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Executive Summary

EXECUTIVE SUMMARY
The overall goal of this project was to evaluate nearshore habitat conditions in the Northwest

Straits region by compiling, organizing, and analyzing existing nearshore habitat and resource
datasets. The project was funded by the Northwest Straits Commission (NWSC), which
oversees the operations of county-based Marine Resource Committees (MRCs) in the Northwest
Straits. This project was designed to address a Benchmark of Performance detailed in the
Northwest Straits Marine Conservation Initiative (1998). The benchmark specifies the need to
restore and protect nearshore habitats that support marine resources in the Northwest Straits

region.

The results of this project lay the groundwork for the MRCs to assess nearshore habitat
conditions and identify priority restoration and/or conservation sites. The existing dataset
compilation provides a common starting point for each MRC to assess county-specific
nearshore habitat conditions. A database of bibliographic documentation for each relevant
dataset is also provided to aid the MRCs in choosing appropriate datasets to use in a nearshore
assessment and in evaluating the quality of each dataset. Data gaps were also identified to
guide new data collection efforts the MRCs may initiate in the future to enhance and expand the

existing knowledge base of nearshore habitats.

Habitat characterization maps were created using the identified regional datasets to
characterize the physical, biological, and anthropogenic features used to describe habitat
conditions in the Northwest Straits. These maps provide a general overview of nearshore
habitat conditions in each of the counties in the Northwest Straits by displaying the following
information:

e Map 1: Intertidal vegetation and subtidal vegetation

e Map 2: Substrate and shoreline modifications

* Map 3: Tributary streams, salmonid distributions, groundfish distributions, forage fish

spawning, and holding areas
» Map 4: Shellfish distributions and beach closure areas, marine mammal distributions,

and seabird distributions

The datasets used for this mapping exercise were limited to regional coverages given the large

project area.
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Executive Summary

Three species-based habitat analyses were conducted to demonstrate various methods for
evaluating habitat condition and assigning priorities for restoration and/or conservation using
the compiled regional datasets. The species were chosen by a Technical Advisory Group (TAG)
to reflect a common interest among the MRCs and on the ability to model the species’ habitat
guality with available data. The groups chosen were: 1) forage fish, specifically with regards to
the use of the nearshore by adults for spawning; 2) nearshore rockfish, specifically with regards
to juvenile and adult use of nearshore habitats; and 3) salmon, specifically with regards to the

use of the nearshore by juveniles for rearing and migration.

The approach for evaluating nearshore habitat conditions based on forage fish and salmon were
similar. The evaluation of habitat function for these two species was based on a conceptual
framework linking shoreline modifications to ecological functions (Williams and Thom 2001).
The basic premise behind this approach is that unmodified habitat types inherently provide a
certain level of ecological function based on a target species (benefits). Furthermore, this level
of function may be impacted to varying degrees by shoreline modifications (impacts). The
habitat analyses for forage fish and salmon attempt to quantify these benefits and impacts to
prioritize potential nearshore habitat restoration and conservation areas. The approach for the
nearshore rockfish assessment was very different; no evaluation of habitat function was
performed. Instead, a map was created detailing nearshore rockfish distributions and habitat
preferences. Rocky shorelines, steep slopes, and rockfish distributions were used as an

indication of potential nearshore rockfish habitat areas.

Once again, regional datasets were used in the habitat analysis due to the large extent of the
project area. However, it is recommended that the MRCs incorporate existing and new local
site-specific information into the analysis to address their individual restoration and/or

conservation goals.

This final report includes a set of CD-ROMs containing the following items:
» All relevant regional and local datasets identified for the Northwest Straits describing
nearshore habitats
e A database of bibliographic documentation for the digital datasets
» A bibliography containing reports relevant to nearshore habitats
* Nearshore habitat characterization maps by county

» Potential conservation and potential restoration maps by county and species
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Introduction

1 INTRODUCTION

Puget Sound is a unique environment consisting of a diverse array of marine resources. These
inland marine waters serve as a center of economic activity for national and international
interests, which have resulted in an influx of human settlement and development throughout
the region. The heavy concentration of shoreline development has caused the modification and
destruction of nearshore habitats and the depletion of important marine resources. Since 1980,
populations of invertebrates, bottom fish, salmonids, marine birds, and marine mammals have

declined precipitously (Washington Sea Grant 1998).

The Northwest Straits ecosystem is an integral component of the Puget Sound region
encompassing the marine waters of the Strait of Juan de Fuca and northern Puget Sound from
the Canadian border to the south end of Whidbey Island (Washington Sea Grant 1998). The
depletion of marine resources in Puget Sound has harmed the economies and communities
around the Northwest Straits, and continued rapid increases in development and population in

the region foreshadow serious impacts in the future (Washington Sea Grant 1998).

In response to the indicators of marine resource depletion in the Northwest Straits, U.S. Senator
Patty Murray (D) and U.S. Congressman Jack Metcalf (R) convened a citizen’s panel in 1997 to
identify possible strategies and solutions to the dramatic resource decline in the region. The
resulting Northwest Straits Marine Conservation Initiative established the Northwest Straits
Commission (NWSC) to provide oversight and coordination of restoring and protecting the
marine resources of the Northwest Straits ecosystem. The NWSC is a voluntary panel of
citizens who are charged with recommending steps to improve the region’s sustainability.
County-based Marine Resource Committees (MRCs) were formed in each of the seven
northwest counties of the state including Clallam, Jefferson, San Juan, Whatcom, Skagit,
Snohomish, and Island counties to support the mandates of the Initiative. The MRCs

coordinate all their activities through the NWSC.

The Northwest Straits Marine Conservation Initiative outlines Benchmarks for Performance,
which guide the work of the MRCs and the NWSC and provide measures of success for the
program. This project was developed to inventory and evaluate nearshore habitats in order to
address the benchmark specifying the need to restore and protect nearshore habitats that

support marine resources in the Northwest Straits. The project was designed to compile,
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Introduction

organize, and analyze existing information and datasets on nearshore habitats and their
condition in the region. The results intend to accomplish the following:

* Assist the MRCs in compiling existing datasets characterizing nearshore habitats

* Identify gaps in nearshore habitat information

» Identify high priority areas for habitat restoration or increased levels of conservation

* Integrate longer-term data collection efforts throughout the region

1.1 Project Goals and Objectives

The overall goal of this project was to evaluate nearshore habitat conditions in the project
area by compiling, organizing, and analyzing existing nearshore habitat and resource
datasets. Criteria for prioritizing potential conservation and/or restoration areas within the
Northwest Straits region were developed to aid in the organization and understanding of
that data. To reach this goal, the following specific objectives were determined:
« Compile and organize existing datasets on nearshore habitat conditions and marine
resources in the project area and provide available documentation for each dataset.
» Develop maps of nearshore habitat conditions and marine resources in the
Northwest Straits region using ArcView GIS.
* Identify gaps in nearshore habitat datasets in the Northwest Straits region.
» Develop criteria for prioritizing areas for nearshore habitat restoration and
conservation.
» Evaluate habitat conditions based on their ability to support forage fish, nearshore
rockfish, and salmon species and apply criteria for prioritizing nearshore habitat

restoration and conservation areas.

1.2 Project Area

The project area encompasses the Northwest Straits region, which includes the nearshore
areas and marine shorelines on the U.S. side of the Strait of Juan de Fuca and Strait of
Georgia, and the waters of Puget Sound as far south as the southern tip of Whidbey Island
including the entire marine shoreline of Snohomish and Jefferson counties (Figure 1). The
region falls under jurisdiction of seven counties including Clallam, Jefferson, San Juan,
Whatcom, Skagit, Snohomish and Island counties, and the state of Washington. The project

area does not include the outer Pacific coast of Clallam county. The project area contains
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Introduction

portions of ten separate Water Resource Inventory Areas (WRIAS) including WRIA 1,2,5-8,
and 16-19.

Specifically, the project area includes the nearshore habitats contained in the geographic
area previously defined. For this project, nearshore habitats are defined from a depth of 10
meters (33 feet) below Mean Lower Low Water (MLLW) to Mean Higher High Water
(MHHW), including adjacent backshore areas. The lower extent of the nearshore zone (-10
meters MLLW) is based on the upper limit at which healthy benthic vegetation can be found
in Puget Sound. At-10 meters MLLW down to —30 meters (98 feet) MLLW, there is a strong
coupling between benthic processes (i.e., nutrient cycling) and the overlaying water column
(Williams and Thom 2001). The nearshore zone also includes backshore and upland areas in
which the strongest intertidal-upland coupling occurs. This is where bluffs provide the
sediments that nourish beaches, the upland transition vegetation stabilizes beaches, and the
fringing vegetation shades the intertidal zone and contributes insects, leaf litter, and woody

debris directly into the aquatic environment (Williams and Thom 2001).

1.3 Project Approach

The project approach follows the five specific objectives identified in Section 1.1 as well as
input from a Technical Advisory Group (TAG) assembled by the NWSC and individual
MRC workshop reviews. An overview of the approach is depicted in Figure 2. The TAG
consisted of representatives from resource agencies, the University of Washington, and
county MRCs. The TAG provided input and feedback on the compilation list of existing
datasets to ensure that no important sources had been overlooked. Additionally, the
advisory group provided expertise on the criteria developed to determine high priority
restoration and/or conservation areas. Written comments were also received from
individuals who were unable to attend the two TAG meetings. In addition to the TAG
meetings, individual MRC workshop reviews were conducted to present the project
approach and preliminary results and solicit feedback from the public. A separate report
including an outline of the public involvement process and a summary of received input is

included as Appendix A.
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Introduction

The key component of this project was to compile and organize regional and local datasets
to be used in a GIS-based spatial nearshore habitat analysis. The nearshore habitat analysis
was designed to be adaptive to the goals of individual MRCs and to incorporate new and
updated datasets as they become available. A species-based approach was adopted to
facilitate the adaptation of the analysis to the individual goals of each MRC. Therefore, the
analysis illustrates three different approaches for using the compiled datasets to determine
priority restoration and conservation areas based on three indicator species groups. The
TAG selected the species groups to reflect, as much as possible, a common interest among
the MRCs and on the feasibility of modeling habitat conditions with available data. The
three groups chosen were: 1) forage fish (specifically with regards to the use of the
nearshore by adults for spawning); 2) nearshore rockfish (specifically with regards to
juvenile and adult use of nearshore habitats); and 3) salmon (specifically with regards to use
of the nearshore by juveniles for rearing and migrating). The various approaches used in
the habitat analysis reflect the amount of data that is currently available to describe habitat
conditions and its relation to the target species. The datasets used for these analyses were
limited to regional coverages given the large project area. However, it is expected that the
MRCs will incorporate existing and new local and/or site-specific information into these

analyses to address their individual restoration and/or conservation goals.
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2 NEARSHORE HABITAT INVENTORY

The first task of this project was to compile and organize existing data sources that characterize
the nearshore habitat conditions in the Northwest Straits. Identified datasets and reports
characterizing nearshore habitats and species distributions are detailed in Appendix B and
relevant digital datasets are provided on the accompanying CD ROM. A database of
bibliographic documentation was developed to aid the MRCs in evaluating the quality of each
identified dataset. A summary of the data documentation is provided in Appendix C, and the

actual database is also provided on the accompanying CD ROM.

The habitat characterization focuses on the physical, biological, and anthropogenic features of
the nearshore that define or affect the condition or function of nearshore habitats. For example,
physical features and some biological attributes, such as vegetation, of the nearshore
environment define the habitat setting that determines which species occupy an area. Similarly,
individual species distributions indicate areas currently meeting the habitat requirements of
that species. Furthermore, nearshore modifications including bulkheads, docks, and piers
directly affect nearshore processes and the ecology of nearshore species (MacDonald et al. 1994;
Thom et al. 1994).

The physical, biological, and anthropogenic features of the nearshore chosen to characterize
nearshore habitats for this inventory include:

* Substrate

» Subtidal vegetation

e Intertidal vegetation

» Forage fish spawning distributions and holding areas

» Shellfish distributions/shellfish beach closures

» Salmon distributions

* Groundfish distributions

» Marine mammal distributions

» Seabird distributions

» Tributary streams

* Shoreline modifications
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2.1 Existing Data Compilation and Data Documentation

Existing datasets were compiled from a variety of sources including state and federal
agency surveys and reports, local and county research, tribal research, and university
research. State and federal agency publication lists including Washington Department of
Fish and Wildlife (WDFW), Washington Department of Natural Resources (WDNR),
Washington Department of Ecology (WDOE), Washington Department of Health (WDOH),
National Marine Fisheries Service (NMFS), National Oceanic and Atmospheric
Administration (NOAA), United States Fish and Wildlife Service (USFWS), United States
Geological Service (USGS), and the United States Army Corps of Engineers (USACOE) were
searched for documents and datasets detailing nearshore habitat conditions in the
Northwest Straits region. Individual County MRC lead contacts and tribal contacts were
polled for identification of local efforts to collect nearshore habitat and species information.
Identification of local datasets relied heavily upon “word of mouth” recommendations from
county representatives. Additionally, the University of Washington Library databases were
searched for any publications and/or datasets describing nearshore habitat conditions in the

Northwest Straits region.

The key regional datasets identified for the habitat inventory included Washington State’s
ShoreZone Inventory (WDNR), WDFW?’s Priority Habitats and Species Database, Streamnet,
WDFW'’s Rockfish Distribution in Puget Sound dataset, WDFW’s Atlas of Seal and Sea Lion
Haulout Sites in Washington, the Puget Sound Ambient Monitoring Program’s marine
mammal and bird distribution database, the Puget Sound Water Quality Action Team’s 1992
Puget Sound Environmental Atlas Update, and WDOH’s Annual Inventory of Commercial
and Recreational Shellfish Areas. A detailed description of each dataset is given below:
«  WDNR’s ShoreZone Inventory: this inventory characterizes the geomorphic and
biological resources of the intertidal and nearshore habitats of the entire Puget
Sound coast, including the Northwest Straits region. Aerial imagery was taken at
low tide providing a “snap-shot” in time of habitat conditions. This dataset was
used to map substrate, subtidal and intertidal vegetation, and shoreline
modifications.
» Priority Habitats and Species Database: this database includes information collected
by WDFW based on field surveys, reports from reputable sources, and best

professional judgment of their biologists. Datasets contained in this database
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include the Marine Resource Division’s data on shellfish distributions (crabs, clams,
and oysters) and forage fish spawning areas; mapped areas that support diverse,
unique, and/or abundant communities of fish and wildlife (i.e., eelgrass); wildlife
heritage points including non-game species of concern and state and federal listed
species; marbled murrelet distributions; and seabird distributions.

» StreamNet: this database is a cooperative venture among the Pacific Northwest’s fish
and wildlife agencies and tribes containing statewide anadromous fish distribution
information compiled by fish experts from many different agencies and
organizations.

» Rockfish Distribution: this dataset details density of rockfish derived from
underwater video surveys of rocky reef areas conducted by Wayne Palsson of
WDFW.

* The Atlas of Seal and Sea Lion Haulout sites: this dataset contains information on
haulout sites for Harbor seals (Phoca vitulina), Steller sea lions (Eumetopias jubatus),
California sea lions (Zalophus californianus), and Northern elephant seals (Mirounga
angustirostris) located in Washington waters.

e Puget Sound Ambient Monitoring Program: this dataset contains seasonal (summer
and winter) sightings of marine bird and mammal species observed during aerial
surveys between 1992 and 2000.

e 1992 Puget Sound Environmental Atlas Update: this data source is a compilation of
marine resource datasets for the Puget Sound region. Information contained in the
atlas includes shellfish distributions (clams and oysters); pinniped haulout sites,
marine mammal distributions (whales and porpoises); seabird nesting areas;
groundfish distributions; tribal, commercial and recreational fishing areas; and
wastewater discharge sites.

* The Annual Inventory of Commercial and Recreational Shellfish Areas: this database
contains WDOH'’s information on state-owned beaches including those on WDNR
property and county owned beaches open to recreational shellfish harvesting; and

information on beach closures.

Additionally, a number of relevant datasets were identified that are not currently available,
but will be released some time in 2002. The key regional datasets in this category are

summarized below and all (local and regional) are detailed in Appendix B.
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* Net shore-drift: this dataset depicts the net longshore drift of sediment between two
points representing a closed or nearly closed system in areas throughout the
Northwest Straits. The Washington Department of Ecology and Western
Washington University cooperated in a series of net shore-drift studies of the
Washington marine shoreline, including Schwartz’s report for the Pacific Ocean and
Strait of Juan de Fuca Region and Northern Bays and Straits Region, and
Johannessen’s report for San Juan, and parts of Jefferson, Island, and Snohomish
Counties.

* NOAA/USGS LIDAR Bathymetry: this dataset depicts bathymetry readings obtained
from Light Detection and Ranging (LIDAR), a technology that utilizes a laser
transmitter and receiver for water surface and sea bottom detection. Each depth
measurement is referenced to a horizontal position accurate to three meters and a
vertical position accurate to 15 centimeters.

 WDNR Marine tidelands and subtidal ownership: this dataset details the ownership

of marine tidelands and subtidal areas.

Additional datasets from a variety of sources were identified at the local level, which are

detailed in Appendix B and C and are supplied on the accompanying CD ROM.

2.2 Habitat Characterization Maps
Habitat features and shoreline configurations were mapped using ArcView GIS. Data
layers were grouped together in appropriate subsets and are displayed separately for each
county. The maps are provided electronically on the accompanying CD ROM. The data
layer subsets displayed in each map are listed below:

e Map 1. Intertidal vegetation and subtidal vegetation

e Map 2: Substrate and shoreline modifications

* Map 3: Tributary streams, salmonid distributions, groundfish distributions, forage

fish spawning areas, and herring holding areas
* Map 4: Shellfish distributions and beach closure areas, marine mammal

distributions, and seabird distributions

Together, the maps characterize the physical, biological, and anthropogenic features that are

used to define the habitat conditions in the Northwest Straits region. Maps 1 and 2
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(included on the accompanying CD ROM) show the physical, biological and anthropogenic
features that define a habitat setting. Maps 3 and 4 (included on the accompanying CD
ROM) illustrate areas utilized by marine fauna and indicate that these areas are providing at

least some of the habitat requirements necessary for the survival of these species.

These maps were created using only those datasets with regional coverage due to the
extensive regional scale of this project. They are intended to give a general overview of the
resource and habitat conditions found throughout the Northwest Straits region. Itis
anticipated that the individual MRCs will adapt these maps to include local datasets. It
should be noted that the identification of specific habitat features in specific areas should be
either ground-truthed or checked against more detailed local datasets (if they exist) or local

knowledge for accuracy due to the limited resolution of the regional datasets.

2.3 ldentification of Data Gaps

Data gaps for nearshore habitat information were identified through the data compilation
and habitat characterization maps. The identification of data gaps is intended to guide
future nearshore habitat data collection efforts that may be initiated by the individual
MRCs.

The following list represents lapses in information common to nearshore datasets in general:

* A lack of complete coverage by region and county exists in most of the available
nearshore habitat data. Only a few datasets cover the entire Northwest Straits region
(i.e., ShoreZone) or an entire county. Most of the identified datasets cover only a
portion of the region and/or county of interest.

* The regional datasets are limited in resolution at specific sites (i.e., +/- 0.25 miles).

e There is limited knowledge of species-habitat associations for marine species,
especially rockfish. Species-habitat associations are important for determining the

effect of impaired habitat condition on biological resources.

The following data gaps were identified in specific physical, biological, or anthropogenic
features defining distinct nearshore habitat areas:
e There is a lack of subtidal/intertidal vegetation and substrate data. The main source

of marine vegetation and substrate data for the Northwest Straits region is
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ShoreZone, which is limited by two factors: 1) the ability of the surveyor to
determine vegetation type in each zone from a helicopter 300 feet off the ground
traveling 60 miles per hour; and 2) much of the area is under water.

There is limited information on shellfish distributions throughout Puget Sound. A
majority of the shellfish distribution information is derived from recreational and
commercial harvest areas. There is a need to determine all areas where shellfish are
located, whether they are harvested or not.

There is a lack of information on groundfish, specifically rockfish, distributions and
life history traits.

Very little current information exists on the benthic invertebrate (i.e., polychaetes,
molluscs) species found in the inter- and shallow sub-tidal areas of the Northwest
Straits region.

Additional information is needed to determine where forage fish spawning surveys
have and have not occurred. WDFW has an extensive dataset detailing areas where
forage fish have been identified spawning, but it is unclear where surveys have and
have not been performed.

Historic observation data seldom indicates the date of observation. It is important to
consider the date of observation for any analysis, especially for species that are
highly mobile or use habitat infrequently, as is the case with forage fish spawning

locations.
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3 NEARSHORE HABITAT ANALYSIS
3.1 General Methods and Objectives
The overall objective of the habitat analysis was to provide the MRCs with a cursory
interpretation of the regional datasets that have been compiled. Three key species groups
were selected by the TAG to characterize habitat quality for the entire nearshore study area,
and to identify general areas for conservation and restoration. The selection of these species
groups greatly affects the habitat types and qualities that are considered preferable in the
analysis. The three species chosen represent a compromise among the myriad of species
that use the nearshore, the limited time and resources of the project scope, and the data
available to support such analysis. The species groups chosen were forage fish, specifically
with regards to the use of the nearshore by adults for spawning, juvenile salmon,
specifically with regards to the use of the nearshore by juveniles for rearing and migration,
and nearshore rockfish, specifically with regards to juvenile and adult use of nearshore
habitats. Three different approaches were used to determine priority restoration and
conservation areas for the target species to demonstrate how these datasets may be
interpreted. Each approach reflects a specific restoration and/or conservation goal related to

a target species and is limited by the nearshore habitat datasets that are available.

The three approaches provide a starting point for each MRC to consider when beginning to
evaluate nearshore habitat restoration and conservation potentials in their specific counties.
Any habitat analysis carried out at this regional scale should be considered very coarse. The
results of this analysis are useful for considering the type and intensity of restoration
required at the landscape scale, but should not be used to make specific site
recommendations. The integration of higher resolution data is recommended for making

site-specific restoration or conservation decisions.

The general method of analysis employed for determining priority restoration and/or
conservation areas for forage fish and salmon habitat was an evaluation of habitat criteria to
determine habitat function related to the target species. The evaluation of habitat function
was based on the Williams and Thom (2001) conceptual framework linking shoreline
modifications to ecological functions (Figure 3). In this framework, the habitat functions
that nearshore areas provide are the result of the biological resources (i.e., nearshore
vegetation communities providing shade or cover) and landscape context (i.e., proximity to

a herring holding area) of that area. In turn, the biological resources and landscape context
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are controlled by the physical features of the habitat (i.e., sand beach, bluff). Physical
features may be impacted to varying degrees by shoreline modifications. In this way, the
impacts of shoreline modifications on physical features, landscape context, and biological
resources are manifested as changes to the ecological function of a habitat. Given these
linkages, and the difficulty in directly quantifying habitat functions, information on physical
features, biological resources, and landscape context were used to evaluate the ecological

function of habitats in the Northwest Straits.

Nearshore Physical Biological Landscape Habitat

modification Features } Resources ' Context ) Functions

Figure 3
Conceptual Model Linking Shoreline Impacts to Ecological Functions
(from Williams and Thom 2001).

A different method was used for evaluating nearshore rockfish habitat than for the other
two species and was limited to identifying potential rockfish habitat areas through mapping
rockfish distributions and habitat preferences. No evaluation of habitat function was
performed. Maps featuring rocky shorelines, steep slopes, and rockfish distributions were

used as an indication of potential nearshore rockfish habitat areas.

The resolution of the maps generated for the habitat analysis is dependent on the resolution
of the datasets supporting them. In many cases, the dataset is WDNR’s ShoreZone. The
stated resolution of this data is, “approximately 0.5 mile.” In practice, the Northwest Straits
study area contains ShoreZone units that range from less than 60 feet in length to over
30,000 feet. Other datasets used in these analyses have unique limitations to their resolution
and accuracy. The results of each analysis have been manually calibrated individually for
each county. This is to provide some useful qualitative direction to the MRC’s restoration
and conservation efforts. The included bibliographic database and metadata resources
contain information about these limitations from both the original authors and the

Northwest Straits Nearshore Habitat Assessment Project Team.
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3.2  General Assumptions

The habitat analysis conducted for forage fish and juvenile salmon relies on an evaluation of
habitat criteria to determine the ecological function of the habitat. In order to conduct such
an evaluation, a number of assumptions are made. The first assumption is that nearshore
habitats provide key functions, which promote forage fish and salmon survival. These
specific assumptions are described in more detail in Sections 3.3 (forage fish) and 3.4
(salmon). The second assumption behind the habitat analysis is that habitat quality and
function can be considered the sum of the following four distinct categories:

» Physical Features: The distinct geomorphic habitat type as characterized by surficial

geology and shore slope.

» Landscape Ecology: The landscape scale context of the site. For example its

proximity to a feeder bluff or salmon bearing streams.

» Biological Resources: The biological condition of the site as characterized by the

nearshore vegetation communities present.

» Nearshore Modifications: The anthropogenic modification of the shoreline, namely

the presence, nature, and magnitude of bulkheads, armoring, docks, and piers.

3.3 Forage Fish Spawning Habitat Analysis

For this project, forage fish include populations of Pacific herring (Clupea harengus), surf
smelt (Hypomesus pretiosus), and Pacific sand lance (Ammaodytes hexapterus). While relatively
little is known about adult life stages of forage fish, an understanding of their spawning
preferences and requirements is developing. This understanding is based both on detailed
scientific studies and long-term monitoring efforts. Washington Department of Fisheries
(now part of the Department of Fish & Wildlife) began shoreline surveys focused on
identifying forage fish spawning areas in 1972. Based on information obtained during these
surveys, surf smelt and sand lance are thought to spawn selectively on shorelines that have
large continuous deposits of either sand or pea-gravel sized sediment in the upper intertidal
zone (Bargmann 1998). In addition to specific substrate preferences and requirements,
forage fish eggs tend to have lower mortality when there is riparian vegetation, which can
shade the shoreline and moderate temperatures, adjacent to the shoreline. (Robards et al.
1999). Pacific herring vary slightly from the other species of forage fish in that their
spawning is primarily in the lower intertidal and shallow subtidal zones, and therefore their
habitat requirements are focused on vegetation such as eelgrass or algal turfs (Penttila

personal communication 2001).
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The approach for the forage fish habitat analysis is based primarily on determining
characteristics that are consistently found at locations where forage fish are found to spawn.
These characteristics were derived by examining known spawning locations to develop a
conceptual model of habitat preferences for forage fish. Such a conceptual model creates a
search image that aids in the detection of current and potential forage fish spawning habitat.
It is especially important to determine both current and potential spawning habitat because
forage fish tend to use locations inconsistently — a site may be abandoned for no apparent

reason only to become used again at some point in the future.

A conceptual habitat model was developed to identify potential and actual forage fish
spawning habitat. This analysis relies on two primary information types: 1) expert opinion
including correspondence with field biologists (i.e., Dan Penttila, WDFW) and literature
reviews; and 2) identifying habitat conditions at known spawning locations throughout

Puget Sound.

3.3.1 Habitat Function Scores

The analysis consists of two primary components. The first component evaluates habitat
function assuming unmodified shoreline conditions (i.e., no shoreline armoring). This
unmodified shoreline component of the analysis characterizes the potential habitat
function that can be provided in the absence of modification by humans and is based
upon the inherent differences in the level of ecological function (i.e., spawning habitat)
provided by different habitat types. This portion of the analysis is divided into four
subsections: 1) historic site specific-spawning records; 2) physical habitat types of the
area; 3) biological resources at or adjacent to the area; and 4) landscape context of the

area.

The second component of the analysis characterizes habitat function impacts resulting
from human habitation and development. In this modified habitat component of the
analysis, each type of shoreline modification (i.e., bulkheads, overwater structures, fill,
etc.) is assigned a negative score in order to characterize the relative detrimental impacts
of the modification. Scores were developed based on an interpretation of a literature

review of the relative impact of each modification on the identified ecological function
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(i.e., spawning habitat). Shoreline modification data used for this component of the

analysis were taken from WDNR'’s ShoreZone.

Unmodified Habitat Function Scores

Intertidal and shallow subtidal physical habitat types provide the basis of the
unmodified component of the analysis. Forage fish rely on a healthy intertidal and
nearshore subtidal zone for spawning habitat. Different species utilize different parts of
the intertidal and subtidal zones; with sand lance and surf smelt spawning primarily in
the substrate of the upper intertidal and Pacific herring spawning primarily on intertidal
or subtidal vegetation. The presence of riparian, and inter- and shallow subtidal
vegetation was incorporated into the model as a modifier to physical habitat type that
added to the habitat function score. Each physical habitat type and modifier was
assigned a score for the degree of function it provides for forage fish spawning, and
where relevant, habitat scores are associated with specific species. Scores were
developed based on an interpretation of a literature review, expert consultation, and
correlation analyses on the relative contribution of each physical habitat type and

modifier on the identified ecological function.

For each physical habitat type and habitat modifier, scores were assigned for the key
ecological function. Each score ranged from 0 (no function) to 100 (full function). Total
scores were established by summing the individual scores assigned for each ecological
function. The scoring system assigned for unmodified habitat conditions is presented in
Table 1.
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Table 1

Unmodified Habitat Scores for Forage Fish

Ecological Function Spawning

Holding Areas 2

Habitat Condition Habitat Score Justification

Historic Habitat Use 35 Historical spawning activity is
an excellent indicator

Intertidal Habitat Type

Sand or Gravel Substrate 1 15 Appropriate spawning
substrate

Protected Bays or embayment 10 Maintains appropriate habitat

Bluffs adjacent to shoreline 5 Potential indicator of sediment
source and maintains natural
shoreline character

Intertidal Habitat Modifier

Riparian Fringe 5to0 10 Shades incubating eggs and
indicator of natural shoreline
character

31% - 100% of shoreline 10

1% - 30% of habitat 5

Eelgrass — Continuous 10 Food source, source of refuge
and spawning substrate for
herring

Eelgrass — Patchy 5

Salt marsh 5 Food source and indicator of
natural shoreline character

Kelp 5 Potential spawning substrate
for herring and indicator of
natural shoreline character

Site Location

Proximity to documented Herring 5 Integral link for herring that

typically spawn near their
holding areas

ISubstrate scores are important primarily for surf smelt and sand lance, but also provide an indicator of suitable

habitat for vegetation.

2Proximity to holding areas is primarily important for herring.

Modified Habitat Function Scores

The modified habitat scores represent the negative impact that shoreline modifications

have on an area’s ecological function for forage fish. The modified habitat component
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used a similar design and scoring system as the unmodified habitat component so that

comparisons can be made between the two components.

For each habitat modification type, scores were assigned for each key ecological

function. Total scores for each area ranged from 0 (no impact) to -100 (maximum

impact). Scores were developed based on an interpretation of a literature review on the

relative impact of each modification on each of the identified habitat functions. Total

scores were established by summing the individual scores assigned for each ecological

function. The scoring system assigned for modified habitat conditions is presented in

Table 2.
Table 2
Modified Habitat Scores for Forage Fish
Ecological Function Score
Nearshore Modification Spawning Habitat Justification
Residential upland development - 10 Potential or actual impacts to shoreline
Industrial upland development - 10 Potential or actual impacts to shoreline
Agricultural upland development -5 Potential or actual impacts to shoreline
Overwater Structure 15 Shades intertidal vegetation and may alter
nearshore hydrology
Rip-rap Revetment 51020 Alters nearshore hydrolog_y anq may
increase wave energy on intertidal
51-100% of shoreline -20
31-50% of shoreline - 10
1- 30% of shoreline -5
Vertical Bulkhead -5t0-20 Alters nearshore hydrology anq may
increase wave energy on intertidal
51-100% of shoreline -20
31-50% of shoreline -10
1- 30% of shoreline -5
Maritime Development (e.g. marina 1 Potential for repeated damage and
-10 -
or boat ramp) potentially altered nearshore hydrology
Sewer Outfalls 10 Introduction of pollutants and nutrients to
nearshore

3.3.2 Conservation and Restoration Areas

The unmodified and modified components of the analysis were combined to show the

existing levels of habitat function throughout the Northwest Straits. The two

components of the analysis were combined by summing, such that the positive value

associated with a given habitat type and modifier is reduced by the negative value
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assigned to the shoreline modification for the shoreline segment. It is here that a
distinction can be made between priorities for restoration versus priorities for

conservation.
The results of the nearshore forage fish spawning analysis are presented as two maps for
each county: one depicting potential conservation areas (Map 5), and one depicting

potential restoration areas (Map 6).

Potential Conservation Areas

Scoring for potential conservation priority is relatively straightforward. The scores for
the unmodified habitat index (ranging from 0 (no function) to 100 (full function)) are
added to the modified habitat index (scores ranging from 0 to —100 with lower scores
reflecting higher levels of modification). This total score should range between 100 and
-100 with higher scores representing higher habitat functionality. Using this index a
score of approximately 30 or higher is very likely to support either known spawning

habitat or potential spawning habitat.

Areas that are to be considered a high priority for conservation should provide a great
deal of habitat function for the target species while being relatively unmodified, so that
active restoration is not required. The area should also have significance at the
landscape scale; for example, as part of a continuous or sub-continuous high quality
nearshore corridor, as a unique habitat type at the meso-scale, or as part of an important

long shore dynamic process.

Potential Restoration Areas

For identification of potential restoration areas, it is thought that relatively minor
modification impacts represent the areas with the highest likelihood of being
successfully restored to functioning habitat in a cost-effective manner. For this reason,
the modified habitat scores are manipulated by adding 100 to the cumulative modified
habitat score so that relatively low modification scores (i.e., a cumulative modified
habitat score of - 5) become relatively high scores (following this example, the
restoration value becomes 95). This index is added to the unmodified habitat score to
create the restoration index. This has the effect of raising the site score for those sites
with the least amount of habitat modification. Those areas with no habitat modification
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(i.e., a score of 0 in the modified habitat index) are excluded from this analysis since they
presumably cannot be restored in a meaningful way for these focal species. This
however, does not necessarily indicate the highest priority for restoration. Lightly
modified habitat may be very close to fully functional habitat and the ecological gains
for restoring these sites may be substantially less than for an area where multiple

features impacting the habitat are removed.

Areas that are a high priority for restoration may have a high potential habitat function
but currently are impacted by some level of modification. Restoration activities may
include the removal of shoreline modifications to open tributary mouths and increase
overhanging riparian vegetation, the repair of nearshore habitat by removing overwater
structure, or restoring beneficial vegetation such as eelgrass beds. The types and degree
of nearshore modification should be considered carefully. The extent of modification
beyond the area and the economic feasibility and implications of the removal of those
modifications are similarly important. Additionally, the landscape scale relationships of
the potential restoration area are important in a restoration prioritization as well. The
effect of area restoration should have positive impacts well beyond the area as a result of

habitat connectivity and dynamic processes.

3.3.3 Application of Results

These maps are intended to be interpreted at the 1 to 75,000 scale at which they are
presented. Interpretation at a smaller scale would require refinements to the analysis
process as well as the input data. The results are qualitative in nature despite having a
numeric value. They are more useful in comparing the shorelines of a single MRC than
in making comparisons between MRCs. This is due to the fact that the overall use of the
intertidal by forage fish will vary widely from county to county. Forage fish use of the
shoreline of Clallam county might be expected to be very limited because of the rocky
nature of the intertidal zone and the relative absence of protected embayment, while the

shoreline of Skagit and San Juan counties would be expected to be more heavily used.

The results presented here can be useful in examining the overall pattern of habitat
available to forage fish for spawning and for comparing the quality of forage fish habitat
to the habitat quality for other species groups. An important consideration not included

in this analysis might be the proximity of high quality habitat to local fish populations.
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Additionally, while the results presented here are intended to provide an indication of
potential and known spawning locations, forage fish are known to vary their shoreline
habitat use in an unpredictable manner. Because many inputs are susceptible to
misclassification errors, in particular the sediment size and amount of riparian
vegetation, it is valuable to ground truth both input variables and results of these
analyses. Additionally, since forage fish spawning records are known to be generalized
descriptions of field records, it may be valuable to critically examine sites indicated in
this analysis. The results of all the analyses presented here will be most useful when
used in combination with other information about the density of target species
populations, changes in land and shoreline uses, and information on the integrity of

shoreline process.

3.4 Juvenile Salmon Habitat Analysis

The salmon habitat analysis relies on the assumption that nearshore habitats provide five
key functions to juvenile salmon. These key functions include migration corridors, food
production, physiological refuge, refuge from predators, and high-energy refuge (i.e., high
flows, wave action) (Mason 1970; MacDonald et al. 1987, Thorpe 1994; Levings 1994; Spence
et al. 1996). These five functions are integral to the survival and growth of all salmon. All
juvenile salmon utilize the shallow waters of estuaries and nearshore areas as migration
corridors to move from their natal streams to the ocean (Williams and Thom 2001). Suitable
corridors provide important predation refuge opportunities by spatially separating juvenile
salmon from predators in shallow water or providing habitat structure for them to use.
Juvenile salmon feed on an array of organisms found in shallow estuaries and nearshore
areas including emergent insects, epibenthic crustaceans (harpacticoid copepods, gammarid
amphipods, mysids, cumaceans), decapod larvae, larval fish (i.e., sand lance, surf smelt,

herring), drift insects, dipterans, euphausids, and polychaetes (Aitkin 1998).

During migration, anadromous salmon must undergo a physiological transition from
retaining salts and excreting water in fresh water to excreting salt and retaining water in salt
water. Due to the complex physiological transition from fresh to salt water, the estuarine
environments provide a gradual transition area for juvenile salmon to adjust (Simenstad et
al. 1982). As mentioned above, estuarine and nearshore habitats provide shallow water
areas for juvenile salmon migrations that spatially separate them from larger predators
providing refuge (Williams and Thom 2001). The complex and dynamic morphology of
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estuarine and nearshore habitats also provide juvenile salmon refuge from high river flows
and wave action (Aitkin 1998). The channels draining an estuary may protect juvenile
salmon from being swept downstream by high river flows or tidal currents (Levy et al.
1979). Marine vegetation associated with estuarine and nearshore marshes protect juvenile
salmon from turbulent wave action. These five key functions provide a rationale for scoring

a given unit of nearshore habitat in terms of juvenile salmon habitat function.

3.4.1 Habitat Function Scores

It is important to note that this analysis is primarily intended to identify the importance
of marine shorelines to salmon. Major river mouths and other freshwater habitats are
examined in detail by other sources. The salmon analysis also consists of two primary
components: unmodified and modified shoreline conditions. The unmodified shoreline
component characterizes the potential habitat function that can be provided in the
absence of modification by humans and is based upon the inherent differences in the
level of ecological function provided by different habitat types. In the modified habitat
component of the analysis, each type of shoreline modification was evaluated based on

the detrimental impacts of the modification.

Unmodified Habitat Function Scores

Similar to the forage fish analysis, intertidal and shallow subtidal physical habitat types
provide the basis of the unmodified component of the analysis. Biological resources
were incorporated into the analysis as a modifier to physical habitat type that added to
the overall habitat function score. Scoring for the Biological resources category was
based on the presence or absence of key species groups of vegetation. Landscape
context was also incorporated into the analysis as an additional descriptor of habitat
function. The presence and proximity of salmon bearing streams was included in this
analysis and is perhaps the most critical in assessing nearshore habitat for juvenile
salmon at a landscape scale. These streams and their estuaries play a critical role for
both juveniles outmigrating from a specific stream as well as those that are simply
migrating along shore past the estuary. Landscape context scores were determined
based on the closest distance detectable within a ShoreZone segment that would still

benefit from the effects of a stream mouth.
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Landscape context could also include numerous large-scale processes and landscape
patterns. Data on processes such as longshore drift were not available for use in this
analysis, but could make an important contribution in the future. Land use and land
cover data was not used because the direct and indirect effects of these conditions on
nearshore habitat function are not sufficiently understood. Other categories already
being used such as shoreline modifications (i.e., revetments, bulkheads, etc.) already
address some processes indirectly. The term landscape context also suggests the
temporal dynamics. These are also difficult to address with available data although they

are indirectly addressed with subcategories such as wave exposure.

Scores were developed for unmodified habitat conditions based on an interpretation of a
literature review and best professional judgment. Each physical habitat type, biological
resource, and landscape context was assigned a score for each key ecological function.
Each score ranged from 0 (no function) to 1 (full function). Total scores were established
by summing the individual scores assigned to each ecological function. The scoring

matrix assigned for unmodified habitat conditions is presented in Table 3.
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Table 3

Unmodified Habitat Scores for Salmon

Habitat Functions

High Total | Normalized

Food Migration | Predator | Physiological | Energy Raw Score
Habitat Categories Production | Corridors | Refuge Refuge Refuge | Score | (Scale 0-1)
Physical Features (Geomorphology from ShoreZone's [BC_CLASS]
Estuarine mudflat 1.00 1.00 1.00 1.00 1.00 5.00 1.00
Non-estuarine mudflat 1.00 1.00 1.00 0.00 1.00 4.00 0.80
Sand/sand-gravel/gravel beaches*
sand-low energy 0.75 1.00 0.75 0.00 0.75 3.25 0.65
sand-high energy 0.50 0.50 0.50 0.00 0.00 1.50 0.30
sand/gravel-low energy 0.50 1.00 0.50 0.00 0.75 2.75 0.55
sand/gravel-high energy 0.25 0.50 0.25 0.00 0.00 1.00 0.20
gravel-low energy 0.25 0.50 0.25 0.00 0.50 1.50 0.30
gravel-high energy 0.13 0.13 0.00 0.00 0.00 0.26 0.05
Sand/sand-gravel/gravel over rock
sand-low energy 0.50 0.75 0.50 0.00 0.75 2.50 0.50
sand-high energy 0.25 0.25 0.25 0.00 0.00 0.75 0.15
sand/gravel-low energy 0.25 0.75 0.25 0.00 0.75 2.00 0.40
sand/gravel-high energy 0.13 0.25 0.13 0.00 0.00 0.51 0.10
gravel-low energy 0.13 0.25 0.13 0.00 0.50 1.01 0.20
gravel-high energy 0.00 0.13 0.00 0.00 0.00 0.13 0.03
Bedrock**
platform/ramp 0.00 0.13 0.00 0.00 0.00 0.13 0.03
steep-faced 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Man-Made 0.13 0.00 0.00 0.00 0.00 0.13 0.03

Physical Score (1 of the above) 0.00-1.00
Biological Condition:
Riparian fringe 0.50 0.50 0.50 0.25 0.00 1.75 0.37
Emergent marsh
continuous 1.00 1.00 1.00 1.00 0.75 4.75 1.00
patchy 0.50 0.50 0.50 0.50 0.38 2.38 0.50
Intertidal vegetation
Eelgrass (Zostera sp.)
continuous 1.00 1.00 1.00 0.25 1.00 4.25 0.89
patchy 0.50 0.50 0.50 0.13 0.50 2.13 0.45
All Kelp (giant, bull, soft
brown and chocolate
brown)
continuous 0.75 0.75 1.00 0.25 0.75 3.50 0.74
patchy 0.37 0.37 0.50 0.13 0.37 1.74 0.37
Biological Score (Sum of the above normalized to 1.00) 0.00-1.00

Landscape Context
Minimum distance to 1.00 1.00 0.00 1.00 0.00 3.00 1.00
salmonid bearing
stream less than 100
feet
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Habitat Functions
High Total | Normalized

Food Migration | Predator | Physiological | Energy Raw Score
Habitat Categories Production | Corridors | Refuge Refuge Refuge | Score | (Scale 0-1)
Minimum distance to 0.50 0.50 0.00 0.50 0.00 1.50 0.50
salmonid bearing
stream 100 to 1,500 feet
Minimum distance to 0.00 0.00 0.00 0.00 0.00 0.00 0.00
salmon bearing stream
greater than 1,500 feet

Landscape Score (1 of the above) 0.00-1.00

*Sand includes particles 0.5mm to 2.0mm in diameter; gravel includes granules (2mm - 5mm), pebbles (5mm - 6¢cm),
cobbles (6 - 25cm), and boulders (>25cm)
**Platform/ramp bedrock= < 20 degree slopes; steep face= > 20 degree slopes

Modified Habitat Function Scores

Similar to the forage fish analysis, the modified habitat scores represent the negative

impact that shoreline modifications have on an area’s ecological function for salmon.

The modified habitat component used a similar design and scoring system as the

unmodified habitat component. The net detriment of modifications to key habitat

functions for salmon has been estimated based on a literature review and best

professional judgment. The scoring for this category represents degradation of habitat

function and is scored as negative numbers. A score of 0 represents no level of

degradation and -1 represents a high level of degradation. The scoring system assigned

to modified habitat conditions is presented in Table 4. The scores for a shoreline

segment were weighted based on the percent that each segment was modified by a

particular structure (i.e., a given segment that is 50 percent modified by revetment

would be given a score of -1 (-2 * 0.50)).

Table 4

Modified Habitat Scores for Salmon

Habitat Functions
High
Food Migration Predator Physiological Energy Raw Normalized

Habitat Categories Production Corridors Refuge Refuge Refuge Score Score
Nearshore Modifications

Overwater structure -0.75 -0.75 -0.50 0 0 -2 -0.73
Shoreline bulkhead

Revetment -0.50 -0.50 -0.25 0 -.75 -2 -0.73
Vertical concrete/wood -0.50 -0.50 -0.75 0 -1.0 -2.75 -1.00

Modification Score (Sum of the above normalized to 1.00) 0.00-1.00
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3.4.2 Conservation and Restoration Areas

The scores for each individual category are calculated by summing each of the five
habitat function scores. The resulting score is then normalized to a value range from
zero to one or negative one. It is here that a distinction can be made between priorities

for restoration versus priorities for conservation.
The results of the nearshore juvenile salmon habitat analysis are presented as two maps
for each county depicting conservation (Map 7) and restoration (Map 8) areas for the

Northwest Straits region.

Conservation Areas

Scoring for potential conservation priority is relatively straightforward. First the scores
for each of the four categories are normalized to between 1 and zero. Then the scores for
each of the four categories are added together (The Nearshore Modifications score is a
negative number) and the total raw score is considered that units potential conservation

priority with higher numbers being higher priorities.

Areas that are to be considered a high priority for conservation should provide a great
deal of habitat function for the target species while being relatively unmodified, so that
active restoration is not required. The area should also have significance at the
landscape scale; for example, as part of a continuous or sub-continuous high quality
nearshore corridor, as a unique habitat type at the meso-scale, or as part of an important

long shore dynamic process.

Restoration Areas

The scoring for potential restoration priority areas involves adding the scores from the
categories Physical Features, Landscape Context and Biological Resource scores for each
ecological function. Then the Nearshore Modification score (a number between 0 and -
1) is subtracted from that sum. This, in effect, raises the resultant restoration score if the
unit is more heavily modified. This however, does not necessarily indicate the highest
priority for restoration. Heavily modified areas may be too expensive to restore and

may hot provide the greatest benefits to juvenile salmon.
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Areas that are a high priority for restoration may have a high potential habitat function
but currently are impacted by some level of modification. Restoration activities may
include the removal of shoreline modifications to open tributary mouths and increase
overhanging riparian vegetation, the repair of nearshore habitat by removing overwater
structures, or restoring beneficial vegetation such as eelgrass beds. The types and
degree of nearshore modification should be considered carefully. The extent of
modification beyond the area and the economic feasibility and implications of the
removal of those modifications are similarly important. Additionally, the landscape
scale relationships of the potential restoration area are important in a restoration
prioritization as well. The effect of area restoration should have positive impacts well

beyond the area as a result of habitat connectivity and dynamic processes.

3.4.3 Application of Results

These maps are intended to be interpreted at the 1 to 75,000 scale at which they are
presented. Interpretation at a smaller scale would require refinements to the analysis
process as well as the input data. The results are qualitative in nature despite having a
numeric value. They are more useful in comparing the shorelines of a single county
than in making comparisons between counties. This is due to the fact that the overall
use of the shoreline by juvenile salmon will vary widely from county to county. Juvenile
salmon use of the shoreline of San Juan County might be expected to be very limited,

while the shoreline of Skagit County would be expected to be more heavily used.

The results presented here can be useful in examining the overall pattern of habitat
available to juvenile salmon and for comparing the quality of juvenile salmon habitat to
the habitat quality for other species groups. If information regarding species use and
land use pressure is added to the final analysis then decisions regarding where to focus
restoration and conservation efforts can be made. The results of all the analyses
presented here will be most useful when used in combination with other information on
the density of target species populations, changes in land and shoreline uses, and

information on the integrity of shoreline process.

Potential priority restoration and conservation areas should be explored specifically
either in the field or against higher resolution datasets given the coarse resolution and

provisional nature of this habitat analysis.
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3.5 Nearshore Rockfish Habitat

Historically, there has been a lack of information on the West Coast regarding rockfish use
of nearshore habitats and their specific habitat condition preferences. Resource agencies
have only recently begun monitoring and assessing rockfish in their natural habitat.
Previous assessment efforts relied primarily on estimates from commercial and recreational
catch rates and overall harvests. Currently, efforts to directly assess rockfish populations in
Puget Sound have focused on quantitative video surveys. While some of this survey data is
currently available for analysis, its primary value is in providing indications of regional

stock levels and for examining species habitat preferences.

There is a paucity of available nearshore rockfish information; therefore this habitat analysis
approach is focused on identifying areas in the Northwest Straits region with nearshore
rockfish habitat condition preferences. The habitat preferences of several species of rockfish
are summarized below (Palsson in press):

e Adults: The relationship between rockfishes, lingcod (Ophiodon elongates), and other
rocky habitat species and their preferred habitats has been investigated by a number
of researchers in Puget Sound and in the Georgia Basin. Copper (Sebastes caurinus),
quillback (S. maliger), and brown rockfishes (S. auriculatus) prefer high relief rocky
habitats (Matthews 1990) and habitats with high complexity (crevices) and relief
(Pacunski and Palsson in press; Murie et al. 1994; Richards 1987). Piled boulder
fields and walls were found to contain the greatest complexity and relief, and hence
the greatest abundance of sedentary rockfishes.

e Juveniles: While the requirements mentioned above are for the adult rockfish
habitat, juveniles prefer small rocks and nearshore vegetated habitats (West et al.
1995; Buckley 1997).

3.5.1 Nearshore Rockfish Approach

The nearshore rockfish habitat analysis attempts to identify locations in the Northwest
Straits that fit the general habitat preferences detailed above for rockfish. Due to the
scale and scarcity of appropriate data, this analysis is necessarily limited to a few data
sources. The first layer of this analysis uses data collected by WDFW through

guantitative video surveys. This data is presented as binary observations and stations
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with no observations. Since this data is known to be incomplete, it has been
supplemented with additional datasets describing terrain (People For Puget Sound
unpublished data; WDFW 1999), substrate types (NOAA 2000) and historical fishing
effort (People For Puget Sound unpublished data; Squire 1977). These data and there
applicability are summarized in Table 5

Table 5
Rockfish Map Data Summary

Habitat Feature Importance to Rockfish

Rockfish observations Washington Department of Fish and Wildlife
has located and monitored much of the
shallow (less than 28 meters in depth) rocky
habitat. Observations provide a snapshot of
rockfish at each site.

Historical Fishing Indicator of historical harvestable
abundances. This data provides very
coarse descriptions of historical commercial
and recreational fishing areas in Puget
Sound.

Slope of Seafloor Habitat complexity is known to be an
important indicator of rocky habitat and
habitat quality. Steep slopes are often
associated with rocky areas, but can also
indicate steep mud or sandy areas which
are not appropriate rockfish habitat.

Substrate Type Substrate type is possibly the best indicator
of potential rockfish habitat. These data
were derived from original bathymetric
soundings. This data is currently only
available for the Strait of Juan de Fuca.

Since rockfish are often associated with rock outcroppings and steep slopes (slopes
greater than 25 degrees), areas with these characteristics were identified based on
calculations from bathymetric data. Substrate information indicating rock is also
available from nautical charts and is used to supplement the terrain data. Finally, a map
of known historical groundfish fishing locations (People For Puget Sound unpublished
data; Squire 1977) is used to help provide indications of where harvestable numbers of
fish are known to have occurred historically. This information provides an indicator of

where rockfish habitats occur.

3.5.2 Conservation Areas

The results of the rockfish analysis are presented as one map for each county (Map 9)
depicting the conservation areas identified for the Northwest Straits region. Nearshore
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modification impacts were not evaluated in this analysis because rockfish preferred
habitat areas are located in the subtidal zone, which is not generally impacted by
shoreline modifications. Therefore, the resulting map only depicts areas that could be

used as a starting point for identifying conservation areas.

3.5.3 Application of Results

These maps are intended to be interpreted at the 1 to 75,000 scale, slightly coarser than
they are presented. Interpretation at a smaller scale would require refinements to the
analysis process as well as the input data. Data used during this analysis has a
maximum stated resolution of 1:40,000 scale. As is typical of analyses, the resolution of
the coarsest data used in this analysis is the maximum resolution at which results should
be interpreted. In this case many of the inputs are presented at a 1:100,000 scale. The
results are qualitative in nature and are primarily intended to indicate the location of
and relation between variables that have historically been indicative of rockfish
presence. Many input variables are representative of a feature, but are not exhaustive for
that feature. For this reason, all representations should not be considered exhaustive
(i.e., representations of rockfish observations indicate locations where rockfish were

looked for and observed and do not indicate that other areas do not have rockfish).

This analysis is primarily intended to provide users with visual representations of those
features believed to be important for identifying and correctly classifying rockfish
habitat. Some sources of data used in this analysis have a temporal component and care
should be taken to recognize that dated information might no longer be valid nor
indicative of current conditions. This is especially true for fish observations and historic
fishing areas. Because of certain errors inherent in analyzing data at this scale, in
particular indications of slope steepness and the edges of any feature, it is valuable to
ground truth all variables used in this analysis. While information indicating sites where
fish were observed versus those sites where no fish were observed is presented here, the
results of this analysis may be most useful used in combination with other information

on the density of target species populations, and harvest or disturbance intensity.
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4 CONCLUSIONS

This project was designed to compile, organize, and analyze existing information and datasets
on nearshore habitats supporting marine resources in the Northwest Straits region. The results
provide the NWSC and individual MRCs with a common starting point for designing specific
local nearshore habitat analyses to identify priority restoration and conservation sites. It is
important that the specific nearshore habitat analysis reflects the restoration/conservation goals
of the individual MRC.

The dataset compilation provides each MRC with the appropriate datasets necessary to conduct
a nearshore habitat analysis in a specific county. Additionally, the data documentation
database provides important information on the quality of the identified digital datasets, which
the MRCs can use to determine which datasets are best to use to meet the goals of their
restoration/conservation activities. The identification of data gaps in the Northwest Straits
region is provided to guide future data collection activities initiated by individual MRCs.
Finally, the nearshore habitat analysis provides three approaches that demonstrate various
methods that can be used to evaluate habitat condition given available nearshore habitat

datasets.

These products were designed to be adaptive to new and updated datasets that become
available in the future as well as to the goals and objectives of each individual MRC. It is
encouraged and recommended that each MRC assess their restoration/conservation goals and
objectives to determine how these products will be used to fit their individual needs. Figure 4
depicts potential product applications. Specific applications are described below:

e Compilation of datasets: some of the MRCs may wish to only use the dataset
compilation products to develop their own nearshore habitat analysis.

» Habitat analysis approach: Some of the MRCs may wish to use the datasets as well as
one of the species-specific approaches described in the report.

» Habitat function criteria: Some of the MRCs may wish to use the datasets, one of the
species-specific approaches, and the habitat function criteria developed for the target
species.

e Habitat analysis output: finally, some of the MRCs may wish to use all of the products

including the habitat analysis outputs.
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Public Involvement Purpose

1 PUBLIC INVOLVEMENT PURPOSE

The Northwest Straits Nearshore Habitat Inventory Project includes the following three tasks:
Compile nearshore habitat and nearshore species distribution information from existing
data sources.

Develop maps of nearshore habitat features, nearshore species distributions, and
nearshore modifications using ArcView GIS.

Develop criteria and a habitat modeling approach for prioritizing nearshore areas for
preservation and restoration.

In addition, the project scope included conducting a workshop with all of the seven Marine

Resource Committee comprising the Northwest Straits. The purpose of the workshops was to

present the project approach and solicit feedback. This report outlines the public involvement

process for meeting with each of the MRCs and summarizes the input received.
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2 PUBLIC INVOLVEMENT APPROACH

The intent of the public involvement effort for this project included the following components.
Contact all MRC chairs, explain the project, and develop a workshop schedule
Develop a meeting announcement distribution list in consultation with the Northwest
Straits Commission and each of the MRCs.
Develop and distribute a flyer/invitation for each MRC presentation
Develop a draft presentation for review by the Northwest Straits project managers
Develop the final presentation
Create and present maps in the presentation specific to each county
2.1 Invitees
Each MRC chair and/or staff member was contacted to develop a meeting invitation
distribution list. Meeting announcements were distributed to each MRC mailing list by the
MRC chair or staff. In addition, port and tribal members within the Northwest Straits were
added to the distribution list. In many cases, port and tribal members are already working
and participating in the MRC; however, an effort was placed on reaching out to ports and
tribes currently not involved. The listing of additional port and tribal invitees is attached in

Appendix A and an example of the invitation is provided in Appendix B.

2.2 Meeting Schedule

The meeting schedule is listed below. All meetings took place during the month of October.
In most cases, workshops occurred during regularly scheduled MRC meetings.

October 3 - San Juan County, 8:30 a.m.
October 3 — Island County, 4:00 p.m.
October 9t — Jefferson County, 7:00 p.m.
October 10t - Skagit County, 4:00 p.m.
October 11t — Whatcom County, 6:30 p.m.
October 15" — Clallam County, 7:00 p.m.
October 17t — Snohomish County, 7:30 p.m.
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3 MARINE RESOURCE COMMITTEE PRESENTATIONS

The presentation portion of the workshop took approximately 30 minutes with a question and
answer session directly following. The presentation given at each MRC meeting is provided in
Appendix C.

3.1 Attendees

A listing of workshop attendees is provided in Appendix D. The majority of attendees are
members of each of the MRCs; however, a few additional members of the public and tribal
contacts attended the presentations.

3.2 Comments

The purpose of the individual MRC workshops was to inform the MRCs of the Nearshore
Habitat Inventory Mapping Project and to solicit comments and feedback. Specifically, the
project team was seeking input on the data sources. The intent was to present the data
sources collected to date and determine if there was additional data that was available to
include in the project. General comments on the project, mapping products, and the
proposed habitat model were also sought as part of the workshops.
Comments from the MRC workshops were sorted in two categories:
Additional potential data sources
Mapping Products
Modeling Approach
Specific comments relative to these categories are presented in the sections below.
3.2.1 Additional Potential Data Sources
In general, each MRC demonstrated a keen interest in the project and the products that
will be provided as a result. MRCs agreed that the data, GIS maps, and habitat model
approach would serve as good baseline tools. A listing of the additional potential data
sources provided as input from the MRC workshops is provided below.
Historic data, specifically Ecology’s Inventory of Biologically Significant Areas
published in 1977. Fred Gardner is a potential contact for this information.
Put placeholders of data sources currently being developed, but not yet
published (i.e. forage fish surveys in several counties, Point-No Point Tribal
Council work in Jefferson County, etc.).
Information from individual Hydraulic Project Approval (HPA) applications
available from the Washington Department of Fish and Wildlife (this could

provide additional information about eelgrass, geoduck populations, etc.)
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Norris Report for Phase | (on the same CD as the DNR Eelgrass survey)

San Juan and Island County Limiting Factors Analysis for WRIA 6, presented by
the Washington Conservation Commission (also include Limiting Factors
information for other WRIAs in the Northwest Straits). Also include the Limiting
Factors Report for WRIA 18,19 and 20.

Beachwatcher’s Survey (currently being updated)

Forage Fish information (contact Dan Pentilla)

Puget Sound Action Team’s Directory of Nearshore Projects

Provide a placeholder for extensive project being completed in the San Juan MRC
Provide more information relative to crab — King County has mapped crab
populations; perhaps this information extends to Northwest Straits counties.
NOAA Environmental Sensitivities Index — this includes maps of shoreline areas
presented by NOAA. Contact Alan Mearns from NOAA for more information.
Additional shellfish data

Catch statistics on fish populations. Provide both current and historical
information.

Salmon and Steelhead Stock Inventory (SASSI) data

Water quality data

Information from on the Clallam County outer coast. Data includes sea
bird/marine mammal study, subtidal information, Olympic National Park
Invertebrate data, USFWS data, and other information from NOAA.

Nooksack Recovery Team Database 2001

Digital Elevation Models

Anchor will work with the Northwest Straits Commission to track down as many of the
digitized data sources listened above as possible. However, much of the data listed
above is not available in a digitized format that can be readily incorporated into GIS.
Where feasible, Anchor will provide a reference in the bibliographic database to data not
incorporated. In other cases (such as water quality data), data may not be included for
reasons to be documented in the Final Project Report that will be published with the
data at the end of 2001.
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3.2.2 Mapping Products

Comments related to the mapping products are provided below.

One MRC expressed concern on how the data and other project deliverables
would be distributed. Consider limiting distribution to avoid widespread data
misinterpretation.

Make the data as publicly accessible and user friendly as possible. Consider
including ESRI’s freeware on the CD.

Determine process to rectify potential errors (within Shore Zone data and final
output set) if they are uncovered with more site-specific data.

List county-specific data gaps for each of the MRC counties.

3.2.3 Modeling Approach

Comments related to the modeling approach are provided below.

The model focuses on habitats. Consider focusing on process rather than specific
habitats. How is the process functioning, not just the habitat.

Make sure that adequate documentation is given to each MRC regarding the
habitat model approach, assumptions made, and the process for incorporating
new data.

Consider providing a training course on the habitat model approach and future
data input.

October 2001
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4 CONCLUSIONS

The MRC workshops provided a forum to discuss the Northwest Straits Nearshore Habitat
Inventory Mapping Project and receive valuable feedback from each of the MRCs. The
feedback received will be incorporated as determined by the Northwest Straits Commission
having oversight for the project. Decisions and assumptions made will be well documented in
the Final Project Report, which will describe in detail the data sources, the habitat model, and
habitat model criteria.
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NW Straits Nearshore Habitat Inventory
Digital Datasets

1/2/2002
sub-  drift intertidal riparian salmon forage ground- rock shell-
Dataset Regional/County [strate cells bathymetry shallow subt veg veg bull trout  fish fish fish fish crab
Shorezone (WDNR) regional X X X
Whatcom County CD (WDNR) county specific X X
Skagit County CD (WDNR) county specific X X
Skagit County Shoreline Inventory (MRC and P4PS) county specific X X X
San Juan County Shoreline Inventory (FSJ & P4PS) county specific X X X
Whatcom County Shoreline Inventory (P4PS) county specific X X X
Island County Eelgrass Survey Final Report (Island County MRC 2001) county specific X X
Kelp coverage (Strait of Juan de Fuca) (WDNR 1996) county specific X
Priority Habitats and Species Database (WDFW 2001) regional X X X X X
Annual Inventory of Commercial and Recreational Shellfish Areas (WDOH 2000) regional X
StreamNet: Anadromous fish distribution: info compiled from ODFW; WDFW; and Idaho F&G: administered by PSMFC regional X
StreamNet: Bull Trout Distribution in the NW regional X
Rockfish distribution in Puget Sound (WDFW, 1993-96 Wayne Paulsson) regional X X
EPA Stream Reach 1:100,000 resolution available on StreamNet regional
Atlas of Seal and Sea Lion Haulout sites in WA (WDFW 2000) regional
1992 Puget Sound Environmental Atlas (PSWQAT) regional X X X X
Marine mammal and bird transects conducted in Winter (1992-2000) and Summer (1993-99) (PSAMP) regional
NOAA Sediment Data county specific X
WDFW Managed Areas: designations of MPAs: conservation areas, marine preserves regional
Environmental Sensitivity Index: temporal data for sea birds and marine mammals (NOAA HAZMAT) regional
Monitoring basal area coverage of eelgrass in Port Townsend, WA 1994-1998 (Jim Norris, Marine Resources Consultants) county specific X
Map showing recent and historical activity on coastal bluffs of Puget Sound between Shilshole Bay and Everett, WA (USGS 2000) county specific
WA GAP Analysis Report regional
NOS Hydrographic Survey Data for Padilla Bay (NOAA) county specific X
Distribution of habitats and summer standing crop of seagrasses and macroalgae in Padilla Bay, WA 1989 (WDOE) county specific X
Wetlands in Padilla Bay, WA Watershed 1993 (WDOE) county specific X
Agricultural Use Areas in the Padilla Bay Watershed 1993 (WDOE) county specific
Watershed Boundary Area for Padilla Bay, WA (WDOE) county specific
Tala to Kala Point Habitat Map (WDOE 1999) county specific X
PRISM (UW Geology department) regional X
Marine Outfall Siting Study(MOSS)--this is mainly being conducted in King County, but may extend into Snohomish; county specific X X X
data collected and put into GIS format (King County, WDFW, WDOE, WDNR, and UW)
PSAMP/NOAA Spatial Marine Sediment Monitoring Database (1991-99) (station attributes, grain size, chemistry, bioassay, and infaunal species) regional X
REEF 2001 San Juans/Hood Canal county specific X X
Shoreline Master Programs county specific
County Comprehensive Plans county specific
Swinomish Tribe: identify substrate and vegetation types using GPS points; covers parts of Padilla Bay, Similk Bay and Skagit Bay county specific X X
Tulalip Tribes in conjunction with Snohomish County: Shoreline inventory (invasive species, habitat types, armoring, eelgrass beds) county specific X X
WDOE: Drift Cells based on work done by Schwartz et al. 1991; Johannessen 1992 regional X
LIDAR (NOAA/USGS) regional X
Point-no-Point Treaty Council: eelgrass-shoreline development project (correlates shoreline armoring with eelgrass presence)(Hirshey) county specific X
Snohomish County: land cover project using remote sensing data (pixel size 100 feet) county specific
Tulalip Tribes: Will be digitizing an old Navy study on Crab distribution along shoreline of Everett county specific X
Skagit System Cooperative: Skagit Bay Nearshore Habitat Characterization for Chinook Salmon (Andrea Noffke and Eric Beamer) (will be digital) county specific X X X
Whidbey Island armoring inventory (Island County MRC and WSU) county specific
Whatcom County: project detailing bulkheading from DOE obliques county specific
Marine tidelands and subtidal ownership (WDNR) regional
"Nearshore Habitats, How we interact" workshop report: will contain maps of local knowledge and trends from Clallam County targeted resources county specific
Marine Resources of Whatcom County (Anchor 2000) county specific X X X X X X X X X




tributary marine sea- shore slope water data Distribution
streams mammals birds armor_stability quality uplands documented Notes
yes on CD
yes on CD
yes on CD
X X yes on CD
X X yes on CD
X X yes on CD
yes on CD
yes on CD
X yes on CD
X yes on CD
yes on CD
yes on CD
yes on CD
X yes on CD
X yes on CD
X X X yes on CD
X X yes on CD
yes on CD
yes on CD
X X no will be in digital format soon: http://response.restoration.noaa.gov/esi/esiintro.html
no inorris@olympus.net
X not mapped http:/greenwood.cr.usgs.gov/pub/mf-maps/mf-2346
X not mapped http:/A .gap.uidaho.edu/SearchPages/NatGapSearch.asp
yes http://www.csc.noaa.gov/pagis/html/esdim/padilla.htm!
yes http://www.csc.noaa.gov/pagis/html/esdim/padilla.htm!
yes http://www.csc.noaa.gov/pagis/html/esdim/padilla.html
X not mapped http://www.csc.noaa.gov/pagis/html/esdim/padilla.htm!
not mapped http://www.csc.noaa.gov/pagis/html/esdim/padilla.htm!
no http://mrc.co.jefferson.wa.us
yes http:/duff.geology.washington.edu/data/prism
not mapped http:/dnr.metrokc.gov/topics/marine/MARtopic.htm
X not mapped hitp://www.ecy.wa.gov/programs//eap/mar_sed/msm_intr.html
no http://www.reef.org
X not mapped each county has their own
X not mapped each county has their own
no Dataset to be released in 2002
X no Dataset to be released in 2002
no Dataset to be released in 2002; contact Cinde Donoghue at: cdon461@ecy.wa.gov
no Dataset to be released in 2002
X no Dataset to be released in 2002
X no Dataset to be released in 2002
no Dataset to be released in 2002
X no Dataset to be released in 2002
X no Dataset to be released in 2002
X no Dataset to be released in 2002
X no Dataset to be released in 2002
no Dataset to be released in 2002
X no
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DATA DOCUMENTATION SUMMARY FOR DIGITAL DATA SOURCES




File
Name

Data set
description

Layer
Name

Study Area Source

Tabular

designations
available

band2_8.*

band2_96

banks

barriers

Data consists of a
grayscale raster
image, wavelength
range from 540-560
nm. It is a single layer
from the original
multispectral data set.
The multispectral data
were acquired by the
compact airborne
spectrographic imager

Compact airborne
spectrographic
imager grayscale
raster

sensor. The grayscale

image provides users
with a base image that

registers precisely with

the Intertidal
Vegetation Inventory
1995, Whatcom
County area, WA
raster data set.

Data consists of a
grayscale raster
image, wavelength
range from 540-560
nm. It is a single layer
from the original
multispectral data set.
The multispectral data
were acquired by the
compact airborne
spectrographic imager

Compact airborne
spectrographic
imager gray scale
raster 1996

sensor. The grayscale

image provides users
with a base image that

registers precisely with

the Intertidal
Vegetation Inventory
1996, Skagit County
and northern Whidbey
Island, WA raster data
set.

Banks hydrography Contains double-
banked streams and
rivers, the shorelines
of lakes and
reservoirs, and the
boundaries of glaciers
displayed on
1:100,000 scale USGS
guadrangle maps.

This dataset contains
known anadromous
fish barriers by
distance up stream
from the outlet or
confluence.

Fish Barriers

Tuesday, February 26, 2002

Skagit county and

Whatcom county area, 1995 Compact
WA Airborne

Spectrographic Imager
Grayscale Raster,
Whatcom County
Area, WA.

1996 Compact
Airborne
Spectrographic Imager
Gray Scale Raster,
Skagit County and
Northern Whidbey
Island, WA

northern Whidbey
Island, WA

All rivers and streams StreamNet Database
appearing on the

1:100,000 scale USGS

quadrangle maps in
Oregon, Washington,

Idaho and Montana

All rivers and streams StreamNet Database
appearing on the

1:100,000 scale USGS

quadrangle maps in
Oregon, Washington,

Idaho and Montana
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Data set
description

Study Area

Source

Tabular
designations
available

File Layer
Name Name
bullchar Dolly Varden/Bull
Trout
CLAM Manila clams
CLAMHAR Intertidal hard
shelled clams
clamhard2 hardshell clam
species
Clamsoft Softshell clam
CLAMSUB Sub-tidal clams

Tuesday, February 26, 2002

This dataset contains
Dolly Varden/Bull trout
status information and
distribution.

A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

The known distribution
of commercially or
recreationally
important clams
occurring in intertidal
or subtidal ranges is
represented. The hard-
shell clams include:
horse clams (Tresus
nuttalli, T. capax),
butter clams
(Saxidomus
giganteus), cockles
(Clinocardium nuttalli),
native littleneck clams
(protothaca staminea),
and Manila clams
(venerupis japonica).

The known distribution
of the soft-shell clam,
(Mya arenaria).

A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

All rivers and streams
appearing on the
1:100,000 scale USGS
quadrangle maps in
Oregon, Washington,
Idaho and Montana

The coastal and inland
marine waters of
Washington

The coastal and inland
marine waters of
Washington

Puget Sound

Puget Sound

The coastal and inland
marine waters of
Washington

StreamNet Database

Priority Species and
Habitat Database

Priority Species and
Habitat Database

Puget Sound
Environmental Atlas
Update 1992

Puget Sound
Environmental Atlas
Update 1992

Priority Species and
Habitat Database
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File
Name

Layer
Name

Data set
description

Study Area

Source

Tabular
designations
available

Subtidal Clam
species

Clamsubt

CRAB Dungeness crab

Pacific coast areas

commercially
harvested crabs

CRAB Cc

CRAB_Cs Pacific coast areas

The known distribution
of commercially or
recreationally
important clams
occurring in intertidal
or subtidal ranges is
represented. Contact
the Washington Dept.
Of Fisheries for further
definition of soft-shell
clam species.

A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

A collection of

fished for sport crabinformation concerning

Offshore
dungeness crab
fishing distribution
and timing

CRABLINE

Tuesday, February 26, 2002

marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

Puget Sound

The coastal and inland
marine waters of
Washington

The coastal and inland
marine waters of
Washington

The coastal and inland
marine waters of
Washington

The coastal and inland
marine waters of
Washington

Puget Sound
Environmental Atlas
Update 1992

Priority Species and
Habitat Database

Priority Species and
Habitat Database

Priority Species and
Habitat Database

Priority Species and
Habitat Database
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File Layer
Name Name

Data set
description

Study Area Source

Tabular
designations
available

Esnd*. Rapid shoreline
inventory

facilities Production Facilities

GEODUCK Geoduck

Geoduck2 Geoduck
Gfdemrsl Demersal

Groundfish

Gfpelagc Pelagic Groundfish

Gfreef Reef Dwelling
Groundfish

Tuesday, February 26, 2002

Data describes
intertidal, backshore,
and upland habitats as
well as identifying
invasive species and
characterizing
structures and outfalls.
Wildlife and vegetation
species are identified
during the course of
the survey, but this is
not the central intent of
this survey and survey
stewards are not
specifically trained to
identify wildlife or
vegetation beyond
those specified

Contains data on
production facilities,
including hatcheries
and off-site rearing and
staging areas.

A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

Locations of goeduck
(Panopea generosa)
beds.

The known distribution
of demersal (bottom-
dwelling) fish species.

The known distribution
of pelagic groundfish
species that may
migrate and
experience conditions
throughout the region.

The known distribution
of reef dwelling
groundfish species
which reside in the
same vicinity most of
the time and are most
vulnerable to changing
conditions within a
specific area.

Small section of San ~ San Juan County
Juan County Rapid Shoreline
Inventory 2001

All rivers and streams StreamNet Database
appearing on the

1:100,000 scale USGS

quadrangle maps in

Oregon, Washington,

Idaho and Montana

The coastal and inland Priority Species and
marine waters of Habitat Database
Washington

Puget Sound Puget Sound
Environmental Atlas
Update 1992

Puget Sound Puget Sound
Environmental Atlas
Update 1992

Puget Sound Puget Sound
Environmental Atlas
Update 1992

Puget Sound Puget Sound
Environmental Atlas

Update 1992
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File
Name

Layer
Name

Data set
description

Study Area

Source

Tabular

designations
available

Haulout Pinniped haul-out

sites

HERRHOL Herring pre-spawn

holding areas

HERRSPW  Herring spawning

grounds

HolmesHbr  Videographic
eelgrass survey
map of Holmes

Harbor

hrtgpts Wildlife Heritage

points

Tuesday, February 26, 2002

The known locations of
the haul out sites of
harbor seals (phoca
vitulina), northern
elephant seals
(Eumetopias jubatus),
and California sea

lions (Zalophus
californianus) in Puget
Sound.

A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

Autocad map of actual
video taped eelgrass
beds in priority areas
of Island County
incorporating real time
GPS data on location.

Contains information
on documented point
observations of non-
game species of
concern, state and
federal listed species
including those
designated as
endangered,
threatened, sensitive,
candidate, and monitor.

Western Washington

The coastal and inland
marine waters of
Washington

The coastal and inland
marine waters of
Washington

Holmes Harbor

Washington State

Puget Sound
Environmental Atlas
Update 1992

Priority Species and
Habitat Database

Priority Species and
Habitat Database

Videographic Eelgrass
Survey of Island
County Selected
Areas: Final Report

Priority Species and
Habitat Database
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File
Name

Data set
description

Layer
Name

Study Area

Tabular
designations
available

Source

iveg1995.*

iveg1996.*

Intertidal vegetation The raster layer

inventory 1995 delineates nearshore
vegetation types in the
Whatcom County area.
Vegetation types are
classified according to
the Nearshore Habitat
Program's protocol. A
spatial mask was used
to remove the uplands
and deep water areas
before classification.
The spatial mask was
interpreted from the
imagery and aerial
photography, not
surveyed. The shallow
subtidal boundary
varies with water
conditions and
multispectral imagery
detection capabilities.

Intertidal vegetation The raster layer
inventory 1996, delineates nearshore

Skagit County and vegetation types in the
northern Whidbey Skagit County and
Island, WA northern Whidbey

Island. Vegetation
types are classified
according to the
Nearshore Habitat
Program's protocol. A
spatial mask was used
to remove the uplands
and deep water areas
before classification.
The spatial mask was
interpreted from the
imagery and aerial
photography, not
surveyed. The shallow
subtidal boundary
varies with water
conditions and
multispectral imagery
detection capabilities.

Tuesday, February 26, 2002

Whatcom county area, Intertidal Vegetation

WA

Skagit county and
northern Whidbey
Island, WA

Inventory 1995,
Whatcom County
Area, WA.

Intertidal Vegetation
Inventory 1996, Skagit

County and Northern

Whidbey Island, WA
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File
Name

Data set
description

Layer
Name

Study Area Source

Tabular

designations
available

iveg95vc.*

Generalized Dataset consists of a

intertidal vegetation polygon coverage

inventory 1995 representing eight
intertidal vegetation

Whatcom county area, Intertidal Vegetation

WA Inventory 1995,
Whatcom County
Area, WA.

types, classified
according to
Nearshore Habitat
Program's vegetation
mapping procedures.
Data set was
generalized from a
more detailed raster
dataset. Includes
information on
vegetation type,
location and areal
extent. The data were
collected as part of the
Nearshore Habitat
Program's mandate to
map the abundance
and distribution of
nearshore habitats in
the Puget Sound for
the Puget Sound
Ambient Monitoring
Program.

Intertidal Vegetation
Inventory 1996, Skagit

County and Northern

Whidbey Island, WA

Generalized Dataset consists of a

intertidal vegetation polygon coverage

inventory 1996, representing eight

Skagit County and intertidal vegetation

northern Whidbey types, classified

Island, WA according to
Nearshore Habitat
Program's vegetation
mapping procedures.
Data set was
generalized from a
more detailed raster
dataset. Includes
information on
vegetation type,
location and areal
extent. The data were
collected as part of the
Nearshore Habitat
Program's mandate to
map the abundance
and distribution of
nearshore habitats in
the Puget Sound for
the Puget Sound
Ambient Monitoring
Program.

iveg96vc.* Skagit county and
northern Whidbey

Island, WA

Strait of Juan de Fuca Canopy-forming Kelp
and outer northern Inventory 1996
Washington Coast

kelp1996 Kelp Inventory 1996 Canopy-forming Kelp

Inventory 1996
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File Layer Data set Study Area Source Tabular
Name Name description designations
available
lakes Lakes and Contains statewide All rivers and streams StreamNet Database
Reservoirs information for lakes appearing on the
and reservoirs. 1:100,000 scale USGS
quadrangle maps in
Oregon, Washington,
Idaho and Montana
mamusect  Marbled Murrelet Consists of a polygon ~ Washington State Priority Species and
polygons coverage containing Habitat Database
marbled murrelet
detection sections. A
detection section is
defined as any section
where a murrelet has
been detected,
regardless of status
(occupancy or
presence). Each
section is labeled with
the most biologically
significant detection
status recorded for
that section. Data prior
to 1970 are not used
for this process.
Maxwelton  Videographic Autocad map of actual Maxwelton Creek Videographic Eelgrass
eelgrass survey video taped eelgrass outfall area Survey of Island
map of the beds in priority areas County Selected
Maxwelton Creek  of Island County Areas: Final Report
outfall area incorporating real time
GPS data on location.
MPA_TEXT Marine Protected  For use Washington State unkown
Area Text complementary with waters
MPA_WDFW in
Arc/View, to enable
placement of MAP
and/or WAC and
status text. One point
is placed for each MPA
MPA_WDF  WDFW Marine Proposed and current ~ Washington State unknown
Protected Area Marine Protected Area  waters
designations (MPA) designations
NPDES National Permit NPDES Permit sites Washington, Idaho, Puget Sound
Discharge and Oregon Environmental Atlas
Elimination System Update 1992
Sites
OakHarbor  Videographic Autocad map of actual Oak Harbor Videographic Eelgrass
eelgrass survey video taped eelgrass Survey of Island
map of Oak Harbor beds in priority areas County Selected
of Island County Areas: Final Report
incorporating real time
GPS data on location.
Tuesday, February 26, 2002 Page 9 of 21



File
Name

Data set
description

Layer
Name

Study Area

Source

Tabular

designations
available

october Digital elevation

model

Integrated elevation
and bathymetry data

OYSTER A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of

Washington.

Oysters

A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

oyster nativ. Native or Olympia
oysters in the

pacific coast areas

OYSTER_C Pacific or Japanese A collection of

oyster (introduced) information concerning

in the pacific coast marine fish and

areas shellfish resources in
the coastal and inland
marine waters of

Washington.

The known distribution
of three oyster species
has been mapped :
Olympia oyster (Ostrea
lurida), The Pacific
Oyster (Crassostrea
gigas), and European
flat oyster (Ostrea
edulis).

Oyster2 Oysters

PennCove  Videographic
eelgrass survey

map of Penn Cove

Autocad map of actual
video taped eelgrass
beds in priority areas
of Island County
incorporating real time
GPS data on location.

This dataset contains
Priority Habitat and
Species fish
distribution from
WDFW's Priority
Habitat and Species
database.

phsfish Priority Habitat and

Species fish

Tuesday, February 26, 2002

Puget Sound

The coastal and inland
marine waters of
Washington

The coastal and inland
marine waters of
Washington

The coastal and inland
marine waters of
Washington

Puget Sound

Penn Cove

All rivers and streams
appearing on the
1:100,000 scale USGS
quadrangle maps in
Oregon, Washington,
Idaho and Montana

Building a seamless
digital elevation model
of the Puget Sound
Basin

Priority Species and
Habitat Database

Priority Species and
Habitat Database

Priority Species and
Habitat Database

Puget Sound
Environmental Atlas
Update 1992

Videographic Eelgrass
Survey of Island
County Selected
Areas: Final Report

StreamNet Database

O
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File
Name

Data set
description

Layer

Study Area
Name

Source

Tabular
designations

available

phspoly

Porpdall

PorpHarb

RAZRCLA

Rec*_pt83

Priority Habitats
and Species

Consists of polygons
or points that describe
occurrences of priority
habitats and species.
All priority species
mapped areas
represent known use
areas; they are not
potential habitats.
Priority habitats are
areas that support
diverse, unique and/or
abundant communities
of fish and wildlife.
Locational data are
associated with reports
detailing each priority
habitat and species.

Washington State

Dall's Porpoise Areas where Dall's

siting Porpoise

Concentration Area (Phocoenoides dalli)
have been observed
most frequently. The
data set contains
updated information
from the1987 Atlas.

Puget Sound

Harbor Porpoise Areas where the

siting concentration harbor porpoise

areas (Phocoena phocoena)
has been observed
most frequently. The
data set is updated
from the1987 Atlas,
including data from
recent surveys of
harbor porpoise
(Calambokidis et al.,
1992).

Puget Sound

The coastal and inland
marine waters of
Washington

Pacific coast razor A collection of

clams information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

Public recreational State-owned beaches,

shellfishing beaches including those on
WDNR property, and
county-owned beaches
open to recreational
shellfish harvesting are
displayed.

Puget Sound

Tuesday, February 26, 2002

Priority Species and
Habitat Database

Puget Sound
Environmental Atlas
Update 1992

Puget Sound
Environmental Atlas
Update 1992

Priority Species and
Habitat Database

2000 Annual Inventory
of Commercial and
Recreational Shellfish
Areas in Puget Sound
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File
Name

Layer
Name

Data set
description

Study Area

Source

Tabular
designations
available

resfish

rock93-96_

ROCKSOL

$92-99line

s$92-99point

Salmcmrc

Salmsprt

SANDLANZ

Resident fish

Density of rockfish

Rocksole spawning
beaches

Summer flight
transects 1992-99

Summer marine
bird and mammal
observations 1993-
99

Commercial
salmon fishing
areas

Recreational
salmon fishing
areas

Sand lance
spawning beaches

Tuesday, February 26, 2002

The resident fish layer
was based on
processes and data
types that were
originally used in the
Pacific Northwest
Rivers Assessment
Study.

Density of rockfish
derived from
underwater video
surveys of rocky reef
areas

A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

Flight transect lines
used to complete

aerial surveys detailing
marine bird, waterfowl,
and marine mammal
distributions in Puget
Sound.

Marine bird species
and mammal species
observed during the
summer aerial surveys
1992-99.

The areas considered
by WDF to be fished
commercially more
than other areas in
Puget Sound. Salmon
are harvested
recreationally and
commercially in all
areas of Puget Sound.

The areas considered
by WDF to be fished
recreationally and
commercially in all
areas of the Sound.

A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

All rivers and streams
appearing on the
1:100,000 scale USGS
quadrangle maps in
Oregon, Washington,
Idaho and Montana

Puget Sound

The coastal and inland
marine waters of
Washington

Puget Sound shoreline

Puget Sound shoreline

Puget Sound

Puget Sound

The coastal and inland
marine waters of
Washington

StreamNet Database

GIS Rocky Reef Data

Priority Species and
Habitat Database

1992-2000 PSAMP
Aerial Surveys

1992-2000 PSAMP
Aerial Surveys

Puget Sound
Environmental Atlas
Update 1992

Puget Sound
Environmental Atlas
Update 1992

Priority Species and
Habitat Database
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File Layer Data set Study Area Source Tabular

Name Name description designations
available
SASI Anadromous fish  This dataset contains All rivers and streams 1992 Washington
stock status anadromous fish stock appearing on the State Salmonid Stock
status. This data is 1:100,000 scale USGS Inventory
from the Salmonid guadrangle maps in

Stock Inventory (SaSI)  Oregon, Washington,
report and appendices Idaho and Montana
published by WDFW in

1992. SaSI documents

the results of an initial

stock status inventory

that was part of a

statewide effort to

maintain and restore

wild salmon and

steelhead stocks and

fisheries.
Seabird and Seabird nesting Nesting sites and Puget Sound Puget Sound
areas and beaches beaches in Puget Environmental Atlas
Sound; the following Update 1992

marine seabirds are
represented: glaucous
winged gull (Larus
glauescens), double-
crested cormorant
(Phalacrocorax
auritus), pelagic
cormorant (P.
pelagicus), pigeon
guillemot (Cepphus
columba), tufted puffin
(Lunda cirrhata),
rhinoceros auklet
(Cerorhinca
monocerata), black
oystercatcher
(Haematopus
bachmani), and arctic
tern (Sterna
paradisaea). Although
few nets sites
locations are known,
marbled murrelets
(Brachyramphus
marmoratus) also nest
in the Puget Sound
area. Known murrelets
nest sites are included
in the maps of
Sensitive Bird Species
Nesting Areas. The
marine distribution of
this species is
discussed in Speich et
al. (1992).
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File Layer Data set Study Area Source Tabular
Name Name description designations
available
seabirds Washington The seabird colony Coast and interior Catalog of Washington
Seabird Colonies database contains a marine waters of Seabird Colonies
digitized version of Washington
locations surveyed for
breeding seabirds as
documented by Speich
and Wahl (1989).
seals Seal and Sea Lion Contains information Washington waters Atlas of Seal and Sea
Haulouts on haulout sites for Lion Haulout Sites in
harbor seals, steller Washington.
sea lions, California
sea lions, and
Northern elephant
seals located in
Washington waters.
Sediment Offshore surficial Marine sediments from  Strait of Juan de Fuca unknown
sediment NOAA bathymetric and Pacific Coast of
survey data Washington to 48.5d
Lat, 125d Long.
shor1995.%; Intertidal shoreline This layer delineates Whatcom county area, 1995 Intertidal

characteristics
inventory 1995

Tuesday, February 26, 2002

intertidal shoreline
characteristics in the
Skagit County area,
classified according to
"A Marine and
Estuarine Habitat
Classification System
for Washington State"
(Dethier 1990).
Polygon attributes
include feature
identifiers, feature
measurements, and
the following attribute
codes: system,
subsystem, substrate
(class and subclass),
energy, and water
regime. Line attributes
include features
measurements and
significant boundary
codes.

WA

Shoreline
Characteristics,
Whatcom County
Area, WA
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File
Name

Layer
Name

Data set
description

Study Area

Source

Tabular

designations
available

shor1996.*; Intertidal shoreline
characteristics
inventory 1996,
Skagit County and
northern Whidbey
Island, WA

SHRMPPA Water column

dwelling shrimp

Tuesday, February 26, 2002

This layer delineates
intertidal shoreline
characteristics in the
Skagit County area,
classified according to
"A Marine and
Estuarine Habitat
Classification System
for Washington State"
(Dethier 1990).
Polygon attributes
include feature
identifiers, feature
measurements, and
the following attribute
codes: system,
subsystem, substrate
(class and subclass),
energy, and water
regime. Line attributes
include features
measurements and
significant boundary
codes. Route event
attributes indicate
substrate type at the
land-water interface.

A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

Skagit county and
northern Whidbey
Island, WA

1996 Intertidal
Shoreline
Characteristics, Skagit
County and Northern
Whidbey Island, WA

The coastal and inland Priority Species and

marine waters of
Washington

Habitat Database
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File Layer

Data set
description

Study Area

Name Name

SJ*. Rapid shoreline
inventory

Skagit*. Rapid shoreline
inventory

Tuesday, February 26, 2002

Data describes
intertidal, backshore,
and upland habitats as
well as identifying
invasive species and
characterizing
structures and outfalls.
Wildlife and vegetation
species are identified
during the course of
the survey, but this is
not the central intent of
this survey and survey
stewards are not
specifically trained to
identify wildlife or
vegetation beyond
those specified on the
data form. Data was
developed to describe
shoreline and intertidal
habitat. Data was
collected using trained
volunteer stewards.
Special attention is
paid to human impacts
to the shoreline
(structures and
outfalls).

Data describes
intertidal, backshore,
and upland habitats as
well as identifying
invasive species and
characterizing
structures and outfalls.
Wildlife and vegetation
species are identified
during the course of
the survey, but this is
not the central intent of
this survey and survey
stewards are not
specifically trained to
identify wildlife or
vegetation beyond
those specified on the
data form. Data was
developed to describe
shoreline and intertidal
habitat. Data was
collected using trained
volunteer stewards.
Special attention is
paid to human impacts
to the shoreline
(structures and
outfalls).

Small section of San
Juan County

Section of Skagit

Source Tabular
designations
available

San Juan County
Rapid Shoreline

Inventory

Skagit County Rapid

County around March  Shoreline Inventory

Point
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File Layer Data set Study Area Source Tabular
Name Name description designations
available
SkagitBay Videographic Autocad map of actual  Skagit Bay Videographic Eelgrass
eelgrass survey video taped eelgrass Survey of Island
map of Skagit Bay beds in priority areas County Selected
of Island County Areas: Final Report
incorporating real time
GPS data on location.
SMELT spa  Smelt spawning A collection of The coastal and inland Priority Species and O
beaches information concerning marine waters of Habitat Database
marine fish and Washington
shellfish resources in
the coastal and inland
marine waters of
Washington.
stdyarea Intertidal habitat Dataset consists of a Whatcom county area, Intertidal Habitat
inventory study polygon coverage WA Inventory Study Area
area 1995 representing the 1995
geographic area of the
1995 intertidal habitat
inventory.
stdyarea96 Intertidal habitat Dataset consists of a Skagit county and Intertidal Habitat
inventory study polygon coverage northern Whidbey Inventory Study Area
area, 1996, Skagit representing the Island, WA 1996, Skagit County
County and geographic area of the and Northern Whidbey
northern Whidbey 1996 intertidal habitat Island, WA
Island, WA inventory.
Stp_pt83 Sewer Treatment  Dataset depicts Puget Sound 2000 Annual Inventory |
Plant Outfalls shoreline location of of Commercial and
sewer treatment plant Recreational Shellfish
outfalls, does not Areas in Puget Sound
depict exact offshore
location of outfall if
applicable.
str100 Base hydrography This hydrography layer All rivers and streams StreamNet Database

Tuesday, February 26, 2002

serves as the base for
StreamNet. It is a
digital reproduction of
the rivers and streams
on the 1:100,000 scale
US Geological Survey
guadrangle maps.

appearing on the
1:100,000 scale USGS
quadrangle maps in
Oregon, Washington,
Idaho and Montana
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File
Name

Layer
Name

Data set
description

Study Area

Source

Tabular
designations
available

ShoreZone linear
unit theme

szlineth

szpoly ShoreZone polygon

unit features

Tuesday, February 26, 2002

An inventory of
Washington State's
saltwater shorelines
using the ShoreZone
Mapping System.
Physical and biological
resources are
described, along with
information on the
inventory data
collection. The
majority of the spatial
data is line data, with
some polygons and
points. The inventory
divides the shoreline
into homogenous
physical segments, the
average linear
segment length is 0.5
miles. Each spatial
unit record has many
corresponding tabular
across-shore
component records
that describe the unit
in more detail.

Washington State's
saltwater shoreline

An inventory of
Washington State's
saltwater shorelines
using the ShoreZone
Mapping System.
Physical and biological
resources are
described, along with
information on the
inventory data
collection. The majority
of the spatial data is
line data, with some
polygons and points.
The inventory divides
the shoreline into
homogenous physical
segments, the average
linear segment length
is 0.5 miles. Each
spatial unit record has
many corresponding
tabular across-shore
component records
that describe the unit
in more detail.

Washington State's
saltwater shoreline

Washington State
Shorezone Inventory

Washington State
Shorezone Inventory
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File
Name

Layer
Name

Data set
description

Study Area

Source

Tabular

designations
available

szpt ShoreZone point

unit features

Tribes Tribal usual and
accustomed fishing

areas

Upmidlow Eelgrass discovery
map: upper,
middle, lower
beach areas

URCHIN Red and green sea

urchins

Utsaladay Videographic
eelgrass survey
map of Utsaladay

Bay

Tuesday, February 26, 2002

An inventory of
Washington State's
saltwater shorelines
using the ShoreZone
Mapping System.
Physical and biological
resources are
described, along with
information on the
inventory data
collection. The majority
of the spatial data is
line data, with some
polygons and points.
The inventory divides
the shoreline into
homogenous physical
segments, the average
linear segment length
is 0.5 miles. Each
spatial unit record has
many corresponding
tabular across-shore
component records
that describe the unit
in more detail.

Puget Sound waters of
interest to western
Washington treaty
tribes are mapped.
Numerous court
determinations have
concluded that these
tribes possess treaty
fishing rights in or near
the indicated waters.

Data consists of
eelgrass coverage in
areas of Island County
discovered by
shoreline owners
during specific low tide
days.

A collection of
information concerning
marine fish and
shellfish resources in
the coastal and inland
marine waters of
Washington.

Autocad map of actual
video taped eelgrass
beds in priority areas
of Island County
incorporating real time
GPS data on location.

Washington State's
saltwater shoreline

Puget Sound

Island County shoreline

The coastal and inland
marine waters of
Washington

Utsaladay Bay

Washington State
Shorezone Inventory

Puget Sound
Environmental Atlas
Update 1992

Eelgrass Survey 2000:
A Survey of Shoreline
Property Owners of
Island County in June
2000

Priority Species and
Habitat Database

Videographic Eelgrass
Survey of Island
County Selected
Areas: Final Report
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File
Name

Data set
description

Layer
Name

Tabular
designations
available

Study Area Source

Distribution of habitats

veg89

w93-00line

w93-00poin

WDIS

wet93

Seagrasses and
macroalgae in
Padilla Bay

Winter flight
transects 1993-
2000

Winter marine bird
and mammal
observations 1992-
2000

Wastewater
discharge sites

Wetlands

Tuesday, February 26, 2002

Contains polygons and
labelpoints which
represent intertidal
habitats in Padilla Bay
in 1989. Seagrasses
and macroalgae are
attributed with species
type and estimates of
percent cover. Sand
and mud flats are
identified as
sparse/unvegetated or
as Ruppia maritima 1-
10% cover and salt
marshes are identified
as
Salicornia/Disticchilis/T
riglochin or Spartina.
Alterniflora.

Flight transect lines
used to complete

aerial surveys detailing
marine bird, waterfowl,
and marine mammal
distributions in Puget
Sound.

Marine bird species
and mammal species
observed during the
winter aerial surveys
1993-2000.

Contains mostly
current, major
dischargers, but some
minor or non-active
dischargers may be
included.

Wetland coverage of
Padilla Bay, WA

Padilla Bay, Skagit
County, WA

Puget Sound shoreline

Puget Sound shoreline

Puget Sound

Padilla Bay, Skagit
County, WA

and summer standing

crop of seagrasses
and macroalgae in
Padilla Bay,
Washington

1992-2000 PSAMP
Aerial Surveys

1992-2000 PSAMP
Aerial Surveys

Puget Sound
Environmental Atlas
Update 1992

Wetlands in Padilla

Bay, WA Watershed

1993
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File Layer Data set Study Area Source Tabular

Name Name description designations
available
Whatcom*.  Rapid shoreline Data describes Small section of Whatcom County
inventory intertidal, backshore, Whatcom County Rapid Shoreline
and upland habitats as Inventory

well as identifying
invasive species and
characterizing
structures and outfalls.
Wildlife and vegetation
species are identified
during the course of
the survey, but this is
not the central intent of
this survey and survey
stewards are not
specifically trained to
identify wildlife or
vegetation beyond
those specified on the
data form. Data was
developed to describe
shoreline and intertidal
habitat. Data was
collected using trained
volunteer stewards.
Special attention is
paid to human impacts
to the shoreline
(structures and

outfalls).
Whgray Gray whale siting  Gray whale sitings in Puget Sound Puget Sound
concentration areas Puget Sound Environmental Atlas
Update 1992
Whkiller Killer whale siting  Killer whale sitings in Puget Sound Puget Sound
concentration areas Puget Sound Environmental Atlas
Update 1992
Whminke Minke whale siting Minke whale sitings in Puget Sound Puget Sound
concentration areas Puget Sound Environmental Atlas

Update 1992
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