
LAKE SAMMAMISH KOKANEE:

A native fish population on the brink?
By Jim Bower

King County’s Lake Sammamish supports one of four native 
kokanee populations in Washington. The oral history and 
available archives indicate kokanee were the only Pacific 
salmon common to the basin since the last glaciation. 
This local population is culturally significant to native 
peoples and is an important gauge of our collective ability 
to manage numerous beneficial aquatic resources and 
delicate ecological balances in the face of development. 
Unfortunately, ongoing annual monitoring suggests we 
should be concerned about the long-term survival of this 
population.

What’s going on?
Although there have been two large returns of adult spawn-
ers over the past six years, only 88 adult fish returned in the 
winter of 2016-2017, and just 19 returned in 2017-2018. 
This is not the first time periods of low returning kokanee 
have been observed in Lake Sammamish with a subsequent 
population rebound, including 1997-1998 and again in 
2007-2008. Kokanee populations are known to be cyclical. 
Could the recent returns just be part of an otherwise normal 
population cycle? See the overall trend in diagram below.

Kokanee salmon are a life history variant of  the 
more familiar sockeye salmon that spend their 
entire life in freshwater lake systems. Kokanee 
“return” from Lake Sammamish (rather than the 
ocean) to spawn in small streams within the basin.
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Diagram 1
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RECRUITMENT RATE

What does this trend mean? 
When attempting to evaluate a long-term kokanee population trend, it is important to reduce the weight of outlier years 
(for example, the huge return during the winter of 2012-2013 and the dismal count in 2017-2018) and factor-in the vari-
ability among multiple generations of fish. For a population with predominant 2- to 4-year-old adult spawners, this can 
be achieved by considering either the 10-year median abundance or 10-year geometric mean abundance (see Diagram 2). 
Both measures suggest decreasing long-term adult spawner abundance and the potential loss of the population in only 10 
to 20 years.  

Moreover, because the decrease has been steady (rather than sudden), this result also suggests that chronic, ongoing envi-
ronmental stressors are likely affecting the population.

y = -33.177x + 1004.7
R² = 0.5151

y = -32.561x + 842.58
R² = 0.7575

0

200

400

600

800

1,000

1,200

1,400

1,600

05
-06

06
-07

07
-08

08
-09

09
-10

10
-11

11
-12

12
-13

13
-14

14
-15

15
-16

16
-17

17
-18

K
O

K
AN

EE
 A

B
U

N
D

AN
CE

INDICATORS OF LONG–TERM POPULATION ABUNDANCE AND TREND

10-Year Median

10-Year Geometric Mean

Linear (10-Year Median)

DATE

Are the recent poor returns during the winters of 2016-2017 and 2017-2018 different from other low return cycles? 

Diagram 2

RECRUITMENT RATESRECRUITMENT RATES

A simple fisheries stock assessment tool is adult-to-adult 
“recruitment”, which measures annual return rates after 
accounting for the varying age classes in different return years.

• A recruitment rate of “1” indicates a population is replacing itself; 

• Greater than “1” indicates the population size is increasing; and 

• Less than “1” indicates the population size is decreasing. 

(Ccontinued on page 3
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Diagram 3 shows a recruitment rate between 2000 and 2015 that appears to cycle between +21.8 and -18.6.  However, moni-
toring during the 2016-2017 and 2017-2018 returns reveal that not only were spawner abundances low, but the mortality 
rates of these cohorts were an order of magnitude below those observed between 2000 and 2015.  

This monitoring data suggests that acute environmental stressors adversely affected the cohorts comprising these two return 
years. Furthermore, the population is likely at risk of an abundance and genetic “bottleneck” if similar recruitment rates are 
realized in returns during the upcoming winter of 2018-2019.
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What is causing the decline in kokanee populations?
It is common knowledge that salmon life stages during the first year are the most sensitive to mortality. However, in-stream 
fry production in Lake Sammamish tributaries average approximately 8 percent, which is not out of the ordinary for wild 
salmonids. Additionally, supplemental hatchery production has also significantly boosted overall fry abundance in the lake 
from 2010 to 2016.  

The King County Lakes Monitoring program has detected unusually frequent and strong high temperature and low dissolved 
oxygen levels in Lake Sammamish during peak stratification in 2014, 2015, and 2016 that may be contributing to the prob-
lem. These events can temporarily – but significantly – reduce available lake habitat for kokanee and lead to reduced forag-
ing opportunities, physiological stress, and increased predation. Elevated physiological stress is a major catalyst for viral, 
bacterial, and parasite disease vectors.   

In addition, there may be complex primary and secondary productivity changes in the lake that have not been observed. 
There may also be bioenergetic effects from introducing millions of chinook, coho, and kokanee fry into the lake each spring 
that are not understood, such as potentially increased predation or competition for resources.  

What is being done?
Native Lake Sammamish kokanee are culturally significant and important to the biodiversity of our region. Their distinct 
genetic signature makes them impossible to replace. As a result, for several years King County has worked with the 
surrounding municipalities, resource agencies, nonprofit organizations, and other partners as part of the Lake Sammamish 
Kokanee Work Group (KWG), a collaborative effort to conserve this kokanee population. KWG partners are striving to develop 
and implement well-informed decisions for habitat management, adaptive monitoring, and kokanee preservation. Given the 
recent poor returns, the KWG has recommended several emergency measures, including reducing the proportion of returning 
adult spawners used for hatchery supplementation, deploying temporary weirs and remote egg incubators, and varying the 
release dates of hatchery fry to the lake.

Diagram 3

(continued on page 4)
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For more information about Lake Sammamish kokanee, or to sign up for email updates about kokanee monitoring and 
returns, go to King County’s Lake Sammamish kokanee web page.

https://www.kingcounty.gov/services/environment/animals-and-plants/salmon-and-trout/kokanee.aspx
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By Curtis DeGasperi

In 2008, representatives of local, state and 
federal agencies, plus environmental and 

business groups, tribes and agricultural 
interests formed the Puget Sound Stormwater 
Work Group (SWG) and proposed a regional 
and collaborative stormwater monitoring 
framework for Puget Sound. This approach to 
monitoring was an innovative new part of the 
municipal stormwater permitting program 
administered by the Washington State Depart-
ment of Ecology.

With funding from more than 90 western 
Washington cities and counties, the ports 
of Seattle and Tacoma, and the Washington 
State Department of Transportation, the 
SWG’s proposal has become a reality now 
known as Stormwater Action Monitoring 
(SAM). The group aims to improve storm-
water management that reduces pollution, 
improves water quality, and reduces flooding. 

To achieve this goal, SAM monitoring targets three 
broad categories:

• Effectiveness studies: How well are required or 
innovative stormwater management practices work-
ing? What are the most common types of pollution 
in stormwater?

• Status and trends studies: How do we know if 
water quality is getting better or worse?

• Source identification: What are the common 
sources of illicit discharges? What are some regional 
solutions and elimination methods?

The SWG recommended four initial Puget Sound status 
and trends studies:

• Puget Lowland Ecoregion stream quality;

• Puget Sound urban nearshore sediment contamina-
tion;

• Puget Sound urban nearshore caged mussels tissue 
contamination; and 

• Puget Sound nearshore indicator bacteria.

The initial assessments for these four ongoing studies 
have been completed. On behalf of the SWG, King County 
(in collaboration with Ecology, the U.S. Geological Survey, 
and the Puget Sound Partnership) summarized the results 
of the first round of sampling conducted as part of the 
Puget Lowland Ecoregion stream study. This effort is de-
scribed below and the full report can be viewed on King 
County’s web site.

The long-term goal of the Puget Lowland Ecoregion 
stream status and trends study is to monitor how stream 

Status and Trends Study of Puget Lowland Ecoregion Streams 

http://green2.kingcounty.gov/ScienceLibrary/Document.aspx?ArticleID=530
http://green2.kingcounty.gov/ScienceLibrary/Document.aspx?ArticleID=530
http://green2.kingcounty.gov/ScienceLibrary/Document.aspx?ArticleID=530
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Figure 1. Puget Lowland Ecoregion small streams sampling locations.



health changes over time in Puget Lowland streams 
as the region urbanizes and stormwater controls are 
implemented more broadly throughout the region. 

The first round of monitoring in 2015 evaluated the 
current condition of wadeable streams within urban 
growth areas (UGAs) and outside UGAs, which repre-
sented a range of development conditions and impacts 
of stormwater runoff on small streams. Work included 
collecting monthly stream water quality data and one-
time measurements of watershed health during sum-
mer (see Figure 1). Watershed health measurements 
included sampling for benthic invertebrates (to derive 
the benthic index of biological integrity score, or B-IBI), 
periphyton, sediment quality, and instream and ripar-
ian habitat. In addition, riparian and watershed scale 
land cover data was compiled to aid in the evaluation 
of factors associated with poor (or good) biological 
health. 

The study questions were: 

• What is the status of  Puget Lowland Ecoregion stream 
health within and outside UGAs? 

• What are the major natural and human stressors im-
pacting stream health?  

• How do the results of  this study compare to other 
stream monitoring programs?

• What monitoring parameters should be carried for-
ward for SAM small stream monitoring in the future, 
and at what timing and frequency? 

The monitoring results included the following. Many 
of the stream health measures, such as fecal coliform 
bacteria, total phosphorus, and B-IBI indicated poorer 
conditions in urban streams compared to rural streams. 
For example, 82 percent of stream length within UGAs 
was in poor condition based on B-IBI scores, while 31 
percent of stream length outside UGAs was found to 
be in poor condition (Figure 2). Key stressors identified 
included watershed and riparian canopy cover, stream 
substrate characteristics, and nutrients. Watershed 
and riparian canopy cover were found to be the most 
important stressors to B-IBI at the regional scale. This 
suggests that canopy cover protection and recovery 
(reducing impervious surface) could lead to substantial 
improvements in B-IBI scores.

The report also compared data collected from the SAM 
monitoring program with other Puget Lowland stream 
monitoring programs for B-IBI scores and parameters 
representing water and sediment quality and stream 
habitat measures. Variability in results among pro-
grams was attributed primarily to differences in study 
designs, spatial sampling extent, and differences in 
methods. 

The SAM monitoring builds a strong base of informa-
tion on stream condition that may be impacted by 
stormwater, and is expected to continue in the future 
as part of the regional stormwater program. The report 
identifies some options to improve the next iteration of 
small stream monitoring in the SAM program, such as 
to focus more specifically on the gradient of urbaniza-
tion (e.g, relatively undeveloped to highly urbanized) 
rather than the broad UGA vs non-UGA areas. This will 
help the region target future stormwater management 
actions as well as better assess their effectiveness.

Status and Trends Study of Puget Lowland Ecoregion Streams  (Continued)
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Figure 2. Percentage of  stream length in good, fair, and 
poor condition for Puget Lowland Ecoregion streams out-
side and within Urban Growth Areas (UGAs).

(continued on page 4)
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Thursday, Nov. 1 
8 am - noon

8th Floor Conference Center
King Street Center

201 S. Jackson Street
Seattle, WA 98104 

2018 ANNUAL

SCIENCE 
SEMINAR

King County’s Science and Technical Support Section 
is sponsoring its Annual Science Seminar, where 
King County scientists and guests present recent 
findings from their environmental research and 
management programs. The seminar provides 
an opportunity for sharing discoveries, validating 
outcomes and describing research activities. Science 
seminars are open to the public and all interested 
parties.

For more detailed information about the seminar, email: 
Jim Simmonds or Kate O’Laughlin 

To be added to the seminar email list, contact  
Larry Jones or Kate O’Laughlin. Summaries of past 
seminars can be found online.

mailto:jim.simmonds@kingcounty.gov
mailto:kate.olaughlin@kingcounty.gov
mailto:larry.jones@kingcounty.gov
mailto:kate.olaughlin@kingcounty.gov
http://green2.kingcounty.gov/scienceseminars/
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A monthly newsletter focusing 
on stream water quality and  
hydrology in King County

 » 74 Monitoring locations, each sampled 12 times 
per year for 13 parameters

 » Over 11,000 data points each year!

Don’t Drown in the Data!
Keep your head above water by reading the Stream 
Monitor...a digest of monthly stream monitoring re-
sults and information.

Sign Up Here:
https://bit.ly/2pqbG25

INSTRUCTONS:

1. Click link

2. Use your email address

3. Select your preferred social media account

4. Scroll down to DNRP water and land; then 

5. Scroll down and check KING COUNTY STREAMS 
MONITOR

6. Go to bottom of the page and SUBMIT

Department of Natural Resources and Parks
Water and Land Resources Division
Science and Technical Support Section

King County’s ScFYI is published by: Section Manager: Dave White

Newsletter Coordinator: Larry Jones

Editor: Doug Williams

Designer: Laurel Preston

Web Design/Production: Fred Bentler

 

Send questions, comments and future story ideas to: 

• Jim Simmonds – jim.simmonds@kingcounty.gov, 206-477-4825

• Kate O’Laughlin – kate.olaughlin@kingcounty.gov, 206-477-4789

• Deb Lester – deborah.lester@kingcounty.gov, 206-477-4752

Available on the Web at: www.kingcounty.gov/SciFYI

File: 1810_9165L_SciFYInews.indd     



The Secret Life of Stream Bugs: 
King County Aquatic Macroinvertebrate Regional Trends
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Because they spend such critical parts of their lives in the 
stream and have such limited mobility, these insects are 
especially affected by the composition of the jumble of rocks 
and the quality of the water flowing over and through them. 
In fact, scientists can tell a lot about how healthy the stream 
is by examining the species and number of stream bugs 
present. 

We recently examined over 10 years’ worth of Benthic 
Index of Biotic Integrity (B-IBI) data from 126 sites within 
King County to look for long term trends in stream health.  
 
The results: More than half of the sites scored “very poor,” 
“poor” or “fair” (62 percent). A quick glance at a map 
immediately shows that low scores tend to cluster in areas 
with higher concentrations of development. In studies 
done across the globe, researchers have consistently found 
a strong negative relationship between urbanization and 
stream health. 

By Beth Sosik

Each year since 2002, in the heat of summer, the hardy 
folks of King County’s Science and Technical Support Sec-
tion have donned their waders, armed themselves with nets 
and hedge clippers, and braved the gauntlet of blackberry, 
nettles and devil’s club that line our county’s hundreds of 
creeks and small rivers.

Once in a stream, they find a suitable area to place their 
sampling net, crouch down and begin turning over rocks 
and scouring the stream bottom within a 1-square-foot 
sampler perimeter, carefully catching the stream insects and 
other dislodged material into a net. 

If you saw them working, you might wonder, “What are they 
searching for that’s so valuable?” These field scientists would 
tell you that they are in pursuit of the smallest indicators of 
water quality  dwelling in our streams. These indicators are 
easy to overlook—you might not even notice they are there. 
But if you pay attention, they have an important story to 
tell.

Some types of insects spend part or all of their lives living 
in the water, crawling over and under the rocks that line the 
stream bottom. They are known as benthic macroinverte-
brates, but we affectionately call them “stream bugs.” 

B-IBI SCORES

The presence and number of certain types of stream bugs, in addition to 
other ecological characteristics, can be combined into a single “score,” 
known as the benthic index of biotic integrity, or “B-IBI score.” The higher 
the B-IBI score, on a scale of 0-100, the healthier the stream. King County has 
been a pioneer in using and refining this monitoring tool, which has become 
widely adopted across the Puget Sound region.

B-IBI TRENDS MAP (next page): 
Circles indicate sites with stable Benthic Index of  
Biotic Integrity (B-IBI) scores, and triangles note sites 
with significantly improving scores. The symbol color 
illustrates the site’s average B-IBI score from 2002 
through 2017.

(continued on page 2)
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Given the massive growth spurt our region has seen in 
the last decade, this relationship should give us cause for 
concern. 

Examining how B-IBI scores have changed over time, 
however, we see a slightly different story. B-IBI scores at 
most sites (83 percent) have remained stable since 2002, 
and scores for some streams (17 percent) have actually 
improved. 

The improvement we see is often incremental. Sites that 
scored poorly might improve, but still be considered poor.  
However, in light of the continuing waves of development 
in King County, the fact that we don’t see significant de-
creases in B-IBI scores at any of our sites and in some cases 
see mild increases, is reason to feel cautiously optimistic.  
 
A lot of work has been done over the years to restore habi-
tat, address stormwater, improve water quality, and manage 
growth. These results suggest that although we still have a 
lot of work to do, these efforts are making a difference—
the needle is moving in a positive direction.   

For more information, visit King County’s Stream Bug 
Monitoring web page.

https://www.kingcounty.gov/services/environment/data-and-trends/monitoring-data/stream-bugs.aspx
https://www.kingcounty.gov/services/environment/data-and-trends/monitoring-data/stream-bugs.aspx


Science & Technical Support Section’s SciFYI • October 2018 1

(Continued on page 2)

Measured together, these buoy data can 
inform our understanding of dynamics in 
Puget Sound and changes over time.

Monitoring Marine Water Quality and Conditions 24/7:
The story of  a Puget Sound buoy 
by Stephanie Jaeger

Have you ever looked out on Puget Sound from Lin-
coln Park or the Fauntleroy ferry and wondered why 

the big yellow buoy is out there? At more than 7 feet in 
diameter and standing 7 feet tall, this buoy is anchored 
in more than 500 feet of water about a half mile off Point 
Williams, with water quality sensors suspended below the 
surface. It is operated and maintained by the King County 
Environmental Lab to continuously track Puget Sound 
water quality and conditions, and is one of several located 
throughout the Salish Sea.  

The buoy is one of King County’s four automated marine 
monitoring sites and is the only floating platform. The 
other systems are attached to piers at the Seattle Aquari-
um and docks in Quartermaster Harbor. King County be-
gan using continuous data systems in 2008 to supplement 
water quality data that’s collected once or twice monthly 
across central Puget Sound. The Point Williams buoy was 
installed in 2013, and recently redeployed in March after it 
briefly got loose from its mooring.  

The water quality data collected with the buoy are available 
for the public to see and download. These data can be used 
to help understand how Puget Sound changes between 
tidal cycles, between day and night, between seasons, and 
between years. These data can also feed into computer 
models that predict future conditions, akin to meteoro-
logical monitoring stations that are used to ground-truth 
weather forecasts. These data are also used to understand 
how water quality is changing over time, to compare with 
other locations in Puget Sound, and provide data for re-
source management and policy decisions. 

What type of data does the buoy collect? It measures physi-
cal, chemical, and biological properties near the water’s 
surface, including temperature, salinity, dissolved oxygen, 
pH, chlorophyll-a (a proxy for the amount of phytoplankton 
in the water), and dissolved nitrate. 

Phytoplankton are tiny floating plant-like organisms that 
form the base of Puget Sound’s food web, with creatures 

Photo: S. Jaeger

October 2018

https://kingcountydownstream.org/2018/04/03/the-point-williams-buoy/
http://green2.kingcounty.gov/marine-buoy/default.aspx
http://green2.kingcounty.gov/marine/Monitoring/Phytoplankton
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Figure 1.  
Conditions and water quality data collected every 15 minutes from April 1 – 10, 2017. The top panel shows winds measured 
at West Point Lighthouse, where the line indicates the direction the wind is coming from and relative wind speed (by the length 
of  the line). The lower three panels show water temperature, dissolved nitrate, and chlorophyll-a fluorescence measured at the 
Point Williams buoy at 2 feet deep.

The increase in chlorophyll and decrease in nitrate starting on April 3 are indicators of  a phytoplankton bloom, followed by 
a southerly windstorm on April 7 that mixes up the water and breaks up the bloom. Buoy observations make it possible to 
capture events like these that may otherwise go undetected.

like seabirds, salmon, and orcas at the top. While nitrate 
nitrogen is an important nutrient that plants and phy-
toplankton need to grow, too much can be problematic. 
Measured together, these data can inform our understand-
ing of the dynamics in Puget Sound and help monitor for 
changes over time.

During spring, as the days get longer and the water col-
umn stabilizes, the phytoplankton “bloom” and suck up 
nitrate and other nutrients. Warmer spring temperatures 
combined with lower salinities from rain and rivers, along 
with light and variable winds, all contribute to set up wa-
ter column stability (stronger layering between surface and 
deep waters). 

Timing and magnitude of the bloom are important for 
marine life and can be captured by the sensors on the buoy. 
For example, water temperature, nitrate, and chlorophyll-a 
are shown for a week and a half in April 2017 along with 
wind speed and direction from the West Point lighthouse in 
Figure 1. 

The phytoplankton bloom can be observed starting on April 
3 by increasing chlorophyll-a levels and decreasing nitrate, 
then the bloom ramps up over the next couple days along 
with an increase in water temperature. Afterwards, a strong 
and sustained southerly windstorm beginning on April 7 
serves to stir up the water and break up the bloom. The 

(continued on page 3)
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cycle of bloom and bust continues through the growing 
season until September. 

For more examples of water quality and conditions moni-
tored by King County and other regional entities, see the 
Puget Sound marine waters 2016 overview report. The King 
County mooring sites are also part of a much larger data 
collection network called the Northwest Association of Net-
worked Ocean Observing Systems, which includes partners 
who also collect marine data, such as the University of 
Washington, National Oceanic and Atmospheric Adminis-
tration, and many others. 

Recently, the development team released new apps to 
provide all these data in one place for activities like walk-
ing on the beach, fishing, and boating. For example, if 
you’d like to take a trip to the beach and you want to figure 
out when to go and what to wear, the Beach View tool 
will show you current and forecasted conditions for tide 
height, air and water temperatures, wind and waves. It also 
provides a link to check out if marine beaches are open or 
closed for swimming due to possible health risks. This is 
just one example of how the data collected by King County 
and partner agencies can be used and accessed not just by 
scientists, but by the greater public.

http://www.psp.wa.gov/PSmarinewatersoverview.php
http://www.nanoos.org/
http://www.nanoos.org/
http://nvs.nanoos.org/BeachView
http://nvs.nanoos.org/BeachView
http://nvs.nanoos.org/Seacast
http://nvs.nanoos.org/Boaters
http://nvs.nanoos.org/BeachView
https://fortress.wa.gov/ecy/coastalatlas/Tools/BeachClosure.aspx
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Jim Bower
Environmental Scientist III/ 
Fish Ecologist 

Jim is King County’s technical repre-
sentative for the Lake Sammamish 
kokanee and WRIA 8 Chinook resto-
ration planning areas. His work with 
native kokanee involves collabora-
tion with numerous public agencies, 
private landowners, and conservation organizations; his 
work includes various long-term monitoring and coor-
dination of annual kokanee recovery actions. Jim also 
provides technical support to WRIA 8 project planning, 
study design, monitoring implementation, and grant 
review.

Curtis DeGasperi 
Engineer IV/Lead Hydrologist/ 
Limnologist

Curtis provides technical support to 
various King County monitoring and 
modeling projects and manages the 
Major Lakes water quality monitor-
ing efforts, including routine sam-
pling, automated profiling buoys, and 
thermistor chains. Technical support activities include 
development and application of river and lake water 
quality models; stream flow, temperature and stream 
water quality data analysis; and analysis of stream ben-
thos and riparian habitat data. Curtis has a BS degree in 
Biology-Geology, and his MS degree research focused on 
lake restoration. His post-graduate professional career 
led in other directions, including fresh and marine wa-
ter, aquatic biota, and sediment contaminant investiga-
tions, and water and sediment quality modeling.

Beth Sosik 
Water Quality Planner/ 
Project Manager I

Beth is an ecologist with 10 years of 
experience working in the marine and 
freshwater environments of the Pacific 
Northwest, with a particular focus 
on habitat quality. She is currently 
focused on King County’s macroinver-
tebrate monitoring program, and she will provide sup-
port for a variety of other ecological projects within the 
Science section. She performs statistical and geospatial 
analysis, data management and field sampling, as well 
as technical report writing.

Stephanie Jaeger 
Water Quality Planner II/ 
Oceanographer

Stephanie supports King County’s 
Puget Sound water quality monitoring 
program, which includes reviewing 
and analyzing physical, chemical, and 
biological data to assess conditions 
and trends. She is the project lead for 
continuous real-time monitoring using moorings and 
ocean acidification assessment.  Her work also involves 
working with other agencies and institutions to support 
coordinated monitoring efforts in Puget Sound. Stepha-
nie completed her M.S. in Oceanography at Oregon State 
University. Her background and interests include but are 
not limited to biogeochemical cycling in marine systems, 
sensor development, and science education and out-
reach.


