Wetland Group Recommendations - SL1

Assessment of Performance Targets Related to
Wetlands in the Washington Forest Practices
Habitat Conservation Plan, Schedule L-1

1. Introduction

This technical assessment was prepared in response to a request to review Performance Targets
for wetlands under the Washington Forest Practice Habitat Conservation Plan (FPHCP),
specifically through Schedule L-1. Schedule L-1 serves as the primary tool for translating the high-
level goals of the Forest Practices Act (FPA), including the protection of public resources and the
maintenance of long-term forest productivity—into measurable, ecosystem-based Performance
Targets for aquatic resources. Based on our analysis, we conclude that the current regulatory
framework does not adequately recognize or protect the essential functions of wetlands on
forest lands. Therefore, rather than embedding wetland performance metrics within existing
Functional Objectives, we explicitly recommend the establishment of a new, standalone
Functional Objective and Performance Targets for wetlands in Schedule L-1. We intend these to
apply to forest management activities that occur both within wetlands and within watersheds
that influence wetlands.

Currently, wetlands are only addressed in the FPHCP Schedule L-1 with a single Performance
Target, under “Hydrology,” focused on maintaining hydrologic function. There are no explicit
Performance Targets or Functional Objectives for wetland vegetation, water quality, or post-
harvest recovery. In contrast, other aquatic systems such as streams have detailed and
measurable targets for attributes like large woody debris, pool frequency, and shade. This gap
highlights the need for specific, science-based Performance Targets for wetlands. The indicators
proposed in this document aim to fill that gap and provide a foundation for long-term protection
and monitoring of wetland function.

The proposed indicators are intended to support the overarching goal of ensuring long-term
sustainability of wetland functions while allowing for continued forest operations. These
indicators are developed considering growing scientific evidence (including CMER products) that
wetlands on forested lands continue to experience functional decline due to harvest within
wetlands, surrounding harvest activities, and road development (Adamus 2014a; 2014b; Hough-
Snee 2020). This is occurring even though compliance with current wetland rules (such as buffers
for Type A wetlands) is generally high. To address this, we explicitly recommend that new
Performance Targets be adopted into Schedule L-1 for wetlands. These targets should include
metrics for hydrology, water quality, and landscape-scale integrity. They should also support the
adaptive management framework of CMER, enabling long-term monitoring, evaluation, and
revision as additional data become available.
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Proposed Functional Objective:
Maintain the hydrologic, biogeochemical, and ecological of wetlands over the long-term to
support watershed health.

We recommend establishing four categories of Performance Targets:

Hydrology — Protect the natural hydrologic regime of wetlands.

Vegetation — Maintain wetland plant communities similar to pre-harvest conditions.
Water Quality — Maintain or improve baseline water quality conditions.

Landscape Functional Integrity — Sustain a resilient spatial mosaic of wetland functions
across time and space.

PwnNeE

These targets are designed to be measurable, scientifically justified, and implementable under
adaptive forest management frameworks.

2. Scientific Basis and Criteria for Performance Targets

Wetlands on forest lands in Washington State are diverse ecosystems that perform critical
functions in watershed hydrology, water quality regulation, habitat provision, and climate
resilience (Ahlen 2021). These functions are tightly linked to the physical and biological conditions
that define wetland ecosystems, including the hydrologic regime, soil saturation, vegetation type,
geochemical processes and landscape continuity. In the context of forest practices,
understanding the scientific basis of wetland function is essential to establishing effective
Performance Targets. Wetlands are particularly vulnerable to disturbance from timber harvest,
road construction, and site preparation, which can alter hydrologic regime, degrade water
quality, and interrupt ecological and hydrologic continuity.

The following subsections synthesize the best available science to describe four interrelated
categories of wetland function — hydrology, vegetation, water quality, and landscape-level
integrity — and provide a foundation for developing appropriate Performance Targets under the
FPHCP. These categories reflect both site-scale processes and broader landscape dynamics,
reinforcing the need for multi-scale monitoring and management approaches.

2.1. Hydrology and Vegetation Performance Targets

2.1.1. Hydrology and Vegetation — Scientific Basis

Wetlands are important components of many landscapes in Washington, especially in regions
wet enough to support forests. Forested wetlands in Washington include a wide range of
ecosystem/forest types and occur on a variety of site conditions. Forested wetlands share two
characteristics — they have at least 30% canopy of cover of merchantable trees or trees that at
maturity would be merchantable, and seasonally or perennially saturated or inundated soils. For
any forested site to be considered a wetland it must meet the criteria established by the US Army



Wetland Group Recommendations - SL1

Corps of Engineers (Environmental Laboratory 1987) and the state of Washington, and be
inundated or saturated by surface or ground water at a frequency and duration sufficient to
support, and under normal circumstances do support, a prevalence of vegetation typically
adapted for life in saturated soil conditions, such as swamps, bogs, fens, and similar areas (US
Army Corps of Engineers 2010). This includes wetlands created, restored, or enhanced as part of
a mitigation procedure. This does not include constructed wetlands or the following surface
waters of the state intentionally constructed from wetland sites: Irrigation and drainage ditches,
grass lined swales, canals, agricultural detention facilities, farm ponds, and landscape amenities.
Also not included are fish bearing wetlands, which are treated as Type F waters and covered by
the rule group that offers the greatest level of aquatic protections. Technical criteria for
identifying wetlands in Washington follow Section 8 of the Forest Practices Board Manual (Title
222 WAC, FPB 2000).

When a site is inundated or has a water table within the root zone of plants (the upper 12 inches
of soil) for at least two continuous weeks during the growing season of most years (USACE 1987;
NRC 1995) anoxic conditions develop and control many site biogeochemical characteristics. The
persistence of a wetland hydrologic regime is critical to the functioning of forested wetlands and
strongly influences geochemical processes, vegetation composition and vegetation production
and that provides habitat for numerous species both in the wetland and in areas affected by the
wetland.

Wetlands with perennially saturated soils have very slow rates of organic matter decomposition
and may form organic soils (Soil Survey Staff 1999). Wetlands with organic soils are separated
into two categories, bogs and fens, with specific definitions unique to the FPHCP. All other
wetland types occur on mineral soils. Organic soil wetlands have a water table that remains close
to the soil surface for most of the year and can draw down in late summer (Rocchio et al. 2021;
2025), while mineral soils typically have long periods with deeper water tables.

There are multiple hydrological processes that can support non-riparian forested wetlands in
Washington. Flow-through wetlands are supported by surface and ground water flow from its
watershed. Surface and ground water may leave the wetland and become tributary to nearby
streams, connecting the wetland with the stream. A wetland may be partially or largely perched
with a confining layer below the ground that limits connection to deeper ground water.
Precipitation and inflowing surface and ground water saturates and/or inundates the site and
water leaves mainly as evapotranspiration. Perched wetlands may have water entering from one
or more sides, and restricted outflows from the site.

2.1.2. Hydrology and Vegetation — Criteria
Maintaining the watershed and local scale processes supporting the distinctive hydrologic
regimes of different wetland types is essential for the persistence of wetland functions. Forest
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management in the surrounding upland watershed can significantly affect water availability as
reflected in ground water levels in downgradient wetlands (Golladay et al. 2021). Surface water
or sheet flows are easily intercepted by roads and directed to culverts that can dewater parts of
a wetland and lead to channelization and incision. Road construction and other activities that cut
into hillslope sediment can intercept and capture ground water and alter flow patterns and
processes and lower water tables that can dewater downslope wetlands (Tague & Band 20013;
2001b). Forest harvesting can increase the fraction of precipitation that is available to become
surface and ground water and may modify the runoff pathways of surface water (Moore &
Wondzell 2005).

Identifying the watershed source area for the wetland is important for creating protections that
could limit alteration of the wetland’s hydrologic regime. Water sources that directly support
each wetland should be identified and physical impacts to the site limited to those that will not
influence the pathways, timing, and duration of surface and subsurface inflows or outflow of the
wetland. The installation of culverts and other conveyance structures should not alter the flow
paths of surface and ground water to associated wetlands.

Water levels in wetlands should be measured in the early and middle portions of the growing
season, May and June or July. These data could be used to verify that a wetland hydrologic regime
is present and suitable to support the type of wetland that existed pre-harvest. Federal and state
of Washington guidelines provide criteria for frequency and duration of soil saturation that are
easy to use. Staff gauges, soil pits and/or monitoring wells can facilitate the collection of data to
make accurate and reliable determinations.

If direct quantitative hydrologic measures cannot be made, indirect measures may be useful for
indicating if the site is a wetland. Herbaceous plant cover may be an indicator of wetland
condition and functioning (Cole 2002). The invasion of non-wetland plants into the study area is
a potentially important character that can be assessed with a field visit. The indicator status of
all plant species in Washington can be found in the arid west and western mountains and valleys
wetland plant lists (https://nwpl.sec.usace.army.mil). Wetland plants have an indicator status of

obligate wetland, facultative wetland or facultative. Species listed as facultative upland or upland
could be indicators of an altered hydrologic regime that created non-wetland conditions in part
or all of the wetland. Another indicator is water stress or mortality of existing wetland plants.
Under natural drought or altered hydrologic conditions herbaceous and shrub species could wilt
or die. Logging disturbances can produce mounded soil or logging slash which can create habitat
for non-wetlands plants to colonize. However, this should be interpreted as vegetation
responding to local disturbance, and not necessarily reflective of whole site hydrologic
modification. In contrast, rutting or soil compaction from ground-based logging activities may
produce whole-site hydrologic modification that is reflected in vegetative change.


https://nwpl.sec.usace.army.mil/
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Altered hydrologic conditions can cause alterations in soil characteristics, such as the cessation
of anoxic conditions and loss of organic soil. An excellent indicator of soil anoxic conditions is the
present of geochemically reduced iron (Fe?*). Oxidized forms of iron (Fe3*) called ferric iron are
used as terminal electron receptors by certain bacteria in anoxic soils that reduce the ferric iron
to ferrous iron. Another indicator of wetland condition is the presence of “oxidized
rhizospheres”. Wetland plants transport oxygen from stems to roots and some oxygen seeps out
of the roots in a process called radial oxygen loss. When this oxygen contacts ferrous iron it
facilitates oxidation and the formation of insoluble ferric iron that accumulates around active
roots as orange colored material, and is an excellent indicator that plants are functioning as
hydrophytes (wetland plants in anoxic soils).

Wetlands can influence hydrologic continuity to downstream waters, such as other wetlands,
streams and rivers. Because wetlands typically occur in more level topographic positions, the
water slows as it flows through wetlands supporting the near surface water level and long
duration saturation. This slowing of water can result in important ecological functions including
sediment and other particulate settling, excess nutrient removal in the anoxic soils, and in some
locations supporting downstream baseflows in the summer. Ground water that has been
influenced by wetlands may contain high ferrous iron that is soluble and transported with
groundwater. When this water enters the aerobic stream system it oxidizes producing ferric iron.
This water may also potentially contain high dissolved organic matter and other constituents.

Preventing substantial and sustained changes to the above watershed and local scale processes
that support the wetland hydrologic regimes is key to the continuation of wetland functions. As
such, forest management activities should seek to limit or eliminate alternations to the landscape
that significantly alter surface and ground water regimes in downgradient wetlands.

2.2. Water Quality Performance Targets

2.2.1. Water Quality — Scientific Basis

Small, headwater, and forested wetlands represent an area in excess of first and second order
riparian ecosystems across forests in the Pacific Northwest (Janisch et al. 2011). Forested
wetlands are highly susceptible to disturbance, given their connection to near surface and
subsurface hydrology, which vary on daily and even hourly time scales, depending upon drainage
basin characteristics (Dwire et al. 2018). It has been well established that freshwater and forested
wetlands have a capacity to retain nutrients, sediments, and carbon, and maintain water quality
in downstream ecosystems (Johnston et al. 1990).

The presence of forest harvest within headwater forested wetlands has been shown to disrupt
cool groundwater inputs to wetland systems (Kreutzweiser et al. 2009). However, the prolonged
effect of forested wetland harvest on water temperature has not yet been evaluated. The aquatic
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chemical composition of forested wetlands represents a complex set of conditions and processes
that can in turn directly influence the regeneration of forests within wetland habitats (Lockaby
etal. 1999). In a recent review, Shah et al. emphasize that nearly all forest management practices
impart some effect on water quality where any change in surface topography, cultivation,
biomass extraction, and fertilization altered water chemistry, flow, and immediate downstream
conditions (Shah et al. 2022). However, through the implementation of buffers within riparian
corridors, sedimentation as a result of harvest can be substantially mitigated (e.g., Hatten et al.
2018; Rachels et al. 2020; St-Hilaire et al. 2016).

Clearcutting has been shown to frequently increase the release of nitrogen and phosphorus into
stream ecosystems across the PNW (Deval et al. 2021). In a series of wetlands in Southern
Ontario, researchers identified the vulnerability of altered nitrogen and phosphorus levels to
reduced forest cover from harvests that exceed 4km in distance, highlighting the limited
knowledge we have regarding the impact of buffers in high slope environment of the PNW
(Houlahan & Findlay 2004).

Furthermore, these conditions are influenced by the source, duration, and velocities of water
within forested wetlands. Here we separate forested wetland systems into those with primarily
groundwater sources, or perched wetlands, from those that are connected to the surrounding
landscapes through surface runoff. It is acknowledged that these conditions are never completely
independent.

2.2.2. Water Quality — Criteria

Surface water quality in forested wetlands will be closely tied to the flow patterns unique to the
hydrologic conditions at each site (see hydrologic Performance Targets). Consequently,
subsurface groundwater inputs will reflect the surrounding landscape lithology and biological
activity, while surface water inputs will reflect the soils and direct inputs of inorganic and organic
nutrients. Therefore, it is outside of the scope of this performance target to prescribe specific
physicochemical ranges for core parameters associated with water quality. When available, pre-
monitoring of baseline water quality parameters listed in Table 1 should be assessed in a study
prior to harvest within a forested wetland. When access to the harvest site is not available,
reference wetlands by county that adhere to the Washington Department of Fish and Wildlife
Priority Habitat delineation (WDFW 2008) should be used to establish baseline water chemistry
information.

The measurement of water quality parameters must encompass the range of available organic
and inorganic nutrients, pH, temperature, as well as the concentrations of dissolved organic
carbon and suspended sediment. Recent work has tried to isolate the landscape position of
wetlands from their influence on downstream water quality (Leibowitz et al. 2023). This work
identified the vulnerability of wetlands to acidification, brownification, eutrophication, and
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sedimentation. Each of these effects is a result of long-term land cover change, where those
perched wetlands with deep groundwater were most susceptible to a decrease in pH due to the
increase in water residence time (Leibowitz et al. 2023). Long-term effects of acidification can
lead to increase in aluminum, which has been established to have a long-term adverse effect on
the re-establishment of forested ecosystems (Ryan et al. 1986). Conversely, the brownification,
or increase in color derived from dissolved organic carbon, tends to occur with shorter water
residence times arriving through shallow subsurface soils, in low-slope wetland systems. The
landscape position of a forested wetland was not shown to predict the effectiveness of wetlands
at both sediment and nutrient removal, as all processes occurred in all wetland systems
(Leibowitz et al. 2023). Therefore, it is recommended that sustained increases in nutrient
concentrations or sediment concentrations post-harvest should be seen as a significant loss of
the functional role of wetland ecosystems in natural and managed landscapes.

Table 1. Proposed measurements to be taken to monitor baseline and post-harvest water quality
conditions. These are not exhaustive and can be supplemented with additional parameters.

Parameter Unit of measurement Measurement note:

Temperature Deg C Water Quality Sonde

pH -log[H+] Water Quality Sonde

Turbidity/TSS NTU or mg/I Water Quality Sonde
[NO3-] + [NH4+] + N-org

Total Nitrogen Discrete Sample

mg/I
Orthophosphate or Soluble
Reactive Phosphorus mg/I

Total Phosphorus Discrete Sample

Organic Carbon |TOC mg I-1, DOC mg I-1 Discrete Sample

Water quality monitoring techniques are well established and can be run through both the
Department of Ecology and the Department of Natural Resources. Table 1 represents the primary
set of measurements suggested to establish pre-harvest conditions. Although highly variable
based on the hydrologic conditions, efforts should focus on capturing water conditions across
the water year. It is well established that the mobility of water quality constituents differs (Neary
et al. 2009). The inorganic nutrients of nitrate are highly mobile off forest soils when available,
while available phosphorus, unless in excess, remains in biological use. The relative
concentrations of these constituents at any moment are the result of the rate of water
throughput, and the relative source within the landscape and wetland itself. Dissolved organic
carbon concentrations are expected to be elevated and remain elevated in any wetland
ecosystem as there is ample carbon available in saturated soils. The acidity of a wetland system
can fluctuate, but generally is near or below a pH of 7 due to the increased concentrations of
organic acids associated with the degradation of organic matter. However, alkaline wetlands
(e.g., calcareous fens) can also be found in Washington State and these systems exhibit unique
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conditions that may show lower concentrations of DOC, and much higher pH ranges. Acidity and
the resultant pH can change rapidly with the inflow of deeper ground water rich in carbonate
minerals, but this will be short lived and directly tied to water residence time. Given the highly
variable nature of water quality conditions, it is recommended that any base line, or surrogate
for base line measurements be taken in a similar lithology and hydrologic regime. Performance
Targets associated with wetland hydrology should be used to inform the appropriate water
guality sampling strategy.

2.3. Landscape Function Performance Targets

2.3.1. Landscape Function — Scientific Basis

A growing body of literature suggests that wetlands, and impacts to wetlands, should not be
considered in isolation (Thorslund et al. 2017; Cohen 2016; Ahlén et al. 2021). Wetlands on forest
lands form integral components of broader wetlandscapes—networks of hydrologically and
ecologically connected wetlands embedded within forested watersheds (Figure 1) (Thorslund et
al. 2017). The condition and spatial distribution of wetlands in these wetlandscapes influence
cumulative watershed processes and downstream ecosystem health. Understanding net changes
in wetland function requires recognizing that the combined effects of multiple overlapping
disturbances—such as timber harvest, road construction, and hydrologic alteration—may not be
additive; interaction effects can produce outcomes that differ substantially from the sum of
individual impacts (Ahlén et al. 2021). Maintaining wetland function is of even greater
importance in the face of increasing weather extremes and climate change (Ahlén et al. 2021).

Timber harvest, road construction, and site preparation can degrade wetland function through
canopy removal, soil compaction, water table alteration, timing of overland water delivery and
hydroperiod changes, and invasive species introduction (Adamus 2014a; 2014b; Hough-Snee
2020). Although recovery may occur, it is often slow and dependent on wetland type, hydrology,
disturbance intensity, and post-harvest practices (Adamus 2014a; 2014b). Within the
Washington State Forest Practices regulatory framework wetlands are assumed to be fully
recovered at the "midpoint of the timber rotation cycle" (WAC 222-30-010), or about 20 years,
but research suggests that the recovery timeline may be much longer for certain functions (NRC
1995; Gwin et al. 1999; Rocchio et al. 2021).

It is important to avoid creating a landscape dominated by wetlands in the early stages of
recovery. A healthy wetlandscape should include a mosaic of wetlands in various stages, including
those that are partially or fully recovered (Ahlén et al. 2021; Hough-Snee 2020; Adamus 2104b).
Later-seral stage, mature, and undisturbed wetlands provide disproportionately high levels of
ecosystem services. Preserving the integrity of wetlandscapes therefore depends on
understanding and maintaining the proportion of wetlands on forest lands that remain
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undisturbed or are in advanced stages of recovery. Their distribution across the landscape is
essential to sustaining the cumulative ecological functions of wetland networks.

Management practices can be applied to support the rapid development of late seral stage
wetlands by promoting structural complexity, stabilizing hydrology, and enhancing native
biodiversity suited for wetland ecosystems (Stanturf et al. 2003). These practices should include
planting native hydrophytic vegetation that is well-suited to the site's hydrologic and soil
conditions. Thoughtful design and implementation can accelerate the return of key ecological
functions, while poor management choices may slow or hinder recovery.

2.3.2. Landscape Function - Criteria

Preserving wetland function across forested landscapes requires more than protecting individual
wetlands—it depends on the condition and distribution of wetlands at different recovery stages.
A wetlandscape dominated by early-stage recovery wetlands risks long-term functional decline.
Instead, maintaining a mosaic of wetlands—including undisturbed, partially recovered, and fully
recovered systems—is essential for sustaining the full suite of ecosystem services across space
and time.

Later-seral and mature wetlands are particularly valuable, as they provide disproportionately
high levels of ecological function, including carbon storage, flood attenuation, nutrient cycling,
and biodiversity support. Preserving these wetlands—and tracking their presence—is critical for
avoiding net loss of wetland function across forestlands.

Satellite images are freely available from 1984 to present offering an opportunity to understand
the 40-year long record of disturbance and forestry operations. Remote sensing tools such as
Landtrendr (Kennedy 2010) and CCDC (Zhu 2014) can detect the last known harvest date
leveraging the long archival information from the Landsat satellite program.

The National Wetlands Inventory (NWI) remains the most widely available wetland dataset in the
United States; however, it is significantly outdated and incomplete in many regions (Halabisky et
al. 2011), and not accurate for many wetlands (Gage et al. 2019). In some watersheds, only about
50% of forested wetlands are represented. Additional limitations—such as spatial misalignments,
coarse delineations, and outdated classifications—make it challenging to integrate NWI data with
time-series datasets like Landsat imagery. As a result, the NWI is generally insufficient for
accurately tracking wetland extent or condition over time, especially in dynamic forested
landscapes.

In the last 20 years, semi-automated methods to map wetlands using lidar and high-resolution
aerial imagery have greatly improved. A CMER funded project, the Wetland Intrinsic Potential
tool, is considered a leading method at mapping wetlands, including forested wetlands, and is
used globally (Halabisky et al. 2022). While several other methods have been developed to map
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wetlands, they all converge on a similar process using lidar derived terrain indices and spectral
imagery to predict wetland locations, based on training data of known locations (Guo et al. 2017).

By coupling improvements in wetland mapping with a time series of Landsat imagery or other
records of forest harvest it is possible to map the disturbance history for every wetland within
each watershed administration unit. Of these wetlands a subsample could be surveyed on the
ground to determine the function and condition of wetlands and whether they compare to late
seral stage wetlands or benchmark wetlands.

3. Proposed Performance Targets and Indicators

This section outlines the recommended Performance Targets for assessing wetland structure and
function across four core categories: hydrology, vegetation, water quality, and landscape
function. Together, these categories support the development of science-based Performance
Targets and guide post-harvest evaluation.

Functional Objective: Maintain the hydrologic, biogeochemical, and ecological functions of
wetlands over the long-term to support watershed health.

Category Performance Target?

Hydrology No alteration of pathways, timing or duration of surface and subsurface
inflows or outflow to the wetland and maintain continuity to downstream
receiving waters including other wetlands or streams

Hydrology Maintain a wetland hydrologic regime that would meet the US Army Corps
of Engineers and State of Washington definition of wetland and have no
long-term changes in wetland water table depth and dynamics from the
pre-harvest condition that are attributable to forest management
activities.

Vegetation Maintain plant species composition that would meet the criteria for
hydrophytic vegetation in the US Army Corps of Engineers and State of
Washington wetland manuals and is similar to the community that
occurred prior to harvest.

Water Quality No sustained increase in nutrient/sediment concentrations relative to pre-
harvest baseline?

Landscape Maintain or increase age distribution of wetlands in post-harvest recovery
Function (early, middle, late).

1. Performance Targets apply to forest management activities that occur both within wetlands and within watersheds that
influence wetlands.

2 When access to the harvest site is not available, reference wetlands by county that adhere to the Washington Department of
Fish and Wildlife Priority Habitat Delineation (WDFW 2008) should be used to establish baseline water chemistry information.
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4. Recommendations for Further Study

There is a critical need to assess the current condition and function of wetlands located on forest
lands in Washington State. Currently, there is no established method to evaluate the functional
condition of forested wetlands, peatlands, and open-water systems across landscapes or over
time. Without this foundational knowledge, it is impossible to evaluate the effects of forest
management practices on wetland health or to track changes over time. This represents a major
gap in our ability to safeguard wetland functions such as water storage, carbon sequestration,
and biodiversity support under the Forest Practices Act and related policies.

A clear and achievable performance target could be to maintain or improve overall wetland
function under current forest harvest practices. However, methods for measuring progress
toward such a goal have not yet been developed. While several rapid assessment tools exist—
such as the Washington State Wetland Rating System (Ecology 2023), the California Rapid
Assessment Method (CRAM) (CRAM Slope Field Book), and the BLM Lentic Proper Functioning
Condition Guide (BLM Lentic Guide)—none are specifically designed for wetlands on forest lands

or calibrated to the unique conditions of working forest landscapes in the Pacific Northwest. As
a result, existing tools may overlook key indicators of degradation or resilience in these systems.

Future effort should focus on adapting or developing rapid assessment methods that are
specifically tailored to wetlands on forest lands, including indicators relevant to hydrologic
continuity, vegetative integrity, and soil or carbon condition. New or adapted assessment tools
should be designed to support repeatable, scalable monitoring at the watershed level and align
with existing forest management data systems. Establishing science-based thresholds—for
example, maintaining 30-50% of each wetland type in proper functioning condition within a
watershed—could serve as a practical benchmark for evaluating landscape condition and guiding
adaptive management over time. Advancing this work is essential to protecting wetland
ecosystems in the context of ongoing forest use and climate change.

To promote the recovery of forested wetlands in managed landscapes, there is an urgent need
to develop and implement science-based management practices that support faster recovery to
late seral stage wetlands. This includes identifying silvicultural approaches that are compatible
with wetland hydrology and selecting native hydrophytic species suited to post-harvest
conditions. Replanting guidelines should address appropriate species mixes, planting densities,
and site preparation techniques for various wetland types—including peatlands, depressional
wetlands, and seasonally saturated forested areas. Research is needed to evaluate how different
harvest methods, such as variable retention or seasonal timing of operations, influence wetland
resilience and function over time. In addition, restoration practices should consider opportunities
to reestablish microtopography, reconnect fragmented hydrologic flows, and reintroduce

11
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understory vegetation where seed banks have been depleted. Pilot projects and demonstration
sites could help refine and test these practices, while practitioner training and adaptive
monitoring will be essential to ensure long-term effectiveness. Advancing this work will fill a
critical gap in post-harvest wetland stewardship and support sustainable forest management that
aligns with climate, water, and biodiversity goals.
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