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Sitka sprucelominatedtidal forested wetland"tidal swamp") in the Nehalem River E Estuary, Oregon.
Historically, idal forested wetland made up over half of all tidal wetlands in Oregon, E#9f these
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Glossary and abbreviations
NOTE: The definitions of wetland types provided here are informal and specific to the purposes of this
report. For formal definitions of wetland types, see the CMECS classification system (FGDC 2012).

CMECSThe Coastal and Marine Ecological Classibicegtandard (FGDZD12)

Estuary:a partially enclosed body of water or wetland that periodicedigeives freshwater and

seawater inputs and extends from its connection to the oceathtlimit of tidal influence, defined by
salinity gradients or tidahundation includes the "freshwater tidal zone" in which water levels fluctuate
with the tides, but salinity is 0.5 This definition is drawn from Pritchard (1967) and Wolanski (2007).

Historical tidal wetlandgalso"historical tidal marsli "historicaltidal swamp" etc.):tidal wetlands
present prior to European settlement of the Oregon cdasthe 1800s)Many historical tidal wetlands
have been lost due to diking or other factors, but sonisoricaltidal wetlandsremaintoday.
Non-diked: Lackinga dike

OCMPOregon Coastal Management Program

Outer coast(of Oregon)the Oregon coast south of the Columbia River, extending to the California
border

PMEPPacific Marine and Estuarine Fish Habitat Partnership

Tidal forestedwetland: A tidal wetland with more than 10% cover of trees. This is one type of "tidal
swamp" the other type is scrutshrub tidal wetland. In Oregcend the Pacific Northwestidal forested
wetlands may be brackish or fresNso called "tidal forest" or "tidal forest/woodland."

Tidal emergentwetland: Equivalent to "tidal marsh." A tidal wetland with vegetation dominated by
herbaceous plants such as grasses, sedges, rushes, anddargadiherbaceous plants. In Oregamd
the Pacific Northwesttidal emergentwetlandscanbe saline, brackistor fresh.

Tidal marshEquivalent to "tidal emergent wetland" (see above)

Tidal £rub-shrub wetland:A tidal wetland dominated by shrubs, witksk than 10% cover of trees. This
is one type of "tidal swamp;" the other type is tidatestedwetland. In Oregomand the Pacific
Northwest scrubshrub tidal wetlandsanbe brackish or fresh.

Tidal swampA tidal wetland with vegetation dominated by wdy plants (either shrubs or trees). In
Oregonand the Pacific Northwestidal swampsanbe brackish or fresh.

Tidal wetland:A wetland inundated by the tide$he tdal wetlandtypes included in this study are
emergent {idal marsh), scrukshrub (domingéed by shrubs)andforested (dominated by trees).
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Executive summary

Thisstudy evaluatedhistorical extent (prior to European settlement), current extent, and losges
eachof the three majortidal wetland types(emergent scrubshrub, and forested) on the Oregon
coast.The first study of its kind on the Oregon coast, it produced resithsto conservation and
restoration planning, sincthese wetlandypesare often targets forrestoration andeachtype supplies
unique ecosystem servicehe study includethe coast'sl5 largest estuariegheycontain 96.5% of
the coast's historical tidal wetland area, msultsare representative ofhe coast in general

Results show that prior to European settlement, dmastcontained 15,399 hafdiistorical emergent,
scrubshrub andidal forested wetland, 34% higher than the previous estimate (11,498 ha) by Good
(2000).Historically, brested and scrukshrub tidal wetlands (collectively called "tidal swampfdrmed
a majority (57.8%) of th coast'stidal wetland area, with forested wetlands predominating (54.4%).
Emergent tidal wetlands ('idal marsH) occupieda smallerarea (42.2%).

Diking caused thets 0f57.9% ohistorical tidal wetland$8917 ha) andan additional21.9% (3373 ha)
of historical tidal wetlands were convertétbm one vegetation typéo another (primarily fronforested
to emergen). However,losses were not equalcross habitat classegogether, dking and vegetation
conversionresulted in the loss 085.0%0f historicaltidal forested wetlands and 95.9% of historical
scrubshrub tidal wetlands compared to 58%of historicaltidal marsh Currently,only 97%of
remaining nondikedtidal wetlandsare forested and 8.2% scrukhrub and these remnants are
fragmented and small (mostly under 10 hajnong he larger remaining contiguous areas #ne
Hoquarten Slough wetlands the Tillamook Bay estuary and tkieal Creek wetlands in thidehalem
River estuary.

Twofactors offset some ofthe los&sof historical tidal marshl) substantial gain1(770 ha of new tidal
marsh in former mudflat("marsh advance"dlue to sediment accretioand low relative sea levelse
(SLR)and 2) tidal wetlandrestoration (over 700 ha)Ve did not find evidence of widespreacdbsionor
drowningof tidal wetlands The marshadvancesuggests Oregon's tidal wetlands mayrhere resilient
to SLRhan someother coastal regionsf the U.S but theymaystill be vulnerable to rapid SLR.

These findings representraajor step forwardin understandinghe history ofthe Oregon coastNo
previousstudymeasuredhe historical prevalence or losseétidal forested wetlang onthe entire
coast, sahe potential ecologicakignificanceof this habitattype's neareradication habeenlargely
unrecognizedRecentresearchhas emphasized the importancaf habitat diversityin supporting species
of concern For example, diverdeabitats contribute tosalmonid genetidliversity, thus supporting
population sustainability and resilienckhis study showg that tidal forested wetlands a major
component of thehistorical landscape@ which salmonids evolvechave been nearly eradicated.

This study highlights the urgency of protecting Oregon's remairtiidigl forested wetlands, and
restoring them where possibleAppendix11 highlights key considerations for tidal swamp restoration,
and emphasizes the need farrther field monitoring and researcto support these efforts.

This study serves as a pilot teis¢ methodscould be appliedn otherregions such ashe remainder of
the U.SWest CoastTo do so, further development of input data (particulanapping of historical
vegetation and tidally disconnected areas) is neededending thisnalysis would advance estuarine
resource managemenandwould assisland managers prioritizing conservation and restoration
actionsto support species afoncernand provide other valued ecosystem services
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Background

Tidal wetlandsare vital habitat for many wildlife speciesincludingsalmon listed under the Endangered
Species Aadf 1973 (16 U.S.C. 81531 et secand provide a broad range of criticalosystem services
that benefit humansand other speciem Oregon Howevertidal wetland losses have not yet been
accurately quantified in a consistent, comprehensive wayHercoast of OregorNew toolgthat
becameavailable in 2012019, including updted, elevationrbaseddigital maps of current estuarine
habitats(OCMP2014a, b;Brophy et al. 201 provided longneeded base laysffor analyzing wetland
losses. Thistudyaddresgdthe urgent need for quantitativeaccuratedata on losses of tidal wethds,
including differentiation ofossedor the threehabitat clases that are the focus of mositdal wetland
restoration and conservation actions in Oregemergent, scrutshrub, and forested tidal wetlands).

Habitat loss due to human activities (ediking, tide gates, restrictive culverts, and fill) does not occur
evenly across all tidal wetlanigpes For examplestudies inthe Siuslaw and Tillamoadstuaries

showedthat a much higher proportion dtidal swamg (forestedand shrultidal wetland)waslost,
compared to tidal marsh (emergent tidal wetlar@rophy 200%, Ewald and Brophy 201%rom a
conservation standpointhe loss was significanbecausdidal swamsonce constituteda high

proportion (60-70%)of all tidal wetlands inthesetwo estuariesg thus raising the priority ofidal swamp
protectionand restorationVVulnerability to climate changmayalso differ by habitat class, increasing

the importance of understanding differential habitat lassre broadly Hgh past bsseswvouldincrease

the urgency of restoration and increase the need for strategic planning to protect existing and restored
tidal swampsinto the future.

Although data are sparse, existing studies suggest that Pacific Northwest tidal swamps prouige uniq
habitat functions and ecosystem services. For juvenile salmonids, habitat functions provided by tidal
swamps include low tide refuge (including beaver poril¥sller and Sadr@003, deep sheltering tidal
channels and abundant large woody del§fieferderfer and Montgomery 208), opportunities for
osmotic adjustment, and prey productioBdvis et al. 2009 Other functions specific to tidal swamps
include multilayered wildlife habitatdue to the presence of herb, shrub and tree canopy layars),

very high levels of soil carbon storadéa(ffmanet al., in preparation)

This study quantified the historical area, current area, atholss of each major habitat class of tidal
wetlands (emergent, shrub and forested) foe 15 largesestuaries of the Oregoooast.Prior to this

study, no comprehensive estimates of tidal wetland loss by habitat class were available for the Oregon
coast.Only three studiegBrophy 2008, 2012;Ewald and Brophy 2018uantified tidal wetlandoss by
vegetationclasswithin individualestuaries ofOregoris outercoast andthoseanalyses used older data
sources rather than the new, elevatidrased estuarindabitat mags recently completedor Oregon

and the U.S. West Codgianier et al. 2018Brophyet al. 2019. However losses of tidal swamp versus
marsh have beepvaluatedfor the Lower Columbia River estugyhomas 1983Christy and Putera
1992;Gravest al. 1995Marcoe and Pilson 2017), and this information has been central to restoration
planning in this large Pacific Northwest estwdrCEP 2(@).

Although he Pacific Marine and Estuarine Fish Habitat Partnership (PAfiaRyedidal wetlandlosses
for the U.S. West Coarophy et al. 201 PMEP 2018, the PMEP analystid not break down losses
by habitat classDetermination of loss by habitat class vagshistorical vegetation datand those
data arenot yet availablefor all West Coasestuaries In addition PMEPs analysisised an indirect
assessmenmethod; that is,diked/disconnected areas were not directly identifiddstead, PMEP's
analysis ged the National Wetland Inventory (NWI) to identify current tidal wetland aréhareas
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within the historical estuary extent but not classified by the NWI as tidal wetlands were classified as
"lost." This indirect approacproduced results that are ufd for understanding wetland losses at the
broad, landscape scale, blds inherent, recognizéinmitations, as describedh the resulting publication
(Brophyet al. 2019) These limitations include the fact that the NWI fails to classify many uprixar tid
forested wetlands as tidal, instead classifying them as palustrine forested wetldhds resulting in

these wetlands' being considered "lost" in the indirect assessment, whereas in fact, they are important
remnant tidal swamps. The current study, bywtast, used direct mapping of tidally disconnected

areas, resulting in more accurate assessment of losses.

This study's resultsquantitative, accuratedata on tidal wetland losses for the three major habitat
classes provide important guidance for restotian and conservation actions in Oregon estuarigise
study alscserves as a pilotest for extension of this analysis ther regions, such abke remainder of
the U.S.West CoastMany privateindividuals, norgovernmentakentities (NGOspand governmental
entities have expressed a need for such data for the West Chaiststudy's methods could be applied
to this broader area, but to do so, further development of input data (particularly, comprehensive
mapping of historial vegetation andlirect mapping ofidally disconnected areas) is nheeded.

Geographic scope

This study analyzed tidal wetland loss for thddrgestestuaries of Oregon's outer coast: Alsea Bay,
Beaver Creek, Coos Bay, Coquille River, NecanicumRalem River, Nestucca Bay, Netarts Bay,
Salmon River, Sand Lake, Siletz Bay, Siuslaw River, Tillamook Bay, Umpqua River, and Yaquina Bay
(Figure 1) These 15 estuarignake up96.5% of the total historicaidal wetlandarea onthe outer
Oregoncoast(Brophy et al. 2019)so they adequately characterize ovetalbl wetlandlossedor the

study areaSmaller estuaries, which total or§y5% of the historicalidal wetlandarea, could not be
evaluated usinghis study's methods (seata imitations" below). The Columbia River estuary was

not included, because data already exist for tidal wetland loss by habitat class within that estuary.
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Methods

In the methods below,CMECSrefers to the Coastal and Marine Ecosystem Classification Standard, a
national standard for classification of marine and estuarine hab{a&DC 20)2

The two major types of wetland change quantified in this analysis were:

1. Diking:Diked areas are disnaected from tidal flows.
2. Vegetation conversionThese areas have undergone a change in habitat class (vegetation type).
Vegetation conversion can happen with or without diking.

Various combinations of these two factorsliking and vegetation conversiorcorrespond to broad
categories of estuarinehange listed in Major categories of change in tidal wetland aréaelow.

To map the wetland areasffected bythese twofactors this studyquantified the historical area, current
area, and loss of eadldal wetland habitat clasgour types ofdatawere used for the analysikistorical
estuary extentwetland losses (diked areasijstorical vegetation clasand current vegetation class.

Historical estuaryextent wasobtained fromthe Oregon CoastéManagement Prografe (OCMFPs) 2014
estuary habitat maps, specificatligital maps of theCMECS Aquatic Settjng0.4.1(hereafter,"CMECS
Aquatic’) (OCMP 2014 Lanier et al. 2014)hese data were subsequently incorporated iRMEP's
"West Coast USA Current and Historical Estuary Exgenspatiadataset(hereafter, "Estuary Extent"),
V1.0(PMEP 2018Brophy et al. 2019The proportion of the total historical tidal wetland aren the
Oregon coast that was represented by the 15 study estuaries was determined from RigER'snaps

of the CMECBIotic Componentv1.1(hereafter, "CMECS Biotic(PMEP 2018 Brophy et al. 2019 by
comparing theotal vegetated area (emergent, sty and forested classes) within the historical estuary
extentfor the 15 study estuariegersusthe full set of 44 estuaries mapped by both OCMP and PMEP.

Current tidal wetland areavas defined as amyegetatedarea(emergent, scrukshrub or forested)
within the historical estuary extent that has not been disconnected from tidal influenkat is,non-
dikedareas(see next paragraph)

Diking(i.e. "wetland loss)'wasdetermined usindhe diking status attribute (anthropogenic impact
modifier AlI07)n PMEPs CMECS Biotimaps(PMEP 2018dBrophy et al. 20009and OCMP'SCMECS
Aquaticmaps(OCMP 2014a, Lanier et al. 20 4reas attributed as diked (i.e., areas with modifier Al07)
were casidered "lost'due to disconnection from tidal flowso@versely, areas without modifier Al07
(nondiked areas) were considerécetained," i.e.current tidal wetlandsThe diking status data were
edited to improve accuragysing expert inpufrom the auhor andothersas well as*MEP's restored
areas database (Sherman et al. 20¥®)wever, it is important to note that some tidally disconnected or
tidally muted areas may not becognized a8lost" in the mapping. These could includeeas behind
restridive culverts areas behind tide gates that are not associated with dikad areasaffected by

filled lands, roadways, and railroad embankments.

Historical vegetation clas@émergent, scrukshrub, or forested) was determined usingjital maps of
historical vegetatiorfrom the OregorBiodiversity Information CentdiHawes et al. 2018) and
supplemented with additional data where the neghd not extend to the inland (upslope) estuary
boundary.
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Current vegetation claséemergent scrubshrub, or forested) was obtained froRMEP'SCMECS8iotic
maps(PMEP 2018 Brophy et al. 2019Wwhichhad beentransferreddirectly fromOCMP'sarlier work
(OCMP 2014, Lanier et al. 2014Except thatthe mapextent was adjusted tonatch PMEP'&stuary
Extent (PMEP 2018 Brophyet al. 2019).

The geoprocessingteps used to map and tabulate the areas affected by diking and vegetation
conversiorare listed belowFor amore detailedlisting seeAppendix6.

1. Assembled input data and additional datb assist interpretation and classification of current
and historical tidal wetland<lipped and reprojected data to a common boundary and
coordinate systenfOregon Lambert, WKID 2992)

2. Updatal the Oregon coast historical vegetation ddkdawes et al. 2008p incorporate data
from Coast Survey charts (T sheets), improving accuracy near the mouths of several estuaries.
This work was conductday John Christyesults were published iHawes et & (2018)and
described in Christy (2018)

3. Identified additionaltidal wetland areaseyond the geographic extent bfawes et al. (2018)
and attributed those areas with major vegetation clagsnergent =£M,scrubshrub =SSand
forested =FO) This wok was conducted by John Christy.

4. Merged (geoprocessing tool: iion") the updated historical vegetation data (Hawes et al. 2018)
with Christy'sadditional areasgreviousstep) to form a unified historical vegetation layer.

5. Developed correspondence tabledating current and historical vegetation classifications to the
three vegetation classes for thasudy(EM, SS, and FO) (Appendices 8 and 9)

6. Used theabove correspondencibles to attribute all features in the historical vegetation layer
andcurrentvegetation layer CMECS Biodiavith vegetation class.

7. Created a final analysis layer by merdiggoprocessingpol: "union™)the unified historical
vegetationlayer, PMEP'SCMECS8iotic OCMP'SCMEC®&quatic andPMEP's Estuary Extent

8. Attributed all aeas with the diking modifier (AIO7, "Anthropogenic Impact: Impounded/
Diverted") as "diked.This modifier was present within Oregon Coastal Management Program's
CMECS Aquatic data and PMEP's CMECS Biotiéllat@as without the diking modifier were
classified as nodiked.

9. Created a subset of theatalimited to the coast'sl5 largestestuarieq(listed in Geographic
Scope aboveyepresenting 96.5% of historical tidal wetland ar&aaller estuariesvere
omitted because they hado diked areasndor because the scale of the historical vegetation
data was inadequate for further analysis.

10. Using PMEP's draféstoredareas datase{Sherman et al. 2019jevised the diking status
attribute where needed for resration sites.

11. Made further corrections taliking status for major areas that were incorrectly attributed in the
source datapased on locatnowledge of field conditionand interpretation of aerial
photographs and LIDAR digital elevation models (DEMs)

12. Developed a feature symbolization to represent major categories of diking status and vegetation
change, and incorporated the symbolization into fivel shapefileattribute table.

13. Saved the final products to shapefil@R_tidal_wetland_loss_by hab_cla38191020"

14. Prepared mapof diking and vegetation conversidor all study estuaies, using the above
feature symbolizationMaps are provided in Appendix 1 of this report

15. Prepared additional maps to visualize historical prevalence and losses of tislapskaps are
provided in Appendix 2 of this report.

16. Exported attribute table from final shapefile andepared tabular summaries oésultswithin
andacross estuarieausing pivot tables in Microsoft Excel
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Non-vegetated areasnd other wetland classesAlthough this study analyzddssonly for the three

majortidal wetlandhabitat classegemergent scrubshruband forested), changes to and from non

vegetated areas weralsoof interest. Such changes could indicate wetland advance (e.g., formation of

new emergent marsh on former tide flats), or wetland loss by erosion or drowning. Theretore,
classification included categories to allow analysis of thesevegetated areas, to the extent possible

given the data limitationg-or historical vegetatiorg "nonvegetated" categoryshapefile attribute
HISTVEG_CL = NONVEG) was used for bare ground. For current vegetation, the CMECS Biotic mapping
did not classify noivegetated areas but instead assigned them a value of 9.9.9.9 for the attribute

CMECS BC DBg; therefore, these areas were attributed asclassified” ¢hapefile attribute

CUR_VEG_CL = NA) in this study's products. The current vegetation data source (CMECS Biotic) (but not
the historical vegetation data) mapped an aquatic bed class; those werasattributed as

CUR_VEG_CL = AB, but they were not further analyzed. Within the historical estuary extent, both the
historical vegetation data and the CMECS Biotic data had some areas that were not mapped (blank);
these were attributed asrfot mapped/unknown" (shapefile attributeHISTVEG_CL = UNK or

CUR_VEG_CL = UNK).

Historical and current vegetation classes are listed in the tables below and are contained within the
product shapefile attributeable (fields listed inAppendk 7). Appendice8 and9 contain tables showing
the source data classifications and their correspondence to the major vegetation classes used in this
study (emergent, scrubhruh, forested and other classes used in the analysis of vegetation change

Results

Historical tidal wetland area by habitat class

The total historicatidal wetland area (emergent, scrighrub and forestedor the 15 study estuaries
was15,399ha(Tables 1 and 2 Figure2). Trese 15 estuariesontain96.5% of theOregon coast's
historicaltidal wetlandarea(emergent, scruishrub and forested)which totalsl5,957hafor the 44
estuariesmapped byPMERBrophy et al. 2019, PME®1&). Therefore the results of this study
effectively characterize theuter coast ofOregon and therest of this report refers tadhe outer Oregon
coast or more briefly, "the coast,tather than the 15 study estuaries.

Tidal forestedwetlandscomprised over half54.4%)f the coast'stotal historical tidal wetlandirea
(Table2, Figure?). Tidal srub-shrub wetlands made up only 3.4% of historical tidal wetland area.
Collectively, tidal swampsoffestedplusscrubshrub) occupied 57.8% dhe historicaltidal wetland
area The remaining area (42.2%) consisted of the tidal marsh that is now moiiafaim estuary
observerdue to itscurrentprevalence

Tidal forested wetlands weréistoricallywidespread, occupying over 50% of historical tidal wetland
area in 8 of 1®stuaries anaver 30% irll of 15estuaries (Tabl&). Only two estuaries (Sabn River
and Sand Lake) had ldvistoricalprevalenceof tidal forested wetlandg14.5% and 7.7% respectively)
Maps in Appendi® show the historical prevalence trested and scrutshrub tidal wetlandsand
visually demonstrat¢he very high losses ttiesewetlandtypes.
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Major categories of tidal wetland change

Changes tdhistoricaltidal wetlands fell into the following eigmhajor categories, which arattributed in
the shapefile aSMAP_SYMBand mapped in Appendix The query for each category is provided in
Appendix10, making it possible for users to recreate or modify the map symbolization categories

1. Diked These aralisconnected from tidal flows and aoensidered lostThey usually have emergent
vegetationnow, because of agricultural land uses. Historically, they may haeaemergent, scrub

shrub, or forestedidal wetlands so in addition to diking, many have undergone vegetation conversion.
Areas behind dikes may or may not be wetlands; however, égbedrience suggestaost of theseare

now seasonal wetlands

2. Nondiked, remained emergent These areas were historically tidal emergent wetlands ("tidal
marsh"), and they remain in the same category today.

3. Non-diked, forested or shrubchanged to emergentThese areas were historically tidal forested or
tidal scrubshrub wetlands; today they are tidal marsh (tidal emergent wetlands) due to remotralesf
and shrubsSome of these areas were logged but not used for agriculture; others lwgged and
converted to agriculture (mostlgrazed, but not diked.The majority of these were originalliglal
forested wetlandgas opposed to scrubhrub). Br details, seeDisproportionate loss of tidal swamp's
and '"Conversions from tidal swamp tbdal marsH' below.

4. Non-diked, marsh advanceThese are areas that were nergetated (mudflat, aquatic bed, or open
water) prior to European settlement, but have since become vegetated tidal marshes. This conversion
from nonvegetatedsurfaces to tidal marsh is also called "marsh advance" or "marsh progradation." For
details, see Tidal marsh advance and sea level rig®low.

5. Non-diked, remained forested These areas were historically tidatestedwetlands (forestedtidal
swamp') andthey remain in the same category today. For details, sEdal swamp remnantsbelow.

6. Non-diked, remained shrub These areas were historically tidal sesliyub wetlands, and they are
still in the same category today.

7. Non-diked, other vegetated (mostly currently forested/shrub)These areas are small compared to
the major categories above; theye nondiked buthave undergone other types of vegetation
conversions, such amn-vegetatedto scrubshrub (and vice versa)pn-vegetitedto forested (and vice
versa), emergent to forested, emergent to scisirub.

8. Non-diked, non-vegetated orunclassified (mostly water, mudflat, etc.)These nordikedareas are
mostlynon-vegetated areasuch as water and mudflathistorically ancturrently) whichare
unclassifiedn OCMP's and PMEP's CMECS Biotic (@dpsBC_CODE = 9.9.9.9). This category also
includes areas that are currently aquatic beds, and areas not mapped in either historical or current
vegetation maps (no data).
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Tidal wetland loss by habitat class

Overal] 57.9% (8917 ha) distoricaltidal wetlandswere lostdue to diking and an additional 29%
(3371 ha)of historical tidal wetlandsvere lost through conversioto anothervegetation clasgmostly
from forested to emergeny (Table3).

Losses were not distributed equally across wetland typesses were highest for tidal forested

wetlands 05.0%doss,7964 ha) whereas tidal marsh losses totaled 58.9% (3827 ha) (Table 3, Figure 2). A
high proportion of tidakcrubshrub wetlands were lost (95.9%but this constituted a smaller area (497
ha)than the other two classes

Diking affected a higher proportion bfstoricaltidal swampg68.3% and1.3%for forested and scrub
shrub,respectively) compared tidal marsheg44.3%). Maps in Appendband tables in Appendices
and5 show diking and vegetation conversion for each estuary.

Although 44.3% of Oregortéstoricaltidal marsh is currently dike(Table3), this losshas beerpffset by
1770 ha of newnarshformed on formerly nonvegetated surfaces such as mudfldimérsh advance”,
Table4 and Appendixl mapg. The ret loss of tidal marskwas alsoreduced by vegetation conversion:
1174 haof historicaltidal forestswere convertedo emergent tidal wetlandg¢Table4; Appendixl

map9. Whenmarsh advance and vegetation conversians consideredthere has been only a 1086t
reduction in tidal marslkareafor the Oregon coastompared to historical conditiondable 5)By
contrast, only 136 h&ansitionedfrom historical tidalmarsh tocurrent tidal forested wetland (Tab®,
sothere was a very highet loss(91.8%) for tidal forested wetland (Table 5) Scrubshrub wetlands saw
a small net gain in argd2.4%, 64 hajompared to historical conditiondable 5)but this habitat class
still makes up only a small proportion (8.2%}hef coast'sidal wetlands(Table 2)

This study's analysis accounts filal wetland restoration efforts, which have totaled more than 700 ha

on the Oregon coast (Sherman et al. 2019). Such areas were historically tidal wetlands, then were diked
for agricultural uses- but due torestoration, they are once again tidal watids today. In other words,

tidal wetland restoration has resulted in lower losses from diking than would otherwise have been

found in this study. However, many tidal wetland restoration sites have undergone vegetation
conversions (seeConversions from tial swamp to tidal marshbelow), such areamay be included in

the area of tidal wetland losgue to vegetation conversion (Tal8g
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Tablel. Historical area of each major tidal wetlanelgetation clasby estuary, angbercentof historical
tidal wetland areaconsisting ofidal forested wetlands anttidal swamp" (foresteglusscrubshrub

tidal wetlands).

Percent ofhistorical
Historical tidal wetland aea (ha) tidal wetland area
Tidal Tidal % tidal
Tidal | scrubshrub forested All tidal forested | %tidal

marsh wetland wetland wetlands wetland | swamp
Estuary (EM) (SS (FO | (EM+SS+RC (FO)| (FO+SS
Alsea Bay 259 31 156 445 35.0 41.9
Beaver Creek 26 64 90 71.1 71.1
Coos Bay 1790 245 779 2815 27.7 36.4
Coquille River 565 2989 3554 84.1 84.1
Necanicum River 20 108 127 84.6 84.6
Nehalem River 367 28 609 1004 60.6 63.4
Nestucca Bay 293 16 347 656 52.9 55.3
Netarts Bay 68 0 54 122 43.9 44.3
Salmon River 228 3 36 266 13.5 14.5
Sand Lake 212 18 230 7.7 7.7
Siletz Bay 300 33 101 434 23.3 30.8
Siuslaw River 262 89 740 1090 67.9 76.0
Tillamook Bay 694 4 1178 1876 62.8 63.0
Umpqua River 787 32 828 1647 50.3 52.2
Yaquina Bay 631 37 374 1042 35.9 39.5
Grand Total 6501 518 8380 15399 54.4 57.8

Table 2. Historical and curreatea andpercent oftidal wetlandsin eachmajorvegetation class for the

Oregon coast.

Historicaltidal Currenttidal
wetlands wetlands

% of % of

historical current

Vegetation class Area (ha) area| Area (ha) area
Emergent ("tidal marsh"EHM) 6501 42.2 5820 82.1
Scrubshrub 3 518 3.4 582 8.2
Forested FO 8380 54.4 690 9.8
Scrubshrub plus forested ("tidal swamp"] 8897 57.8 1271 17.9
Total (EM+SS+FO) 15399 100.0 7092 100.0

Brophy, 2019Comparing losses of forested, scréibk NXzo

I Y R

SYSNESyY #.14088 1/18/208B G f I Y R& >



18000

16000

14000

12000

10000

8000

6000

Tidal wetland area (ha)

4000

2000

Historical Current

W Emergent Scrub-shrub Forested

Figure2. Historical and current tidal wetland area for the Oregon cdestergent, scruishrub, and
forested tidal wetlands only)and composition by wetland type

Table3. Losses ofistoricaltidal wetlands(area and percentagddr the Oregon coast, blyistoricd
wetland vegetation class and type of lo$bese figures do not include new wetlands formed since the
historical period (see Table 5 fdrat summary.

Loss due to diking Loss due to v_egetauon Totalloss
conversion
Historical vegetation class | Area(ha)| %lost Area (ha) %lost | Area (ha)| % log
Emergent '{tidal marsh", EM) 2880| 44.3 947 14.6 3827 589
Scrubshrub (SS) 317| 613 179 34.7 497 959
Forested (FO) 5720| 68.3 2245 26.8 7964| 950
Total (EM+SS+FO) 8917| 57.9 3371 21.9 n/a* n/a*

* Total loss is not summed across classes due to interconversions from one class to another.
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Table4. Area ofdiked formertidal wetlands("Diked area"and currenttidal wetlands("Non-diked area"¥or the Oregon coashty historical and
currentvegetation clasey values arim bold and ardootnoted. See Appendi# for guidance on interpreting this table

Diked area (ha)

Non-diked area (ha)

Historical
Current vegetation class Current vegetation class total
Historical Scrub Aquatic  Un- Not Scrub Aquatic  Un- Not Non-
vegetation |Emergent shrub |Forested bed |classifie¢ mapped| Diked|Emergen{ shrub |Foresteq bed |classifieq mapped| diked
class (EM) (SS) | (FO) (AB) (NA) | (UNR | total (EM) (SS) | (FO) | (AB) | (NA) | (UNR | total
Emergent
("tidal marsh)
(EM) 2,436 82 64 6 91 201 |2,880] 2,674 149 136 17 503 143 | 3,621 | 6,501
Scrub-shrub
(SS) 273 15 17 0 9 3 317 137 21 11 24 8 201 518
Forested(FO)| 4,982 239 195 10 130 164 | 5,720 1,17# 244 415 20 711 96 2,660 | 8,380
Non-
vegetated
(NONVEG) 268 8 9 14 62 39 400 | 1,77¢¢ 139 88 1,143 | 16512 | 181 |19834| 20,234
Not mapped
(UNK 8 7 2 1 23 41 64 29 40 2 811 44 989 1,030
Total 7,968 350 287 31 293 430 |9,359]| 5,820 582 690 | 1,182 | 18561 | 471 |27,305| 36,663
Sum of historical EM, SS and FO (dikemb&diked)a | 15,399

Sum of historical EM, SS and FO that is now dak

8,917

Sum of current EM, SS and &( 7,092

b4982ha = area of former tiddbrestedwetlands converted to diked emergelands(mostly pastures)

€1174 ha = area of former & forested wetlands converted to tidamergentwetlands
41770 ha = area of formerly unvegetated mudflat or water converted to tidal marsh via sediment ac¢tetaosh advance" or "marsh progradation")

€ 15399 ha = total historical area of EM, SS and FO wetlands on the outer coast
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Table5. Historical and current areand percentagef tidal wetlandgfor the Oregon coastby vegetation
class!'Net % loss'at right accouns for newly vegetated areas (marsh advaneg)dareas converted
from one type to another (predominantly forested to emerd); a negative value of "net % loss"

indicates gain in area

Historical Current
% of total %of total | Net%loss historical
Area| historical current | to current(negative
Vegetation class (ha) area| Area (ha) area| value indicategyain)
Emergent ("tidal marsh”, @) | 6501 42.2 5820 82.1 105
Scrubshrub &3 518 3.4 582 8.2 -124
Forested FO 8380 54.4 690 9.8 918
SS + FO ("tidal swampg 8897 57.8 1271 17.9 857
Total (EM + SS + FO) 15399 100.0 7092 100.0 539

Discussion

Total historical tidal wetland area

Thedata sources for this studCMP 2014 PMEP 2018tmapped the historical extent of tidal
wetlands on Oregda outercoast, butthe associated publications (Lanier et al. 2014, Brophy et al.
did not compare the resudtto previous estimatefor this geographic regiomhis study found thathte
Oregoncoast'stotal historical tidal wetland area (15,399 ha) is 34% higher tharonly previous
estimate that included tidal swamp as well as tidal mafish498 ha(Good 2000). Thushe new mas
substantialy expand our understanding difie historical'footprint” of Oregon's tidal wetlandg his
improved understanding is largelyé to the new elevatiofbased mapping methods described by
Brophy et al. (2019 methods thatwere first developed at OCMP (Lanier et al. 2014) and which
became possible oniy the past 5 yearswith the availability of highesolution LIDARased elevdbn
data. Our improved understanding of historical estuary extent is also based on full recognition of
forested and scrudshrub tidal wetlands as part of our coastal estuartesested and scrubhrub tidal
swamps have often been omitted fropaststudiesof Oregon coast estuas$ as described below.

2019)

Historical prevalence and importance of tidal swamps

Thisstudyshows thaton the Oregon coast prior to European settlemeittal forested wetland were

more extensive than tidal marsha paradigm shift founderstanding historical change and thus for
estuarine conservatioand restoration planning in Oregon abg extrapolation, fothe Pacific

Northwest Awareness of tidal forested wetlands on Oregon's outer coast has been very low; for
example, the Oregon Estuary Plan Book (Cortright et al. 1987), a central resource for land use planning
on the coast over the past 30 years, completely omitted tidal forested wetlands from its estuarine
habitat classification and mapping. In their founidaal study of Oregon and Washington vegetation,
Franklin and Dyrness (1973) described "tideland spruce” as scattered Sitka spruce found on "borders of
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tidal flats and channels," and described scattered Sitka spruce in-shrub wetlands of the Columbia
River, but did not mention the oneextensive Sitka spruedominatedforestedtidal swamps of

Oregon's outer coast (probably because few examples were left at the time of their study). Only three of
Oregon's outer coast estuaries have existijiegpspatiadata quantifying the historical extent and losses

of tidal swamps: the Siuslaw (Brophy 2003Necanicum (Brophy 2012) and Tillamook (Ewald and
Brophy 2012). Awareness of the existence of tidal forested wetlands and their losses has been much
higher in theColumbia River estuary (Thomas 1983, Christy and Putera 1992, Diefenderfer and
Montgomery 2008, Diefenderfer et al. 2008, Marcoe and Pilson 2017), leading to prioritization of these
ecosystems for restoration (LCEP 20However, his study is the firstd document the historical
prevalence and nearadication of tidal swamps on Oregon's outer co&ktr hope is that thee

findings will raise awareness and elevate the priority for conservation and restoration of tidal forested
wetlands on the outer Oregotoastand elsewhere in the Pacific Northwest

Most tidal wetland studiegh Oregornfocus on tidal marshyet the functions of thenearly-eradicated

tidal swampsare largely unknown, and may have been critical to evolution of estdepgndent
organismsRecent studies indicate tidal swamps may offer important foraging habitat for juvenile
salmonids (Davis et al. 2019, Woo et al. 2040d they are certainly important elements of a once
diverse landscape array of tidal wetland habitats that support saltheesilience (Woo et al. 2019)
Other tidal swamp functions may become particuladjyuable under future climate change conditions,
such as and soil carbon sequestration (Kauffman et al., in preparation), shadingaimdj of

subsurface and surface e flows by dense woody canopiend support for system engineers such as
beaver that may contribute to coastal climate change resilidiiefenderfer and Montgomery 2008)

Disproportionate loss of tidal swamps

The results demonstrate theery uneven loss of wetlands across the three major habitat clagsasd

the importance of restoring forested and scrghrub tidal swamps. Over 95%tuo$toricalforested and
scrubshrubtidal wetlandson the Oregon coast have been lost to diking or logging, hisdass is highly
significant, because these tidal swamps historically constituted the majority of all tidal wetlands on the
coast. Not all of these wetlandse currentlydiked someof the losses are due to vegetation conversion
(primarily fromforested to emergent)See Conversions from tidal swamp to tidal marsibelow for

details.

The disproportionate loss of foresteand scrubshrubtidal wetlands probably explains why many

people equate tidal wetlands with "salt marsb the Oregon coastidal marsh isalmostall that's left

of the historicallandscapearray of tidal wetland types. The causes of tidal swamp loss on Oregon's coast
included logging for spruce lumber during World War I (Williams 1999), conversion to agricasture (
shown inthis study, and in some cases, filling for urban and residential developn@omd 2000.

Tidal swamp remnants

The few remnants of tidal forested wetlands on the Oregon coast are small in area; only a handful of
tidal forested wetland over 10 hectaresemain. The larger remainirgpntiguous areaare in the

Tillamook Bay estuary (especially the Hoquarten Slough wetlands) and the Nehalem River estuary (Coal
Creek wetlands and those at the confluence of t@nstem and théNorth Fork Nehalem River). Sem

but not all, of these areas are in conservation sta@me emnants of tidal swamp are present in
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nearly every estuaryandthoughthesesmall remnants may seem unimportant, maintaining at least a
few examples of historical landscape array of hahitelasses has been recognized as an important
landscape conservation stratedipr examplea diversdandscape array of habitats supports genetic
diversity in salmon populationgmproving salmonid resilience to environmental stresses such as climate
charge(Jones et al. 2014, Flitcroft et al. 2016, Woo et al. 2(®jection ofall remainingtidal swamps
should be considered a top priority for conservatiand tidal swamp restoration (where appropriate)
should also be a top priorifsee Appenditl, "Restoring tidal swampsa priority for research and
practice’).

Conversions from tidal swamp to tidal marsh

Conversion ohistoricaltidal forested wetland totidal marsh has been widespread on the Oregon
coast, totaling 1174 ha (Tabfe Appendk 1 mapg. We analyzed these areas &gsess the potential
condition of these wetlandsT'he bulkof the converted are&64.7%)consisted of small polygons or
"slivers”less than 5 ha; this may be due to disparate scales of input data Ge&é issue'shelow). Of

the larger contiguous areas, most had previously been dikeedad been deliberately restored via dike
breaching or dike removal; howevehe restoration(at leastinitially) resulted intidal marsh rather than
tidal forested wetland This is typically due to subsidenadich results in conditions too wet and/or
saline for establishment of the historical woody vegetation type (Turner 2004; Appghdiceally,
redoration re-establishes natural processes; but land use and diking impacts such as subsidence, soil
compaction, and ditching may affect wetlandaracteristics anflnctions at these sites far into the
future. Depending on salinity, accretion rates, saglaise, and other factors, thes®nverted former
tidal swampsnay or may not ultimately recover thdiistoricalforested or scrukshrub vegetation.

Someareasconverted from forested to emergent tidal wetland were never diked, wete logged and
hawe not recovered their woody dominant&ven nordiked lands were often grazed by livestock in the
past, and such agricultural uses probably affecteill conditionsfor example causingompaction and
subsidenceThese areas are subject to many of the sassees listed in the previous paragraph.

Regardless of the reasons for vegetation conversiorasconverted frontidal forested wetlandto
emergent tidal wetlands have lost many of the characteristics and functions unididgatdorested
wetlands, particularly those related to large wood production, carbon sequestration, channel
complexity, and fish and wildlife habitat. Therefoeeen thoughthe conversion of forested to
emergent tidal wetland$éas reduced th@pparentnet loss of tidal marsh, thisonversionis nota
mitigating factor fortidal wetlandloss instead, the likely result is net loss of functions

Tidal marsh advance and sea level rise

Tidal wetland losgsthrough drowning and erosioare common inother U.S. coastal regiorad
worldwide, and have often been linked to anthropogenic factors such as sea level rise and watershed
alterations(Barbier et al. 201,1Ganju 2019 Howeverfor the Oregon coasturing thetime period
considered in this studfsince European settlemenfprmation of newmarshappears tchave been

much more common thaloss to erosioror drowning Across the entire coastye found that1770 ha of
new marsh has formed on formerly negetated surfaces such as mudflats (Tahlagpendixt

maps). This formation of new marsh, also called "marsh advance" or "marsh progradation,” has been
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documentedin Oregon(Dicken 1961)Johannesse®964) andelsewhere in the Pacific Northwest (Hood
2010 Hood et al. 2018Diefenderfer Cullinaret al. 2018)Marsh advancen the Oregon coass in part

a product of thecoast'shigh sediment supplysteep watershedsaindlargely intact sediment delivery
systems (i.efree-flowing, nondammed rivers)Komar 1997Thom and Bate 1998, Wheatcroft and
Sommerfield 2005 as well as generalized land surface uplift resulting in low relative sea level rise in the
past (NRC 2012pediment pulses associated withest fires and loggingayalsohavecontributed to

marsh advancelficlen 1961 Paulson 1997Pearson 2002 However, bannel network characteristics,

soil characteristics, and vegetation can be strikingly different in newly accreted tidal wetlands compared
to older "mature" high marsiiDicken 1961Jefferson 1975 so the eosystem functions and services
provided by newly accreted tidal marsne unlikely tareplicate those othe mature high marshes that
weredikedto form agricultural lands. In addition, even thougtarsh advancenay partially offset

marsh loss from dikingnarsh advance alsepresents a loss of important mudflat/aquatic bed habitats
and the associated ecosystem servidesganayaket al. 2018)

If present, eosionor drowningof tidal marshwould have beerdetectedin this studyby locating areas
that converted fromtidal marsh or tidal swamp to open water or unvegetated mudflaithough some
areas did undergo such conversions (Table 4), there wasehtitkencethat the conversions indicated
wetland drowning or erosiorAmong the largest of these conversions whistorical tidal marshes that
had subsided due to diking and were subsequently restored, converting to mud flats due to their low
elevation.Theremainingconverted areas wermostly narrow featureson the fringes oftidal water
bodies, and their conversion appeared related to scale discrepanciesSesake 'issué'sabove) and/or
channel migration. By contrashuchlargercontiguous areasonverted from water or mudflat to
emergent marsh, indicating marsh advamaéher thandrowning orerosion These findings suppothe
conclusion of PecR(Q17) that Oregon estuariesave maintained their elevations relative to past sea
level rise, and thereforenay be relatively resilient téuture sea level rise, provided thate of rise does
not exceed the available sedimentation rates.

Comparisons to other loss estimates

The overall loss from diking determined in thisdy 67.9% across all three major habitat clagses
slightlyhigher than therecent estimate 063.3% wetland loss for Oregdrom PMEP's indirect
assessment of tidal wetland loss (Brophy et al. 20I18).locations of losi this studydiffer somewhat
from the locations identified in the PMEP studyge to the different methods used for this study'sedit
assessment, versus PMEP's indirect assessmbatcurrent study is more accurate because it uses a
direct source of information on diking (the "impounded/diverted" modifier in OCMP's CMEGS map
whereas the PMEP study calculated losses indireaging the NWI as the source for current tidal
wetlands (Brophy et al. 2019 additionthe current study (but not PMEP's) measured loss due to
vegetation conversions, an importaabhaly®s for conservation and restoration planning. The current
analysis ko included three dsaries which were not included in PMEP's indirect assessment of tidal
wetland loss: Necanicum River, Sand Lake, and Beaver Creek.

No previous assessments of tidal wetland loss for the Oregon coast have quantified losses separately fo
each major habitat class. However, recent and earlier assessments in the Lower Columbia River estuary
(LCRBE)ave done so (Thomas 1988arcoe and Pilson 2017fhomas (1983j)ocumented76.8% loss of

tidal swamps and 43.1% loss of tidal marshes inLtBBRESwamp losses were especially high in the

brackish zone: Thomas report8@%and 100%oss of spruce tidal swamsfrom Youngs Bagnd Baker

Bay respectively'virtually eliminating” tlese brackish swamps from th€€ REMarcoe and Pilson
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(2017), reported similar losses for tidal swamps and tidal marshége LCRES8.8% and 67.9%
respectively). However, Marcoe and Pilson classified wetlands as tidal only if their elevation was below
MHHW, whereas our project defines tidal wetlands as those occurring below annual high tide, reducing
comparability of the analyses. MHHW is typically the Iqwet upper,boundary for highidal marsh

and tidal swampsn Oregon's outer coastherefore, MHHV wasfound to be unsuitable as an upper
boundary for tidal wetlandsn the U.S. West Coad@rophy 2019

Earlier tidal wetland loss estimates for the Oregon coast did not separately estimate losses for different
habitat classesln fact,tidal swamps wre seldom evaluated in tidal wetland studies of the 1980s and
1990s probably because there were (and are) so few remairttayvever, earlier studies did include
losses due to filled lands, which could not be addresséde current study (seeData limtations"
below). For example, Bodand Bierly (1987assessetidal marsh lossefor the outer Oregon coast,
and found that3372 hawere diked or filled, representings.9% of thehistoricaltidal marshareaof

7350 hag a similar estimate to this studylalue of 44.3% loss of tidal margbood (2000) did include
tidal swamps in hitbssassessmentalthough he did not evaluate their losses separately from tidal
marsh. Hdound a somewhat higher loss tharetlcurrentstudy (71.7%or the outer coasy, petaps

due in part to the inclusion of filled lands (which wéureped withdiked lands)HoweverGood's
estimate oftotal areahistorical tidal wetland area (11,498 haas lowerthan this study's estimated
historical area (15,399 haas described inTotal historical tidal wetland areaabove.

Only three studies (Brophy 20852012; Ewald and Brophy 2012Vegreviously quantified logs of

historical tidal wetland®y vegetaion class within individual estuaries of Oregon's outer coast. Losses
were similarin those earlier studies and the current study. For the Tillamook Bay estuary, Ewald and
Brophy (2012) reported 91.1% loss of tidal swalapd 84.7% loss of tidal maestthe current study

showed those losses 82.3% and 69.9% respectivéfppendixd). For the Siuslaw River estuary,

Brophy (2005) reported a 97% loss of tidal forested wetlands and 40% loss of tidal marsh; the current
study found those losses to be 986 arl 28.5% respectively. In the Necanicum, Brophy (2012) reported
80% loss of tidal forested wetlands and 94% loss of tidal marshes; the current study found those losses
to be 841% and 851% respectively. The lower estimates of tidal marsh loss in the dustedy were

due in part to tidal marsh restoration projects completed since the earlier studies.

Data limitations

This analysis inherits the limitations of the input layé&isr example,d locate the upslope boundary of
tidal wetlands and estuarieshé OCMP and PMEP nzagse an elevatiotbased method that combines
land surface elevation data (from LIDAR) with extreme water level m&detsNOAALanier et al.
2014,Brophy et al. 2019). The method identifies arpagentially subject to tidal inundatia ¢ that is,
areas within current tide range. Howeven,many coastatities someformer tidal wetlands were filled
and developed, elevating these areas above current tide raBgeause they are now higher than
annual high tide levels, these areas are not captured irfG&IP and PMEfevationbased estuarine
habitatmaps; they are clearly lost, but cannot be quantified using this study's input @htaefore,
actual wetlanddsses arg@robablyhigher than determined in this study

During development of OCMRigital maps of estuarine habitatdiked areas were reviewed for
accuracy and found to be accuraaoughfor landscapescale assessmertut the mapsdo not include
all areas where tidal flows are alterelh particular, the attribution of diked areas magmit areas
disconnected from tidal influence by natike features such as restrictive culverts, filled areasd
other barriers tochannelized andon-channelized flav. Such alterations can affect largeeas,
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particularly upriver where natural levee features may be combined with small restrictive culverts to limit
tidal inundation, allowing agricultural use of former tidal wetlan8mce these muted or hydrologically
disconnected areas are not attributed as diked in the OCMP dadand losses arprobablyhigher

than determined in this studyror exampleBrophy and So (2005) found that dikiagd other major
alterations in the Umpqua River estuaaifected62% ofhistoricaltidal wetlandarea but an additional

1% wasaffected by'minor alterations" such as restrictive culverts and partiallfillthe Tillamook Bay
estuary, Ewald and Brophy (2012) found that 66% of former tidal wetlands were diked and fully
discannected but an additionall0% had muted tidal exchangduting of tidal exchange affects all tidal
wetland functions, particularly those affected by frequency and duration of inundation such as channel
development, carbon sequestration, groundwater dynespiand plant community development.
Diefenderfer Johnsoret al. 016 compared tidal wetland restoration approaches dodnd that tide

gate replacement projects, which are characterized by muted tidal exchange, did not generally show
evidence of benefs to fish or ecosystem®y contrast, they found that tide gate and dike removal
projects (which fully restore tidal flows) showed stronger evidence of benefits

Because this study us€ICMP'spatial data on diked areas to evaluate wetland losses, estuaries with
no areas mapped as diked could not be evaluakdost small estuaries on the Oregon coast (e.g. Ecola,
YachatsElk, Sixedldunter,Chetco, PistolWinchuck have no mapped diked aremsthis study's data
sources; this is also true for one meditgized estuary (Rogue River). Although in principle, it might be
possible to evaluate vegetation change indbestuaries, in practice this does not work well dughe
scaleof the input data Specifically, theelatively coarseesolutionhistorical vegetation dataften fail

to align with physical features of small estuaries, such as channels and floodmainting inartifacts

in the analysisDespitethe omission of these smaller estigs from the current studytheseestuaries
havecertainlyexperienced tidal wetland losselsocal analyseendfield investigation are needed to
identify and characterize the losses in these estuaries. Exampteglibcal studies include Ricks
Myers @015) for the Hunter, Pistol, Chetco and Winchuck estuariesBamghy(2003)for the Elk and
Sixes

The following estuaries had river channels ardy small fringing wetland areas that extended above
the histori@l vegetation mag (even after theadditions described in step 3 of Methods above): Alsea,
Coos, Coquille, Nehalem, Siletz, Siustawd,Umpqua.These minor areaherefore had no data for
historical vegetation clasBecause these areas consisted almost entirely of river channels, thgalasa
have almost no effect on the results of this analysis.

Scale issues

Some of the identified vegetation conversions may be an artifact of the disparate scales of the study's
input data. The coarsaesolution historical vegetation data generally npagl forests up to the edge of

the tidal channel, whereas the more detailed current vegetation data often maps a narrow fringe of
emergent marsh (or maps no tidal wetlands at all) adjacent to the channel. These scale discrepancies are
manifested primarilyri narrower arms of the estuaries, such as upriver areas.

To determine whether these scale discrepancies might have affected our broad conclusions, we
analyzed the historical percentage of tidal forested wetlands within diked areas, which are generally
large blocks of tidal wetland rather than narrow fringing wetlands. (Narrow fringing wetlands were not
often diked because they were too small for agricultural use or development.) We found that historically
(prior to diking), diked areas had an even higpeaportion of forested wetlands than the overall study
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area (64.1% forested, versus 54.4% for the entire study area). This finding supports the broad
conclusions of this study (i.e. the historical prevalence of tidal forested wetlands on the Oregon coast).

Recommended uses

The products of this study are recommended for uskiimscapescaleconservation and restoration
planning, such as prioritization of sites for action plannifing productsare not intended for regulatory
or legaluses or for site-specific conservation or restoration desjguch activities require field collection
of data to verify and measurgte characteristics and condition&s described above, this study's data
products may contain inaccuracies due to limitatiefishe input data sources.

Maps produced by this studippendices 1 and 2how the current and historical locations of forested

and shrub tidal swamps. Conservation of current tidal swamps is urgent and can proceed immediately;
potential mechanisms tlude land conservation agreements with willing landowners (e.g. conservation
easements) and purchase from willing landowners by land trigstoration of tidal swamps is also
urgently needed, but locations for tidal swamp restoration need to be choassfudly. Subsidence and
related factors may present challenges to restoration of tidal swamp in some of its historical locations.
Selection of appropriate locations for tidal swamp restoration requires careful analysis of the landscape,
as well as monitang of physical conditions at current leadisturbed tidal swamp reference sites and
potential restoration sites (see Appendi&, "Restoring tidal swamp: A priority for research and

practice").

Products of this study

1) This report available onlinetathe link below:
https://appliedeco.org/report/brophy 2019 oregon tidal swamp and marsh losses final dec2019/

2) The following geospatial datasetyailable from the author on request

Vector GIS datasefshapefile "OR _tidal_wetland_loss_by hab_class_20191020)stpwing
areas of tidal wetland loss (diking), vegetation conversion, and wetland ad¢artand gain¥or
emergent, scrukshrub, and forestedidal wetlandclassesAttributes of theshapefilefeatures are
listed in Appendix.

Three symbolizationglayer files)are provided with the GIS dataset:
1) Symbolization for Appendikmaps of diking and vegetation conversion
"OR_tidal wetland loss_by hab class 20191020.lyr

2) Color vision variant symbolizatiofithe Appendixl maps
"OR_tidal_wetland_losby hab_class 20191026olor_variantlyr." This symbolization uses
a combination of colors and hatching to provide better resolutionpoplewith color vision
variants such as deuteranopiarotanopia and tritanopia

3) Symbolization for Append&mapsof historical vs. current tidal swamp:
"OR_tidal_wetland_loss_by hab_class_20191020_swamp_maps.lyr

3) Thanks to the Pacifttates Marine Fisheries Commissiamd the Pacific Marine and Estuarine Fish
Habitat Partneship, aweb applicatioris availabldor viewing the dataat http://arcqg.is/1LSSeT
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Appendix 1. Maps of diking and vegetation conversion

Purpose:These maps are provided to illustrate the major changes in tidal wetland habitats in Oregon coast estuaries. THistiethentajor
categories of changevhich are shown in the colors listed below

Color symbolization:

1 Redindicates diked areas (former tidaktlands that have been lostueto diking). These are all the same shade of regjardless of
their historical wetland type.
Bluerepresens current, nondikedtidal marsh (tidal emergent wetlands); shades of bluadatktheir former (istorica) wetland types.
Greenrepresens current, nondikedtidal swamp (either forested or screghrub); shades of green indicateeir former (istorica)
wetland types.
1 Grayrepresents other classifications, mostly open water angtiflats.

T
T

The queries used to generatiee eightlegend categdesare provided in Appendix 10.

Can tidal swamps be restored in thdiistorical location® Asnoted on each mapwetlandsubsidence and related factors may present
challenges to restoratin of tidal swamp in some of its historical locations. Selection of appropriate locations for tidal swamp restoration
requires careful analysis of the landscape, as wdiktsinvestigatiorof physical conditions dahe potential restoration site compad to least
disturbed tidal swamp reference siteéSee Appendix 11 for further discussion of these issues and approaches to tidal swamp restoration.
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Alsea Bay estuary: Diking and vegetation conversions in tidal wetlands

Note: Subsidence and related factors may present challenges to
restoration of tidal swamp in some of its historical locations.

OR_tidal_wetland_loss_by_hab_class_20191020
Diking and vegetation conversions (MAP_SYMB)

Site selection for tidal swamp restoration requires field I 1. Diked
investigation; see project report (Appendix11) for details. 2. Non-diked, remained emergent
I 3. Non-diked, forested or shrub changed to emergent

I 4. Non-diked, marsh advance
5. Non-diked, remained forested
y I 6. Non-diked, remained shrub
/’ . I 7. Non-diked, other vegetated (mostly currently forested/shrub)
y 8. Non-diked, non-vegetated or unclassified (mostly water, mud flat, etc.)
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Prepared 10/20/2019; one of a series of 16 maps. Mapped areas are derived from pre-

existing data (see report). This map is for informational purposes only and is not intended
for navigational, legal, engineering, or surveying purposes; it is provided with the \
understanding that conclusions drawn from the information are the responsibility of the user. N
ArcGIS 10.3.1, loss_by_hab_ORLam_20191020.mxd. Oregon Lambert, NAD1983, Intl. feet, \
EPSG 2992. (c) Institute for Applied Ecology, www.appliedeco.org, 541-753-3099

Esri, HERE, DelLorme, Mapmylndia, © OpenStreetMap contributors, and the GIS user community
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