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Executive Summary

Executive Summary

The Revised Code of Washington (RCW) directs the Washington Department of Fish and
Wildlife (WDFW) to “preserve, protect, perpetuate, and manage” the fish and wildlife species of
the state as its paramount responsibility (RCW 77.04.012). Under RCW 77.55, any construction
or work that uses, diverts, obstructs, or changes the natural bed or flow of state waters requires a
Hydraulic Project Approval (HPA) issued by WDFW. The purpose of the HPA program is to
ensure that hydraulic projects are completed in a manner that prevents damage to public fish and
shellfish resources and their habitats. To ensure that the HPA program complies with the
Endangered Species Act (ESA), WDFW is developing a programmatic multispecies Habitat
Conservation Plan (HCP) to obtain an Incidental Take Permit from the U.S. Fish and Wildlife
Service (USFWS) and the National Oceanic and Atmospheric Administration (NOAA) Fisheries
Service (also known as NOAA Fisheries), in accordance with Section 10 of the ESA. For
WDFW, the objective is to avoid and/or minimize the incidental take of those aquatic species
potentially considered for coverage under the HCP (referred to in this white paper as “HCP
species”) resulting from activities conducted under an HPA.

The HCP will address the impacts, potential for take, and mitigation measures for effects on

HCP species from hydraulic projects that require HPAs. WDFW’s intent is to build the scientific
foundation for the effort to prepare an HCP for hydraulic projects that receive HPAs. To
accomplish this, WDFW is compiling the best available scientific information related to the
impacts, potential for incidental “take” of species that may be covered in the HCP (as defined in
the ESA; see Section 9 of this report for a definition of “take”), adequacy of existing rules
(Washington Administrative Code [WAC] 220-110), and possible management directives and
mitigation measures to avoid and/or minimize potential take to the maximum extent practicable.
As the HPA authority covers all waters of the state, this white paper considers hydraulic project
impacts in both freshwater and marine environments.

This white paper is one of a suite of white papers prepared to establish the scientific basis for the
HCP and assist WDFW decision-making on what specific HPA activities should be covered by
the HCP. This particular white paper compiles and synthesizes existing scientific information on
shoreline modifications, such as jetties, breakwaters, groins, and bank barbs. Bank protection
structures and activities, such as seawalls, levees, and bulkheads, are addressed in Jones &
Stokes (2006).

The objectives of this white paper are:

. To compile and synthesize the best available scientific information related
to the potential human impacts on HCP species, their habitats, and
associated ecological processes resulting from the construction,
maintenance, repair, replacement, modification, and removal (hereafter
collectively referred to as construction and repair) of jetties, breakwaters,
groins, and bank barbs.
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Executive Summary

To use this scientific information to estimate the circumstances,
mechanisms, and risks of incidental take potentially or likely to result
from the construction and repair of shoreline modifications.

To assess the extent to which current HPA rules address the potential
impacts on covered species, their habitats, and ecological processes.

To identify appropriate and practicable measures, including policy
directives, conservation measures, and best management practices
(BMPs), to avoid, minimize, or mitigate the risk of incidental take of HCP
species.

The literature review conducted for this white paper identified six impact mechanisms that could
potentially affect the HCP species. These mechanisms of impact are both direct and indirect and
can have temporary, short-term effects or permanent, long-term effects. The impact mechanisms
analyzed in this white paper are:

This white pap

Construction and maintenance activities
Hydraulic and geomorphic modifications
Water quality modifications

Riparian vegetation modifications
Aguatic vegetation modifications
Ecosystem fragmentation.

er includes a discussion of the potential direct and indirect impacts on the 52 HCP

species and their habitats due to exposure to the six identified impact mechanisms. Following

this discussion

, an evaluation of potential for take of the 52 HCP species is included based on a

separate analysis conducted using exposure-response matrices for each of the HCP species. This
white paper also reviews data gaps and, where there is sufficient information, estimates risk of
take. In addition, habitat protection, conservation, mitigation, and management strategies that

could avoid or
paper are:

minimize the identified potential impacts are provided. Key elements of the white

Identify the distribution of the 52 HCP species (i.e., whether they use fresh
water, marine water, or both) and their habitat requirements.

Based on the distribution information, identify the risk of “take”
associated with each of these impacts mechanisms.

Identify cumulative impacts.
Identify data gaps.

Identify habitat protection, conservation, and mitigation strategies.
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1.0 Introduction

1.0 Introduction

The Revised Code of Washington (RCW) directs the Washington Department of Fish and
Wildlife (WDFW) to “preserve, protect, perpetuate, and manage” the fish and wildlife species of
the state as its paramount responsibility (RCW 77.04.012). Under RCW 77.55, any construction
or work that uses, diverts, obstructs, or changes the natural bed or flow of state waters requires a
Hydraulic Project Approval (HPA) issued by WDFW. The purpose of the HPA program is to
ensure that these activities are completed in a manner that prevents damage to public fish and
shellfish resources and their habitats. To ensure that the HPA program complies with the
Endangered Species Act (ESA), WDFW is developing a programmatic multispecies Habitat
Conservation Plan (HCP) to obtain an Incidental Take Permit (ITP), in accordance with Section
10 of the ESA, from the U.S. Fish and Wildlife Service (USFWS) and the National Oceanic and
Atmospheric Administration (NOAA) Fisheries Service (also known as NOAA Fisheries). For
WDFW, the benefits of an HCP are to contribute to the long-term conservation of both listed and
unlisted species through the minimization and mitigation of impacts on those species and their
habitats, while ensuring that WDFW can legally proceed with the issuance of HPAs that might
otherwise result in the incidental “take” of ESA-listed species (as defined in the ESA; see
Section 9 of this report for a definition of “take”).

The HCP will identify the impacts on those aquatic species considered for coverage under the
HCP, the potential for take, and mitigation measures for hydraulic projects that require HPAs.
This white paper is part of the effort to compile the best available scientific information to
protect these species during the construction, maintenance, repair, operation, replacement,
modification, and removal (hereafter referred to as construction, operation, and repair) of
shoreline modifications. To accomplish this, WDFW is analyzing the adequacy of existing rules
(Washington Administrative Code [WAC] 220-110), as well as possible management directives
and mitigation measures, to avoid and/or minimize potential take to the maximum extent
practicable. As the HPA authority covers all waters of the state, this white paper considers
hydraulic project impacts in both freshwater and marine environments. This white paper is one
of a suite of white papers being prepared to establish the scientific basis for the HCP and assist
WDFW decision-making regarding what specific HPA activities should be covered by the HCP
and what minimization and mitigation measures can be implemented to address the potential
effects of hydraulic projects. This white paper addresses impacts and mitigation/minimization
measures to be applied to the construction and maintenance of shoreline modifications. Species
considered for coverage under the HCP (referred to in this white paper as “HCP species”) are
listed in Table 1-1. For the purpose of this white paper, some of the HCP species have been
grouped where appropriate (each group is separated by gray line in Table 1-1).
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1.0 Introduction

Table 1-1.  The 52 HCP species addressed in this white paper.
Common Name Scientific Name Status? Habitat
Chinook salmon Oncorhynchus tshawytscha FE/FT/SC Freshwater, Estuarine, Marine
Coho salmon Oncorhynchus kisutch FT/FSC Freshwater, Estuarine, Marine
Chum salmon Oncorhynchus keta FT/SC Freshwater, Estuarine, Marine
Pink salmon Oncorhynchus gorbuscha SPHS Freshwater, Estuarine, Marine
Sockeye salmon Oncorhynchus nerka FE/FT/SC Freshwater, Estuarine, Marine
Steelhead Oncorhynchus mykiss FE/FT/SC Freshwater, Estuarine, Marine
Coastal cutthroat trout Oncorhynchus clarki clarki FSC Freshwater, Estuarine, Marine
Redband trout Oncorhynchus mykiss FSC Freshwater
Westslope cutthroat trout Oncorhynchus clarki lewisii FSC Freshwater
Bull trout Salvelinus confluentus FT/SC Freshwater, Estuarine
Dolly Varden Salvelinus malma FP Freshwater, Estuarine
Pygmy whitefish Prosopiim coulteri FSC/SS Freshwater
Olympic mudminnow Novumbra hubbsi SS Freshwater
Lake chub Couesius plumbeus SC Freshwater
Leopard dace Rhinichthys falcatus SC Freshwater
Margined sculpin Cottus marginatus FSC/SS Freshwater
Mountain sucker Catostomus platyrynchus SC Freshwater
Umatilla dace Rhinichthys umatilla SC Freshwater
Pacific lamprey Lampetra tridentata FSC Freshwater, Estuarine, Marine
River lamprey Lampetra ayresi FSC/SC Freshwater, Estuarine, Marine
Western brook lamprey Lampetra richardsoni FSC Freshwater
Green sturgeon Acipenser medirostris FT/FSC/ISPHS Freshwater, Estuarine, Marine
White sturgeon Acipenser transmontanus SPHS Freshwater, Estuarine, Marine
Eulachon Thaleichthys pacificus FC/SC Freshwater, Estuarine, Marine
Longfin smelt Spirinchus thaleichthys SPHS Freshwater, Estuarine, Marine
Pacific sand lance Ammodytes hexapterus SPHS Marine & Estuarine
Surf smelt Hypomesus pretiosus SPHS Marine & Estuarine
Pacific herring Clupea harengus pallasi FC/SC Marine & Estuarine
Lingcod Ophiodon elongatus SPHS Marine & Estuarine
Pacific hake Merluccius productus FSC/SC Marine & Estuarine
Pacific cod Gadus macrocephalus FSC/SC Marine (occ. Estuarine)
Walleye pollock Theragra chalcogramma FSC/sC Marine (occ. Estuarine)
Black rockfish Sebastes melanops SC Marine & Estuarine
Bocaccio rockfish Sebastes paucispinis SC Marine & Estuarine
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1.0 Introduction

Table 1-1 (continued). The 52 HCP species addressed in this white paper.

Common Name Scientific Name Status? Habitat
Brown rockfish Sebastes auriculatus SC Marine & Estuarine
Canary rockfish Sebastes pinniger sC Marine & Estuarine
China rockfish Sebastes nebulosis SC Marine & Estuarine
Copper rockfish Sebastes caurinus FSC/SC Marine & Estuarine
Greenstriped rockfish Sebastes elongates SC Marine & Estuarine
Quillback rockfish Sebastes maliger FSC/SC Marine & Estuarine
Redstripe rockfish Sebastes proriger SC Marine & Estuarine
Tiger rockfish Sebastes nigrocinctus SC Marine & Estuarine
Widow rockfish Sebastes entomelas SC Marine & Estuarine
Yelloweye rockfish Sebastes ruberrimus SC Marine & Estuarine
Yellowtail rockfish Sebastes flavidus SC Marine & Estuarine
Olympia oyster Ostrea lurida SPHS Marine & Estuarine
Northern abalone Haliotis kamtschatkana FSC/SC Marine
Newcomb’s littorine snail Algamorda subrotundata FSC/SC Marine

Giant Columbia River Fisherola nuttalli SC Freshwater

limpet

Great Columbia River spire  Fluminicola columbiana FSC/SC Freshwater

snail

California floater (mussel) Anodonta californiensis FSC/SC Freshwater
Western ridged mussel Gonidea angulata None Freshwater

Notes: For the purpose of this white paper, some of the HCP species have been grouped when appropriate (each group is separated by a gray

line).

 Status:

FE=Federal Endangered
FP=Federal Proposed

FT = Federal Threatened
FC = Federal Candidate
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2.0 Objectives

2.0 Objectives

The objectives of this white paper are:

To compile and synthesize the best available scientific information related
to the potential human impacts on HCP species, their habitats, and
associated ecological processes resulting from the creation, construction,
maintenance, installation, repair, replacement, modification, and removal
(hereafter collectively referred to as construction and repair) of shoreline
modification structures.

To use this scientific information to estimate the circumstances,
mechanisms, and risks of incidental take potentially or likely resulting
from the construction and repair of shoreline modifications.

To identify appropriate and practicable measures, including policy
directives, conservation measures, and best management practices
(BMPs), to avoid and/or minimize the risks of incidental take of HCP
species.
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3.0 Methods

3.0 Methods

Information presented in this white paper is based primarily on the compilation and synthesis of
the best available scientific information related to human impacts on HCP species, their habitats,
and associated ecological processes. The methods used here included the acquisition of existing
literature, followed by an analysis of impacts based on a review of the literature. The conceptual
framework for assessing potential impacts is described in detail in Section 6; below is a
discussion of the literature acquisition and review process.

To acquire literature supporting the best available scientific information, an extensive search of
the available literature was conducted using the Thomson Scientific Web of Science (Thomson
Scientific Web of Science 2007), which has electronic access to more than 8,500 scientific
journals encompassing all fields of environmental science. This yielded several hundred relevant
publications, most published within the last 10 years. In addition, literature cited in previous
white papers and conference proceedings from the last four Puget Sound—Georgia Basin
Research Conferences was reviewed to identify relevant “gray literature” sources. The
University of Washington School of Aquatic and Fisheries Sciences, Fisheries Research Institute
Reports (UW-FRI) database, a database that includes more than 500 reports pertaining to
research conducted by Fisheries Research Institute personnel from its inception to the present,
was also searched. A thorough search of theses in the Summit system of libraries was performed
to locate relevant student work (Summit is a library catalog that combines information from
Pacific Northwest academic libraries, including the Orbis and Cascade systems, into a single
database available at URL = http://summit.orbiscascade.org/). Finally, because this white paper
was prepared by a diverse group of scientists from a wide range of backgrounds, many other
primary resources (consultant reports, textbooks, etc.) were found in the personal collection of
Herrera staff (the consulting firm working with WDFW to prepare this white paper).

To identify data gaps and evaluate the state of scientific knowledge applicable to the potential
impacts of shoreline modification structures on the HCP species and their habitats, the acquired
literature was examined to assess the broader issue of how these species use aquatic habitats and
how shoreline modifications and their construction alter habitat functions.

Existing literature reviews, peer-reviewed journal articles, books, theses/dissertations, and
technical reports were reviewed for information specific to aquatic species and their interaction
with jetties, breakwaters, groins, and bank barbs. Through this process, a collection of
information was assembled on the life history, habitat uses, and the potential impacts that these
structures pose to HCP species.

Reference material from each of the above databases was compiled in an Endnote personal
reference database (Endnote version X). Reference types collected and entered into the database
included journal articles, reports, web pages, conference proceedings, theses, statutes, books, and
book sections. Each entry in the database included descriptive information, including author(s),
year, title, volume, pages, publisher, etc. Whenever an electronic copy of the reference material
was available, a link between the reference entry and a PDF copy of the reference material was
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3.0 Methods

included in the database. If an electronic (.PDF) copy of a reference was not available, a
hardcopy of the material was kept on file. All reference materials cited in the literature review
were either linked to the reference database or retained in an associated file as a hardcopy.

Endnote X is the industry standard software for organizing bibliographic information. It features
a fully searchable and field sortable database that can contain an unlimited number of references.
Reference information is entered into the database either by direct import from online databases
or by manually entering the reference information into reference type templates. Once all the
references were entered, the database was used for organizational and archival purposes. The
final database is included as an electronic appendix to this report (Appendix B).
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4.0 Hydraulic Project Description

4.0 Hydraulic Project Description

RCW 77.55.011(7) defines a hydraulic project as “the construction or performance of work that
will use, divert, obstruct, or change the natural flow or bed of any of the salt or freshwaters of the
state.” All shoreline modifications that are oriented perpendicular to the direction of dominant
transport are considered in this white paper. These modifications include all jetties, groins, bank
barbs, and breakwaters.

However, any shoreline structures that intercept and disrupt normal transport processes, even
those which may look different than traditional shoreline protection (e.g., beach-access
stairways, boat ramps), would be considered shoreline modifications. This includes any bank
protection measures that project beyond the ordinary high water mark (OHWM). This may
include many bulkheads, in which case these structures should consider both the
recommendations made herein and those in Jones & Stokes (2006). These structures that mimic
more common shoreline modifications are hereafter called analogs. Typically, these structures
would affect the aquatic environment in a similar manner as groins if they do not influence the
flow or exchange of groundwater or surface water with the main water body, or act similar to a
jetty if they do.

Because shorelines have a specific, environment-dependent meaning in regulatory language, the
subactivities treated in this white paper are organized by the environment (i.e., riverine,
lacustrine, and marine) in which they are planned. The environments have been separated in a
geomorphic sense. That is, riverine environments are those where flow is significant and
confined in a single channel or a set of intersecting channels; lacustrine environments are those
freshwater bodies surrounded by land; and marine environments are those where physical
processes are dominated by tides and/or waves and salinity is at least occasionally important.
Marine environments include deltas and confined estuarine embayments (e.g., Willapa Bay,
Commencement Bay). These definitions mean that riverine environments may be tidally
modulated, and marine environments may have varying salinity.

The mechanisms of impact on HCP species associated with these projects include the impacts
from the ongoing presence of these structures, which in most cases is of a permanent nature, and
impacts from construction, maintenance, repair, and removal (including demolition) activities
that could result in modifications to riverine, lacustrine, and marine shoreline processes and
morphology. This includes modifications to hydraulic and geomorphic characteristics, aquatic
and riparian vegetation, and water quality that could result in direct and indirect effects on HCP
species. It also includes the effects of fish handling, relocation, and exclusion associated with
such activities. In addition, shoreline modification structures alter the alongshore sediment
transport processes, circulation, and water chemistry far beyond the structure’s actual footprint
(Jennings et al. 1999; Williams et al. 2001).

For the purposes of this white paper, shoreline modification structures are defined as follows
(and as illustrated in Figure 4-1):
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4.0 Hydraulic Project Description

A jetty is a structure constructed at navigational channels to prevent sand
from depositing in the channel and to provide wave protection for vessels
(Dean and Dalrymple 2002).

A breakwater is a structure that is built seaward of the breaker line
parallel to the shoreline to protect nearshore infrastructure and prevent
shoreline erosion. Breakwaters are often used in series (Dean and
Dalrymple 2002).

A piling or pile is driven into the stream, lake, or ocean bed to support
shoreline infrastructure. It includes both structural and nonstructural
pilings.

Groins are common in marine, lacustrine, and riverine environments; are
vertical barriers extending perpendicularly from the shore/bank that
impede the downdrift/downstream movement of sediment; are often
placed in series; and include analogs that function like a groin but are

structurally different (e.g., beach access staircases) (WDFW 2003).

. A bank barb is a low-elevation structure projecting from a bank and
angled upstream to redirect flow away from a stream bank, thereby

controlling erosion of the stream bank (WDFW 2003). Bank barbs are

often used in series.

This white paper also summarizes the provisions in the Washington Administrative Code (WAC
220-110) that apply to shoreline modification projects in both fresh and saltwater environments.
These are presented in Table 4-1. Table 4-1 also identifies activities that may be related to the
topics covered in this white paper, but that are not necessarily an implicit component of the

activity as specified in the WAC.

Table 4-1.  WAC sections potentially applicable to shoreline modifications.

Freshwater WACs

(direct & indirect applicability)

Saltwater WACs
(direct & indirect applicability)

220-110-050 (FW banks)
220-110-080 (channel change)
220-110-120 (temporary bypass)
220-110-130* (dredging)
220-110-140* (gravel removal)
220-110-150 (LWD)
220-110-170 (outfalls)
220-110-223 (lake banks)

220-110-250 (habitats of concern)
220-110-270 (common)

220-110-271 (prohibited work windows)
220-110-280 (nonSFRM bank)
220-110-285 (SFRM bank)
220-110-320* (dredging)

Note: * indicates that the activity may be related to the topics covered in this white paper, but it is

not necessarily an implicit component of the activity as specified in the WAC.
LWD = large woody debris; SFRM = single-family residential marine.

It /07-03261-000 shoreline mod white paper.doc

Washington Department of Fish and Wildlife

December 2007

Working Draft—Do Not Cite
4-2 Shoreline Modifications White Paper




bank barb
or groin
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5.0 Potentially Covered Species and Habitat Use

5.0 Potentially Covered Species
and Habitat Use

This white paper identifies what is known about how activities associated with the construction
and repair of jetties, breakwaters, groins, bank barbs, and their analogs can pose risks of take for
the 52 HCP species. To understand species-specific impacts, it is important to understand the
geographic distribution and habitat use of these species. Table 5-1 lists the scientific name,
Water Resource Inventory Area (WRIA) of occurrence, tidal reference area, and the reproductive
patterns and habitat requirements of each of these HCP species. Through the identification of
species-specific habitat needs, the risk of take associated with each mechanism of impact related
to the construction and repair of jetties, breakwaters, groins, bank barbs, and their analogs (e.qg.,
beach-access stairways, boat ramps, protruding seawalls) can be identified. Once the potential
for take has been identified, it can be avoided. If unavoidable, the risk of take can be minimized
by design and/or through conservation and protection measures. (See Section 9 [Potential Risk
of Take] and the exposure-response matrices for each of these species, presented in Appendix A.)
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5.0 Potentially Covered Species and Habitat Use

Table 5-1. Range of occurrence of the HCP species and their habitat requirements.

Water Resource Tidal Reference
Common Name Scientific Name Inventory Area® Area® Habitat Requirements and Reproduction Timing

Chinook salmon Oncorhynchus tshawytscha 01-42, 44-50 All General Information (Habitats and Feeding/Life-history Types)

NOAA Fisheries recognizes eight evolutionarily significant units (ESUs) of Chinook salmon
in Washington: (1) Upper Columbia River spring-run; (2) Snake River spring/summer run; (3)
Snake River fall-run; (4) Puget Sound; (5) lower Columbia River; (6) Washington coast; (7)
Mid-Columbia River spring-run; and (8) Upper Columbia River summer/fall-run. Chinook
salmon exhibit one of two life-history types, or races: the stream-type and the ocean-type.
Stream-type Chinook tend to spend 1 (or less frequently 2) years in freshwater environments
as juveniles prior to migrating to salt water as smolts. Stream-type Chinook are much more
dependent on freshwater stream ecosystems than ocean-type Chinook. Stream-type Chinook
do not extensively rear in estuarine and marine nearshore environments; rather, they head
offshore and begin their seaward migrations. Ocean-type Chinook enter salt water at one of
three phases: immediate fry migration soon after yolk is absorbed, fry migration 60-150 days
after emergence, and fingerling migrants that migrate in the late summer or fall of their first
year. Ocean-type Chinook are highly dependent on estuarine habitats to complete their life
history. Chinook generally feed on invertebrates but become more piscivorous with age.

Reproduction/Life History
Chinook runs are designated on the basis of adult migration timing:

e  Spring-run Chinook: Tend to enter fresh water as immature fish, migrate far
upriver, and finally spawn in the late summer and early autumn.

e  Fall-run Chinook: Enter fresh water at an advanced stage of maturity, move rapidly
to their spawning areas on the mainstem or lower tributaries of the rivers, and
spawn within a few days or weeks of freshwater entry.

e  Spring Chinook: Spawning occurs from mid-July to mid-December, and incubation
lasts approximately 1.5-7 months, depending on temperature. Emergence follows,
6-8 months from fertilization.

e  Fall Chinook: Spawning occurs from late October to early December, with

incubation occurring for 1-6 months. Emergence follows, approximately 6 months
after fertilization.

(Healey 1991; Myers et al. 1998; WDNR 2006a; Wydoski and Whitney 2003)
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5.0 Potentially Covered Species and Habitat Use

Table 5-1 (continued). Range of occurrence of the HCP species and their habitat requirements.
Water Resource Tidal Reference
Common Name Scientific Name Inventory Area® Area” Habitat Requirements and Reproduction Timing
Coho salmon Oncorhynchus kisutch 01-42, 44-48, 50 All General Information (Habitats and Feeding)

NOAA Fisheries recognizes four ESUs of coho salmon in Washington: (1) Lower Columbia
River; (2) Southwest Washington; (3) Puget Sound and Strait of Georgia; and (4) Olympic
Peninsula. This species is found in a broader diversity of habitats than any of the other native
anadromous salmonids. Fry feed primarily on aquatic insects and prefer pools and undercut
banks with woody debris; adults feed on herring and other forage fish.

Reproduction/Life History

Coho adults spawn from September to late January, generally in the upper watersheds in
gravel free of heavy sedimentation. Developing young remain in gravel for up to 3 months
after hatching. Fry emerge from early March to late July. Coho rear in fresh water for 12-18
months before moving downstream to the ocean in the spring. Coho spend between 1 and 2
years in the ocean before returning to spawn.

(Groot and Margolis 1991; Murphy and Meehan 1991; WDNR 2005, 2006a; Wydoski and
Whitney 2003)
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5.0 Potentially Covered Species and Habitat Use

Table 5-1 (continued). Range of occurrence of the HCP species and their habitat requirements.
Water Resource Tidal Reference
Common Name Scientific Name Inventory Area® Area” Habitat Requirements and Reproduction Timing
Chum salmon Oncorhynchus keta 01, 03-05, 07-29 All General Information (Habitats and Feeding)

NOAA Fisheries recognizes four ESUs of chum salmon in Washington: (1) Hood Canal
summer run; (2) Columbia River; (3) Puget Sound/Strait of Georgia; and (4) Pacific Coast.
Little is known about their ocean distribution; maturing individuals that return to Washington
streams have primarily been found in the Gulf of Alaska. Chum migrate into rivers and
streams of Washington coast, Hood Canal, Strait of Juan de Fuca, Puget Sound, and the
Columbia River basin to spawn, but their range does not extend upstream above the Dalles
Dam in the Columbia River. Fry feed on chironomid and mayfly larvae, as well as other
aquatic insects, whereas juvenile fish in the estuary feed on copepods, tunicates, and
euphausiids.

Reproduction/Life History

Chum salmon have three distinct run times: summer, fall and winter. Summer chum begin
their upstream migration and spawn from mid-August through mid-October, with fry
emergence ranging from the beginning of February through mid-April. Chum fry arrive in
estuaries earlier than most salmon, and juvenile chum reside in estuaries longer than most
other anadromous species. Chum salmon rear in the ocean for the majority of their adult
lives. Fall chum adults enter the rivers from late October through November and spawn in
November and December. Winter chum adults migrate upstream from December through
January and spawn from January through February. Fall and winter chum fry emerge in
March and April and quickly emigrate to the estuary. Chum salmon utilize the low-gradient
(from 1-2 percent grade), sometimes tidally influenced lower reaches of streams for

spawning.
(Healey 1982; Johnson et al. 1997; Quinn 2005; Salo 1991; WDNR 2005, 2006a; Wydoski
and Whitney 2003)
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5.0 Potentially Covered Species and Habitat Use

Table 5-1 (continued). Range of occurrence of the HCP species and their habitat requirements.
Water Resource Tidal Reference
Common Name Scientific Name Inventory Area® Area” Habitat Requirements and Reproduction Timing
Pink salmon Oncorhynchus gorbuscha 01, 03-05, 07, 09-11, 1-13 General Information (Habitats and Feeding)
16-19, 21

NOAA Fisheries recognizes two ESUs of pink salmon in Washington, neither of which is
listed: (1) Odd-year; and (2) Even-year. The most abundant species of salmon, with 13 stocks
identified in Washington. They are the smallest of the Pacific salmon and mature and spawn
on a 2-year cycle in Washington (primarily spawning during odd years). Adults are
opportunistic feeders in marine habitat, foraging on a variety of forage fish, crustaceans,
ichthyoplankton, and zooplankton. Juveniles primarily feed on small crustaceans such as
euphausiids, amphipods, and cladocerans.

Reproduction/Life History

Pink salmon will spawn in rivers with substantial amounts of silt. Spawning occurs from
August through October. Fry emerge from their redds in late February to early May,
depending on water temperature, and migrate downstream to the estuary within 1 month.
Juveniles remain in estuarine or nearshore waters for several months before moving offshore
as they migrate to the Pacific Ocean, where they remain approximately 1 year until the next
spawning cycle.

(Hard et al. 1996; Heard 1991; WDNR 2005, 2006a)

Sockeye salmon Oncorhynchus nerka 01, 03-05, 07-11, 16, 5,8,14 General Information (Habitats and Feeding/Life-history Types)
19_24%' isl_ii %%‘37' NOAA Fisheries recognizes seven ESUs of sockeye salmon in Washington: (1) Snake river;
P T (2) Ozette Lake; (3) Baker river; (4) Okanogan River; (5) Quinault Lake; (6) Lake Pleasant;

and (7) Lake Wenatchee. WDFW recognizes an additional sockeye salmon stock in the Big
Bear Creek drainage of Lake Washington. Kokanee (landlocked sockeye) occur in many
lakes, with the larger populations in Banks and Loon lakes in eastern Washington and Lake
Whatcom and Lake Washington-Sammamish in western Washington. Juveniles feed on
zooplankton, and adults primarily feed on fish, euphausiids, and copepods.

Reproduction/Life History

Spawn in shallow, gravelly habitat in rivers and lakes during August to October. Juvenile
sockeye rear in lakes for 1-2 years before migrating to the ocean. Emergence occurs within
3-5 months.

(Gustafson et al. 1997; Wydoski and Whitney 2003)
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5.0 Potentially Covered Species and Habitat Use

Table 5-1 (continued). Range of occurrence of the HCP species and their habitat requirements.
Water Resource Tidal Reference
Common Name Scientific Name Inventory Area® Area” Habitat Requirements and Reproduction Timing
Steelhead Oncorhynchus mykiss 01, 03-05, 07-12, 14, All General Information (Habitats and Feeding)
15,17-41, 44-50 NOAA Fisheries recognizes 15 Distinct Population Segments (DPSs) of steelhead, seven of

which occur in Washington. During their ocean phase, steelhead are generally found within
10 and 25 miles of the shore; steelhead remain in the marine environment 2—4 years before
returning to fresh water to spawn. Most steelhead spawn at least twice in their lifetimes.
Escape cover, such as logs, undercut banks, and deep pools, is important for adult and young
steelhead in the freshwater systems. The coastal west-side streams typically support more
winter steelhead populations.

Reproduction

A summer spawning run enters fresh water in August and September, and a winter run occurs
from December through February. Summer steelhead usually spawn farther upstream than
winter populations and dominate inland areas such as the Columbia Basin. Spawning occurs
from March to April for both winter and summer run steelhead. After hatching and
emergence (approximately 3 months), juveniles establish territories, feeding on microscopic
aquatic organisms and then larger organisms such as isopods, amphipods, and aquatic and
terrestrial insects. Steelhead rear in fresh water for up to 4 years before migrating to sea.

(Busby et al. 1996; McKinnell et al. 1997; WDNR 2006a; Wydoski and Whitney 2003)
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5.0 Potentially Covered Species and Habitat Use

Table 5-1 (continued). Range of occurrence of the HCP species and their habitat requirements.
Water Resource Tidal Reference
Common Name Scientific Name Inventory Area® Area” Habitat Requirements and Reproduction Timing
Coastal cutthroat Oncorhynchus clarki clarki 01-05, 07-30 All General Information (Habitats and Feeding/Life-history Types)
trout NOAA Fisheries has recognized three ESUs in Washington: (1) Puget Sound; (2) Olympic

Peninsula; (3) Southwestern Washington/Columbia River. USFWS has assumed sole
jurisdiction for this species. No coastal cutthroat trout DPSs are listed under the ESA in
Washington. Coastal cutthroat trout exhibit varied life-history forms including:

e Resident (stays in streams after rearing in their natal streams) — Resident coastal
cutthroat trout utilize small headwater streams for all of their life stages.

e  Fluvial (migrates to larger rivers after rearing in their natal streams).
e  Adfluvial (migrates to lakes after rearing in their natal streams).
e  Anadromous (utilizes estuaries and nearshore habitat but has been caught offshore).

Juveniles of all life forms feed primarily on aquatic invertebrates but are opportunistic
feeders; adults tend to feed on smaller fish, amphibians, and crustaceans while foraging within
the nearshore environment.

Reproduction/Life History

Coastal cutthroat trout are repeat spawners, and juveniles typically rear in the natal streams
for up to 2 years. Spawning occurs from late December to February, with incubation lasting
approximately 2-4 months. Emergence occurs after 4 months.

(Johnson et al. 1999; Pauley et al. 1988; WDNR 2006a)
Redband trout Oncorhynchus mykiss 37-40, 45-49, 54-57 NA General Information (Habitats and Feeding)

gardnerii Redband trout is a subspecies of rainbow trout found east of the Cascade Mountains, which
prefer cool water that is less than 70°F (21°C), and occupy streams and lakes with high
amounts of dissolved oxygen. Their food primarily consists of Daphnia and chironomids as
well as fish eggs, fish, and insect larvae and pupae.

Reproduction/Life History

Spawn in streams with clean, small gravel from March through May. Incubation takes
approximately 1-3 months, with emergence occurring between June and July.

(USFS 2007)
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5.0 Potentially Covered Species and Habitat Use

Table 5-1 (continued). Range of occurrence of the HCP species and their habitat requirements.
Water Resource Tidal Reference
Common Name Scientific Name Inventory Area® Area” Habitat Requirements and Reproduction Timing
Westslope Oncorhynchus clarki lewisii 37-39, 44-55, 58-62 NA General Information (Habitats and Feeding/Life-history Types)
cutthroat trout Cutthroat trout tend to thrive in streams with extensive pool habitat and cover. The westslope
is a subspecies of cutthroat trout with three possible life forms:
e  Adfluvial (migrates to lakes)
e  Fluvial (migrates to larger rivers)
e  Resident (stays in streams).
The headwater tributaries used by resident cutthroat are typically cold, nutrient-poor waters
that result in slow growth. Fluvial and adfluvial forms can exhibit more growth due to
warmer water temperatures and nutrient availability. Fry feed on zooplankton, and
fingerlings feed on aquatic insect larvae. Adults feed on terrestrial and aquatic insects.
Reproduction/Life History
Spawning: all three life forms spawn in small gravel substrates of tributary streams in the
spring (March to July) when water temperature is about 50°F (10°C); incubation occurs during
April to August, and emergence occurs from May through August. Fry spend 1-4 years in
their natal stream before migrating to their ultimate habitat.
(Liknes and Graham 1988; Shepard et al. 1984; Wydoski and Whitney 2003)
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5.0 Potentially Covered Species and Habitat Use

Table 5-1 (continued). Range of occurrence of the HCP species and their habitat requirements.

Water Resource Tidal Reference
Common Name Scientific Name Inventory Area® Area” Habitat Requirements and Reproduction Timing

Bull trout Salvelinus confluentus 01, 03-05, 07-23, 26, All General Information (Habitats and Feeding/Life-History Types)
21, 295_;—16;4_55‘ Widely distributed in Washington; exhibit four life-history types:
e  Resident (stays in streams after rearing in their natal streams)
e  Fluvial (migrates to larger rivers after rearing in their natal streams)
e  Adfluvial (migrates to lakes after rearing in their natal streams)

e Anadromous (bull trout in the nearshore ecosystem rely on estuarine wetlands and
favor irregular shorelines with unconsolidated substrates).

Young of the year occupy side channels, with juveniles in pools, runs, and riffles; adults
occupy deep pools. Juvenile diet includes larval and adult aquatic insects; subadults and
adults primarily feed on fish.

Reproduction/Life History

The migratory forms of bull trout, such as anadromous, adfluvial, and fluvial, move upstream
by early fall to spawn in September and October (November at higher elevations). Although
resident bull trout are already in stream habitats, they move upstream looking for suitable
spawning habitat. They prefer clean, cold water (50°F [10°C]) for spawning. Colder water
(36—39°F [2-4°C]) is required for incubation. Preferred spawning areas often include
groundwater infiltration. Extended incubation periods (up to 220 days) make eggs and fry
particularly susceptible to increases in fine sediments. Bull trout typically rear in natal
streams for 2—4 years, although resident fish may remain in these streams for their entire
lives; multiple life-history forms may occur in the same habitat environments.

(Goetz et al. 2004; WDNR 2005, 2006a; Wydoski and Whitney 2003)
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5.0 Potentially Covered Species and Habitat Use

Table 5-1 (continued).

Range of occurrence of the HCP species and their habitat requirements.

Common Name

Scientific Name

Water Resource
Inventory Area®

Tidal Reference
Area”

Habitat Requirements and Reproduction Timing

Dolly Varden

Salvelinus malma

01, 03, 05, 07, 17-22,
24

6-10, 14-17

General Information (Habitats and Feeding/Life-History Types)

Species restricted to coastal areas and rivers that empty into them. Juveniles extensively use
instream cover; while in the marine systems, they use beaches of sand and gravel. Prefer pool
areas and cool temperatures. Feed opportunistically on aquatic insects, crustaceans, salmon
eggs, and fish. Closely related to bull trout and exhibit the same life-history traits. Four life-
history types occur:

e  Resident (stays in streams after rearing in their natal streams)

e  Fluvial (migrates to larger rivers after rearing in their natal streams)

e  Adfluvial (migrates to lakes after rearing in their natal streams)

e  Anadromous (migrates to marine waters after rearing in their natal streams).

Reproduction/Life History

Spawn and rear in streams from mid-September through November. Incubation lasts
approximately 130 days. Juveniles can spend 2—4 years in their natal streams before
migration to marine waters.

(Leary and Allendorf 1997; WDNR 2005; Wydoski and Whitney 2003)

Pygmy whitefish

Prosopium coulteri

08, 19, 39, 47, 49, 53,
55, 58, 59, 62

NA

General Information (Habitats and Feeding)

In Washington, pygmy whitefish occur at the extreme southern edge of their natural range;
pygmy whitefish were once found in at least 15 Washington lakes but have a current
distribution in only nine. They occur most often in deep, oligotrophic lakes with temperatures
less than 50°F (10°C), where they feed on zooplankton, such as cladocerans, copepods, and
midge larvae.

Reproduction/Life History

Pygmy whitefish spawn in streams or lakes from July through November. They prefer pools,
shallow riffles, and pool tail-outs when spawning in streams. Lake spawning by pygmy
whitefish occurs at night. Spawning occurs by scattering their eggs over coarse gravel.
Incubation and emergence timing are unknown, but eggs are believed to hatch in the spring.

(Hallock and Mongillo 1998; WDNR 2005, 2006a; Wydoski and Whitney 2003)
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5.0 Potentially Covered Species and Habitat Use

Table 5-1 (continued).

Range of occurrence of the HCP species and their habitat requirements.

Water Resource

Tidal Reference

Common Name Scientific Name Inventory Area® Area” Habitat Requirements and Reproduction Timing

Olympic Novumbra hubbsi 08-24 NA General Information (Habitats and Feeding)

mudminnow Occur in the southern and western lowlands of the Olympic Peninsula, the Chehalis River
drainage, lower Deschutes River drainage, south Puget Sound lowlands west of the Nisqually
River, and in King County. They are generally found in quiet water with mud substrate,
preferring bogs and swamps with dense aquatic vegetation. Mudminnows feed on annelids,
insects, and crustaceans.
Reproduction/Life History
Adults spawn from November through June (peaking in April and May). Females deposit
eggs onto vegetation where fry remain firmly attached for approximately 1 week after
hatching. Incubation lasts approximately 8-10 days.
(Harris 1974; Mongillo and Hallock 1999; WDNR 2005, 2006a)

Lake chub Couesius plumbeus 48, 61; other NA General Information (Habitats and Feeding)

locations unknown Bottom dwellers inhabiting a variety of habitats in lakes and streams, but are known to prefer

small, slow streams. In Washington, they are known only from the northeastern part of the
state (small streams and lakes in Okanogan and Stevens counties). Juveniles feed on
zooplankton and phytoplankton, whereas adults primarily feed on insects.
Reproduction/Life History
Lake chub move into shallow areas on rocky and gravelly substrates in tributary streams of
lakes or lakeshores during the spring to spawn when water temperatures are between 55 and
65°F (13 and 18°C). The eggs are broadcast over large rocks and then settle into the smaller
substrate, hatching after approximately 10 days.
(WDNR 2005; Wydoski and Whitney 2003)

Leopard dace Rhinichthys falcatus 25-31, 37-41, 44-50 NA General Information (Habitats and Feeding)

In Washington, leopard dace inhabit the bottoms of streams and small to mid-sized rivers,
specifically the Columbia, Snake, Yakima, and Simikameen Rivers, with velocities less than
1.6 ft/sec (0.5 m/sec); prefer gravel and small cobble substrate covered by fine sediment with
summer water temperatures ranging between 59 and 64°F (15 and 18°C). Juveniles feed
primarily on aquatic insects; adult leopard dace consume terrestrial insects.

Reproduction/Life History

Breeding habitat for dace generally consists of the gravel or cobble bottoms of shallow riffles;
leopard dace breed in slower, deeper waters than the other dace species. The spawning period
for dace is from May through July. The eggs adhere to rocky substrates. Fry hatch
approximately 6-10 days after fertilization, and juveniles spend 1-3 months rearing in
shallow, slow water.

(WDNR 2005, 2006a; Wydoski and Whitney 2003)
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5.0 Potentially Covered Species and Habitat Use

Table 5-1 (continued). Range of occurrence of the HCP species and their habitat requirements.
Water Resource Tidal Reference
Common Name Scientific Name Inventory Area® Area” Habitat Requirements and Reproduction Timing
Margined sculpin Cottus marginatus 32,35 NA General Information (Habitats and Feeding)

Endemic to southeastern Washington (smaller tributary streams of the Walla Walla and
Tucannon River drainages) where habitat is in deeper pools and slow-moving glides in
headwater tributaries with silt and small gravel substrate. They prefer cool water less than
68°F (20°C) and avoid high-velocity areas. Food includes immature aquatic insects,
invertebrates, small fish, and eggs.

Reproduction/Life History

Spawning occurs in May and June primarily under rocks, root wads, or logs. The female
deposits a mass of adhesive eggs in the nest, which is guarded by the male. Incubation
duration unknown.

(Mongillo and Hallock 1998; WDNR 2005; Wydoski and Whitney 2003)
Mountain sucker Catostomus platyrynchus 25-35, 37-41, 44-50 NA General Information (Habitats and Feeding)

Distribution restricted to Columbia River system. Found in clear, cold mountain streams less
than 40 ft wide and in some lakes; prefer deep pools in summer with moderate current. Food
consists of algae and diatoms. Juveniles prefer slower side channels or weedy backwaters.

Reproduction/Life History

Males reach sexual maturity in 2-3 years and females in 4 years. Spawning in June and July
when water temperatures exceed 50°F (10°C). Spawning occurs in gravelly riffles of small
streams when suckers move into those reaches to feed on algae. Spawning likely occurs at
night when water temperatures are in a range of 51-66°F (10.5-19°C). Fertilized eggs fall
into and adhere to the spaces between the gravel composite. Incubation period lasts
approximatley 8-14 days.

(Wydoski and Whitney 2003)

Umatilla dace Rhinichthys umatilla 31, 36-41, 44-50, NA General Information (Habitats and Feeding)
59-61

Umatilla dace are benthic fish found in relatively productive, low-elevation streams with
clean substrates of rock, boulders, and cobbles in reaches where water velocity is less than 1.5
ft/sec (0.5 m/sec). Feeding is similar to that described for leopard dace. Juveniles occupy
streams with cobble and rubble substrates, whereas adults occupy deeper water habitats.

Reproduction/Life History

Spawning behaviors are similar to those described for leopard dace, with spawning primarily
occurring from early to mid-July.

(WDNR 2005, 2006a; Wydoski and Whitney 2003)
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5.0 Potentially Covered Species and Habitat Use

Table 5-1 (continued). Range of occurrence of the HCP species and their habitat requirements.
Water Resource Tidal Reference
Common Name Scientific Name Inventory Area® Area” Habitat Requirements and Reproduction Timing
Pacific lamprey Lampetra tridentata 01, 03-05, 07-35, All General Information (Habitats and Feeding)
37-40, 44-50

Found in most large coastal and Puget Sound rivers and Columbia, Snake, and Yakima river
basins. The larvae are filter feeders, residing in mud substrates and feeding on algae and
other organic matter for at least 5 years.

Reproduction/Life History

From July through October, maturing Pacific lamprey enter fresh water and gradually move
upstream to spawn the following spring. The nest usually consists of a shallow depression
built in gravel and rock substrates. Eggs hatch in 2—4 weeks, with newly hatched larvae
remaining in the nest for 2—-3 weeks before moving downstream as larvae (ammocoetes).
Juveniles migrate to the Pacific Ocean 4-7 years after hatching and attach to fish in the ocean
for 20-40 months before returning to rivers to spawn.

(WDNR 2005; Wydoski-and Whitney 2003)

River lamprey Lampetra ayresi 01, 03, 05, 07-16, 1-9, 11-17 General Information (Habitats and Feeding)
20-40

Detailed distribution records are not available for Washington, but they are known to inhabit
coastal rivers, estuaries, and the Columbia River system. They have also been observed in
Lake Washington and its tributaries. In the marine system, river lamprey inhabit nearshore
areas. Adults are anadromous living in the marine system as parasites on fish. Adult river
lamprey are believed to occupy deep portions of large river systems. The larvae feed on
microscopic plants and animals.

Reproduction/Life History

Adults migrate back into fresh water in the fall. Spawning occurs in winter and spring. Eggs
hatch in 2-3 weeks after spawning. Juveniles are believed to migrate from their natal rivers to
the Pacific Ocean several years after hatching; adults spend 10-16 weeks between May and
September in the ocean before migrating to fresh water.

(WDNR 2005; Wydoski and Whitney 2003)
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5.0 Potentially Covered Species and Habitat Use

Table 5-1 (continued). Range of occurrence of the HCP species and their habitat requirements.
Water Resource Tidal Reference
Common Name Scientific Name Inventory Area® Area” Habitat Requirements and Reproduction Timing
Western brook Lampetra richardsoni 01, 03, 05, 07-14, 16, NA General Information (Habitats and Feeding)
lamprey 20-40

Found in small coastal and Puget Sound rivers and lower Columbia and Yakima river basins;
spends entire life in fresh water. Adults are found in cool water (52-64°F [11-17.8°C]) on
pebble/rocky substrate. Larvae (ammocoetes) are filter feeders, consuming primarily diatoms.
Adults do not feed and die within a month of spawning.

Reproduction/Life History

Spawning generally occurs from April through July, with adults creating nests in coarse
gravel at the head of riffles. Eggs hatch after about 10 days in water between 50 and 60°F (10
and 16°C). Within 30 days of hatching, ammocoetes emerge from the nests and move to the
stream margin, where they burrow into silty substrates. Larvae remain in the stream
bottom—apparently moving little—for approximately 4-6 years.

(Wydoski and Whitney 2003)

Green sturgeon Acipenser medirostris 22, 24,28 All General Information (Habitats and Feeding)

NOAA Fisheries recognizes two DPSs of green sturgeon, both of which can be found in
Washington. The southern DPS is listed as threatened and the northern DPS is a species of
concern. Habits and life history not well known. Washington waters with green sturgeon
populations include the Columbia River, Willapa Bay, and Grays Harbor, in addition to
marine waters. They spend much of their life in marine nearshore waters and estuaries
feeding on fishes and invertebrates.

Reproduction/Life History

Spawning generally occurs in spring in deep, fast-flowing sections of rivers. Spawning
habitat includes cobble or boulder substrates. Green sturgeon move upstream during spring to
spawn and downstream during fall and winter. Large eggs sink to bottom.

(Adams et al. 2002; Emmett et al. 1991; Kynard et al. 2005; Nakamoto and Kisanuki 1995;
Wydoski and Whitney 2003)
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5.0 Potentially Covered Species and Habitat Use

Table 5-1 (continued).

Range of occurrence of the HCP species and their habitat requirements.

Water Resource

Tidal Reference

major rivers)

Common Name Scientific Name Inventory Area® Area” Habitat Requirements and Reproduction Timing
White sturgeon Acipenser transmontanus 01, 03, 05-22, 24-37, All General Information (Habitats and Feeding)
40-42, 44-61 Found in marine waters and major rivers in Washington, including the Columbia River, Snake

River, Grays Harbor, Willapa Bay, Puget Sound, and Lake Washington. In marine
environments, adults and subadults use estuarine and marine nearshore habitats, including
some movement into intertidal flats to feed at high tide. Some landlocked populations exist
behind dams on the Columbia River. Juveniles feed on mysid shrimp and amphipods; large
fish feed on variety of crustaceans, annelid worms, mollusks, and fish.
Reproduction/Life History
Spawn in deep, fast-flowing sections of rivers (prefer swift [2.6-9.2 ft/sec (0.8—-2.8 m/sec)]
and deep [13-66 ft (4-20 m)] water) on bedrock, cobble, or boulder substrates. Spawning
occurs from April through July, with incubation lasting approximately 7 days and emergence
following in another 7 days.
(Emmett et al. 1991; WDNR