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Executive Summary

Over the next two decades over 1 million additional people are expected to inhatiRuget Sound
Basin Thousands of acres of agricultural and timber lands will be converted to residential and
commercial uses in order to accommodate this phenomenal growtladdition to providing valuable
O2YY2RA0GASAa GKS&S dcalrblihnk yintber fahdgpriBvide rabitat2far ish andl N
wildlife. Over the coming decadedjoices regarding future growth, i.e., choices ababtiere working
lands canbe converted to new residential developmentill have significaneffectson the heath of

many fish and wildlife populations in the Puget Sound Basin.

To ensure the health and wedking of their citizens, promote orderly and efficient land use, and protect
natural resources, city and county governments implement comprehensive plans and regulatory land
use zoning.Land use zoning largely determines whaggicultural and timber largiwill be converted to
new residential developmentTo fully realize smart growth, comprehensive land use plans must be
based on scientificalgredible information that indicates the most imgant areas for the conservation

of fish and wildlife habitatg areas wherenew development should be avoidedur purpose is to

provide useful, scientificallgredible information for smart growth in the Puget Sound Basin. Our task is
to assess the relative value of places throughout the Basin for the conserdtiish and wildlife

habitats.

The Puget Soun&atershedCharacterizatioris a set of spatialkgxplicit assessments that provide
information for regional, county, and watershédsed planning. It is a coarseale decisioisupport

tool that shouldlead to better decisions regarding land use and more effective conservation of our
NEIA2YQa yI Gdz2NF £ NB & 2aNDSNIONS & KENID & S aorSYK 40 102 I
L YR FAAK | ycintardstria® freskifaer, &t mainé dhareline environments within

the Puget SoundBasin. The main producof the assessmestare maps that show theelativevalue of

small watershedsr marine shorelinethroughout the Basin. Relative valiseexpressedhrough

guantitative indicesvhich can be used to rank placeghin a water resource inventory area (WRIA) or a
county. The indiceand thedata used to calculatthem are stored in a geographic databas&he
Department of Ecology has led the assessments for water resources abe giaetment of Fish and

Wildlife has led the assessments for habitai$is volumelescribes the terrestrial, freshwater, and
marineshoreline habitats assessments. Refer to Stanley et al. (2011) for descriptions of the water flow
and water quality assessments.

Conceptual Foundations

Ourapproach for assessimglative value isthe calculationof indices An indexeduces a complex,
multi-dimensional system down to a single number. The resulting simplification facilitates planning and
policy making.The Dow Jones Industrial Averafig examplejs a stock market index thatacks the
day-to-day progress of a highly complex economystem with onlya single number that is recalculated
each business daylhe Dow Joneis intended taprovide a bigpicture view of thandustrial sector of

the economyover time The Dow Jonesannot be used to judge theerformance of any particular

industry. To gain a better uredstanding of how various industséave performed, one must examine

the many components of the Dow Jor@slook to other industrspecific information Likewise, our

indices provide dig-picture viewof relative conservidgon valueoverthe landscapef an entire WRIA or
county. They cannot be used to understand the status of particular species or habitats or to design site
level projects.
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The relative value of a place for the conservatiofisif andwildlife habitatscan be based on a variety

of different factors: the presence of rare species or habiyges,richness of species or habitgtpes,

the presence of imperiled speciasnbrella speciesspecies endemism, local abundances of particular
species or habitatypes, population viability, metrics of habitat quality, metrics of ecological integrity, or
economicefficiency. These factors quantify different aspects of value, and hence, a truly
comprehensivéndexwould include all of them, however, the availablaalareclude accurate

estimates for most of them. The challenge weefd was to develp an index of relative conseation

value that respected the limitations imposed by the currently available spatialtul#tstill served as a
useful,credible indicatoof relativevalue.

Even with perfecspatial data for species occurrences and highly reliable models for habitat quality

assessing the relative valo¢ places for wildlife habitats would remaichallengingpecause measures of
conservatiord@ I £ dzS éLI2NNMDIF A0S ¢ | NB  y 2 NY I (i A igeSohservatidto®@NB dz6a y 2
GKIFIG OFy ©6S SYLANROFffe @FftARFIGSR 0SOlIdzaS 02y aSND
valuable, and therefore, it is influenced bybjectivepersonal valuesHow vaious data should be

assembled into an indicator of value may be different for each person, and therefore, a multitude of

different credible indicators can be devised. Nevertheless, scientists may reach consensus on what

factors should be used to indicat@lue and on the relative influence of those factors.

Terrestrial Habitats Assessment

The terrestrial habitats assessment focused on the principle process that currently dictates the quantity
and quality of habitatani the Puget Sound Basirland use Prior to European settlement, the most
important landscapescale terrestrial process for creating and maintaining habitats in the Puget Sound
Basin was fire, butiver the past century wildfire hdseen effectively eliminated from the Puget Sound
lowlandsand Cascades foothillén the lowerelevation landscapes of the Basivhere city and county
governments have jurisdicin over land usethe historicallandscapescale process no longer operates

at a landscape scaleThe dominant largscale disturbaces are now thee related to human landse

which hascreated spatial gradients in landscape integrity.

The main challenge we faced in the terrestrial habitats assessmentthevéimitations imposed by the

currently available spatial data. To compesatF2 NJ 0 KS € O1 2F RIidee ¢S dziAf .
FAL S NE Cdarksafidielertaitstare usually habitat typeshé theory being that conserving

habitat types will also conserve the vast majority pésiesassociated with those habitat typedine-

filter elements are usuallihoserare or imperiledspecies we believeill not beconserved by

conserving habitat types alone. Our coarse fifiee filter approach was somewhat unconventional

because therinciple coarse filtes werenot habitat types; the coarse filter wédandscapentegrity

within forest zones. Our fine filter elemenigere certain priority speciegnd habitat types

Relative consentn value was calculated in threstages. Firsppenspace blocks were ideified. An
openspace block is a contiguous area containing land gsesh as commercial forest, agriculture,
parks, and designated opespaceg that mantain naturalor quasinatural vegetation whiclserve as
habitats for native wildlife. Seconthndsape integrity of the opetspace blocks was assessed.
Landscape integrity the degree to whicla landscapeansupport and maintain a biological community
that has species composition, diversity, and functional organization comparable to those ofl natura
landscape#n a region. In the third stagandscapentegrity of openspace blocks was combined with
spatial data for priorityspeciesand oak-grassland habitat typesThe resulting product was andex of
relative conservatin value forassessmentinits (AUs), which were small watersheds with an average
size of about 5 square miles
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The results of the terrestrial habitats assessment were not surprising. Relative conservation value
exhibits an obvious gradient with a minimum in the Seattteoma matropolis and a maximum in the

large blocks of undeveloped forest latidht begin inthe foothills of the Cascades @lympic

Mountains In other words, at the landscape scale, relative conservation follows the classictorban
wildlandgradient In Piece, King, and Snohomisbuntiesthat gradient runs roughly wedb-east. The
exceptions to this gradient pattern are: 1) mouths of major rivers that are relatively undeveloped, such
as the Nisqually, Skagit, and Nooksack, which support large concentrations of waterfowl and shorebirds;
and 2) the oalgrassland habitat types imd around Fort Lewis.

The results depict a mixed suburbBidzNI £ G RSOA&A2Yy aLl OS¢ &l yRoAOKSR
on Puget Sound and the relatively undeveloped fdighh S NJ 4§ KS O02YAy3 RSOl RSa SiI
comprehensive plan will largely temine how much, where, and whaind of development will occur

within that decision space.

Freshwater Lotic Habitats Assessment

Ourfreshwater habitats assessment focusesloKS R2 YA Yl y i LINRPLISNIi & 2F f20AC
watershed is comprised of a network of connected channels that funnel mateneisdominantly,

g GSNE aAaSRAYSYGZ YR 622R b FNRBY (KS 461 iSNEKSRQa&
downhill through the network they provide both the matter and energy for the processes that build,

destroy, andrebuild aquatic habitats. &bitat quality instream reaches idetermined by both local

processes, such as hillslope runoff, bank erosion, cHaswmiring, and wood recruitment, and the same
processes occurring remotely upstreamhequality of habitatsin a stream reach is affected by

conditions occurring upstream, and the conditions of that same reach affect habitat quality

downstream. Theref@, our assessment of relative conservation value entails both an assessment of
conditions upstreanof each Aland an assessment of habitats downstreafreach AU

Over the past decade the dominant conservation issue for in the Puget Sound Basin maslb&am.

Three salmon species in Puget SogidK A y 22 1 2 aidSSt KSFRX FyR adzYYSN) OK
currently listed as threatened under thederal Endangered Species Autd a fourth, coho, is a

candidate for listing. Consequently, the conservatibsalmon and their habitats has garnered

considerable attention and has manifested a number of assessments and plans. Each of the Salmon
Recovery Lead Entities has done their own assessments to support their recovery plans for chinook and
steelhead. Té@work done by lead entities serves a particular purpose, is highly attuned to local

knowledge, and has invad local stakeholders. h&refore, our assessment is not a substitute for the
assessments and plans of the lead entities.

Whilein-depth WRIAewel assessmenthave beerdone by salmon recovery lead entities, salmon still
play a central in our assessment for several reasirst, most lead entities only addressed listed
species: Chinook, steelhead, and in some WRIAs, chum and bull trout. Ssalorahid species are the
dominant vertebrate species in the lotic systems of Puget Sound Basin. Third, the eight salmonid
species included in our assessment collectively inhabit an extensive geographic range in Puget Sound
Basin. Fourth, occurrence @aftor salmonids constitute the most comprehensive and accurate data for
any species inhabiting lotic systems. The last three reasons led us to utilize salmonids as umbrella
species, i.e, species whose conservation confer a protective umbrella to nunahauiooccurring
species.
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TheAUswere the same as those in the terrestrial habitats assessnaad, for each we calculated an
index of relative conservatioralue. Theindex had three components: the detysof hydro

geomorphic featureslocal salmaid habitats, and the accumulative downstream habitats. That is, the
relative value of a small watshed is based on: (1) the densitfywetlands andindevelopedioodplains
inside it (2) the quantity and quality of salmonid habitats inside it, and (3) the quantity and quality of
salmonid habitat®utside anddownstream of it. Quantity and quality bfbitats were assessed for
eightsalmonid species.

We examined relative conservan valuefrom two perspectives thateflect a quantity versus quality
dichotomy.hyS LISNRLISOGAGS Aa (GKFdG O2yaSNBIGA2Yy @It dzS
to habitat conservation, i.e., the quantity a place contributes. The othespgastive is that value is best
RSGSNX¥AYSR o6& I LJX I O0SQa aAy3at Siy¥gaddicongibuiey AeAi Ol y i
two perspectivesesultin different rankings of AUsTogether these tw@erspectives revealed that only

4% of AUs olatined high relative scores for all three index components but about 50% of AUs obtained
high relative scorefor at least 1 component An additional 2% of AUs dtained moderate scorsfor at

least one componentHence, seventfive percent of AUs in aypical WRIA obtaimoderate to high

relative scores for at least one component of the inbbexausen atypical WRIA salmonid habitats are
ubiquitous and salmonid habitatare physically connected tpstreamconditions. These facts highlight

the potential difficulties of future land use planning that strives to conserve freshwater lotic habitats.

Marine Shoreline Habitats Assessment

In contrast to the terrestrial and freshwater assessments, tlagine shoreline assessment had
comprehensive, reasonabhccurateoccurrence data fowvariety ofanimals and plantsGiven the

guality of data for the shorelines of Puget Sound, we believedsaassment based on the presence and
densityof species would provide a credible indicatorelative conservation valueThe overarching
assumption obur approach wa that the relative value of shorelines for the conservation of fish and
wildlife habitats is mostly a fumion of the presence and densitf species for which we collect

occurrence dataln general, we collect occurrence data for certain species because 1) humans harvest
those species, 2) we are concerned about the status of those species (e.g. theeatesr@dangered
species), or 3yve are concerned about the management of those spe@es,specieshighlysensitive

to human disturbances). In other words, we collect data on those species and habitats we care most
about. Therefore, an assessment based on these data should indicate those places we should care most
about for the conservigon of fish and wildlife habitats.

The assessment units for marine shoreline habitats vgenall shoreline reaches with an average length
of 0.24miles and for each we calculated an index of relative conservatiduey Theindex had 41
components whihincluded eight shellfistspecies or species groupscommercial/recreational

interest, urchinsthree forage fishspecieseight salmonid speciegaumerous bird species, pinnipeds,
kelp, eelgrasssurfgrass, and wetlands.

Like the freshwater haldts assessment, we examined relative conservation value from two
perspectives that reflect a quantity versus quality dichotomy. Also like the freshwater habitats
assessment, these two perspecthghowed that while very few shorelines scored high for all
components, a over half of all shorelines scored moderatedh for at least one componenthis has

O

ASNR2dza AYLIE AOLFGA2ya dzyRSNJ 2 aKAy3Ii2yQa {K2NBfAyS

principles (WAC 1736-186) of the shoreline guidelines A& 1726-176) established under the SMA

! Shellfish includes both mollusks, such as butter clam, and crustaceans, such as Dungeness crab.
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& 0 | LoBaE[shadreline] master programs shall include policies and regulations designed to achieve no

net loss of those ecological functichs lye aK2NBfAYyS aS3avySyid sgAlK 0O2Y
zero cantains or is in close proximity to at least one ecological functiamely, a habitat functian

Local jurisdictions must address the protection of habitat functions, and as the data show, habitat

functions occur nearly everywhere along the shorelineugd? Sound.However, the type and degree

of protection required for each habitat function will vary greatly.

While our assessment shows that nearly all marine shorelines contains or are in close proximity to at
least one habitat function, our assessmelaesnot account for all habitat functions. For instance, we
lacked occurrence data for the nearshore rearing habitats of juvenile salmonids and the rearing habitats
of juvenile Dungeness crab. These are essential habitats functions that suppormwitagccial and
recreational fisheries. Investments in data collection are needed to map the locations and quality of
these and other habitat functions.

The results of our marine shoreline assessment should be used in conjunction with the assessments

doneby the Puget Sound Nearshore Ecosystem Restoration Project (PSNERP). Ouretateseof
O2yaSNBIGA2Y @l fdzS Aa oFaASR 2y KFEOAGIG FdzyOlAz2yao
processes and structures. Habitat functions éependent uporecosysem processes and structures.

Therefore, integration of these complementary assessmentgwdllide a more comprehensive

understandingwith which to makenanagement decisions affectimgarshore ecosystems

Using the Terrestrial, Freshwater, and Marine  Shoreline Assessment

The main application of thessssessmerstisto guidelocalland use zoning that occurs at the scale of
100s to 1000s of acre€ounty governmentshould use the resultsf the terrestrial and freshwater
assessmentto directexpansim of urban growth areas or nevesidential development to plasethat

will minimally impacfish andwildlife habitats. The first areas to develop or develop more densely are
thoseplacss (i.e., AUsat the lowest end of riative conservation valueNewdevebpment should be
avoided in place at the highest end of conservation value. When directing newldpment toward
lower value placs, local jurisdictions should institute policies and regulations piatect the functions
and values of critical ags

The results of the marine shoreline habitats assessment should be used to guide the designation of
shoreline land use zones that will achieve no neslof the habitat functions thaurrently exist along
shorelines. The marine shoreline assessment can also help prioritize shoreline restoration within
oceanographic subasins.

The results of our terrestrial, freshwater, and mariffesgelinehabitatassessments constitute a subset

of information that should be considerday county and city governmentsr land use planning Our
assessments should be complemented with other information such as that provided bynSalmo
Recovery Lead Entities, the Puget Sound Nearshore EcosystemaRestBroject or local biological
surveys. Assembling, organizing, and integrating scientific information from diverse sources is a
continual challenge for local governments. In volume 3 of the watershed characterization project, we
will provide guidane to effect this integration. To assist local governments overcome this challenge,
WDFW and Ecology have formed a watershed characterization technical assistance team (WCTAT)
consisting oktate agency scientists with expertise in wildlife biology, fighidgy, wetlands, hydrology,
geomorphology, and modeling.

Caveats



When using thénabitat assessmerstkeep in mind the following limitationgFirst, our assessmentre
landscapescale assessmesitand consequently, daot address habitat issues that are best eskbed
through finerscale studiesFinerscaleor site-levelactions, such as critical area ordinances that protect
nest sites riparian areaspr wetlands will remain essential to the success of local halitamservation
efforts. We did our assessmesivith the expectation that finescale studiesvill be done by local
governments as the need ariseéd/hen developing land use plan#tycand countygovernmentsshoud
evaluate the need for finescale infornation and collect itwhere needed.

Second, oumdicesof relative conservation valuare not comprehensive. The assessnsegite not
comprehensive inttreerespects. First, the assessments dmbt explicitly include all species because we
lackreasondly accurate occurrence datar habitat modeldor most species, even for most priority

speciesi dzOK | & YSSyQa Yeé2iA atdleddydorBiediethRoads eh@®arifidS O1 S N
lamprey. Second, the assessments diot fully address habitatonnectivity because it has been or will

be addressed through other assessmenas explained belowThird,we narrowed the spatial exteruf

the terrestrial and freshwater assessmentsat@as that fall under the jurisdiction of city anducay

land useplans. That iswe did not address species or habitats that are mostly confined to higher
elevations(>2M0 ft) on public lands.

In the terrestrial and freshwater assessments, however, we did implicitly address nearly all species. In
the terrestrial asesssment, relativeonservation valugvas mainly a function dandscape integrity. The
presnce of PHS habitats walso an important factor but because of their relatively small spatial

extent, PHS habitats were much less influerdgrakelative conseni#on valuethan landscape integrity.
Basing conservation value on landscape integrity was essentiadigraefilter approach which assumes
that areaswith highlandscape integrity will provideighquality habitat for the majority of wildlife
species.In the freshwater assessmempnservation value was based largely on the quantity and quality
of salmonidhabitats. This waeffectively an umbreliapecies approach which assunikat areas

protected forsalmonidhabitats will also protedhabitats for the majority ofother species in lotic

habitats

In the marine shoreline assessment, conservation value was calculated as a composite index consisting
of 41 diverse components. This was effectively a richness approach which assumes that our 41
componerns can serve as adequate surrogates for the majority of species in marine shoreline habitats of
Puget Sound. However, the available occurrence data wesedi@wards harvested species.

Therefore, the marine assessment mighthmter characterized aan ecosystem services approach in
which habitats are ecosystem functions that support the ecosystem seofifmod provision.

Because of the assumptions and simplifications we mduetetrrestrial, freshwater, and marine
shorelineassessmermay notadequately address thparticularhabitat needs of rare or imperiled (i.e.,
state or federally listed) species or spedigghlysusceptible to human disturbancédfrare orimperiled
species inhabit a local jurisdiction, then the special needs of swatiespshould be specifically
addressed in local land use plans.

Third, one particularly important aspect of biodiversity conservation which we did not adequately
address was connectivityLandscape integrity in the terrestrial assessmenbrporated &ctors which
address habitat connectivity but only obliquely. More detailed assessments on habitat connectivity may
be necessary. Connections betwdmabitat patchesan be provided by smallascale features such as
riparian corridorghat are bestdelineated through fier-scale assessments. Statgde connectivity has

been addressed by thé/ashington Wildlife Habitat Connectivity Working Gr¢WWHCW@010. The
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results of the WHCW@&ssessment should be incorporated into regional land use planhipgtream
and downstream relationships within the stream network were foundational to the freshwater
assessment, however, that assessment did not explicitly incuifecial barriers to fish passag&he
freshwaterassessment addressed stream connattiindirectly throughoccurrence data that
documentedthe presence of andromous salmonids and expert judgments about wireanss could
support anadromous fish when ditial barriers are removed.

Along marine shorelines the main connectivity issuthé movement of sediments within littoral drift
cells. Maintaining procesonnectivitywithin drift cells has been the focus of PSNERP. Integrating our
marine shoreline assessment with PSNERPs assessments of drift cells will help local governments
prioritize shorelinedor protection and restoratiorf connectivity.

Fourttz G KSNB A& y2 LJd2NBfte 202S00AGS a02yaSNBLFaAzy Ol
oFraSR 2y 2ySQa 0StAST lo2dzi ¢KIF G o thereisamwidet ST | yR
variety of potential credible models abnservation value that could have beeonstructed for this

assessment. Our modsf habitat conservation valutr the three assessments webased on a

number of subjective judgments for wihi there was uncertainty: which factors to include, their relative

influence, and how to assemithem. Through numerous meetings with experts and intensive peer

review we believe we have developedeful,scientifically credible indices of relative conggtion

value.

Lastly as data, technology, and knowledge improves over time better assessmiélrgsnarge. Other

initiativeswill reassess habitats in the Puget Sound Basin. Fonbestthe Western Governsr

Associatin has initiated a project tdtSY 0 A T& G ONHzOA Lt KFoAGF d&aé¢ (KNPRdIzZIK
2011). WDFW is pigipating in that initiative, andk S NB adz da 2F (GKS ¢SadSNy 332
could supplement or supplant our terrestrial or freshwatersessmerst
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Part 1:
Introduction and Background



1.1 Introduction

Over the next two decades over 1 million additional people are expected to inhabit the Puget Sound

Basin (OFM 2007). Thousands of acres of agricultural and timber lands will be converted to residential

and commercial uses in order to accommodate this mimanal growth.In addition to providing

G tdzq 6t S O2YY2RAGASA GKSAS &g 2N Apr@idd habjfasdot = 0 2 (0 K
wildlife. To ensure the health and wddeing of their citizens, promote orderly and efficient land use,

and proect natural resources, city and county governments implement comprehensive plans and

regulatory land use zoning. Natural resources include fish and wildlife. In general, conversion of
agricultural andimber lands to residential ccommercial uses advesly impactdandscape integrity

andthe composition of native biotic communiti€blansen et al. 200%\zerrad et al. 2009). Effective

fryR dzaS T 2yAy3a Ol yDahNgs2ad1, Alexander and Tomakyi2aba)Tinenizds K

the loss and deguation of fish and wildlife habitatsFurthermore, city and county governments are
AyaliAabdziaAyad Ayy20FGA03S (GNIyaFTSNI 2F RSGOSt2LIYSyd N
receiving and sending areas. Receiving areas are places already intpadedlopment whre new
development should be concentratenhd sending areas are places with very little development where

working lands and natural resources should be conserdedfully realize smart growth, comprehensive

land use plans must be based scientificallycredible information tlat indicates the most important

places for the conservation ofgh and wildlife habitatg places where development should be avoided.

Our purpose is to provide useful, scientificaihgdible information for smaer growth in the Puget

Sound BasinOur task is to assess the relative value of places throughout the Basin for the conservation

of fish and wildlife habitats.

The Puget Soun&atershedCharacterizatiorProjectis a set of spatially explicit assesgitsethat

provide information for regional, county, and watershdsed planning. It is a coarseale decision

support tool that should lead to better decisions regarding land use and more effectgervation of

theNBEIA 2y Qa y I { dzNJedsmeNB coaiNDSNMIONE £ KENDSE b 020K g (S
jdz £t A0& b | YR T AcanKerrésyiaR freghwater, farfd M&inskdrénd etvirand@ent ¢

within the entire Puget Sound@asin The Department of Ecology is leading the assessments for water

resources and the Department of Fish and Wildlife is leading the assessments for hakiiiatgolume

describes the terrestrial, freshwater, and marine shoreline habitats assessmengs.tdr8fanley et al.

(2011) for descriptions of the water flow and water quality assessments.

The assessmenfwovide aregionalperspective on theelativevalue of small watershedayerage size
4.7 square milesand marine shorelinefor the conservatiorof water resources and habitat§ he

I & & S a ap¥irkayy ipradQcts are maps that show the relative value of these small watersheds
(hereafter referred to as assessment units or Abfsnarine shorelinesTheir relativevalues are
expressedhroughquantitative indices thatan be used to rankUswithin a county orawater

resources inventory ared\(RIA. The indices and thdata used to calculate the indices are stored in a
geographialatabase. The targetl users of the assessments aredamse planners of city or county
governments.

Because of differences gpatial dimensions, spatiatale, data quality, and ecosystdavel processes

the fish and wildlife assessment was broken into three separate assessments: terrestrial, freshwater,
and marineshoreline Parts 2, 3, and df this report describe the terrestrial, freshwater, and marine
shoreline assessments, respectively.



1.1.1. Relationship to Other Assessments

The Puget Sound Watershed Characterization Project is one of many sgatfaibit assessments

covering the Puget Sound Basin that have identified, prioritized, ranked, or scored places based on their
conservation value. Every one of these assessnsem®d a unique purpose angdasconducted in a

unique way. For example, prior to the Puget @t Watershed Characterizatiomdpect, WDFW and The

Nature Conservancy (TNC) completeide ecoregional assessmentoveringll of Washington State.

Four of theseecoregionhassessments overlggarts of the Puget Sound Basin (Floberg et al. 2004,

lachetti et al. 2006, Vander Schagfe  f ® HnanncX t 2LIISNI S | fd HANTOIT 0Oc
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places to be targeted for conservation action; and 2) the ecoregi@ne assessed asdependent

entities, and consequentlytheir separateresults are incompatible ancannot be merged into a single

unified assesmentfor the Basin Furthermorethe ecoregional assessments did not address water

resources. The Watershed Characterization Project provides city and county governments with

consistent, comprehensive information about water and habitat resources sithes entire

jurisdiction.

Another Assessment for LotiEresiwater Habitats?

Over the past decade the dominant conservation issue for in the Puget Sound Basin has been salmon.

Three salmon species in Puget Sogr@hinook, steelhead, and summerchymil 22 R afel y I f &
currently listed as threatened under the federal Endangered Specieath fourth, coho, is a

candidate for listin§ Consequently, the conservation of salmon and their habitats has garnered

considerable attention and has mamiteda number of assessments plans. For instance, The Trust

for Public Land (TPL) amtlCdid their own assessments in 2000 and 2006, respectively (Frissell et al.
HnnnX {{ARY2NB HnncoL® ¢ct[Qa aaSaaySysamonBEyYy GATAS
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purposes for particular clients, and therefore, may not meet the needs of city or county governments

engaged in local land use planning.

Each of the Salmon Recovery Lead Entities has done their own assessmensdnd gweir recovery

plans for @inook and steelhead (e.g., East Kitsap 2004, Pierce County 2004, Snohomish County 2005).

The work done by lead entities serves a particular puepéshighly attuned to local knowledge, and has

involved local stakeholders, and therefore, our assessment is not a substitute for the assessments and
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habitat restoration; ouhabitatassessmerstdonot address the relative value of places for restoration

Ourfreshwaterassessment is needed for severabsons. First, the assessments done by Salmon

Recovery Lead Entities focused on listed speciéapnGk steelhead, and in some WRIg&lsum orbull

trout. Our assessment incorporates all salmonids. Second, the lead emt#ielyfocused on

identifying sites for habitat restoration projects, and nearly all restoration sites were in or adjacent to

wal SNJ 602RASa® az2aid laaSaayvySyia R2yS okvelikKS £SIR S
information such as identifying areas in their watersheds where future residential or commercial

development would have the greatest adverse impacts on salmaaiddts. Our assessment does

that. Third, the Department of Ecology has completed Basile assessments for water resources in

which they assigned values of relative importance to AUs. Integrating the water resources assessments

% For the purposes of the ESA, the U.S. Fish and Wildlife Service divides salmonid species in evolutionary significant
units (ESUs) which are conceptually similar to subspecies. The Puget Sound ESUs of Chinook and steelhead are
listed as threatened.



with the fish and wildfe habitat assessments will create a musisource depition of the most

important Alsin the Basin.The terrestrial and freshwatdrabitatassessmerst utilizethe samespatial
units created fothe waterflow and water qualityassessments in order tadilitate a seamless
integration ofall fourassessments. Finally, the assessment methods employed by lead entities were
different for every lead entity. Therefore, the results of the lead entity assessraeatsot comparable.
Our assessment methodapplied uniformly across the Basin, and thus, provides a consistent regional
perspective.

The Puget Sound Nearshore Ecosystem Restoration Project

The Puget Sound Nearshore Ecosystem Restoration Project (PSNERP) albsifitiated as a general
investgation feasibility sidy in September 2001, through a cesdtare agreement between the U.S.

Army Corps of Engineers and the State of Washington, represented by the Washington Department of
Fish and Wildlife (WDFWRSNERPRascompletal a feasibility studyo assess ecosystem degradation in

the Puget Sound Basin; to formulate, evaluate, and screen potential solutions to ecosystem degradation;
and to recommend a series of actiof@ereghino et al. 2012).

The habitat assessments conducted by WDFW for tlygePsound Watershed Characterization Project

were initiated in 2010. In 2011 PSNERP and the authors of this report recognized that each group was
assessing complementaagpects of nearshore ecosystems. Our index of relative conservation value is
basedy KIFIoAdGlFG FdzyOlAazyaod t{bowt Qa lFaasSaavSyia SYL
Habitatfunctions are dependent upoproperties of ecosystem processes and structures. Therefore,

integration of these complementary assessments will provide a roongprehensive understanding

with which to make management decisions affecting the nearshore ecosystems. The results of our

marine shoreline assessment should be used in conjunction with the assessments done by the Puget

Sound Nearshore Ecosystem RestamrafProject (PSNERP).



1.2 Philosophical and Methodological Foundations

Our task wa to assess theelative value of places for the conservation of fish and wildlife habit@ts:
approad for assessing relative value svine calculation of indicesAn index reduces a complex, multi
dimensional system down to a single number. The resulting simplification facilitates planning and policy
making. The Dow Jones Industrial Averager examplejs a stock market index thatacks the dayto-
day progres®f a highly complex economic system watkingle number that is recalculated each
businesslay. The Dow Jones is intended to providbigpicture view of the industrial sector of the
economy over time. The Dow Jones cannot be used to judge therperice of any particular industry
To gain a better urgrstanding of how various industgéhave peiormed, one must examindhe many
components of the Dow Jones refer to other industryspecific information Likewise, our indices
providea bigpicture vew ofrelative conservaion value over the landscapeithin anentire county or
water resource inventory area (WRIAummary indices such as ogennot be used to understand the
status of particular species or habitats or to design-ktes| projects. Our indicesnay even mask some
important aspects of conservation value, but when interpreted propéhly indices can facilitate better
decisiongegarding habitat protection and land uf€ailing and Gregory 2003).

Certain places in a region areadily identified as valuable or even irreplaceable because they contain
rare habitattypes, imperiled species, or abundant wildlife. For instance, in the Puget Trough Ecpregion
the prairies orfFort Lewis, the tidelands at the Nisqually River delta, theeviowl overwintering areas

of the Skagit Rer delta,Protection Island with its dense colonies of breeding biedsl theElwha River

are universally recognized by biologists as crucial places for habitat conservation. The value of such
places is obwus and absolute experts are certain that these places should be protecietestored

for their ecological values. Most other places lack rare habitats, imperiled species, or abundant wildlife.
Such places may have value for the conservatidisbfand wildlife habitats, but they lack those
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can be assessed but only imedative sense, and decisions regarding their protection must be based on
relativevalue. Hence, for the multitude of placteat contain only common sped®r common

habitats our assessment cannot determine whether site A or site B should be protected. Our
assessment can only determine that site A is relatively motessvaluabg for wildlife habitat than site

B, and therefore, site A should be a higbetower priority for habitat protection than site B.

The relative value of a place for the conservatidfish andwildlife habitats can be based on a variety

of different factors: the presence of rare species or habitgtes (Prendergast et al. 1993, Kerr 1997),
richness of species or habititpes (Williams et al. 1996), the presence of imperiled species (i.e., listed
as threatened or endangered)abitat for unbrella speas (Poiani et aR001),species endemism

(Orme et al. 200K local abundances of particular species or habitat typgmston and Angermeier
1995,PearceandFerrier2001), metrics of habitat quality (Root et al. 2003), metrics of ecological

integrity (Ardreasen et al. 2001), dhroughoptimizationalgorithms(Wilhere et al. 2008). These

factors quantify different aspects of value, and hence, a truly comprehensive assessment would include
all ofthem, however, the available data precludecurate estimags for most othem.

1.2.1. The Challenges of Assessing Relative Conservation Value

Empirical data on the locations of wildlife species collected by WDFW and other agencies generally focus

on imperiled species or harvested species. For the vast rfyagdrother wildlife species, sitscale

location data are bad on incidental observationgycomplete surveyor are out of date.
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visible species (g., large bodied in open habitats) tends to be more accurate than data for hard to see
species (e.g., small bodied with cryptic markings in densely vegetated habitats). For nearly all vertebrate
species, comprehensive data tsh andwildlife locationsare available as range mafesg, Johnson and
Cassidy 1997, Wydoski and Whitney 20@&)these can be higy inaccurate at spatial resolution$

about 4square mile or more For the locations of habitat types, satisfactory empirical data are
availablefor rare or imperiled habitats types, such as oak woodlands and prairies. Location data for
other habitat types is available as lacover maps derived from satellite remotedgnsed images.

These lanatover data tend to have either low classificatiartaracy (e.g.35 % error for ecological
systems in western Washington [Sanb@007]) or low thematic precision, i.e., a small number of land
cover categories. Both shortcomings preclude an accurate mapping of habitat types, speciéis
habitats, orhabitat quality.

Even with perfecspatial data for species occurrences and highly reliable models for habitat quality

assessing the relative valo¢ places for wildlife habitats would remaichallengingpecause measures of
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can be empirically validated becauSe2 y a SN G A2y @I tdz2S Aa o6lFlaSR 2y 2yS
and therefore, it is influenced bgubjectivepersonal values. For exaiteppeople will answer the

following question differently (Figure1): what is most important, a place rich with common species, a

place with a few rare species, or a place with commercially valuable species? Likewise, how various data
should be assembtkinto an indicator of value may be different for each person, and therefore, a

multitude of different credible indicators can be devised. Nevertheless, scientists may reach consensus

on what factors should be used to indicate value and on the relatiigeince of those factors.

W rarity

M richness

08 + m mean abundance

W commercial value

o
o
L

Relative Value
o
R
1

02 +

Site

Figurel.l. The normative challenge of determining relative vatdiglacedor fish andwildlife
habitat conservationBars show results of hypothetical assessments for sites A, B, C, and D. All
sites have habitat value, but which site is most valuable? If protection of rare species is a
priority thensite C. If protecting commercially valuable species is a priorég $ite B. If all

factors are considered equally then D is the most valuable.

Insummary, practical measures of conservation vateconstrained by the types, quantity, and
qualityofl @1 Af I 6f S RI (G2 & SONENINIKAS2NIY 2060, HisSabrmatide, a2 G RS & ONXA
hence, transparency regarding normative judgments is essential. The challenge we faced was to



develop an assessment that respected the limitations imposed bguently availablespatial data but
still served as a useful, aible indicator of relative conservation value.

1.2.1. Designing an Index of Relative Conservation Value

Anindex2 ¥ LI | OSaQ NBf I (i Afi@rSanddigllifeth&bNels Imishn2ogssddily thedzS T2 NJ
subjective. In effect, theindex is a model of our befeaboutwhat makedifferent placesrelatively

more or lesszaluable for habitat conservatiorVarious data can be assembled multiple different ways

to yield a vaiety of potential models (Niemeijer 20R2The range opotential modekwill be narrowed

by the types, quantity, and quality of available data and by the intended application ofdbe(Figure

1.2). Some potentiainodelk can be eliminated because we lack the data or data of sufficient quality
needed to implemat them. Understanding the scope and spatial scale of the inteagptication

should lead tanodelswith the minimum scope at the proper scale. An assessment should cover the
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ecological variation increaséncreasing complexityncreases epistemigncertainty, which arises from
our lack of knowledgeand increasing ecological variation increask=atoryuncertainty, which is due to
the intrinsic randomnessf natural systems In short, as thecope of an assessment increasur
confidence in the results often decreases.

To simplify the habitat assessments and enhance our confidence in their results we narrowed the scope
of the assessments to private lamdOur principal clientsi.e.,local governments, want an assessment
that informs land use planning. Nearly all land use plannimge by local governments affeahly

private lands Private lands comprise about 50% of the land area in Puget Sound Basissessment
that encompassethoth private andpublic lands would benore complethan an assessment that
coversonly private lands becauszological system&nd use, managementractices, and the
conseguent habitats on public lasdend to be quite differenthan those on private lands. Narrowing
the scope to private lands facilitates development of simpledais having less uncertainty because
focusing on private landsllowedus to ignore the habitat types and wildlife species that reside
predominantly on public lands (e.g., mountain hemlock forest, nainrgoat, Olympic marmo}sand
therefore, not significantly affected biocal land use decision$lowever, the influence gdublic lands

on the habitat quality of private lands was integrated into our terrestrial and freshwater assessments.
For instance, in our assessment, private forest adjacent to large blocks of public forests have greater
landscape integrity than identitarivate forests distant from large blocks of public forest.

I Y2RStQa aLl aAlt aorftsS akKz2dzZz R YIFIGOK GKS aorts
extent and grain. Extent is the entire area affected by a decision. Grain is the asieegéplaces or

sites for which decisions are being made. Obviously, the extent of an assessment must not be smaller
than the extent affected by the decision making process, but neither should the extent be much larger.
As the spatial extent of an asssment increases ecolegi variation may also increasend hence,
uncertainty. Assessments done at a coarser grain than decision nmakiyigave little value to decision
makers. For instance,de&cisions are to be made abol@-acreparcels, tien anassessment based on
5,000acre watersheds isf little use An assessment done with too fine a grain can often be translated

to a coarser grain but there are pmitial problems with many finegrained data. For instance, higher
resolution land cover datsometimes haveinknown or lowclassification accuracy (e.g., 35 % error for
ecological systems in western Washington [Sanborn 2007]). The spatial grain forés¢ri@rhabitats
assessment ithe AUs, which aremall catchments roughly 1 to 10 squandes in size (640 to 60

acres). Land use zoning by county governments creates zones on the order of 100 to 10,000 acres, and
hence, the spatial grain of the habitat assessment roughly matches the scale of zoning. County
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governments make many sievd decisions but the scale of our AUssdoot match thatsmaller
spatial scale.

After the scope and scale of the assessment have been well described, there will still be a wide variety of
potential models. The nundp of potential models will be reducday the availability and quality of the

data needbd for each model, but there mastill beawide variety of candidatenodels. A subset of

reasonable candidate models can be further reduttedugh the principle of parsimony. For our

purposes, parsimongeans that the number of factors incorporated into the model should be the

smallest number that adequately represents the conservation value of a placmme respects
selectingfactors to incorporate into our model @milar to selecting independent siables i a

regression model. The factosbould (1) have a significant influence refative conservation valuend

(2) have low correlatiowith other factorsincluded in the model

The structure of a model, any type of model, is ultimately based on subjective judgment; however,
unlike a regression model, we had established statistical methodologyith which to guide our
construction of the best model. We could not test whiahtors (i.e., independentariable$ have a
osignifican€ influence on relative conservation valoe estimate multicollinearity amongstactors

Hence, the selection dactorswas based oihest professional judgment. Our model of relative
conservation viue was based on a number of subjective judgments for which there was uncertainty:
which factors to include, the reti@e influence each factor should have on conservation value, and how
to assemble the factors.

Potential Models
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Figurel.2. Conceptual model for the design ofir fish andwildlife habitatassessmerst There
are many ways to assessnservatiordvalueg 2 NJ @& A Yol {i2adeR forfigrCa@divildlife
habitat conservation However, the data reqgred to implement most models amot available

or of unacceptable quality, and hence, model design involves a number of assumptions and
compromises. Models can be simplified by considering the n@®aeéended application.



1.2.2. Good Modeling Practice
According to &hmolke et al(2010) elements fogood modeling praae include conceptual models
guantifying uncertainty, sensitivity analysis, verification, validation, and peer review.

Conceptual Models

A conceptual model issimplified representation of a complex system that emphasizes the

interrelationshisl Y2y 3 GKS &aeadsSyQa YIFI22NI St SySyidao I O2yC
assumptions and limitations of our current understanding of the syst&he conceptual model i©é

basis for thecomponentsstructure, and operatiorof the quantitative model Each of our three

assessments begins with a conceptual model.

Uncertainty

I FEF@2NRGS al @Ay3a llimydelyafeanviongaull dorfieiate isef@4Thisténgue & & |

in-cheek exaggeration convey caveat about modelsWhatstatisticiansreallymean is all models

hawe statistical error, also known ascertainty. Even models constatied by the best scientists

using the best dathdave uncertainty, i.ell K S Y pr&iBtion? areestimates that arenever

exactly corred ® bSOSNIKSt Saasx klde dnouyhoRGrecOriiost bINB e QG A 2y & |
then we may have a useful modedur assessments should be used withis samecaveatin mindg

the results of our assessments are uncertain.

Depictions of uncertainty indicate how confident we can be about relative conservation value. For
instance, uncertainty analysis (explained below) may show that even though two AUs have different
scores for réative conservatin value, we cannot be certathat their scores are truly different

(Figure 1.3 The uncertainty may be so large in some casestlagiagers shoultreat the two AUs

as if they have equal scores.

We canmake generalizations about wheve can banore confidentabout scores and whewe
should bemorewary. For assessments of this type, relative vahtghe extreme ends of the range
(e.g., thetop and bottomdeciles) tend to have the smallest uncertainty, apthceswith more
moderate values (5" and 8" deciles, for instancetend to have larger uncertainty. Hence, a set of
AUswith differentvalues but in the moderate rangeayhave effectivelthe samevalue Greater
uncertainty does not mean that an Akhs lesser value than thastimated through the assessment.
Greater uncertainty means that the actualative conservation value could be larger or smaller
than the estimated value.

Uncertainty analysisstablishes the confidence limits @imodel and evaluatehe robustness ba
Y2 RSt Qa iualzdr pidaineténBcertainties. If a modés robust, then uncertaintiesiay be
attenuated atthe output. That is, even with uncertaintiesbout model inputs and parametevee
may still have confidence in the model

Our wncertanty analyses we donevia Monte Carlo methods. We assigredniformor triangular
probability distribution to @ch parametein anindexQ &quations. From these distributiopsrameter
values wererandomly selected and the index weesalculated for ach AUg a process that was
repeated thousands of timeThe index value of each AU is effectively a separate model output, and

¢KAA A& LI NIFLKNIASR FTNRY | &aGFaSYSyid o0& GKS adldradaaods
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hence each AU has its own distribution of index values. The uncertainty associated with each AUs index

value was calculated ardisplayed as a 90% confidence interval
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Figure 1.3 Hypothetical probability distributions representing uncertainty in calculation of
relative conservation value index. Red lines are expected values. In both panels the two sites
have expected values for the index of 0.29 and 0.6. If distributionsvinsites overlap very

little (panel A), then we can be confident that the two sites are different. If probability
distributions have substantial overlap, then we consider the two sites to be not significantly
different (panel B).

There is no standard nteodology for conducting uncertainty analyses for indices such as ours. Our

uncertainty analyses only addressed the potential uncertainties inherent to the subjective judgments

YIRS F¥2NJ LI NX YSGSNI @I f dzSao ¢ KS LjudgimentandSpained RA & ( N
the range of reasonable values for each parameter. We did not examine other uncertainties that affect

the model output. We did not address, for example, the uncertainty (i.e., errors) in spatial data layers
suchaslandcoverortie5 C2 Qa A f RE AFS 200dzNNBy OS RIFGFZ y2N RA
model structure. Addressing all uncertainties was entirely impractical. Therefore, our uncertainty

analyses did not produce rigorous estimates of uncertainty. The uncertaiatyses serve as a

reminder about the limitations of each assessment and a warning against making fine distinctions

between AUs with approximately the same score.

Sensitivity Analysis

In addition to uncertain analysis, further evaluation of the indices was done with sensitivity analysis.

Sensitivity analysS E LJt 2 NB& K26 YdzOK 2dzNJ 02y Of dzaA2ya g2dzx R Of
values were different. Iteveals whichmodel y Lddzia 2 NJ LJ N} YSGSNB | NB Yz2aid 7
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sensitive are the ones to which we should pay the closest attention. For instance, if we want to improve

the accuracy of a model but have limited resources, then we should focus data collection on those

parameters the model is most sensitive to.

Our indices of relative conversation value that can be expressed as a function:

10



| = f(Vl, V2, V3, e ,Vn) (11)

where the component¥ equalw;X, X is a variable (or model input) representing a species or habitat,
w; is a weight (or parameter) that determines the relative influenc&oénd n is the number of
components that comprise The sensitivity of an index to a componévt,is defined as:

ST Kk Wk (1.2)
A normalized sensitivitknown as elasticity, is defined as:

ET kKO K@/ 1) (1.3)
Elasticity is interpreted as percent change in the model output for a percent change in a component.

Sensitivity analysis was done by recalculating the index foiJsllwith a single component altered by a

small amount (+ 5%). The calculation was repeated for each component. The index value of each AU is
effectively a separate model output, and hence, every AU has its own sensitivity to each component.
Sensitivityisreported intwo ways:1) for each individual AU we calculated theansensitivity to all
components and2) collectively for all AUs we calculatibdt mean sensitivity te@ach individual

component. The former was calculated by averaging all tbenponert sensitivities of an AU and the

later was calculated by averaging all the gdusitivities for each component

Verification
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for errors in data procssing and verifies that Y 2 Ra&@laligns were done correctly. For complex

modelsthat procesanultiple large data setssuch as the models in our assessmettiis, is an essential

task. We verified thindicesby doingnearlyall index calculationsvice: oncein Microsoft Excel(2007)

and once in R (RDCT 2009)patial data analyses done in ArcGIS (versiond@er@)verified by having

one analyst perform the task and a second analyst review the results.

Validation

Validdion means that a model is demonstrated to be acceptable fointended use (Rykiel 1996)he
major intended use of our indices is to guide landsespae decisions regarding land use zoniig
evaluated theperformance of the indices by comparimglex scores against our knowledge of the Puget
Sound Basin. Wested whetherthe index showed AUswe believel to be relatively more impognt as
more important and showed Alge believel to be relatively less important as less importait. other
words,the validation test was based on the rankingaadfubset oAUSs.

Model validationoften entails testing the accuracy of model predictions. For a statistical model,

validation entails running independedata (i.e., datanot used to develop the modeihrough the

Y2RSt (G2 RSGSNX¥AYS 6KSGKSNI SYLANROIFEf& YSF&AdZNBR N
Statistically rigrous model validation isbjective. We could not do a rigorous validation because

AYRAOSA 27T Oy aSNuyARE d MNBiediisind Bugely dbje@i®
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important, and therefore, it is influenced by personal values.

Our model was not based on data but on professional expertise, which includes expert knowledge of
ecological concepts, conservation principles, mathematics, modeling, and the relevant technical

11
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appropriate professional expertise.

Peer Review

A credible model is one in which managers or planners have sufficient confidence that they will use it for
management or planning (Rykiel 1996). The credibiliguoindices is built upon peeeview by other
scientists with the appropriate professional expertise. We obtained-p@gew in two ways. First, at

two points during model development we convened a panel of experts to resglicritique our

modelsof relative conservation value. The critiques led to subsequent changes and improvements to
the data and models. Secondle subjected our model® a more formal peereview in which experts

read ourdraft reports and submitted written comments. The weitt comments also led to changes and
improvements to the models

12
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We did habitat assessments for three different environments: terrestrial, lotic freshwater, andemar
shordines Because montane habitats are almost entirely located on public lands, the terrestrial
assessmenignored montane habitats ancbncentrated on the Puget Trough lowlands and Cascade
foothills. The freshwater assessment was restricted to lotic (i.e. figwvater) habitats because the
major conservation issuecinglentic systems (i.e. ponds and lakes)ch as intensive shoreline
developmentfailing septic systemsntroduction of nornative vertebrate species, and invasive species,
are localized proleims occurring at finescales than can be addressed by assessment The marine
assessment was confined to shorelines because we lack data with whassess the relative
conservationvalue of deeper waters and the most direct impacts from developroentr along
shorelines.

Thefish and wildlife assessment was broken into three separate assessments betdifferences in
spatial dimensions, spatial scale, data quakiyd ecosysterevel processes. The marineoshline is
essentially a line 24¥miles long, lotic freshwater habitats are configured amea-dimensionamulti-
branchednetwork over 50,00@niles long, and terrestrial habitatarea two-dimensionakurface
covering 13,708qguare miles (8.7 million acresThe differences in dimensis and scale manifest
differences in data quality. Because the marine shoreline isdimensional and relatively short, the

entire marine shoreline of Puget Sound has been surveyed for habitat types (Berry et al. 2001a) and is

annually surveyedbr birds(Nysewander et al. 2005 Consequently, the marine shorelines assessment
had more accurate and comprehensive biological data than the terreatiafreshwaterassessments,
and the approach adopted for the marine shoreline assessment exploitetigtisr quality data.
Likewise, the approaches adopted for the terrestrial and freshwater assessments exploited the best

spatial data available, however, for both assessments the best spatial data available imposed limitations

on how we could assess relativenservation value.

This report covers three separate assessments for three different environments and also attempts to
address two separate audiences: land use planners and scierfbistae planners or scientists may be
interested in only one of the tlee assessmentdn the interest of serving both audiences, some
repetition could not be avoidedWe apologize for aripconvenience.

1.3.1. Terrestrial Habitats Assessment

The terrestrial habitats assessment focused on the principle processuhantly dictates the quantity
and quality of habitatsn the Puget Sound Basirland use Prior to European settlement, the most
important landscapescale terrestrial process for creating and maintaining habitats in the Puget Sound
Basin was fire, butver the past century wildfireasbeen effectively eliminated from the Puget Sound
lowlands and Cascades foothills the lowerelevation landscapes of the Basin, where city and county
governments have jurisdiction over land use, the historical napn@dess no longer operates at a
landscape scale. The dominant lasggale disturbances are now thoseaigd to human land use which
havecreated spatial gradients in landscape integrity.

The main challenge we faced in the terrestrial habitats assessmweas the limitations imposed by the

_ R

OdzNNBylite grAafrofsS aLd dart RIGH® ¢2 @dreylLSyal s

FAL OSNE | LiideleraeKtsbare usuglly abitét types; the theory being that conserving
habitat types will also conserve the vast majority of species associated with those habitat types. Fine
filter elements are usually rare or imperiled species we believe will not be conserved by conserving
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habitat types alone. Our coarse filtBne filter approach \&s somewhat unconventional because the
principle coarse filters were not habitat types; the coarse filter was landscape integrity within forest
zones. Our fine filter elementsere certain priority specieand habitat types.

Relative conservation valweas calculated in three stages. In the first stage eggerce blocks were
identified and assessed for landscape integrity. An eguace block is a contiguous area containing
land useg; such as commercial forest, agriculture, parks, and designated-spacec that maintain
natural or quashatural vegetation which serve as habitats for native wildlife. In the second stage, the
landscape integrity of opeapace blocks was combined with PHS species data, includirgyasdtand
habitat types. Third stge consisted of calculating an index of relative conservatitueviar each
assessment unjtwhich were small watersheds with an average size of about 5 square miles.

1.3.2. Freshwater Lotic Habitats Assessment o i
Our freshwater habitats assessmentfoSus 2y GKS R2 YAyl yd LINRLISNIe& 27
watershed is comprised of a network of connected channels that funnel matenesdominantly,

g GSNE aSRAYSYyidzZ IFyR 622R b FTNRY U(UKS ¢ 6SEKSRQA

downhill through the network they provide both the matter and energy for the processes that build,
destroy, and rebuild aquatic habitats. The habitat quality of stream reaches is determined by both local
processes, such as hillslope runoff, bank empsitvannel scouring, and wood recruitment, and the same
processes occurring remotely upstreamAquatic habitat quality in a stream reach is affected by
conditions occurring upstream, and the conditions of that same reach affect habitat quality
downstream. Therefore, our assessment of relative conservation value entails both an assessment of
conditions upstream and an assessment of habitats downstream.

While indepth WRIAevel assessments have been done by salmon recovery lead entities, salmon still

play a central in our assessment for several reasons. First, most lead entities only addressed listed
species: Chinook, steelhead, and in some WRIAs, chum and bull trout. Second, salmonid species are the
dominant vertebrate species in the lotic systenigfaget Sound Basin. Third, the eight salmonid

species included in our assessment collectively inhabit an extensive geographic range in Puget Sound
Basin. Fourth, occurrence data for salmonids constitute the most comprehensive and accurate data for
any gecies inhabiting lotic systems. The last three reasons led us to utilize salmonids as umbrella
species, i.e species whose conservation confer a protective umbrella to numerous otheraoring

species.

The AUs were the same as those in the teriastrabitats assessment, and for each we calculated an
index of relative conservatioralue. Theindex had three components: the detysof hydro

geomorphic featureslocal salmonid habitats, and the accumulative downstream habitats. That is, the
relative value of a smallatershed is based on: (1) the dengitiywetlands and undeveloped floodplains
inside it (2) the quantity and quality of salmonid habitats inside it, and (3) the quantity and quality of
salmonid habitats downstream of it. Quantity agdality of habitats were assessed for eight salmonid
species.

We examined relative conservation value from two perspectives that reflect a quantity versus quality
dichotomy.hyS LISNRLISOGAGS A& (GKFG O2yasS N taicangiyitiod | f dzS
to habitat conservation, i.e., the quantity a place contributes. The other perspective is that value is best
RSGSNN¥AYSR o0& | LXFOSQa aAy3t Sityxmaaaiconiibuies/ e OF y (i
two perspectivesesultin different rankings of AUs
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1.3.3. Marine Shoreline Habitats Assessment

In contrast to the terrestrial and freshwater assessments, the marine shoreline assessment had a large
variety of comprehensive, reasonably accurate occurrence data for animéiglants. Given the

guality of data for the shorelines of Puget Sound, we believed an assessment based on the presence of
species would provide a credible indicator of relative conservation value. Hence, the overarching
assumption of that decision isdhthe relative value of shorelines for the conservation of fish and

wildlife habitats is mostly a function of the presence of the species for which we collect occurrence data.
In general, we collect occurrence data for certain species because 1) huaramstithose species, 2)

we are concerned about the status of those species (e.g. threatened or endangered species), or 3) we
are concerned about the management of those species (e.g., species sensitive to human disturbances).
In other words, we collectata on those species and habitats we care most about. Therefore, an
assessment based on these data should indicate those places we should care most about for the
conservation of fish and wildlife habitats.

The assessment units for marine shoreline hatisitvere small shoreline reaches with an average length
of 0.24 miles, and for each we calculated an index of relative conservatioa vl heindex had 41
components which included eight shellffsipecies or species groupscommercial/recreational

interest, urchinsthree forage fishspecieseight salmonid speciegaumerous bird species, pinnipeds,
kelp, eelgrasssurfgrass, and wetlandd.ike the freshwater habitats assessment, we examined relative
conservation value fim two perspectives that reflect a quantity versus quality dichotomy.

* Shellfish includes both mollusks such as butter clamcanstaceans such as Dungeness crab.
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Part 2:
Terrestrial Habitats Assessment
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2.1. Conceptual Model

A conceptual model issimplified representation of a complex system that emphasizes the
interrelationshigs of the major elements rather than the details of each elemehhe conceptual model
is the basis for the components and structure of the quantitative model

2.1.1. Scientific Foundation

¢KS 5SLINIGYSYy(dH 2F 902t 23e& Qal 2@1h)isbasaddritidedajora a SaavYSy i
watershedscale hydrological processes that naturally govern stream flows. Unlike the water flow
assessment, the conceptual model for the terrestrial habitats assessment is less process based and more
function based. It isot process based because in the lovedevation landscapes of the Puget Sound

Basin, where city and county governments have principal jurisdiction over lanthasepst important

natural process for creating and maintaining terrestrial habitats nhodoogerates at a landscape scale.

Prior to European settlement, wildfire, followed by naturageneration and succession, wehe

procesesthat created and maintained a variety of forest and grassland habitats. The moist western
hemlock forests of thavestern Cascades had a fire return interval between 200 and 750 years (Agee
1993). Standgeplacing fires occurred after periods of prolonged drought and burned over many
thousands of acres. Wildfire also maintained prairie and oak woodlands habitatgppyessing

encroachment of coniferous trees (Kruckeberg 1991). Over the past century, however, wildfire has been
controlled for the purposes of protecting property and valuable forest resources, and consequently, fire
has been effectively eliminated frothe Puget Sound lowlands and Cascades foothills. Srsatés

(on the order of ¥1to 100 acres) natural disturbances caused by wind or landslides still occur, but the
dominant largescale disturbances are now those related to human land uses (Figure 2.1)

Figure 2.1.The dominant process
in terrestrial landscapes of Puget
Sound Basin: the conversiof
open space and habitate other
landuses. These aerial
photographs are of Lacy,
Washington and its adjacent urban

;|
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Wildlife Communities

Successful conservation of native biodiversity may hinge on our ability to conserve natural biological
communities (Karr 1990, Olden 2003). A biological commisay assemblage of specspulations

with a composition and structurdetermined bycharacteristics othe environment and by the
relationshipsof each species to eventher species. Each community exhibits emergent properties that
transcend those of the individual species comprising them (Pianka 1988, Wilson 1997). Communities
represent highetdevel units of biodiversity that should be conserved for their unique quaktnes
ecosystem functions.

CNRY |y SO2aeaidSYy LISNRLISOGAGDSTE | aLISOASaQ KFoAdGlkdd
2F Ada SY@ANRYYSyGo I ALISOASEAQ KIoAGKFG Ftaz O2ya
species with which interacts. Hence, altering the species composition or structure of a community

may dramatically alter some intepecific relationships, degrade speeggcific habitat quality, and

lead to adverse consequences for particular species (Mills et al. 1998 Ahd Duffy 2003). Successful
conservation of native wildlife in the Puget Sound Basin will depend on our ability to conserve natural

wildlife communities. This is one reason our conceptual model emphasizes wildlife communities rather

than individual spcies.

All land uses support a wildlife community, however, the species composition of each community can be
dramatically different among land uses (McKinney 2002, Hansen et al. 2005). Industrial, commercial,

and urban residential land uses tend ta/éa exotic species, such as house sparrdguropean starling,

rock pigeon, eastern gray squirrel, and Norwegian rat, or common synanthr@ice species such the

American crow, Canada gooseuse finch American robin, and raccoon. Suburban resigghénd use

favors many of these same species but also provides habitats for species associated with edges and
early-successional forest, such as the song sparrow, wiritgyned sparrow, Americagoldfinch, cedar

waxwing, orthern flicker, blackailed dee, and red fox. In contrast, species associated with interior or
O2YATFTSNI F2NBadz &adzOK Ia oNRgy ONFopeflpddEher{pdelatdady & 2 y Q&
$22RLISOISNE FYyR 52dAf I aQ aldzA NNBf | Ndsom@éanviy2yf e T2
rare in urban and suburban residential areas. Likewise, species associated with prairies and oak
woodlandsg such aswhited NS a4 SR ydzi K §OKEZ 6S&a0GSNYy of dzSOANRI |
urban or suburban areas.

A major premise of ousissessment is that different land uses support different wildlife communities.
Industrial, commercial, and urban land uses support communities dominated by exotic species.
Suburban residential areas support communities dominated by edge andseadgsional forest

species. Commercial forestry can support communities comprised of early, mid, or late successional
forest species, depending on the management regime. We assumed that the capacity of a particular
land use to support a natural wildlife commity is determined by how the environment (i.e., the abiotic
and vegetative components) created by that land use resembles the historical (i-4.3p0&

environment. Hence, another key to successful wildlife conservation in the Puget Sound Basin is to
identify those places that most closely resemble the historical environment, and then maintain or
restore habitat conditions at those places.

® Scientific names of animals listed in Appendix E.
SL{eyl yiKNRLAO & LIS QPantSthat like néak dndRbertefif fkodah dssociaidddwith humans and the
somewhat artificial habitats that humans create anal thent a form of symbiotic commensalism.

18



Landscape Integrity

One measure of how closely a place resembles the historical environment is ecologic#lintegr
Ecological integritys the ability of an ecological system to support and maintain a biological community
that has species composition, diversity, and functional organization comparable to those of natural
habitats within a region (Parrish et al0@3). An ecological system has integrity when its dominant
ecological characteristics (e.g., composition, structure, processes, and functions) occur within their
natural ranges of variation and can withstand and recover from most perturbations imposedurgin
environmental dynamics or human disruptions.

Ecological integritis the degree to which ecological structures, processes, and functions are complete

and unimpaired. Ecological integrity is a vague concept. Its meaning is much discussediémtifie sc

literature, but there is no generally accepted operational definition (Quigley et al. 2001). Ecological

integrity encompasses ecosystem health and stabilithe concept describes systems that are whole

andintact (Andreasen et al. 2001), andNS f G SR (G2 G(KS 02y OSLIia 2F daKdzyl
FYR Gyl GdzNI t ySaaé o0¢KS20l f Rscaleconceptdand can®@dses3ed@l t Ay
a stand (or site) scale, landscape scale, and scales in between. Because tlyjpisahassessment

covering a huge spatial extent, we assessed only landsszgde ecological integrity, which we

henceforth refer to as landscape integrity.

Landscape integrity is assessed over large spatial exteb@4gcres) using spatial data suak roads,

land use, land cover, housing density, or human population density that serve as surrogates for adverse
changes to native habitats or impacts to ecosystems (Brown and 20@&sLeu et al. 2008, Theobald

2010). Functional relationships betwettese surrogates and landscape integrity are most often
formulated through expert judgment (e.g., Quigley et al. 2001, Mattson and Angermeier 2007), and
hence, usually do not explicitly incorporate any known empirical relationships between biological
respanses and these surrogates.

One surrogate, among others, that we used to assess landscape integrity was land use. Land use has
been demonstrated to affect ecological integrity (e.g., Glennan and Porter 2005). Our conceptual model
divides land use into #following five major types: forestry, agriculture, residential, commercial

industrial, and public natural resources. All land uses except commgdistrial were assumed to

KFEgS + LRGSYGAlrt (2 0SS a2LISy &Ll Qrfdetural orsBmi RSTFA Y SR
natural habitats or that functions as habitats for native wildlife. Under this definition, all open space is
assumed to serve some habitat functions, however, the types of habitat functions and quality of those
functions are dependerntn the land uses within the open space.

Among the four major types of land use that may contribute to open space, residential land uses, in
general, have the greatest negative impact on landscape integrity. Nevertheless, residential land uses
supportdiverse wildlife communities. The species composition, richness, and evenness of these
communities are correlated with dwelling density (Hansen et al. 2005, Donnelly and Marzluff 2006).
Many native species become less abundant as dwelling density s&sead some native species

cannot tolerate even moderate density development (1 to 2 dwellings per 5 acres; Azerrad et al. 2009).
Very low housing density (< 1 dwelling per 20 acres) resutts factoopen space, and if native habitats
are retained, tlen open space in residential areas may contribute substantially to the conservation of
natural wildlife communities (Wilhere et al. 2007).

After residential land uses, agricultural land uses have the next greatest negative impact on landscape
integrity. Certain agricultural land uses, however, possess characteristics resembling native habitat
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types, and consequently, provide habitat for species associated with those habitat types. For example,
pastures in Thurston County provide habitat for western gbcjophers that are usually associated with
YIEGADBS LINI ANRSA® I ANRA Odzf GdzNI £ fFyR dzaSa -GKIFIG R2y
value habitats for certain species. For instance, elk graze in pastures, and residual grain in harvested

fields providewinter-feeding and resting areafor snow geese and other migratory water fowl. In both

instances, the agricultural land use enhances the productivity and abundance of these species.

Forestry is an exception to the habitat loss or degramtathat occurs through most other types of

human landuse. Private commercial forests of the Puget Trough Ecoregion are mtsgy and even

4™ growth forests managed for timber. Forestry can, to a limited degree, mimic some aspects of natural
disturbance and succession at both stand and landscape scales. And although typically depauperate in
the key structural components (such as large trees, large snags, and large logssottatesional

forests that historically dominated the Puget Sound Ewds and Cascades foothills, private commercial
forestry can support wildlife communities with many of the same vertebrate species that comprise
natural wildlife communities. Different landscapes comprised of private commercial forests are
relatively simlar in character but there are staddvel differences due to differences in management
practices.

Among all land uses, public lands dedicated to conserving natural ecosystems, such as wilderness areas
and national parks, have the highest landscagtegrity, most closely resemble the historical

environment, and hence, are most likely to support natural wildlife communities. Public lands managed
for multiple-uses, such as state and national forests, generally possess less landscape integrity than
national parks. Consequently, the species diversity (composition, richness, and evenness) of wildlife
communities inhabiting state and national forests may be quite different than the wildlife communities
inhabiting areas with higher landscape integrityeld®ve to managed forests on public lands, wildlife
communities in private commercial forests are likely to be even more divergent from wildlife

communities found in wilderness areas or national parks.

Another surrogate we used to assess landscape iittegias habitat fragmentation. Numerous

empirical studies have established that habitat fragmentation affects wildlife communities (Fahrig 2003).
There at least 90 different metrics for describing various aspects of habitat fragmentstiasafigal

and Marks 199% However, most indices are functions of patch size, patch shape, patch isolation or
some combination of the three. When assessing habitat fragmentation, size matters. In fact, the area
of contiguous habitat is likely the single most importpatch property determining the lonterm

viability of wildlife populations (Diamond 1975, Fahrig 2003). Shape is a property the affects internal
connectivity (Diamond 1975) and the severity of edge effects (Saunders et al. 1991). Compact shapes,
such agircles or squares, which minimize the perimeter to area ratie better than more elongated

or irregular shapes. The importance of shape is a function of patch &zdarge patch sizes, patch

shape may have little or no effect on wildlife poputets (Saunders et al. 1991). Patch isolation is a
measure of the ability of individual organisms to move among patches. Isolated patches are less likely
to exchange individuals with other patches, and hence, species within isolated patches are mote likely
become locally extinct. Isolation is a function of distance between patches and the size of patches. The
proximity index of Gustafson and Parker (1994) has been shown to be a robust and reliable metric for
patch isolation (Bender et al. 2003).
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a) Patch Size b) Patch Type

same area

same number

same total area

d) Total Area e) Patch Shape f) Patch Isolation

same patch type same area .

Figure 2.2 Landscapéevel characteristics commonly used to asdagsiscapédntegrity.
Landscape integrity improves from left to right in each gray box. We used patch size, patch
shape, patch isolation, and patch type to assesddaape integrity. Patch type refersthe

land use within a patch.

2.1.1. Modeling Relative Conservation Value

We developed an index that quantifies the relative value of places for the conservation of terrestrial
wildlife communities. The principahallenge we faced were the limitations imposed by the currently
available spatial data. Data on the locations of wildlife species collected by WDFW and other agencies
generally focus on imperiled species or harvested species, and consequently, we dsoreatdy

accurate data across the entire Puget Sound Basin for only a small number of animal species. To
O2YLISyal S F2N) GKS ¢t 01 FXyRBRI&At 6SNHzi R LIBANBROK da O
Noss 1987) divides all species into two greucoarse filter and fine filter. CoarBker species are

those that can be conserved by focusing on the conservation of habitat types. In theory, effective
conservation of a habitat type should also conserve the wildlife community inhabiting thaatsipe.
Finefilter species are those we believe cannot be conserved by conserving habitat types alone. Fine
filters species are usually rare or imperiled or species with special habitat requirements.

Our coarse filtefine filter approach was somdvat unconventional. We were led to this

dzy O2y @Sy GA2y Lt FLIINRFOK 68Y om0 (GKS lFaaSaavySyidQa
coarse spatial grain-6 mf) and huge spatial extent of the assessment; (3) the low classification
accuracy 35 % eror) of the available spatial data that could be used to map habitat typask{on

2007); (4) the lack of any reasonably accurate spatial data for the age or structural condition of habitat
types; and (5) the relatively homogenous management of natilatéis on lowelevation (<2800 ft)

private lands in the Puget Sound Basin. Given these facts, we believed that afiitearassessment

based on a detailed mapping of habitat types would be unnecessary and inaccurate. Hence, odr coarse
filter was simpy landscape integrity. We assumed that identifying and conserving areas with the
greatest landscape integrity should effectively conserve the extant natural terrestrial wildlife
communities of the Puget Sound Basin.
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of the assessment and the quality of available spatial data. Given the coarse scale of the intended
application (i.e., local land use zoning), statdle differences among forestsedrrelevant.

Furthermore, with available spatial data, we could not accurately discern age class or structural
differences among forests at the stand scale. Hence, at the stand scale, all ddrsistdar ageon

private commercial timberlands were assed to have equivalent conservation value for terrestrial
wildlife. For the purposes of local and use planning, the important distinctions among forests occur at
the landscape scale, and one key distinguishing landssegle characteristic is landscaipéegrity. We

also lacked the spatial data needed to make distinctions among different types of agriculture, such as
pasture, orchard, and rowrops. Consequently agricultural lands were treated as equivalent.

An axiom of economics is that scaraigtermines value. In the Puget Sound Basin, landscape integrity

is scarcer at lower elevations than at higher elevations, and hence, landscape integrity is more valuable
at lower elevations. Landscape integrity varies across vegetation zones becdifferefces in the

amount of habitat loss, habitat fragmentation, and degrees of habitat protection. For instance, 89% of
high elevation vegetation zones in Puget Sound Basin (2.9 million acres) have some level of protection
on public lands. However, gnl1% of low elevation zones in Puget Sound Basin ( Oak Wodeliamie
Mosaic, Puget Sound Dougfirs and Sitka Spruce) are protected on public lands. Low elevation zones
contain imperiled habitats such as oak woodlands and prairies, uncommon hahitdtsas stands of

mixed Douglagir and madrone, and biologically rich and productive habitats such as large wetland
complexes and river floodplain forestddabitats in low elevation vegetation zones are moreisi

than habitats in higher elevation mes because of current land uses, potential future land uses, or
private-public ownership patterns. For this reason vegetation zone (Figure 2.3) was a factor used to
influence the relative conservation value of places. In other words, places with hiigtépe integrity

in low elevation zones were considered more valuable than places with equivalent landscape integrity in
higher elevation zones.

Landscape integrity alone cannot identify all high value places for the conservation of terrestriat wildlif
species. Hence, we included fifiker elements too. The findilter elements in the assessment were
LINA2NAGE &ALISOASE YR KFIoAGlOa a4 RSaA3IyFrGSR oeé
WDFW 2008). Priority species require protectiveasures for their survival due to their population

status, sensitivity to habitat alteration, and/or recreational, commercial, or tribal importance. Priority
species include State Endangered, Threatened, Sensitive, and Candidate species; and animal
aggregations considered vulnerable (e.g., heron colonies, bat colonies). Priority habitat types are those
with a unique or significant value to a diverse assemblage of species.

Much of the PHS data are siéeale (e.g., nest and den sites), which does ndtimthe scale of the
assessment. Most sigcale occurrences are currently addressed bylsitel management, such as
critical area ordinances. This assessment is intended for landscapeland use planning. Hence, we
used only PHS data that weratscapescale occurrences, defined as occurrences greater than 10 to

" Wetland habitat types are covered in the freshwater and marine shoreline habitats assessments.

8A priority habitat may consist of a unique vegetation type (e.g., prairie) or dominant plant species (e.g., oak
woodland), a described successional stage (e.g-gadith forest), or a specific habitat feature (e.qg., cliffs). With
the exception of oak grassland prairie, we did not have comprehensigratemapping for any other priority
habitats.
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100 acres in size, depending on the species (Table A5). We also wanted data that were comprehensive,
i.e., data that represented nearly all extant locations (> 85%) for that species FPuget Sound Basin.

Our coarse filtefine filter approach resulted in a model of conservation value consisting of two main
components: 1) landscape integrity, and 2) the presence of PHS species or habitats (FigRed&tivg.
landscape integrityvas a function of opespace fragmentation and land use impacts. Separate indices
of fragmentation and land use impacts were combined to create an index of landscape integrity.

- North
_Cascades |

Oak woodland-Prairie Mosaic™}
Puget Sound Douglas-fir
B sitka Spruce
B Puget Trough Western Hemlock
I cCascades & Coastal Western Hemlock
Olympic Douglas-fir
B high elevation zones

Figure 2.3 Vegetation zones of the Puget Trough Basin (modified from Cassidy et al. 1997). Six
high elevation zones eve lumped into one zone. Thibkack lines are boundaries of the four
ecoregions that intersect the Puget Sound Basin.

Landscape Integrity
Land Uses
Vegetation Open Space
Oak-Prairie Zones Integrity
Habitats

Figure 2.4 Major components of the terrestrial index of relative conservation value. Left
branch consists of fine filter species and habitats. Right branch is effectively a coarse filter that
identifies places with high landscape integrity.
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2.2. Methods

This section describes the individual components of the terrestrial assessment and how they are
assembled to yield an index of relative conservation value. rdladve conservation value of
watershedbased assessment units (AUs) was calculated in theges. First, opespace blocks were
identified. Second, the landscape integrity of opgrace blocks was assessed. In the third stage, the
landscape integrity of opeapace blocks was combined with PHS habilatated in each AUs to yield
an index ofelative conservatiorvalue. More detailed explanation is presented in Appendix A.

2.2.1. Open Space Blocks

An openspace block is a contiguous area containing land gsesh as commercial forest, agriculture,
parks, and designated opapaceg that maintain natural or semanatural habitats or serve as habitats
for native wildlife. Three spatial data layers were used to identify egpate parcels: the Washington
State ParceDatabasaleveloped by the Rural Technology Initiative (RTI 2011), land cover data
developed by WDFW (Pierce 2011) using aerial photography froidtienal Agriculture Imagery
Program and the Major Public Lands layer created by the Washington Department of Natura
Resources.

Vegetation Zone Data
woodland - prairie mosaic
NOT woodland - prairie mosaic

Parcel Data Land Cover Data
land use code percent not vegetated
parcel size percent tree & shrub cover
public land percent tree cover

Open-Space
Parcels

Major
Highways

merge parcels

Open-Space
Blocks

Figure 2.5 Process used to construct opspace blocks. Land cover data were from Pierce
(2011), parcel data were from the Rural Technology Initiative (RTI 2010) at the University of
Washington, and vegetation zone data were modified from Cassidy (199fgnifules
presentedin Table A2.

The Washington State Pardg@htabasecontains the land use for all private land parcels in Puget Sound
Basin (Table Al). We grouped the land uses into seven general categories: corAnustahl,
residential, agricultee, forestry, mining, mixeelise open space, designated open space. All categories

except commerciaindustrial can contribute to open space. For each general category we constructed
rulesthat classified parcels as open space or not open space (TabldRABs consisted of three
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process that relied on expert judgment. In the Washington State P@etabasedata for state and

federally managed public las are missing or inconsistent. Consequently, for state and federally

managed public lands we used the Major Public Lands spatial data layer.

The nonopen space parcels weremoved from the parcel databasend major highways (state routes,
federal andinterstate highways) were intersected with the remaining parcels. This intersection split
some parcels into smaller polygons. Boundaries between adjacent parcels were dissolved to form larger
polygons and only polygons greater than 10 acres were retig@isethe final set of opespace blocks

Figure 2.5).

Landscape Integrity
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Figure 2.6 Model structure for zoneralued landscape integrity index applied to opgrace
blocks. Proximity and shape indices were calculated with FRAGSTATS (McGarigal and Marks
1995). Vegetation zones refer to the proportion of an opspace block intersecting each zone.
Vegetation zones influence the value of landscape integrity to giztthevalued integrity
index. The maximum function does the following: if the integrity index is high, then vegetation

zone will not reduce it, but if integrity index is low, then vegetation zone can enhance it. In
other words, integrity is a more important fagtthan vegetation zone.

2.2.2. Landscape Integrity of Open Space Blocks

The index of relative landscape integrity was based on expert judgniefdtivelandscape integrity of

each opemspace block was a function of land use impacts and gpate fragmentation. Three spatial

data layers were used to assess landscape integrity: the Washington StateDRaedesgRTI 2011),

land cover data developed WYDFW (Pierce 2011), and the opgace blocks described in the

preceding section. The parcel data give the main land use of every parcel. Different land uses have
RAFTFSNBYyGd RSINBSE 2F FROSNAS AYLI Ol 2ighedfal y R& OF LIS
potential adverse impact value from 1 to 1000 (low to high; Table Al). Impact of each parcel within an
openspace block was weighted by parcel area. A weighted arithmetic mean of the impact values for
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land uses within the block served as an iatte of the internal impacts upon landscape integrity. A
weighted mean land use impact was also calculated for land usesusdling each block.

Metrics of openspace fragmentation were calculated for each ojsgace block using the program
FRAGSTATEdGarigal and Marks 1995). The indices used in the landscape integrity index were the

AKI LIS AYyRSE OIFfftSR a/ ANDESé IyR GKS LINREAYAGE AYR
landscape integrity is shown schematically in Figure 2.6 and weightsimmarized in Table A4.

Vegetation zone was also a factor used to influence the value of-space blocks. Our vegetation
zones were based on the GAP vegetation zones (Cassidy 1997). For easpamgeblock, an average
vegetation zone value waslculated based on the area of each vegetation zone intersecting the open
space block and the relative value assigned to each vegetation zone. The relative value of each
vegetation zone was a subjective judgment based on the percent of historical atemtbrarity of the
zone. The equation for combining landscape integrity and vegetation zones to ymheéealued
landscape integritys shown schematically in Figure 2.6.

2.2.3. Species and Habitat Based Indices

We applied two filters to the PHStda (1) the occurrence data for a species had to be landssagke,

defined as occurrences greater than 10 to 100 acres in size, depending on the species; and (2) the data
for a species had to represent nearly all habitat (> 85%) for that species ingleé Found Basin. These

two filters limited the PHS data to 12 species represented by 441 polygons ranging in size from 10 to 1
million acres (Figure A5).

We also included two PHS habitat types, westside prairie and Oregon white oak woodlands, which we

f dzYLISR AyiG2 2y S -dgtdsdahdiypdl The daxiSslaid hiabyat t9pe is perhaps the

most imperiled terrestrial habitat type in the Puget Sound Basin. The Washington Natural Heritage

Program has mapped prairie and oak woodland typeh afitout the same degree of accuracy and
LINSOA&AZ2Y & GUKS tI{ RIFIGlFI ¢S AyOfdzZRSR AYy 2dz2NJ I &aas
oak-grassland habitat data and treated it in the same way as PHS data.

We developed a simple index for PHS habitdier each AU we calculated for all 12 species the percent

2T GKS 1! O2@0SNBR o0& GKS tl1{ LkRfe3azya 2F GKS aLlsSoO
the Basin contained within the AU (Figure A6). These 24 numbers were then adjusted sich that

percentage greater than a threshold, T, was set to 100 and percentages less than T were translated to a

0 to 100 scale. The rationale for this threshold is that an AU that is greater than 25% PHS habitats, for
instance, or contains more than 25% ofldS OA S&a Q KFI oA GF G Ay GKS .l &aiay Aa
maximum of these 24 adjusted percentages. The same process was appliedtrassl&nd habitat

type.

2.2.4. Relative Conservation of Assessment Units

We created one index of relative comsgation value that was a function of three components: mean
zonevalued landscape integrity index, the PHS index, and theyaedsland habitat type index. The
function was simply the maximum of the three components.

2.2.5. Sensitivity and Uncertainty Analyses
We conducted both sensitivity and uncertainty analyses on the index of relative conservation value. See
Appendix A for detailed description.
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2.3. Results

2.3.1. Open Space Blocks

We identified 7,640 opepace blocks which ranged in size from 10 acres to 1.3 million acres (Figure
2.7). Twentytwo percent of the blocks were greater than 100 acres but only three percent were greater
than 1,000 acres. Nearly half the opgjpace area3.6 million acres, was encompassed by only 4 blocks
which were located in the Olympic and Cascades Mountains and comprised mostly of public land.

Openspace blocks covered about 80% of the Puget Sound Basin. These open spaces are a mix of public
and private lands, wilderness, parks, managed forest, agriculture, undeveloped or lightly developed
residential parcels, and other types of open space. Ggpate is not uniformly distributed in the Basin.
Roughly half of all open space is located in higliagien zones and about 20 percent of open space is
located in the low elevation Puget Sound Douglaand WoodlanePrairie Mosaic zones. The high
elevation zones are 99% open space and have an overall landscape integrity score of 0.98 (Fijure 2.8).
The extraordinarily high landscape integrity score results from the national parks, wilderness, and
roadless areas that comprise most of the high elevation zones. The Cascades and Coastal Western
Hemlock Zones are 94% open space and have an overall lardatagrity score of 0.88. In contrast,

the Puget Sound DougHis zone is 49% open space and has an overall landscape integrity score of only
0.18. The lower elevation zones have much lower landscape integrity because thepgmenblocks in

these zors have smaller average area, are generally comprised of more negatively impacting
agricultural and residential land uses, and are also surrounded by more negatively impacting land uses.

About 90% of the open space blocks had zeakied landscape intedyi scores less than 0.2 (Figure

2.9). However, these blocks comprise only about 3 percent of the total open space area that we

identified. These lowest value blocks (zonedued landscape integrity < 0.1) tended to be less than 20

acres and surrounded® KA IK AYLI OG flyR dzaSao h@SN) Tz 2F GF
valued landscape integrity scores over 0.9. The highest value blocks were either very large (>60,000

acres) or of moderate size and in a lelevation vegetation zone, i.€2uget Sound Douglds or

WoodlandPrairie Mosaic.

Spatial patterns of landscape integrity followed an expected pattern (Figure 2.10). Blocks with highest
integrity were located in the Olympic and Cascades Mountains, which are dominated by large
contiguous areas of managed and unmanaged forest. As one moves from higher elevations (>1500 ft)
through the foothills toward the Puget lowlands, opspace blocks become smaller, are less forested,
and are increasingly surrounded by more negatively impacéing Uses such as agriculture and
residential development. Upon reaching the lowlands, the wasbrity of operspace blocksra

between 10 and 50 acres and are farther apart. This separation results in more isolation between
blocks. Many of the largespenspace blocks in the lowlands are dominated by agricultural land uses.
Consequently, the lowest landscape integrity scores occur in the Puget lowlands.

9By conventon landscape integrity and zonlued landscape integrity have a maximum value of 1 and a
minimum value of zero.
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Figure 2.7 Zonevalued landscape integrity of opepace blocks for all of Puget Sound Basin.
Highest value blocks are dark green and lowest value blocks are dark red. White space is not
open space. Blue is water.
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Figure 2.9 Distribution of zonedvalued landscape integrity by number of opspace blocks
(left) and by land area of opespace blocks (right). There are 7,640 open space blocks in the
Puget Sound Basin covering a total of 7,073,000 acres.
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Figure2.10. Zonedvalued landscape integrity of opepace blocks in two portions of the Puget
Sound Basin: the Snohomish river valley (left) and western Pierce County (right). Highest zoned
valued landscape integrity is dark green and lowest integrity is Vékite space is not open

space. Black lines are county boundaries. Blue is water.
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2.3.2. Relative Conservation Value

Of the 2940 AUs, about 37% had relative values greater than 0.9, 21% had relative values less than 0.1,
and about 27% of the remdimy AUs were evenly distributed between 0.2 and 0.9, (Figure 2.11). The
highest value AUs either overlapped large opace blocks (>60,000 acres) or contained a large
proportion of a PHS habitat or the ocgkassland habitat type. The lowest value AuMsrtapped a small
number of small opetspace blocks and contained no PHS habitat orgraksland habitat type. In

terms of land area, about 63% of the Puget Sound Basin was in an AU that scored over 0.9. The vast
majority of these AUs were in the Olympr Cascades Mountains or their foothills and were mostly
comprised of public lands.

The spatial pattern of AU conservation value (Figure 2.12) generally followed the spatial pattern of
landscape integrity scores. Exceptions to this pattern occurfeetevthe AU contained a large

proportion of a PHS habitat or the ogkassland habitat type, e.g., elk winter range near Sequim and

bird overwintering areas near the mouths of the Snohomish, Stillaguamish, and Skagit Rivers (Figure
2.13). Recall that Aldares were the maximum of zonalued landscape integrity, PHS, and-oak

grassland indices. Landscape integrity was the maximum value for 77% of AUs, PHS was the maximum
value for 22% of AUs, and egkassland for approximately 1.5% of AUs. Eighteen perfehe land

area in the Puget Sound Basin had relative conservation value scores less than 0.2. Given that 89% of
high elevation zones in Puget Sound Basin have some level of protection on public lands but only 11% of
low elevation vegetation zones dihe spatial distributions of high and low landscape integrity are not
surprising. What is surprising is the relatively small area of the Basin that had moderate conservation
gt dzS F O0O2NRAYy3 G2 2dz2NJ AYRSEO® h yhad&relative:'> 2 F G KS
conservation value between 0.2 and 0.8.

The main application of the assessment is local land use plans affecting private lands. For those AUs
with a substantial amount of private land (> 33% of the AU), 48% have relative conservation value
less than 0.2 and about 20% have relative conservation value greater than 0.9 (Figure 2.14). In
contrast, for those AUs with a substantial amount of public land (> 33% of the AU), relative
conservation value is greater than 0.90 for 74 percent of AUs.

30



Percent of Assessment Units

60 + 60
50 4 ® 50 4
¢
<
4 o
40 2 40
L]
-
-
30 1 S 30 4
-
3
20 A © 20
o
a
10 A 10
O-qumqmmmq:mnmqmﬁmuqmqmﬁ 0 S T T s T T T T R T R R e T ]
Qqﬁqﬂq‘ﬁq‘!q‘ﬂo\Qqhonq?Qm Qq"i;:‘“{q"’!?‘tc‘:ﬂc‘:“?g’thqgﬁm
AR R EE EEEE R R EE R R B R R EE R
= R s B L T B B A B - T B T B I B T B B T T B B B B B =
O 000 000 o0 o0CcC o000 oo oo O 0O 0 000000000 0000 0O OO
Index Value Index Value

Figure 2.11 Distribution of conservation value index by number of assessment units (left) and
by percent of land area in Puget Sound Basin (right). There are 2,940 AUs in the Puget Sound
Basin.
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Figure 2.12 Relative conservation value for all assessment unit (AUs) in the Puget Sound Basin.
Highest relative value AUs are dark green and lowest relative value AUs are dark red. Blue is
water.
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Figure 2.13 Assessment results in two portions of the Puget Sound Basin: the Snohomish River
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2.3.3. Sensitivity and Uncertainty Analyses

Sensitivity Analysis

Mean average elasticitipr all AUs collectively (Figure 2.15) showed that parameters with the greatest
influence on relative conservation value are those that affect the most AUs. For instance, the model
was most sensitive to the parameter determining the relative influenadb@Puget Sound Dougldis

zone because about 80% of the opgmace blocks where located in that vegetation zone. Hence, a 5%
increase in that parameter causeelativeconservation value of many AUs to increase. Likewise, but for
opposite reasons, the parameter determining the relative influence of the oak woodgileaide mosaic
zone had the largest negative influence because that zone contained the fewessppee locks. A

5% increase in that parameter caused the relative conservation value of a small number of AUs to
increase, and hence, threlativeconservation value of a large number of AUs decreased. In the model
for landscape integrity, the size of opspa® blocks and the land uses within the block (i.e., interior
impacts) had the largest influence on relative conservation value.

Mean average elasticitypr each AU individually (Figure 2.16) showed that as relative conservation
value increases sensitiyito parameter changes decreases. In fact, most AUs with relative
conservation value scores greater than 0.8 are nearly insensitive to changes in parameters. This
indicates that scores above 0.8 are robust and unaffected by many of the assumptionsrodaelir
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Figure 2.15 Mean average elasticity of relative conservation value to changes in model
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description of weight parameters.
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Figure 2.16 Mean average absolute elasticity of relative conservation value to changes in
model parametes for each AU individually. Most AUs with index greater than 0.8 are
effectively insensitive to changes in parameter values.
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Uncertainty Analysis

The uncertainty analysis showed that relative conservation values near 1 or 0 have the narrowest
90% confidence intervals, i.e. have the smallest uncertainty (Figure 2.17). For scores near 1 the
smallest uncertainties were for those AUs that containedlastantial amount of PHS habitat(s),

e.g., AUs in the Olympic and Cascades Mountains containing elk habitat, and AUs near Puget Sound
containing shorebird and waterfowl concentrations. For scores near 0, the smallest uncertainties
occurred in urban areabat have very little open space and no PHS habitats. Uncertainty is

generally greatest for AUs with conservation values between 0.3 and 0.8, but within that range

some AUs had relatively narrow confidence intervals.

AUs with large uncertainty do nogkie less value. In fact, large uncertainty means that the actual
relative conservation value could be larger or smaller than the value calculated. The 90% confidence
intervals indicate that some AUs with relative conservation value as small as 0.%havelc:lative
conservation value over 0.90. This uncertainty must be taken into account when making land use
plans.
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Figure 2.17 Uncertainty in AU relative conservation value. The 2,940 AUs are ordered from
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on the yaxis (redine) along with the bounds of their 90% confidence internals (upper and

lower black lines)Uncertainty is generally greatest for AUs with conaéon values baveen

0.8 and 0.3.
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2.4. Discussion

The main product of the terrestrial habitats assessment is a map that shows the relative conservation
value of watershedased assessment units throughout the Puget Sound Basin. The primary intended
application of that map is land use planning done bylgovernments for comprehensive plan updates,
subarea plans, transfer of development rights programs, or other landssagke projects. City and

county governments have regulatory authority over land uses within their jurisdictions, and the land use
zones they designate through comprehensive or-aea plans may be the most important actions
affecting the health of terrestrial wildlife communities.

This assessment does not identify particular AUs that must be protected. The assessment is oely a guid
forlandscapei OF £ S KIF0A Gl G O2yaSNBI A2y ® [ 20t fFyR dza$s
Management Act (GMA). Under GMA, local land use plans must accommodate projected human

population growth (RCV86.70A.11036.70A.115).The terrestriabssessment should be used to direct

new growth away from places with relatively high habitat value and toward places with relatively low

habitat value (Figure 2.18Howeverg S NBO23y AT S (GKFG daYFNI 3INRBogOIKE ¢
compromises among multie worthwhile but conflicting societal objectives.

Commercial forest and agricultural lands, collectively known as working lands, can meet multiple
societal objectives. These working lands, particularly commercial forests, provide habitats for native
species, valuable commodities, and ecosystem serviéesthe spatial distribution of land uses in the
Puget Sound Basin changes over time so do the composition and structure of wildlife communities.
Land use zoning that maintains or expands the curresa &f working lands may be the most effective
action local governments can take for maintaining the health of wildlife communities in Puget Sound
Basin.

Relative conservation value was based largely on landscape integrity. Our primary assumptioat was t
places with higher landscape integrity are more likely to support wildlife communities more similar to
natural wildlife communities than landscapes with lower integrity. The most important factor affecting
landscape integrity is the size of opspaceblocks. Therefore, for the sake of wildlife communities in
Puget Sound Basin, maintaining the size of epeace blocks, especially those overdDO acres, should
be a major consideration in landscapeale projects such as comprehensive plan updatdsasea

plans, and transfer of development rights programs. Maintaining large-spaoe blocks on the order
several million acres is of utmost importance for latlied, wde-ranging species such ak, black

bear, cougar, and gray wolf.

ThespataB EG Sy i 20SN) 6KAOK |y FaasSaavySyid Aa O2yRdzOGSR
conservation value. Wildlife do not recognize geopolitical boundaries and most are unimpeded by

watershed boundaries. Furthermore, for some widaging species, populan-level habitat needs can
encompass landscapes of several million acres. Hence, the extent of our terrestrial assessment covered

the entire Puget Sound Basin with no spatial-giabsions, and therefore, valid comparisons can be

made amongst AUs in tBfent WRIAs or different counties.
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Figure 2.18 Two examples of using the terrestrial assessment results at the urbanizing fringe.
Directing new human population growth to areas with low relative value (orange) is better for
wildlife anddirecting new human population growth to areas with high relative value (green) is
worse for wildlife. Examples are central Pierce County (Iaff)the Snohomish River valley

(right). Opaque black areas are cities, translucent black areas are urban growth areas (UGAS),
gray areas are public lands, and blue is water. Highest relative conservation value is dark green
and lowest relative value is dared. Scores are broken into 20 quantiles, i.e., groups containing
5% of AUs.

2.4.1. Validation

+FfARFGA2Y SyidlAtSR O2YLINAy3 (G(KS AyRSE a02NBa |3
index of relative conservation value show placesbelieved to be relatively more important as more
important and places we believed to be relatively less important as less important. In nearly all places
the index scores conform to our expectations. For instance, the foothills of the Olympic ande€3asca
Mountains have higher relative conservation value than Seattle and Tacoma. This difference reflects a
gradient of relative conservation value from urban areas to wildlands that is repeated throughout the
Puget Sound Basin. The exceptions to thisguatalso conform to our expectations. For instance, our
assessment shows that the mouths of major rivers, such as the Nisqually, Skagit, and Nooksack, which
support large concentrations of waterfowl and shorebirds; and thegralssland habitat types imd

around Fort Lewis have high conservation value.

Another form of validation is comparing our results to the results of other ecological assessments.
5dz2NAYy3 GKS LI ad RSOFRSE 2yS YIFI22N) STF2NI KFa Lldzo f
terred O NA £ KFOoAGEFEG O2yaSNBI A 2wide kopregipkabassessraestsi  { 2 dzy R
conducted by The Nature Conservancy and WDFW. The Puget Sound Basin overlaps four separate
ecoregions: Pacific Northwest Coast, North Cascades, West Cascatlte &@eorgia BasiRuget

Trough Willamette Valley (GBTWYV). The ecoregion with the greatest overlap with the Puget Sound
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Basin is the GBTWYV, which also encompasses most private lands in the Puget Sound Basin. That
ecoregion was assessed by Flobetrgl. (2004) and reassessed by Wilhere at al. (2008). Wilhere et al.
(2008) used different methods than our terrestrial assessment. Wilhere et al. (2008) used an
optimization algorithm that found the most efficient set of sites for conservation. &gaby, an

algorithm minimized the land area needed to meet conservation objectives for 58 terrestrial vertebrate
species, 233 plant species, and 19 habitat types. The algorithm did not take into account habitat
fragmentation or landscape integrity. @ivthese differences between our assessment and Wilhere et
al. (2008)we expect differences in the results. Nevertheless, we also expect some congruence or
correlation between our assessment and Wilhere e{2008).

Wilhere et al. (2008) and our assesent both exhibit the urbatio-wildlands gradient of conservation

GrtdzS b GFftdzS aiSIRAfe AYONBlFasSa FNBY daNblFy | NBI A
that forests on the Kitsap and Toandos Peninsulas have relatively high valueasBegsments show

that the area straddling the Pier€ehurston County line has high value. That area has high value

because of the presence of prairies and oak woodlands.

Many of the discrepancies between our assessment and Wilhere et al. (2008) daedily attributed

G2 GKS RAFTFSNBYy:G YSiK2Ra dzaSRo ¢tKS YSGK2R 2F 2Af
habitat without any information about its habitat quality or landscape integrity, while our method

emphasized landscape integrity anidl shot have objectives specifying the amount of habitat. The

resulting spatial patterns of higher relative conservation value were more diffuse in Wilhere et al. (2008)

and more concentrated in our assessment.

2.4.2. Potential Improvements

Our index of conservation value could be improved several ways. First and foremost, rtore up

date and accuratspeciesoccurrence data are needed. Some of the wildlife occurrence data have
not been updated in over a decade. The spatial data for peairtnd oak woodlands are of unknown
accuracy and do not distinguish high quality prairies and oak woodlands from highly degraded sites.
A systematic survey of prairies and oak woodlands in the Puget Sound Basin that evaluates current
guality and restoratin potential is needed.

Second, the composition and structure of our landscape integrity index was based solely on expert
judgment. We did not have the resources needed to empirically validate the index. There are many
alternative formulations of lamgtape integrity which are also based on expert judgment (e.g.,

Brown and Vivag005 Leu et al. Q08 Theobald 2010). Further vadidon of our landscape integrity
index could be done be comparing our index to several other independently derived indices.

Third, the landscape integrity index would be improved by developing an empiticedgd

statistical model that relates the compositi of wildlife communities (e.g., based on similarity to

Gy FddzNF £ ¢ SAfREAFS O2YYdzyAGdASao G2 GFNA2dza YSGINRO
program attempting to develop such relationships would also investigate the-apdtiies habitat

value of different land uses.

Further discussion of the assessments is provided in Part 5 of this report.
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Figure 2.19 Comparison of our assessment to Wilhere et al. (2008), right and left panels,
respectively. Spatial units in Willhere at al. are 750 hectare (2.9 square mile) hexagons. Purple
line is boundary the Georgia Bagtuget TrougiWillamette Valley EcoegiorHence, most

white areas are outside the ecoregion but inside the Puget Sound Basin. Dashed lines are
county boundaries. (Note: the two maps have slightly different cartographic projections).
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Part 3:
Freshwater Lotic Habitats Assessment
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3.1 Conceptual Model

A conceptual model issimplified representation of a complex system that emphasizes the
interrelationship of the major elements rather than the details of each elem&ht conceptual model
describes the rationale for components and structure of the quantitative model

3.1.1. Scientific Foundation

Three geographic properties of watersheds are fundamental to understanding lotic ecosystems:

connectivity, the spatial aangement of processes, and multiple spatial scales (Allan 2004, Wang et al.

2006). The dominant property of lotic systems is connectivity (Vannote et al. 1980, Minshall et al. 1985,

Wipfli et al. 2007). A watershed is comprised of a network of connadtadnels that funnel materials
CLINBR2YAYlIyGtes 6FGSNE aSRAYSY(dZ YR $622R b FTNRBY i
materials move through the network they provide both the matter and energy for the processes that

build, destroy, and rebudlaquatic habitats. Local and remote processes interact through the channel

network (Figure 3.1).

Upstream B
Conditions

Conditions

-

Accumulative
Downstream
Habitats

Local

Habitats

B o

° - (
Figure 3.1 (A) Relative conservation value of a watershed is a function of what is upstream and
downstream. Upstream conditions (yellow) affect habitat quality in watershed X (purple).
Conditions in watershed X affect habitat quality in downstream reaches (gré&sg and gray
lines are WRIA and small watershed boundaries, respectively. (B) Upstream conditions affect
local conditionsvhich affect local habitats. Downstream habitats are the accumulation of local
habitats. Colors correspond to those in panel A.

Processes within a watershed are arranged along two dimensions: longitudinally along the length of
streams and laterally along upland hillslopes (Figure 3.2). The distance between processes along these
two dimensions affects the strength of their ingations. Hence, where upland processes, in particular,
anthropogenic processes, occur in relation to the stream network influence their effects on aquatic
ecosystems (Gergel et al. 2002). Processes also act at various nested spatial scales. Farsasr purp

the smallest scale is the stream reach, which is sometimes defined as a section of stream with
geomorphological characteristics distinct from those of adjacent stream sections. Reach definitions
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often include floodplain and riparian areas adjoinihg thannel. The next scale is the catchment or

small watershed which begins to encompass landscape influences on aquatic ecosystems (Wang at al.
2002). Larger scales entail repeated nesting of bigger and bigger drainage areas. These larger scales
encompmass more remote processes that may impact local processes.

Conservation value in a stream reach is affected by processes occurring upstream, and the processes in

that same reach affect habitat quality downstream. Therefore, assessing the conservatierof/al

particular reach entails both an assessment of conditions upstream and an assessment of habitats
downstream (Figure 3.1B). In other words, the value of a given stream reach is determined by: 1)

habitat quahty within it, which is greatly influenddoy upstream conditions; and 2) the habitat quality in
R2gyaiNBIFY NBIFIOKSaY gKAOK FINB AyFfdsSyOSR o6& (KS 13

Figure 3.2 Multiple spatial scales and spatial arrangement within a watersfiad.smallest

scale considered in our assessment was the stream reach. Six reaches are delineated by black
rectangles. The next largest scale was the small watershed or assessment unit (AU; polygons
delineated by thin gray lines). The largest scaletvasubbasin (all colored AUs in the figure).
Spatial arrangement has both lateral and longitudinal dimensions. The difference between
riparian areas and uplands (purple versus. green, light blue versus yellow) illustrates the lateral
dimension. Movemetupstream from the green AU to yellow AUs to orange AUs occurs along
the longitudinal dimension. Different polygon colors correspond to six distinct zones. Blue lines
are rivers and streams, and only rivers and streams mapped at 1:24,000 scale are shown

An Umbrella Species Approach

The relative value of places for fish and wildlife conservation must in some way be related to the most

basic requirement of every speciesabitat. In freshwater lotic ecosystems of the Puget Sound Basin

the dominantvertebrate species are salmonids. We assumed that eight salmonid species and their

major life-history variants; pink, chum, Chinook, coho, steelhead, rainbow trout, sockeye, kokanee,

cutthroat, and bull trout’t  O2 dz2t R STFF SO0 A @S esHor all SthelsPeciesihatdey orNB £ £ | 2

10 Sockeye and kokanee are life history variant®n€orhynchus nerkaSteelhead and rainbow trout are life
history variants ofDncorhynchusmykiss
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lotic habitat types. An umbrella species is one whose conservation confers protection to numerous
other cooccurring species (Fleishman et al. 2000). We believe this to be tenable for two reasons. First,
collectivey the eight species and their major liféstory variants use a large proportion of every WRIA
sized' watershed. Those portions of a watershed where these species do not exist are very high
gradient streams, headwaters, and areas above fish passagerbarHewever, streams where

salmonids do not exist are still important for the conservation of downstream salmonid habitats, and
therefore, are covered under the umbrella species approach. Second, the egg, alevin, and juvenile life
stages of salmdd spedes are sensitive to changes in water temperature, dissolved oxygen, and fine
sediments. If these life stages are adversely affected by anthropogenic changes in a watershed, then
other sensitive species may also be adversely affected. Therefore, placéifieéd for protection or
restoration of habitats for sensitive salmonid life stages will also result in the protection and restoration
of habitats for norsalmonid species.

Habitat Quality

Salmonid habitats can be decomposed into intrinsic and esitriattributes. Intrinsic attributes consist

of geomorphic or hydrological characteristics, such as channel gradient and mean annual flow, that are
relatively immutable, i.e., resistant to anthropogenic changes in the watershed. Extrinsic attributes,
sud as water temperature, sediments, and large woody debris, are sensitive to anthropogenic changes
in a watershed. Both intrinsic and extrinsic attributes influence habitat quality. Habitat quality is
speciesspecific and is usually measured through aipatar demographic response such as abundance

of a life stage (i.e., number of adults or juveniles).

Models relating habitat quality to intrinsic attributes of salmonid habitats are knowntessic
potentialmodels Intrinsic potential(IP) models arenique to eaclsalmonid species, and perhaps even
unique to salmonid populations (i.e., evolutionary significant units). IP models yield an index that
guantifies the potentiahabitat quality of a stream readie.g., Burnett et al. 2007)P models have a
structure identical to that of habitat suitability models (USFWS 1981) and are usually based on expert
judgment. IP models can be comprehensively applied to large regions because they use readily
available, relatively highesolution, patially-extensive digital elevation and climate data (Busch et al.
2011). IP model results should not be mapped at a reach scale; mapping at a watershed scale best
matches the accuracy of IP models (Sheer et al. 2009). IP nickigorate characterists that are
generally resitant to anthropogenic impacts, and hence, evaluate spespesific habitat potential in
0KS F0aSyO0S 2F adzOK AYLI Oda o0{KSSNISG Ifd HnndLO®
habitat and not the actual qualitof habitat.

No intrinsic potential (IP) models have been developed specifically for salmon populations in the Puget
Sound Basin, but IP potential models have been developed for salmon populations in other regions of
GKS t I OATAO b2 NdIo&spRakgé (Biknetheted 20D7) dntliBed awer Columbia River
(Busch et al. 2011). The habitat relationships described by these IP models are likely to be very similar
to habitat relationships for Puget Sound populations.

We were not aware of any moterelating habitat quality to extrinsic habitat attributes that are general

enough for a regional assessment. Progress on regional models of salmonid habitat quality has been

slow to develop for three interelated reasons. First, empirical dataonéxyf 3 A O KIF oA GF 4 F G G NJ
e.g., water temperature, sediments, and large woody defdse expensive to collect because (&) in

"WRIA is the acronym for water resource inventory area. The Puget Sound Basin consists of 19 WRIAs that range
in size from 100,000 to 1.6 million acres. The mean size is about 460,000 acres.
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stream habitat measurements are physically arduous; (b) measurements cannot be performed through
remote sensing techniques; arfd) some habitat attributes vary at fine spatial scales (< 0.5 km), and

hence, require high sampling intensity. Consequently, modeling efforts have had to rely on datasets

with small sample sizes and/or collected over a very limited geographic extentBartg et al. 2006),

remotely sensed data such as land cover that are presumably correlated with extrinsic habitat attributes
0SPad>x tSaa SO fd wnnu CASAG SiG Ffd HnnoX {GSSf
expert opinion (e.gl.estelle et al. 2004).

Models that relate the demographic responses of salmonid populations to extrinsic habitat attributes
exist(e.g., Scheuerell et al. 2006 p\Wwever, the data requirements of such models, e.g., water
temperature and fie sediment mesurementsare entirely impractical for a regional conservation
assessment. This data problem has been addressed by developing models that relate the extrinsic
habitat attributes to remotelysensed land cover data (Bartz et al. 2006), but these models are
watershedspecific (discussed further below) and cannot be generalized for regional assessments.

Some modeling efforts have ignored extrinsic habitat attributes and developed models that relate the
demographic responses of salmonids to waterskedlel y R 02 SNE f I yR dzASZ I yR 3
can be collected via remote sensing or are readily available in spatidéipsive geographic datasets.

This approach creates models that describe the relative impact of various land uses on salmonids, and
therefore, such models could be useful for land use planning. While this approach has yielded
watershedspecific models (e.g., Pess et al. 2002, Firman et al. 2011), it has not yet produced any

regional models for salmonid habitat quality.

The second reasoregional models of salmonid habitat quality have been slow to develop is that
SYLANROIE RIFGIE 2y &lFfY2YAR LRLWAFGA2ya b adzOK | a
unsuitable for statistical modeling (i.e., not obtained through random sampulfrreaches) and/or are

unavailable as gereferenced spatial data (Ruckelshaus et al. 2002). WDFW and the National Marine
Fisheries Service are currently addressing the latter problem (A. Weiss, WDFW, personal

communication). These common shortcomimfsalmonid data have forced modeling efforts to focus

on watersheds where the data are better suited to statistical modeling techniques and/or the data have
been entered into a geceferenced spatial database. In the Puget Sound Basin, for instancelsmode

based on empirical data relating salmon demographic responses to land use and land cover have been
developed for only the Snohomish River Watershed (Pess et al. 2002, Bartz et al. 2006).

Third, because modeling efforts have had a single watersheg fecirrent models have a narrow

geographic scope and cannot be applied to regional assessments. Models created with data from a

single watershed will beegionally valid if athonly if the landscape conditions within that watershed are
representative ofandscape conditions in all other watersheds throughout that region. However, that is

unlikely to happen; consider the following. Firman et al. (2011) and Pess et al. (2002) both developed

models of habitat quality for coho that used similar demograjglaita (counts of spawning adults) and

similar landscape data such as land use, land cover, roads, and geology. The model of Pess et al.

identified the amount of urban land in the watershed as a significant predictor of habitat quality but the

model of Firnan et al. did not. This discrepancy could be attributed to the different landscape

conditions in their two study areas. The Snohomish River Watershed studied by Pess et al. is much more
urbanized than the Oregon Coast Range studied by Firman et alwaHargest cities in the Pess et al.

study area have 103,000 and 60,000 people but the two largest cities in the Firman et al study area have
2yte mcXnnn FYyR dImnn LIS2LX So | 2yaSljdzsSSyidftes CANY
Watershedand8&da Sié Ff ®Qad Y2RSt Aa Ay@FEfAR FT2N) 6KS hNB3
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coho habitat model developed by Pess et al. (2002) is likely to be invalid for most of the Puget Sound
Basin. The Snohomish Watershed, which is 7% urban land, is diigterd from the ChambersClover
CedarSammamishDuwamishGreen Deschutes, Upper SkadisokomiskDosewallipsandLyreHoko
watersheds which are 62, 45, 27, 21, 1, 1, and 1 percent urban land, respectively.

Because the empirical data needed tolbdunodels of habitat quality are often lacking, models derived

from expert opinion are often the only practical approach. The most widely used salmonid habitat
model in the Pacific Northwest, Ecosystem Diagnosis and Treatmentl(&fdlle et al. 2004% ibased

mainly on expert opinion. For the Puget Sound Basin, EDT model outputs are available for Chinook and
steelhead. The EDT model includes many parameters with poorly known values, and consequently, it is
prone to large error propagation and unknowavels of uncertainty (Ruckelshaus et al. 2002, McElhany

et al. 2010). Because of its large number of parameters, structural complexity, and heavy dependence
on expert opinion, the EDT model was severely criticized by the Salmon Recovery Sciencedeview P
(2000). Because of issues identified by the Salmon Recovery Science Review Panel, we did not use EDT
in our assessment of relative conservation value. IP models are also based largely on expert opinion,
however, IP models are structurally simple drave a small number of parameters.

Speciesspecific habitat models relating habitat quality to extrinsic habitat attributes were not available
for the Puget Sound Basin, and we lacked the wherewithal to develop such habitat models.
Consequently, we expred an approach that relied on the conceptemfological integrity The integrity

of lotic ecosystems could serve as a surrogate for the extrinsic attributes of sjgeeieific salmonid
habitats.

Aquatic Ecological Integrity

To assess relative habitquality, we supplemented intrinsic potential with ecological integrity.

Ecological integritys the ability of an ecological system to support and maintain a biological community
that has species composition, diversity, and functional organization caabfgato those of natural

habitats within a region (Parrish et al. 2003). Ecological integrity describes the degree to which an
ecosystem is whole, intact, or undisturbed (Andreasen et al. 2dBd9logical integritis much

discussed in the scientific literature, but there is no generally accepted operational definition (Quigley et
al. 2001). Nevertheless, ecological integrity has been assessed and mapped using spatial data such as
roads, land use, land cover, hougidensity, or human population density that served as surrogates for
ecosystem degradation (Brown and Vi2&95 Mattson and Angermeier 2007, Theobald et al. 2010).
Functional relationships between these surrogates and ecological integrity are mastfofteulated

through expert judgment (e.g., Quigley et al. 20Bthttson and Angermeier 200,7and rarely

incorporate empiricallyderived relationships between surrogates and biological responses (but see
Esselman et al. 2011).

To obtain a more empiridgtbased and less expebiased relationship between ecological integrity and
various surrogates for ecosystem degradation, we exploited published relationships between indices of
biological integrity gensuKarr 1991) and land use or land covBiologicad integritywas defined by Karr
OMppmMy FazX aUKS FoAfAGe (G2 &dzZJIRNI YR YIFIAYQdlFAy
O2YLRaAlA2YyYI RAGSNEAGEI YR FdzyQlGAz2ylf 2NAIFYATL
L I RS TAY Ayladoptst fot thaldifilNt®n/ofi ecological integrity (Parrish et al. 2003). An index

of biological integrity (IBI) evaluates the ecological health of rivers or streams by measuring parameters
of their biological communities. The index is comprised dbua metrics that quantify species

richness, trophic composition, and species abundances. In the Pacific Northwest, IBls have been
developed for benthic macrmvertebrates (Fore et al. 1996), coldwater fish (Mebane et al. 2003), and

I.
a A
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coldwater fish and mphibians (Hughes et al. 2004). In addition, quantitative relationships have been
developed between IBIs and various measures of anthropogenic disturbance (DeGasperi et al. 2009,
Mebane et al. 2003).

Understanding the relationships between aquatic egital integrity and land use and developing
landscapescale indicators of anthropogenic impacts on aquatic ecosystems are ongoing areas of
research (Gergel et al. 2002, King et al. 2005, Burnett et al. 2006). Like models for salmonid habitat
quality (expained above), relationships between aquatic ecological integrity and land use are likely to be
watershed specific. While certain landscaguale variables are widely acknowledged to be highly
correlated with aquatic ecological integrity, such as percdrat watershed that is urbanized and

percent of a watershed covered by impervious surface (Paul and Meyer 2001),-gételsalizable,
reasonably accurate, quantitative models relating ecological integrity to land use have yet to be
developed. Ecologicadtegrity is affected by local processes, such as hillslope runoff, bank erosion,
channel scouring, and wood recruitment, and the same processes occurring remotely upstream. These
processes are distributed both laterally and longitudinally throughoutatiére drainage area. Hence,

there is a consensus among scientists that valid models of aquatic ecological integrity need to
incorporate two geographic properties that are fundamental to understanding lotic ecosystems:

multiple spatial scales and the spatarrangement of processes (Allan 2004, Burnett et al. 2006).

Species Status

All species have equal inherent value, but all species do not have equal status. For instance, some
species are given special status under the Endangered Species Act (Ebia¢ leey are threatened

with extinction. The listing of a species as threatened triggers actions to recover the species. For
instanceunder sections 7 and 9 of the ESA the habitats of listed species get special protection. Without
these special hahitt protections the species may not recover and decline to extinction. In effect, the
habitats of species threatened with extinction are considered to be more important than the habitats of
species that are not threatened with extinction. Therefore, spestatus could be another factor

affecting the conservation value of salmonid habitats. In other words, stream reaches that contain

listed salmon species would be considered more important than reaches not containing listed species.

A contraryperspective contends that healthy salmonid stocks should be the highest priority for habitat
protection. This judgment stems from the belief that enhafcin 2 RIF @ Q& KSI f 6§ K& LJ2 LJddzt |
practical way to creatd 2 Y2 NN 6 Q& & dza Tihis kagohaie fasSign$ 4 higkes dedisé&atibn

value to watersheds containing healthy stocks than watersheds containing depressed stocks. This

pragmatic perspective is especially reasonable in a rapidly urbanizing region.

3.1.2. Modeling Relative Conservation Value

The purpose of our conceptual model is to guide the construction of an indeXndex of relative
O2yaSNBIGA2Y @l fdzS 6KAOK gAfft 06S O fOdz F iSR F2NJ LJ
watersheds, also known as assessment unitésjAand hence, our model is tailored to the spatial scale

of these AUs.

AUs were the spatial grain of our assessment. The spatial extent of our assessment was, in effect, each
individual WRIA. That is, the freshwater habitats assessment is compfit8dseparate assessments
each corresponding to a WRfA The WRIA boundaries generally follow drainage ateasach WRIA

2 For the purposes of this assessment we combined WRIAs 3 and 4, the lower and upper Skagit River WRIAs, into a
single WRIA.
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also possessamique patterns irgeologytopography, hydrology, terrestrial vegetation, fish

assemblages, and aquatic biologicalmmunities. For both scientific and political reasons, we

minimized comparisons of dissimilar watersheds by doing our assessment calculations within WRIAs
Relative conservation value is relative within a WRIA, and hence, it cannot be used to compare th
conservation value of AUs in different WRIAs. However, the spatial data and assessment methods were
consistent across WRIAs, and therefore, the assessment can be used to discern patterns in relative
conservation value among WRIAs.

The principal challege we faced in developing the index were the limitations imposed by the currently
available spatial data. Occurrence data for native freshwater animal species collected by WDFW and
other agencies focus almost entirely on harvested species, and consegugathave reasonably

accurate data across the entire Puget Sound Basin for only salmonid species. The shortcomings of the
available spatial data led to an assumption that the eight salmonid species and their majisttify

variants could effectivelgerve as umbrella species for all other species that rely on lotic habitat types.
Consequently, salmonid species richrtéasd the amount and quality of salmonid habitats are major
influences within the index.

Upstream Local
Condition j§ Condition

Ecological IP

Integrity models
Habitat Habitat
Quality Amount

Wetland
Density Stock Status

AU Accumulative
Habitats Downstream Habitats

Figure 3.3 Components of the relative conservation value index. The three main components
are hydrogeomorphic features in the AU, salmonid habitats in the AU, and accumulative
downstream salmonid habitats. The dotted line from stock status indicates that thigarmnt

was included only in a secondary analysis done to examine the effects of stock status on relative
conservation value. IP = intrinsic potential.

The components of the index are organized as 5 tiers (Figure 3.3). The bottom tier has three
componets: hydrogeomorphic features, local salmonid habitats, and accumulative downstream
habitats. Hydrogeomorphic features refer to the density of wetlands and undeveloped floodplains,

13 Species richness means the number of species at a location.
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which are landscapscale features crucial to ecological processes thediterand maintain lotic
habitats. Local habitats are the salmonid habitats inside an AU, and accumulative downstream habitats
are the salmonid habitats outside and downstream from an AU.

On the next tier the main component is salmonid habitats. Withis component separate calculations

are done for eight salmonid species. The relative value of each salmonid habitat is a primarily a function
2F KFoAGFG ljdzr tAde yYyR KFoAGlIG Y2dzydx odzi Al A&
spelOA S&aQ ail habtadgualitfistafulcdoyl af Rtrinsic potential and aquatic ecological

integrity, which address the intrinsic and extrinsic attributes of freshwater salmonid habitats,

respectively. Ecological integrity of an AU depends oulitions within that AU and on conditions

upstream of the AU. Because of the spatial scale of the assessment and the available data, AU and
upstream conditions must be based on land use and land cover.

We assume the habitat occupied by salmon is mofealde than unoccupied habitat. Hence, salmonid
habitat valuecombines reach habitat quality with species occurrence information for each reach. Our
fish occurrence data have three categories of presendecumented, presumed, and potential

(Appendix Cg that reflect the level of certainty regarding species occurrences. Certainty of species
occurrence affects habitat value. Species status could be another factor affecting habitat value,
however, becase incorporating species status incorporates, fie&f a legislative policye did not

include status as a factor affecting conservation values. However, we were curious as to how species
status would affect the results. Consequently, we did a secondary analysis that included ESA status and
the Salmoid Stock Inventory status (WDFW andvTIT2002).

There are several ways an AU can be highly valuable for the conservation of salmonid habéats

AU contains exceptionally high quality habitat for only one species; contains large amounts of
habitat formany species, regardless of habitat quality; contains some intermediate amounts of high
guality habitats for some species, or contains large amounts of moderate quality habitats for some
species, etc. In other words, consdiga value is a function ofdbitat quantity, quality habitatand
species richness. Our index incorporh#d! three aspects of conservation value.

Another way that an AU can be valuable for the conservation of freshwater lotic habitats is its
potential impact on downstream halaits. AUs that could potentially impact large amounts of high
guality habitat should be protected in order to avoid or minimize adverse impacts on those
downstream habitats. For each AU, our index quantified the value of downstream habitats.

There are tw basic perspectives on modeling the relative conservation value of places, and they reflect

a quantity versus quality dichotomy. One perspective is that conservation value is best determined by a

LX F OSQa G241t 02y N o dztha quahtityialadé toatriblités (i ThORhgra S NI ( A 2
LISNELISOGAG®S Aa GKIG @FftdzS Aa 0Sad RSUSNXYAYSR o8& t
guality a place contributes. These two perspectives can result in different rankings of places. For

exanple, the former perspective would value a place with high species richness over a place with high
species rarity, while the latter would value rarity over richness. Neither perspective should be ignored,

so we examined relative conservation value bothysa
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3.2 Methods

A detailed explanation of the methods is given in Appendix B.

Our index of relative conservation value was based on expert judgment. The use of expert judgment as
a substitute for empirical information has been criticized (Ruckelsted al. 2002), but we had no other
practical alternative. Judgments were made regarding the components of the index, how to assemble
them, and the relative influence of each component.

3.2.1. Spatial Framework

The assessment units (AUs) are the satde Ased by the Department of Ecology for their assessments

of water resources (Stanley et al. 2010). AUs were derived from-szdh catchments delineated by

the Salmon and Steelhead Habitat Inventory and Assessment Program (SSHIAP; NWIFC 20@9). Ecolog
and WDFW believed that the water resources and habitats assessments could not be accurate at this
catchment scale due to the resolution of some spatial data layers (i.e. 1:24,000 and smaller). We
thought AUs on the order of 1 to 10 square miles were@maasonable. Consequentthie SSHIAP
catchmentswere aggregated into larger analysis unifavothousand ninehundred forty AUs with a

mean size 4.7 square miles were created.

Some components of our index needed specific information on individteal and stream reaches:

length, dhannel gradientactive channel widthvalley floor width and nean annual flow No currently

available GIS data layers provided such information, so we contracted with M2 Environmental Services

to create one. Theresffid abSG¢ NI OS¢ OKIFyySt ySig2N] F2N G§KS S
stream reaches with an average length of 117 meters (Table B2).

3.2.2. The Index
The main components of the index are 1) the density of wetlands and undeveloped floodplains, 2) local
salmonid habitats, and 3) accumulative downstream habitats (Figure 3.3).

Hydrogeomorphic Features

Spatial data for wetlands was obtained from DepartmehEcology (Stanley et al. 2011). We refined

the wetland data layer by overlaying it with a land cover/land use data lay8A@2008) and removing

wetlands ceincident with urban or agricultural land uses. The area of functional floodplains was

calcuated by removing areas that weredoy OA RSy i A G K G RS@Ef 2LISR¢ f I yR d

With respect to hydrogeomorphic featess, an AU has high value if it has a high density of wetlands and

dzy RS@St 21LJSR Ff22RLI I Aya 2N @etlghddardyuddvelope® A 3 K LINE L2 N.
floodplains HenceanAUQ & NI f | far hy@r&geofhbrphidzeatures was calculated two wassd

the hydrogeomorphideature component of the index equaled the larger of the two resulting values.

AU Habitats

Local or AU hatat value was a function of habitat quality, habitat amount, disti presence category.

2 5C2 Qa Catahakes(Righiré B4kas the source of all spatial data on the presence of salmonids in
rivers and streams. FishDist data for 10 salmonid speciebfesmistory variants; Chinook, coho, pink,
chum, sockeye, kokanee, steelhead, rainbow trout, cutthroat, and bull trevere transferred to

reaches in the NetTrace channel network. For the purposes of this analysis, we equated presumed
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presence with dcumented presence but assigned lesser value to water bodies where a salmonid
species had potential presea¢Table Bp To simplify the analysis we lumped kokanee with sockeye,
and where steelhead and rainbow trout-cacur we lumped them together also.

Habitat quality was the weighted geometric mean of intrinsic potential and ecological integrity (Figure
B3). We currently have IP motkefor steelhad, coho, and Chinook (Figure)B&he steelhead model

was also applied to rainbow troutor those sknonid species thalack an IP model, intrinsic potential
was set equal td, and consequently, habitat quality was only a function of ecological integrity

None of IP models we utilized for this assessment were developed specifically for Puget $mand sa
populations, and IP models specifically for Puget Sound salmonid populations are likely to be different.
However, we believed that the available models were adequate for our purpose; namely, to calculate
watershedscale estimates of relative consetizm value and make valid distinctions among AUSs.

Reach AU
Intrinsic Ecological
Potential Integrity

Presence
Category

(0, 0.5, 1)

Figure3.4. Model for salmonid habitat valueThe weighted geometric mean of intrinsic

potential (IP) and aquatic ecological integrity equals habitat quality. Values assigned to weights,
W,, given in Table Ban the models for salmonid species for which we lack an IP model,

intrinsic potential egals 1. N stands for normalization which is done inithRIAs.An

alternative model includes speciasd stock status (see Figure)B5

To develop our index of aquatic ecological integrity we utilized two studies that found significant

relationships betwen indices of biological integrity (IBls) and the proportion of a watershed covered by

certain land covers or land uses: Mebane et al. (2003) and DeGasperi et al. (2009). Both DeGasperi et al.
(2009) and Mebane et al. (2003) performed straight line regjignson their data. We conducted our

own analyses and found for both sets of data that better fits were obtained with power functions. We

used these new relationships in our calculation of ecological integrity. Our index of aquatic ecological

integrity is ultimately based on land cover. The thteeINS RA OG 2 NE @I NA I 6f S&a F2NJ S
percent of a watershed covered by impervious surface; percent of a watershed not covered by forest,
wetlands, or natural vegetation; and percent of a watexd covered by human disturbances (e.qg.,

urban, residential and agricultural).

The ecological integrity of aquatic habitats is governed by processes occurring both locally and remotely.
Hence, we applied the ecological integrity functions to six ztimesdivided a drainage area along both
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lateral and longitudinal dimensions (Figure 3.2). The two lateral zones were floodplains/riparian areas
and uplands. The three longitudinal zones were 1) the focal AU, 2) AUs immediately upstream of the
focal AU, ad 3) all other AUs in the upstream drainage area of the focal AU. Ecological integrity index
values calculated for these six zones were combined with a weighted arithmetic mean to yield a
composite ecological integrity (CEI) index for each AU. Theiequat CEl was of the form:

6
CEl :é_ I, P'W,, (longitudnd, ) W, , (lateral,) (3.1)

i=1
wherei denotes one of the six zones in Figure 8.5 the aquatic ecological integrity index for zane
is the proportionofan ADa Sy GANB O2y (i NR 6 dzii A y Ti; aRdOW, angW @ O A Y
weights reflecting the relative influence of each zone on ecological intedghityand W, ,are functionsg
formulated through professional judgmentof the longitudinal and lateral positions of zoneithin the
drainage basin.

Habitat value equals habitat quality combined with species presence category (and optionally the
species and stock atus; Figure Bb Habitat value is calculated for each species present in a reach.
Hence, up to eight values per reach must be summarized into a single value. We derived two separate
indices that corbine the eight values (Figure B#he maximum habitavalue per reach and the sum of

the habitat values times the habitat amount (i.e., reach length). Habitat value times habitat amount
equals habitat units. A reach contributes the largest amount of habitat units when it is long and has
high habitat valuebut exceptionally long reaches with low habitat value and short reaches with
exceptionally high habitat value can also contribute a large amount of habitat units.

Using only one of the two metrics would fail to identify many high value reaches. Maxiabitat

value identifies reaches that contain exceptionally high quality habitat for only one species, while the
sum of habitat units identifies reaches with a large amount of habitat for many species. Hence, the
reach habitats index (RHI) is the manimof the two metrics (Figure BORHI is used in the calculation
of accumulative downstream habitats

AUs are small watersheds. Hence, the rescéle habitat values and habitat units must be combined to
yield a watersheéscale index. The watershed hi@é index (WHI) for an AU equalstmaximum of

either the sum ohabitat units for all stream reaches in the AU or the sum of habitat units for reaches in
that AU with a maximurhabitat value greater than the®' percentile habitat value for the WRIA ete

the AU is located (Figure B10n other words, WHI assigns a high value to AUs that either have a
relatively large amount of habitat units or have a relatively large amount of high value habitat.

Before applying the maximum function, the two compoits of WHI were divided by AU area to yield a
habitat unit density and normalized by their respective maximum values within the WRIA.

Accumulative Downstream Habitats

¢CKS OIFftOdz A2y 2F (GKS | OO0dzydzZ F A @S Bodsgryaion NS Y KU
value was done in two steps. First, for each reach, RHIs for all downstream reaches were summed

(Figure 3.5). M2 Environmental Services created a computer program that performed this operation.

Second, the reaclevel accumulative downsteen habitats values were averaged within each AU.
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The Indices of Relative Conservation Value

We have three components with which to calculate an index: hydrogeomorphic features, local habitats
(i.e., WHI), and accumulative downstream habitats (Figusg¢ We calculated two indices: an average

of the three components and their maximum value. For the purposes of combining these three
components, thevalues wereanked relative to other AUs in their WRIA, and the ranks were normalized
to yield a rangef scores from O to 1.

o2 02154

Ny

Figure 3.5 The accumulative downstream habitats (ADH) component of the index of relative
conservation value. ADH for the green AU is the sum of RHI values downstream of the AU.
Yellow dots mark breaks betweadjacent stream reaches, and numbers are hypothetical RHI
values for each reach. Gray lines area AU boundaries, thick black lines are WRIA boundaries,
and blue lines are rivers.

3.2.3. Sensitivity and Uncertainty Analyses

Sensitivity analysis walone by calculating the index for all AUs with the parameter values shown in
Tables B5 amd B@ecalculating the index after altering a single parameter by a small amount (e.g., 5%),
and applying equations 1.2 and 1.3. The process was repeated for eachgt@r. Another sensitivity
analysis examined how the salmonid habitat index changed in response to changes in model structure.
We examined four major changes to the model: removing ecological integrity, removing intrinsic
potential models, removing bbtecological integrity and intrinsic potential (i.e., habitat quality), and
including species status.

Uncertainty analysis was done by assigning a uniform probability distributieadio of 11 parameters
(Table By The distributions spanned the rangereasonable values for each parameter. Over 2,000
iterations a parameter value was randomly selected from each distribution and the index was
recalculated for each AU.
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MAX Index

MEAN Index

Figue 3.6 Two indices generated from the three componentselative conservation value
the mean index and max indeRanks are normalized, so both indices range from 0 to ,lar&V
weights, which were all set toftr this analysis
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3.3 Results

Tounderstand the relative conservation value indices we must examine their main components:
hydrogeomorphic features, local habitats, and accumulative downstream habitats.

3.3.1. Hydrogeomorphic Features in AU

Wetlands and floodplains have their higheshdiies in the Puget Trough lowlands outside of urban
areas (Figure 3.4). The statistical distribution of densities was highly skewed to the right (Figure 3.5).
The mean wetland and floodplain density (expressed as percent of AU area) in the PugeB&sinnd
was 14%, but the mean value by WRIA ranged from 9% in WRIAs 12 @tthirbersCloverand
QuilceneSnow) to approximately 22% in WRIAs 1 and 11 (Nooksack and Nisqually). AUs with high
densities typically contained large rivers with mostly uweleped floodplains. The densities of
hydrogeomorphic features were converted to normalized ranks within WRIAs, hence, the statistical
distribution of values was roughly uniform (Figure 3.10C).

Figure 3.4.Relative density aéxtant wetlands and undeveloped floodplains. The values 1 to 10
represent 10 deciles for the frequency distribution of wetland and floodplain densities in AUs.
That is, analysis units (AUs) in top 10% of AUs in a WRIA are irf'teclieé (darkest grem),

and AUs in the bottom 10 % of AUs in a WRIA are intiiedile (darkest red). Deciles were
calculated separately for each WRIA.
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Figure 3.5 Distribution for the densities of extant wetlands and undeveloped floodplains in
assessment units (AUs). Density is expressed as percent of AU area. There are 2940 AUs.
Median value was 9.7% and mean value was 13.9%.

3.3.2. Local Habitats

Recall that WHI had two components: (1) the sum of all habitas widiall reaches in anltAumHU),
and (2) the sum of habitat units of all reaches in the AU with maxifmainitat value greater than the
80™ percentile habiat value for the WRIA (sumtf)

Thirty-four percen of AUs had zero value fsumHU because no salmonids dazumented, presumed,

or have the potential to inhabit them, according to our data. These 34 percent of AUs cover 15 percent

2T 0KS tdASG {2dzy R . I aA ¢gf@ds hadingizRro suBBU-bdt hadkeyo F RRA (i A 2
sumHU° because none of thetmabii I & S E OSSR SH® pefcénfie\hsbitat walued BEcausey

the sumHU and sumHYindices are normalized rank$e ditributions of their nonzero values are

uniformwith mean and medians of approximately 0.5

The Pearson produehoment correlatbn betweensumHU and sumHEwas 0.88. This correlation is
high but not so high as to suggest that the two indices are redundant. The meantalditikrence
between nonzero \alues ofsumHU and sumH®was 0.15 and 25% of the differences were greater
than 0.22 which indicatéhe two indices are awveying different information. WHI is the maximum of
sumHU angumHW’. SumHU was bigger thanmH for 54% of AUs with nozero WHI.

Values for smHUwere greatest in valley bottoms of large rivers (Fig3:6). This mostly was a result of
greater salmonid species richness but also was determined in part by the intrinsic potential models for
Chinook and coho which specify that low gradient stredrave the greatest potential. Many AUs with
large simHU” values werdocatedhigher in a WRIA where ecological integrity tended to be higher.
Very rarely were the highest value habitats locatediiban or agricultural areas;rasultlargely driven

by the ecological integritindex. Zero values for sumPuere located in urban and agricultural areas
and in highkelevation AUs withielatively little salmonid habitat

A major component of the reach habitat index was ecological integrity. The spatial pattern of ecological
integrity conformed to our expectatian(Figure 3.7). Ecological integrity was highest in the Cascades
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and Olympic Mountains and lowest in the Puget Trough lowlands near urban areas. The statistical
distribution of values s bimodal (Figure 3.8) with omeode between 95 and 100 correspondito

AUs in the mountains. The mean value in ¢méire Puget Sound Basin was 53, but the mean value by
WRIA ranged from 26 in WRIA ThambersClove) to 71 in WRIA 16kokomiskDosewallipy Unlike
other components of the freshwater habitats assessim¢he ecological integrity index was not
normalized within WRIAs.

Em0892-1

[ 0.782 - 0.892 [ 0.783- 0.894
0671 - 0.782 90672-0.783
[10.560 - 0.671 [10.561 - 0.672
[10.449 - 0.560 [10.450 - 0.561
[10.338 -0.449 [10.339 - 0450
[0.226 - 0.338 [90.227 -0.339
E0.115-0.226 0116 - 0.227
[ 0.000 - 0115 N 0.000 - 0.116
o o

Sum of Habiat Units for Top 20% Habitat Values

Sum of All Habitat Units

Figure 3.6 Two components of the watershed habitats index (WHI) and the resulting WHI.
(A)The sum of all habitat units of all reaches within each AU. (B) The sum of habitat units of
reaches in the AU with maximuhabitat value greater than theG8' percentile halitat value for
the WRIA.Gray AUs either do not have salmonids present (according to our data) or do not
containreaches witthabitat value greater than the08' percentile in WRIABoth indices are
normalized ranks, where ranks are among AUs within 8AWRC) Plot of index in Map B versus
the index in Map A. (DNVHI creged by taking the maximum valder each AU in Maps A and B
and then renormalizing values within a WRIA
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Figure 3.8 Distribution of ecological integrity index values calculated for assessment units
(AUs). There are 2940 AUs. Median value was 51 and mean value was 53.
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3.3.3. Accumulative Downstream Habitats

Thespatial pattern of accumulative downstream habitats conformed to our expectations (Figure 3.9).

The headwaters of large rivers affect the largest amount of lotic habitats. As one progresses from a river
mouth toward the Cascade Crest, the accumulatiffeats of a stream reach on downstream habitats
increases. Twentgight percent of AUs had a zero value for ofusalative downstream habitats.

Figure 3.9 Comparison ohydrogeomorphic features index (A) wisltccumulative downstream
habitatsindex (B).Resultgpresented agleciles. For instan¢cappoximately 10% of each

2 wL! Q& irthed™ déciXottom 10%, darkest red) andrz’s 2 S IAOQKarednwL | Q&
the 10" decile (top 10%, darkesgreen). Quantiles calculated separately for each WRIA.

The spatial pattern of accumulative downstream habitats is nearly the opposite the pattern for wetlands
and undeveloped floodplains. Augh ahigh relative density of wetlands and floodplains tend&

located lower in a WRIA and consequethifye lower relative value for accumulative downstream
habitats, and AUs with high relative value for accumulative downstream habitats tevellazated in
foothills or mountains and consequently have a lowensity of wetlands and floodplains.

3.3.4. Relative Conservation Value

Recall that we wish to convey two perspectives regarding conservation value. One perspective is that
O2yaSNBI GA2Yy @l fdzS Aa 06Sa0 RSGSNYA ¢réafonde the LI I OSQ
jdzt yiGAGe I LX I+ OS O2y(iNAROdzi Saod ¢KS 20KSNJ LISNRLISOI
most significant contribution, i.e., the quality a place contributes.

The firg perspective is served by the average of compuse The averagehows that multiple

functions are most likely to be performed in the lowlands (Figure 3.10). This is where high density of

wetland and floodplains and high relative values for local habitats aly li& cooccur. AJs that

perform thefewest functions are those at higher elevations. Most of those AUs obtain high relative

values for accumulative downstream halt#@nly. The distribution of the average values had a mean

and amedianequalto 0.Z0 I YR (G KS RA & ( NRigelyzinKoznyT@ dalugs Ketwelh 06 I & NXB f
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and 0.70 (Figure 3.10D). MdJshad an average value over 0.95, but about 1% of AUs had a high score
0 X hfdrwll three components.

30 C D W avg AU score
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m Accumulative Downstream Habitats E -
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Figure3.10. Two perspectivesn relative conservationalue. (A) Average difie three main
components of relative valuehydrogeomorphic featureswvatershed habitats index, and
accumulative downstream habitatgB)Maximum valueof the three component$or each AU.
(O Index distibutions for the three component&hich are normalized ranksAUs wee ranked
within WRIA. D) Dstribution of values in Maps And B.

The second perspective is served by the maximum of compon&atgenty percent of AUs had a score
for at least o of the components greater than 0.9he median value dhe maximum of components
was 0.72which neans half of all AUs attained a score of 0.72 or grefateat least one of the three
components.Maximum scores greater than 0.90 were attainedBypercent of AUs, whit means

about onefifth of AUs were in the top 10% of AUs in their WRIA for at le@estod the components
(recall that the scores are normalized rank§he map of maximum scores (Figure 3.10B) shows that
with the exceptim for urbanareas scores above 0.&re distributed almost evenly throughout the Puget
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Sound BasinHydrogeomorphic featureslownstream accumulative habitats, and WHI wire
maximun component for 406 31%, and 2%, respectivelypf AUswith nonzero WHI

Table 31. Statistical summargyf two perspectives on relative conservation value
Average of 3 Maximumof 3

Statistic Components  Components

mean 0.40 0.4
standard deviation 0.24 0.29
minimum 0 0

1st quartile 0.19 0.43
median 0.40 0.72
3rd quartile 0.60 0.88
maximum 0.93 1

3.3.5. Sensitivity and Uncertainty Analyses

The weight parameters with the biggest influence on the index were the two weights determining the
relative influence of salmon species with IP models and species without IP mdteke two weights
have the largest sensitivity because among those parameters evaluated for sensitivity, they are in an
equation which is furthest along in the calculation of WHI (in the bottom in Figure 3.3). In the index
equation these two parameters we equal. Changing eithef these parameters by 1% results in a
nearly 1%change in WHI averaged across all AUs (Figure 3.11).

The sensitivity analysis showed that parameters affecting the most AUs have the greatest influence on
the results. This is a common finding of the sensitivity analyses done for the terrestrial, freshwater, and
marine shoreline assessments. For examptergst the three parameters involved with the type of
species presence, potential presence had a much smaller influence than documented and presumed
presence because potential presence was much less common in the species occurrence database.

The mean sesitivity of WHI to change in parameters for individual AUs was not related to WHI (Figure
3.12). Mean absolute elasticity was showediremd as WHI increased. For%@f AUs mean absiaé
elasticity was 0.0%. That isor 95% of AUa 1% change iparameter value resultson averagein a

less than 0.1%hange in WHIHowever, sme AUs were very sensitive to changes in paramej¢hnge

three largest values for nam absolute elasticity were 5.1, 4.7, and gefcent

Another sensitivity analysis exéned how WHI changed in response to changes in model structure.
Adding species status the index results in Z&of AUs with nonzero WHI changing their quantized

WHI, but the changwas only Idecile for 2060f AUs (Table 3.2). Removing ecologicakgritg from

the index results in 8&of AUs with nonzero WHI changitigeir quantized WHI, however, 32 changed

by only 1 decile. Removing the ecological integrity index had a bigger influence on WHI than removing
the intrinsic potential models. Removiogmponents from WHI does not result in dramatic changes in
guantized WHI because changes to the index affect all AUs similarly.

Uncertainty was small for WHI values near 1. WHI scores greater than 0.9 had a mean coefficient of

variation of 2%. For Algth non-zero WHI, the median width of the 90% confidence interval for WHI
was 0.17. In other words, given our expert uncertainty about model parameters, the WHI value for
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most AUs is very likely within £0.085 of the calculated value. However, forfit86-pero WHI scores
the width of the confidence interval was 0.42. In other words, for 197 AUs a WHI calculated to be 0.7,
for instance, has a good chance of being as high as 0.91 or as low as 0.49.

o o
o 0
L

| % change in parameter
o [<d
[}S) B

% absolute change in index

0.0

ripar_zone
long_dist
AlUinteg
IPmod

HQ

Status

PA
presumed
potential

upland_zone
documented

Figure 3.11 Results of sensitivitygnalysis: &sticity of WHI to changes in model parameters.
Vertical dashed lines indicate parameters in the same equation. Habitat quality (HQ) and
species status have zero elasticity because status was not included in the index, and HQ and
status arethe only two variables in a particular equation. IP = salmonid species with an intrinsic
potential models; PA = salmonid species with no IP model (i.e., presence/absence data only).
See Tables B5 and B6 for description of weight parameters.

Mean Absolute Elasticity to Parameters

0 0.2 0.4 0.6 0.8 1
Watershed Habitats Index

Figure 3.12 Results of sensitivity analysis:@an absolute elasticity of WHI per AU to changes in
model parameters Gray points ardUsamong the 10% of AUsith largest mean absolute
elasticity. Red pais are remaining 90% of AUkargest meambsolute elasticity was 5%
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Table3.2. Percent of AUs with change in WHI decile in response to changes in WHI structure.
Only AUs with noizero WHI were tabulated. Number of AUs with rrmo WHI equals 1942.

Change in Index Struat

Include Remove Remove Remove
Change in Species Ecological Intrinsic Habitat
WHI Decile Status Integrity Potential Quality
-8 0.0 0.0 0.0 0.0
-7 0.1 0.0 0.0 0.0
-6 0.1 0.1 0.1 0.1
-5 0.1 0.1 0.3 0.2
-4 0.1 1.6 0.7 1.8
-3 0.1 6.0 0.8 6.1
2 0.3 11.6 3.8 11.2
-1 10.6 19.3 14.8 18.7
0 77.9 31.9 56.6 31.6
1 9.4 13.0 18.6 13.7
2 1.0 7.1 2.9 7.2
3 0.2 3.5 0.6 4.3
4 0.2 2.6 0.4 2.4
5 0.0 15 0.3 1.0
6 0.0 1.1 0.1 1.0
7 0.0 0.5 0.0 0.6
8 0.0 0.1 0.0 0.1

: Lower and Upper Bounds of Cl

WHI

Expected Value of WHI

Figure 3.13 Uncertainty of WHI values. Black points are expected value of WHI. Red and blue
points are lower and upper bounds of 90% confidence interval, respectively. That is, the bounds
contain 90% of WHI values generated in the uncertainty analysis. Gray @uresent 10% of

AUs wih widest confidence intervals.
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3.4 Discussion

We developed an index that quantifies the relative value of places for the conservation of native
freshwater animal species. The main application of this assessment is laplhusig, and land use
plans should use the results to direct residential development to places that will minimally impact lotic
habitats. The first places to develop or develop more densely are those AUs with the lowestsicores f
relative conservationalue (Figure 3.10)Rural development should be avoided in AUs at the highest
end of relative conservation value and occur first in AUs that have the lowest relative conservation
value.

Our assessment shows that relative conservation value or filased conservation priorities cannot be
O2y@SeSR o0& 2yS YI Lo ¢KS NBfFGABS @l tdzS 2F F LI} |
Glidz- €t AGeé 2N aljdzr yiAGeXé |yR GKSNBTF2NBI Al A& oAa
appropriae management of a place (i.e., AU) may depend on the roles it serves for the conservation of

lotic habitats: wetlands and floodplains, local salmonid habitats, effects on downstream habitats, or

some combination. Seventgercent of AUs had a moderate high value for at least one component of

the index, and therefore, warrant management that will at least maintain that level of relative

conservation value.

Our assessment highlights the challenges faced by county governments trying to conserve lotic habitats
and salmonid habitats, in particular. The assessment indicateatlaage proportion of almost every

WRIA hasnoderate to high relative value for soneemponent related to the conservation of lotic

habitats. Furthermore, our assessment shows that rural areas outside public lands have the highest
density of extant wetlands and undeveloped floodplains in the Puget Sound Basin (Figure 3.14). The
main reaons for this are that most wetlands in urban areas have been filled and public lands are mostly
confined to montane areas which have naturally low wetland density. This finding is not surprising and
probably well known by most county land use plannd@sir assessment also shows that a band of rural
lands between urban areas and the Cascades or Olympic mountains still have at least moderate
ecological integrity (Figure 3.15). Again, this finding is not surprising. Maintaining and enhancing
aqguatic ecolgical integrity in these rural areas may pose challenges for local governments. These two
results, based on two simple analyses, emphasize the value of private rural lands for the conservation of
lotic habitats.

Our conceptual model emphasiziengitudinal and lateralconnectivity. Upstreantongitudinal
connectivity was incorporated into ouwsiquatic ecological integrity index. Downstretongitudinal
connectivity was assessed with the downstream accumulative haliitdéx For landscapetominated
bé LJdzo f A &% publif Rrils), @ver orikird (36%) of the land area hadhigh scorex.8) for
downstreamaccumulatie habitats and over foufifths of the land area had at least a moderate score
0 X 1 inmther vords, as is already wekhown, public landsn the Puget Sound Basiffect substantial
amounts ofsalmond habitats through thdneadwatersflowing from them. The correlation between the
percent of public land in an AU and its downstream accumulative habitats score wagsrOcsftras,

the correlation between the percent of public land in an AU anbyitlogeomorphic features score was
-0.14. ForAUsdominated byLINR @I G S f I yRa 06X H mjparted@d4d) Hada high y Ra 0
d302NB O0xnadyy FT2N) KERANEHRB2VANIISA OG TBI WHeRSits I § Ra O2
indicatethat in many landscapes dominated by private lands lateral connectivity should be of primary
concern
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County governments have regulatory authority over land use on private lands in rural dteas.
allowed land uses designated through local government comprehensive plans and shoreline master
programs may be the most important actions affecting the health of lotic habitats. Maintaining
wetlands, floodplains, and ecological integrity in ruraleergvhile accommodating human population
growth will require sophisticated approaches to land use planning and residential development.
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Figure 3.14 Hydrogeomorphic features outside public lands. (A) The density of extant wetlands
and undeveloped floodplains. (B) Map A overlaid with public lands (dark gray). (C)The
distribution of hydrogeomorphic feature density for AUs with more than 75% priaats, and
(D)for AUs that are more than 75% public land. The distribution for private lands has a greater
proportion of AUs with hydrogeomorphic feature density above 20%. When public lands are
overlayed on the Map A most of the red and orange AUs avered and mostly green AUs

remain.
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Figure 3.15 Relative ecological Integrity outside public lands. Mahdws relative ecological
integrity for the entire Puget Sound Basin. Map B is Map A overlaid with public lands (dark
gray). Graph C is for AUs that are more than 80% public land. Graph D is the distribution of
ecological integrity values for all AUghess than 20% public land. Almost no AUs dominated
by private land have high ecological integrity (>0.80). However, many AUs dominated with by
private lands have moderate integrity (between 0.3 and 0.7) that should be maintained or
enhanced.

3.4.1. Caveats

The spatial extent of our assessment covers the entire Puget Sound Basin, however, we did separate
assessments for each of 18 WRIAs in the Bdsdex scores cammhbe compared across WRIASur
assessment in its current form does not enable Basde comparisons. Regional authorities should

keep that in mind when using this assessment. The assessment may be useful for establishing regional
priorities for the protection of rivers and glams, but be aware that comparisons are only valid within
WRIAs.

Our indices indicate the quality, amount, and richness of habitats for those particular species and
ALSOASEAQ fATS KAAG2NE OFNRARFYydGa FT2N gekmédK ¢S 0O2ff S
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agencies generally collect occurrence data for harvested spemes in particular, the harvested life
stages of those speciesn other words, we have reasonably accurate occurrence datdidt
salmonids but we lack accurate occurrence datahe juvenile life stages of salmonids afiod the
majority ofother animal species that inldt rivers and streams. Nevertheless explained above, we
believe that salmonids can effectively serve as umbrella species for all other species tbat|ceiy
habitat types. The umbrella species approach has one obvious shortcqQsimge species may be
limited by ecological factors not relevant to the umbrella species (Roberge and Angelstam 2004).
Hence, our indices may not be a comprehensive assassaf relative conservation value for all animal
species found in the rivers and streams of Puget Sound.

As stated above,wr data on salmonid species presence are based mostly on adult presence. Other life

stages are poorly represented in the data. Many coastal inlets are associated with small streams that do

not contain adult salmon species but may support juveniles (&nBg Skagit River System

Cooperative, pers. com.JThirty-F 2 dzNJ LISNOSy i 2F 2dzNJ ! ''&a | NB aO21 adl ¢
Puget Sound. Of these small AUs (mean size 1 square mile), 22% are unlikely to contain a stream, 25%
contain a stream knowrotbe inhabited by at least one salmonid species, and 51% contain a stream

that, according to our data, is not inhabited by salmonids. Some AUs in the third group of coastal AUs

may, in fat, support juvenile salmonids

3.4.2. Potential Improvements

Ourindices could be improved several ways. First and foremost, mote-dpte and accurate $h
occurrence data are needed, including occurrence data on juvenile salmdktiggesent, the

Northwest Indian Fisheries Commission and WDFW maintain separtaiastes for salmonid

freshwater occurrences. The formats and structures of the two databases are incompatible, however,
the two agencies are currently working together to merge their databases. We used the WDFW
database for this assessment. The merdathbase should be more comprehensive and accurate than
the separate databases. After the database merger is completed our freshwater assessment could be
redone.

The umbrella species approach was motivated, in part, by the lack of accurate occura¢aderther
freshwater species. WDFW should expand data collection beyond harvested fish species. More
occurrence data would also lead to increased understandings of the habitat associations of lamprey,
sculpin, dace, and sucker species that couldhberporated into future conservation assessments.

Second, we need models of salmonid habitat quality that can be applied regionally. Salmon will
always be a major driver of freshwater conservation in the Puget Sound Basin. Therefore, salmonid
habitatsmust be components of any freshwater habitat conservation assessment. We constructed
salmonid habitat models by combining IP models with an index of aquatic ecological integrity. IP
models and ecological integrity indices are based largely on expaibopi We relied on expert
opinion because we lacked empiricdiigsed statistical models for salmonid habitat quality.

Currently available models are watershspecific and exist for only a few WRIAs in Puget Sound
Basin. The use of expert judgment asuastitute for empirical information has been criticized
(Ruckelshaus et al. 2002), but we had no other practical alternative. Empibaadigl statistical

models that can be generalized to the entire Puget Sound Basin or to substantial portions of the
Basin should be a major focus of future research.

Third, we developed our own index of aquatic ecological integrity but there are many other
formulations of aquatic ecological integrity which may be better (e.g., Quigley et al. 2001, Mattson
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and Angermeie2007, Theobald et al. 2010). Validation of our ecological integrity index could be
done be comparing it to these other independently derived indices. All of these indices, including
ours, were based mainly on expert opinion, consequently, high coiwaelamong indices would, in
effect, constitute agreement amongst independent groups of experts. The aquatic ecological
integrity index might also be improved by developing an empiridslsed statistical model that
relates the composition of aquatic comumities (e.g., some combination of the metrics that
comprise currently available benthic madrwertebrate and fish IBIs) to various metrics of
landscapescale watershed condition

Further discussion of the assessments is provided in Part 5 of this report
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Part 4:
Marine Shoreline Habitats
Assessment
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4.1. Conceptual Model

A conceptual model issimplified representation of a complex system that emphasizes the
interrelationship of the major elements rather than the details of each elem&he conceptual model
forms the basis for the components and structure of the quantitative model

4.1.1. Conceptual Foundation

We begin with a conceptual model of ecosystems in which processes and stritintesct to

manifest functions (Figure 4.Goetz et al. 2004, Simenstad et al. 2006b). Maintaining both process and
structure is essential to the maintainitgalthynearshore ecosystems. The composition and

organization of biological communities in nearshore ecosystems is caused by processas save
SELR&adz2NB:X aSRAYSYy(G adzaLlSyarzyszr yR FTNBaKgl SN Ff 2
beach sediments, and salinity. The structure of nearshore ecosystems is both the consequence of and

an influence on the action of ecosystem preses (Goetz et al. 2004). For instance, beach topography is

the result of wave action but beach topography also influences wave action.

In this assessment we focus on a specific set of nearshore eegsfimctions: thehabitats for

nearshore flora anfauna (Figure 4.2). The habitat functions of nearshore ecosystems are highly
integrated and hierarchical. For example, the ecosystem function of h&thabitat depends in part

on the presence of a particular vegetative structure, eelgrasstéra maria), and the ecosystem

function of eelgrass habitat depends largely on the structure provided by beach sediments (Figure 4.3).

Figure 4.1 Ecosystem processes and structures interact to manifest ecosystem functions
such as the provision of habitat (Goetz et al. 2004).

Habitat Shaping Processes and Structures
Thedominantphysical process along the shorelines of Puget Sound is the moverimssdiments.
Sediment movement occurs within spatially distinct littodaft cells. Drift cells are comprised of

4 Other ecosystem conceptual models separate structure into strecmd composition. We consider
composition to be an attribute of structure.
% Scientific names of animals listed in Appendix E.
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Figure 4.2 Interaction of processes (blue ovals) and structures (brown ovals) produce
habitat functions (green oV¥g). Each species has different habitat requirements that are
met by different interactions among processes and structures.
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Figure 4.3 Hierarchical nature of ecosystem structurddabitats for herring and eelgrass
depend on the interaction of processes (blue oval) and structures (brown ovals). Eelgrass
depends on the structure provided by sediments and beach profile (i.e. topography).
Herring depend on the structure provided bglgrass. Hence, eelgrass represents both an
ecosystem function (i.e., a habitat function) and a structure.
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sediment sources, typically bluffs, where erosion provides sediment for beaches, sediment sinks, where
sand and gravel accumulate, and transp@dches where littoral drift corgcts sources to sinks (Figure

4.4). PugetSofiRQa & K2 NBf Ay S & difttNdsls viti2 ari bidage Brigth &f Bodilgsand

a maximum of length@miles.

Within drift cells, variation in wave exposure, seditheour@s, and local geomorphology creae
variety of shorefoms (Table D5), such as btbticked beachbarrier estuary, open coastal inleind
rocky shore (Shipman 2008ylany Huff-backed beaches are siatent sourcesbarrier beaches and
barrier estuaries are sediment sinkand all beaches playrale in sediment transport. Shoreforms
provide a variety of environmental settinf fish and wildlife habitats. tA finer spatial scale
ecosystem structureBave been mapped as shorezones (Berryle2@01). Shorezones classify
shorelines according tsediment type slope, and wave exposureefisuDethier 1990 and Howes et al.
1994)

Erosion

--

Beach Face

Low-tide terrace

~ “_-—
INTERTIDAL ZONE
BEACH

COASTAL ZONE_ 1 J
Figure4.4. The physical proces$ sediment movement within littoral drift celllongthe
shorelines of Puget Sourfffom Simenstad et al. 20@H

COASTLINE

Littoral drift is the dominant process for shaping and maintaining shoreline habit&istefore, in order
to fully assess the quality of shoreline habitatss integrity ofdrift cells musialso be assessed.
Ecological integrityhas been defined as the ability of an ecological system to support and maintain a
community of organisms that has species composition, diversity, and functional organization
comparable to those of natural habitatsthin a region (Parrish et &003). An ecological system has
integrity when its dominant ecologicaharacteristics (i.estructures, processes, and functigreccur
within their natural ranges of variation and can withstand and recover from most petioris imposed
by natural environmental dynamics or human disruptions.

Littoral drift is not the only ecosystem process affecting habitat functions along the shorelines of Puget
Sound. For instance, within the nearshore zone species may be direetiiedfby wave exposure, and
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just outside the nearshore, species are affected by upwelling currents. Structures in close proximity to
the nearshore zone may also influence habitat quality along shorelines. For instance, rocky reefs in
subtidal areas affédoraging habitat quality for whitevinged scoter and patches of large trees in

upland areas affect nesting habitat quality for great blue herons. Assessing the condition or presence of
the myriad structures and processes that affect habitats in the steae zone was beyond our

capability. Therefore, we assessed the quantity of habitat functions as indicated by the presence of
species.

Habitat Functions

A vital ecosystem function is the provision of habitdtkabitats are specific to each speciédthough
there is considerable overlap in the habitat characteristics of some speciesed.gea urchins and

green sea urchinghe full multidimensional characteristics of habitat are unique for every species and
sometimes unique to a particular polation of a species (Morrison et al. 1992). Dekavioral and

evolutionaryLINR OSaaSa GKIFG YFIYAFSad | aLlsSOASaQ KFEoAdllda

multiple factors when selecting habitat, exhibit a wide range of habitat preferences, resfiibently
to habitats with different qualities, and populations are adaptable to changing habitat conditions.
Hence, for many species ounderstanding ohabitatis simplistic, and consequently, our ability to
Y2 RSt & LJS O habitat@uality-obhkbitat fiirktdngs limited and replete with uncertainty.

Mapping speciespecific habitats is technically challenging, but mapping the presence of a species is not

(although is it fiscally challenging), and considerable expense has been invested in mapping the presence

of certain marine species, in particulagriiested and imperiled species. By definition, the presence of a

aLlsSoOASa SaidloftAaKSa (GKS LINBaSyoOS 2F GKFG aLlSOASaqQ

then that site is serving a habitat function. However, habitat quality cabaatetermined by species
presence alone, and the functions (e.g., breeding, rearing, resting) sentbdtbyabitat may not be
discernble through species presence. Furthermore, species absence does not establish the absence of
habitat; species absenceay be due to survey error, patterns of seasonal use, or declining population
size. Nevertheless, considering the dearth of spegpesific habitat models, the presence of a species

is our most reliable indicator of habitat.

Collection of empirical datby WDFW and other agencies on the locations of fish or wildlife species
generally focuses on imperiled or harvested species. For the vast majority of other speciesalsite
location data are based on incidental observations or incomplete survegse Hata have a high rate

of omission error, i.e., false negatives. For many vertebrate species comprehensive data on locations
are available as range maps (e.g., Wahl et al. 2005), but these can be highlyateatspatial scales

of about 4square miesor more.

4.1.2. A Model for Relative Conservation Value

h¥ GKS GKNBS KFEoAdlrd aaSaayvySyda O2yRdzOGSR F2NJ
Characterization Projecti SNNB & G NA I £ = T NB a K ¢ Ithe SsNIvildlifeyaRd heditatlh y S
data for marine shorelines are the most comprehensive and very likely the most accurate. This can be
attributed to the one-dimensional nature of shorelines atitkeir relatively small spatial extet H Zncy
miles of marine shoreline in Puget Sound complaieeover 50,000 miles of rivers astreams in Puget

Sound Basin.

Given the quality of the data, we believed an assessment based on the presence of species would
provide a credible indicator of conservation valughe overarching assumption thfat belief is that the
relative value of shorelingsr the conservation of fish and wildlife habitasspredominantly dunction
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