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E X E C U T I V E  S U M M A R Y
 The Pacific Marine & Estuarine Fish Habitat Partnership (PMEP) identified a need
to update its recent assessment of tidal wetland loss (TWL) to include areas where
tidal connectivity and inundation have been restored. PMEP mapped 127 tidal re-
connection projects across the West Coast, identifying 8,085 hectares (19,978
acres) of restored tidal wetland habitat. This project focused on mapping restored
areas that were shown as “lost” within the 55 estuaries included in its original (V1)
TWL assessment (Brophy et al., 2019). Restored areas that were already classified
as tidal in the NWI (due to an NWI update that occurred after restoration) were
shown as “retained” in the TWL assessment, and therefore were generally not
included in this new mapping effort. Therefore, restored tidal wetlands included
in this effort are a subset of all tidal wetland restoration projects on the West
Coast. 
 
This mapping effort resulted in 2.3% of tidal wetlands that were previously
classified as “lost” being reclassified as “restored,” while 82.7% of tidal wetlands
remained classified as “lost.” The Salish Sea region had the highest change in
classification, with 4.1% of tidal wetlands that were "lost" now classified as
"restored." Losses remained highest for major river deltas, with over 94% of tidal
wetlands classified as lost and <1% as restored. In the 5 estuary areas of the San
Francisco Bay and Delta 5,340 ha of tidal wetlands have been restored,
representing more than half of the total area restored on the West Coast.
However, this large area of restoration represents only a small proportion of
historical tidal wetlands for the Bay and Delta (2.4% restored). These results
illustrate both the successes of restoring tidal connectivity and the potential for
future efforts to re-connect important fish habitat across the West Coast. 

Photo credit: Brent Lawrence
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IIn 2018, the Pacific Marine &
Estuarine Fish Habitat Partnership
(PMEP) completed an Indirect
Assessment of West Coast USA Tidal
Wetland Loss (TWL) across 55
estuaries (Brophy et al., 2019). The
assessment classified historical tidal
wetlands as either “retained” or
“lost,” and found that approximately
85% of vegetated tidal wetlands
have been lost from West Coast
estuaries. One limitation of the
analysis was due to the dated inputs
of the National Wetland Inventory
(NWI) (U.S. Fish and Wildlife Service,
2014); some restored tidal wetlands
were attributed as nontidal in the
NWI, and were therefore
categorized as “lost” in the analysis.
Because of this limitation, PMEP 

Standardized spatial data including
the locations (points) of restored
tidal wetland projects and extents
(polygons) of the restored areas
(available on request to
gis@psmfc.org);
Updated TWL assessment spatial
data (V2) to include “restored" areas
(publicly available); and     
Summary of project and
recommendations for future
efforts.

recommended an update of the TWL
assessment to map tidally restored
areas along the West Coast, and to
classify these as “restored areas”.
Funding for this project came from
NOAA’s Office of Habitat Protection.
 
Project deliverables include:
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Each data layer was queried for
keywords including “tide”, “tidal”, and
“estuary” to identify potential tidal
restoration projects. Results of the
query were used to generate a list of
restoration projects, which was then
reviewed by PMEP’s
Science and Data Committee and
PMEP’s Steering Committee. The
review process generated more
projects, which were then added to
the project list. 
 
The following additional GIS data
layers were obtained from
organizations engaged in tidal
restoration. These datasets are not
currently publicly available, but were
used to identify the extent of tidally
restored areas.

Fisheries Restoration Grant Program
Projects, California Department of
Fish and Wildlife (CDFW)       
California EcoRestore Projects,
California Natural Resources Agency

Using a variety of existing GIS data
layers, in combination with
professional review, PMEP’s data
steward identified locations of tidal
wetland restoration projects and
digitally mapped the location and
extent (in ArcMap) of areas within
estuaries along the West Coast where
tidal connectivity was restored.
Priority was given to projects within
the 55 estuaries included in PMEP's
TWL assessment (V1), with a focus on
areas classified as “lost” in that
assessment. See Figure 1. This work
was completed under the guidance of
PMEP’s Science and Data Committee
and the Pacific States Marine
Fisheries Commission (PSMFC) GIS
team. 
 
The following publicly available GIS
data layers were used to help
determine locations and status of
tidally restored areas along the West
Coast:

M E T H O D S
 

National Restoration Atlas, National
Oceanic and Atmospheric
Administration (NOAA)
Washington Habitat Work Schedule
(HWS)       
Washington Project Information
System (PRISM) database, WA State
Recreation and Conservation Office
Watershed Restoration Inventory
(OWRI), Oregon Watershed
Enhancement Board (OWEB)

Lower Columbia Estuary Partnership
Project Database      
Hood Canal Salmon Enhancement
Board Restoration Projects       
Tulalip Tribes Restoration Projects     
Puget Sound Partnership Restoration
Efforts        
Oregon Central Coast Estuary
Collaborative (OCCEC) Implemented
Projects   
Elkhorn Slough Restoration Projects  
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Southern California Wetlands
Recovery Project (SCWRP)
Restoration Projects  
Coos Bay/South Slough NERR
Restoration Inventory

PMEP West Coast USA Current and
Historical Estuary Extent V1 (PMEP
2018)  
PMEP Tidal Wetland Loss
Assessment detailed polygon layer
V1 (2018)       
World Imagery aerial photos from
ESRI Online (various years)       
Aerial photos from Google Maps
and Google Earth (various years)

See Appendix A for a full list of
restoration data sources consulted
during this effort. After the
identification of restoration projects
was completed using database
searches and expert input, PMEP
used the following base layers to
consistently map the extent of
tidally restored areas:

The PMEP data steward used the
restoration datasets to identify the
location, and when available, the
extent of the tidally restored area.
The above base layers were used as
a reference to develop the final
boundaries of the restored areas.
Restored areas were clipped to the
extent of the estuary (using PMEP’s
Estuary Extent data); areas that
occurred outside of the estuary
extent were not included. To provide
consistency with other West Coast-
wide data, polygons from the PMEP
TWL assessment detailed layer
(available upon request) were used
to map the restored area

boundaries. This detailed layer is a
union of PMEP’s estuary extent and
all features attributed as “tidal” in
NWI. When available, the restored
area from the data source was used
to identify the area restored, and
polygons within the area were
selected and split, if required. Aerial
images from ESRI and Google were
used as references when identifying
the tidally restored areas. Figure 2
shows an example of data
processing and results in the
Nisqually River Estuary. 
 
Specific types of restoration efforts
within this mapping effort include:
berm, dike, and levee removals, tide
gate removals, channel creation,
channel reconnection and
modifications, and tidal wetland
modification (fill or fill removal).
Projects that were solely tide gate
modifications or upgrades were not
included, because data on the 
 degree of tidal restoration produced
by such projects are not generally
available.
 
Restoration projects that remained
disconnected from “retained” areas,
channels or areas of open water
classified as “N/A” in the TWL
assessment were not included in this
effort. In other words, a site needed
to be clearly reconnected tidally to
be included in this effort, even if the
connection was muted.
 
More specific details on GIS data
processing methods are available by
request at gis@psmfc.org.



Figure 1. Locations and numbers of restoration projects mapped across PMEP Regions. Note that
the map odes not include all tidal restoration project across the West Coast. See Appendix D for
a list of projects mapped for this effort.
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Figure 2. Example of data processing and results in the Nisqually River Estuary. (A) Original TWL
assessment data showing Nisqually as “lost” tidal wetlands, (B) PMEP TWL assessment detailed layer
data and the Nisqually Restoration Project boundary (Nisqually Indian Tribe, 2017), (C) PMEP TWL
assessment detailed layer with specific polygons to be included as the restored area selected,           
 (D) Updated TWL Assessment with Restored Areas.
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R E S U L T S
 

This project updated 8,085 hectares
of “lost” tidal wetlands to “restored”
across 127 restoration projects
within 35 estuaries. Overall, through
this process, a total of 11,299
hectares (27,921 acres) of restored
tidal wetlands were identified and
mapped. In total, 2.3% of area that
was classified as lost in the original
TWL assessment has been restored.
TWL results (V2) for 55 estuaries is
illustrated in Figure 3a and 3b. See
also Table 1. 
 
The Salish Sea region had the
highest change in classification; with
4.1% of tidal wetlands that were lost
now classified as restored. 
Restoration efforts in the Salish Sea
that had proportionally large
restoration efforts in comparison to
their estuary size include the
Nisqually River (3,464 ha or 35.4% of  

the area), Skokomish River (127.4 ha
or 32.3% of the area), Lynch Cove
(18.6 ha or 10.9% of the area) and
Quilcene Bay (12.5 ha or 9.9% of the
area).
 
Despite restoration efforts in the
Salish Sea, losses remained highest
for major river deltas, with over 94%
of tidal wetlands classified as lost
and < 1% as restored. Samish Bay
and Nooksack River still have high
areas of tidal wetland loss.
 
In Central California, three of the
regions of San Francisco Bay have
restored large areas of tidal
wetlands. However, when compared
with the total historical area of tidal
wetlands, the percentage that has
been restored is quite low: in
Suisun-Grizzly Bays (425.1 ha of
restoration representing 1.1% of  
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historic tidal wetlands), San Pablo
Bay (3,006 ha, 12%), and South San
Francisco Bay (1,854.8 ha, 2.4%).
 
The restored areas dataset
contains attributes describing the
type of restoration, project contacts, 

degree of tidal connectivity,
andother project details. See
Appendix C for a list of attributes
and descriptions included in this
effort, and Figure 1 for locations of
restoration projects

Table 1: Area and percent loss of tidal wetlands in emergent, scrub-shrub and
forested classes as well as restored area for 55 estuaries on the Pacific Coast, by
estuary type and marine ecoregion.

Photo credit: John Bragg



Figure 3a. Wetland loss and restored area in 55 estuary systems across the Pacific coast. The
map above denotes all estuaries used in the wetland loss analysis (blue and gray dots), and
which estuaries had tidal wetland restoration efforts (blue dots). The bar graph at right
illustrates % tidal wetland loss, % restored area (i.e. area that was reclassified from "lost" to
"restored" in V2 of the TWL assessment), and % retained area. It is important to note that the
figures include only those tidal restoration projects completed after the most recent update to
the National Wetlands Inventory used in the TWL assessment in each estuary.  Appendix E
provides summary attributes for each estuary.
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Figure 3b: Restored area in 55 estuary systems across the Pacific coast. The map above denotes
all estuaries used in the analysis (gray and blue dots) and which estuaries had tidal wetland
restoration efforts (blue dots), and the bar graph at right illustrates restored area (i.e. area that
was reclassified from " lost" to "restored" in V2 of the TWL assessment) as a percentage of
historical tidal wetland area and as total area (hectares). It is important to note that the figures
do not include all tidal restoration projects across the West Coast.  Appendix E provides
summary attributes for each estuary.
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Data Challenges and Limitations
Not all restored tidal wetlands are
included in this mapping effort. This
project focused on restored areas
that were shown as “lost” in the 55
TWL estuaries. Other restored areas
were already classified as tidal in the
NWI, due to NWI updates that
occurred post-restoration; these
were shown as “retained” in the TWL
assessment and therefore were
generally not included in this effort.
 
To remain consistent across the
West Coast and related TWL
assessment data, restoration
projects that remained disconnected
from “retained” areas, channels or
areas of open water classified as
“N/A” in the TWL assessment were 

not included in this effort. In
other words, a site needed to be
clearly reconnected to tidal influence
for the project to be classified as a
tidal wetland restoration effort, even
if the connection was muted. In
addition, restoration projects that
modified tidegates (as opposed to
removing tidegates) were not
included, since our understanding
of tidal reconnection through
tidegate modification is limited.  One
example of this is a project that was
both geographically surrounded by
“lost” areas in PMEP’s TWL
assessment, and included the
installation of a tidegate, therefore it
was not included in our tidally
restored areas mapping effort.
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Many restoration datasets provide
only point features for the locations
of restoration projects. Outreach to
restoration project leads was
conducted when polygon data
showing the extent of the tidally
restored area were not available.
When polygon data were available,
the actual extent of the tidally
restored area was not always well
defined. In many cases, the polygon
represented the full scope of the
project, which was beyond the
extent of tidal reconnection. To
identify the tidally restored area,
PMEP used a combination of the
PMEP TWL assessment detailed layer
(which was based on elevation data)
and aerial imagery (see sources
above), and included areas that were
part of the restoration effort. The
extent of restored areas is an
estimate based on available data,
aerial photo-interpretation, and in
some cases professional expert
input.
 
Results of restoration are not
instantaneous; changes to habitat as
a result of restoration take time, and
in some areas, maintenance. 

Restoration efforts included in this
effort were conducted over different
periods of time, therefore, restored
areas may be at different stages of
habitat recovery.  For example,
former salt ponds in San Francisco
Bay which were tidally reconnected
by removing dikes or levees will take
time for adequate sediment to
accumulate to re-establish vegetated
tidal wetlands from mudflat or open
water.Data for this effort came from
a variety of disparate data sources
which have different data fields
(Appendix A), and not all attributes
included in PMEP’s dataset (see
Appendix C) were available for each
data source. 
 
The data compiled and standardized
represent a snapshot in time, and
were developed to improve the
TWL assessment. PMEP does not
currently intend to be a long-term
steward of restored tidal wetlands
data; the best sources for data on
restored areas are the regional
restoration databases, and the
organizations that engage in
restoration.
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The main goal of this effort was to
update PMEP’s TWL assessment to
include restored areas. Currently,
there is no comprehensive,
quantitative source of tidal
restoration efforts along the West
Coast. The data in this effort can be
updated and expanded by PMEP, or
other entities interested in
restoration, to identify all tidal
restoration efforts that have
occurred historically and the many
tidal restoration projects that are
currently underway.
 
Not all restoration projects have
spatial data available on the extent
of the tidally restored area. This
information should be made
available, because it is important for
understanding where habitat
improvements and re-connections
occur, both for monitoring changes
in habitats across the West Coast as 

Project name     
Short project description (less than
250 words)       
Date completed         
Mapped spatial extent of tidally
restored area        
Restoration action (dike removal,
tide gate removal, etc.) 
Degree of tidal reconnection (muted
tidal, fully tidal)       
Biotic classification of tidal wetland
habitats restored, using CMECS
classification system       
Project contact       
Link to project information/reports
/data

R E C O M M E N D A T I O N S
 

well as for planning and prioritizing
future restoration efforts. PMEP
recommends that restoration
practitioners and their data
managers include the following
fields in the GIS data showing the
extent of tidal restoration:
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PMEP’s Estuary Extent is a
consistent, West-Coast wide dataset
showing the current and historical
extent of estuaries and tidal
wetlands, and is a good baseline
dataset for mapping the extent of
tidally restored areas. In the future,
as restoration practitioners and
resource agencies map tidally
restored areas, we recommend the
use of PMEP’s estuary extent dataset
as a consistent source for
determining the extent of tidal
restoration. This will place each
project within a consistent spatial
dataset, allowing analysis within the
context of work being done across
the West Coast. One example of this
is the Puget Sound Partnership’s
Vital Signs monitoring and reporting,
where PMEP’s estuary extent data
was chosen as the best data source
to develop the “full potential estuary
surface footprint” to track and
assess river delta restoration efforts
in Puget Sound (Ramirez 2019).
 
More information is needed
on tide gate upgrades and
modifications and the degree to
which they restore tidal connectivity.
Data showing the degree of tidal re-
connection achieved through tide 

gate upgrades or modifications were
not available with these projects.
PMEP recommends that entities
upgrading and modifying tide gates
for the purpose of tidal wetland
reconnection should document over
time the degree and extent of tidal
re-connection resulting from the
upgrades and modifications, and
monitor the effects of the re-
connection on wetland ecosystems
as well as species of concern.
 
As areas are restored for tidal
connectivity, habitat and wetland
types within these areas will change.
Loss of tidal wetlands has resulted in
not only a decrease in available
estuarine habitat, but also a shift in
the distribution of accessible habitat
and reduction in diversity of wetland
types (Beamer et al. 2005, Brophy
2019). Existing, standardized habitat
data (such as PMEP’s West Coast
USA Biotic Habitat) are
recommended for classifying habitat
types within the identified restored
areas. This would provide a baseline
understanding of the suite of
habitats being restored to be used
by managers and organizations
planning for restoration.
 
 

Future Data Updates
Tidal wetland restoration is an ongoing activity along the West Coast. PMEP is
the steward of these data, and will update this dataset as needed, pending
funding.
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A final ArcGIS file geodatabase and metadata delineating the extent of restored
tidal wetlands, and updated data on TWL assessment is available on the PMEP
website:
 
http://www.pacificfishhabitat.org/data/tidal-wetlands-loss-assessment
 

http://www.pacificfishhabitat.org/data/tidal-wetlands-loss-assessment
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Appendix D: PMEP Inventory Restored Areas by Estuary
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In some cases, NWI year of data collection is more recent than the completion date
for the restoration effort. This is most likely due to the time it takes after
restoration for tidal influence to have effect on the landscape.
 

http://www.pacificfishhabitat.org/data/tidal-wetlands-loss-assessment
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Appendix E: PMEP Estuaries Table with % Tidal
Wetland Loss and Restored Area by Estuary
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