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APPENDIX A
Monitoring and Assessment Plan 
A-1. Introduction and background 

This document describes the monitoring and assessment activities recommended to oversee 
Chinook salmon conservation and recovery within the Lake Washington/Cedar/Sammamish (WRIA 8) 
watershed. It is intended to be a framework for WRIA 8 staff, partners and practitioners for monitoring 
the most important elements to indicate progress in protecting and restoring Chinook habitat in the 
watershed. To the extent practical, it describes monitoring goals and objectives, assessment questions, 
monitoring design, protocols, staffing needs and costs, and reporting requirements. This plan is 
focused on Chinook population and habitat monitoring needed to track Chinook recovery. Its ultimate 
function is to provide methods by which users collect and report information to decision-makers on the 
progress and pace of Chinook recovery within the WRIA 8 watershed.

This WRIA 8 Monitoring and Assessment Plan (MAP) was informed by numerous prior documents and 
efforts, including the WRIA 8 Chinook Salmon Conservation Plan (WRIA 8 Steering Committee, 2005), 
Puget Sound Shared Strategy Draft Monitoring and Adaptive Management Plan (PSAMM Steering 
Committee, 2007), NOAA’s Guidance for monitoring recovery of Pacific Northwest salmon and 
steelhead listed under the Federal Endangered Species Act (Crawford et al., 2011), A framework for 
the development of monitoring and adaptive management plans (Puget Sound RITT, 2015), Monitoring 
habitat status and trends in Puget Sound: development of sample designs, monitoring metrics, and 
sampling protocols (Beechie et al., 2017), and the Chinook monitoring and adaptive management 
toolkit (Puget Sound Partnership, 2016).

Monitoring and Assessment Plan purpose

The overall goal of the WRIA 8 MAP is to document that actions to protect and restore habitat quantity 
and quality within WRIA 8 are performed and adequately contribute to restoring Chinook salmon 
viability in the watershed (Figure 1). This plan focuses on freshwater and nearshore habitat under 
the jurisdiction of freshwater habitat managers, and includes freshwater Chinook salmon monitoring 
performed in the watershed. This plan is intended to address five fundamental questions:

1. Were strategies and actions carried out as recommended? (Implementation monitoring)

2. Did those strategies and actions work as intended? (Effectiveness monitoring)

3. Are overall conditions in the watershed related to Chinook salmon habitat improving? (Habitat 
status and trends monitoring – sometimes called cumulative effectiveness monitoring)

4. Do the sum of actions lead to improved Chinook salmon viability? (Chinook status and trends 
monitoring)

5. What other technical issues may constitute key constraints to Chinook recovery in the WRIA 8 
watershed, and to what degree? (Emerging issues assessment)

NOTE: Other factors, such as harvest and hatchery management, and conditions in the marine 
environment beyond the WRIA 8 nearshore, also affect the trajectory of Chinook recovery. When these 
other factors are outside the jurisdiction of WRIA 8 Salmon Recovery Council members, they should be 
addressed at the appropriate level – for example, by State and Tribal salmon resource co-managers or 
others with jurisdiction.
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Monitoring objectives are specific to the assessment questions, geography and life stage, and will be 
addressed in greater detail in the following sections.

Figure A-1. Logic Model of Chinook Recovery

Description of the watershed area 

The WRIA 8 watershed comprises 692 square miles extending from the marine nearshore along 
Puget Sound east to the Cascade Crest (Figure 2). Most of the watershed is in western King County; 
about 15% extends northward into Snohomish County. It includes two major river systems (Cedar 
and Sammamish) and their tributaries, three large lakes (Union, Washington and Sammamish) and 
numerous smaller subbasins that drain directly to Puget Sound. The watershed contains two Chinook 
salmon populations: Cedar Population (Cedar River and tributaries) and Sammamish Population 
(Sammamish River, North Creek, Lake Washington tributaries, Little Bear Creek, Bear/Cottage Lake 
Creek, Issaquah Creek, Kelsey Creek). 

The watershed is divided into functional “tiers,” which denote priority habitat areas for Chinook 
salmon. Tier 1 areas are highest priority and include core spawning areas as well as migratory and 
rearing corridors. Tier 2 areas include areas less frequently used by Chinook salmon for spawning and 
rearing, but are considered important for the long-term geographic distribution of the populations. Tier 
3 areas are infrequently used by Chinook salmon, but are still important areas for water quality and 
flow management.
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Figure A-2. Map of WRIA 8 Watershed
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Chinook VSP goals. Chinook salmon population recovery goals were determined using the viable 
salmonid population (VSP) concept (McElhany et al., 2000). The VSP attributes used to evaluate the 
status of Chinook salmon are abundance, productivity, spatial distribution, and diversity. A “viable” 
population is a population that has a negligible risk of extinction over a 100-year time frame. 

Recovery goals are set for both a near-term (2025) and a long-term (2055) time frame for each VSP 
parameter to support a trajectory toward sustainable, harvestable Chinook salmon populations (Table  
A-1). In 2006-2009, the WRIA 8 Technical Committee worked with resource Co-Managers to reach 
a consensus understanding of habitat, hatchery and harvest conditions and goals1 leading towards 
recovery of WRIA 8 Chinook salmon. The process resulted in clarification of some of the Chinook  
goals contained in the 2005 WRIA 8 Conservation Plan. These goals were reaffirmed by the WRIA 8 
Salmon Recovery Council in 2017.

1 See “H-Integration Subcommittee Documents” at http://www.govlink.org/watersheds/8/reports/default.aspx#tech.
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SAMMAMISH POPULATION

WRIA 8 Chinook Salmon Population Goals
VSPa Parameter        Historical Conditionsb   2025 Goals                        2055 Goals
CEDAR POPULATION
Abundance

Productivity

Spatial distribution

Diversity

Abundance

Productivity

Spatial distribution

Diversity

2,000 to 8,000 
natural-origin spawners; 
consistent with tribal treaty 
rights and recreational 
harvest 

12-20% egg-to-migrant 
survival rate

Recapture historical 
distribution; fully exploit 
available habitat

Increase Cedar River 
instream rearing 
trajectories to 50%

>15,000 spawner capacity

Unknown 

Proportional use by river 
mile and lake residencyc

Assume >50% parr rearing 
life history; low stray rate 
from other systems

1,680 natural-origin 
spawners (NOS)

≥2 returns per spawner 
2-4 years out of 10;

≥13.8% egg-to-migrant 
survival rate

Convert one satellite 
subarea to core (Tier 1); 
expand spawning area 
distribution

Increase Cedar River 
instream rearing trajectory

Unknown, estimated at 
~8,500 spawners

Unknown

Spawning distribution 
assumed to be broad, but 
more concentrated in 
larger streams

Historical diversity 
assumed to be greater 
than that at present

Maintain base period 
average of 1,083 naturally 
spawning adults

Adult productivity ≥1.0; 

≥2 returns per spawner 2 
4 years out of 10;

≥4.4% egg-to-migrant 
survival rate

Convert one satellite 
subarea to core; expand 
spawning area distribution

Improve Sammamish River 
habitat rearing conditions 
to support eventual parr 
rearing

1,000 to 4,000 
natural-origin spawners; 
tribal treaty and sport 
fishing occur on a 
consistent basis

≥ 10% egg-to-migrant 
survival rate

Consistent use of north 
Lake Washington 
tributaries (in addition to 
Bear Creek) for spawning

Maintain and increase 
duration of natural 
spawning in the basin

a
 VSP – viable salmon population, one with a negligible risk of extinction over a 100-year time frame.

b Historical conditions are estimates of presettlement or “template” conditions provided by NOAA and WDFW.
c
 Lake residency is considered a template condition, even though lake residency is not a historical condition. See 2005 Plan for 

more information.   

Note: Current population status is discussed in Section 3

Table A-1. WRIA 8 Chinook Salmon Population Goals
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Habitat goals. Habitat goals were developed as part of the WRIA 8 Chinook Salmon Conservation Plan 
update (2017). These goals focus on key elements affecting critical habitat limitations as determined 
by conservation science, and are based on the WRIA 8 conceptual model and pressure assessment 
work performed by the TC in 2015-2016. These goals focus on the most important habitat elements 
for conservation and recovery of Chinook salmon in the watershed and are based on local data 
on existing habitat conditions, the unique constraints placed on rivers and streams in the WRIA 8 
watershed, and the pace of implementation progress in the last ten years. While the number of habitat 
goals is relatively small, the TC considers them to be proxies for a larger set of expected habitat 
improvements. It is expected that meeting the short-term and long-term goals for this short list of 
habitat elements will result in improvements in other key ecological attributes and contribute to overall 
Chinook recovery.
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WRIA 8 Habitat Goals

RM = River Mile

Habitat Component             2025 Goals                                  2055 Goals
Cedar River Total connected floodplain acres 

between Lake Washington and 
Landsburg Diversion Dam will be 
1,170 acres (reconnect an additional 
130 acres) by 2025.

Average wood volume will quadru-
ple over current basin conditions to 
42 m3/100 m (RM 4 to Landsburg 
Diversion Dam) by 2025.

Total connected floodplain acres 
between Lake Washington and 
Landsburg Diversion Dam will be at 
least 1,386 acres by 2055 (recon-
nect on additional 346 acres).

Average wood volume between RM 
4 and Landsburg Diversion Dam will 
be 93 m3/100 m by 2055 (the 
median standard wood volume for 
streams over 30 m bankfull width – 
Fox and Bolton, 2007).

Sammamish River Areas of river will be cool enough to 
support Chinook salmon migration 
and survival (increase riparian cover 
by at least 10% and add two thermal 
refugia) by 2025.

Riparian forest cover and thermal 
refugia along the river will help 
keep it cool enough to support 
Chinook salmon migration and 
survival by 2055.

Streams 
(Bear/Cottage Lake, Issaquah, 
Evans, Kelsey, Little Bear, North 
creeks)

Area of riparian cover in each Tier 1 
and Tier 2 stream will increase by 
10% over 2015 conditions by 2025. 

Average wood volume will double 
over current basin conditions by 
2025.

Riparian areas along Tier 1 and Tier 
2 streams will be of su�cient size 
and quality to support sustainable 
and harvestable Chinook salmon 
populations in the watershed by 
2055.

Each Tier 1 and Tier 2 stream 
system will meet appropriate 
regional instream wood-loading 
standards by 2055.

Lakes Natural lake shoreline1 south of I-90 
(Lake Washington) and throughout 
Lake Sammamish will double over 
2015 conditions by 2025

Natural riparian vegetation within              
25 feet of shoreline south of I-90            
(Lake Washington) and throughout 
Lake Sammamish will double over 
2015 conditions by 2025.

Natural lake shoreline south of I-90 
on Lake Washington and throughout 
Lake Sammamish will be restored 
adequately to support juvenile 
rearing and migration by 2055.

Natural vegetation within 25 feet of 
the shoreline south of I-90 (Lake 
Washington) and throughout Lake 
Sammamish is restored adequately 
to support juvenile rearing and 
migration by 2055.

Nearshore (Pocket Estuaries) Pocket estuaries along WRIA 8 
shoreline will support juvenile 
Chinook salmon for rearing and 
migration (reconnect two stream 
mouth pocket estuaries) by 2025.

Same as 2025 goal.

1 “Natural lake shoreline” is defined by the WRIA 8 Technical Committee as without bulkhead, with slope and substrate matching
historic lakeshore contours for the area under consideration.

Table A-2. WRIA 8 Habitat Goals.



  
 l 

  
La

k
e

 W
a

sh
in

g
to

n
/C

e
d

a
r/

S
a

m
m

a
m

is
h

 W
a

te
rs

h
e

d
 (
W

R
IA

 8
) 
C

h
in

o
o

k
 S

a
lm

o
n

 C
o

n
se

rv
a

ti
o

n
 P

la
n

  
 l 

  
10

-Y
E

A
R

 U
P

D
A

T
E

  
 l 

  
2

0
17

8A-

A
P

P
E

N
D

IX
 A

A-2. Monitoring in WRIA 8: Overview
Monitoring for Chinook recovery in WRIA 8 is conducted for three purposes: 1) to determine whether 
actions were carried out as recommended (implementation monitoring); 2) to determine whether 
those actions produced the expected physical change and/or biological effects, and to share lessons 
learned (effectiveness monitoring); and 3) to determine whether the aggregated actions are improving 
overall watershed habitat conditions and Chinook VSP (status and trends/cumulative effectiveness 
monitoring). 

Priority indicators to track WRIA 8 habitat goals

The 2017 Plan includes a short list of goals that focus on the key elements affecting Chinook salmon 
within the WRIA 8 watershed. The goals focus on the most important habitat elements for conservation 
and recovery of Chinook salmon in the watershed and are based on local data, the unique constraints 
placed on rivers, streams and lakes in the WRIA 8 watershed, and the pace of implementation 
progress. These goals are proxies for a larger set of habitat processes that the TC hypothesizes will 
improve if the goals are met. In order to track progress toward these goals, the following information 
should be collected by project implementers and provided to the TC.

1. Acres of floodplain reconnected. Using GIS, measure the area of the Moderate Channel Migration 
Zone previously “disconnected” behind levees or other structures that is now able to interact with 
the river. Measure to the nearest 0.1 acre.

2. Wood volume added to stream channel (m3/100 m). Estimate the wood volume added to the stream 
channel (methods in Fox and Bolton, 2007).

3. Number of pieces and number of key pieces of wood installed. Count number of pieces and 
number of key pieces (methods in Fox and Bolton, 2007).

4. Area of riparian forest planted (to the nearest 0.1 acre) and length of streambank planted (to the 
nearest 0.01 mile).

5. Number, location and area of thermal refugia created/restored (square feet, to nearest foot – 
Sammamish River and Lake Washington Ship Canal). (Methods to measure thermal refugia as in 
Torgersen et al., 2012 and Ebersole et al., 2003.)

6. Length of natural bank profile restored (Lake Sammamish, and Lake Washington south of I-90 
– feet, to nearest foot). “Natural bank profile” is defined by the WRIA 8 Technical Committee as 
without bulkhead, with slope and substrate matching historic lakeshore contours for the area under 
restoration. 

7. Area of natural riparian vegetation restored within 25 feet of lake shore (Lake Sammamish, and 
Lake Washington south of I-90 – to the nearest 0.1 acre). “Natural riparian vegetation” in this context 
is defined by the WRIA 8 Technical Committee as native trees and tall native shrubs.

8. Number and area of pocket estuary habitat (stream mouths) restored in marine area (square feet, 
to nearest foot, or acres to the nearest 0. 1 acre).

Reporting interval: five years

Information on progress for all strategies and habitat goals should be reported to the Salmon Recovery 
Council every five years, beginning in 2020.
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Collected/reported by: WRIA 8 Technical and Implementation Committees

Project/program managers should incorporate this information into their project implementation 
reporting, and forward to WRIA 8 staff. Information will be compiled and reported by the WRIA 8 
Technical and Implementation Committees, with assistance from WRIA 8 staff. Where feasible, the 
objective is to use standard reporting metrics as in Habitat Work Schedule (HWS) or Pacific Coastal 
Salmon Recovery Fund (PCSRF) requirements.

Cost

Cost of information gathering should be integrated into standard project reporting protocols. Summary 
reporting will be incorporated into WRIA 8 team work program.

A-3. Implementation monitoring
Assessment questions: Were Chinook recovery actions carried out as recommended? Are 
we performing actions at the recommended pace?

The purpose of implementation monitoring is to assess whether activities were carried out as planned. 
Typically, implementation monitoring is performed using information reported by project or program 
managers. Implementation monitoring also documents whether Best Management Practices were 
implemented as planned (for example, for water quality or stormwater projects, or riparian plantings).

Implementation monitoring indicators

In order to report progress toward recovery at the watershed level and regionally, WRIA 8 tracks 
implementation using the state’s Habitat Work Schedule (HWS) database. This tool contains an 
extensive list of implementation tracking metrics intended to capture progress on a wide variety of 
salmon recovery actions. In addition to being a tool for watersheds to track their local activities, HWS 
is used by the Governor’s Salmon Recovery Office and Washington Recreation and Conservation 
Office to report to NOAA as required by agreement under the Pacific Coastal Salmon Recovery Fund 
(PCSRF). 

The universe of metrics in HWS is vast, and WRIA 8 has identified a subset of indicators for tracking 
implementation of the highest priority recovery actions needed in our watershed. These indicators 
align very closely with the recovery strategies approved by the WRIA 8 Salmon Recovery Council in 
2017, which are designed to address the most significant factors limiting Chinook recovery.

Strategy implementation 

Table A-3 lists the recovery strategies used to recover Chinook salmon in WRIA 8. The first eight 
strategies address the highest priority pressures on the most critical life stages  and are considered the 
highest priority (highlighted in bold font). Project partners should—at a minimum—track implementation 
using the indicators outlined in the table below. Grant recipients may be asked by funders to provide 
additional implementation information, and where such information is being developed for other 
reporting purposes, WRIA 8 should receive that information as well. 
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Table A-3. WRIA 8 Chinook Salmon Recovery Strategies and Associated Implementation Indicators. 

WRIA 8 Chinook Salmon Recovery Strategies and Associated 
Implementation Indicators

Strategy Implementation Indicators
Protect/restore floodplain connectivity Acres of floodplain area protected

Acres of floodplain/o�channel area connected/ added
Miles of levee removed or set back

Protect/restore functional riparian vegetation Acres of riparian area planted/treated/protected
Total riparian miles of streambank treated

Protect/restore channel complexity Miles of stream treated for channel reconfiguration
Miles of o�-channel stream created
Miles of streambank protected
Volume of wood installed (m3/100 m)
Feet of side channel/o�-channel created

Restore shallow water rearing and refuge habitat Linear feet of armoring removed
Linear feet of shoreline restored

Reconnect and enhance creek mouths Number of creek mouths restored
Feet of stream made accessible
Square feet of thermal refuge created

Protect/restore cold water sources and reduce thermal 
barriers to migration

Number of cold water sources protected/restored
Acres of cold water protected/restored

Improve juvenile and adult survival at the Ballard Locks Number and type of actions implemented

Reduce predation on juvenile migrants and lake-rearing 
fry

Number and type of actions implemented

Remove (or reduce impacts of) overwater structures Number of overwater structures removed (or improved)
Acres of overwater structures removed/ improved
Acres of overwater structure treated (nearshore)

Remove fish passage barriers Number of blockages/barriers removed
Miles of stream made passable
Acres opened to fish passage

Protect/restore forest cover and headwater areas Acres of land conserved

Provide adequate stream flow Miles of stream protected for adequate flow
Cubic feet per second (CFS) of water protected/ leased

Restore sediment processes necessary for key life 
stages

Number and type of actions implemented

Restore natural marine shoreline Miles of marine shoreline treated for armor 
modification/removal
Miles of marine shoreline treated for beach nourishment
Total acres of estuarine/nearshore treated

Reconnect backshore areas and pocket estuaries Number of creek mouths restored
Acres of backshore area connected

Protect/restore marine water/sediment quality, especially 
near commercial and industrial areas

Acres treated for contaminant removal/ modification 

Improve water quality Number and type of water quality actions implemented 
(information likely derived from Ecology data and WRIA 
8 surveys to member jurisdictions)

Integrate salmon recovery priorities into local and 
regional planning, regulations, and permitting (SMP, 
CAO, NPDES, etc.)

Number and type of actions implemented (information 
derived from WRIA 8 surveys, etc.)

Continue existing and conduct new research, 
monitoring, and adaptive management on key issues

Number and type of actions implemented (information 
derived from TC)

Increase awareness of and support for salmon recovery Number and type of actions implemented (information 
derived from WRIA 8 surveys, etc.)
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Many of the HWS indicators outlined in Table A-3 are primarily for tracking elements of habitat 
protection and restoration project implementation. WRIA 8 also requires tracking progress in 
implementing recovery strategies that are not as directly tied to site-specific projects or are 
programmatic in nature. Strategies that could involve indicators not captured with HWS metrics 
include:

•	 Improve juvenile and adult survival at the Ballard Locks

•	 Reduce predation on juvenile migrants and lake-rearing fry

•	 Restore sediment processes necessary for key life stages

•	 Protect/restore cold water sources and reduce thermal barriers to migration

•	 Improve water quality

•	 Integrate salmon recovery priorities into local and regional planning, regulations, and permitting 
(SMP, CAO, NPDES, etc.)

•	 Continue existing and conduct new research, monitoring, and adaptive management on key issues

•	 Increase awareness of and support for salmon recovery

Implementation tracking of these strategies will be accomplished through periodic surveys of partners 
and other methods determined by the IC and TC. 

Reporting format

Implementation progress should be summarized in a short narrative and tables that convey the 
following information: 

•	 Strategy addressed

•	 Number of project/programmatic actions implemented (restoration, protection, outreach/education, 
etc.)

o	 Site-specific habitat protection and restoration projects

o	 Land use/policy actions

o	 Education and outreach actions (programs funded, others)

•	 Summary of priority metrics 

•	 Progress toward implementing strategies

•	 Funding/costs of actions

•	 Pace of implementation toward near-term and long-term habitat goals

Reporting interval: five years

Project proponents should report implementation progress to WRIA 8 annually or as progress is made. 
Information on progress for all strategies and habitat goals will be compiled by the IC and TC and 
should be reported to the Salmon Recovery Council every five years, beginning in 2020.

Cost of implementation monitoring

Implementation monitoring should be reported by individual project managers, and compiled by WRIA 
8 committees and staff. Cost of reporting by project managers should be integrated into standard 
project reporting protocols. Summary reporting will be incorporated into WRIA 8 team work program.



Table A-4. WRIA 8 Habitat Goal Adaptive Management Triggers

WRIA 8 Habitat Goal Adaptive Management Triggers
Habitat Component   2025 Goals                                                       2020 Trigger (50%)

Cedar River Total connected floodplain acres between 
Lake Washington and Landsburg Diversion 
Dam will be 1,170 acres by 2025. 

Average wood volume will quadruple over 
current basin conditions (RM 4 to Landsburg 
Diversion Dam) by 2025.

Total connected floodplain acres 
<1,105 acres

Average wood volume                       
<21 m3/100 m

Sammamish River Areas of river will be cool enough to support 
Chinook salmon migration and survival 
(increase riparian cover and add thermal 
refugia) by 2025.

<1 thermal refuge added

Net riparian cover added <20 acres

Streams 
(Bear/Cottage Lake, 
Issaquah, Evans, 
Kelsey, Little Bear, 
North creeks)

Area of riparian cover in each Tier 1 and       
Tier 2 stream will increase by 10% over 2015 
conditions by 2025. 

Average wood volume will double over   
current basin conditions by 2025.

Varies by stream: cover in each 
stream increases by <5% over 2015 
conditions

Varies by stream: wood volume in 
each stream increases by <50%

Lakes Natural lake shoreline1 south of I-90 (Lake 
Washington) and throughout Lake  
Sammamish will double over 2015 conditions 
by 2025. 

Natural riparian vegetation within 25 feet of 
shoreline south of I-90 (Lake Washington)         
and throughout Lake Sammamish will double 
over 2015 conditions by 2025. 

Natural lake shoreline < X acres 
(baseline assessment required)

Natural riparian vegetation restored 
< 30 acres

Nearshore (Pocket 
Estuaries)

Pocket estuaries along WRIA 8 shoreline will 
support juvenile Chinook salmon for rearing 
and migration.

<1 stream mouth/pocket estuary 
added

1 “Natural lake shoreline” is defined by the WRIA 8 Technical Committee as without bulkhead, with slope and substrate 
   matching historic lakeshore contours for the area under consideration.   
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Adaptive Management trigger(s)

Adaptive management actions are recommended in 2020 if priority implementation goals are not 
being met, or if strategies are not being implemented. The Technical and Implementation Committees 
will examine the pace of overall implementation and make recommendations to the Salmon Recovery 
Council. This will include an assessment of the reason for not being on pace, and a reassessment 
of priority strategies, given new knowledge on key constraints and life stages based on an updated 
WRIA 8 conceptual model. The adaptive management approach evaluates success in meeting 2017 
Plan habitat goals, and uses triggers to guide future actions or changes (Table A-4). A trigger refers to 
a threshold of the habitat indicator that prompts a recommended action. In the case of WRIA 8 habitat 
goals, five-year triggers are established to assess whether implementation in on track (i.e., 50% of the 
way toward implementation of the 2025 goal).
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A-4. Effectiveness monitoring
Assessment question: Did actions work as intended?

Effectiveness monitoring evaluates whether the specified activities had the desired effect – i.e., it 
monitors outcomes. It would answer questions such as, “Did the riparian planting project create 
effective shade cover?” or, “Did the floodplain reconnection project increase the amount of low-
velocity edge habitat at flood flows, and are the new habitats being used by Chinook?” or, “Did the 
Critical Areas policy meet its goal of no net loss of shoreline habitat?”

Effectiveness monitoring can be applied to a strategy, a restoration project, an outreach and education 
program, or a policy action. For restoration projects, effectiveness monitoring used in this context 
is at the spatial scale of the project – i.e., effects are usually measured at the project site. Strategy, 
program or policy effectiveness monitoring, where outcomes may be more diffuse, may be designed 
at a different scale. For example, an education program might investigate whether the program had 
the desired effect on behaviors or attitudes related to habitat protection in a particular city, or on a 
demographic throughout the watershed. 

Specific effectiveness monitoring requirements should focus on projects where outcomes are 
uncertain, and should be based on the objectives and performance standards of the action. For 
instance, a floodplain reconnection project intended to increase shallow-water edge habitat at five-
year flood flows by 50% over pre-project conditions would measure the amount of edge habitat 
gained by the project under those conditions, compared to the prior amount. Ideally, the project 
would also compare its before-and-after results to an appropriate local standard (control), or use 
another appropriate study design (Roni, 2005). For projects with a hypothesized but uncertain direct 
effect on Chinook salmon, monitoring that effect (i.e., before-and-after snorkel monitoring) is strongly 
recommended. In many cases, a Before-After-Control-Impact (BACI) design is optimal (Roni, 2005).

Effectiveness monitoring plans should answer the following management questions (PSAMM Steering 
Committee, 2007):

•	 What is the hypothesis supporting the action?

•	 What are the expected physical and biological changes and time frames for these changes?

Effectiveness at a larger programmatic or watershed scale is often captured as “cumulative 
effectiveness” or status and trends monitoring, discussed in the next section.

Specific guidance for all circumstances is beyond the scope of this document. However, good sources 
of information include the Pacific Northwest Aquatic Monitoring Partnership website at https://www.
monitoringresources.org/Resources/Home/Index. Field methods for effectiveness monitoring are 
also described in Tetra Tech, 2014. WRIA 8 has created a website with links to relevant monitoring 
documents at http://www.govlink.org/watersheds/8/reports/default.aspx#tech. See also effectiveness 
monitoring information funded by the Washington State Recreation and Conservation Office at 
http://www.rco.wa.gov/doc_pages/other_pubs.shtml#monitoring. 

Project effectiveness 

Guidance on study design and field methods can be found in Roni, 2005 and Tetra Tech, 2014. 
Another important resource summarizing the research literature on fish-habitat relationships and the 
effectiveness of common restoration actions is Roni et al. (2014)

https://www.monitoringresources.org/Resources/Home/Index
https://www.monitoringresources.org/Resources/Home/Index
http://www.govlink.org/watersheds/8/reports/default.aspx#tech
http://www.rco.wa.gov/doc_pages/other_pubs.shtml#monitoring
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Policy and Program effectiveness

Examples of programmatic effectiveness monitoring include WRIA 8-funded outreach and education 
programs like Beach Naturalists, Cedar River Salmon Journey, and Stewardship in Action. Monitoring 
the effectiveness of policies and programs related to land use is not yet extensively developed in 
WRIA 8. One notable exception is a study assessing the effectiveness of Critical Areas rules in rural 
King County (Lucchetti et al., 2014). Other useful guidance for policy and plan effectiveness monitoring 
can be found online, e.g., www.qualityplanning.org.nz. 

Priority effectiveness metrics

Effectiveness metrics depend on the action being implemented, and should be selected to monitor 
whether project outcomes are being achieved. High-impact projects with greater uncertainty are 
highest priority for effectiveness monitoring. A large body of literature exists documenting the 
effectiveness of many common restoration techniques (Roni et al., 2014). Projects with uncertainty 
around outcomes related to fish use are highest priority. The TC has identified the following project 
types as priorities for effectiveness monitoring: 

•	 Instream habitat enhancement (based on placement of structures such as large woody debris, 
boulders, other hydraulic or cover elements) 

o	 Wood loading in Bear Creek and Issaquah Creek and elsewhere 

•	 Shoreline restoration (specifically lacustrine and marine nearshore beach nourishment or bank 
restoration) 

•	 Over-water structures (including dock modifications)  

•	 Floodplain reconnection (including river levee setbacks and specifically the effectiveness of off-
channel habitats)  

o	 Sammamish side channel reconnection and fish use 

•	 Thermal refuge creation and other projects designed to lower water temperatures

•	 Water quality enhancement (e.g., effectiveness of project or outreach BMPs, stormwater retrofits for 
quality control, temperature and dissolved oxygen control, and other treatment targeting reduction in 
metals, nutrients, and other constituents) 

•	 Management of exotic species of flora and fauna

o	 Predator control 

o	 Use of herbicides on aquatic species (where the goals of these projects target effects on salmon) 
and impacts of aquatic invasives on migration 

Note: The Project Subcommittee may work with TC to recommend monitoring to projects with greater 

www.qualityplanning.org.nz
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uncertainty of outcomes. 

Reporting interval

Effectiveness monitoring reporting intervals vary depending on the activity, but reporting often occurs 
at the project 2, 5, and 10-year mark, or after significant events (e.g., a 10-year flood). The Technical 
Committee will review reports and make adaptive recommendations as needed.

Collected/reported by: 

Project sponsors should send effectiveness monitoring reports to the WRIA 8 TC. The TC will post the 
reports on the WRIA 8 website, review and summarize the information for the WRIA 8 SRC and other 
interested groups when appropriate, and provide feedback to the project sponsors.

Cost of effectiveness monitoring

Effectiveness monitoring costs vary, depending on the project outcome to be monitored. Projects 
should incorporate some degree of effectiveness monitoring into their budget, with more extensive 
efforts when there is greater uncertainty about the effectiveness of a particular project or technique 
(see Roni et al., 2014 for a review of restoration activities and their known effectiveness). 

Adaptive Management trigger(s)

An adaptive management response by the Technical Committee is required if effectiveness monitoring 
results suggest that projects are not achieving their desired goals. The Technical Committee will 
communicate any findings to project sponsors, as well as to the WRIA 8 Project Subcommittee or other 
interested groups.

A-5. Habitat status and trends monitoring

Assessment question: Are salmon habitat conditions in the watershed improving or 
declining?

Habitat status and trends (S&T) monitoring tracks and reports on overall watershed health. Because it 
is designed to provide a reliable picture of watershed habitat condition over time, it must collect key 
information throughout the watershed in a systematic and rigorous manner. 

NOTE: Habitat status and trends monitoring currently is un-funded in WRIA 8. The recommendations 
presented in this section provide a framework for future habitat status and trends monitoring in WRIA 8 
when funding or partnership opportunities with other monitoring agencies allow.

S&T Monitoring Purpose 

The purpose of S&T monitoring is to assess the overall condition of stream and riparian habitat along 
salmon streams in the WRIA 8 watershed over time, to inform adaptive management of the WRIA 8 
Plan. It is intended to examine whether the sum of actions are leading to a net improvement in habitat 
conditions in the watershed. As such, S&T monitoring takes a watershed-scale approach. 

The efficient use of limited monitoring resources requires WRIA 8 to work with partners and to rely on 
a small set of indicators to represent watershed health for salmon recovery. Much useful information 
requires only gathering and reporting information collected by other agencies (e.g., WQI, B-IBI). Table 
A-5 summarizes the indicators proposed by the TC and their relationships to WRIA 8 salmon recovery 
goals and strategies.
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Table A-5. WRIA 8 Habitat Status and Trends Summary
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Management questions:

1. Status: What is the condition of streams, rivers and lakes in WRIA 8 based on common attributes? 

2. Trends: Are conditions of streams, rivers, and lakes changing over time?

S&T Monitoring Elements

The WRIA 8 S&T program is comprised of two elements: 1) a field component; 2) a remote-sensing and 
GIS component. 

Field-based S&T monitoring 

The WRIA 8 wadeable streams element of field-based monitoring will follow the design and methods 
used in the King County/WRIA 8 Status and Trends Monitoring Project (King County, 2015). The non-
wadeable elements (rivers and lakes) will follow other methods, detailed below. 

Study area. Wadeable streams, and rivers and lakes used by salmon in the Lake Washington/ Cedar/ 
Sammamish (WRIA 8) watershed.

Study design. For the wadeable streams portion, the TC recommends re-sampling the study sites used 
in the 2010-2013 King County/WRIA 8 status and trends project (King County, 2015). This project used 
a Generalized Random Tessellation Stratified (GRTS) design, which can produce a spatially balanced 
probability-based survey design (Stevens and Olsen, 2004; Olsen et al., 2012). Because this survey 
design is spatially balanced and probabilistic, it can be used to extrapolate the observed metric values 
from the relatively small number of sites sampled to the larger population. In 2009-2010, King County 
and WRIA 8 established 50 sampling locations on Tier 1, 2 and 3 streams throughout the watershed; 
these sites were selected from the Washington Master Sample and sampled annually from 2010-2013. 
The TC recommends continuing to monitor these established sites. 

For the rivers and lakes portion, the TC recommends a full longitudinal survey of the Cedar 
(downstream from Landsburg) and Sammamish rivers, the entire Lake Sammamish shoreline, and the 
Lake Washington shoreline (including Mercer Island) south of the Interstate 90 bridge.

Sampling frequency. The TC recommends annual sampling for the wadeable streams portion. For 
replicated metrics with medium to high precision, reasonably high power to detect moderate levels of 
change (i.e., from 1 to 3 percent per year) is generally not achieved until 10 or more years, if sampled 
annually (Larsen et al., 2004; King County, 2015). Sampling less frequently would impede the ability to 
detect change for 20 or more years. 

The rivers and lakes surveys should be performed every five years to inform reporting and adaptive 
management. Initial results should be reported in 2020; therefore, field work should be completed by 
2019 or earlier. 

Sampling protocol and quality assurance. The TC recommends using the Washington Department of 
Ecology Protocol for Wadeable Streams (WDOE, 2009), as outlined in the WRIA 8 Wadeable Streams 
Status and Trends Project (King County, 2015). Data storage and analysis is significantly streamlined by 
using electronic based data collection forms and transmitting the electronic information directly into 
the Ecology Environmental Information Management (EIM) System.

River wood volume surveys can use either the Ecology protocol for wide streams and rivers 
(WDOE, 2010) or another approach, e.g., as outlined in the PSP Chinook Monitoring and Adaptive 
Management Toolkit (PSP, 2016). 

The lake surveys (linear feet of natural shoreline) will use methods as in Toft et al. (2003).

http://www.kingcounty.gov/depts/dnrp/wlr/sections-programs/science-section/doing-science/wadeable-streams.aspx
http://www.kingcounty.gov/depts/dnrp/wlr/sections-programs/science-section/doing-science/wadeable-streams.aspx


  
 l 

  
La

k
e

 W
a

sh
in

g
to

n
/C

e
d

a
r/

S
a

m
m

a
m

is
h

 W
a

te
rs

h
e

d
 (
W

R
IA

 8
) 
C

h
in

o
o

k
 S

a
lm

o
n

 C
o

n
se

rv
a

ti
o

n
 P

la
n

  
 l 

  
10

-Y
E

A
R

 U
P

D
A

T
E

  
 l 

  
2

0
17

18A-

A
P

P
E

N
D

IX
 A

For wadeable streams, data collection and storage should follow guidelines for the Ecology EIM. 
Consult the WRIA 8 S&T project documentation (King County, 2015) for details. Rivers and lakes data 
will be maintained in Excel spreadsheets by the WRIA 8 Technical Coordinator. Wadeable streams 
metrics will include measures of the components of variance and levels of precision. Cumulative 
distribution function (CDF) plots will be used to quantify metrics extrapolated over the target sample 
frame (refer to the S&T project report for methods).

Reporting interval

Wadeable streams data are collected annually, and reported every five years. Rivers and lakes data are 
collected and reported every five years.

Collected/reported by: 

Entities responsible for data collection and reporting will depend on funding, partnerships, and 
capacity of partner agencies. Communication of findings to the WRIA 8 IC and SRC will be by the TC 
and WRIA 8 staff.

Reporting format

Reporting should generally follow the format published in King County (2015) for status and trends, 
and should include trend detection analyses as in the WRIA 8 Wadeable Streams Status and Trends 
Project.

Cost of status and trends field monitoring

Cost depends on final scope, objectives and potential partnerships with other agencies. With 
efficiencies gained by using existing databases, protocols, and field sites, the TC estimates the current 
annual cost for a streamlined wadeable streams monitoring program at approximately $100,000 per 
year. Rivers and lakes monitoring is estimated at approximately $50,000 every five years.

Remote sensing and other data

WRIA 8 relies on aerial photographs and data products acquired from other agencies to monitor status 
and trends of land cover and water quality in the watershed. Most GIS analysis can be performed 
by King County under existing work programs in its capacity as service provider to the WRIA 8 SRC. 
High-resolution land cover data using 2015 aerial photography were provided to some Puget Sound 
counties (NOAA, 2017), and should be available at five-year intervals from NOAA. Some products or 
analyses may need to be purchased in the future.

Priority remote sensing and other metrics

Priority metrics for status and trends of remotely sensed data should follow regional guidelines and 
protocols where available. The TC recommends that the following information be collected: 1) Forest 
cover (NOAA High Resolution Land Cover); 2) Floodplain area (King County GIS); 3) Water Quality Index 
for WRIA 8 WQ stations (King County Streams Monitoring Website); 4) Benthic Index of Biotic Integrity 
scores for WRIA 8 streams (King County Ambient Monitoring Program).

Riparian forest cover

Management question: What is the extent of forested riparian cover along streams and lakes in the 
watershed? Is riparian forest cover increasing or decreasing, and at what rate?

Geographic extent: All Tier 1 and Tier 2 salmon streams in WRIA 8, Lake Washington and Lake 
Sammamish.

https://coast.noaa.gov/digitalcoast/data/home.html
http://green2.kingcounty.gov/streamsdata/wqi.aspx
http://pugetsoundstreambenthos.org/Projects/Default.aspx?P=7
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Data sources 

•	 NOAA Coastal Change Analysis Program High-Resolution Land Cover and Change (C-CAP; 2015 
coverage in process – to be updated every five years starting in 2020): (GIS coverage)

•	 Local streams GIS layer (county data – also should have coverage that depicts anadromous (salmon) 
streams. 

•	 Other local datasets (e.g., Urban Growth Area boundaries, jurisdictional boundaries, zoning)

Methods 

1.	 Extract land cover into GIS and clip to watershed boundary.

2.	Load appropriate stream layer into GIS with other relevant local datasets.

3.	 Create a 200’ buffer around the anadromous stream layer. (NOTE: Other widths, e.g. 50’ etc., may 
be informative.)

a.	 For Lake Washington and Lake Sammamish, create a 25’ buffer around the lake shoreline (Lake 
Washington south of Interstate 90 and entire Lake Sammamish)

4.	 Compute the total area inside the buffered area for each stream/lake. Compute the total area 
classified as “Forest.” 

5.	Calculate % of forested land cover for each stream/lake: % forested area = (forested area/total area) 
x 100. 

Reporting interval

Information should be assessed and reported in five year intervals, as land cover data become 
available from NOAA.

Collected/reported by: 

King County GIS as directed by WRIA 8 TC.

Reporting format

Memo from TC to the WRIA 8 SRC.

Area of connected floodplain

Management question: What is the area of floodplain connected to its channel? Is connected 
floodplain area increasing or decreasing, and at what rate?

Geographic extent: All salmon streams with mapped floodplains in WRIA 8.

Data sources 

•	 King County Rivers GIS layer 

•	 King County Channel Migration Zone GIS layer (or mapped floodplain layer if CMZ is not mapped)

•	 King County flood facilities GIS layer (i.e., levees, revetments etc., including private facilities) 

•	 Local roads GIS layer 

•	 Local aerial photography in GIS

NOTE: This metric depends upon accurate mapping of flood control facilities, including private 
facilities. Mapping should involve periodic field updates. In WRIA 8, a field survey of private flood 
facilities was last completed in 2015. 
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Methods 

1.	 Load appropriate mapping and floodplain (CMZ) layers into GIS with other relevant local datasets. 
Load flood facilities and roads layers. 

2.	Verify floodplain (CMZ) layer is accurately represented, with no added or missing features. 

3.	 Compute the total floodplain area (in acres) for each stream inside the WRIA. 

4.	 In GIS, manually delineate disconnected floodplain areas, defined as those areas separated from 
the river by roads, levees, revetments, railroad embankments, etc. Compute total area (in acres) of 
disconnected floodplain.

5.	Calculate % of connected floodplain for each stream with a mapped floodplain: % connected 
floodplain = [(total area – disconnected area)/total area] x 100. 

Reporting interval

Information should be assessed and reported at five year intervals.

Collected/reported by

King County GIS as directed by WRIA 8 TC.

Reporting format

WRIA 8 TC will produce a memo to the WRIA 8 SRC.

Water Quality Index (WQI)

WQI is a unitless number from 1 to 100 that integrates annual stream water quality monitoring data 
for temperature, pH, fecal coliform bacteria, dissolved oxygen, total suspended sediment, turbidity, 
total phosphorus, and total nitrogen into a single score. Constituents are combined and results are 
aggregated over time to produce a single score for each sample station. Stations scoring 80 and 
above generally meet Ecology expectations for water quality and are of “lowest concern,” scores 40 
to 80 indicate “marginal concern,” and water quality at stations with scores below 40 do not meet 
expectations and are of “highest concern” (WDOE, 2002). Scores can be acquired from the King 
County Water Quality monitoring unit: http://green2.kingcounty.gov/streamsdata/wqi.aspx. 

Because WQI integrates a number of important water quality metrics, it is a useful tool for tracking 
overall water quality over time. However, since the metric integrates many constituents into a single 
score, the information may not be enough to indicate specific adaptive management responses. 
Nevertheless, WQI can indicate whether the sum of actions in a stream basin are sufficient to maintain 
or improve water quality. Therefore, the TC recommends collecting and reporting the WQI to the SRC.

Reporting interval

Information should be assessed and reported at five year intervals.

Collected/reported by

WRIA 8 TC.

Reporting format

WRIA 8 TC will produce a memo indicating WQI status and trends to the WRIA 8 SRC.
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Benthic Index of Biotic Integrity (B-IBI)

Like WQI, B-IBI is a unitless number from 1-100 that integrates a number of components into a single 
score to compare the biological condition of streams. Sites scoring 80 and above are considered in 
“excellent” condition, scores from 60-79 are “good,” 40-59 are “fair,” 20-39 are “poor,” and 0-19 are 
“very poor.” (PSSB, 2017). Scores can be downloaded from the Puget Sound Stream Benthos website: 
http://www.pugetsoundstreambenthos.org/. 

Because B-IBI integrates a number of metrics indicating biological condition, it is a useful tool for 
tracking the overall biological health of a stream system. However, since B-IBI integrates many 
constituents into a single score, the information does not lend itself to providing specific adaptive 
management recommendations. Nevertheless, like WQI, B-IBI can indicate whether the sum of actions 
in a stream basin are sufficient to maintain or improve water quality. Therefore, the TC recommends 
collecting and reporting B-IBI to the SRC.

Reporting interval

Information should be assessed and reported at five year intervals.

Collected/reported by

WRIA 8 TC.

Reporting format

WRIA 8 TC will produce a memo indicating B-IBI status and trends to the WRIA 8 SRC.

 

A-6. Chinook salmon status and trends monitoring 
Assessment question: Do the sum of actions lead to improved Chinook salmon viability?

Chinook salmon status and trends monitoring in WRIA 8 generally consists of state efforts augmented 
by grant-funded assistance from WRIA 8 partners. In that context, WDFW and partners annually 
conduct Chinook spawner surveys (redd count method) on all Tier 1 and 2 streams, and juvenile 
outmigrant trapping on Bear Creek and the Cedar River.

Abundance: Annual spawner surveys are conducted on all streams with regular Chinook spawning 
(Cedar River and its tributaries, Bear/Cottage Lake, Issaquah, Little Bear, North, Kelsey, May, and 
Coal creeks). Trained crews survey each stream weekly during the spawning season (Cedar River is 
surveyed more frequently). Method of deriving abundance estimate for all streams except the Cedar 
River is Area-Under-the-Curve. For the Cedar River population, surveys via inflatable raft and foot 
are performed at least weekly for the entire portion of the river and tributaries accessible to Chinook 
salmon, and up to three times per week during the peak spawning season. The survey is considered 
a census of the complete river, though redd detection efficiency is acknowledged to depend on 
light conditions, flow level and turbidity (Burton et al., 2016). Adult abundance on the Cedar River is 
estimated by a redd expansion factor of 2.5 fish per redd (WDFW, 2017). Proportion of natural-origin 
spawners (PNOS) is estimated from weekly carcass surveys to detect the presence or absence of 
adipose fins or coded wire tags.

Juvenile abundance is calculated for the Cedar River and Bear/Cottage Lake Creek by juvenile 
outmigrant trapping conducted annually by WDFW (Kiyohara, 2016). 
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Productivity: Adult-adult productivity is computed by two methods. WDFW calculates productivity 
annually using PNOS and age data collected during carcass surveys on Bear Creek and the Cedar 
River, combined with run reconstruction methods using FRAM modeling (Bosworth, personal 
communication). In its 2015 status review of Chinook salmon, NOAA estimated the productivity as the 
trend of the log of the smoothed natural-origin spawning abundance in year t minus the smoothed 
natural spawning abundance in year (t-4), where results below zero indicate populations below 
replacement (NWFSC, 2015). 

Juvenile productivity is measured by the number of juvenile migrants from Bear Creek and the Cedar 
River produced per female spawner that contributed to the outmigrating brood year (Kiyohara, 2017). 
Average fecundity is assumed to be 4,500 eggs per female. Two life-history forms of sub-yearling 
Chinook salmon are observed in WRIA 8: small fry migrating immediately after emergence, and larger 
parr that rear in freshwater for some time (usually one to three months) before migrating. Because the 
survival rate of parr migrants is unknown, an overall juvenile survival rate is calculated combining both 
fry and parr migrants and reported annually (Kiyohara, 2017). 

Distribution: WRIA 8 calculates the spatial distribution of Chinook salmon in the watershed by 
conducting annual spawner surveys on all Tier 1 and Tier 2 Chinook spawning streams in the 
watershed.

Diversity: Carcass surveys are performed at least weekly during the spawning season on Bear Creek 
and the Cedar River to estimate the proportion of hatchery-origin Chinook spawners (PHOS) in WRIA 
8 streams. Scales are collected from carcasses to determine the age distribution of returning Chinook. 
Ages are estimated by WDFW staff using the Gilbert-Rich system (total age of the fish with freshwater 
age as the subscript).

Reporting interval

Status is reported to the WRIA 8 SRC during annual presentations. Trends are reported to the SRC at 
approximately five year intervals.

Collected/reported by

The WRIA 8 TC compiles reports and other information from partner agencies.

Reporting format

Annual presentations to WRIA 8 SRC and five-year written reports.

Cost of Chinook status and trends monitoring

Chinook status and trends monitoring is currently funded through grants and partnerships between 
King County,  Seattle, Bellevue, Redmond, USACE and WDFW. Juvenile outmigrant trapping at Bear 
Creek and the Cedar River and associated reporting, including PIT tagging, detection and reporting 
at the Ballard Locks, costs approximately $340,000 per year (cost to be updated to include USACE 
contribution). Adult spawner surveys of all Tier 1 and Tier 2 streams in WRIA 8 costs approximately 
$XXX,000 per year. [cost information to be added]
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A-7. Emerging issues assessment 
In 2015, WRIA 8 hosted a technical forum assembling fisheries scientists and technical experts in 
salmon recovery issues in the watershed. Participants proposed the following priority-level rankings 
of limiting factors to recovery. These constitute an outline for a prioritized science agenda to advance 
recovery and support implementation of the 2017 Plan. (A full summary of the forum and presentations 
can be found online at http://www.govlink.org/watersheds/8/committees/15TechFrm/default.aspx.) 

First-tier priorities:

•	 Ballard Locks and Ship Canal operations – effects of high temperature, low dissolved oxygen, and 
concomitant decreased resistance of salmonids to disease/parasites 

•	 Rearing and refuge – lack of woody debris and floodplain connectivity (levees, revetments) and other 
features of adequate instream rearing habitat

•	 Lake survival – especially the effects of artificial light and predation (predation in Ship Canal may be 
a key limiting factor)

•	 High water temperature – especially in the Ship Canal and Sammamish River

Other important priorities:

•	 Water quality – stormwater, toxic loading of phthalates, and dialysis drugs; are current stormwater 
regulations and treatment standards adequate?

•	 Streamflows – both winter and summer

•	 Invasive aquatic vegetation

Other limiting factors with potentially large impacts:

•	 Piers and docks

•	 Genetic introgression or other issues related to hatchery operations

In addition, the WRIA 8 TC identified the following critical monitoring needs to track indicators 
associated with key recovery goals:

•	 Juvenile outmigrant trapping

•	 Spawner surveys

•	 Wood volume surveys on all Tier 1 and Tier 2 streams

•	 Lakeshore surveys: length of natural bank profile, bulkheads, overwater structures

•	 Remote sensing: high-resolution land cover mapping of forest cover and impervious surfaces

•	 Assessment of pocket estuaries and coastal streams entering Puget Sound
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