeholders in the management and moni-
toring of the US Forest Service watershed restoration and fuels
reduction projects. The act mandates that the collaboratives ‘‘use
a multiparty monitoring, evaluation, and accountability process
to assess the positive or negative ecological, social, and economic
effects of projects.’’ As participants in the collaborative, we quickly
discovered the need to explicitly recognize and classify different
ll rights reserved.
types of monitoring that are required for learning within an adap-
tive management framework (e.g., DeLuca et al., 2010; Lindenma-
yer and Likens, 2010a; Nichols and Williams, 2006). Here, we share
this framework, which distinguishes four types of monitoring that
are fundamentally different in terms of the types of questions they
address. We suggest that a careful consideration of the different
types of questions addressed by the four types of monitoring is
necessary to address different kinds of information needs required
by management agencies and diverse members of the public
engaged in collaborative adaptive management. Although we draw
heavily on our own experience with monitoring programs on lands
managed by the US Forest Service, the concepts apply broadly
across countries and ecosystem types because most land manage-
ment agencies are required to operate in a way that does not
compromise the ecological integrity of the system. We end with
recognition that we can use a number of monitoring approaches
to learn about the effects of management practices, and that the
comparative, chronosequence approach to learning deserves more
attention than it currently receives in monitoring programs.
2. Not all monitoring is alike

The overarching goal of monitoring is not only to provide infor-
mation in a timely fashion and in a manner that could improve

http://dx.doi.org/10.1016/j.foreco.2012.10.005
mailto:hutto@mso.umt.edu
http://dx.doi.org/10.1016/j.foreco.2012.10.005
http://www.sciencedirect.com/science/journal/03781127
http://www.elsevier.com/locate/foreco
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management decisions (Nichols and Williams, 2006), but to ensure
that monitoring results are actually considered in an adaptive
management context (Bormann et al., 2007; Holling, 1978;
Walters, 1986; Walters and Holling, 1990). The primary weak-
nesses in most monitoring programs stem from a failure to state
explicitly what we would like to learn from monitoring (Lindenma-
yer and Likens, 2010a; McDonald-Madden et al., 2010; Susskind
et al., 2012), a failure to fund the programs (DeLuca et al., 2010;
Field et al., 2007), a failure to manage and make the data available
for analysis (Kelling et al., 2009; Martin and Ballard, 2010), and a
failure to meet formally with decision makers to discuss and incor-
porate monitoring results into the adaptive management cycle
(Hutto, 2005; Hutto and Kowalski, 2006; Susskind et al., 2012).
These weaknesses are especially apparent in monitoring programs
associated with public land management agencies. We have also
come to realize that public land-management agencies sometimes
use a single word (monitoring) to refer to different types of moni-
toring activities that have very different goals. What we strive to
know, and the associated monitoring questions, should be driven
by what we need to know (McDonald-Madden et al., 2010), and
what we need to know requires different types of monitoring to ad-
dress different types of questions.

Monitoring can be designed independently of any particular
land-use activity (i.e., passive monitoring) or can be designed using
an experimental framework to uncover effects that are the result of
a particular land-use practice (e.g., active monitoring). Land man-
agers can learn from either approach through an adaptive manage-
ment cycle, and can modify practices if a cause-effect relationship
can be reasonably well established. McDonald-Madden et al.
(2010) make a similar (active vs. passive) distinction in their refer-
ence to monitoring as an activity that might either inform state-
dependent management or provide information needed to improve
management decisions. We wish to focus on a different kind of
distinction, which is based on four fundamentally different types
of questions that monitoring can address: one question can be an-
swered through passive monitoring and three through active mon-
itoring. By describing and labeling four very different types of
monitoring associated with very different goals, we hope to steer
monitoring efforts toward more diverse, useful, and cost-effective
ends.

Once we accept that there are fundamentally different types of
monitoring questions and goals, we can avoid putting ourselves
into a situation, as described by Legg and Nagy (2006), where the
costs of acquiring information are deemed to outweigh the benefits
of information gained. Many researchers and resource managers
equate the word ‘‘monitoring’’ with relatively expensive surveil-
lance monitoring, which involves the collection and analysis of
long-term trend data from sample locations that were not inten-
tionally stratified by factors that might drive trends. This one-
dimensional view of monitoring can lead one to question whether
we should forego monitoring because costs of monitoring may not
be justified relative to funding other actions, including strategic re-
search. If we recognize that there are multiple types of monitoring,
that each kind has a different purpose, and that some types go
hand in hand with strategic research, the question of whether we
should invest in monitoring becomes moot. Indeed, monitoring
and research need not be mutually exclusive (Geupel et al.,
2011); one can conduct targeted monitoring based on a priori ques-
tions and hypotheses (Nichols and Williams, 2006). As we discuss
below, there are informative and inexpensive types of short-term
monitoring activities that should go hand in hand with all land
management activity, and there is at least one underused monitor-
ing approach (use of a chronosequence design) that combines data
from immediately before and after treatment with data from with-
in older patches of the same types of treatments to provide insight
into long-term land-use effects in as little as a few years.
3. Distinguishing four fundamentally different types of
monitoring

Numerous authors have defined categories of monitoring, but
few have attempted to distinguish monitoring types based on goals
or questions that the monitoring is designed to address. For exam-
ple, Nichols and Williams (2006) defined two types of monitoring:
targeted monitoring, which involves a priori hypotheses about
system responses; and surveillance monitoring, which is not
guided by a priori hypotheses. Lindenmayer and Likens (2009) coin
the term ‘‘adaptive monitoring’’ to acknowledge that monitoring
can be rigorously designed and question driven, but at the same
time flexible enough to accommodate change in questions.
Lindenmayer and Likens (2010a) define passive, mandated, and
question-driven types of monitoring. In contrast, DeLuca et al.
(2010) borrowed terms from Block et al. (2001) to distinguish
two types of monitoring based on the types of questions they are
designed to address: implementation monitoring, which addresses
whether the management action took place as planned; and
effectiveness monitoring, which addresses whether stated
management goals were achieved. None of the existing monitoring
categorization schemes expose the full range of monitoring types
that are necessary to address four fundamentally different
questions, some of which emerge from requirements embedded
in legislation such as the National Forest Management Act (1976)
and the Omnibus Public Land Management Act (2009). We take
the approach of DeLuca et al. (2010) in defining the types of ques-
tions that each type of monitoring can address, but for the sake of
completeness, we take this exercise a step further by including two
additional types of monitoring based on additional questions that
they did not include in their discussion.

Four basic types of monitoring can be readily distinguished by
the nature of questions that the particular monitoring effort is de-
signed to address—(1) surveillance monitoring, (2) implementation
monitoring, (3) effectiveness monitoring, and (4) ecological effects
monitoring (Table 1). Each of the four is question-driven and each
should involve rigorous statistical design. We now define each of
four distinct types of monitoring and include hypothetical scenar-
ios to clarify differences.
3.1. Surveillance monitoring

Here, well-distributed (geographically stratified) locations are
surveyed repeatedly across years in an on-going effort to uncover
trends in target response variables (see hypothetical point distri-
bution in Fig. 1). District rangers and forest supervisors are in need
of information about trends in recreation, local jobs, vertebrate
populations, coverage of weeds, etc., and surveillance monitoring
is designed to answer such questions. The purpose of this type of
monitoring is to assess whether any change in a response variable
exceeds some pre-determined threshold requiring management
action. The US Forest Service, for example, is legally responsible
for maintaining all native vertebrate species (and possibly all spe-
cies, under the revised 2012 planning rule) across their historical
ranges, so surveillance monitoring of as many species as possible
should be an on-going process. Simple point-count methods, for
example, can be used to track population trends of hundreds of
species simultaneously (Hutto, 1998; Hutto and Young, 2002).
The proactive inclusion of a broad range of indicator species will
probably do more to bring rapid attention to an ecosystem or land
condition in need of attention than will a reactive monitoring pro-
gram focused entirely on threatened and endangered species
(Chase and Geupel, 2005; Hutto and Young, 2002). Surveillance
monitoring should also involve a coordinated partnership between
private and public land owners because the two land types are



Table 1
Each of four categories of monitoring activity can be distinguished by the type of goal-oriented question it is designed to address. Each type of monitoring should be employed and
replicated across all categories of public land management activity.

Type of
monitoring

Goal-oriented question Design approach Examples

Surveillance Are ecological properties changing in some
undesirable way through time, or do we perceive
an association between a particular land-use
activity and a negative indicator?

Re-sampling ecological response variables
through time; establishing time series data;
looking for correlations between land-use and the
presence or absence of some indicator

Forest Inventory and Analysis (FIA) plots,
Breeding Bird Survey (BBS) routes,
Northern Region Landbird Monitoring
Program (NRLMP) points

Implementation Was management prescription implemented
according to contract specifications?

Project-specific qualitative and quantitative data
collection (not necessarily requiring statistical
design)

Typical agency monitoring following
treatment implementation

Effectiveness Did management actions achieve the social,
economic, or ecological goals and objectives
outlined in the prescription?

BACI design of treatments (ANOVA);
chronosequence study of past treatments
(correlation or hierarchical statistical modeling)

Very rare; typically involves one or a few
treatment sites over a brief time period;
chronosequence studies are notably
absent

Ecological
effects

Did management actions result in ecological
tradeoffs or unintended ecological consequences?

BACI design of treatments (ANOVA);
chronosequence study of past treatments
(correlation or hierarchical statistical modeling)

Very rare; usually relegated to the
research arm of an agency or to
universities; chronosequence studies are
notably absent

Fig. 1. This aerial view of forested land in the Northern Rocky Mountains can serve to illustrate the four different kinds of monitoring, and can also serve to highlight the
difference between a traditional before–after/control-impact ‘‘monitor as we go’’ approach and a chronosequence approach to learning about land-use effects. The encircled
sites represent three replicates of a single forest restoration treatment type and three replicate control sites. The uniformly distributed dots represent surveillance monitoring
points. (1) Implementation monitoring is conducted when a monitoring crew visits a plot after treatment to see if the work was implemented as prescribed. (2) Effectiveness
monitoring involves conducting before–after/control-impact comparisons to see if treatments were effective in achieving stated management goals. Insight into ‘‘average’’
effectiveness of any particular management goal can come only after effectiveness monitoring is repeated across many different applications (ideally, many more than the
three plots illustrated here), and only after enough time has passed following future natural disturbance events for effectiveness to be broadly assessed. Note that there is a
gold mine of already existing information scattered across the landscape (plots that were treated similarly at some point in the past), and that one could learn about
treatment effectiveness most rapidly by using a chronosequence approach, where similar-aged treatment plots of the same type are grouped for analysis. This requires
accurate descriptions of past land use, however, so that treatment plots can be correctly grouped for meaningful analysis. (3) Ecological effects monitoring is conducted to see
whether the treatment has any unintended ecological consequences, and those are revealed through comparison of indicator metrics with indicator metrics from similar-
aged reference stands that represent ecological target conditions. As is true with effectiveness monitoring, insight into the ‘‘average’’ ecological response can come only from
replication of treatments and reference conditions. Because the landscape is filled with a large number of similar-aged treatments of any particular type, one of the fastest and
most meaningful ways to learn about the ecological consequences of any particular land-use practice is to use a chronosequence approach to learn about immediate, short-
term, and longer-term ecological effects by comparing metrics from multiple treatment plots with metrics from multiple, similar-aged reference plots. (4) Surveillance
monitoring is an ongoing process that occurs independently of any particular treatment, involves measurements of fairly generic parameters that do not necessarily reflect
ecological effects. Data for surveillance monitoring are collected from geographically stratified points that are sampled repeatedly across extended periods of time. Note that
one can gain insight into both effectiveness and ecological effects of particular land-use practices using surveillance monitoring points if one classifies each point so that
values of indicator metrics from groups of similar-aged points following a specified treatment can be compared with values of the same indicator metrics from groups of
similar-aged points that fall within reference conditions. The points in the central, brownish part of the scene fall within a recent fire, for example, and can be used in a
proactive way to learn about fire effects when combined with many other surveillance points that happen to be placed in areas that were also recently disturbed by fire.
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inextricably intertwined. There are some excellent agency-based
surveillance monitoring programs (e.g., the Forest Inventory and
Analysis program coordinated by the USFS, the water resources
monitoring coordinated by the USGS, and the air quality monitor-
ing coordinated by the US Environmental Protection Agency), but
the range of ecological metrics associated with these programs is
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limited. Fortunately, some ecological gaps are filled nicely by
excellent NGO-based bird surveillance monitoring programs, some
of which have been conducted continuously for more than 40 years
(Porzig et al., 2011). There are also newly organized national efforts
involving citizen monitoring, such as the National Phenology
Network, which was developed to uncover trends in the timing
of biological events (Schwartz et al., 2012). Likens and Lindenma-
yer (2011) also recently called for a more coordinated national
effort in Australia to meet more comprehensive goals that could
be attached to surveillance monitoring programs.

Nevertheless, a number of authors (e.g., Lindenmayer and
Likens, 2010a; McDonald-Madden et al., 2011; Nichols and
Williams, 2006; Van Horne et al., 2007) have argued in one form
or another that that passive monitoring should be replaced by
active monitoring (monitoring that includes management inter-
ventions in the experimental designs) because of the time, cost,
and lack of causal understanding associated with the former. While
we agree that active monitoring will result in a directed use of
information gained, we also recognize that passive surveillance
monitoring can expose patterns of change caused by local manage-
ment activity and disturbance events through the use of correlative
approaches. Passive surveillance monitoring can also inform the
design of more mechanistic hypothesis-driven monitoring, and
(unlike active monitoring) is the only way one can uncover change
that is the result of activity outside the local management area and
independent of local management activity (e.g., climate change or
management activity in a wintering area that affects a breeding
population that the local land management agency is legally
responsible for maintaining).

The perception that surveillance monitoring cannot provide an-
swers to ‘‘targeted’’ questions is unfounded. Even though sampling
associated with surveillance monitoring is generally stratified
independently of management activity, it would be a mistake to
think that such data have little relevance to local or regional land
management decisions, or that an understanding of management
threats ‘‘... is a long shot and could result in years of wasted effort’’
(McDonald-Madden et al., 2011), or that there is some kind of
inherent inability to use surveillance monitoring data to identify
environmental drivers leading to ecosystem change. Indeed, if de-
signed properly, passive surveillance monitoring data can become
part of a chronosequence database, and can be used post hoc to as-
sess impacts of management actions and disturbance events by
looking for statistically significant associations between response
variables and land conditions of different ages following any par-
ticular treatment or event. Chronosequence approaches have been
criticized primarily because of the lack of control of numerous vari-
ables when selecting replicate conditions (e.g., Johnson and Miy-
anishi, 2008), but it is the large levels of treatment replication
that can make this an extremely powerful approach to learning,
even in the face of significant environmental variation among sites.
For example, Young and Hutto (2002) compared results from an
experimental study of partial logging effects on birds (a study
involving an enviable level of treatment replication—35 cut and
37 uncut plots) with results of a comparative analysis using a sur-
veillance database and found that the results were indistinguish-
able. In Montana, the fires of 2000 burned through a large
number of already existing surveillance monitoring points, leaving
Smucker et al. (2005) with a nice interspersion of large numbers of
affected and unaffected points, which allowed them to couple al-
ready existing surveillance data with additional data from the
same points in a before–after/control-impact design that uncov-
ered the effects of fire severity on a variety of landbird species.
The results served to transform our understanding of fire effects
on birds by making it clear that species previously classified as
‘‘mixed’’ responders (those that sometimes show positive and
sometimes negative responses to fire) actually respond consis-
tently and unambiguously to fire, once fire severity is known. In-
deed, the power associated with post hoc analyses based entirely
on a passive surveillance database can be impressive. Short of hav-
ing long-term data from multiple replicate sites in hand, a chrono-
sequence approach is also the only way to assess long-term effects
within a short time frame and to discover obvious management
triggers (or thresholds) that could be used within an adaptive man-
agement framework. Because long-term manipulative studies
spanning decades are rare and ecological thresholds usually un-
known (Groffman et al., 2006), a chronosequence approach can of-
fer ecological insights that would otherwise be unavailable to
managers and collaborative stakeholders. More direct study of po-
tential mechanisms driving patterns can follow, but the patterns
uncovered through surveillance monitoring can serve as a first step
in the process of better understanding the ecological effects of
land-use patterns.

3.2. Implementation monitoring

This kind of monitoring is relatively straightforward and is nec-
essary to determine whether prescriptions were implemented as
prescribed or stipulated by a contract. We recognize that imple-
mentation monitoring is necessary, and that some form of imple-
mentation monitoring is routinely conducted by federal land
managers. Unfortunately, this is often where monitoring efforts
end, which is a concern that has been expressed by the US General
Accounting Office (2006). Because the specific methods (e.g., type
of logging equipment used) and timing of management treatments
vary and may influence the effectiveness or ecological effects of
those treatments, we suggest that implementation monitoring in-
clude GIS data layers that provide detailed information on how,
when, and where treatments were conducted.

3.3. Effectiveness monitoring

This type of monitoring is designed to assess whether the man-
agement activity was effective in reaching the stated goal, which
could entail social, economic, and ecological components. If, for
example, fuels reduction to reduce fire severity is the reason for
a treatment, then effectiveness monitoring should be undertaken
to determine whether the action was effective. That requires
assessing the effectiveness of achieving both the short-term goal
of reducing vegetation density and surface fuels, and the long-term
goal of reducing fire severity. If a stated goal is to ‘‘enhance’’ con-
ditions for wildlife then, by definition, the target wildlife species
or some surrogate will have to be part of an effectiveness monitor-
ing program (did conditions improve for the target species?). Effec-
tiveness monitoring is thus targeted monitoring (sensu Nichols
and Williams, 2006) that addresses the effectiveness question re-
lated to a stated management goal. It is important to note that
effectiveness of a treatment should be assessed across both short
and long time frames. The usual approach involves conducting a
before–after/control-impact design involving several years of sam-
pling before and after treatment in any one site (see hypothetical
sample points within control and treatment plots in Fig. 1).
Short-term effects can be assessed in a matter of several years,
but the replication of treatments takes many more years. Long-
term effects require a commitment to repeated sampling for many
years and in many sites both before and after treatment. If a type of
treatment is brand new and has never been applied previously to
the land, then there is no alternative but to monitor multiple appli-
cations of a treatment through time, and wait 50 years to under-
stand the 50-year ‘‘average’’ effectiveness of the treatment. If,
however, similar treatments have been applied repeatedly across
the landscape, a reasonable initial assessment of long-term effec-
tiveness can be obtained by gathering data from a chronosequence
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of plots that differ in time since treatment. We believe this ap-
proach represents an underused but potentially powerful learning
tool.

3.4. Ecological effects monitoring

Ecological effects monitoring seeks to uncover unintended eco-
logical consequences of management activity, and should be an
integral part of any program designed to monitor management
practices. A project can be well-implemented (as determined
through implementation monitoring) and effective (as determined
through effectiveness monitoring), but can still produce ecological
consequences that compromise what would otherwise be consid-
ered a successful project (Roccaforte et al., 2010). Tradeoffs be-
tween multiple resource values and management objectives are
increasingly being recognized and incorporated into management
decisions (e.g., Bradford and D’Amato, 2012). Explicitly considering
and monitoring potential ecological effects will help agencies and
stakeholders make more informed decisions to minimize tradeoffs,
seek complementarities among values, and optimize benefits
among objectives. There is, therefore, a strong need for some kind
of rapid, meaningful, ecological effects monitoring. Unfortunately,
it is ecological effects monitoring that has generally been ignored;
in the words of Lindenmayer and Likens (2010b), we have achieved
a ‘‘truly appalling record of ecological monitoring.’’ Bliss et al.
(2001) suggest that the most powerful disincentive for ecological
effects monitoring can be traced to the word’s root—to warn. While
ecological effects monitoring results can yield negative news about
land management activity, the failure to conduct this type of mon-
itoring can make it difficult for an agency to conduct meaningful
‘‘cumulative effects analyses’’ (Schultz, 2010; Smith, 2006).

Although DeLuca et al. (2010) distinguish ‘‘implementation’’
from ‘‘effectiveness’’ monitoring, they wrap many of the types of
questions that we believe fall under ‘‘ecological effects’’ monitoring
into their ‘‘effectiveness’’ monitoring category. If the goal of a pro-
ject is to ‘‘restore’’ the ecological integrity of a system, then the two
types of monitoring are, indeed, synonymous because an ‘‘effec-
tive’’ treatment would be one that does not deviate ecologically
from conditions expected for a restored system. Nevertheless, the
‘‘effectiveness’’ of a project is most often judged quite differently
from the ‘‘ecological effects’’ of a project, so the two types of ques-
tions and two types of monitoring need to be distinguished. For
example, common management practices like planting trees, sup-
plying the local mill with timber, enhancing populations of game
species, salvage logging after fire are not ecologically based man-
agement goals, so without ecological effects monitoring, there is
no way to know if tradeoffs exist in the form of unintended ecolog-
ical effects. Ecological effects monitoring should be based on con-
ceptual understanding of ecosystems, and that understanding
should lead to targeted predictions (Lindenmayer and Likens,
2010a) involving indicators that are likely to expose any unin-
tended consequences of the particular management action. It is
important to note that the goal of ecological effects monitoring is
not to monitor some kind of plant or animal species for its own
sake or because it is on a sensitive species list, but to be strategic
about picking indicators that are likely to yield information about
ecological consequences of a given treatment (sensu Simberloff,
1998). Lindenmayer and Likens (2009) capture this thought when
they recommended that we not monitor indicators for their own
sake; we should monitor something that gives the greatest chance
of answering whether there might be unintended ecological
effects.

We acknowledge that federal land management agencies gather
monitoring data on threatened, endangered, and sensitive species,
but the associated data are unlikely to yield a solid understanding
of the ecological effects of their management activities either be-
cause those species are not effective indicator species for the man-
agement activity of interest or are not abundant enough to
generate reliable statistical inference. If monitoring activity were
focused less on species for their own sake and more on land-use ef-
fects, federal agencies would probably find themselves monitoring
a much broader variety of indicators of land condition than they
currently do. This is because meaningful indicators of ecological
integrity are not necessarily species that appear on sensitive spe-
cies lists—they are species (or other response variables) that are
likely to reveal unintended deviations from the composition, struc-
ture, or function of a reference ecological condition. While poten-
tial legal challenges emanating from threatened and endangered
species influence the kinds of indicators that are chosen for moni-
toring purposes, we would still encourage agencies to explore the
utility of adding a few non-threatened species as indicators of eco-
system condition—as tools that will enable us to better understand
whether we are managing to maintain natural systems in a way
that can sustain us into the future. Fortunately, a broader view of
indicators is reflected in the preferred alternative of the final Pro-
grammatic Environmental Impact Statement associated with alter-
natives listed in the new National Forest System Land Management
Planning Rule (2012).

Monitoring the ecological effects of a treatment should be as-
sessed across both short and long time frames in a manner that
mirrors the design outlined for effectiveness monitoring. Once
again, unless one has accumulated ecological monitoring data from
multiple, independent applications of a given treatment over both
the short and long term, the only way to gain insight into short-
and (especially) long-term ecological effects in the meantime is
to use a chronosequence approach. Specifically, by sampling not
just from currently treated sites, but from sites that were similarly
treated at various times in the past, we can group treatments into
age categories and learn quickly about ecological effects, and with-
out having to monitor for extended periods to gain some insight
into possible long-term effects.
4. How the four types of monitoring fit into an adaptive
management loop

If land management agencies are serious about conducting
adaptive management, then they will fund, and will seek partner-
ships to conduct, each of the four types of monitoring outlined
above. The clearest way to understand the purpose of each of these
types of monitoring is to place them within the context of an adap-
tive management framework (Fig. 2). Within this framework, the
land being managed is always in one of three states: desired con-
dition, undesired condition, or unknown condition. Knowledge of
current land conditions emerges from surveillance monitoring re-
sults (the weed problem is growing, or the owl population seems
to be declining to a trigger point of concern), or from recent re-
search results (current forest structure is out of the range of natural
variation). If current conditions are undesirable, then the remedy
may require on-the-ground activity. And if there is any kind of
on-the-ground activity, the other three types of monitoring should
be conducted. Implementation monitoring will be necessary to
determine whether the agency paid for something that was actu-
ally done according to contract specifications. Effectiveness moni-
toring will be necessary to determine whether the activity
achieved the explicitly stated short-term and long-term goals.
And ecological effects monitoring will be necessary to determine
whether there were any unintended ecological consequences of
the management action in the face of success otherwise—
consequences that threaten the long-term ecological sustainability
and biological diversity of the larger system. A dearth of ecological
effects monitoring data has left management agencies and



Fig. 2. A model of how the four different types of monitoring fit into a broader adaptive management loop. The starting point for our conceptual model is the clouds, which
indicate the current condition of resources, as determined through surveillance monitoring or some other kind of assessment. Although surveillance monitoring occurs
independently of any particular management activity, it can also inform management if response variables are linked to conditions on the ground. The other three types of
monitoring are tightly linked with management activity, and are designed to answer very different types of questions, as indicated in the box. The arrows between the box
and the clouds are where results from each kind of monitoring are discussed with management during an annual adaptive management meeting where local and regional
land managers meet with various monitoring group leaders to discuss results, articulate questions, and continue to build personal relationships.
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collaborative stakeholders ill prepared to predict cumulative ef-
fects of various land management activities on biological diversity
and ecosystem function. Not surprisingly, in the US, the bulk of le-
gal challenges to federal agencies stem from a failure to provide
information that would emerge from ecological effects rather than
implementation monitoring (Smith, 2006; Schultz, 2010). We hope
this attempt to explicitly recognize and classify differences in the
types of questions that monitoring can address will make clear
where current gaps in monitoring efforts exist and will serve to
promote the development of more effective monitoring programs.
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