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Executive Summary  
 
Over the next two decades over 1 million additional people are expected to inhabit the Puget Sound 
Basin.  Thousands of acres of agricultural and timber lands will be converted to residential and 
commercial uses in order to accommodate this phenomenal growth.  In addition to providing valuable 
ŎƻƳƳƻŘƛǘƛŜǎ ǘƘŜǎŜ άǿƻǊƪƛƴƎ ƭŀƴŘǎέΣ ōƻǘƘ ŀƎǊƛcultural and timber lands, provide habitats for fish and 
wildlife.  Over the coming decades, choices regarding future growth, i.e., choices about where working 
lands can be converted to new residential development, will have significant effects on the health of 
many fish and wildlife populations in the Puget Sound Basin.   
 
To ensure the health and well-being 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 where agricultural and timber lands will be converted to 
new residential development.  To fully realize smart growth, comprehensive land use plans must be 
based on scientifically-credible information that indicates the most important areas for the conservation 
of fish and wildlife habitats ς areas where new development should be avoided.  Our purpose is to 
provide useful, scientifically-credible information for smart growth in the Puget Sound Basin.  Our task is 
to assess the relative value of places throughout the Basin for the conservation of fish and wildlife 
habitats.   
 
The Puget Sound Watershed Characterization is a set of spatially-explicit assessments that provide 
information for regional, county, and watershed-based planning.  It is a coarse-scale decision-support 
tool that should lead to better decisions regarding land use and more effective conservation of our 
ǊŜƎƛƻƴΩǎ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎΦ  ¢ƘŜ ŀǎǎŜǎǎƳŜƴǘǎ ŎƻǾŜǊ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ҍ ōƻǘƘ ǿŀǘŜǊ Ŧƭƻǿ ŀƴŘ ǿŀǘŜǊ ǉǳŀƭƛǘȅ 
ҍ ŀƴŘ ŦƛǎƘ ŀƴŘ ǿƛƭŘƭƛŦŜ Ƙŀōƛǘŀǘǎ ς in terrestrial, freshwater, and marine shoreline environments ς within 
the Puget Sound Basin.  The main products of the assessments are maps that show the relative value of 
small watersheds or marine shorelines throughout the Basin.  Relative value is expressed through 
quantitative indices which can be used to rank places within a water resource inventory area (WRIA) or a 
county.  The indices and the data used to calculate them are stored in a geographic database.  The 
Department of Ecology has led the assessments for water resources and the Department of Fish and 
Wildlife has led the assessments for habitats.  This volume describes the terrestrial, freshwater, and 
marine shoreline habitats assessments.  Refer to Stanley et al. (2011) for descriptions of the water flow 
and water quality assessments.  
 

Conceptual Foundations  
Our approach for assessing relative value is the calculation of indices.  An index reduces a complex, 
multi-dimensional system down to a single number.  The resulting simplification facilitates planning and 
policy making.  The Dow Jones Industrial Average, for example, is a stock market index that tracks the 
day-to-day progress of a highly complex economic system with only a single number that is recalculated 
each business day.  The Dow Jones is intended to provide a big-picture view of the industrial sector of 
the economy over time.  The Dow Jones cannot be used to judge the performance of any particular 
industry.  To gain a better understanding of how various industries have performed, one must examine 
the many components of the Dow Jones or look to other industry-specific information.  Likewise, our 
indices provide a big-picture view of relative conservation value over the landscape of 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 conservation of fish and wildlife habitats can be based on a variety 
of different factors: the presence of rare species or habitat-types, richness of species or habitat-types, 
the presence of imperiled species, umbrella species, species endemism, local abundances of particular 
species or habitat types, population viability, metrics of habitat quality, metrics of ecological integrity, or 
economic efficiency.  These factors quantify different aspects of value, and hence, a truly 
comprehensive index would include all of them, however, the available data preclude accurate 
estimates for most of them.  The challenge we faced was to develop an index of relative conservation 
value that respected the limitations imposed by the currently available spatial data but still served as a 
useful, credible indicator of relative value.  
 
Even with perfect spatial data for species occurrences and highly reliable models for habitat quality 
assessing the relative value of places for wildlife habitats would remain challenging because measures of 
conservation άǾŀƭǳŜέ ƻǊ άƛƳǇƻǊǘŀƴŎŜέ ŀǊŜ ƴƻǊƳŀǘƛǾŜΦ  ¢ƘŜǊŜ ƛǎ ƴƻ ǇǳǊŜƭȅ ƻōƧŜŎǘive conservation άǾŀƭǳŜέ 
ǘƘŀǘ Ŏŀƴ ōŜ ŜƳǇƛǊƛŎŀƭƭȅ ǾŀƭƛŘŀǘŜŘ ōŜŎŀǳǎŜ ŎƻƴǎŜǊǾŀǘƛƻƴ ǾŀƭǳŜ ƛǎ ōŀǎŜŘ ƻƴ ƻƴŜΩǎ ōŜƭƛŜŦ ŀōƻǳǘ ǿƘŀǘ ƛǎ 
valuable, and therefore, it is influenced by subjective personal values.  How various 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 indicate value 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 habitats in the Puget Sound Basin ς land use.  Prior to European settlement, the most 
important landscape-scale terrestrial process for creating and maintaining habitats in the Puget Sound 
Basin was fire, but over the past century wildfire has been effectively eliminated from the Puget Sound 
lowlands and Cascades foothills.  In the lower-elevation landscapes of the Basin, where city and county 
governments have jurisdiction over land use, the historical landscape-scale process no longer operates 
at a landscape scale.  The dominant large-scale disturbances are now those related to human land use 
which has created spatial gradients in landscape integrity.  
 
The main challenge we faced in the terrestrial habitats assessments was the limitations imposed by the 
currently available spatial data.  To compensatŜ ŦƻǊ ǘƘŜ ƭŀŎƪ ƻŦ Řŀǘŀ ǿŜ ǳǘƛƭƛȊŜŘ ŀ άŎƻŀǊǎŜ ŦƛƭǘŜǊ-fine 
ŦƛƭǘŜǊέ ŀǇǇǊƻŀŎƘΦ  Coarse-filter elements are usually habitat 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 those rare or imperiled species we believe will not be conserved by 
conserving habitat types alone.  Our coarse filter-fine filter approach was somewhat unconventional 
because the principle coarse filters were not habitat types; the coarse filter was landscape integrity 
within forest zones.  Our fine filter elements were certain priority species and habitat types.   
 
Relative conservation value was calculated in three stages.  First, open-space blocks were identified.  An 
open-space block is a contiguous area containing land uses ς such as commercial forest, agriculture, 
parks, and designated open-space ς that maintain natural or quasi-natural vegetation which serve as 
habitats for native wildlife.  Second, landscape integrity of the open-space blocks was assessed.  
Landscape integrity is the degree to which a landscape can support and maintain a biological community 
that has species composition, diversity, and functional organization comparable to those of natural 
landscapes in a region.  In the third stage landscape integrity of open-space blocks was combined with 
spatial data for priority species and oak-grassland habitat types.  The resulting product was an index of 
relative conservation value for assessment units (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 Seattle-Tacoma metropolis and a maximum in the 
large blocks of undeveloped forest land that begin in the foothills of the Cascades or Olympic 
Mountains.  In other words, at the landscape scale, relative conservation follows the classic urban-to-
wildland gradient.  In Pierce, King, and Snohomish counties that gradient runs roughly west-to-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 oak-grassland habitat types in and around Fort Lewis.    
 
The results depict a mixed suburban-ǊǳǊŀƭ άŘŜŎƛǎƛƻƴ ǎǇŀŎŜέ ǎŀƴŘǿƛŎƘŜŘ ōŜǘǿŜŜƴ ǘƘŜ ƭŀǊƎŜ ǳǊōŀƴ ŀǊŜŀǎ 
on Puget Sound and the relatively undeveloped foothills.  hǾŜǊ ǘƘŜ ŎƻƳƛƴƎ ŘŜŎŀŘŜǎ ŜŀŎƘ ŎƻǳƴǘȅΩǎ 
comprehensive plan will largely determine how much, where, and what kind of development will occur 
within that decision space.  
 

Freshwater Lotic Habitats Assessment  
Our freshwater habitats assessment focuses on ǘƘŜ ŘƻƳƛƴŀƴǘ ǇǊƻǇŜǊǘȅ ƻŦ ƭƻǘƛŎ ǎȅǎǘŜƳǎ ҍ ŎƻƴƴŜŎǘƛǾƛǘȅΦ  ! 
watershed is comprised of a network of connected channels that funnel materials ς predominantly, 
ǿŀǘŜǊΣ ǎŜŘƛƳŜƴǘΣ ŀƴŘ ǿƻƻŘ ҍ ŦǊƻƳ ǘƘŜ ǿŀǘŜǊǎƘŜŘΩǎ ƘŜŀŘǿŀǘŜǊǎ Řƻǿƴ ǘƻ ƛǘǎ ƳƻǳǘƘΦ  !ǎ ƳŀǘŜǊƛŀƭǎ ƳƻǾŜ 
downhill through the network they provide both the matter and energy for the processes that build, 
destroy, and rebuild aquatic habitats.  Habitat quality in stream reaches is determined by both local 
processes, such as hillslope runoff, bank erosion, channel scouring, and wood recruitment, and the same 
processes occurring remotely upstream.  The quality of habitats 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 of each AU and an assessment of habitats downstream of each AU.   
 
Over the past decade the dominant conservation issue for in the Puget Sound Basin has been salmon. 
Three salmon species in Puget Sound ς /ƘƛƴƻƻƪΣ ǎǘŜŜƭƘŜŀŘΣ ŀƴŘ ǎǳƳƳŜǊ ŎƘǳƳ ƛƴ IƻƻŘ /ŀƴŀƭ ҍ ŀǊŜ 
currently listed as threatened under the federal Endangered Species Act, and a fourth, coho, is a 
candidate for listing.  Consequently, the conservation of salmon 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.  The work done by lead entities serves a particular purpose, is highly attuned to local 
knowledge, and has involved local stakeholders.  Therefore, our assessment is not a substitute for the 
assessments and plans of the lead entities. 
 
While in-depth WRIA-level 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 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 data for 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 numerous other co-occurring 
species.  
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The AUs were the same as those in the terrestrial habitats assessment, and for each we calculated an 
index of relative conservation value.  The index had three components:  the density of hydro-
geomorphic features, local salmonid habitats, and the accumulative downstream habitats.  That is, the 
relative value of a small watershed is based on: (1) the density of wetlands and undeveloped floodplains 
inside it, (2) the quantity and quality of salmonid habitats inside it, and (3) the quantity and quality of 
salmonid habitats outside and downstream of it.  Quantity and quality of habitats were assessed for 
eight salmonid species.   
 
We examined relative conservation value from two perspectives that reflect a quantity versus quality 
dichotomy.  hƴŜ ǇŜǊǎǇŜŎǘƛǾŜ ƛǎ ǘƘŀǘ ŎƻƴǎŜǊǾŀǘƛƻƴ ǾŀƭǳŜ ƛǎ ōŜǎǘ ŘŜǘŜǊƳƛƴŜŘ ōȅ ŀ ǇƭŀŎŜΩǎ ǘƻǘŀƭ ŎƻƴǘǊƛōǳǘƛƻƴ 
to habitat conservation, i.e., the quantity a place contributes.  The other perspective is that value is best 
ŘŜǘŜǊƳƛƴŜŘ ōȅ ŀ ǇƭŀŎŜΩǎ ǎƛƴƎƭŜ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻƴǘǊƛōǳǘƛƻƴΣ ƛΦŜΦΣ ǘƘŜ ǉǳŀlity a place contributes.  The 
two perspectives result in different rankings of AUs.  Together these two perspectives revealed that only 
4% of AUs obtained high relative scores for all three index components but about 50% of AUs obtained 
high relative scores for at least 1 component.  An additional 25% of AUs obtained moderate scores for at 
least one component.  Hence, seventy-five percent of AUs in a typical WRIA obtain moderate to high 
relative scores for at least one component of the index because in a typical WRIA salmonid habitats are 
ubiquitous and salmonid habitats are physically connected to upstream conditions.  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, the marine shoreline assessment had 
comprehensive, reasonably accurate occurrence data for variety of animals and plants.  Given the 
quality of data for the shorelines of Puget Sound, we believed an assessment based on the presence and 
density of species would provide a credible indicator of relative conservation value.  The overarching 
assumption of our approach was that the relative value of shorelines for the conservation of fish and 
wildlife habitats is mostly a function of the presence and density of species for which we collect 
occurrence data.  In 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. threatened or endangered 
species), or 3) we are concerned about the management of those species (e.g., species highly sensitive 
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 conservation of fish and wildlife habitats.  
 
The assessment units for marine shoreline habitats were small shoreline reaches with an average length 
of 0.24 miles, and for each we calculated an index of relative conservation value.  The index had 41 
components which included eight shellfish1 species or species groups of commercial/recreational 
interest, urchins, three forage fish species, eight salmonid species, numerous bird species, pinnipeds, 
kelp, eelgrass, surfgrass, and wetlands.    
 
Like the freshwater habitats assessment, we examined relative conservation value from two 
perspectives that reflect a quantity versus quality dichotomy.   Also like the freshwater habitats 
assessment, these two perspectives showed that while very few shorelines scored high for all 
components, a over half of all shorelines scored moderate to high for at least one component.  This has 
ǎŜǊƛƻǳǎ ƛƳǇƭƛŎŀǘƛƻƴǎ ǳƴŘŜǊ ²ŀǎƘƛƴƎǘƻƴΩǎ {ƘƻǊŜƭƛƴŜ aŀƴŀƎŜƳŜƴǘ !Ŏǘ όw/² флΦруύΦ  ¢ƘŜ ƎƻǾŜǊƴƛƴƎ 
principles (WAC 173-26-186) of the shoreline guidelines (WAC 173-26-176) established under the SMA 

                                                           
1
  Shellfish includes both mollusks, such as butter clam, and crustaceans, such as Dungeness crab. 
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ǎǘŀǘŜΣ άLocal [shoreline] master programs shall include policies and regulations designed to achieve no 
net loss of those ecological functionsΦέ  !ƴȅ ǎƘƻǊŜƭƛƴŜ ǎŜƎƳŜƴǘ ǿƛǘƘ ŎƻƳǇƻǎƛǘŜ ƛƴŘŜȄ ǎŎƻǊŜ ƎǊŜŀǘŜǊ ǘƘŀƴ 
zero contains or is in close proximity to at least one ecological function, namely, a habitat function.  
Local jurisdictions must address the protection of habitat functions, and as the data show, habitat 
functions occur nearly everywhere along the shoreline of Puget 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 assessment does not 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 support vital commercial 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 
done by the Puget Sound Nearshore Ecosystem Restoration Project (PSNERP).   Our index of relative 
ŎƻƴǎŜǊǾŀǘƛƻƴ ǾŀƭǳŜ ƛǎ ōŀǎŜŘ ƻƴ Ƙŀōƛǘŀǘ ŦǳƴŎǘƛƻƴǎΦ  t{b9wtΩǎ ŀǎǎŜǎǎƳŜƴǘǎ ŜƳǇƘŀǎƛȊŜ ŜŎƻǎȅǎǘŜƳ 
processes and structures.  Habitat functions are dependent upon ecosystem processes and structures.  
Therefore, integration of these complementary assessments will provide a more comprehensive 
understanding with which to make management decisions affecting nearshore ecosystems. 
 

Using the Terrestrial, Freshwater, and Marine Shoreline Assessment  
The main application of these assessments is to guide local land use zoning that occurs at the scale of 
100s to 1000s of acres.  County governments should use the results of the terrestrial and freshwater 
assessments to direct expansion of urban growth areas or new residential development to places that 
will minimally impact fish and wildlife habitats.  The first areas to develop or develop more densely are 
those places (i.e., AUs) at the lowest end of relative conservation value.  New development should be 
avoided in places at the highest end of conservation value.  When directing new development toward 
lower value places, local jurisdictions should institute policies and regulations that protect the functions 
and values of critical areas.  
 
The results of the marine shoreline habitats assessment should be used to guide the designation of 
shoreline land use zones that will achieve no net loss of the habitat functions that currently exist along 
shorelines.  The marine shoreline assessment can also help prioritize shoreline restoration within 
oceanographic sub-basins.   
 
The results of our terrestrial, freshwater, and marine shoreline habitat assessments constitute a subset 
of information that should be considered by county and city governments for land use planning.  Our 
assessments should be complemented with other information such as that provided by Salmon 
Recovery Lead Entities, the Puget Sound Nearshore Ecosystem Restoration Project, 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 guidance to effect this integration.  To assist local governments overcome this challenge, 
WDFW and Ecology have formed a watershed characterization technical assistance team (WCTAT) 
consisting of state agency scientists with expertise in wildlife biology, fish biology, wetlands, hydrology, 
geomorphology, and modeling.  
 

Caveats 
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When using the habitat assessments keep in mind the following limitations.  First, our assessments are 
landscape-scale assessments, and consequently, do not address habitat issues that are best addressed 
through finer-scale studies.  Finer-scale or site-level actions, such as critical area ordinances that protect 
nest sites, riparian areas, or wetlands, will remain essential to the success of local habitat conservation 
efforts.  We did our assessments with the expectation that finer-scale studies will be done by local 
governments as the need arises.  When developing land use plans, city and county governments should 
evaluate the need for finer-scale information and collect it where needed.   
 
Second, our indices of relative conservation value are not comprehensive.  The assessments are not 
comprehensive in three respects.  First, the assessments did not explicitly include all species because we 
lack reasonably accurate occurrence data or habitat models for most species, even for most priority 
species ǎǳŎƘ ŀǎ YŜŜƴΩǎ ƳȅƻǘƛǎΣ ǇƛƭŜŀǘŜŘ ǿƻƻŘǇŜŎƪŜǊΣ ōŀƴŘ-tailed pigeon, western toad, and Pacific 
lamprey.  Second, the assessments did not fully address habitat connectivity because it has been or will 
be addressed through other assessments, as explained below.  Third, we narrowed the spatial extent of 
the terrestrial and freshwater assessments to areas that fall under the jurisdiction of city and county 
land use plans.  That is, we did not address species or habitats that are mostly confined to higher 
elevations (>2000 ft) on public lands. 
 
In the terrestrial and freshwater assessments, however, we did implicitly address nearly all species.  In 
the terrestrial assessment, relative conservation value was mainly a function of landscape integrity.  The 
presence of PHS habitats was also an important factor but because of their relatively small spatial 
extent, PHS habitats were much less influential on relative conservation value than landscape integrity.  
Basing conservation value on landscape integrity was essentially a coarse-filter approach which assumes 
that areas with high landscape integrity will provide high quality habitat for the majority of wildlife 
species.  In the freshwater assessment, conservation value was based largely on the quantity and quality 
of salmonid habitats.  This was effectively an umbrella-species approach which assumes that areas 
protected for salmonid habitats will also protect habitats for the majority of other 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 
components can serve as adequate surrogates for the majority of species in marine shoreline habitats of 
Puget Sound.   However, the available occurrence data were biased towards harvested species.  
Therefore, the marine assessment might be better characterized as an ecosystem services approach in 
which habitats are ecosystem functions that support the ecosystem service of food provision.   
 
Because of the assumptions and simplifications we made, the terrestrial, freshwater, and marine 
shoreline assessments may not adequately address the particular habitat needs of rare or imperiled (i.e., 
state or federally listed) species or species highly susceptible to human disturbance.  If rare or imperiled 
species inhabit a local jurisdiction, then the special needs of such species should be specifically 
addressed in local land use plans.  
 
Third, one particularly important aspect of biodiversity conservation which we did not adequately 
address was connectivity.   Landscape integrity in the terrestrial assessment incorporated factors which 
address habitat connectivity but only obliquely.  More detailed assessments on habitat connectivity may 
be necessary.  Connections between habitat patches can be provided by smaller-scale features such as 
riparian corridors that are best delineated through finer-scale assessments.  State-wide connectivity has 
been addressed by the Washington Wildlife Habitat Connectivity Working Group (WHCWG 2010).  The 
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results of the WHCWG assessment should be incorporated into regional land use planning.  Upstream 
and downstream relationships within the stream network were foundational to the freshwater 
assessment, however, that assessment did not explicitly include artificial barriers to fish passage.  The 
freshwater assessment addressed stream connectivity indirectly through occurrence data that 
documented the presence of andromous salmonids and expert judgments about which streams could 
support anadromous fish when artificial barriers are removed.   
 
Along marine shorelines the main connectivity issue is the movement of sediments within littoral drift 
cells.  Maintaining process connectivity within drift cells has been the focus of PSNERP.  Integrating our 
marine shoreline assessment with PSNERPs assessments of drift cells will help local governments 
prioritize shorelines for protection and restoration of connectivity.  
 
FourthΣ ǘƘŜǊŜ ƛǎ ƴƻ ǇǳǊŜƭȅ ƻōƧŜŎǘƛǾŜ άŎƻƴǎŜǊǾŀǘƛƻƴ ǾŀƭǳŜέ ǘƘŀǘ Ŏŀƴ ōŜ ŜƳǇƛǊƛŎŀƭƭȅ ǾŀƭƛŘŀǘŜŘΦ  ά±ŀƭǳŜέ ƛǎ 
ōŀǎŜŘ ƻƴ ƻƴŜΩǎ ōŜƭƛŜŦ ŀōƻǳǘ ǿƘŀǘ ƛǎ ǾŀƭǳŀōƭŜΣ ŀƴŘ ǘƘŜǊŜŦƻǊŜΣ ǎǳōƧŜŎǘƛǾŜΦ  CǳǊǘƘŜǊƳore, there is a wide 
variety of potential credible models of conservation value that could have been constructed for this 
assessment.  Our models of habitat conservation value for the three assessments were based on a 
number of subjective judgments for which there was uncertainty: which factors to include, their relative 
influence, and how to assemble them.  Through numerous meetings with experts and intensive peer 
review we believe we have developed useful, scientifically credible indices of relative conservation 
value.  
 
Lastly, as data, technology, and knowledge improves over time better assessments will emerge.  Other 
initiatives will reassess habitats in the Puget Sound Basin.  For Instance, the Western Governors 
Association has initiated a project to iŘŜƴǘƛŦȅ άŎǊǳŎƛŀƭ Ƙŀōƛǘŀǘǎέ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǿŜǎǘŜǊƴ ǎǘŀǘŜǎ ό²D²/ 
2011).  WDFW is participating in that initiative, and tƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǿŜǎǘŜǊƴ ƎƻǾŜǊƴƻǊǎΩ ŀǎǎŜǎǎƳŜƴǘ 
could supplement or supplant our terrestrial or freshwater assessments. 
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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 phenomenal growth.  In addition to providing 
ǾŀƭǳŀōƭŜ ŎƻƳƳƻŘƛǘƛŜǎ ǘƘŜǎŜ άǿƻǊƪƛƴƎ ƭŀƴŘǎέΣ ōƻǘƘ ŀƎǊƛŎǳƭǘǳǊŀƭ ŀƴŘ ǘƛƳōŜǊ ƭŀƴŘǎ, provide habitats for 
wildlife.  To ensure the health and well-being 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.  Natural resources include fish and wildlife.  In general, conversion of 
agricultural and timber lands to residential or commercial uses adversely impacts landscape integrity 
and the composition of native biotic communities (Hansen et al. 2005, Azerrad et al. 2009).  Effective 
ƭŀƴŘ ǳǎŜ ȊƻƴƛƴƎ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ άǎƳŀǊǘέ ƎǊƻǿǘƘ (Daniels 2001, Alexander and Tomalty 2002) that minimizes 
the loss and degradation of fish and wildlife habitats.  Furthermore, city and county governments are 
ƛƴǎǘƛǘǳǘƛƴƎ ƛƴƴƻǾŀǘƛǾŜ ǘǊŀƴǎŦŜǊ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘ ǊƛƎƘǘǎ ǇǊƻƎǊŀƳǎ ό¢5wǎύ ǿƘƛŎƘ ŀƭǎƻ ŜǎǘŀōƭƛǎƘ ȊƻƴŜǎ ҍ 
receiving and sending areas.  Receiving areas are places already impacted by development where new 
development should be concentrated and sending areas are places with very little development where 
working lands and natural resources should be conserved.  To fully realize smart growth, comprehensive 
land use plans must be based on scientifically-credible information that indicates the most important 
places for the conservation of fish and wildlife habitats ς places where development should be avoided.  
Our purpose is to provide useful, scientifically-credible information for smarter growth in the Puget 
Sound Basin.  Our task is to assess the relative value of places throughout the Basin for the conservation 
of fish and wildlife habitats.   
 
The Puget Sound Watershed Characterization Project is a set of spatially explicit assessments that 
provide information for regional, county, and watershed-based planning.  It is a coarse-scale decision-
support tool that should lead to better decisions regarding land use and more effective conservation of 
the ǊŜƎƛƻƴΩǎ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎΦ  ¢ƘŜ ŀǎǎessments cover ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ҍ ōƻǘƘ ǿŀǘŜǊ Ŧƭƻǿ ŀƴŘ ǿŀǘŜǊ 
ǉǳŀƭƛǘȅ ҍ ŀƴŘ ŦƛǎƘ ŀƴŘ ǿƛƭŘƭƛŦŜ Ƙŀōƛǘŀǘǎ ς in terrestrial, freshwater, and marine shoreline environments ς 
within the entire Puget Sound Basin.  The Department of Ecology is leading the assessments for water 
resources and the Department of Fish and Wildlife is leading the assessments for habitats.  This volume 
describes the terrestrial, freshwater, and marine shoreline habitats assessments.  Refer to Stanley et al. 
(2011) for descriptions of the water flow and water quality assessments.  
 
The assessments provide a regional perspective on the relative value of small watersheds (average size 
4.7 square miles) and marine shorelines for the conservation of water resources and habitats.  The 
ŀǎǎŜǎǎƳŜƴǘǎΩ primary products are maps that show the relative value of these small watersheds 
(hereafter referred to as assessment units or AUs) or marine shorelines.  Their relative values are 
expressed through quantitative indices that can be used to rank AUs within a county or a water 
resources inventory area (WRIA).  The indices and the data used to calculate the indices are stored in a 
geographic database.  The targeted users of the assessments are land use planners of city or county 
governments.  
 
Because of differences in spatial dimensions, spatial scale, data quality, and ecosystem-level processes 
the fish and wildlife assessment was broken into three separate assessments: terrestrial, freshwater, 
and marine shoreline.  Parts 2, 3, and 4 of this report describe the terrestrial, freshwater, and marine 
shoreline assessments, respectively.   
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1.1.1.  Relationship to Other Assessments  
The Puget Sound Watershed Characterization Project is one of many spatially-explicit assessments 
covering the Puget Sound Basin that have identified, prioritized, ranked, or scored places based on their 
conservation value.  Every one of these assessments served a unique purpose and was conducted in a 
unique way.  For example, prior to the Puget Sound Watershed Characterization Project, WDFW and The 
Nature Conservancy (TNC) completed nine ecoregional assessments covering all of Washington State.  
Four of these ecoregional assessments overlap parts of the Puget Sound Basin (Floberg et al. 2004, 
Iachetti et al. 2006, Vander Schaaf eǘ ŀƭΦ нллсΣ tƻǇǇŜǊ Ŝǘ ŀƭΦ нллтύΣ ōǳǘ ǘƘŜȅ ŀǊŜƴΩǘ ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ ƭƻŎŀƭ 
ƭŀƴŘ ǳǎŜ ǇƭŀƴƴƛƴƎ ōŜŎŀǳǎŜΥ мύ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘǎΩ Ƴŀƛƴ ǇǳǊǇƻǎŜ was to identify an efficient, fixed set of 
places to be targeted for conservation action; and 2) the ecoregions were assessed as independent 
entities, and consequently, their separate results are incompatible and cannot be merged into a single 
unified assessment for the Basin.  Furthermore, the 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 across their entire 
jurisdiction.   
 

Another Assessment for Lotic Freshwater Habitats? 
Over the past decade the dominant conservation issue for in the Puget Sound Basin has been salmon. 
Three salmon species in Puget Sound ς Chinook, steelhead, and summer chum iƴ IƻƻŘ /ŀƴŀƭ ҍ are 
currently listed as threatened under the federal Endangered Species Act, and a fourth, coho, is a 
candidate for listing2.  Consequently, the conservation of salmon and their habitats has garnered 
considerable attention and has manifested a number of assessments or plans.  For instance, The Trust 
for Public Land (TPL) and TNC did their own assessments in 2000 and 2006, respectively (Frissell et al. 
нлллΣ {ƪƛŘƳƻǊŜ нллсύΦ  ¢t[Ωǎ ŀǎǎŜǎǎƳŜƴǘ ƛŘŜƴǘƛŦƛŜŘ ƛƳǇƻǊǘŀƴǘ ǇƭŀŎŜǎ ŦƻǊ ǘƘŜ ŎƻƴǎŜǊǾŀǘƛƻƴ ƻŦ salmon and 
¢b/Ωǎ ƛŘŜƴǘƛŦƛŜŘ ƛƳǇƻǊǘŀƴǘ ǇƭŀŎŜǎ ŦƻǊ ŀƭƭ ŦǊŜǎƘǿŀǘŜǊ ōƛƻŘƛǾŜǊǎƛǘȅΦ  ¢ƘŜǎŜ ǘǿƻ ŀǎǎŜǎǎƳŜƴǘǎ ǎŜǊǾŜŘ ǎǇŜŎƛŦƛŎ 
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 assessments to support their recovery 
plans for Chinook and steelhead (e.g., East Kitsap 2004, Pierce County 2004, Snohomish County 2005). 
The work done by lead entities serves a particular purpose, is highly attuned to local knowledge, and has 
involved local stakeholders, and therefore, our assessment is not a substitute for the assessments and 
Ǉƭŀƴǎ ƻŦ ǘƘŜ ƭŜŀŘ ŜƴǘƛǘƛŜǎΦ  CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ƭŜŀŘ ŜƴǘƛǘƛŜǎΩ ŀǎǎŜǎǎƳŜƴǘǎ ŀƴŘ Ǉƭŀƴǎ ƎŜƴŜǊŀƭƭȅ ŦƻŎǳǎŜŘ ƻƴ 
habitat restoration; our habitat assessments do not address the relative value of places for restoration.  
 
Our freshwater assessment is needed for several reasons.  First, the assessments done by Salmon 
Recovery Lead Entities focused on listed species: Chinook, steelhead, and in some WRIAs, chum or bull 
trout.  Our assessment incorporates all salmonids.  Second, the lead entities mainly focused on 
identifying sites for habitat restoration projects, and nearly all restoration sites were in or adjacent to 
waǘŜǊ ōƻŘƛŜǎΦ  aƻǎǘ ŀǎǎŜǎǎƳŜƴǘǎ ŘƻƴŜ ōȅ ǘƘŜ ƭŜŀŘ ŜƴǘƛǘƛŜǎΩ ƴŜƎƭŜŎǘŜŘ ǘƻ ǇǊƻǾƛŘŜ ƭŀƴŘǎŎŀǇŜ-level 
information such as identifying areas in their watersheds where future residential or commercial 
development would have the greatest adverse impacts on salmonid habitats.  Our assessment does 
that.  Third, the Department of Ecology has completed Basin-wide assessments for water resources in 
which they assigned values of relative importance to AUs.  Integrating the water resources assessments 

                                                           
2
 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.    
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with the fish and wildlife habitat assessments will create a multi-resource depiction of the most 
important AUs in the Basin.  The terrestrial and freshwater habitat assessments utilize the same spatial 
units created for the water flow and water quality assessments in order to facilitate a seamless 
integration of all four assessments.  Finally, the assessment methods employed by lead entities were 
different for every lead entity.  Therefore, the results of the lead entity assessments are not comparable.  
Our assessment method is applied 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) was formally initiated as a general 
investigation feasibility study in September 2001, through a cost-share agreement between the U.S. 
Army Corps of Engineers and the State of Washington, represented by the Washington Department of 
Fish and Wildlife (WDFW).  PSNERP has completed a feasibility study to assess ecosystem degradation in 
the Puget Sound Basin; to formulate, evaluate, and screen potential solutions to ecosystem degradation; 
and to recommend a series of actions (Cereghino et al. 2012).  
 
The habitat assessments conducted by WDFW for the Puget Sound Watershed Characterization Project 
were initiated in 2010.  In 2011 PSNERP and the authors of this report recognized that each group was 
assessing complementary aspects of nearshore ecosystems.  Our index of relative conservation value is 
based oƴ Ƙŀōƛǘŀǘ ŦǳƴŎǘƛƻƴǎΦ  t{b9wtΩǎ ŀǎǎŜǎǎƳŜƴǘǎ ŜƳǇƘŀǎƛȊŜ ŜŎƻǎȅǎǘŜƳ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ǎǘǊǳŎǘǳǊŜǎΦ  
Habitat functions are dependent upon properties of ecosystem processes and structures.  Therefore, 
integration of these complementary assessments will provide a more comprehensive 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 Restoration Project (PSNERP). 
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1.2 Philosophical and Methodological Foundations  
 
Our task was to assess the relative value of places for the conservation of fish and wildlife habitats.  Our 
approach for assessing relative value was the calculation of indices.  An index reduces a complex, multi-
dimensional system down to a single number.  The resulting simplification facilitates planning and policy 
making.  The Dow Jones Industrial Average, for example, is a stock market index that tracks the day-to-
day progress of a highly complex economic system with a single number that is recalculated each 
business day.  The Dow Jones is intended to provide a big-picture view of the industrial sector of the 
economy over time.  The Dow Jones cannot be used to judge the performance of any particular industry.  
To gain a better understanding of how various industries have performed, one must examine the many 
components of the Dow Jones or refer to other industry-specific information.  Likewise, our indices 
provide a big-picture view of relative conservation value over the landscape within an entire county or 
water resource inventory area (WRIA).  Summary indices such as ours cannot be used to understand the 
status of particular species or habitats or to design site-level projects.   Our indices may even mask some 
important aspects of conservation value, but when interpreted properly, the indices can facilitate better 
decisions regarding habitat protection and land use (Failing and Gregory 2003).    
 
Certain places in a region are readily identified as valuable or even irreplaceable because they contain 
rare habitat-types, imperiled species, or abundant wildlife.  For instance, in the Puget Trough Ecoregion, 
the prairies on Fort Lewis, the tidelands at the Nisqually River delta, the waterfowl over-wintering areas 
of the Skagit River delta, Protection Island with its dense colonies of breeding birds, and the Elwha River 
are universally recognized by biologists as crucial places for habitat conservation.  The value of such 
places is obvious and absolute ς experts are certain that these places should be protected or restored 
for their ecological values.  Most other places lack rare habitats, imperiled species, or abundant wildlife.  
Such places may have value for the conservation of fish and wildlife habitats, but they lack those 
ǉǳŀƭƛǘƛŜǎ ǘƘŀǘ ǿƻǳƭŘ ƳŀƪŜ ǘƘŜƛǊ ǇǊƻǘŜŎǘƛƻƴ ƛƴŘƛǎǇǳǘŀōƭŜΦ  ¢ƘŜ ǾŀƭǳŜ ƻŦ ǇƭŀŎŜǎ ǿƛǘƘ άŎƻƳƳƻƴέ Ƙŀōƛǘŀǘǎ 
can be assessed but only in a relative sense, and decisions regarding their protection must be based on 
relative value.  Hence, for the multitude of places that contain only common species or 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 more or less valuable for wildlife habitat than site 
B, and therefore, site A should be a higher or lower priority for habitat protection than site B.   
 
The relative value of a place for the conservation of fish and wildlife habitats can be based on a variety 
of different factors: the presence of rare species or habitat-types (Prendergast et al. 1993, Kerr 1997), 
richness of species or habitat-types (Williams et al. 1996), the presence of imperiled species (i.e., listed 
as threatened or endangered), habitat for umbrella species (Poiani et al. 2001), species endemism 
(Orme et al. 2005), local abundances of particular species or habitat types (Winston and Angermeier 
1995, Pearce and Ferrier 2001), metrics of habitat quality (Root et al. 2003), metrics of ecological 
integrity (Andreasen et al. 2001), or through optimization algorithms (Wilhere et al. 2008).  These 
factors quantify different aspects of value, and hence, a truly comprehensive assessment would include 
all of them, however, the available data preclude accurate estimates for most of them.   
 

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 majority of other wildlife species, site-scale 
location data are based on incidental observations, incomplete surveys, or are out of date.  
CǳǊǘƘŜǊƳƻǊŜΣ Řŀǘŀ ŀŎŎǳǊŀŎȅ ǘŜƴŘǎ ǘƻ ōŜ ŀ ŦǳƴŎǘƛƻƴ ƻŦ ŀ ǎǇŜŎƛŜǎΩ ǎƛƎƘǘŀōƛƭƛǘȅ ς location data for highly 
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visible species (e.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 on fish and wildlife locations are available as range maps (e.g., Johnson and 
Cassidy 1997, Wydoski and Whitney 2003) but these can be highly inaccurate at spatial resolutions of 
about 4 square miles or more.  For the locations of habitat types, satisfactory empirical data are 
available for rare or imperiled habitats types, such as oak woodlands and prairies.  Location data for 
other habitat types is available as land cover maps derived from satellite remotely-sensed images.  
These land cover data tend to have either low classification accuracy (e.g., 35 % error for ecological 
systems in western Washington [Sanborn 2007]) or low thematic precision, i.e., a small number of land 
cover categories.  Both shortcomings preclude an accurate mapping of habitat types, species-specific 
habitats, or habitat quality.   
 
Even with perfect spatial data for species occurrences and highly reliable models for habitat quality 
assessing the relative value of places for wildlife habitats would remain challenging because measures of 
άǾŀƭǳŜέ ƻǊ άƛƳǇƻǊǘŀƴŎŜέ ŀǊŜ normative (Turnhout et al. 2007).  There is nƻ ǇǳǊŜƭȅ ƻōƧŜŎǘƛǾŜ άǾŀƭǳŜέ ǘƘŀǘ 
can be empirically validated because ŎƻƴǎŜǊǾŀǘƛƻƴ ǾŀƭǳŜ ƛǎ ōŀǎŜŘ ƻƴ ƻƴŜΩǎ ōŜƭƛŜŦ ŀōƻǳǘ ǿƘŀǘ ƛǎ ǾŀƭǳŀōƭŜΣ 
and therefore, it is influenced by subjective personal values.  For example, people will answer the 
following question differently (Figure 1.1): 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 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 indicate value and on the relative influence of those factors.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.1.  The normative challenge of determining relative value of places for fish and wildlife 
habitat conservation.  Bars 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 then site C.  If protecting commercially valuable species is a priority then site B.  If all 
factors are considered equally then D is the most valuable.   

 
 
In summary, practical measures of conservation value are constrained by the types, quantity, and 
quality of ŀǾŀƛƭŀōƭŜ ŘŀǘŀΦ  CǳǊǘƘŜǊƳƻǊŜΣ άŎƻƴǎŜǊǾŀǘƛƻƴ ǾŀƭǳŜέ ƛǎ ƴƻǘ ŘŜǎŎǊƛǇtive, it is normative, and 
hence, transparency regarding normative judgments is essential.  The challenge we faced was to 
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develop an assessment that respected the limitations imposed by the currently available spatial data but 
still served as a useful, credible indicator of relative conservation value.  
 

1.2.1.  Designing an Index of Relative Conservation Value  
An index ƻŦ ǇƭŀŎŜǎΩ ǊŜƭŀǘƛǾŜ ŎƻƴǎŜǊǾŀǘƛƻƴ ǾŀƭǳŜ ŦƻǊ fish and wildlife habitats must necessarily be 
subjective.  In effect, the index is a model of our beliefs about what makes different places relatively 
more or less valuable for habitat conservation.  Various data can be assembled multiple different ways 
to yield a variety of potential models (Niemeijer 2002).  The range of potential models will be narrowed 
by the types, quantity, and quality of available data and by the intended application of the index (Figure 
1.2).  Some potential models can be eliminated because we lack the data or data of sufficient quality 
needed to implement them.  Understanding the scope and spatial scale of the intended application 
should lead to models with the minimum scope at the proper scale.  An assessment should cover the 
ƴŀǊǊƻǿŜǎǘ ǎŎƻǇŜ ǘƘŀǘ ǎǘƛƭƭ ƳŜŜǘǎ ŀ ŎƭƛŜƴǘΩǎ ƴŜŜŘǎ ōŜŎŀǳǎŜ ŀǎ ǎŎƻǇŜ ƛƴŎǊŜŀǎŜǎ ōoth complexity and 
ecological variation increase.  Increasing complexity increases epistemic uncertainty, which arises from 
our lack of knowledge, and increasing ecological variation increases aleatory uncertainty, which is due to 
the intrinsic randomness of natural systems.  In short, as the scope of an assessment increases our 
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 lands.  Our principal clients, i.e., local governments, want an assessment 
that informs land use planning.  Nearly all land use planning done by local governments affect only 
private lands.  Private lands comprise about 50% of the land area in Puget Sound Basin.  An assessment 
that encompassed both private and public lands would be more complex than an assessment that 
covers only private lands because ecological systems, land use, management practices, and the 
consequent habitats on public lands tend to be quite different than those on private lands.  Narrowing 
the scope to private lands facilitates development of simpler models having less uncertainty because 
focusing on private lands allowed us to ignore the habitat types and wildlife species that reside 
predominantly on public lands (e.g., mountain hemlock forest, mountain goat, Olympic marmots), and 
therefore, not significantly affected by local land use decisions.  However, the influence of public 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 identical private forests distant from large blocks of public forest.   
 
! ƳƻŘŜƭΩǎ ǎǇŀǘƛŀƭ ǎŎŀƭŜ ǎƘƻǳƭŘ ƳŀǘŎƘ ǘƘŜ ǎŎŀƭŜ ƻŦ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎΦ  {Ǉŀǘƛŀƭ ǎŎŀƭŜ Ƙŀǎ ǘǿƻ ŎƻƳǇƻƴŜƴǘǎ 
extent and grain.  Extent is the entire area affected by a decision.  Grain is the average size of places 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 assessment increases ecological variation may also increase, and hence, 
uncertainty.  Assessments done at a coarser grain than decision making may have little value to decision 
makers.  For instance, if decisions are to be made about 10-acre parcels, then an assessment based on 
5,000-acre watersheds is of little use.  An assessment done with too fine a grain can often be translated 
to a coarser grain but there are potential problems with many finer-grained data.  For instance, higher 
resolution land cover data sometimes have unknown or low classification accuracy (e.g., 35 % error for 
ecological systems in western Washington [Sanborn 2007]).  The spatial grain for the terrestrial habitats 
assessment is the AUs, which are small catchments roughly 1 to 10 square miles in size (640 to 6400 
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 site-level decisions but the scale of our AUs does not match that smaller 
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 number of potential models will be reduced by the availability and quality of the 
data needed for each model, but there may still be a wide variety of candidate models.  A subset of 
reasonable candidate models can be further reduced through the principle of parsimony.  For our 
purposes, parsimony means that the number of factors incorporated into the model should be the 
smallest number that adequately represents the conservation value of a place.  In some respects 
selecting factors to incorporate into our model is similar to selecting independent variables in a 
regression model.  The factors should (1) have a significant influence on relative conservation value, and 
(2) have low correlation with other factors included 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 no established statistical methodology with which to guide our 
construction of the best model.  We could not test which factors (i.e., independent variables) have a 
άsignificantέ influence on relative conservation value or estimate multi-collinearity amongst factors.  
Hence, the selection of factors was based on best professional judgment.  Our model of relative 
conservation value was based on a number of subjective judgments for which there was uncertainty: 
which factors to include, the relative influence each factor should have on conservation value, and how 
to assemble the factors.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.2.  Conceptual model for the design of our fish and wildlife habitat assessments.  There 
are many ways to assess conservation άvalueέ ƻǊ άƛƳǇƻǊǘŀƴŎŜέ of places for fish and wildlife 
habitat conservation.  However, the data required to implement most models are not available 
or of unacceptable quality, and hence, model design involves a number of assumptions and 
compromises.  Models can be simplified by considering the modelΩs intended application.  
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1.2.2.  Good Modeling Practice  
According to Schmolke et al. (2010) elements of good modeling practice include conceptual models, 
quantifying uncertainty, sensitivity analysis, verification, validation, and peer review.   
 

Conceptual Models 
A conceptual model is a simplified representation of a complex system that emphasizes the 
interrelationships ŀƳƻƴƎ ǘƘŜ ǎȅǎǘŜƳΩǎ ƳŀƧƻǊ ŜƭŜƳŜƴǘǎΦ  ! ŎƻƴŎŜǇǘǳŀƭ ƳƻŘŜƭ ǎǘŀǘŜǎ ǘƘŜ ƳŀƧƻǊ 
assumptions and limitations of our current understanding of the system.  The conceptual model is the 
basis for the components, structure, and operation of the quantitative model.  Each of our three 
assessments begins with a conceptual model. 
 

Uncertainty 
! ŦŀǾƻǊƛǘŜ ǎŀȅƛƴƎ ŀƳƻƴƎǎǘ ǎǘŀǘƛǎǘƛŎƛŀƴǎ ƛǎ άŀll models are wrong, but some are usefulΦέ3  This tongue-
in-cheek exaggeration conveys a caveat about models.  What statisticians really mean is all models 
have statistical error, also known as uncertainty.  Even models constructed by the best scientists 
using the best data have uncertainty, i.e., ǘƘŜ ƳƻŘŜƭΩǎ predictions are estimates that are never 
exactly correcǘΦ  bŜǾŜǊǘƘŜƭŜǎǎΣ ƛŦ ŀ ƳƻŘŜƭΩǎ ǇǊŜŘƛŎǘƛƻƴǎ ŀǊŜ close enough to correct most of the time, 
then we may have a useful model.  Our assessments should be used with this same caveat in mind ς 
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 relative conservation value, we cannot be certain that their scores are truly different 
(Figure 1.3).  The uncertainty may be so large in some cases that managers should treat the two AUs 
as if they have equal scores.   
 
We can make generalizations about when we can be more confident about scores and when we 
should be more wary.  For assessments of this type, relative values at the extreme ends of the range 
(e.g., the top and bottom deciles) tend to have the smallest uncertainty, and places with more 
moderate values (5th and 6th deciles, for instance) tend to have larger uncertainty.  Hence, a set of 
AUs with different values but in the moderate range may have effectively the same value.  Greater 
uncertainty does not mean that an AU has lesser value than that estimated through the assessment.  
Greater uncertainty means that the actual relative conservation value could be larger or smaller 
than the estimated value. 
 
Uncertainty analysis establishes the confidence limits of a model and evaluates the robustness of a 
ƳƻŘŜƭΩǎ ƻǳǘǇǳǘ ǘƻ input or parameter uncertainties.  If a model is robust, then uncertainties may be 
attenuated at the output.  That is, even with uncertainties about model inputs and parameters we 
may still have confidence in the model.   
 
Our uncertainty analyses were done via Monte Carlo methods.  We assigned a uniform or triangular 
probability distribution to each parameter in an indexΩǎ equations.  From these distributions parameter 
values were randomly selected and the index was recalculated for each AU ς a process that was 
repeated thousands of time.  The index value of each AU is effectively a separate model output, and 

                                                           
3
  ¢Ƙƛǎ ƛǎ ǇŀǊŀǇƘǊŀǎŜŘ ŦǊƻƳ ŀ ǎǘŀǘŜƳŜƴǘ ōȅ ǘƘŜ ǎǘŀǘƛǎǘƛŎƛŀƴ DŜƻǊƎŜ 9Φ tΦ .ƻȄ ό.ƻȄ ŀƴŘ 5ǊŀǇŜǊ мфутύΥ ά!ƭƭ ƳƻŘŜƭǎ ŀǊŜ 
ǿǊƻƴƎΤ ǘƘŜ ǇǊŀŎǘƛŎŀƭ ǉǳŜǎǘƛƻƴ ƛǎ Ƙƻǿ ǿǊƻƴƎ Řƻ ǘƘŜȅ ƘŀǾŜ ǘƻ ōŜ ǘƻ ƴƻǘ ōŜ ǳǎŜŦǳƭΦέ 
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hence each AU has its own distribution of index values.  The uncertainty associated with each AUs index 
value was calculated and displayed as a 90% confidence interval.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 distributions for two sites 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 methodology for conducting uncertainty analyses for indices such as ours.  Our 
uncertainty analyses only addressed the potential uncertainties inherent to the subjective judgments 
ƳŀŘŜ ŦƻǊ ǇŀǊŀƳŜǘŜǊ ǾŀƭǳŜǎΦ  ¢ƘŜ ǇŀǊŀƳŜǘŜǊǎΩ ŘƛǎǘǊƛōǳǘƛƻƴǎ ǿŜǊŜ ōŀǎŜŘ ƻƴ ŜȄǇŜǊǘ judgment and spanned 
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 
such as land cover or the ²5C²Ωǎ ǿƛƭŘƭƛŦŜ ƻŎŎǳǊǊŜƴŎŜ ŘŀǘŀΣ ƴƻǊ ŘƛŘ ǿŜ ŀŘŘǊŜǎǎ ǳƴŎŜǊǘŀƛƴǘƛŜǎ ǊŜƎŀǊŘƛƴƎ 
model structure.  Addressing all uncertainties was entirely impractical.  Therefore, our uncertainty 
analyses did not produce rigorous estimates of uncertainty.  The uncertainty analyses 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 analysis ŜȄǇƭƻǊŜǎ Ƙƻǿ ƳǳŎƘ ƻǳǊ ŎƻƴŎƭǳǎƛƻƴǎ ǿƻǳƭŘ ŎƘŀƴƎŜ ƛŦ ǘƘŜ ƳƻŘŜƭΩǎ ƛƴǇǳǘǎ ƻǊ ǇŀǊŀƳŜǘŜǊ 
values were different.  It reveals which model ƛƴǇǳǘǎ ƻǊ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ Ƴƻǎǘ ƛƴŦƭǳŜƴǘƛŀƭ ƻƴ ǘƘŜ ƳƻŘŜƭΩǎ 
ƻǳǘǇǳǘΦ  LŦ ŀ ƳƻŘŜƭ ƛǎ ƘƛƎƘƭȅ ǎŜƴǎƛǘƛǾŜ ǘƻ ŀ ǇŀǊŀƳŜǘŜǊΣ ǘƘŜƴ ŀ ǎƳŀƭƭ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ǇŀǊŀƳŜǘŜǊΩǎ ǾŀƭǳŜ 
ŎŀǳǎŜǎ ŀ ƭŀǊƎŜ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ƳƻŘŜƭΩǎ ƻǳǘǇǳǘΦ  ¢ƘŜ ƛƴǇǳǘǎ ƻǊ ǇŀǊŀƳŜǘŜǊǎ ǘƻ ǿƘƛŎƘ ǘƘŜ ƳƻŘŜƭ ƛǎ Ƴƻǎǘ 
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: 
 

A B 
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    I  =  f(V1, V2, V3, . . . , Vn)            (1.1) 
 
where the components Vj equal wjXj, Xj is a variable (or model input) representing a species or habitat, 
wj is a weight (or parameter) that determines the relative influence of Xj, and n is the number of 
components that comprise I.  The sensitivity of an index to a component, Vj, is defined as: 
 

    Sj  Ґ  ҟL κ ҟVj              (1.2) 
 
A normalized sensitivity, known as elasticity, is defined as: 
 
    Ej  Ґ  όҟL κ ҟ±j) (Vj / I)            (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 for all AUs with 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. 
Sensitivity is reported in two ways: 1) for each individual AU we calculated the mean sensitivity to all 
components, and 2) collectively for all AUs we calculated the mean sensitivity to each individual 
component.  The former was calculated by averaging all the component sensitivities of an AU and the 
later was calculated by averaging all the AU sensitivities for each component. 
 

Verification 
aƻŘŜƭ ǾŜǊƛŦƛŎŀǘƛƻƴ ŎƘŜŎƪǎ ǘƘŀǘ ǘƘŜ ƳƻŘŜƭ ŘƻŜǎ ǿƘŀǘ ƛǘΩǎ ǎǳǇǇƻǎŜŘ ǘƻ Řƻ (Rykiel 1996).  Verification looks 
for errors in data processing and verifies that ŀ ƳƻŘŜƭΩǎ calculations were done correctly.  For complex 
models that process multiple large data sets, such as the models in our assessments, this is an essential 
task.  We verified the indices by doing nearly all index calculations twice: once in Microsoft Excel (2007) 
and once in R (RDCT 2005).  Spatial data analyses done in ArcGIS (version 10.0) were verified by having 
one analyst perform the task and a second analyst review the results.   
 

Validation  
Validation means that a model is demonstrated to be acceptable for its intended use (Rykiel 1996).  The 
major intended use of our indices is to guide landscape-scale decisions regarding land use zoning.  We 
evaluated the performance of the indices by comparing index scores against our knowledge of the Puget 
Sound Basin.  We tested whether the index showed AUs we believed to be relatively more important as 
more important and showed AUs we believed to be relatively less important as less important.  In other 
words, the validation test was based on the ranking of a subset of AUs.   
 
Model validation often entails testing the accuracy of model predictions. For a statistical model, 
validation entails running independent data (i.e., data not used to develop the model) through the 
ƳƻŘŜƭ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ŜƳǇƛǊƛŎŀƭƭȅ ƳŜŀǎǳǊŜŘ ǊŜǎǇƻƴǎŜǎ Ŧŀƭƭ ǿƛǘƘƛƴ ǘƘŜ ƳƻŘŜƭΩǎ ǇǊŜŘƛŎǘƛƻƴ ƛƴǘŜǊǾŀƭΦ  
Statistically rigorous model validation is objective.  We could not do a rigorous validation because 
ƛƴŘƛŎŜǎ ƻŦ ŎƻƴǎŜǊǾŀǘƛƻƴ άǾŀƭǳŜέ ƻǊ άƛƳǇƻǊǘŀƴŎŜέ ŀǊŜ ǎǳōƧŜŎǘƛǾŜ.  There is no purely objective 
άƛƳǇƻǊǘŀƴŎŜέ ǘƘŀǘ Ŏŀƴ ōŜ ŜƳǇƛǊƛŎŀƭƭȅ ǾŀƭƛŘŀǘŜŘΦ  άLƳǇƻǊǘŀƴŎŜέ ƛǎ ōŀǎŜŘ ƻƴ ƻƴŜΩǎ ōŜƭƛŜŦ ƻŦ ŀōƻǳǘ ǿƘŀǘ ƛǎ 
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 
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ƭƛǘŜǊŀǘǳǊŜΦ  IŜƴŎŜΣ ƻǳǊ ƳƻŘŜƭ Ŏŀƴ ƻƴƭȅ ōŜ άǾŀƭƛŘŀǘŜŘέ ǘƘǊƻǳƎƘ peer-review by other scientists with the 
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 credibility of our indices is built upon peer-review by other 
scientists with the appropriate professional expertise.  We obtained peer-review in two ways.  First, at 
two points during model development we convened a panel of experts to review and critique our 
models of relative conservation value.  The critiques led to subsequent changes and improvements to 
the data and models.  Second, we subjected our models to a more formal peer-review in which experts 
read our draft reports and submitted written comments.  The written comments also led to changes and 
improvements to the models. 
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1.3 /ÖÅÒÖÉÅ× ÏÆ ÔÈÅ !ÓÓÅÓÓÍÅÎÔÓȭ -ÅÔÈÏÄÓ 
 
We did habitat assessments for three different environments: terrestrial, lotic freshwater, and marine 
shorelines.  Because montane habitats are almost entirely located on public lands, the terrestrial 
assessment ignored montane habitats and concentrated on the Puget Trough lowlands and Cascade 
foothills.  The freshwater assessment was restricted to lotic (i.e. flowing water) habitats because the 
major conservation issues facing lentic systems (i.e. ponds and lakes), such as intensive shoreline 
development, failing septic systems, introduction of non-native vertebrate species, and invasive species, 
are localized problems occurring at finer-scales than can be addressed by our assessment.  The marine 
assessment was confined to shorelines because we lack data with which to assess the relative 
conservation value of deeper waters and the most direct impacts from development occur along 
shorelines.  
 
The fish and wildlife assessment was broken into three separate assessments because of differences in 
spatial dimensions, spatial scale, data quality, and ecosystem-level processes.  The marine shoreline is 
essentially a line 2470 miles long, lotic freshwater habitats are configured as a one-dimensional multi-
branched network over 50,000 miles long, and terrestrial habitats are a two-dimensional surface 
covering 13,700 square miles (8.7 million acres).  The differences in dimensions and scale manifest 
differences in data quality.  Because the marine shoreline is one-dimensional and relatively short, the 
entire marine shoreline of Puget Sound has been surveyed for habitat types (Berry et al. 2001a) and is 
annually surveyed for birds (Nysewander et al. 2005).  Consequently, the marine shorelines assessment 
had more accurate and comprehensive biological data than the terrestrial and freshwater assessments, 
and the approach adopted for the marine shoreline assessment exploited this higher 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 relative conservation value.  
 
This report covers three separate assessments for three different environments and also attempts to 
address two separate audiences: land use planners and scientists.  Some planners or scientists may be 
interested in only one of the three assessments.  In the interest of serving both audiences, some 
repetition could not be avoided.  We apologize for any inconvenience.   
 

1.3.1.  Terrestrial Habitats Assessment  
The terrestrial habitats assessment focused on the principle process that currently dictates the quantity 
and quality of habitats in the Puget Sound Basin ς land use.  Prior to European settlement, the most 
important landscape-scale terrestrial process for creating and maintaining habitats in the Puget Sound 
Basin was fire, but over the past century wildfire has been effectively eliminated from the Puget Sound 
lowlands and Cascades foothills.  In the lower-elevation landscapes of the Basin, where city and county 
governments have jurisdiction over land use, the historical natural process no longer operates at a 
landscape scale.  The dominant large-scale disturbances are now those related to human land use which 
have created spatial gradients in landscape integrity.  
 
The main challenge we faced in the terrestrial habitats assessments was the limitations imposed by the 
ŎǳǊǊŜƴǘƭȅ ŀǾŀƛƭŀōƭŜ ǎǇŀǘƛŀƭ ŘŀǘŀΦ  ¢ƻ ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ ǘƘŜ ƭŀŎƪ ƻŦ Řŀǘŀ ǿŜ ǳǘƛƭƛȊŜŘ ŀ άŎƻŀǊǎŜ ŦƛƭǘŜǊ-fine 
ŦƛƭǘŜǊέ ŀǇǇǊƻŀŎƘΦ  /ƻŀǊǎŜ-filter elements are usually habitat 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 



 

14 
 

habitat types alone.  Our coarse filter-fine filter approach was somewhat unconventional because the 
principle coarse filters were not habitat types; the coarse filter was landscape integrity within forest 
zones.  Our fine filter elements were certain priority species and habitat types.   
 
Relative conservation value was calculated in three stages.  In the first stage open-space blocks were 
identified and assessed for landscape integrity.  An open-space block is a contiguous area containing 
land uses ς such as commercial forest, agriculture, parks, and designated open-space ς that maintain 
natural or quasi-natural vegetation which serve as habitats for native wildlife.  In the second stage, the 
landscape integrity of open-space blocks was combined with PHS species data, including oak-grassland 
habitat types.  Third stage consisted of calculating an index of relative conservation value for each 
assessment unit, which were small watersheds with an average size of about 5 square miles.   
 

1.3.2.  Freshwater Lotic Habitats Assessment  
Our freshwater habitats assessment focusŜǎ ƻƴ ǘƘŜ ŘƻƳƛƴŀƴǘ ǇǊƻǇŜǊǘȅ ƻŦ ƭƻǘƛŎ ǎȅǎǘŜƳǎ ҍ ŎƻƴƴŜŎǘƛǾƛǘȅΦ  ! 
watershed is comprised of a network of connected channels that funnel materials ς predominantly, 
ǿŀǘŜǊΣ ǎŜŘƛƳŜƴǘΣ ŀƴŘ ǿƻƻŘ ҍ ŦǊƻƳ ǘƘŜ ǿŀǘŜǊǎƘŜŘΩǎ ƘŜŀŘǿŀǘŜǊǎ Řƻǿƴ ǘƻ ƛǘǎ ƳƻǳǘƘΦ  !ǎ ƳŀǘŜǊƛŀƭǎ Ƴƻve 
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 erosion, channel scouring, and wood recruitment, and the same 
processes occurring remotely upstream.  Aquatic 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 in-depth WRIA-level 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 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 data for 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 numerous other co-occurring 
species.  
 
The AUs were the same as those in the terrestrial habitats assessment, and for each we calculated an 
index of relative conservation value.  The index had three components:  the density of hydro-
geomorphic features, local salmonid habitats, and the accumulative downstream habitats.  That is, the 
relative value of a small watershed is based on: (1) the density of wetlands 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 and quality of habitats were assessed for eight salmonid 
species.   
 
We examined relative conservation value from two perspectives that reflect a quantity versus quality 
dichotomy.  hƴŜ ǇŜǊǎǇŜŎǘƛǾŜ ƛǎ ǘƘŀǘ ŎƻƴǎŜǊǾŀǘƛƻƴ ǾŀƭǳŜ ƛǎ ōŜǎǘ ŘŜǘŜǊƳƛƴŜŘ ōȅ ŀ ǇƭŀŎŜΩǎ ǘƻtal contribution 
to habitat conservation, i.e., the quantity a place contributes.  The other perspective is that value is best 
ŘŜǘŜǊƳƛƴŜŘ ōȅ ŀ ǇƭŀŎŜΩǎ ǎƛƴƎƭŜ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻƴǘǊƛōǳǘƛƻƴΣ ƛΦŜΦΣ ǘƘŜ ǉǳŀlity a place contributes.  The 
two perspectives result in 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 animals and plants.  Given the 
quality 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 is that the 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) humans harvest those 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 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 
conservation of fish and wildlife habitats.  
 
The assessment units for marine shoreline habitats were small shoreline reaches with an average length 
of 0.24 miles, and for each we calculated an index of relative conservation value.  The index had 41 
components which included eight shellfish4 species or species groups of commercial/recreational 
interest, urchins, three forage fish species, eight salmonid species, numerous bird species, pinnipeds, 
kelp, eelgrass, surfgrass, and wetlands.  Like the freshwater habitats assessment, we examined relative 
conservation value from two perspectives that reflect a quantity versus quality dichotomy.    
  

                                                           
4
  Shellfish includes both mollusks such as butter clam and crustaceans such as Dungeness crab. 
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Part 2:  
Terrestrial Habitats Assessment  
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2.1. Conceptual Model  

 
A conceptual model is a simplified representation of a complex system that emphasizes the 
interrelationships of the major elements rather than the details of each element.  The conceptual model 
is the basis for the components and structure of the quantitative model.   
 

2.1.1.  Scientific Foundation  
¢ƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ŎƻƭƻƎȅΩǎ ǿŀǘŜǊ Ŧƭƻǿ ŀǎǎŜǎǎƳŜƴǘ ό{ǘŀƴƭŜȅ Ŝǘ al. 2011) is based on the major 
watershed-scale 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 is not process based because in the lower-elevation landscapes of the Puget Sound 
Basin, where city and county governments have principal jurisdiction over land use, the most important 
natural process for creating and maintaining terrestrial habitats no longer operates at a landscape scale.  
Prior to European settlement, wildfire, followed by natural regeneration and succession, were the 
processes that created and maintained a variety of forest and grassland habitats.  The moist western 
hemlock forests of the western Cascades had a fire return interval between 200 and 750 years (Agee 
1993).  Stand-replacing fires occurred after periods of prolonged drought and burned over many 
thousands of acres.  Wildfire also maintained prairie and oak woodlands habitats by suppressing 
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 from the Puget Sound lowlands and Cascades foothills.  Smaller-scale 
(on the order of ¼ to 100 acres) natural disturbances caused by wind or landslides still occur, but the 
dominant large-scale 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 conversion of 
open space and habitats to other 
land uses.  These aerial 
photographs are of Lacy, 
Washington and its adjacent urban 
growth area.   
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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 community is an assemblage of species populations 
with a composition and structure determined by characteristics of the environment and by the 
relationships of each species to every other species.  Each community exhibits emergent properties that 
transcend those of the individual species comprising them (Pianka 1988, Wilson 1997).  Communities 
represent higher-level units of biodiversity that should be conserved for their unique qualities and 
ecosystem functions.   
 
CǊƻƳ ŀƴ ŜŎƻǎȅǎǘŜƳ ǇŜǊǎǇŜŎǘƛǾŜΣ ŀ ǎǇŜŎƛŜǎΩ Ƙŀōƛǘŀǘ ƛǎ ƳƻǊŜ ǘƘŀƴ ǘƘŜ ŀōƛƻǘƛŎ ŀƴŘ ǾŜƎŜǘŀǘƛǾŜ ŎƻƳǇƻƴŜƴǘǎ 
ƻŦ ƛǘǎ ŜƴǾƛǊƻƴƳŜƴǘΦ  ! ǎǇŜŎƛŜǎΩ Ƙŀōƛǘŀǘ ŀƭǎƻ Ŏƻƴǎƛǎǘǎ ƻŦ ƛǘǎ ōƛƻƭƻƎƛŎŀƭ ŎƻƳƳǳƴƛǘȅ ҍ ƛΦŜΦΣ ŀƭƭ ǘƘŜ ƻǘƘŜǊ 
species with which it interacts.  Hence, altering the species composition or structure of a community 
may dramatically alter some inter-specific relationships, degrade species-specific habitat quality, and 
lead to adverse consequences for particular species (Mills et al. 1993, Worm and 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 species.    
 
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 to favor exotic species, such as house sparrow5, European starling, 
rock pigeon, eastern gray squirrel, and Norwegian rat, or common synanthropic6 native species such the 
American crow, Canada goose, house finch, American robin, and raccoon.  Suburban residential land 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, white-crowned sparrow, American goldfinch, cedar 
waxwing, northern flicker, black-tailed deer, and red fox.  In contrast, species associated with interior or 
ŎƻƴƛŦŜǊ ŦƻǊŜǎǘΣ ǎǳŎƘ ŀǎ ōǊƻǿƴ ŎǊŜŜǇŜǊΣ {ǿŀƛƴǎƻƴΩǎ ǘƘǊǳǎƘΣ ǿƛƴǘŜǊ ǿǊŜƴΣ tŀŎƛŦƛŎ-slope fly catcher, pileated 
ǿƻƻŘǇŜŎƪŜǊΣ ŀƴŘ 5ƻǳƎƭŀǎΩ ǎǉǳƛǊǊŜƭ ŀǊŜ ŎƻƳƳƻƴƭȅ ŦƻǳƴŘ ƛƴ ŎƻƳƳŜǊŎƛŀƭ ŦƻǊŜǎǘǎ ōǳǘ ŀǊŜ uncommon or 
rare in urban and suburban residential areas.  Likewise, species associated with prairies and oak 
woodlands ς such as white-ōǊŜŀǎǘŜŘ ƴǳǘƘŀǘŎƘΣ ǿŜǎǘŜǊƴ ōƭǳŜōƛǊŘΣ ŀƴŘ ƘƻǊƴŜŘ ƭŀǊƪ ҍ ŀǊŜ ƴƻǘ ŦƻǳƴŘ ƛƴ 
urban or suburban areas. 
 
A major premise of our assessment 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 and early-successional 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 community is determined by how the environment (i.e., the abiotic 
and vegetative components) created by that land use resembles the historical (i.e., pre-1850) 
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.  
  

                                                           
5
 Scientific names of animals listed in Appendix E. 

6
  {ȅƴŀƴǘƘǊƻǇƛŎ ǎǇŜŎƛŜǎ ҍ ǿƛƭŘ ŀƴƛƳŀƭǎ ƻǊ plants that live near and benefit from an association with humans and the 

somewhat artificial habitats that humans create around them; a form of symbiotic commensalism. 
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Landscape Integrity 
One measure of how closely a place resembles the historical environment is ecological integrity.  
Ecological integrity is 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 al.  2003). 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 imposed by natural 
environmental dynamics or human disruptions. 
 
Ecological integrity is the degree to which ecological structures, processes, and functions are complete 
and unimpaired.  Ecological integrity is a vague concept.  Its meaning is much discussed in the scientific 
literature, but there is no generally accepted operational definition (Quigley et al. 2001).  Ecological 
integrity encompasses ecosystem health and stability.  The concept describes systems that are whole 
and intact (Andreasen et al. 2001), and is ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŎƻƴŎŜǇǘǎ ƻŦ άƘǳƳŀƴ ŦƻƻǘǇǊƛƴǘέ ό[Ŝǳ Ŝǘ ŀƭΦ нллуύ 
ŀƴŘ άƴŀǘǳǊŀƭƴŜǎǎέ ό¢ƘŜƻōŀƭŘ нлмлύΦ  9ŎƻƭƻƎƛŎŀƭ ƛƴǘŜƎǊƛǘȅ ƛǎ ŀ Ƴǳƭǘƛ-scale concept, and can be assessed at 
a stand (or site) scale, landscape scale, and scales in between.  Because this is a regional assessment 
covering a huge spatial extent, we assessed only landscape-scale ecological integrity, which we 
henceforth refer to as landscape integrity.  
 

Landscape integrity is assessed over large spatial extents (~105 acres) using spatial data such as 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 Vivas 2005, Leu et al. 2008, Theobald 
2010).  Functional relationships between these 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 
responses 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 the following five major types: forestry, agriculture, residential, commercial-
industrial, and public natural resources.  All land uses except commercial-industrial were assumed to 
ƘŀǾŜ ŀ ǇƻǘŜƴǘƛŀƭ ǘƻ ōŜ άƻǇŜƴ ǎǇŀŎŜΦέ  ²Ŝ ŘŜŦƛƴŜŘ ƻǇŜƴ ǎǇŀŎŜ ŀǎ ŀƴ ŀǊŜŀ Ŏƻƴǘŀƛning natural or semi-
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 dependent on 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 
support diverse 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 increases and 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) results in de facto open space, and if native habitats 
are retained, then 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 pocket gophers that are usually associated with 
ƴŀǘƛǾŜ ǇǊŀƛǊƛŜǎΦ  !ƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘ ǳǎŜǎ ǘƘŀǘ ŘƻƴΩǘ ǊŜǎŜƳōƭŜ ƴŀǘƛǾŜ Ƙŀōƛǘŀǘ ǘȅǇŜǎ Ŏŀƴ ŀƭǎƻ ǇǊƻǾƛŘŜ ƘƛƎƘ-
value habitats for certain species.  For instance, elk graze in pastures, and residual grain in harvested 
fields provide winter-feeding and resting areas for 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 degradation that occurs through most other types of 
human land-use.  Private commercial forests of the Puget Trough Ecoregion are mostly 2nd, 3rd and even 
4th 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 logs) of late-successional 
forests that historically dominated the Puget Sound lowlands 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 similar in character but there are stand-level 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 landscape integrity, 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 integrity.  Relative 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 integrity was 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 fragmentation (McGarigal 
and Marks 1995).  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 important patch property determining the long-term 
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 as circles or squares, which minimize the perimeter to area ratio, are better than more elongated 
or irregular shapes.  The importance of shape is a function of patch size ς for large patch sizes, patch 
shape may have little or no effect on wildlife populations (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 more likely to 
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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Figure 2.2.  Landscape-level characteristics commonly used to assess landscape integrity.  
Landscape integrity improves from left to right in each gray box.  We used patch size, patch 
shape, patch isolation, and patch type to assess landscape integrity.  Patch type refers to the 
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 principal challenge 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 have reasonably 
accurate data across the entire Puget Sound Basin for only a small number of animal species.  To 
ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ ǘƘŜ ƭŀŎƪ ƻŦ Řŀǘŀ ǿŜ ǳǘƛƭƛȊŜŘ ŀ άŎƻŀǊǎŜ ŦƛƭǘŜǊ-ŦƛƴŜ ŦƛƭǘŜǊέ ŀǇǇǊƻŀŎƘΦ  ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ όsensu 
Noss 1987) divides all species into two groups: coarse filter and fine filter.  Coarse-filter 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 that habitat type.  
Fine-filter 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 filter-fine filter approach was somewhat unconventional.  We were led to this 
ǳƴŎƻƴǾŜƴǘƛƻƴŀƭ ŀǇǇǊƻŀŎƘ ōȅΥ όмύ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘΩǎ Ƴŀƛƴ ŀǇǇƭƛŎŀǘƛƻƴ ҍ ƭƻŎŀƭ ƭŀƴŘ ǳǎŜ ȊƻƴƛƴƎΤ όнύ ǘƘŜ 

coarse spatial grain (~5 mi2) and huge spatial extent of the assessment; (3) the low classification 
accuracy (35 % error) of the available spatial data that could be used to map habitat types (Sanborn 
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 native habitats on low-elevation (<2800 ft) 
private lands in the Puget Sound Basin.  Given these facts, we believed that a coarse-filter assessment 
based on a detailed mapping of habitat types would be unnecessary and inaccurate.  Hence, our coarse-
filter was simply 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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LǘΩǎ ǿƻǊǘƘ ǊŜǇŜŀǘƛƴƎ ǘƘŀǘ ƻǳǊ ŘŜŎƛǎƛon to use landscape integrity as a coarse filter was based on the scale 
of the assessment and the quality of available spatial data.  Given the coarse scale of the intended 
application (i.e., local land use zoning), stand-scale differences among forests are irrelevant.  
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 forests of similar age on 
private commercial timberlands were assumed 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 landscape-scale characteristic is landscape integrity.  We 
also lacked the spatial data needed to make distinctions among different types of agriculture, such as 
pasture, orchard, and row crops. Consequently all agricultural lands were treated as equivalent.   
 
An axiom of economics is that scarcity determines 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 because of differences 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, only 11% of low elevation zones in Puget Sound Basin ( Oak Woodland-Prairie 
Mosaic, Puget Sound Douglas-fir, and Sitka Spruce) are protected on public lands.  Low elevation zones 
contain imperiled habitats such as oak woodlands and prairies, uncommon habitats such as stands of 
mixed Douglas-fir and madrone, and biologically rich and productive habitats such as large wetland 
complexes and river floodplain forests.7  Habitats in low elevation vegetation zones are more at-risk 
than habitats in higher elevation zones 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 high landscape 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 terrestrial wildlife 
species.  Hence, we included fine-filter elements too.  The fine-filter elements in the assessment were 
ǇǊƛƻǊƛǘȅ ǎǇŜŎƛŜǎ ŀƴŘ Ƙŀōƛǘŀǘǎ ŀǎ ŘŜǎƛƎƴŀǘŜŘ ōȅ ²5C²Ωǎ tǊƛƻǊƛǘȅ {ǇŜŎƛŜǎ ŀƴŘ Iŀōƛǘŀǘǎ ǇǊƻƎǊŀƳ όtI{Τ 
WDFW 2008).  Priority species require protective measures 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.8 
 
Much of the PHS data are site-scale (e.g., nest and den sites), which does not match the scale of the 
assessment.  Most site-scale occurrences are currently addressed by site-level management, such as 
critical area ordinances.  This assessment is intended for landscape-scale land use planning.  Hence, we 
used only PHS data that were landscape-scale occurrences, defined as occurrences greater than 10 to 

                                                           
7
  Wetland habitat types are covered in the freshwater and marine shoreline habitats assessments. 

8 A 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., old-growth forest), or a specific habitat feature (e.g., cliffs).  With 
the exception of oak grassland prairie, we did not have comprehensive accurate mapping 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 in the Puget Sound Basin.   
 
Our coarse filter-fine 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 (Figure 2.4).  Relative 
landscape integrity was a function of open-space fragmentation and land use impacts.  Separate indices 
of fragmentation and land use impacts were combined to create an index of landscape integrity.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

 
 
 
 
 
 
 
 
 
 
 
 
 

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.  The relative conservation value of 
watershed-based assessment units (AUs) was calculated in three stages.  First, open-space blocks were 
identified.  Second, the landscape integrity of open-space blocks was assessed.  In the third stage, the 
landscape integrity of open-space blocks was combined with PHS habitats located in each AUs to yield 
an index of relative conservation value.  More detailed explanation is presented in Appendix A. 
 

2.2.1.  Open Space Blocks 
An open-space block is a contiguous area containing land uses ς such as commercial forest, agriculture, 
parks, and designated open-space ς that maintain natural or semi-natural habitats or serve as habitats 
for native wildlife.  Three spatial data layers were used to identify open-space parcels: the Washington 
State Parcel Database developed by the Rural Technology Initiative (RTI 2011), land cover data 
developed by WDFW (Pierce 2011) using aerial photography from the National Agriculture Imagery 
Program, and the Major Public Lands layer created by the Washington Department of Natural 
Resources.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.5.  Process used to construct open-space 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 (1997).  If-then rules 
presented in Table A2.   

 
 
The Washington State Parcel Database contains the land use for all private land parcels in Puget Sound 
Basin (Table A1).  We grouped the land uses into seven general categories: commercial-industrial, 
residential, agriculture, forestry, mining, mixed-use open space, designated open space.  All categories 
except commercial-industrial can contribute to open space.  For each general category we constructed 
rules that classified parcels as open space or not open space (Table A2).  Rules consisted of three 
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ǾŀǊƛŀōƭŜǎ ҍ ǇŀǊŎŜƭ ǎƛȊŜΣ ƭŀƴŘ ŎƻǾŜǊΣ ŀƴŘ ǾŜƎŜǘŀǘƛƻƴ ȊƻƴŜ ς and were developed through an iterative 
process that relied on expert judgment.  In the Washington State Parcel Database, data for state and 
federally managed public lands are missing or inconsistent.  Consequently, for state and federally 
managed public lands we used the Major Public Lands spatial data layer.   
 
The non-open space parcels were removed from the parcel database and major highways (state routes, 
federal and interstate 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 retained as the final set of open-space blocks 
Figure 2.5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.6.  Model structure for zone-valued landscape integrity index applied to open-space 
blocks.  Proximity and shape indices were calculated with FRAGSTATS (McGarigal and Marks 
1995).  Vegetation zones refer to the proportion of an open-space block intersecting each zone.  
Vegetation zones influence the value of landscape integrity to yield a zone-valued 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 factor than vegetation zone. 

 
 

2.2.2.  Landscape Integrity of Open Space Blocks  
The index of relative landscape integrity was based on expert judgment.  Relative landscape integrity of 
each open-space block was a function of land use impacts and open-space fragmentation.  Three spatial 
data layers were used to assess landscape integrity: the Washington State Parcel Database (RTI 2011), 
land cover data developed by WDFW (Pierce 2011), and the open-space blocks described in the 
preceding section.  The parcel data give the main land use of every parcel.  Different land uses have 
ŘƛŦŦŜǊŜƴǘ ŘŜƎǊŜŜǎ ƻŦ ŀŘǾŜǊǎŜ ƛƳǇŀŎǘ ƻƴ ƭŀƴŘǎŎŀǇŜ ƛƴǘŜƎǊƛǘȅΦ  9ŀŎƘ ǇŀǊŎŜƭΩǎ ƭŀƴŘ ǳǎŜ ǿŀǎ ŀǎǎigned a 
potential adverse impact value from 1 to 1000 (low to high; Table A1).  Impact of each parcel within an 
open-space 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 indicator of the internal impacts upon landscape integrity.  A 
weighted mean land use impact was also calculated for land uses surrounding each block.   
 
Metrics of open-space fragmentation were calculated for each open-space block using the program 
FRAGSTATS (McGarigal and Marks 1995).  The indices used in the landscape integrity index were the 
ǎƘŀǇŜ ƛƴŘŜȄ ŎŀƭƭŜŘ ά/ƛǊŎƭŜέ ŀƴŘ ǘƘŜ ǇǊƻȄƛƳƛǘȅ ƛƴŘŜȄ όDǳǎǘŀŦǎƻƴ ŀƴŘ tŀǊƪŜǊ мффпύΦ  ¢ƘŜ Ŝǉǳŀǘƛƻƴ ŦƻǊ 
landscape integrity is shown schematically in Figure 2.6 and weights are summarized in Table A4.   
 
Vegetation zone was also a factor used to influence the value of open-space blocks.  Our vegetation 
zones were based on the GAP vegetation zones (Cassidy 1997).  For each open-space block, an average 
vegetation zone value was calculated 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 area lost and rarity of the 
zone.  The equation for combining landscape integrity and vegetation zones to yield a zone-valued 
landscape integrity is shown schematically in Figure 2.6. 
 

2.2.3.  Species and Habitat Based Indices 
We applied two filters to the PHS data: (1) the occurrence data for a species had to be landscape-scale, 
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 in the Puget Sound 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 were 
ƭǳƳǇŜŘ ƛƴǘƻ ƻƴŜ Ƙŀōƛǘŀǘ ǘȅǇŜ ҍ ŀƴ ƻŀƪ-grassland type.  The oak-grassland habitat type is perhaps the 
most imperiled terrestrial habitat type in the Puget Sound Basin.  The Washington Natural Heritage 
Program has mapped prairie and oak woodland types with about the same degree of accuracy and 
ǇǊŜŎƛǎƛƻƴ ŀǎ ǘƘŜ tI{ Řŀǘŀ ǿŜ ƛƴŎƭǳŘŜŘ ƛƴ ƻǳǊ ŀǎǎŜǎǎƳŜƴǘΦ  IŜƴŎŜΣ ǿŜ ƛƴŎƭǳŘŜŘ ǘƘŜ IŜǊƛǘŀƎŜ tǊƻƎǊŀƳΩǎ 
oak-grassland habitat data and treated it in the same way as PHS data. 
 
We developed a simple index for PHS habitats.  For each AU we calculated for all 12 species the percent 
ƻŦ ǘƘŜ !¦ ŎƻǾŜǊŜŘ ōȅ ǘƘŜ tI{ ǇƻƭȅƎƻƴǎ ƻŦ ǘƘŜ ǎǇŜŎƛŜǎ ŀƴŘ ǘƘŜ ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǎǇŜŎƛŜǎΩ ŜƴǘƛǊŜ Ƙŀōƛǘŀǘ ƛƴ 
the Basin contained within the AU (Figure A6).  These 24 numbers were then adjusted such that a 
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% of a sǇŜŎƛŜǎΩ Ƙŀōƛǘŀǘ ƛƴ ǘƘŜ .ŀǎƛƴ ƛǎ ƛƴǾŀƭǳŀōƭŜΦ  ¢ƘŜ ƛƴŘŜȄ ǿŀǎ ǘƘŜ 
maximum of these 24 adjusted percentages.  The same process was applied the oak-grassland habitat 
type. 
 

2.2.4.  Relative Conservation of Assessment Units  
We created one index of relative conservation value that was a function of three components: mean 
zone-valued landscape integrity index, the PHS index, and the oak-grassland 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 open-space blocks which ranged in size from 10 acres to 1.3 million acres (Figure 
2.7).  Twenty-two percent of the blocks were greater than 100 acres but only three percent were greater 
than 1,000 acres.  Nearly half the open-space area, 3.6 million acres, was encompassed by only 4 blocks 
which were located in the Olympic and Cascades Mountains and comprised mostly of public land.  
 
Open-space 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.  Open-space is not uniformly distributed in the Basin.  
Roughly half of all open space is located in high elevation zones and about 20 percent of open space is 
located in the low elevation Puget Sound Douglas-fir and Woodland-Prairie Mosaic zones.  The high 
elevation zones are 99% open space and have an overall landscape integrity score of 0.98 (Figure 2.8).9  
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 landscape integrity score of 0.88.  In contrast, 
the Puget Sound Douglas-fir 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 the open-space blocks in 
these zones 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 zone-valued landscape integrity 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 (zoned-valued landscape integrity < 0.1) tended to be less than 20 
acres and surrounded bȅ ƘƛƎƘ ƛƳǇŀŎǘ ƭŀƴŘ ǳǎŜǎΦ  hǾŜǊ тр҈ ƻŦ ǘƘŜ ōƭƻŎƪǎΩ ŎƻƭƭŜŎǘƛǾŜ ƭŀƴŘ ŀǊŜŀ ƘŀŘ ȊƻƴŜŘ-
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 low-elevation vegetation zone, i.e., Puget Sound Douglas-fir or 
Woodland-Prairie 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, open-space blocks become smaller, are less forested, 
and are increasingly surrounded by more negatively impacting land uses such as agriculture and 
residential development.  Upon reaching the lowlands, the vast majority of open-space blocks are 
between 10 and 50 acres and are farther apart.  This separation results in more isolation between 
blocks.  Many of the largest open-space blocks in the lowlands are dominated by agricultural land uses.  
Consequently, the lowest landscape integrity scores occur in the Puget lowlands. 
  

                                                           
9
 By convention landscape integrity and zone-valued landscape integrity have a maximum value of 1 and a 

minimum value of zero. 
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Figure 2.7.  Zone-valued landscape integrity of open-space 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.   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.8.  Percent area that is open-space and mean landscape integrity for seven of the eight 
vegetation zones used in the assessment.  Cascades and Coastal Western Hemlock zones were 
ŎƻƳōƛƴŜŘ ǘƻ ŦƻǊƳ άƻǘƘŜǊέ ǿŜǎǘŜǊƴ ƘŜƳƭƻŎƪΦ  
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Figure 2.9.  Distribution of zoned-valued landscape integrity by number of open-space blocks 
(left) and by land area of open-space blocks (right).  There are 7,640 open space blocks in the 
Puget Sound Basin covering a total of 7,073,000 acres.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.10.  Zoned-valued landscape integrity of open-space 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 red.  White 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 remaining AUs were evenly distributed between 0.2 and 0.9, (Figure 2.11).  The 
highest value AUs either overlapped large open-space blocks (>60,000 acres) or contained a large 
proportion of a PHS habitat or the oak-grassland habitat type.  The lowest value AUs overlapped a small 
number of small open-space blocks and contained no PHS habitat or oak-grassland 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 Olympic or 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 occurred where the AU contained a large 
proportion of a PHS habitat or the oak-grassland 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 AU scores were the maximum of zone-valued 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 oak-grassland for approximately 1.5% of AUs.  Eighteen percent of the 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 do, the 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 
ǾŀƭǳŜ ŀŎŎƻǊŘƛƴƎ ǘƻ ƻǳǊ ƛƴŘŜȄΦ  hƴƭȅ мр҈ ƻŦ ǘƘŜ .ŀǎƛƴΩǎ ƭŀƴŘ ŀǊŜŀ ǿŀǎ ƛƴ !¦ǎ ǘƘŀǘ had relative 
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.   
 
  



 

31 
 

 
 
 
 
 
 
 
 
 
 
 
 

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.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 
valley (left) and western Pierce County (right).  Top panels show open-space blocks overlaid with 
AU boundaries.  White space is not open space.  Bottom panels show relative conservation value 
of AUs for the same area.  Highest relative value AUs are dark green and lowest relative value 
AUs are dark red.  Blue is water.   
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Figure 2.14.  Distribution of conservation value index for AUs with a substantial amount of 
ǇǊƛǾŀǘŜ ƭŀƴŘ όƭŜŦǘύ ŀƴŘ ǿƛǘƘ ŀ ǎǳōǎǘŀƴǘƛŀƭ ŀƳƻǳƴǘ ƻŦ ǇǳōƭƛŎ ƭŀƴŘ όǊƛƎƘǘύΦ  ά{ǳōǎǘŀƴǘƛŀƭ ŀƳƻǳƴǘέ 
was set to at least 33% of AU area.   
 

 

2.3.3.  Sensitivity and Uncertainty Analyses  
 

Sensitivity Analysis 
Mean average elasticity for 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 influence of the Puget Sound Douglas-fir 
zone because about 80% of the open-space blocks where located in that vegetation zone.  Hence, a 5% 
increase in that parameter caused relative conservation value of many AUs to increase.  Likewise, but for 
opposite reasons, the parameter determining the relative influence of the oak woodland-prairie mosaic 
zone had the largest negative influence because that zone contained the fewest open-space blocks.  A 
5% increase in that parameter caused the relative conservation value of a small number of AUs to 
increase, and hence, the relative conservation value of a large number of AUs decreased.  In the model 
for landscape integrity, the size of open-space blocks and the land uses within the block (i.e., interior 
impacts) had the largest influence on relative conservation value.   
 
Mean average elasticity for each AU individually (Figure 2.16) showed that as relative conservation 
value increases sensitivity to 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 assumptions of our model.   
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Figure 2.15.  Mean average elasticity of relative conservation value to changes in model 
parameters for all AUs collectively.  Parameters are the weights that determine the relative 
influence of variables used in calculating relative conservation value.  Vertical dashed lines 
separate parameters that are in different components of the model.  See Table A4 for 
description of weight parameters. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.16.  Mean average absolute elasticity of relative conservation value to changes in 
model parameters 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 contained a substantial 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 areas that 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 not have 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 0.5 could have relative 
conservation value over 0.90.  This uncertainty must be taken into account when making land use 
plans.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.17.  Uncertainty in AU relative conservation value.  The 2,940 AUs are ordered from 
largest score to smallest score along the x-ŀȄƛǎΦ  ¢ƘŜ !¦ǎΩ ƳŜŀƴ ŎƻƴǎŜǊǾŀǘƛƻƴ ǾŀƭǳŜǎ ŀǊŜ ǇƭƻǘǘŜŘ 
on the y-axis (red-line) along with the bounds of their 90% confidence internals (upper and 
lower black lines).  Uncertainty is generally greatest for AUs with conservation values between 
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 watershed-based assessment units throughout the Puget Sound Basin.  The primary intended 
application of that map is land use planning done by local governments for comprehensive plan updates, 
sub-area plans, transfer of development rights programs, or other landscape-scale projects.  City and 
county governments have regulatory authority over land uses within their jurisdictions, and the land use 
zones they designate through comprehensive or sub-area 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 only a guide 
for landscape-ǎŎŀƭŜ Ƙŀōƛǘŀǘ ŎƻƴǎŜǊǾŀǘƛƻƴΦ  [ƻŎŀƭ ƭŀƴŘ ǳǎŜ ǇƭŀƴƴƛƴƎ ƛǎ ƎƻǾŜǊƴŜŘ ōȅ ²ŀǎƘƛƴƎǘƻƴΩǎ DǊƻǿǘƘ 
Management Act (GMA).  Under GMA, local land use plans must accommodate projected human 
population growth (RCW 36.70A.110, 36.70A.115).  The terrestrial assessment should be used to direct 
new growth away from places with relatively high habitat value and toward places with relatively low 
habitat value (Figure 2.18).  However, ǿŜ ǊŜŎƻƎƴƛȊŜ ǘƘŀǘ άǎƳŀǊǘ ƎǊƻǿǘƘέ ǿƛƭƭ ŀǘ ǘƛƳŜǎ ǊŜǉǳƛǊŜ 
compromises among multiple 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 services.  As the 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 current area of 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 assumption was that 
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 open-space blocks.  Therefore, for the sake of wildlife communities in 
Puget Sound Basin, maintaining the size of open-space blocks, especially those over 10,000 acres, should 
be a major consideration in landscape-scale projects such as comprehensive plan updates, sub-area 
plans, and transfer of development rights programs.  Maintaining large open-space blocks on the order 
several million acres is of utmost importance for large-bodied, wide-ranging species such as elk, black 
bear, cougar, and gray wolf. 
 
The spatial ŜȄǘŜƴǘ ƻǾŜǊ ǿƘƛŎƘ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ƛǎ ŎƻƴŘǳŎǘŜŘ ŀŦŦŜŎǘǎ ƻƴŜΩǎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǊŜƭŀǘƛǾŜ 
conservation value.  Wildlife do not recognize geopolitical boundaries and most are unimpeded by 
watershed boundaries.  Furthermore, for some wide-ranging species, population-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 sub-divisions, and therefore, valid comparisons can be 
made amongst AUs in different 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 and directing new human population growth to areas with high relative value (green) is 
worse for wildlife.  Examples are central Pierce County (left) and 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 dark red.  Scores are broken into 20 quantiles, i.e., groups containing 
5% of AUs.  

 
 

2.4.1.  Validation  
±ŀƭƛŘŀǘƛƻƴ ŜƴǘŀƛƭŜŘ ŎƻƳǇŀǊƛƴƎ ǘƘŜ ƛƴŘŜȄ ǎŎƻǊŜǎ ŀƎŀƛƴǎǘ ƻǳǊ ŎƻƭƭŜŎǘƛǾŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ .ŀǎƛƴ ҍ ŘƛŘ ǘƘŜ 
index of relative conservation value show places we believed 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 and Cascades 
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 this pattern also 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 the oak-grassland habitat types in and 
around Fort Lewis have high conservation value.   
 
Another form of validation is comparing our results to the results of other ecological assessments.  
5ǳǊƛƴƎ ǘƘŜ Ǉŀǎǘ ŘŜŎŀŘŜΣ ƻƴŜ ƳŀƧƻǊ ŜŦŦƻǊǘ Ƙŀǎ ǇǳōƭƛǎƘŜŘ ƳŀǇǎ ŘŜǇƛŎǘƛƴƎ άƘƛƎƘ ǇǊƛƻǊƛǘȅέ ǎƛǘŜǎ ŦƻǊ 
terreǎǘǊƛŀƭ Ƙŀōƛǘŀǘ ŎƻƴǎŜǊǾŀǘƛƻƴ ƛƴ ǘƘŜ tǳƎŜǘ {ƻǳƴŘ .ŀǎƛƴ ҍ ǘƘŜ ǎǘŀǘŜ-wide ecoregional assessments 
conducted by The Nature Conservancy and WDFW.  The Puget Sound Basin overlaps four separate 
ecoregions: Pacific Northwest Coast, North Cascades, West Cascades, and the Georgia Basin-Puget 
Trough- Willamette Valley (GB-PT-WV).  The ecoregion with the greatest overlap with the Puget Sound 
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Basin is the GB-PT-WV, which also encompasses most private lands in the Puget Sound Basin.  That 
ecoregion was assessed by Floberg et al. (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.  Specifically, 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.  Given these 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 et al. (2008).  
 
Wilhere et al. (2008) and our assessment both exhibit the urban-to-wildlands gradient of conservation 
ǾŀƭǳŜ ҍ ǾŀƭǳŜ ǎǘŜŀŘƛƭȅ ƛƴŎǊŜŀǎŜǎ ŦǊƻƳ ǳǊōŀƴ ŀǊŜŀǎ ǘƻ ǘƘŜ ŦƻƻǘƘƛƭƭǎ όCƛƎǳǊŜ нΦмфύΦ  .ƻǘƘ ŀǎǎŜǎǎƳŜƴǘǎ ǎƘƻǿ 
that forests on the Kitsap and Toandos Peninsulas have relatively high value.  Both assessments show 
that the area straddling the Pierce-Thurston 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) can be directly attributed 
ǘƻ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ƳŜǘƘƻŘǎ ǳǎŜŘΦ  ¢ƘŜ ƳŜǘƘƻŘ ƻŦ ²ƛƭƘŜǊŜ Ŝǘ ŀƭΦ όнллуύ άŎŀǇǘǳǊŜŘέ ŀ ǎǇŜŎƛŦƛŜŘ ŀƳƻǳƴǘ ƻŦ 
habitat without any information about its habitat quality or landscape integrity, while our method 
emphasized landscape integrity and did not 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, more up-to-
date and accurate species occurrence data are needed.  Some of the wildlife occurrence data have 
not been updated in over a decade.  The spatial data for prairies and 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 
quality and restoration 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 landscape integrity which are also based on expert judgment (e.g., 
Brown and Vivas 2005, Leu et al. 2008, Theobald 2010).  Further validation 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 empirically-based 
statistical model that relates the composition of wildlife communities (e.g., based on similarity to 
άƴŀǘǳǊŀƭέ ǿƛƭŘƭƛŦŜ ŎƻƳƳǳƴƛǘƛŜǎύ ǘƻ ǾŀǊƛƻǳǎ ƳŜǘǊƛŎǎ ƻŦ Ƙŀōƛǘŀǘ ƭƻǎǎ ŀƴŘ ŦǊŀƎƳŜƴǘŀǘƛƻƴΦ  ! ǊŜǎŜŀǊŎƘ 
program attempting to develop such relationships would also investigate the multi-species 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 Basin-Puget Trough-Willamette Valley Ecoegion.  Hence, 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 is a simplified representation of a complex system that emphasizes the 
interrelationship of the major elements rather than the details of each element.  The 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 arrangement 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 connected channels that funnel materials 
ς ǇǊŜŘƻƳƛƴŀƴǘƭȅΣ ǿŀǘŜǊΣ ǎŜŘƛƳŜƴǘΣ ŀƴŘ ǿƻƻŘ ҍ ŦǊƻƳ ǘƘŜ ǿŀǘŜǊǎƘŜŘΩǎ ƘŜŀŘǿŀǘŜǊǎ Řƻǿƴ ǘƻ ƛǘǎ ƳƻǳǘƘΦ  !ǎ 
materials move through the network they provide both the matter and energy for the processes that 
build, destroy, and rebuild aquatic habitats.  Local and remote processes interact through the channel 
network (Figure 3.1).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 (green).  Red and gray 
lines are WRIA and small watershed boundaries, respectively.  (B) Upstream conditions affect 
local conditions which 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 interactions.  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.  For our purposes 
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 

B 
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often include floodplain and riparian areas adjoining the channel.  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 
encompass 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 conservation value of a 
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 quality within it, which is greatly influenced by upstream conditions; and 2) the habitat quality in 
ŘƻǿƴǎǘǊŜŀƳ ǊŜŀŎƘŜǎΣ ǿƘƛŎƘ ŀǊŜ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ƎƛǾŜƴ ǊŜŀŎƘΩǎ ŎƻƴŘƛǘƛƻƴΦ   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 3.2.  Multiple spatial scales and spatial arrangement within a watershed. The 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 scale was the sub-basin (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.  Movement upstream 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 species ς habitat.  In freshwater lotic ecosystems of the Puget Sound Basin 
the dominant vertebrate species are salmonids.  We assumed that eight salmonid species and their 
major life-history variants ς pink, chum, Chinook, coho, steelhead, rainbow trout,  sockeye, kokanee, 
cutthroat, and bull trout10 ҍ ŎƻǳƭŘ ŜŦŦŜŎǘƛǾŜƭȅ ǎŜǊǾŜ ŀǎ ǳƳōǊŜƭƭŀ ǎǇŜŎƛes for all other species that rely on 

                                                           
10

 Sockeye and kokanee are life history variants of Oncorhynchus nerka.  Steelhead and rainbow trout are life 
history variants of Oncorhynchus mykiss.  
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lotic habitat types.  An umbrella species is one whose conservation confers protection to numerous 
other co-occurring species (Fleishman et al. 2000).  We believe this to be tenable for two reasons.  First, 
collectively the eight species and their major life-history variants use a large proportion of every WRIA-
sized11 watershed.  Those portions of a watershed where these species do not exist are very high 
gradient streams, headwaters, and areas above fish passage barriers.  However, 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 salmonid species 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, places identified for protection or 
restoration of habitats for sensitive salmonid life stages will also result in the protection and restoration 
of habitats for non-salmonid species.   
 

Habitat Quality 
Salmonid habitats can be decomposed into intrinsic and extrinsic attributes.  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, 
such 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 
species-specific and is usually measured through a particular 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 known as intrinsic 
potential models.  Intrinsic potential (IP) models are unique to each salmonid species, and perhaps even 
unique to salmonid populations (i.e., evolutionary significant units).  IP models yield an index that 
quantifies the potential habitat quality of a stream reach (e.g., Burnett et al. 2007).  IP 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 high-resolution, spatially-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 models incorporate characteristics that are 
generally resistant to anthropogenic impacts, and hence, evaluate species-specific habitat potential in 
ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ǎǳŎƘ ƛƳǇŀŎǘǎ ό{ƘŜŜǊ Ŝǘ ŀƭΦ нллфύΦ  ¢ƘŜȅ ŀǘǘŜƳǇǘ ǘƻ ŜǎǘƛƳŀǘŜ ŀ ǊŜŀŎƘΩǎ ǇƻǘŜƴǘƛŀƭ ǘƻ ǇǊƻǾƛŘŜ 
habitat and not the actual quality of 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 
ǘƘŜ tŀŎƛŦƛŎ bƻǊǘƘǿŜǎǘ ҍ ƛΦŜΦΣ hǊŜƎƻƴ Coast Range (Burnett et al. 2007) and the Lower 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 models relating 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 inter-related reasons.  First, empirical data on extrƛƴǎƛŎ Ƙŀōƛǘŀǘ ŀǘǘǊƛōǳǘŜǎ ҍ 
e.g., water temperature, sediments, and large woody debris ς are expensive to collect because (a) in-

                                                           
11

 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; and (c) 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 extent (e.g., Bartz et al. 2006), 
remotely sensed data such as land cover that are presumably correlated with extrinsic habitat attributes 
όŜΦƎΦΣ tŜǎǎ Ŝǘ ŀƭΦ нллнΣ CƛŜǎǘ Ŝǘ ŀƭΦ нллоΣ {ǘŜŜƭ Ŝǘ ŀƭΦ нллпΣ CƛǊƳŀƴ Ŝǘ ŀƭΦ нлммύΣ ƻǊ άŘŀǘŀέ ŘŜǊƛǾŜŘ ŦǊƻƳ 
expert opinion (e.g., Lestelle et al. 2004). 
 
Models that relate the demographic responses of salmonid populations to extrinsic habitat attributes 
exist (e.g., Scheuerell et al. 2006), however, the data requirements of such models, e.g., water 
temperature and fine sediment measurements, are entirely impractical for a regional conservation 
assessment.  This data problem has been addressed by developing models that relate the extrinsic 
habitat attributes to remotely-sensed land cover data (Bartz et al. 2006), but these models are 
watershed-specific (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 watershed-scale lŀƴŘ ŎƻǾŜǊΣ ƭŀƴŘ ǳǎŜΣ ŀƴŘ ƎŜƻƭƻƎȅ ҍ Řŀǘŀ ǘƘŀǘ 
can be collected via remote sensing or are readily available in spatially-extensive 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 
watershed-specific 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 reason regional models of salmonid habitat quality have been slow to develop is that 
ŜƳǇƛǊƛŎŀƭ Řŀǘŀ ƻƴ ǎŀƭƳƻƴƛŘ ǇƻǇǳƭŀǘƛƻƴǎ ҍ ǎǳŎƘ ŀǎ Ŏƻǳƴǘǎ ƻŦ ǎǇŀǿƴŜǊǎΣ ǊŜŘǎΣ ƻǊ ǎƳƻƭǘǎ ҍ ŀǊŜ ŜƛǘƘŜǊ 
unsuitable for statistical modeling (i.e., not obtained through random sampling of reaches) and/or are 
unavailable as geo-referenced 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 shortcomings of salmonid 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 geo-referenced spatial database.  In the Puget Sound Basin, for instance, models 
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 watershed focus, current models have a narrow 
geographic scope and cannot be applied to regional assessments.  Models created with data from a 
single watershed will be regionally valid if and only if the landscape conditions within that watershed are 
representative of landscape 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 demographic data (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 Firman 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 al.; the two largest 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 
ƻƴƭȅ мсΣллл ŀƴŘ фΣмлл ǇŜƻǇƭŜΦ  /ƻƴǎŜǉǳŜƴǘƭȅΣ CƛǊƳŀƴ Ŝǘ ŀƭΦΩǎ ƳƻŘŜƭ ƛǎ ƛƴǾŀƭƛŘ ŦƻǊ {ƴƻƘƻƳƛǎƘ wƛǾŜǊ 
Watershed and PŜǎǎ Ŝǘ ŀƭΦΩǎ ƳƻŘŜƭ ƛǎ ƛƴǾŀƭƛŘ ŦƻǊ ǘƘŜ hǊŜƎƻƴ /ƻŀǎǘ wŀƴƎŜΦ  !ǎ ŦƻǊ ƻǳǊ ŀǎǎŜǎǎƳŜƴǘΣ ǘƘŜ 
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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 quite different from the Chambers-Clover, 
Cedar-Sammamish, Duwamish-Green, Deschutes, Upper Skagit, Skokomish-Dosewallips, and Lyre-Hoko 
watersheds which are 62, 45, 27, 21, 1, 1, and 1 percent urban land, respectively.   
 
Because the empirical data needed to build models 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 Treatment (EDT; Lestelle et al. 2004) is based 
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 unknown levels 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 Science Review Panel 
(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 and have a small number of parameters.  
 
Species-specific 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 explored an approach that relied on the concept of ecological integrity.  The integrity 
of lotic ecosystems could serve as a surrogate for the extrinsic attributes of species-specific salmonid 
habitats.  
 

Aquatic Ecological Integrity 
To assess relative habitat quality, we supplemented intrinsic potential with ecological integrity.  
Ecological integrity is 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 al. 2003).  Ecological integrity describes the degree to which an 
ecosystem is whole, intact, or undisturbed (Andreasen et al. 2001).  Ecological integrity is 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, housing density, or human population density that served as surrogates for 
ecosystem degradation (Brown and Vivas 2005, Mattson and Angermeier 2007, Theobald et al. 2010).  
Functional relationships between these surrogates and ecological integrity are most often formulated 
through expert judgment (e.g., Quigley et al. 2001, Mattson and Angermeier 2007), and rarely 
incorporate empirically-derived relationships between surrogates and biological responses (but see 
Esselman et al. 2011).  
 
To obtain a more empirically-based and less expert-based relationship between ecological integrity and 
various surrogates for ecosystem degradation, we exploited published relationships between indices of 
biological integrity (sensu Karr 1991) and land use or land cover.  Biological integrity was defined by Karr 
όмффмύ ŀǎΣ άǘƘŜ ŀōƛƭƛǘȅ ǘƻ ǎǳǇǇƻǊǘ ŀƴŘ Ƴŀƛƴǘŀƛƴ ŀ Φ Φ Φ ŎƻƳƳǳƴƛǘȅ ƻŦ ƻǊƎŀƴƛǎƳǎ ƘŀǾƛƴƎ ŀ ǎǇŜŎƛŜǎ 
ŎƻƳǇƻǎƛǘƛƻƴΣ ŘƛǾŜǊǎƛǘȅΣ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ ƻǊƎŀƴƛȊŀǘƛƻƴ ŎƻƳǇŀǊŀōƭŜ ǘƻ ǘƘŀǘ ƻŦ ƴŀǘǳǊŀƭ Ƙŀōƛǘŀǘ ƻŦ ǘƘŜ ǊŜƎƛƻƴέ 
ҍ ŀ ŘŜŦƛƴƛǘƛƻƴ ŀǇǇŀǊŜƴǘly adopted for the definition of 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 of various metrics that quantify species 
richness, trophic composition, and species abundances.  In the Pacific Northwest, IBIs have been 
developed for benthic macro-invertebrates (Fore et al. 1996), coldwater fish (Mebane et al. 2003), and 



 

46 
 

coldwater fish and amphibians (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 ecological integrity and land use and developing 
landscape-scale 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 (explained above), relationships between aquatic ecological integrity and land use are likely to be 
watershed specific.  While certain landscape-scale variables are widely acknowledged to be highly 
correlated with aquatic ecological integrity, such as percent of a watershed that is urbanized and 
percent of a watershed covered by impervious surface (Paul and Meyer 2001), widely-generalizable, 
reasonably accurate, quantitative models relating ecological integrity to land use have yet to be 
developed.  Ecological integrity 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 throughout the entire 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 spatial arrangement 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 (ESA) because they are threatened 
with extinction.  The listing of a species as threatened triggers actions to recover the species.  For 
instance, under sections 7 and 9 of the ESA the habitats of listed species get special protection.  Without 
these special habitat 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, species status 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 contrary perspective contends that healthy salmonid stocks should be the highest priority for habitat 
protection.  This judgment stems from the belief that enhancinƎ ǘƻŘŀȅΩǎ ƘŜŀƭǘƘȅ ǇƻǇǳƭŀǘƛƻƴǎ ƛǎ ǘƘŜ Ƴƻǎǘ 
practical way to create ǘƻƳƻǊǊƻǿΩǎ ǎǳǎǘŀƛƴŀōƭŜ ŦƛǎƘŜǊƛŜǎΦ  This rationale assigns a higher conservation 
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 Conserva tion Value  
The purpose of our conceptual model is to guide the construction of an index ς an index of relative 
ŎƻƴǎŜǊǾŀǘƛƻƴ ǾŀƭǳŜ ǿƘƛŎƘ ǿƛƭƭ ōŜ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ǇƭŀŎŜǎ ǘƘǊƻǳƎƘƻǳǘ ŀ ²wL!Φ  ¢ƘŜǎŜ άǇƭŀŎŜǎέ ŀǊŜ ǎƳŀƭƭ 
watersheds, also known as assessment units (AUs), and 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 comprised of 18 separate assessments 
each corresponding to a WRIA12.  The WRIA boundaries generally follow drainage areas, but each WRIA 

                                                           
12

 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 possesses unique patterns in geology, topography, hydrology, terrestrial vegetation, fish 
assemblages, and aquatic biological communities.  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 the 
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 challenge 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 consequently, we have 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 major life-history 
variants could effectively serve as umbrella species for all other species that rely on lotic habitat types.  
Consequently, salmonid species richness13 and the amount and quality of salmonid habitats are major 
influences within the index. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 this component 
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 
components:  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 landscape-scale features crucial to ecological processes that create and 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.  Within this component separate calculations 
are done for eight salmonid species.  The relative value of each salmonid habitat is a primarily a function 
ƻŦ Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅ ŀƴŘ Ƙŀōƛǘŀǘ ŀƳƻǳƴǘΣ ōǳǘ ƛǘ ƛǎ ŀƭǎƻ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǎǇŜŎƛŜǎΩ ǇǊŜǎŜƴŎŜΣ ŀƴŘ ƻǇǘƛƻƴŀƭƭȅΣ ǘƘŜ 
speŎƛŜǎΩ ǎǘŀǘǳǎΦ  {ŀƭƳƻƴƛŘ habitat quality is a function of intrinsic potential and aquatic ecological 
integrity, which address the intrinsic and extrinsic attributes of freshwater salmonid habitats, 
respectively.  Ecological integrity of an AU depends on conditions 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 more valuable than unoccupied habitat.  Hence, salmonid 
habitat value combines reach habitat quality with species occurrence information for each reach.  Our 
fish occurrence data have three categories of presence ς documented, presumed, and potential 
(Appendix C) ς 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, because incorporating species status incorporates, in effect, a legislative policy, we 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 Salmonid Stock Inventory status (WDFW and WWTIT 2002). 
 
There are several ways an AU can be highly valuable for the conservation of salmonid habitats ς the 
AU contains exceptionally high quality habitat for only one species; contains large amounts of 
habitat for many species, regardless of habitat quality; contains some intermediate amounts of high 
quality habitats for some species, or contains large amounts of moderate quality habitats for some 
species, etc.  In other words, conservation value is a function of habitat quantity, quality habitat, and 
species richness.  Our index incorporated all 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 habitats.  AUs that could potentially impact large amounts of high 
quality 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 two 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 
ǇƭŀŎŜΩǎ ǘƻǘŀƭ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ Ƙŀōƛǘŀǘ ŎƻƴǎŜǊǾŀǘƛƻƴΣ ƛΦŜΦΣ the quantity a place contributes.  The other 
ǇŜǊǎǇŜŎǘƛǾŜ ƛǎ ǘƘŀǘ ǾŀƭǳŜ ƛǎ ōŜǎǘ ŘŜǘŜǊƳƛƴŜŘ ōȅ ŀ ǇƭŀŎŜΩǎ ǎƛƴƎƭŜ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻƴǘǊƛōǳǘƛƻƴΣ ƛΦŜΦΣ ǘƘŜ 
quality a place contributes.  These two perspectives can result in different rankings of places.  For 
example, 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 both ways.    
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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 (Ruckelshaus et 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 same AUs used by the Department of Ecology for their assessments 
of water resources (Stanley et al. 2010).  AUs were derived from reach-scale catchments delineated by 
the Salmon and Steelhead Habitat Inventory and Assessment Program (SSHIAP; NWIFC 2009).  Ecology 
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 more reasonable.  Consequently, the SSHIAP 
catchments were aggregated into larger analysis units.  Two-thousand nine-hundred forty AUs with a 
mean size 4.7 square miles were created.   

 
Some components of our index needed specific information on individual river and stream reaches: 
length, channel gradient, active channel width, valley floor width, and mean annual flow.  No currently 
available GIS data layers provided such information, so we contracted with M2 Environmental Services 
to create one.  The resultiƴƎ άbŜǘ¢ǊŀŎŜέ ŎƘŀƴƴŜƭ ƴŜǘǿƻǊƪ ŦƻǊ ǘƘŜ ŜƴǘƛǊŜ tǳƎŜǘ {ƻǳƴŘ .ŀǎƛƴ ƘŀŘ тлсΣтпп 
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 Department of Ecology (Stanley et al. 2011).  We refined 
the wetland data layer by overlaying it with a land cover/land use data layer (C-CAP 2008) and removing 
wetlands co-incident with urban or agricultural land uses.  The area of functional floodplains was 
calculated by removing areas that were co-ƛƴŎƛŘŜƴǘ ǿƛǘƘ άŘŜǾŜƭƻǇŜŘέ ƭŀƴŘ ǳǎŜǎ ƛƴ /-CAP.   
 
With respect to hydrogeomorphic features, an AU has high value if it has a high density of wetlands and 
ǳƴŘŜǾŜƭƻǇŜŘ ŦƭƻƻŘǇƭŀƛƴǎ ƻǊ Ŏƻƴǘŀƛƴǎ ŀ ƘƛƎƘ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ŀ ²wL!Ωǎ wetlands and undeveloped 
floodplains.  Hence, an AUΩǎ ǊŜƭŀǘƛǾŜ ǾŀƭǳŜ for hydrogeomorphic features was calculated two ways, and 
the hydrogeomorphic feature component of the index equaled the larger of the two resulting values.  
 

AU Habitats 
Local or AU habitat value was a function of habitat quality, habitat amount, and fish presence category.  
²5C²Ωǎ CƛǎƘ5ƛǎǘ Řatabase (Figure B4) was the source of all spatial data on the presence of salmonids in 
rivers and streams.  FishDist data for 10 salmonid species and life-history variants ς Chinook, coho, pink, 
chum, sockeye, kokanee, steelhead, rainbow trout, cutthroat, and bull trout ς were transferred to 
reaches in the NetTrace channel network.  For the purposes of this analysis, we equated presumed 
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presence with documented presence but assigned lesser value to water bodies where a salmonid 
species had potential presence (Table B6).  To simplify the analysis we lumped kokanee with sockeye, 
and where steelhead and rainbow trout co-occur we lumped them together also.   
 
Habitat quality was the weighted geometric mean of intrinsic potential and ecological integrity (Figure 
B3).  We currently have IP models for steelhead, coho, and Chinook (Figure B6).  The steelhead model 
was also applied to rainbow trout.  For those salmonid species that lack an IP model, intrinsic potential 
was set equal to 1, 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 Sound salmon 
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 
watershed-scale estimates of relative conservation value and make valid distinctions among AUs.   
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 3.4.  Model for salmonid habitat value.  The weighted geometric mean of intrinsic 
potential (IP) and aquatic ecological integrity equals habitat quality.  Values assigned to weights, 
Wx, given in Table B5.  In the models for salmonid species for which we lack an IP model, 
intrinsic potential equals 1.  N stands for normalization which is done within WRIAs.  An 
alternative model includes species and stock status (see Figure B5) 

 
 
To develop our index of aquatic ecological integrity we utilized two studies that found significant 
relationships between indices of biological integrity (IBIs) 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 regressions on 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 three άǇǊŜŘƛŎǘƻǊέ ǾŀǊƛŀōƭŜǎ ŦƻǊ ŜŎƻƭƻƎƛŎŀƭ ƛƴǘŜƎǊƛǘȅ ǿŜǊŜ 
percent of a watershed covered by impervious surface; percent of a watershed not covered by forest, 
wetlands, or natural vegetation; and percent of a watershed covered by human disturbances (e.g., 
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 zones that divided 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, and 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.  The equation for CEI was of the form: 
 
                    (3.1) 
 
where i denotes one of the six zones in Figure 3.2; Ii  is the aquatic ecological integrity index for zone i; Pi  
is the proportion of an AUΩǎ ŜƴǘƛǊŜ ŎƻƴǘǊƛōǳǘƛƴƎ ŘǊŀƛƴŀƎŜ ōŀǎƛƴ ŎƻǾŜǊŜŘ ōȅ ȊƻƴŜ i; and WL1 and WL2 are 
weights reflecting the relative influence of each zone on ecological integrity.  WL1 and WL2 are functions ς 
formulated through professional judgment ς of the longitudinal and lateral positions of zone i within the 
drainage basin. 
 
Habitat value equals habitat quality combined with species presence category (and optionally the 
species and stock status; Figure B5).  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 combine the eight values (Figure B9): the maximum habitat value 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 value, but 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.  Maximum habitat 
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 maximum of the two metrics (Figure B9).  RHI is used in the calculation 
of accumulative downstream habitats 
 
AUs are small watersheds.  Hence, the reach-scale habitat values and habitat units must be combined to 
yield a watershed-scale index.  The watershed habitats index (WHI) for an AU equals the maximum of 
either the sum of habitat units for all stream reaches in the AU or the sum of habitat units for reaches in 
that AU with a maximum habitat value greater than the 80th percentile habitat value for the WRIA where 
the AU is located (Figure B10).  In 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 components 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 
¢ƘŜ ŎŀƭŎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ ŀŎŎǳƳǳƭŀǘƛǾŜ ŘƻǿƴǎǘǊŜŀƳ Ƙŀōƛǘŀǘǎ ŎƻƳǇƻƴŜƴǘ ƻŦ ŀƴ !¦Ωǎ ǊŜƭŀǘƛǾŜ conservation 
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 reach-level accumulative downstream 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 (Figure 3.6).  We calculated two indices: an average 
of the three components and their maximum value.  For the purposes of combining these three 
components, the values were ranked relative to other AUs in their WRIA, and the ranks were normalized 
to yield a range of scores from 0 to 1.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

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 between adjacent 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 was done by calculating the index for all AUs with the parameter values shown in 
Tables B5 amd B6, recalculating 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 each parameter.  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 both ecological integrity and intrinsic potential (i.e., habitat quality), and 
including species status. 
 
Uncertainty analysis was done by assigning a uniform probability distribution to each of 11 parameters 
(Table B5).  The distributions spanned the range of reasonable 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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Figure 3.6.  Two indices generated from the three components of relative conservation value: 
the mean index and max index.  Ranks are normalized, so both indices range from 0 to 1.  Wx are 
weights, which were all set to 1 for this analysis.   
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3.3 Results 
 
To understand 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 highest densities 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 Puget Sound Basin 
was 14%, but the mean value by WRIA ranged from 9% in WRIAs 12 and 17 (Chambers-Clover and 
Quilcene-Snow ) to approximately 22% in WRIAs 1 and 11 (Nooksack and Nisqually).  AUs with high 
densities typically contained large rivers with mostly undeveloped 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 of extant 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 in the 10th decile (darkest green), 
and AUs in the bottom 10 % of AUs in a WRIA are in the 1st decile (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 habitat units of all reaches in an AU (sumHU), 
and (2) the sum of habitat units of all reaches in the AU with maximum habitat value greater than the 
80th percentile habitat value for the WRIA (sumHU80).  
 
Thirty-four percent of AUs had zero value for sumHU because no salmonids are documented, presumed, 
or have the potential to inhabit them, according to our data.  These 34 percent of AUs cover 15 percent 
ƻŦ ǘƘŜ tǳƎŜǘ {ƻǳƴŘ .ŀǎƛƴΩǎ ƭŀƴŘ ŀǊŜŀΦ  !ƴ ŀŘŘƛǘƛƻƴŀƭ мп҈ of AUs had non-zero sumHU but had zero 
sumHU80 because none of their habiǘŀǘǎ ŜȄŎŜŜŘŜŘ ǘƘŜƛǊ ²wL!Ωǎ у0th percentile habitat value.  Because 
the sumHU and sumHU80 indices are normalized ranks, the distributions of their nonzero values are 
uniform with mean and medians of approximately 0.5.   
 
The Pearson product-moment correlation between sumHU and sumHU80 was 0.88.  This correlation is 
high but not so high as to suggest that the two indices are redundant.  The mean absolute difference 
between non-zero values of sumHU and sumHU80 was 0.15 and 25% of the differences were greater 
than 0.22 which indicate the two indices are conveying different information.  WHI is the maximum of 
sumHU and sumHU80.  SumHU was bigger than sumHU80 for 54% of AUs with non-zero WHI. 
 
Values for sumHU were greatest in valley bottoms of large rivers (Figure 3.6).  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 streams have the greatest potential.  Many AUs with 
large sumHU80 values were located higher in a WRIA where ecological integrity tended to be higher.  
Very rarely were the highest value habitats located in urban or agricultural areas; a result largely driven 
by the ecological integrity index.   Zero values for sumHU80 were located in urban and agricultural areas 
and in high-elevation AUs with relatively little salmonid habitat. 
 
A major component of the reach habitat index was ecological integrity.  The spatial pattern of ecological 
integrity conformed to our expectations (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 was bimodal (Figure 3.8) with one mode between 95 and 100 corresponding to 
AUs in the mountains.  The mean value in the entire Puget Sound Basin was 53, but the mean value by 
WRIA ranged from 26 in WRIA 12 (Chambers-Clover) to 71 in WRIA 16 (Skokomish-Dosewallips).  Unlike 
other components of the freshwater habitats assessment, the ecological integrity index was not 
normalized within WRIAs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
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 maximum habitat value greater than the 80th percentile habitat value for 
the WRIA.  Gray AUs either do not have salmonids present (according to our data) or do not 
contain reaches with habitat value greater than the 80th percentile in WRIA.  Both indices are 
normalized ranks, where ranks are among AUs within a WRIA.   (C) Plot of index in Map B versus 
the index in Map A.  (D) WHI created by taking the maximum value for each AU in Maps A and B 
and then renormalizing  values within a WRIA.   
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Figure 3.7.  Ecological integrity calculated for each AU.  Results are presented as quantiles (i.e., 
ŘŜŎƛƭŜǎύ ōȅ ŀǊŜŀΦ  ¢Ƙŀǘ ƛǎΣ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мл ҈ ƻŦ ǘƘŜ tǳƎŜǘ {ƻǳƴŘ .ŀǎƛƴΩǎ ƭŀƴŘ ŀǊŜŀ ƛǎ ƛƴ ǘƘŜ млth 
ŘŜŎƛƭŜ όǘƻǇ мл҈Σ ŘŀǊƪŜǎǘ ƎǊŜŜƴύΣ мл҈ ƻŦ ǘƘŜ .ŀǎƛƴΩǎ ŀǊŜŀ ƛǎ ƛƴ ǘƘŜ 9th decile, and so on.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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  
The spatial 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 accumulative effects of a stream reach on downstream habitats 
increases.  Twenty-eight percent of AUs had a zero value for of accumulative downstream habitats.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.9.  Comparison of hydrogeomorphic features index (A) with accumulative downstream 
habitats index (B).  Results presented as deciles.  For instance, approximately 10% of each 
²wL!Ωǎ !¦ǎ ŀǊŜ in the 1st decile (bottom 10%, darkest red) and мл҈ ƻŦ ŜŀŎƘ ²wL!Ωǎ AUs are in 
the 10th decile (top 10%, darkest green).   Quantiles calculated separately for each WRIA.  

 
 
The spatial pattern of accumulative downstream habitats is nearly the opposite the pattern for wetlands 
and undeveloped floodplains.  AUs with a high relative density of wetlands and floodplains tend to be 
located lower in a WRIA and consequently have lower relative value for accumulative downstream 
habitats, and AUs with high relative value for accumulative downstream habitats tend to be located in 
foothills or mountains and consequently have a lower density 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 
ŎƻƴǎŜǊǾŀǘƛƻƴ ǾŀƭǳŜ ƛǎ ōŜǎǘ ŘŜǘŜǊƳƛƴŜŘ ōȅ ŀ ǇƭŀŎŜΩǎ ǘƻǘŀƭ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ Ƙŀōƛǘŀǘ Ŏƻƴǎervation, i.e., the 
ǉǳŀƴǘƛǘȅ ŀ ǇƭŀŎŜ ŎƻƴǘǊƛōǳǘŜǎΦ  ¢ƘŜ ƻǘƘŜǊ ǇŜǊǎǇŜŎǘƛǾŜ ƛǎ ǘƘŀǘ ǾŀƭǳŜ ƛǎ ōŜǎǘ ŘŜǘŜǊƳƛƴŜŘ ōȅ ŀ ǇƭŀŎŜΩǎ ǎƛƴƎƭŜ 
most significant contribution, i.e., the quality a place contributes.   
 
The first perspective is served by the average of components.  The average shows 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 are likely to co-occur.  AUs that 
perform the fewest functions are those at higher elevations.  Most of those AUs obtain high relative 
values for accumulative downstream habitats only.  The distribution of the average values had a mean 
and a median equal to 0.40Σ ŀƴŘ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴΩǎ ǎƘŀǇŜ ǿŀǎ ǊŜƭŀǘively uniform for values between 0 
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and 0.70 (Figure 3.10D).  No AUs had an average value over 0.95, but about 1% of AUs had a high score 
όҗлΦу) for all three components. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.10.  Two perspectives on relative conservation value.  (A) Average of the three main 
components of relative value:  hydrogeomorphic features, watershed habitats index, and 
accumulative downstream habitats.  (B) Maximum value of the three components for each AU.  
(C) Index distributions for the three components which are normalized ranks;  AUs were ranked 
within WRIAs.  (D) Distribution of values in Maps A and B.   

 
 
The second perspective is served by the maximum of components.  Seventy percent of AUs had a score 
for at least one of the components greater than 0.5.  The median value of the maximum of components 
was 0.72, which means half of all AUs attained a score of 0.72 or greater for at least one of the three 
components.  Maximum scores greater than 0.90 were attained by 22 percent of AUs, which means 
about one-fifth of AUs were in the top 10% of AUs in their WRIA for at least one of the components 
(recall that the scores are normalized ranks).  The map of maximum scores (Figure 3.10B) shows that, 
with the exception for urban areas, scores above 0.5 are distributed almost evenly throughout the Puget 

B A 
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Sound Basin.  Hydrogeomorphic features, downstream accumulative habitats, and WHI were the 
maximum component for 40%, 31%, and 29%, respectively, of AUs with nonzero WHI.  
 
 

Table 3.1.  Statistical summary of two perspectives on relative conservation value. 

Statistic 
Average of 3 
Components 

Maximum of 3 
Components 

mean 0.40 0.64 
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 models.  These 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 were equal.  Changing either of 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 example, amongst 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 sensitivity of WHI to change in parameters for individual AUs was not related to WHI (Figure 
3.12).  Mean absolute elasticity was showed no trend as WHI increased.  For 95% of AUs mean absolute 
elasticity was 0.06%.  That is, for 95% of AUs a 1% change in parameter value results, on average, in a 
less than 0.1% change in WHI.  However, some AUs were very sensitive to changes in parameters ς the 
three largest values for mean absolute elasticity were 5.1, 4.7, and 4.7 percent.  
 
Another sensitivity analysis examined how WHI changed in response to changes in model structure.  
Adding species status to the index results in 22% of AUs with nonzero WHI changing their quantized 
WHI, but the change was only 1 decile for 20% of AUs (Table 3.2).  Removing ecological integrity from 
the index results in 68% of AUs with nonzero WHI changing their 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.  Removing components from WHI does not result in dramatic changes in 
quantized 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 AUs with 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, for 10% of non-zero 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. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Figure 3.11.  Results of sensitivity analysis: elasticity 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 are the 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.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.12.  Results of sensitivity analysis: mean absolute elasticity of WHI per AU to changes in 
model parameters.  Gray points are AUs among the 10% of AUs with largest mean absolute 
elasticity.  Red points are remaining 90% of AUs.  Largest mean absolute elasticity was 5.1%.  
 
 



 

62 
 

Table 3.2.  Percent of AUs with change in WHI decile in response to changes in WHI structure.  
Only AUs with non-zero WHI were tabulated.  Number of AUs with non-zero WHI equals 1942.   

 Change in Index Structure 

Change in 
WHI Decile  

Include 
Species 
Status 

Remove 
Ecological 
Integrity 

Remove 
Intrinsic 
Potential 

Remove 
Habitat 
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 1.5 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 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 points represent 10% of 
AUs with 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 land use planning, 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 lowest scores for 
relative conservation value (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 place-based conservation priorities cannot be 
ŎƻƴǾŜȅŜŘ ōȅ ƻƴŜ ƳŀǇΦ  ¢ƘŜ ǊŜƭŀǘƛǾŜ ǾŀƭǳŜ ƻŦ ŀ ǇƭŀŎŜ ŘŜǇŜƴŘǎ ƻƴ ƻƴŜΩǎ ǇŜǊǎǇŜŎǘƛǾŜΣ ŜΦƎΦΣ ǇǊŜŦŜǊŜƴŎŜǎ ŦƻǊ 
άǉǳŀƭƛǘȅέ ƻǊ άǉǳŀƴǘƛǘȅΣέ ŀƴŘ ǘƘŜǊŜŦƻǊŜΣ ƛǘ ƛǎ ǿƛǎŜ ǘƻ ŜȄŀƳƛƴŜ ƳŀǇǎ ŦƻǊ ƳǳƭǘƛǇƭŜ ǇŜǊǎǇŜŎǘƛǾŜǎΦ  !ƭǎƻΣ ǘƘŜ 
appropriate 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.  Seventy  percent of AUs had a moderate to 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 indicates that a large proportion of almost every 
WRIA has moderate to high relative value for some component 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 reasons 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 planners.  Our 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 
aquatic ecological 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 emphasizes longitudinal and lateral connectivity.  Upstream longitudinal 
connectivity was incorporated into our aquatic ecological integrity index.  Downstream longitudinal 
connectivity was assessed with the downstream accumulative habitats index.  For landscapes dominated 
bȅ ǇǳōƭƛŎ ƭŀƴŘǎ όҗ 80% public lands), over one-third (36%) of the land area had a high score (җ0.8) for 
downstream accumulative habitats and over four-fifths of the land area had at least a moderate score 
όҗлΦр).  In other words, as is already well-known, public lands in the Puget Sound Basin affect substantial 
amounts of salmonid habitats through the headwaters flowing from them.  The correlation between the 
percent of public land in an AU and its downstream accumulative habitats score was 0.59.  In contrast, 
the correlation between the percent of public land in an AU and its hydrogeomorphic features score was 
-0.14.  For AUs dominated by ǇǊƛǾŀǘŜ ƭŀƴŘǎ όҖ нл҈ ǇǳōƭƛŎ ƭŀƴŘǎύΣ ƴŜŀǊƭȅ ƻƴŜ-quarter (23%) had a high 
ǎŎƻǊŜ όҗлΦуύ ŦƻǊ ƘȅŘǊƻƎŜƻƳƻǊǇƘƛŎ ŦŜŀǘǳǊŜǎ ŀƴŘ half ƘŀŘ ŀǘ ƭŜŀǎǘ ŀ ƳƻŘŜǊŀǘŜ ǎŎƻǊŜ όҗлΦрύΦ  These facts 
indicate that 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 areas.  The 
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 rural areas while accommodating human population 
growth will require sophisticated approaches to land use planning and residential development.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
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% private lands, 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 are covered and mostly green AUs 
remain. 
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Figure 3.15.  Relative ecological Integrity outside public lands.  Map A shows 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 AUs with less 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 Basin.  Index scores cannot be compared across WRIAs.  Our 
assessment in its current form does not enable Basin-wide 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 streams, 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 
ǎǇŜŎƛŜǎΩ ƭƛŦŜ ƘƛǎǘƻǊȅ ǾŀǊƛŀƴǘǎ ŦƻǊ ǿƘƛŎƘ ǿŜ ŎƻƭƭŜŎǘ ŘŀǘŀΦ  Lƴ ŦǊŜǎƘǿŀǘŜǊ ŜƴǾƛǊƻƴƳŜƴǘǎΣ Ǝƻvernment 
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agencies generally collect occurrence data for harvested species, and, in particular, the harvested life 
stages of those species.  In other words, we have reasonably accurate occurrence data for adult 
salmonids but we lack accurate occurrence data for the juvenile life stages of salmonids and for the 
majority of other animal species that inhabit rivers and streams.  Nevertheless, as explained above, we 
believe that salmonids can effectively serve as umbrella species for all other species that rely on lotic 
habitat types.  The umbrella species approach has one obvious shortcoming ς some 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 assessment of relative conservation value for all animal 
species found in the rivers and streams of Puget Sound.  
 
As stated above, our 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 (E. Beamer, Skagit River System 
Cooperative, pers. com.).  Thirty-ŦƻǳǊ ǇŜǊŎŜƴǘ ƻŦ ƻǳǊ !¦ǎ ŀǊŜ άŎƻŀǎǘŀƭέ !¦ǎ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ ǎƘƻǊŜƭƛƴŜ ƻŦ 
Puget Sound.  Of these small AUs (mean size 1 square mile), 22% are unlikely to contain a stream, 25% 
contain a stream known to be 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 fact, support juvenile salmonids.  
 

3.4.2.  Potential Improvements  
Our indices could be improved several ways.  First and foremost, more up-to-date and accurate fish 
occurrence data are needed, including occurrence data on juvenile salmonids.  At present, the 
Northwest Indian Fisheries Commission and WDFW maintain separate databases 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 merged database 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 occurrence data for other 
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 could be incorporated 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 
habitats must 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 expert opinion.  We relied on expert 
opinion because we lacked empirically-based statistical models for salmonid habitat quality.  
Currently available models are watershed-specific and exist for only a few WRIAs in Puget Sound 
Basin.  The use of expert judgment as a substitute for empirical information has been criticized 
(Ruckelshaus et al. 2002), but we had no other practical alternative.  Empirically-based 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 Angermeier 2007, 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 correlation among indices would, in 
effect, constitute agreement amongst independent groups of experts.  The aquatic ecological 
integrity index might also be improved by developing an empirically-based statistical model that 
relates the composition of aquatic communities (e.g., some combination of the metrics that 
comprise currently available benthic macro-invertebrate and fish IBIs) to various metrics of 
landscape-scale watershed condition 
 
Further discussion of the assessments is provided in Part 5 of this report.   
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4.1. Conceptual Model  
 

A conceptual model is a simplified representation of a complex system that emphasizes the 
interrelationship of the major elements rather than the details of each element.  The 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 structures14 interact to 
manifest functions (Figure 4.1; Goetz et al. 2004, Simenstad et al. 2006b).  Maintaining both process and 
structure is essential to the maintaining healthy nearshore ecosystems.  The composition and 
organization of biological communities in nearshore ecosystems is caused by processes such as wave 
ŜȄǇƻǎǳǊŜΣ ǎŜŘƛƳŜƴǘ ǎǳǎǇŜƴǎƛƻƴΣ ŀƴŘ ŦǊŜǎƘǿŀǘŜǊ ŦƭƻǿǎΣ ŀƴŘ ōȅ άǎǘǊǳŎǘǳǊŜǎέ ǎǳŎƘ ŀǎ ōŜŀŎƘ ǘƻǇƻƎǊŀǇƘȅΣ 
beach sediments, and salinity.  The structure of nearshore ecosystems is both the consequence of and 
an influence on the action of ecosystem processes (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 ecosystem functions: the habitats for 
nearshore flora and fauna (Figure 4.2).  The habitat functions of nearshore ecosystems are highly 
integrated and hierarchical.  For example, the ecosystem function of herring15 habitat depends in part 
on the presence of a particular vegetative structure, eelgrass (Zostera marina), 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 
The dominant physical process along the shorelines of Puget Sound is the movement of sediments.  
Sediment movement occurs within spatially distinct littoral drift cells.  Drift cells are comprised of  
  

                                                           
14

  Other ecosystem conceptual models separate structure into structure and composition.  We consider 
composition to be an attribute of structure.   
15

  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 ovals).  Each species has different habitat requirements that are 
met by different interactions among processes and structures. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3.  Hierarchical nature of ecosystem structures.  Habitats 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 by eelgrass.  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 transport reaches where littoral drift connects sources to sinks (Figure 
4.4).  Puget SouƴŘΩǎ ǎƘƻǊŜƭƛƴŜǎ ŀǊŜ ŎƻƳǇǊƛǎŜŘ ƻŦ ум2 drifts cells with an average length of 3.7 miles and 
a maximum of length 60 miles.   
 
Within drift cells, variation in wave exposure, sediment sources, and local geomorphology create a 
variety of shoreforms (Table D5), such as bluff-backed beach, barrier estuary, open coastal inlet, and 
rocky shore (Shipman 2008).  Many bluff-backed beaches are sediment sources, barrier beaches and 
barrier estuaries are sediment sinks, and all beaches play a role in sediment transport.  Shoreforms 
provide a variety of environmental settings for fish and wildlife habitats.  At a finer spatial scale, 
ecosystem structures have been mapped as shorezones (Berry et al. 2001b).  Shorezones classify 
shorelines according to sediment type, slope, and wave exposure (sensu Dethier 1990 and Howes et al. 
1994).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.4.  The physical process of sediment movement within littoral drift cells along the 
shorelines of Puget Sound (from Simenstad et al. 2006a) 

 
 
Littoral drift is the dominant process for shaping and maintaining shoreline habitats.  Therefore, in order 
to fully assess the quality of shoreline habitats, the integrity of drift cells must also be assessed.  
Ecological integrity has 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 habitats within a region (Parrish et al. 2003). An ecological system has 
integrity when its dominant ecological characteristics (i.e., structures, processes, and functions) occur 
within their natural ranges of variation and can withstand and recover from most perturbations 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 directly affected by wave exposure, and 



 

72 
 

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 affect foraging habitat quality for white-winged 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 nearshore 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 habitats.  Habitats are specific to each species.  Although 
there is considerable overlap in the habitat characteristics of some species, e.g., red sea urchins and 
green sea urchins, the full multi-dimensional characteristics of habitat are unique for every species and 
sometimes unique to a particular population of a species (Morrison et al. 1992).  The behavioral and 
evolutionary ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ƳŀƴƛŦŜǎǘ ŀ ǎǇŜŎƛŜǎΩ Ƙŀōƛǘŀǘǎ ŀǊŜ ƘƛƎƘƭȅ ŎƻƳǇƭŜȄΥ ƛƴŘƛǾƛŘǳŀƭǎ ƛƴǘŜƎǊŀǘŜ 
multiple factors when selecting habitat, exhibit a wide range of habitat preferences, respond differently 
to habitats with different qualities, and populations are adaptable to changing habitat conditions.  
Hence, for many species our understanding of habitat is simplistic, and consequently, our ability to 
ƳƻŘŜƭ ǎǇŜŎƛŜǎΩ ƘŀōƛǘŀǘǎΣ habitat quality, or habitat functions is limited and replete with uncertainty. 
 
Mapping species-specific 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 particular, harvested and imperiled species.  By definition, the presence of a 
ǎǇŜŎƛŜǎ ŜǎǘŀōƭƛǎƘŜǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŀǘ ǎǇŜŎƛŜǎΩ ƘŀōƛǘŀǘΦ  Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ƛŦ ŀ ǎǇŜŎƛŜǎ ƛǎ ǇǊŜǎŜƴǘ ŀǘ ŀ ǎƛǘŜΣ 
then that site is serving a habitat function.  However, habitat quality cannot be determined by species 
presence alone, and the functions (e.g., breeding, rearing, resting) served by that habitat may not be 
discernible through species presence.  Furthermore, species absence does not establish the absence of 
habitat; species absence may be due to survey error, patterns of seasonal use, or declining population 
size.  Nevertheless, considering the dearth of species-specific habitat models, the presence of a species 
is our most reliable indicator of habitat.   
 
Collection of empirical data by 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 species, site-scale 
location data are based on incidental observations or incomplete surveys.  These data 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 highly inaccurate at spatial scales 
of about 4 square miles or more. 
 

4.1.2.  A Model for Relative Conservation Value  
hŦ ǘƘŜ ǘƘǊŜŜ Ƙŀōƛǘŀǘ ŀǎǎŜǎǎƳŜƴǘǎ ŎƻƴŘǳŎǘŜŘ ŦƻǊ ǘƘŜ tǳƎŜǘ {ƻǳƴŘ tŀǊǘƴŜǊǎƘƛǇΩǎ ²ŀǘŜǊǎƘŜŘ 
Characterization Project ς ǘŜǊǊŜǎǘǊƛŀƭΣ ŦǊŜǎƘǿŀǘŜǊΣ ŀƴŘ ƳŀǊƛƴŜ ǎƘƻǊŜƭƛƴŜǎ ҍ the fish, wildlife, and habitat 
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 and their relatively small spatial extent ҍ нΣпсу 
miles of marine shoreline in Puget Sound compared to over 50,000 miles of rivers and streams 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 value.  The overarching assumption of that belief is that the 
relative value of shorelines for the conservation of fish and wildlife habitats is predominantly a function 




