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How “success” of restoration and management of bot-
tomland forests is measured depends on many factors,
but stated objectives are essential (Ruiz-Jaen and Aide
2005). These may be the specific objectives estab-
lished within this document or entirely diff e r e n t
objectives determined by a landowner or manager.
Indeed, objectives on private lands are usually differ-
ent from those on public lands. Likewise, forests
established for carbon storage or sediment retention
may have similar or different objectives than those
established for timber production or wildlife habitat.
Regardless, determination of “success” requires a well
defined, coordinated monitoring program with clearly
stated objectives operating at multiple spatial and tem-
poral scales.  

On lands retired from agricultural production, it could
be argued that high quality wildlife habitat is being
provided by natural succession, independent of sur-
vival of planted trees - thus simply removing this land
from agriculture production constitutes some level of
success. Although many wildlife benefits are provided
by simply removing land from agriculture, other ben-
efits such as timber production and habitat for
forest-dwelling wildlife species are lacking without

trees. Clearly the benefits to wildlife are dependent
upon the species, as some require early successional
habitat whereas others require later seral stages.
Consideration of temporal and spatial scales is there-
fore important when defining measures of success.
Logistically, some measures of success must be estab-
lished at the project scale and within a relatively short
time interval. This information will allow managers,
on a site-specific basis, to: (1) evaluate the success (or
failure) of their efforts, (2) determine if additional
efforts are warranted, and (3) identify modifications
that will facilitate attainment of objectives.  This is a
practical and necessary measure of project success,
even though short-term assessments may be mislead-
ing - for example low seedling densities one to three
years after planting may not be indicative of densities
in later years (Allen 1990, Twedt and Wilson 2002).
Furthermore, it is difficult to “scale up” from short-
term measures of project success (e.g., the number of
seedlings/acre, or change in percent canopy cover) to
measures of successful implementation of desired for-
est conditions across landscapes that support
sustainable populations of priority wildlife species
(e.g., biological success).  

FOREST EVALUATION AND MONITORING
Establishing growth monitoring plots on Maurepas Swamp WMA - LDWF
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in the context of adaptive management they are only a
beginning. Adaptive management is a systematic
approach for implementing and improving resource
management by learning from management outcomes
so as to reduce uncertainty (Holling 1978, Walters
1986).  Management actions are a series of experi-
ments whose outcome is predicted with some level of
uncertainty but the results of which can be evaluated.
In that vein, adaptive management is a blend of man-
agement, research, and monitoring that together yield
valuable information - the absence of any of these
components weakens the effort substantially.

Most examples of successfully applied adaptive man-
agement have been in systems where management
decisions (and therefore updating) occur frequently:
for example, waterfowl harvests which occur annually
(Williams and Johnson 1995) or prescribed burning of
prairies which also occurs relatively frequently
(Gibson 1988). Forest management is characterized by
relatively infrequent management decisions within
stands (circa 10-15 years) and outcomes from pre-
scribed treatments that may not be fully realized for
decades.  Therefore, opportunities for updating man-
agement prescriptions are limited and may span

Although we can readily assess short-term changes
within forests that are attributable to silvicultural
treatments, long-term sustainability of desired stand
conditions is not assured. As most public agencies do
not have the personnel or financial resources to under-
take prescribed treatments needed to attain desired
forest conditions, ensuring continued merchantability
of timber within sites will likely be required to attract
commercial partners. Unfortunately, we still do not
fully understand how to optimize planting densities
(in restored stands) and silvicultural treatments to
achieve the desired result (e.g., production of quality
merchantable timber). However, we have learned that
some activities do not consistently produce desired
habitat objectives and these observations can be used
to adaptively develop new recommendations for
planting and treatments.  Continuing research, evalua-
tion and monitoring are needed to test our
assumptions, evaluate success and assess progress
toward conservation goals of maintaining forested
landscapes capable of sustaining populations of prior-
ity wildlife through attainment of desired forest
conditions. 

ADAPTIVE APPROACH TO
MANAGEMENT

Our recommended forest metrics (Tables 1 and 2) may
seem like an endpoint in achieving bottomland forest
conservation goals and objectives within the MAV, but

Even with the inherent uncertainty in measuring
success, we propose to measure success against
our overarching goal of establishing and main-
taining forested landscapes capable of sustaining
populations of priority wildlife in perpetuity. To
achieve this goal will require: (1) strategic
restoration of forest on lands retired from agricul-
tural production to attain desired landscape
conditions, (2) enhancement and maintenance of
forest stand conditions to meet the habitat needs
of priority wildlife, and (3) implementation of a
coordinated, statistically sound monitoring pro-
gram operating at multiple spatial and temporal
scales such that management decisions can be
made in an adaptive manner (i.e., learning from
past management actions).

Forest/habitat inventory and monitoring

Mechanized harvesting in bottomland hardwoods
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generations of researchers and managers. Lack of
opportunity in time, however, can be compensated for
by replication in space, such that decisions made in
one stand are informed by those made in another.
Maintaining written records of management actions
and subsequent monitoring is a critical step in the
assessment process. 

We have identified general management recommen-
dations for bottomland forests, but in each case there
will likely be several treatment alternatives that man-
agers could consider regarding the type, species,
number, and spatial distribution of trees removed.
Other areas that are set aside for passive management
serve as experimental controls, which is actually just
another type of treatment. The results of the treat-
ments evaluated (i.e., monitoring) can be used to
inform models that help to identify optimal manage-
ment practices in bottomland forests (i.e.,
management).  

A similar framework should be used for assessing for-
est restoration. For example, survival of planted trees
should be evaluated the third year after planting. Trees
that have survived until that time have a good chance
of continued survival. Naturally established woody
species should also be counted - at least those that
could affect development of vertical structure. We rec-
ommend recording: (1) separate tallies of planted and
naturally established seedlings, (2) the proportion of
sample plots where stocking meets the desired objec-
tive, and (3) the proportion of sample plots that harbor
target species (e.g., oaks). Spatial projection of these
data may provide useful insight that can be used to
identify supplemental treatments, if deemed neces-
s a r y, and influence restoration approaches on
subsequent sites (i.e., adaptive management). 

Implementation of an adaptive approach in manage-
ment of bottomland forests faces many challenges.
There are many forest types and conditions in the
MAV, so different site-specific models may need to be
developed (Table 3 lists some general forest types in
the MAV). Appropriate response variables must be
determined as well. Even so, there are several attrib-
utes of this system that make it conducive to adaptive
management: (1) many forest managers have made a
commitment to manage this resource cooperatively, as
evidenced by the production of this document, (2) a
centralized, forest management database that allows

continuous systematic updating of models is under
development (see below), and (3) the large number of
managed forest stands and reforested sites that are
available for development and evaluation of models
increases statistical power and compensates for infre-
quent visitation or updates within individual sites.
These are significant attributes that must be taken
advantage of to fully endorse an adaptive management
approach to bottomland forest management in the MAV.

DEVELOPMENT OF A MONITORING 
PROGRAM
As previously stated, an important component of
adaptive management is a comprehensive monitoring
program that addresses clearly articulated goals and
objectives at multiple spatial and temporal scales.
That is, a comprehensive monitoring program should
integrate the various ecological, temporal, spatial, and
programmatic aspects of the system in addressing spe-
cific management-based objectives. If designed and
implemented correctly, the sum of the parts will yield
information more valuable than the individual compo-
nents of the monitoring program (National Park
Service, w w w. s c i e n c e . n a t u re . n p s . g o v / i m / m o n i t o r i n g . c f m) .

It is important to clarify a few key terms (i.e., inven-
tory, monitoring, and research). Although these terms
are often used interchangeably, each has a strict defi-
nition that warrants discussion to clarify our use of the

Hydrologic-Forest Types

Swamp forest baldcypress, baldcypress-water
tupelo

Wet bottomland
forest

overcup oak-bitter pecan, black
willow, laurel oak-red maple

Moist bottom-
land forest

sugarberry-elm-ash, oak-elm-
ash, oak-sweetgum

Dry bottomland
forest

cherrybark oak-cow oak, post
oak-blackgum

Levee forest cottonwood-sycamore, sweet
pecan-boxelder

Table 3. General hydrologically defined bottomland forest
types found within the Mississippi Alluvial Valley (after NRCS
Missouri, June 2004, Bottomland Forest Information Sheet,
IS-MO643F, online at: http://www.mo.nrcs.usda.gov/ 
technical/ forestry/out/Bottomland_Forest_IS_FINAL. pdf.). 
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terms. An inventory is an effort to determine the loca-
tion or condition of a parameter of interest (e.g.,
distribution, abundance) at a specific point in space
and/or time, whereas monitoring addresses change in
time - the collection and analyses of repeated observa-
tions to evaluate change and/or progress toward
meeting management objectives (Elzinga et al. 1998).
However cause and effect relationships are not typi-
cally identified through inventory and/or monitoring.
Instead, research is usually required to fully explain
cause and effect relationships underlying the docu-
mented changes observed through monitoring. 

GENERAL RECOMMENDATIONS

Within the MAV, forest inventories are routinely con-
ducted on most areas under federal, state, and forest
industry ownership. Many of these land managers col-
lect similar data (e.g., trees per acre by species and

diameter class) and report in similar terms (e.g., basal
area, diameter distributions).  However, forest param-
eters deemed important to priority wildlife species are
usually not recorded (e.g., canopy cover, midstory
cover, understory cover). Additionally, there is no cen-
tral repository or standardized method for
consolidating and conducting landscape analysis.
Furthermore, long-term monitoring systems are either
non-existent or of dissimilar nature (e.g., different
methods and parameters collected), thereby limiting
our ability to conduct comprehensive landscape analy-
sis. Similarly, there are no coordinated wildlife
monitoring programs (outside the realm of site-specif-
ic research projects) designed to assess wildlife
abundance in relation to management actions (e.g., sil-
vicultural treatments) in bottomland hardwood
forests. As a first step in moving towards a coordinat-
ed, comprehensive monitoring program to assess
forest management activities and progress towards
achieving desired forest conditions in the MAV, we
offer the following recommendations. 

As previously discussed, the most important element
of any inventory or monitoring program is to have
clearly defined objectives that facilitate achievement
of the overarching goal. To that extent, our (LMVJV
partnership’s) overarching goal of establishing and
maintaining forested landscapes capable of sustaining
populations of priority wildlife in perpetuity should
provide the framework for developing a comprehen-
sive monitoring program. To measure progress
(success) toward attaining this goal, we recommend
the establishment of specific, realistic and measurable

Before an inventory or monitoring system can be
developed, several key elements must be consid-
ered for planning, implementation, analysis, and
reporting (Bart 2005, Droege undated).
S p e c i f i c a l l y, an inventory and/or monitoring
effort needs to clearly articulate the: (1) survey
objectives, (2) sampling frame (statistical popula-
tion for inference), (3) data required, (4)
appropriate sample size needed to achieve desired
level of statistical confidence, (5) appropriate
sampling scheme and method(s) of data collec-
tion, (6) protocols for storage and management of
data, and (7) protocols for the analysis and report-
ing of results.  It is beyond the scope of this
document to present a detailed, comprehensive
inventory and monitoring program that addresses
each of the key elements with respect to each of
our stated objectives. However, we do provide
general recommendations and in places offer
detailed insight into the development and imple-
mentation of specific inventory and monitoring
programs designed to assess forest management,
restoration efforts, and wildlife response. It is our
hope and expectations that LMVJV partners will
develop common inventory/monitoring protocols
and contribute to a common database so as to
facilitate adaptive management of forests within
the MAV.

Large cypress encountered during general forest inventory
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objectives that address management needs. For exam-
ple, the successful establishment of ≥300 stems per
acre three years post-planting on restored sites, assess-
ment of current forest conditions within management
compartments (pre-treatment, post-treatment, and pas-
sively managed compartments) in relation to desired
stand condition parameters, assessment of desired for-
est conditions at a landscape scale on 15-year
intervals, and avian response to silvicultural treat-
ments designed to achieve desired stand conditions
will facilitate measurement of success towards this
stated goal. 

Once objectives are clearly articulated, managers can
then determine the appropriate data needed (e.g.,
parameters to be collected, Table 4) and the amount of
data needed (e.g., sample size).  Sampling schemes
are varied but the methods employed should be eco-
nomical, minimizing both time and personnel
required, and they must ultimately yield statistically
valid information. We recommend the use of prelimi-
nary data to assess local variability which can be used
to inform recommendations for sample sizes.
Sampling design directly affects efficiency of data
collection and should be carefully considered before
implementation of data collection. 

Data are often collected on paper forms, but use of
electronic devices (e.g., hand held field computers)
may be more efficient and negates errors that occur
during data transcription. Current forestry software
can often be modified to include the additional forest
parameters recommended here. To this extent, an
effort is underway to customize forest inventory pro-
grams (e.g., TwoDog® and TCruise®) to

accommodate these additional parameters and to facil-
itate analysis and assessment of habitat conditions.
Furthermore, we recommend that data be output from
these programs and imported or linked to a
Geographic Information System (e.g., ArcMap®) for
spatial analysis and the development of decision-sup-
port tools. 

Analysis of data and reporting of results is of utmost
importance. Reports should provide decision makers
with adequate information to draw conclusions, or at
least identify trends, regarding the status of desired
forest conditions. To accomplish this on a landscape
scale, a central, GIS-linked data repository is required
for data storage and access. Toward this end, the
LMVJV office has developed a web-enabled database
to track forest restoration (online at:
h t t p : / / w w w. l m v j v. o rg / rt s _ 2 w a y s . h t m). A d d i t i o n a l l y,
this office has begun development of a forest manage-

GPS data logger used in forest inventory and management

Forest Parameters
Individual
Tree Data

Trees by species
Diameter at breast height (dbh)
“Useable” length (dead or alive)
Crown class (Dominant, Co-domi-
nant, Intermediate, Suppressed)
Tree Condition (healthy, stressed,
standing dead, or down wood)   

Plot Level
Data

Overstory percent cover (10% incre-
ments)
Midstory percent cover (10% incre-
ments)
Understory percent cover (10%
increments)
Shade-intolerant regeneration
Vines in overstory (None, Sparse,
Moderate, Abundant)
Cane (None, Sparse, Moderate,
Abundant)
Hydrologic-Forest Type (Table 3)

Table 4. Recommended minimum forest parameters for site
and landscape scale inventory and monitoring required to
ascertain landscape condition (Priority Wildlife Species and
Habitat Objectives, Table 1) and stand condition
(Management of Bottomland Hardwood Forests, Table 2).
Parameter descriptions are provided in the Glossary and
Appendix 4.
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ment database: thus, land managers need to coordinate
with database developers to ensure inclusion of appro-
priate information pertaining to forest treatments,
inventories, and monitoring. We recognize the propri-
etary nature of some data, but recommend that all
partners: (1) work with LMVJV staff to design and
implement a central data repository, (2) contribute
data from long-term, permanent plots (monitoring
plots), and (3) contribute appropriate data from site
scale, habitat assessments (inventory plots) such that
evaluations can be conducted at multiple spatial
scales. 

SPECIFIC RECOMMENDATIONS

Although numerous methods are available for sam-
pling and data collection, each comes with its own
positives and negatives. Nevertheless, we make spe-
cific recommendations regarding data collection and
sampling of forest vegetation and silvicolous birds
that we believe will enhance our understanding of b o t-
tomland forest dynamics and facilitate the implementation
of adaptive management schemes in the MAV.  

Habitat Assessments (Inventory Plots)

Land managers routinely conduct inventory plots to
assess current conditions. Unfortunately, the majority
of these inventories are focused on assessing forest
m e r c h a n t a b i l i t y, with little explicit recognition of
wildlife habitat. To better focus these routine invento-
ries in terms of assessing wildlife habitat conditions,
we recommend that all stand level inventories include
at a minimum, the parameters identified in Table 4.
These parameters afford land managers the ability to
assess current stand level habitat conditions and com-
pare these with desired stand conditions (see
Management of Bottomland Hardwood Forests, Table
2).  Furthermore, we recommend that habitat assess-
ments be conducted within all management
compartments and/or stands (i.e., areas subjected to
similar, identifiable silvicultural actions - to include
passively managed stands) within a given year, where
logistically feasible. That is, the entirety of an area
(e.g., National Wildlife Refuge or Wi l d l i f e
Management Area) should be completely inventoried
within a given year, on a circa 15-year basis. By doing
so, managers will be able to make informed decisions
and prioritize which stands require silvicultural treat-
ment based on their status with regard to desired stand
conditions (Figure 8).  

After a comprehensive inventory is complete and
habitat conditions are projected into the future, man-
agement decisions can be made and appropriate
treatments prescribed. Management actions can also
be prioritized to target stands in most need of habitat
improvement. If additional data are needed, priority
stands can be re-entered to conduct more detailed
inventories in preparation for silvicultural treatments.
Ideally, stands will be evaluated post-treatment (e.g.,
1, 3, 5, 10, 15 years post-treatment) to document and
assess vegetative response such that future prescrip-
tions can be modified or adjusted accordingly. If
logistical and monetary constraints preclude post-
treatment evaluation of all treated stands, we
recommend that a sub-set of treated stands be period-
ically re-evaluated.  

To quantify current habitat conditions we recommend
a clustered sampling design within which several
“clusters” (e.g., plots along a transect) of sample plots
are inventoried within each management unit (stand) -
see Appendix 4 for example.  Cluster sampling is typ-
ically more economical because it reduces the amount
of travel between survey locations, as well as having
greater statistical benefits than simple random sam-
pling. The number of clusters should be determined a
priori for local landscapes (e.g., a refuge or manage-
ment area) through the analysis of pilot data to
examine the distributional properties and the variabil-
ity of the parameter(s) of interest. For example, on
White River National Wildlife Refuge a test of the
coefficient of variation (CV) for density of large trees
(≥24 inches dbh) was conducted on pilot data that sug-

Figure 8.  Spatial representation of basal area forest parameter that resulted
from a 2005 inventory of 113 forested stands on White River National Wildlife
Refuge, Arkansas.
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CFI plot be established for every 300-500 forested
acres. This would equate to approximately 20 to 30
plots per 10,000 acre landscape and should be within
the realm of statistical validity as well as being logis-
tically feasible for local land managers (i.e., 1-2 weeks
worth of work).  As CFI plots are designed to monitor
change over time, CFI plots should be re-surveyed at
5-10 year intervals. Moreover, all Continuous Forest
Inventory efforts should collect the minimum set of
DFC parameters (Table 4; see Appendix 4 for an exam-
ple data form) in addition to other agency/
organization specific data needs.  

Wildlife Response

Although we have emphasized the need for forest
inventory and monitoring, our ultimate goal is to pro-
vide habitat for sustainable populations of wildlife.
Throughout this document, we have made many
assumptions regarding wildlife response to forest con-
ditions.  

Currently we know of no coordinated monitoring
efforts designed to assess the impacts of forest man-
agement activities on priority wildlife species in the
MAV, except for a few site-specific research projects
focused on silvicolous songbirds (Twedt et al. 1999,
Twedt et al. 2002, Wilson and Twedt 2005, R. J.
Cooper unpublished data). As such, we recommend
that the conservation community incorporate popula-
tion monitoring into their day-to-day management
activities. Specifically, population monitoring pro-
grams need to be designed following the general
recommendations previously discussed, such that the
direct impacts (both positive and negative) of forest
management activities can be evaluated in a manner
that facilitates the refinement of assumptions underly-
ing conservation planning and delivery of
conservation programs.  

To that extent, we offer a detailed prospectus for the
implementation of a coordinated monitoring program
to evaluate forest breeding bird response to forest
habitat conditions (Appendix 5). In brief, we propose

gested four clusters, each harboring five one-fifth acre
plots achieved acceptable precision (i.e., low CV) at a
reasonable cost for time and personnel (Appendix 4).
At each plot, data should be collected for each of the
DFC parameters identified in Table 4, as well as any
additional information needed to meet other agency or
management plan objectives (e.g., see Appendix 4).
Once data are collected in the field, they should be
summarized, entered into a data repository, and subse-
quently linked to spatially delineated polygons within
a GIS to facilitate visual interpretation of the data
(e.g., decision support tool). Further guidance on
establishing a statistically sound inventory system is
provided in a prospectus that outlines the ivory-billed
woodpecker habitat assessment conducted in
Arkansas during 2005 and 2006 (Appendix 4).  

Continuous Habitat Monitoring (Monitoring Plots)

Because stand level inventories only reflect a single
point in time at a specific location they are generally
not suitable for assessing long-term changes in forest
composition and structure at landscape scales.
Furthermore, stand level inventories (e.g., single
assessments) do not permit land managers to assess
and project tree growth, decay, and mortality. Thus to
provide the basis for a valid, region-wide assessment
of desired forest conditions, we recommend the instal-
lation, measurement, and systematic re-measurement
of forest parameters on permanent Continuous Forest
Inventory (CFI) plots established across all forested
habitats on public lands in the MAV. We recognize
many partners have already implemented some type
of CFI. Therefore, we recommend the continued use
of existing CFI plots, although partners may choose to
re-distribute or add to these existing CFI plots to
ensure representation of all forest types and ecological
conditions. For partners that have not implemented a
CFI, we recommend establishing new plots based on a
stratified random sampling design (with forest type
serving as strata).  

As with stand level inventories, the number of plots
needed to accurately reflect change and yield statisti-
cally valid estimates should be rooted in the
variability of the system. Unfortunately, analysis to
determine sample size for all forest parameters of
interest have not been conducted across all land-
scapes. Based on anecdotal observations and
preliminary analysis, we tentatively suggest that ≥1

It is imperative that we verify these assumptions
by actually assessing wildlife response to desired
forest conditions, such that knowledge learned
can be used to modify management actions
accordingly (i.e., adaptive management). 
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region-wide monitoring within a temporally stratified
subset of forest stands that have been subjected to sil-
vicultural treatments (including untreated controls). In
addition, the minimum vegetation parameters (Table
4) will be assessed within all stands that are monitored
for birds. The National Point Count Database
(http://www.pwrc.usgs.gov/point) will be used to store
avian data, whereas forest vegetation parameters will
be entered into the proposed forest management data-
base maintained by the LMVJV office. This avian
monitoring program should allow us to test many
assumptions regarding wildlife response to desired
forest conditions. 

Additionally, this avian monitoring program is consis-
tent with the goals put forth by the North American
Bird Conservation Initiative’s monitoring subcommit-
tee draft interim report (“Opportunities for improving
North American avian monitoring,” http://www.nabci-
u s . o rg / a b o u t n a b c i / a v i a n m o n i t o r i n g d r a f t 9 0 6 . p d f, to
improve the current state of bird monitoring in North
America. Specifically, their report suggested that the
conservation community should: (1) fully integrate
monitoring with bird conservation and management to
ensure that it is aligned with management priorities,
(2) ensure monitoring programs are coordinated
among institutions and integrated across spatial scales
to effectively solve conservation or management
problems, (3) increase the value of monitoring pro-
grams by improving their statistical design, and (4)
maintain bird population monitoring data in up-to-
date data management systems. 

SUMMARY

Use of the above recommendations for inventory and
monitoring of key forest attributes during habitat
assessments within stands (inventory) and on perma-
nent plots (monitoring) is essential for implementation
and evaluation of desired forest conditions. Within
each management unit (stand), analysis of current
conditions may be used to determine and prioritize the
need for silvicultural treatments to enhance habitat
conditions towards desired stand conditions. At the
landscape scale, the analysis of data from permanent
plots will provide an assessment of the regional status
and temporal change in desired forest conditions. 

Although it is outside the scope of this document to
provide detailed monitoring recommendations for all
suites of priority wildlife, we hope that information
provided on monitoring silvicolous birds will serve as
a catalyst for the development of monitoring programs
to assess the impact of desired forest conditions on
other priority wildlife species.

Radio-collared Louisiana black bear

Field review of past silvicultural treatment on Boeuf WMA




