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INTRODUCTION

Tidal swamp restoration is a relatively new practice in
the Pacific Northwest, and practitioners are actively
developing its methods in the field (Diefenderfer et
al., 2005). This report provides information on early
efforts in the emerging field of tidal swamp restora-
tion, including documentation of active tidal swamp
restoration projects in the Pacific Northwest.

To support tidal swamp restoration practitioners, the
Pacific States Marine Fisheries Commission (PSMFC)
and the Pacific Marine and Estuarine Fish Habitat
Partnership (PMEP) developed this report to provide
an overview of important techniques and considera-
tions when designing tidal swamp restoration. How-
ever, this reportis not intended to be a guidance doc-
ument, as guidance continues to be compiled by
scientists, including many of the researchers cited
herein and noted in the further reading section.

The report also documents information on current
tidal restoration projects gleaned from an online sur-
vey of restoration project sponsors. The survey col-
lected information on where restoration is occurring,
the methods employed, what species are planted,
monitoring parameters, and any available project
outcomes to date. Restoration practitioners working
on 14 restoration sites provided information. Please
note that information from the Fisher Slough site in
the Skagit Delta was collected after this report was in
production, and therefore, some information from
this site is presented differently than that of other
sites. In particular, some of the graphics do not in-
clude information from the Fisher Sough site, and
the section “Additional Project Information and Les-
sons Learned” presents information from that site in
a different format. PMEP intends to continue distrib-
uting the practitioner survey (shown in the appendix)
as more tidal swamp restoration sites are identified
and new projects arise. PMEP will keep track of the
success of these sites and disseminate information
to assist the restoration community and improve the
success of tidal swamp restoration along the U.S.
West Coast.

“-\"1 R
Cormorant in a Sitka spruce tidal swamp, Siletz Bay, Ore-
gon, USA. Photo by Fran Recht.

The following are key questions that we hope to an-
swer by following the identified restoration projects
over time:

* How does tidal swamp restoration success relate
to site characteristics, such as elevation, hydrol-
ogy, and salinity?

» (Cantidal swamps be restored by controlling inva-
sive species and replanting?

» What are effective methods for establishing veg-
etation (e.g., soil mounds or nurse logs)?

= Will restored areas come to resemble natural
swamps in terms of supporting complex deep
channels with abundant large woody debris
(LWD), low tide refugia, and beaver presence?

= Will tidal swamp restoration sites persist?

= What parameters should be monitored to assess
the effectiveness of tidal swamp restoration?

Restoring Tidal Swamps in the U.S. Pacific Northwest: Information for Practitioners 2
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BACKGROUND

Tidal swamps are wetlands with vegetation domi-
nated by woody plants (trees or shrubs) and wetland
surface inundation driven by ocean tides. Tidal
swamps were historically common in the Pacific
Northwest but are now rare (Brophy, 2019). By con-
trast, tidal marshes—although also experiencing tid-
ally-driven surface inundation—are dominated by
nonwoody vegetation like sedges, reeds, rushes, and
grasses. Two types of tidal swamps occur in the Pa-
cific Northwest, distinguished by the extent and can-
opy height of woody vegetation present.

1. Forested tidal wetlands, also known as tidal forests
or forested tidal swamps, are defined in the
Coastal and Marine Ecological Classification
Standard (CMECS) as having more than 10% tree

cover (Federal Geographic Data Committee,
2012). In the Pacific Northwest, trees like Sitka
spruce, Oregon crabapple, black cottonwood,
Western red cedar, bitter cherry, red alder, and
Oregon ash are common in tidal forested wet-
lands (Table 1).

Scrub-shrub tidal wetlands, also known as shrub
tidal swamps, are dominated by woody vegeta-
tion less than 6 m (20 ft) tall with less than 10%
tree cover, as defined in the CMECS (Federal Ge-
ographic Data Committee, 2012). Common
shrubs in Pacific Northwest tidal swamps include
several willow species, sweetgale, twinberry, red
osier dogwood, cascara, salmonberry, wax myr-
tle, and others.

Sitka spruce tidal swamp, Siletz Bay, Oregon, USA. Photo by Fran Recht.
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Regardless of type, tidal swamp salinities in the Pa-
cific Northwest generally range from freshwater (sa-
linity less than 0.5% PSU) to brackish. CMECS defines
the upper limit of salinity for brackish scrub-shrub
and forested tidal wetlands as 30 PSU (the same up-
per limit used in CMECS for all brackish wetlands;
Federal Geographic Data Committee, 2012), but ac-
tual salinity tolerances for Pacific Northwest tidal
swamps have not yet been rigorously determined.
However, dry-season soil salinities up to 18 PSU have
been documented in Pacific Northwest Sitka spruce
swamps (Brophy et al., 2011), and the majority of

Sitka spruce tidal swamps studied to date had dry-
season water salinities in the lower mesohaline
range, between 5 and 15 PSU (Brophy, 2009; Brophy
et al,, 2011, 2024). A combination of salinity and ele-
vation (including the frequency of tidal flooding) ap-
pears to control the extent of tidal swamps: Tidal
marsh predominates downstream or downslope,
where higher salinities and/or more frequent tidal in-
undation prevail, but tidal swamp is dominant up-
stream or upslope under fresher and/or less-fre-
qguently-inundated conditions (Brophy et al., 2016).

Table 1. Plant and animal species commonly found in tidal swamps of the Pacific Northwest.

Common name

Scientific name

Common name

Scientific name

Native plant species

Bitter cherry

Black cottonwood

Black twinberry

Cascara

Cattail

Douglas spirea (hardhack)

Hooker's (or coast or dune)
willow

Lyngbye's sedge

Ninebark

Nodding beggars-ticks
Nootka rose

Oregon ash

Oregon (Pacific) crabapple

Pacific wax myrtle

Prunus emarginata

Populus balsamifera ssp.
trichocarpa

Lonicera involucrata
Rhamnus purshiana
Typha latifolia
Spiraea douglasii

Salix hookeriana

Carex lyngbyei
Physocarpus capitatus
Bidens cernua

Rosa nutkana
Fraxinus latifolia
Malus fusca

Myrica californica

Red alder

Red osier dogwood

Salmonberry

Scouler's willow
Shining or Pacific willow
Sitka spruce

Sitka willow

Slough sedge
Spikerush

Sweetgale (bog myrtle)
Wapato

Western red cedar

Western skunk cabbage

Alnus rubra

Cornus sericea

Rubus spectabilis
Salix scouleriana
Salix lucida

Picea sitchensis

Salix sitchensis

Carex obnupta
Eleocharis palustris
Myrica gale
Sagittaria latifolia
Thuja plicata

Lysichiton americanus

Non-native and/or invasive plant species

Buttonbush

Blackberry
Gorse

English ivy

Cephalanthus occidentalis

Rubus bifrons
Ulex europaeus

Hedera helix

Knotweed

Purple loosestrife
Reed canarygrass

Yellow flag iris

Fallopia spp. or Persicaria
wallichii

Lythrum salicaria
Phalaris arundinacea

Iris pseudacorus

Native animal species

Acorn woodpecker

Melanerpes formicivorus

Northern flicker

Restoring Tidal Swamps in the U.S. Pacific Northwest: Information for Practitioners
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Common name

Scientific name

Common name

Scientific name

Beaver

Black-capped chickadee
Cedar waxwing

Coho salmon

Columbian black-tailed
deer

Chinook salmon

Deer mouse (western)
Downy woodpecker
Golden-crowned kinglet
Great blue heron

Hairy woodpecker

Castor canadensis
Poecile atricapillus
Bombycilla cedrorum
Oncorhynchus kisutch

Odocoileus hemionus
ssp. columbianus

Oncorhynchus tshawytscha

Peromyscus sonoriensis
Picoides pubescens
Regulus satrapa

Ardea herodias

Leuconotopicus villosus

Pacific wren

Pileated woodpecker
Red-breasted sapsucker
Red crossbill

River otter

Roosevelt elk

Song sparrow
Steller's jay
Swainson'’s thrush
Tree swallow

Vagrant shrew

Troglodytes pacificus
Dryocopus pileatus
Sphyrapicus ruber
Loxia curvirostra

Lontra canadensis

Cervus elaphus ssp. roose-
velti

Melospiza melodia
Cyanocitta stelleri

Catharus ustulatus
Tachycineta bicolor

Sorex vagrans

Hermit thrush Catharus guttatus

Importance of tidal wetlands

Tidal swamps and other wetland habitats provide en-
ergy-rich and abundant insect and amphipod popu-
lations for juvenile salmon foraging. Providing nutri-
tious prey leads to higher salmon growth rates and
longer stays in the estuary, resulting in higher adult
survival rates (Davis et al., 2019; Greene et al., 2021).
In the Nisqually Delta of the Salish Sea, Davis et al.
(2019) found that tidal forested wetlands, like emer-
gent marshes, offer early-life growth advantages for
Chinook salmon. They found that salmon prey en-
ergy density was 46% to 86% higher in tidal freshwa-
ter forests than in other habitat types due to the con-
sumption of energy-dense terrestrial adult insects
and insect larvae from overhanging vegetation.
These well-fed salmon had growth rates 0.5% higher
in tidal forests than fish found in adjacent habitats,
such as mudflats and nearshore intertidal areas (Da-
vis et al., 2019). Similar studies conducted in the Co-
lumbia River estuary have linked estuary restoration
(mostly of marshes) to increased habitat capacity, re-
sulting in higher prey densities (among insects and
amphipods) and higher juvenile growth rates (Bot-
tom, n.d.; Diefenderfer et al., 2013). Increases in juve-
nile growth rates relate directly to survival (Jones et
al., 2014). Jones et al. (2014) found that in Oregon's

Salmon River, coho and Chinook salmon that resided
longer in estuary habitats returned at disproportion-
ately higher rates as adults than fish that did not use
these habitats. Most importantly, the mosaic of habi-
tats in the estuary increases the diversity and resili-
ence of salmon life history (Bottom, n.d.; Davis et al.,
2019; Greene et al., 2021; Woo et al., 2019). Greene et
al. (2021) found that the energy density of the diets dif-
fered seasonally between wetland types throughout
the rearing period. Riverine tidal swamps and, to a

Oregon crabapple swamp, Siletz Bay, Oregon, USA. Photo
by Fran Recht.
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lesser extent, estuarine tidal swamps were more ben-
eficial early in the season when waters were colder.
The more marine-influenced environments (estuarine
emergent marsh) afforded higher growth potential as
the season advanced and waters warmed.

Like other tidal wetlands, tidal swamps provide addi-
tional important ecosystem services. Both tidal for-
ested wetlands and tidal shrub swamps provide fish
and wildlife habitat, stabilize and capture sediment,
improve water quality, dissipate flood waters, and se-
quester carbon.

Tidal swamps are also important to land animals and
birds (Table 1). Animals found in tidal swamps in-
clude Roosevelt elk (Cervus elaphus roosevelti), river
otter, beaver, Columbia black-tailed deer, and a host
of small mammals and their predators (e.g., coyote
[Canis latrans]; Callaway et al., 2012). In some tidal
shrub swamp habitats, beaver dams and lodges have
been documented in densities comparable to river
habitats (Diefenderfer & Montgomery, 2009; Hood,
2012). Birds, including eagles, thrushes, sparrows,
wrens, warblers, and woodpeckers, are also heavy
users of tidal swamps (Johnson & Simenstad, 2015).
Heron and egret species nest in tidal wetland trees
(Callaway et al., 2012).

In addition to providing high-quality and high-quan-
tity prey for salmonids and other native species, tidal
forested swamp habitats, like their riparian forested
counterparts upriver, provide additional ecosystem
value by improving levels of dissolved oxygen, shad-
ing streams, providing cover for forage and juvenile
fish, and helping to keep water temperatures cool
(Buenau et al., 2023; Findlay & Fischer, 2013; Peter-
son et al., 2008).

Tidal swamps sequester carbon more than other
habitat types (Brophy et al., 2018; Kauffman et al.,
2020). By one estimate, forested tidal wetlands store
between two and three times more carbon per acre
than other estuarine habitats, although tidal shrub
swamps remain understudied (Kauffman et al.,
2020). A study of tidal wetland restoration’s green-
house gas sequestration potential estimated that for-
ested tidal wetland restoration could yield 7.9 metric
tons of CO, equivalent per acre in carbon benefits
(Troost et al., 2021). In a follow-up scoping assess-

ment of carbon offset financing in the Pacific North-
west, Crooks et al. (2020) found that forested tidal
wetland restoration in low-salinity or freshwater tidal
zones may offer positive carbon finance outcomes
despite a higher potential for soil methane (CH,)
emissions because of the additional carbon storage
in aboveground biomass (trees), which supplements
these ecosystems’ high soil carbon stocks. Methane
emissions are currently under investigation (Williams
et al., 2024). Restoring tidal swamps can help in-
crease the ecosystem functions lost when they are
impacted by sea level rise (Temmerman et al., 2013).

Loss of tidal swamps

Decades of research have documented extensive
losses in tidal marshes, but tidal swamp loss has only
recently been well-documented. Tidal swamps are
characterized by lower-salinity waters and/or higher
elevations than tidal marshes, making their conver-
sion to other human uses easier and more produc-
tive. The proximity of tidal swamps to larger river sys-
tems was attractive to logging interests who used the
rivers to transport logs downstream more easily to
market. Tidal swamps were logged, cleared, filled,
diked, drained, and blocked by tide gates (Brophy,
2019; Diefenderfer, 2007) to allow for agriculture,
grazing, and development. Loss of tidal swamp habi-
tat began during early European settlement (late
1700s) and continued with little to no documentation
until wetland protection laws were enacted in the
1970s.

A study by the Columbia River Estuary Study Task
Force found that tidal swamp habitat was the most
severely impacted estuarine habitat in the Columbia
River estuary, with a net loss of 23,000 acres, or 77%
of total acreage, since 1870, primarily due to diking
(Thomas, 1983). In the lower-elevation, brackish ar-
eas of the Columbia River estuary (Youngs Bay and
Baker Bay), tidal swamps have been virtually elimi-
nated (Youngs Bay: 96% loss; Baker Bay: 100% loss).
Losses are just as severe for freshwater areas. Bot-
tom et al. (2005) estimated an 88% loss of tidal
swamp habitat in Grays Bay, 49% loss in Cathlamet
Bay, and 80% loss for the upper estuary. A more re-
cent study confirmed these losses, reporting a 75%
loss in forested tidal wetland habitats in the Colum-
bia River estuary (Marcoe & Pilson, 2017).
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Until Brophy (2019) reported on the historical losses
of forested, scrub-shrub, and emergent tidal wet-
lands on the Oregon coast, there was little under-
standing of comparative loss rates between different
tidal wetland categories on the Oregon coast. Indeed,
the many outreach efforts undertaken by Brophy for
the Estuary Technical Group and PMEP have built
broader awareness and interest in tidal swamps and
their ecological value among both the public and the
scientific community.

Brophy et al. (2019) estimated the historical extent of
vegetated tidal wetlands along the U.S. West Coast
using water level models and lidar-based elevation
mapping. Vegetated tidal wetlands included low and
high marsh areas (emergent wetlands), as well as
tidal swamps (forested and scrub-shrub), ecosystems
that are generally distributed along an elevation and
salinity gradient. An indirect loss assessment method
estimated how much of that habitat had been lost.
For the 55 estuaries analyzed (which represented
97% of the total estuary area), the authors estimated
a total of 735,000 ha (1.82 million acres) of vegetated
tidal wetlands were present historically, but that 85%
of that area has been lost (624,750 ha, or 1.54 mil-
lion acres). The results varied by estuary, ranging
from 1% to 98% loss. Each ecoregion defined by
PMEP (Salish Sea, Pacific Northwest, Central Califor-
nia, and Southern California Bight) experienced tidal
wetland losses ranging from 60% to 80% (Brophy et
al., 2019).

In a follow-up effort by PMEP, Brophy (2019) calcu-
lated the loss of vegetated tidal wetlands on Oregon'’s
outer coast (not including the Columbia River). This
report estimated that the historical tidal wetland area
on the outer coast totaled 15,399 ha (38,052 acres),
of which the majority (54.4%) was forested tidal
swamp, 42.2% was tidal marsh, and 3.4% was shrub
tidal swamp. Subsequent losses varied greatly by
habitat type, with 95% loss (14,629 ha; 36,149 acres)
of historical tidal forests and 96% loss of tidal shrub
habitat. Thus, the loss of tidal swamp was much more
severe than the loss of historical tidal marsh (59%

loss). Brophy (2019) also found that most of the re-
maining tidal swamp habitats were small (less than
25 acres), dispersed, and fragmented.

Sitka spruce tidal swamp, Siuslaw estuary, Oregon, USA.
Photo by Laura S. Brophy, CC BY-NC 4.0.

Tidal swamps and sea level rise

Climate change and associated sea level rise are antic-
ipated to continue to affect these tidal swamp habi-
tats. Projections made in 2022 by the National Oceanic
and Atmospheric Administration (NOAA) provided me-
dian sea level rise estimates under intermediate, inter-
mediate-high, and high climate change scenarios
(Sweet et al., 2022). By 2100, the West Coast could ex-
perience a median sea level rise of 0.8 m (2.6 ft), 1.3 m
(4.3ft), or 1.8 m (5.9 ft), depending on the climate
change scenario. By 2150, NOAA estimates potential
median sea level rise for the West Coast of 1.6 m
(5.25 ft), 2.3 m (7.5 ft), or 3.3 m (10.8 ft). As sea levels
rise, tidal swamp persistence will likely require
upslope migration (e.g., through seed dispersal) or
novel establishment at higher elevations.

Available projections for sea level rise suggest that
tidal swamps may only persist in their current loca-
tions or be restorable in their historical locations if
sediment accretion keeps pace with rising waters
(Brophy et al., 2011; Brophy & Ewald, 2017). For ex-
ample, current tidal swamps may be converted to

' Two video presentations by Laura S. Brophy provide accessible summaries of tidal swamp benefits and losses: Little-
Known Forests of the Tidelands: Oregon’s Magnificent Tidal Swamps, Past and Present (December 2020,
https://youtu.be/3FUZX1ymjmw) and Past, Present and Future of Tidal Wetlands in the Yaquina Bay Estuary (February 2022,

https://youtu.be/jpfm_COSQz4).
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tidal marshes as sea levels rise, a phenomenon cur-
rently manifesting as “ghost forests” on the U.S. East
Coast (Smart et al., 2020). Additionally, dikes, ditches,
and tide gates cause subsidence (lowering) of swamp
ground surfaces (Diefenderfer et al., 2008), making
possible restoration sites identified today potentially
inappropriate for restoration under future sea level
rise scenarios.

Sediment accumulation has, in fact, been docu-
mented to be initially greater in tidal marsh restora-
tion sites compared to sites in their natural state. In
the Stillaguamish estuary in the Salish Sea, the resto-
ration of tidal and riverine flooding was found to
greatly enhance rates of sediment and carbon accu-
mulation (Poppe & Rybczyk, 2021). The average sedi-
ment accretion rate of 1.57 cm/year was greater than
the current rate for sea level rise (though expected to
slow as the site attained the same elevation as the
natural marshes). These sediment accretion rates
were higher than those seen in the Walloskee-Youngs
restoration site near Astoria, Oregon (Brophy &
Ewald, 2017) and the Southern Flow Corridor in Tilla-
mook, Oregon (Brophy et al., 2018) and the southern
Salish Sea (Drexler et al., 2019). Ongoing studies of
sediment and carbon accumulation in various re-
stored tidal wetlands across California, Oregon, and
Washington will help us understand controlling fac-

tors. One such study is the Mature Restoration Anal-
ysis (MAREA), funded by the National Estuarine Re-
search Reserve System Science Collaborative and led
by the South Slough Estuarine Research Reserve and
Dr. Chris Janousek from Oregon State University. A fi-
nal report is expected in 2024.

In 2017, the MidCoast Watersheds Council (MCWC)

commissioned a study of all 23 major estuaries on

the Oregon coast south of the Columbia River to

identify where tidal wetlands would be able to persist

under various projections for sea level rise (Brophy &

Ewald, 2017). They mapped and prioritized the areas

where elevations were appropriate for future tidal

wetlands using an intermediate-high 4.7 ft (1.2 m)

scenario for sea level rise for the year 2100. They pri-

oritized landward migration zones (LMZs) for conser-

vation and restoration based on five factors:

» the extent of the area at a 4.7-ft sea level rise,

» the extent of the area that would be available at
an even higher sea level rise,

= ownership (public versus private),

»= zoning, and

= development status.

Some areas identified as high priorities might be of
appropriate elevation for tidal swamp restoration ef-
forts.
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TIDAL SWAMP RESTORATION METHODS AND CONSIDERATIONS

Restoring tidal swamps will help increase the valua-
ble ecosystem functions these habitats provide.

Though tidal swamp restoration is a relatively new

field in the Pacific Northwest, previous efforts and fo-

cused research provide important insights into cur-

rent restoration techniques. Critical considerations

for tidal swamp restoration include the following six

factors:

= the identification and monitoring of appropriate
reference sites to assist restoration design and
evaluation (Brophy, 2019; Roegner et al., 2008);

= vegetation planting and the use of elevated plant-
ing platforms (Diefenderfer et al., 2008);

= reed canarygrass control (Sinks et al., 2021);

= |LWD placement and channel outlet design (for ju-
venile salmon passage; Diefenderfer et al., 2021;
Diefenderfer & Montgomery, 2009; Hood, 2007);

=  beaver reintroduction/conservation (Diefender-
fer & Montgomery, 2009; Hood, 2012; Marten,
2022); and

= the monitoring of restoration implementation
and effectiveness (Rice et al., 2005; Roegner et al.,
2008; Thayer et al., 2005).

This section summarizes recommendations and les-
sons learned from recent swamp restoration pro-
jects. However, the restoration practitioner is advised
to consult the cited publications and the restoration
practitioners themselves to better understand the
various considerations related to each method and
approach.

Reference site selection and
monitoring

When planning a new tidal swamp restoration pro-
ject, it will be important to examine historical condi-
tions and nearby intact reference sites to best under-
stand the effects of topography and elevation on site
characteristics and plant communities. It is important
to remember that tidal swamp restoration may not
be possible in the same locations that historically
supported this habitat type. This is commonly the
case where human activities and altered sediment
dynamics have led to subsidence (a lowering of the

wetland surface elevation), resulting in conditions
that are too wet or too saline for the historically dom-
inant species (Brophy et al., 2018; Diefenderfer et al.,
2008, 2016).

Identifying and monitoring tidal swamp reference
sites located near a planned restoration site supports
informed restoration design. Monitoring data from
intact tidal swamp reference sites is needed to sepa-
rate the effects of restoration from general environ-
mental changes when assessing restoration trajecto-
ries, as in a Before-After-Control-Impact (BACI) design
(Stewart-Oaten et al., 1986) or Before-After-Refer-
ence-Restoration (BARR) design (Diefenderfer et al.,
2011, 2016). To aid restoration practitioners, Brophy
et al. (2011) gathered data from tidal swamp refer-
ence sites in Oregon and Washington. The following
selected publications offer further information. As
with any fieldwork, landowner permission must be
obtained before entering any site.

Oregon reference sites

= Brophy et al. (2019) mapped tidal swamp and
tidal marsh in each of the 15 major estuaries
studied; subject to landowner access permission,
these could potentially serve as reference sites.

= Brophy (2009) described and monitored multiple
parameters at two tidal swamp reference sites:
one in the Siuslaw estuary (mapped as Site S63 in
Brophy, 2005) and one in the Yaquina estuary
(Site Y28 in Brophy, 1999). Both sites are privately
owned, and landowner permission would be re-
quired for access and further monitoring.

= Hoquarten Slough in Tillamook, Oregon, has also
been identified as a potential site for field trips to
view intact tidal swamps (by kayak, west of High-
way 101). Tidal swamps along Hoquarten Slough
could also serve as reference sites, subject to
landowner access permission.

Washington reference sites

=  Thomas (1983) documented extensive freshwa-
ter tidal swamps in the Columbia River, notably in
Cathlamet Bay around Blind Slough and Prairie
Channel. A number of these still remain; contact
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the Columbia Land Trust and the Lower Colum-
bia Estuary Partnership for further information.

= Diefenderfer et al. (2008) and Diefenderfer and
Montgomery (2009) identified and studied three
tidal swamp reference sites on tributaries to
Grays Bay (Secret River and Crooked Creek refer-
ence sites) and the Grays River (Kandoll Refer-
ence Site on Seal Slough).

=  Crooksetal. (2014) identified Heron Point and Ot-
ter Island in the Snohomish River as potential ref-
erence sites. Physical and biological conditions at
Otter Island, as well as several other Pacific
Northwest forested tidal swamps, have been
monitored in recent blue carbon research (e.g.,
Kauffman et al., 2020).

Sitka spruce tidal swamp, Siletz Bay, Oregon, USA. Photo by Fran Recht.

Vegetation planting and elevated
planting platforms

Tidal swamp restoration typically involves planting
woody vegetation. Sitka spruce is the most character-
istic foundational species associated with Pacific
Northwest tidal swamps (Franklin & Dyrness, 1973),
particularly in brackish salinity zones, but many other
native woody plants make up tidal swamp vegetation

complexes (see Table 1). Woody plantings should be
carefully planned since they are more expensive than
some revegetation techniques (such as seeding) and,
in some areas, are subject to the impacts of beaver
browse. Planting design must be based on the physi-
cal characteristics of the restoration site. For exam-
ple, soil moisture in tidal swamps tends to decrease
with increased elevation (Diefenderfer et al., 2018),
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Trees and shrubs growing on the platforms created by
Sitka spruce roots, Yaquina Bay, Oregon, USA. Photo by
Laura S. Brophy, CC BY-NC 4.0.

and salinity levels are a critical determinant of vege-
tation distribution (Borde et al., 2020). As a result,
vegetation distribution closely aligns with elevation,
making it critical to consider vertical position when
designing planting plans for tidal swamp restoration
sites (Borde et al., 2020; Diefenderfer et al., 2008,
2018). The subsidence of diked land is also a consid-
eration when predicting elevations after restoration
(Diefenderfer et al., 2008).

As Brophy (2009) stated, “Sitka spruce can be consid-
ered a ‘'system engineer’ due to its elevated root plat-
forms, which support a more aerobic environment
above the saturated soils below.”

Nurse log placement and planting

By providing unique microhabitats of “moist, ex-
posed, organic and mixed mineral soil-humus” envi-
ronments, downed logs (or nurse logs; Harmon &
Franklin, 1989) provide another platform for plant
colonization and growth in tidal swamps (Gonor et

al., 1988; Hood, 2007; McGee & Birmingham, 1997).
Nurse logs also provide sites for plant growth above
mean higher high water (MHHW), and nurse logs may
originate locally or from upstream riparian and flood-
plain forests (Diefenderfer & Montgomery, 2009;
Hood, 2007). These findings speak to the importance
of whole-watershed restoration since upstream land
use practices have created a deficit of large trees in
these areas. In a current restoration practice, logs of-
ten need to be brought into the site (see the first
photo in the upcoming series of three photos demon-
strating how logs have been introduced to restora-
tion sites).

Nurse logs can also replicate the elevated root plat-
forms provided by mature Sitka spruce trees, which
provide a more aerobic environment for plant
growth (Brophy, 2009) in tidal swamps and provide
sites for plant growth above MHHW (Hood, 2007). El-
evated planting platforms may be particularly
needed at subsided sites (Diefenderfer et al., 2018).
Restoration practitioners can replicate the functions
of elevated planting platforms at swamp restoration
project sites by placing elevated cribs (see the second
photo in the upcoming series) or logs as planting plat-
forms (see the third photo). To expedite and replicate
the seed regeneration functions of nurse logs, some
practitioners drill holes in placed logs and plant or
seed directly into the log (e.g., see the log crib in the
second photo). Practitioners have also made chain-
saw slots to facilitate root growth into the soil.

B il e ,1'-_ s
Sitka spruce saplings establishing on a fallen spruce tree,
Yaquina Bay, Oregon, USA. Photo by Evan Hayduk, MCWC.
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(2) ' 3) :
Current restoration practices that have brought logs into the site: (1) Logs placed in the tidal floodplain will move around
with tides and floods until they become stabilized, when they may be able to serve as nurse logs. Yaquina estuary, Ore-
gon, USA. Photo by Peter Vince, MCWC. (2) Log cribs planted with Sitka spruce seedlings. Photo by Jake Robinson. (3) Matt

Ruwaldt, Partnership for the Umpqua Rivers, shows a Sitka spruce sapling planted in a nurse log. Photo by Laura S. Bro-
phy, CC BY-NC 4.0.
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Mound construction

Installing mounds as planting platforms can effec-
tively mimic the topographic heterogeneity in unal-
tered tidal swamps. The construction of artificial
mounds may help improve restoration effectiveness.
For example, topographic mounds with functions
similar to those provided by nurse logs may help
woody plantings survive and outcompete invasive
species, such as reed canarygrass, improving the
chance of restoration success (Diefenderfer et al.,
2018).

Diefenderfer et al. (2018) provided specific advice on
the design of mounds, including the importance of
the source and organic content of the mound mate-
rial. They advised covering mounds with topsoil but
noted that the source of the topsoil should be con-
sidered, as some topsoil contains weed seeds. They
also noted that subsequent maintenance, including
weed control, should be planned for some years after
planting.

Mound graded to provide elevated topography in a resto-
ration project. Siletz Bay, Oregon, USA. Photo by Fran
Recht.

Reed canarygrass control and
management

Reed canarygrass is a common and widespread inva-
sive species found in swamp habitats in North Amer-
ica (Lavergne & Molofsky, 2004). The biology and
ecology of reed canarygrass make it extremely com-
petitive, in part because the plant's dense roots and
vigorous growth make native vegetation difficult to
establish. Reed canarygrass is also difficult to eradi-
cate. Its management is of critical importance for any
tidal swamp restoration effort. Sinks et al. (2021) re-
viewed methods for controlling reed canarygrass in
the Pacific Northwest by conducting a literature re-
view, interviews with practitioners, and field observa-
tions. They looked at control methods that modify
ecological conditions (e.g., shade, inundation, nutri-
ents, competition) as well as active control methods
(e.g., herbicide, mowing, burning, grazing) and com-
binations of different methods. They summarized
seven key considerations for the removal and long-
term management of reed canarygrass at tidal
swamp restoration sites:

= (Control reed canarygrass at the largest scale pos-
sible, even to the watershed scale.

= Combine multiple methods for multiple years.
Reed canarygrass has been shown to return to
pretreatment conditions within three years with-
out continued control (Lavergne & Molofsky,
2004).

= Note that pre-restoration treatment is more cost-
effective than post-restoration treatment.

= Plant or seed strong competitors to fill above-
ground and belowground niches.

= Remember that woody species affect light differ-
ently as plants grow (e.g., Salix lucida and Fraxinus
latifolia do not shade the understory at maturity).

= Consider the potential loss of high marsh result-
ing from control methods focused on establish-
ing high and low elevations.

= Consider removing heavy nutrient sources at
least one year in advance of construction.

Unfortunately, many projects do not have adequate
funding for post-restoration maintenance and moni-
toring; therefore, controlling reed canarygrass during
restoration activities is the most effective strategy to
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date (Sinks et al., 2021). Reed canarygrass control ex-
periments are being conducted at the Kandoll Farm
and Wallacut restoration project sites. They aim to in-
form future strategies for the Columbia Land Trust
that can ideally be used for native vegetation resto-
ration at larger scales (see the “Current Tidal Swamp
Restoration Efforts” section for more information on
these two projects).

Large woody debris (LWD) and channel
design

LWD is ubiquitous in streams, wetlands, and estuar-
ies in the Pacific Northwest and influences multiple
ecosystem functions, including habitat formation,
nutrient cycling, vegetation zoning, and hydrology
(Gippel, 1995; Hood, 2007; Naiman et al., 2002; Si-
menstad et al., 2003). The hydraulic geometry of tidal
swamps is similarly controlled by the accumulation of
LWD (i.e., wood debris jams) that affect channel de-
velopment, pool development, and flow dynamics
(Diefenderfer & Montgomery, 2009). Diefenderfer
and Montgomery (2009) found that when legacy
channel networks are present, but LWD is no longer
present, the results can include the loss of pools and
microtopography, as well as diminished nutrient and
sediment export. LWD also plays an outsized role in
the success of nitrogen-fixing plants in tidal swamps
by providing growth platforms and reducing stress
from inundation (Hood, 2007).

Diefenderfer and Montgomery (2009) monitored the
presence of large wood in three freshwater tidal
swamp reference sites near Grays Bay, Washington,
in the Columbia River estuary, documenting the role
of LWD in channel and pool formation. They classi-
fied tidal forested wetland channels consistent with a
forced step-pool channel type, similar to that used in
stream classifications. They proposed that this new
classification can be used to inform log placements
for restoration designs.

As with many restoration techniques, site conditions
must inform channel design (Diefenderfer et al.,
2021). For example, diked sites are often character-
ized by lower land elevations resulting from subsid-
ence over time (Diefenderfer et al., 2008; Elliott et al.,
2016). Diefenderfer et al. (2021) developed models

and classifications for channel network design from
studies of tidal wetland channel networks in the Co-
lumbia River estuary. They advised using local refer-
ence sites, field surveys, and local environmental
data when designing channel networks. They further
recommended the “natural network paradigm” ap-
proach, which integrates environmental processes
(e.g., sedimentation) with structural factors (e.g.,
LWD) to develop restoration designs unique to each
location.

Beaver monitoring and reintroduction

Beaver were once widely present in riverine and es-
tuarine systems, and these ecosystem engineers can
strongly affect tidal swamps (Diefenderfer & Mont-
gomery, 2009; Hood, 2012; Jones et al., 1994). Bea-
vers can affect and alter habitat through ponding and
inundation, channel formation, and sediment cap-
ture, thus enhancing fish habitat (Dittbrenner et al.,
2022; Wohl, 2021). Beavers in tidal shrub swamp hab-
itat play a role in providing predation cover and food
sources for Chinook salmon and other fish in the Pa-
cific Northwest (Hood, 2012; Pollock et al., 2004).
Hood (2007) noted beavers' strong association with
tidal shrub swamps and recommended a greater fo-
cus on restoring this habitat type for the benefit of
beavers and Chinook salmon. However, he also
noted that trees in these habitats, which beavers use
to build their dams, are strongly associated with large
nurse logs, which act as planting platforms, as noted
in this report's previous sections on vegetation plant-
ing and LWD. Thus, tidal shrub swamps’ continued
long-term sustainability depends on continuing to re-
cruit large wood from upstream areas.

Beaver reintroductions may help emulate historical
conditions and may also contribute to the climate
change resilience of wetlands (Dittbrenner et al.,
2018). Abeaver dam analog (BDA) is a technique used
to mimic beavers' effects on habitat and attract bea-
vers to recolonize areas (Bouwes et al., 2018; Weber
et al., 2017). Both beaver reintroduction and BDA in-
stallation have provided benefits to fish, including in-
creased habitat heterogeneity, prey production, and
improved stream water quality (i.e., temperature;
Bouwes et al., 2018; Kemp et al.,, 2012; Weber et al.,
2017). However, Petro et al. (2015) evaluated the re-
location of nuisance beavers in Oregon and found
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American beaver. Photo courtesy of Rawpixel, public domain, CCO 1.0.

mixed results, mainly due to the high mortality of re-
located animals and the inconsistency of dam con-
struction behavior in surviving animals. But more
passive methods can also help encourage beavers to
occupy and build dams at restoration sites, including
providing food and lodging and planting riparian veg-
etation (Pollock et al., 2023).

Petro et al. (2015) recommended defining clear
measures of success (e.g., dam building) when rein-
troducing or relocating beaver to improve fish habi-
tats. Regardless of whether restoration includes bea-
ver reintroduction or BDAs, it is important to assess
and monitor beaver presence at tidal swamp resto-
ration sites, as they play an outsized role in hydrology
and woody plant survival. Awareness of beaver pres-
ence can help inform the success or failure of resto-
ration efforts and can aid in understanding monitor-
ing results.

Restoration effectiveness monitoring

Since tidal swamp restoration efforts are relatively
new, standardized effectiveness monitoring parame-
ters have not yet been established, though they have
been published as a NOAA Technical Memorandum
for the Columbia River estuary (Roegner et al., 2008).
At @ minimum, any monitoring program should be
established at one or more intact reference sites and
at the restoration site, and the program should in-
clude measuring basic ecosystem drivers of tidal in-
undation and salinity (Brophy, 2009; Janousek et al.,
2021). Brophy (2009) recommended that at least a
year of monitoring occur at intact reference sites to
provide baseline data for statistical analyses of resto-
ration success. Monitoring parameters for tidal
swamp restoration may mirror those of other wet-
land restorations, but parameters of particular im-
portance at tidal swamp sites include shallow
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groundwater levels, channel and groundwater salin-
ity, soil carbon, soil bulk density, and soil texture, as
well as metrics such as vegetation and fish use, that
provide insights into restoration success (Brophy,
2019). Past monitoring efforts can also provide help-
ful guidance. More complete recommendations and
considerations for monitoring can be found in Ap-
pendix 11 of Comparing Historical Losses of Forested,
Scrub-Shrub, and Emergent Tidal Wetlands on the Ore-
gon Coast, USA: A Paradigm Shift for Estuary Restoration
and Conservation (Brophy, 2019).

Brophy et al. (2011) monitored tidal swamps in Blind
Slough (Columbia River) and Coal Creek (Nehalem
River) between 2006 and 2009 to learn about the re-
lationships between vegetation, surface water and
groundwater levels, and channel water salinity. The

Table 2. Monitoring parameters (from Brophy, 2009).

effort resulted in a reference condition database for
intact tidal swamps to which future practitioners
could potentially contribute by monitoring the same
parameters using similar methods. Brophy (2009)
monitored similar parameters at two tidal swamp
reference sites to establish baselines for restoration
efforts in the Siuslaw Estuary (Table 2). Bailey (2011)
monitored wetlands, including tidal swamps, in the
Miami River restoration project. Parameters moni-
tored included water level, water quality, soil charac-
teristics, vegetation structure and composition, and
fish and wildlife resources. Monitoring in 2006 pro-
vided a baseline from which to plan restoration work.
Conditions were monitored for six years post-imple-
mentation (2011-2016), and a reduced suite of moni-
toring parameters has been sampled since 2016.

Indicator category

Metric(s)

Controlling factors

Tidal hydrology
Groundwater hydrology
Topography

Water quality

Surface water salinity

Tidal inundation regime (frequency and duration of inundation)
Water table depth (monitored only at tidal swamp sites)

Wetland surface elevation

Habitat class interspersion

Slope

Landscape setting Aspect

Soils

Geomorphic surface

Soil salinity (electrical conductivity)
Organic matter content

pH

Soil texture

Ecosystem structure and function

Vegetation

Plant community composition
Woody plant density
Tree basal area

Restoring Tidal Swamps in the U.S. Pacific Northwest: Information for Practitioners

18



177 % PN

P & ey &

Robert Wheatcroft, David Beugli, Michael Ewald, and Laura Brown collecting a deep core to measure soil carbon seques-
tration and sediment deposition rates. Oligohaline scrub-shrub tidal swamp, Columbia River estuary, Oregon, USA. Woody
dominants include Douglas' spiraea, Nootka rose, and coast willow. Photo by Laura S. Brophy, CC BY-NC 4.0.

Roegner et al. (2008) suggested protocols for moni-
toring salmon habitat restoration projects in the Co-
lumbia River estuary. They provided protocols for
“state of the science” data collection and analysis
methods for landscape features, water quality, water
fluctuations, sediment accretion, fish species compo-
sition, and other parameters (Table 3). Implementing
these suggested protocols—developed to help deter-
mine the impacts of projects by the U.S. Army Corps

of Engineers and restoration success—might be aspi-
rational for most restoration practitioners depending
on the funding and staffing available, although the
authors recognized that more robust (and expensive)
methods were available than those described. While
not called out by Roegner et al. (2008), the presence
of beaver or beaver signs should also be noted dur-
ing monitoring efforts.
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Table 3. Suggested monitoring parameters and sampling frequency for tidal swamps (from Roegner et al., 2008).

Indicator category Monitoring metric Collection method Sampling frequency
Physical
Hydrology Surface water elevation Data-logging instrument Hourly
Temperature Hourly
Water qualit Data-logging instrument
g y Salinity gEing Hourly
Landscape features Photography, GIS Annually
Habitat
Elevation Ground survey Annually
Biological

Species composition
Percent cover

Plants ) Ground survey Annually
Elevation

Planting success

Species composition
Fish Size structure Ground survey Monthly/seasonally

Temporal presence
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Sitka spruce tidal swamp restoration site four years after planting, Siuslaw estuary, Oregon, USA. Photo by Laura S.
Brophy, CC BY-NC 4.0. /nset: Seeds from cones collected in tidal swamps will be grown in a nursery before out-planting
on a restoration site. Siletz estuary, Oregon, USA. Photo by Cheryl Horton, MCWC.
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CURRENT TIDAL SWAMP RESTORATION EFFORTS

This section summarizes and high-
lights current tidal swamp restora- ’x [. g iggpcstoratip L““‘“”“J
tion sites in Oregon and Washington. N 1@®
To obtain information about these 2
sites, PSMFC distributed an online
survey to restoration practitioners ol
(see the appendix). To identify survey X
recipients, a review of.tidal swamp ﬂ ROiG Ly (Eeskagit Delta \
and blue carbon studies was con- 2. Fisher Slough Restoration
ducted, as were follow-up interviews 3. Kandoll Farm Intertidal Wetland
with study authors. The survey was Restoration
designed to collect information on 3 4. Grays River Mill Road Restoration
tidal swamp restoration projects, in- 50 @4 2 gallail/llt L ie;mf?tl(én PFkOJGCt
cluding but not limited to project (©) ; HZ?)ri’tat ?{rgsts(’)fa?ionems =2
scale, scope, location, restoration 6 i/ T s Restomtion
techniques,  vegetation  species 8 il 8. Miami Wetlands Restoration
planted, and monitoring activities. 5 9. Kilchis Wetland Preserve Restoration
PSMFC also archived swamp project 9 gortlond 10. Yaquina Estuarine Wetland
design plans provided by select prac- Restoration
titioners and survey participants. The 11. Poole Slough.Salt Ma.rsh Restoration
tidal swamp restoration survey is still Newport 10 Bl hot Susdp it Sy

. Ly . . o 13. Winchester Tidelands
available online,” allowing for contin- 11 & Restoration Project
ued information collection on new QAL Leslie Log Crib Project /
tidal swamp restoration projects and
existing projects not described e 12
herein.
Practitioners identified their meth- 13
ods and if their approaches en- ®
hanced restoration effectiveness (at 14 o Ml o
least in the short term). Most projects i T

are too recent to establish whether
the restoration sites will successfully
develop swamps over the long term
or will be sustainable and resilient compared to ref-
erence sites. The compiled survey results that follow
are intended to provide baseline information on the
scale, techniques, and follow-up monitoring currently
incorporated into Pacific Northwest tidal swamp res-
toration projects.

sites.

Figure 1. Locations of survey participant tidal swamp restoration project

Information was obtained for 14 projects with a tidal
swamp restoration component: five sites in Washing-
ton and nine in Oregon (Figure 1). Twelve projects
were completed, and two were in the design phase.
It should be noted that in many cases, tidal swamp
restoration was not the primary project focus. In-
stead, it was one component of a larger tidal marsh
restoration project (Table 4).

2 Go to https://survey123.arcgis.com/share/0be91b8e841c4aa78e186864496feb8b for the online survey.
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Table 4. Physical area and elevation of tidal swamp restoration projects.

Tidal
Total SWamp  pestored tidal swamp
Project Comple- project area design elevations
no. Project name Organization tion date area (acres) (acres) (NAVDS88)
1 Milltown Island, Skagit River Sys- In design .
Skagit Delta tem Cooperative — — Notavailable — —
2 Fisher Slough, The Nature Con- Oct 2011 60 5 7.5-11 ft
Skagit Estuary servancy
3 Kandoll Farm Columbia Land Jun 2016 163 163 Sitka spruce swamp
Intertidal Wetland  Trust > 12 ft; most below
Restoration MHHW (MHHW = 8.82 ft)
4 Grays River Mill Columbia Land Jun 2012 50 50 Sitka spruce swamp:
Road Restoration Trust 12 ft; mound placement
<12ft
5 Wallacut River Res-  Columbia Land Mar 2017 116 50 Not available
toration Project Trust
6 Bear, Mary’s, and Columbia River Oct 2018 64 64 Not available
Ferris Creeks Habi-  Estuary Study
tat Restoration Taskforce
7 Ruby Wetlands Columbia River In design 122 10 7.5ft
Restoration Estuary Study
Taskforce
8 Miami Wetlands The Nature Con- Sep 2011 58 17 9to 14 ft
Restoration servancy
9 Kilchis Wetland The Nature Con- Sep 2015 67 30 10to 12 ft
Preserve Restora-  servancy
tion
10 Yaquina Estuarine  PSMFC & MCWC Mar 2021 55 24 8.5t0 11 ft
Wetland Restora-
tion
11 Poole Slough Salt MCWC Aug 2021 2 1 Restoration plantings: 9
Marsh Restoration to 14 ft; LWD for nurse
logs placed in LMZ areas
(above current annual
high tide)
12 North Fork Siuslaw  Estuary Technical Mar 2008 12 12 Site not graded; site ele-
Tidal Swamp Group, Institute vation ranges from 7 to
for Applied Ecol- 9 ft
ogy
13 Winchester South Slough Na- Sep 2002 12 1 Not available
Tidelands Restora-  tional Estuarine
tion Project Research Reserve
14 Leslie Log Crib Swanson Ecologi- Feb 2017 0.5 0.5 Not available

Project

cal Services
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Project site characteristics

For 12 of the 14 restoration sites, respondents pro-
vided information on the size (in acres) of the full res-
toration project (Figure 2) and specifically noted the
size of the tidal swamp portion of the project (Fig-
ure 3). The swamp restoration site area ranged from
less than 3 acres to 163 acres.

Respondents were asked to describe the site’s pre-res-
toration vegetation (including invasive species). Before
restoration, different sites had differing amounts of
native woody vegetation. Willow, alder, spruce, and
shrubs in surrounding riparian areas were most com-
mon. Invasive vegetation was predominant, with reed
canarygrass abundant at most sites. Other common
invasive species included various pasture grasses,
blackberries, non-native cattail, knotweed, and gorse.
One site had small, scattered populations of purple
loosestrife, yellow flag iris, and ivy.

Design elevations?®

Most respondents provided elevations relative to the
North American Vertical Datum of 1988 (NAVDS88),
which varies in its relationship to tidal datums across
the survey geography. For two sites, the design ele-
vation for establishing swamps was 12 ft NAVD88 (Ta-
ble 4). Two other sites used design elevations of 9-
14 ft. Other design elevations used were 7.5ft
NAVD88, 8.5-11 ft, and 10-12 ft. One site had no grad-
ing, so there was no design elevation, but the re-
spondent provided the site elevations relative to
NAVD88. One respondent mentioned that large
wood was placed above MHHW and in LMZ areas (po-
tential future tidal wetland areas under sea level rise
scenarios, as modeled by Brophy and Ewald [2017]).
Respondents for one site mentioned that channel di-
mensions were informed by Pacific Northwest Na-
tional Laboratory studies (Diefenderfer and other Co-
lumbia Estuary studies).

=<3 acres

12 acres

50 to 67 acres

116 to 122 acres

163 acres

3 4 5
Count

Figure 2. Total acreage of 12 restoration projects (that included some swamp restoration).

3 For comparison across geographic areas, design elevations should be expressed relative to tidal datums (such as “feet
MLLW" or “meters MHHW") and/or standardized to tidal range (e.g., Z as used by Swanson et al. [2014]).
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=3 acres

10to 17 acres

30 to 64 acres

163 acres

2
Count

Figure 3. Total tidal swamp restoration acreage for 12 tidal swamp restoration projects.

Restoration techniques

Restoration practitioners were asked to identify
which restoration techniques they used from a list
provided in the survey. It included soil mounds, soil-
filled cribs, nurse logs, LWD placement, and "other.”

Table 5. Restoration techniques used in tidal swamp restoration projects.

Most practitioners (62%) used a combination of tech-
niques. Of the 13 sites that provided survey re-
sponses, five sites used just one technique, three
sites used two, and five sites used three (Table 5).

Project name

Organization

Restoration technique

One technique used

Leslie Log Crib Project

Miami Wetlands Restoration
Milltown Island, Skagit Delta
Grays River Mill Road Restoration

North Fork Siuslaw Tidal Swamp

Swanson Ecological Services
The Nature Conservancy

Skagit River System Cooperative
Columbia Land Trust

Institute for Applied Ecology, Estuary
Technical Group

Soil-filled cribs
LWD placement
Soil mounds
Soil mounds

LWD placement

Two techniques used

Poole Slough Salt Marsh Restoration

Winchester Tidelands Restoration
Project

Kilchis Wetland Preserve Restoration

MCWC

South Slough National Estuarine Re-
search Reserve

The Nature Conservancy

Nurse logs, LWD placement

Soil mounds, LWD placement

Soil mounds, LWD placement
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Project name

Organization

Restoration technique

Three techniques used

Bear, Mary’s, and Ferris Creeks Habi-
tat Restoration

Yaquina Estuarine Wetland Restora-
tion

Wallacut River Restoration Project

Ruby Wetlands Restoration

Kandoll Farm Intertidal Wetland Res-

Columbia River Estuary Study Task-
force

PSMFC & MCWC

Columbia Land Trust

Columbia River Estuary Study Task-
force

Columbia Land Trust

Soil mounds, LWD placement, other

Soil mounds, LWD placement, other

Soil mounds, LWD placement, other

Soil mounds, LWD placement, other

toration

Soil mounds, nurse logs, LWD place-
ment

The use of soil mounds and LWD placement were the
most frequently reported techniques. All other meth-
ods were used less than half as often as either of
these techniques (Figure 4). “Other” techniques were
general techniques not specific to swamp restoration
(e.g., dike removal, ditch filling). Responses from res-
toration practitioners showed that the techniques

currently used are consistent with recommendations
from the available literature concerning the use of
mounds, control of invasive reed canarygrass, and
channel outlet design (for juvenile salmon passage;
Diefenderfer et al., 2018, 2021).

Soil mounds A

Soil filled cribs

Nurse logs

WD placement

Other*

T T

Count

Figure 4. Tidal swamp restoration techniques and the number of projects that used it.

Restoration plantings

All respondents provided information on the species
planted at the 14 restoration sites. Roughly half (six of
13) planted two to five species, while in eight of the 14
projects, six or more species were planted (Figure 5).

Three projects planted 13 species. “Other” species
planted included sword fern, a wetland forb-and-grass
seed mix, evergreen huckleberry, and western hem-
lock.
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Black cottonwood

Black twinberry

Cascara

Douglas spirea hardhack
QOregon ash

Oregon (Pacific) crabapple 1
P acific wax myrtle

Red alder

Red osier dogwood
Salmonberry

Sitka spruce

Slough sedge

Sweetgale bog myrtle
Western red cedar
Willow: Hookers, Coast or Dune
Willow: Scouler

Willow: Shining or Pacific
Willow: Sitka

Other*

T T

0o 1 2 3 4 5 6 7 8 9 10 11

Count

Figure 5. Species planted and the number of restoration sites where they were planted.

Restoration and reference site monitoring

All survey respondents provided information on the plantings survival, followed by the as-built elevation
number and kind of post-restoration monitoring pa- survey. Most respondents also monitored channel
rameters tracked to determine project success (Fig- width, water temperature, inundation frequency, and
ure 6). The most frequently tracked parameter was vegetation cover (including reed canarygrass).

Soil texture

Macroinvertebrates

Soil organic matter
Water or soil salinity conductivity
Fish use

Channel depth

In channel salinity

Channel width

Sediment accretion erosion

In channel water temperature
Shallow groundwater level
Beaver presence

Inundation frequency

Reed canarygrass cover frequency
Tree shrub health condition
vegetation cover frequency
Survival of plantings

As built elevation survey

Soil ph

Treelshrub stemdensity/basal area
Soil bulk density

Pool spacing

Other ] i

0 1 2 3 4 5 6 7 8 9 10
Count

Figure 6. Monitoring parameters and the number of restoration projects that tracked them.
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Reference sites

Most tidal swamp restoration projects used nearby
reference sites to help inform restoration project de-
sign considerations (Figure 7). Reference sites were
surveyed for a dominant plant cover and the pres-
ence or absence of beavers and LWD. Eight respond-
ents noted specific dominant plants at reference
sites: Sitka spruce (seven sites), willow species (four
sites), and black twinberry (three sites). Other com-
mon co-occurring plant species included Pacific
crabapple, alder, Pacific ninebark, dogwood, salmon-
berry, Douglas spirea, rose species, and Lyngbye's
sedge. One respondent noted wapato, spikerush,

nodding beggars-ticks, and reed canarygrass as dom-
inants at their reference site.

Eleven respondents noted whether beavers were
present at the reference site and whether their refer-
ence sites included large wood and pools (Figure 7).
Seven reference sites had beavers at their reference
sites, three respondents did not know whether bea-
vers were present at their reference site, and one ref-
erence site did not have beavers. Nine reference sites
had large wood and pools. For the two other refer-
ence sites, respondents did not note whether large
wood and pools were present.

Did restoration projects use a reference site?

Were beaver present at
reference site?

Yes

Were large wood and pools
present at reference site?

Unknown

Figure 7. Select reference site metrics for restoration projects.

Additional project information and lessons learned

Survey respondents provided the following sum-
maries in response to requests for final thoughts or
ideas they wanted to share. Their answers highlight

details of their future plans, methodological consid-
erations, project outcomes, and lessons learned for
eight of the projects covered in this report.
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Kandoll Farm Intertidal Wetland Restoration,

Columbia Land Trust
Project 3 in Figure 1

“The second phase of this 163-acre project was initi-
ated in 2016. BDAs* were constructed but have not
been utilized by beavers; however, beavers are utiliz-
ing the spaces between mounds. Revegetation work
is ongoing. A reed canarygrass experiment is ongoing
and is providing good direction to control reed ca-
narygrass and restore marsh vegetation at scale. Ad-
ditional monitoring information is available as
needed. Channels are generally stable. Installed LWD
is stable, but interstitial material has been lost from
tidal forces. Fish presence has been documented, but
monitoring is limited, and sediment accretion is
mixed, depending on year and location. Beavers have
focused on removing spruce trees from mounds on
the interior of the site, presumably in favor of willow
and other deciduous species. Subsidence recovery
will require a long time period and may not keep pace
with SLR [sea level rise]. The Pacific Northwest Na-
tional Laboratory is doing blue carbon work on one
of the reference sites and has preliminary findings re-
garding carbon stocks in these systems.”

Fisher Slough, Skagit Estuary
Project 2 in Figure 1

The Fisher Slough Tidal Marsh Restoration project re-
stored approximately 60 acres of freshwater tidal wet-
land habitat on formerly diked farmland. Five of these
acres were tidal swamp; the rest were tidal marsh. The
project was completed in October 2011, and the re-
stored habitat is critical to Chinook salmon, a threat-
ened species listed under the Endangered Species Act.
The restoration project was designed to achieve sub-
stantial habitat and fish passage benefits while simulta-
neously increasing flood storage, improving drainage,
and updating old infrastructure for the adjacent agricul-
tural community within the Skagit River Delta. A portion
of the site, where elevations are higher, was planted
with willow and other native trees and shrubs. More in-
formation about the project can be found at https://sa-
lishsearestoration.org/wiki/Fisher_Slough_Restora-
tion.

Grays River Mill Road Restoration, Columbia

Land Trust
Project 4 in Figure 1

“Large wood was excavated during channel construc-
tion (and replaced within the channel). Large amounts
of wood were found to be buried on the site.”

Wallacut River Restoration Project, Columbia

Land Trust
Project 5 in Figure 1

“The primary restoration strategy on this site was to
restore tidal connectivity, excavate pilot channels,
control weeds, and restore native vegetation. The
Wallacut is an altered watershed, given the tide gates
located upstream of the project, which limit tidal in-
flow into a significant portion of the watershed, im-
pacting channel dynamics within the project reach.
Also, the project is located on the north side of the
Columbia River estuary, where prevailing storm
winds push LWD into the Wallacut, often in large
rafts, but the wood does not persist, as it eventually
drifts out before settling or being entrained. A reed
canarygrass control experiment was started at this
site in 2022.”

Ruby Wetlands Restoration, Columbia River

Estuary Study Task Force
Project 7 in Figure 1

“The Columbia River Estuary Study Taskforce has uti-
lized the restoration technique of lowering marsh
plain elevations at numerous restoration projects
along the Lower Columbia River. The ability to re-
move invasive reed canarygrass and prolong inunda-
tion in freshwater wetlands has led to more extensive
areas of native emergent plant communities, which
has reduced the need for herbicide treatment and
ongoing vegetation maintenance.”

4 BDAs, or beaver dam analogs, are human-made structures designed to mimic the form and function of a natural beaver

dam and, in most cases, to promote beaver reestablishment.
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Miami Wetlands Restoration, The Nature

Conservancy
Project 8 in Figure 1

“This project ended up digging out a borrow pit to get
more material to fill ditches. This may not be neces-
sary when tidal channels are designed to excavate
sufficient volume to fill ditches. However, the borrow
pit has formed a nice seasonal pond feature that pro-
vides habitat value. It might be worth considering in
your designs, even if the material is extra and just
used to create hummocks. Additionally, beaver really
wiped out the initial willow planting near newly exca-
vated tidal channels before the willows could estab-
lish roots. Later, Tillamook Estuary Partnership’s
planting crew successfully experimented with plant-
ing larger diameter willows (2") that fared better.”

Yaquina Estuarine Wetland Restoration,
PSMFG/MCWC

Project 10 in Figure 1

“The Hooker's willow was not successful when
planted as stakes. This may be due to the soil at the
main planting area being of such poor quality (muck
from the bottom of the new dike breach channel), as
well as heat stress. Crabapple was planted as both
bare-root and potted stock; it'll be interesting to see
if one technique is more successful than the other.
Spruce was planted as bare-root; the Douglas spirea
and black twinberry were planted as potted stock.
Dense mats of invasive creeping bentgrass are pre-
sent but are likely to decline (Brophy observation)
over time due to shading or competition from taller
plants, such as tufted hairgrass (Deschampsia cespi-
tosa) as tidal inundation occurs.

“We have found (not only in tidal sites) that to control
reed canarygrass, the best approach is to plant fast-
growing shrubs and trees, as reed canarygrass is in-
tolerant of year-round shade. We also find that scalp-
ing during a restoration project is a good approach,
scalping down 4-18" depending on how deep rhi-
zomes are found. Burying at the bottom of ditches to

be filled is one strategy, but it can be tricky because
if it is not deep enough, it may re-sprout. Also, since
it is heavy in organic material, it will decompose, and
you have to over-fill the ditch (6-12" at least) to ac-
count for that settling. At Five Mile Bell, USFS [the U.S.
Forest Service] piled reed canarygrass scalped mate-
rial and covered [it] with tarps/cloth to compost it. In
other sites, we don't have ditches to fill; we pack the
material against the toe slope, hopefully at a higher
elevation where it is too dry for the rhizomes to re-
sprout and where shade from native trees and
shrubs can create a canopy over it to shade it out.”

Poole Slough Salt Marsh Restoration, MCWC

Project 11 in Figure 1

“The LWD placement in reed canarygrass in the land-
ward migration zone [LMZ] (area that under sea level
rise will become of proper elevation for tidal wet-
lands) was done as a pilot effort; this will inform fu-
ture work. To try to establish spruce on the nurse
logs, holes were drilled in the logs with a paddle bit
(trying to use natural depression spots on the log
where possible). The holes were filled with a mix of
spruce seeds collected from within tidal swamps and
local soil materials (mud/sand); no potting soil was
used. Some of the holes were then covered with mud
and dead grass to provide a little cover and to ensure
soil contact for the seed. No bare-root or potted
plants were used on the nurse logs as in other areas.
We've experimented with that and have not had good
survival.”

Winchester Tidelands Restoration Project,
South Slough National Estuarine Research
Reserve

Project 13 in Figure 1

“South Slough National Estuarine Research Reserve is
planning more tidal swamp restoration in an adja-
centdrainage and are planning on using nurse cribs.”
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John Christy conducting site reconnaissance at a Sitka spruce tidal swamp, Columbia River estuary, Oregon, USA. Yel-
low flowering plants in foreground are skunk cabbage. Photo by Laura S. Brophy, CC BY-NC .4.0.
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DISCUSSION

Tidal swamps have undergone disproportionate
losses compared to tidal marshes. Despite the re-
search to date, significant gaps remain in under-
standing the effects of these losses and how best to
restore these important habitats. Sea level rise pre-
sents a challenge to both the restoration and conser-
vation of tidal swamps, as described earlier (Janousek
et al., 2016). Fuller (2018) investigated tidal marsh
vegetation mortality at a restoration site in the Stil-
laguamish estuary (Salish Sea) that was likely related
to climate-change-induced alterations in freshwater
inflows, and impacts of this type could also affect
tidal swamps.

Brophy (2019) described several challenges related
to physical conditions, including elevation loss (sub-
sidence), soil compaction, and channel system alter-
ations due to diking, ditching, and agricultural use. In-
vasive species such as reed canarygrass often pose a
challenge to tidal swamp restoration in the Pacific
Northwest (Diefenderfer et al.,, 2018; Sinks et al.,,
2021). Herbivory is a constant challenge when at-
tempting to establish woody plants in tidal wetland
restoration sites (Marten, 2022; Wasson et al., 2021).
Although this report cannot list all challenges facing
tidal swamp restoration, it has described practical ap-
proaches restoration practitioners use to address
some of these issues.

Though the field of tidal swamp restoration is rela-
tively young, the current body of practice, evidence,
and documentation is quickly coalescing around sci-
ence- and site-based best practices. This report pro-

vides some preliminary information that can be sup-
plemented in the future as these projects are revis-
ited and new projects are added. As such, it will be
important for future restoration projects to use the
online survey described herein to document and
share lessons learned during all restoration projects.
Even more valuable, restoration projects can be op-
portunities to systematically test new methods while
contributing to the scientific literature on tidal
swamp ecology and restoration.

Broadly, it is important that all tidal swamp restora-
tion projects identify reference sites and incorporate
restoration effectiveness monitoring from the outset.
Furthermore, it is important that future tidal swamp
restoration monitoring efforts align their monitoring
parameters as much as possible with existing data
from past projects. Regardless of the project, it is es-
sential to consider the full suite of conditions at the
restoration site (salinity, hydrology, invasive species,
elevation, beaver interactions, etc.). Finally, it is im-
portant for restoration practitioners to identify areas
where tidal wetlands may persist under future cli-
mate change scenarios and prioritize these LMZs for
future restoration efforts (Brophy & Ewald, 2017).

PMEP supported this report to further its commit-
ment to effectively restoring estuarine fish habitats
along the U.S. West Coast. PMEP encourages practi-
tioners of new tidal swamp restoration projects to
document their site planning, restoration methods,
and effectiveness monitoring and to share their re-
sults with PMEP.
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APPENDIX: TIDAL SWAMP PRACTITIONER SURVEY QUESTIONS

Tidal Swamp Restoration Projects: Techniques and Results
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PMEP is a nationally recognized partnership that seeks to advance regional and national goals
relating to fish habitat. With its partners, PMEP synthesizes the best available information to
help protect and restore West Coast fish habitat, including compiling datasets that enhance
our understanding of this habitat. PMEP also provides, with partners, targeted restoration and
conservation funding to support on-the-ground work.

Purpose & Objective

The objective of this survey is to improve our understanding of tidal swamp restoration
projects along the U.S. West Coast, including technigues used and success stories / lessons
learned.

Next [ ] Page 10of4

SURVEY QUESTIONS

Respondent Information

Respondent Name, Organization Name, Email Address, Phone Number

Do your projects include restoration of tidal swamp habitats?

Please share the name(s) of project design team members and or company/consultants used.

Project Manager (for tidal swamp work) - name and contact information for the person leading the tidal swamp
restoration efforts.
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Project Information

Total acres of estuary restoration project:

Acres of tidal swamp included in restored area:

Month and year of project completion:

Please upload a project report and maps if available (up to 10 MB).

Please upload spatial data specific to the tidal swamp site if available.

Please share representative tidal swamp site photos if available.

Reference Site

Please describe any nearby tidal swamp reference sites used to guide restoration design.

Please identify estuary by name and include any useful landmarks. Coordinate locations are also welcome if
available—preferably latitude/longitude in decimal degrees.

Dominant plants at reference site:
Are beaver present at reference site?

— Yes
— No
— Unknown

Are large wood and pools present at reference site?

— Yes
— No
— Unknown

Please share additional reference sources that helped to guide your effort:

— Provide name, organization, and contact information of people you spoke with or learned from to guide
your tidal swamp restoration work.

— Provide additional location information for project sites you may have visited or learned from in plan-
ning your project.

Techniques & Monitoring

What was the design elevation for the restored tidal swamp? (Geodetic elevation (NAVD88)—please specify
units.)

What was the design elevation relative to MHHW, MLLW, or other tidal datum? (Please specify relative datum
and units.)

What tidal swamp-specific restoration techniques were used? (Check those that apply.)

— Soil mounds

— Soil-filled cribs

— Nurse logs

— Large wood placed in channels or on floodplain
— Other
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Species Planted
Please identify species planted. (Please check all that apply.)

— Sitka spruce

— Western red cedar

— Black cottonwood

— Red alder

— Black twinberry

— Oregon (Pacific) crabapple
— Red osier dogwood

— Douglas spirea (hardhack)
— Cascara

— Salmonberry

— Oregon ash

— Buttonbush

— Pacific Wax Myrtle

— Sweetgale (bog myrtle)
— Bitter (Oregon) cherry
— Western skunk cabbage
— Slough sedge

— Willow: Hooker's, coast, or dune
— Willow: Shining or Pacific
— Willow: Sitka

— Willow: Scouler’s

— Other

Monitoring
What is monitored in the tidal swamp portion of the restoration area? (Please check all that apply.)

— As-built elevation survey

— Survival of plantings

— Vegetation cover/frequency

— Reed canarygrass cover/frequency
— Inundation frequency (tide gauge)
— In-channel salinity

— In-channel water temperature

— Shallow groundwater level

— Water or soil salinity/conductivity
— Sediment accretion/erosion

— Soil organic matter

— Soil texture

— Soil pH

— Soil bulk density

— Channel depth

— Channel width

— Pool spacing

— Beaver presence

— Fish use
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— Macroinvertebrates
— Other

Existing Conditions

What are the dominant species of woody and nonwoody vegetation on the site currently (prior to restoration)?
Are invasive species prevalent at the restoration site (and if so, what species)?

Final Thoughts

Thank you for your time. Please provide any final thoughts or ideas you would like to share regarding tidal
swamp restoration:
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