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sufficient numbers of juvenile Chinook salmon at Beer Sheva Park to rear at the mouth of
Mapes Creek if it were restored. Overall, restoration sites close to the mouth of the Cedar
River likely have a higher chance of success than further north sites because juvenile
Chinook salmon are substantially more abundant near the mouth of the Cedar River than
at more northerly sites.

Both day and night surveys were conducted to better quantify the water depth of
the area where juvenile Chinook salmon are located. Daytime surveys consisted of
surface observations of juvenile Chinook salmon feeding at the surface. Surveys were
conducted once every two weeks from February to June. Nighttime surveys were
conducted once a month from March to May and consisted of a series of perpendicular
snorkel/scuba diving transects between 0- and 3- m depth. During the day from February
19 to April 14, Chinook salmon were only observed in water between 0- and 0.5-m deep.
From late April to June, surface feeding activity by Chinook salmon was observed in
progressively deeper water and by June most activity was observed in an area where the
water was between 2- and 3-m deep. Results of nighttime surveys clearly showed that
juvenile Chinook salmon progressively shift to deeper waters as they grow.

In 2002, we surveyed 17 tributaries and found juvenile Chinook salmon are often
present at the tributary mouths. We surveyed six tributaries in 2003 and 2004 to
determine if Chinook salmon forage on prey items that come into the lake via the
tributary and how storm events affect the diet and abundance of juvenile Chinook
salmon. Under baseflow conditions, differences in the diet between the lake shore and
the tributary mouth were not pronounced; however, Chinook salmon at tributary mouths
do appear to utilize prey from the tributary to some extent. Chironomid pupae and adults
were the most important prey at both the tributary mouths and lakeshore sites. However,
benthic and terrestrial insects were more prevalent in the diet at tributary mouths than at
lakeshore sites. The diet breadth was usually higher at the tributary mouths than along
the lakeshore. Tributary mouths appeared to be especially valuable habitat for Chinook
salmon during high streamflow conditions. The diet breadth was much broader at high
streamflow than during base streamflow conditions. A large percentage of the diet during
high streamflow conditions consisted of benthic prey such as chironomid larvae and
oligochaetes. These prey items were a minor component of the diet at tributary mouths
during base streamflow conditions and at lakeshore sites. At May Creek, we were also
able to demonstrate that the abundance of Chinook salmon can increase during a high
flow event.

Of the 17 tributaries examined in 2002, Johns Creek was by far the most used by
Chinook salmon. We continued surveys of Johns Creek in 2003 and 2004, to determine
the spatial and temporal distribution of Chinook salmon within the tributary. We
surveyed the lower 260 m of the creek once every two to three weeks. Results from
Johns Creek indicated that Chinook salmon extensively use this nonnatal tributary from
year to year. They use slow-water habitats and moved into deeper habitats as they
increased in size. Density of Chinook salmon in the convergence pool was considerably
lower than in pools and glides upstream. The convergence pool is larger and deeper than
the other habitats and has very low water velocities. Also, other fish species, including
predators, were often present in the convergence pool and rare or absent in the other
habitats.
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An overhanging vegetation/small woody debris (OHV/SWD) experiment was
conducted in Gene Coulon Park in 2003. We compared the abundance of Chinook
salmon at two shoreline sections with OHV and SWD to two sections with only SWD
and to two sections where no structure was added. The site was surveyed during two
time periods; March 24 through April 9 and May 2 through 16. During daytime in the
early time period, we found a significantly higher abundance of Chinook salmon at the
OHV/SWD sites than the other two shoreline types. Large numbers of Chinook salmon
were located directly under the OHV. At night, no significant difference was detected.
Also, there was no significant difference during the late time period (May 2 through 16),
either day or night. Results indicated that overhead cover is an important habitat element
early in the season; however, an additional experiment is needed to determine if OHV
alone is used as intensively as OHV is in combination with SWD.

Because large woody debris (LWD) and emergent vegetation are rare in Lake
Washington, we examined their use by juvenile Chinook salmon in Lake Quinault.
Nearshore snorkel transects were surveyed in 2004 during a 2-week period in April and a
2-week period in June. The nearshore area was divided into one of five habitat types:
open beach, bedrock, emergent vegetation, LWD, or tributary mouth. During the April
daytime surveys, tributary mouths generally had higher numbers of Chinook salmon than
the other habitat types and bedrock sites often had a lower number. Beach, emergent
vegetation, and LWD sites were not significantly different from each other. Within LWD
sites, juvenile Chinook salmon were often resting directly under a large piece of LWD.
There was no difference in their nighttime abundance between habitat types. In June, few
Chinook salmon were observed during the day except at tributary mouths. Apparently,
Chinook salmon were further offshore during the day. At night, they were abundant in
the nearshore area but there was no difference in their abundance between habitat types.

Earlier Lake Washington work in June 2001 indicated that Chinook salmon can
be observed moving along the lake shoreline. In 2003 and 2004, we undertook a more in-
depth sampling approach to determine when they can be observed. Additionally, we
wanted to collect information on their behavior in relation to piers. In 2003 and 2004,
weekly observations (May-July) were conducted at one site, a public pier near McClellan
Street. Observations at other piers were only conducted when large numbers of Chinook
salmon had been seen at McClellan Pier. The timing of the migration appeared to
coincide with the June moon apogee, which has been also suggested to be related to the
passage of Chinook salmon smolts at the Ballard Locks. When migrating Chinook
salmon approach a pier they appear to move to slightly deeper water and either pass
directly under the structure or swim around the pier. The presence of Eurasian milfoil
(Myriophyllum spicatum) appeared to cause juvenile Chinook salmon to be further
offshore in deeper water. The top of the milfoil appeared to act as the bottom of the
water column to Chinook salmon. At some piers with extensive milfoil growth, Chinook
salmon were located on the outside edge of the pier and the pier had little effect on their
behavior.

A summary table is presented below which lists various habitat variables and
displays conclusions about each variable for three time periods (Table 1). The table was
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developed from results of this report as well as two earlier reports (Tabor and Piaskowski
2002, Tabor et al. 2004b).

TABLE 1.-- Summary table of juvenile Chinook salmon habitat use during three time periods in Lake
Washington. Summary designations are based on 2001 (Tabor and Piaskowski 2001), 2002 results (Tabor
et al. 2004b) and 2003-2004 results presented in this report. (++ indicates a strong preference + indicates a
slight to moderate preference; = indicates no selection (positive or negative); - indicates a slight to
moderate negative selection; - - indicates a strong negative selection; ?? indicates that no data is available;
and (?) indicates that only preliminary data is available. Sand/gr. indicates sand and gravel.

Habitat variable Day Night Day Night Day Night
Water column depth (m) 0.2-1.3 0.1-0.5 ?? 0.2-0.9 (?)0.5-7+ (?)0.2-7+
Location in water column entire bottom middle/top bottom middle/top (?) bottom

Behavior
schooled,
feeding

solitary,
resting

schooled,
feeding

solitary,
resting

schooled,
feeding

??

Distance from shore (m) 1-12 1-12 1-12 1-12 variable variable

Substrate sand/gr. sand/gr. ?? sand/gr. ?? ??
Slope < 20% < 20% < 20% < 20% ?? ??
Bulkheads - - ?? - - ?? ??
Rip rap - - - - ?? - ?? ??
Small woody debris + = + = ?? ??
Large woody debris + - = - ?? ??
Overhanging vegetation ++ - - + - - (?) = (?) =
Overhead structures + - - (?) - - - (?) -- (?) --
Emergent vegetation + + = = (?) = (?) =
Aquatic marcophytes (?) + (?) - (?) - (?) - (?) - (?) -
Tributaries (low gradient, small
streams, and close to natal stream)

++ ++ + + + +

Tributary mouth ++ ++ ++ ++ + +

February - March April - mid-May mid-May - June
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The major tributary to Lake Washington is the Cedar River, which enters the lake
at its southern end (Figure 1). The river originates at an approximate 1,220-m elevation,
and over its 80-km course falls 1,180 m. The lower 55 km are accessible to anadromous
salmonids. Prior to 2003, only the lower 35 km were accessible to anadromous
salmonids. Landsburg Dam, a water diversion structure, prevented Chinook salmon from
migrating further upstream. A fish ladder was completed in 2003, which allows access
past Landsburg Dam to an additional 20 km of the Cedar River. The escapement goal for
adult Cedar River Chinook salmon is 1,250; however, this goal has not been met in recent
years.

Historically, the Duwamish River watershed, which included the Cedar River,
provided both riverine and estuarine habitat for indigenous Chinook salmon. Beginning
in 1912, drainage patterns of the Cedar River and Lake Washington were extensively
altered (Weitkamp and Ruggerone 2000). Most importantly, the Cedar River was
diverted into Lake Washington from the Duwamish River watershed, and the outlet of the
lake was rerouted through the Lake Washington Ship Canal (Figure 1). These activities
changed fish migration routes and environmental conditions encountered by migrants.
The existence of a Chinook salmon population in the Lake Washington drainage prior to
1912 is not well documented.

Lake Sammamish is within the Lake Washington basin and is located just east of
Lake Washington. Lake Sammamish has a surface area of 1,980 hectares and a mean
depth of 17.7 m. Most of the shoreline is comprised of residential land use. Issaquah
Creek is the major tributary to the lake and enters the lake at the south end (Figure 1). A
Washington Department of Fish and Wildlife salmon hatchery (Issaquah State Hatchery),
which propagates Chinook salmon, is located at river kilometer 4.8.

The largest run of wild Chinook salmon in the Lake Washington basin occurs in
the Cedar River. Large numbers of adult fish also spawn in Bear Creek, a tributary to the
Sammamish River, which connects lakes Washington and Sammamish (Figure 1). Small
numbers of Chinook salmon spawn in several tributaries to Lake Washington and Lake
Sammamish. Most hatchery production occurs at Issaquah State Hatchery. Chinook
salmon also spawn below the hatchery in Issaquah Creek and other adults are allowed to
migrate upstream of the hatchery if the hatchery production goal of returning adults is
met. Additional hatchery production occurs at the University of Washington (UW)
Hatchery in Portage Bay. Production goals are 2 million for Issaquah State Hatchery and
180,000 for UW Hatchery.

Adult Chinook salmon enter the Lake Washington system from Puget Sound
through the Chittenden Locks in July through September. Peak upstream migration past
the locks usually occurs in August. Adult Chinook salmon begin entering the spawning
streams in September and continue until November. Spawning occurs from October to
December with peak spawning activity usually in November.
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FIGURE 1.-- Map of the Lake Washington basin showing the major streams and lakes. Cedar Falls is a
natural barrier to anadromous salmonids. A fish ladder facility at Landsburg Dam is operated to allow
passage for all salmonids except sockeye salmon. LWSC = Lake Washington Ship Canal. The location of
the basin within Washington State is shown.
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CHAPTER 1. INDEX SITES

Introduction

In 2003, we continued our surveys of index sites in south Lake Washington to
determine the temporal and spatial distribution of juvenile Chinook salmon. Index sites
were initially surveyed in 2002. Results indicated that, from January to June, juvenile
Chinook salmon were concentrated in the two sites closest to the mouth of the Cedar
River. Because of cooler water temperatures in 2002, movement to more northerly sites
may have been delayed. We repeated surveys of most of the index sites in 2003 to
examine the level of variability between years and to determine if cooler temperatures in
2002 reduced movements to more northerly locations.

Index site surveys were continued in 2004 on a limited basis to provide additional
information for the City of Mercer Island. The city is planning to remove some aging
sewer pipes along the shore of northwest Mercer Island; however, little is known about
the abundance of Chinook salmon at this location.

Methods

2003 surveys.-- Twelve index sites were surveyed in 2002; however, in 2003 we
reduced the number of sites to nine so a two-person crew could easily get all the sites
surveyed in one night. Of the nine sites, four were on the west shoreline, four were on
the east shoreline and one was on Mercer Island (Figure 2). Sites typically had sand and
small gravel substrate and a gradual slope; nearshore habitat that juvenile Chinook
salmon typically prefer. Many of the sites were public swimming beaches. Habitat
conditions of each index site were measured in 2002 (Table 2). Index sites were
surveyed once every two weeks from February 4 to July 7. At each site, we surveyed a
50- to 125-m transect depending on the amount of high quality habitat available (sandy
beach with gradual slope). Two transects were surveyed at each site, 0.4- and 0.7- m
depth contour. Surveys were all done at night. Snorkelers swam parallel to shore with an
underwater flashlight, identifying and counting fish. Transects widths were standardized
to 2.5 m (0.4- m depth) and 2 m (0.7- m depth). Snorkelers visually estimated the
transect width and calibrated their estimation at the beginning of each survey night by
viewing a pre-measured staff underwater.

Fish densities (Chinook salmon/m2) were calculated by dividing the number of
Chinook salmon observed by the area surveyed for each site and transect. A regression
was developed between Chinook salmon density and distance of each site from the mouth
of the Cedar River.
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most dates (Figure 4). Unlike 2002, large numbers of juvenile Chinook salmon were
observed in February. Large numbers were observed as early as February 4 and were
present at all sites except Mt. Baker and Chism, the two furthest north sites. A high
streamflow event in the Cedar River from January 31 to February 6, coupled with a high
adult return in 2002 had apparently resulted in large numbers of fry moving downstream
in early February, which were also observed at the fry trap (Seiler et al. 2005a).

In June, there was no relationship between Chinook salmon abundance and
distance to the mouth of the Cedar River (Figure 3; log regression, r2 = 0.0012).
Generally, Chinook salmon abundance in June was higher on the west shoreline sites
(Figure 3; mean, east = 0.14 fish/m2, west = 0.33 fish/m2) but they were not statistically
different (Mann-Whitney U test = 2.0, P = 0.83).

From February to April, densities of Chinook salmon were usually considerably
higher in the 0.4-m transect than the 0.7-m transect. For example, at the two southern
sites (Gene Coulon and 113th St.) the density in the 0.4-m transect was 3.2 to 77 times
higher than in the 0.7-m transect (Figure 5). In May and June, Chinook salmon were
commonly found along both the 0.4- and 0.7-m depth contours.

2004 surveys.-- Few Chinook salmon were observed at the sewer replacement
sites on Mercer Island (north and northwest sites) until May 24 (Figure 6). Substantially
more Chinook salmon were observed at the east Mercer Island site than at either of the
sewer replacement sites. Between February 7 and May 10, juvenile Chinook salmon
were observed at the east Mercer Island site (mean density, 0.045 fish/m2) on each survey
night; whereas they were only present on 2 of 8 nights at the northwest site (mean
density, 0.0042 fish/m2) and on 1 of 5 nights at the north site (mean density, 0.0008
fish/m2). On June 10, several Chinook salmon were observed at each Mercer Island site
and the density at each site was substantially higher than at the two east shoreline sites
(Figure 6). Many of these fish may have been Issaquah hatchery fish, which had been
released in late May.

Abundance of Chinook salmon at Gene Coulon and Kennydale in 2004 was
generally lower than either 2002 or 2003 (Figure 7). Peak abundance in Gene Coulon
was 1.14 fish/m2 in 2002 and 0.80 fish/m2 in 2003; whereas it was only 0.27 fish/m2 in
2004. In contrast, 2004 abundance of Chinook salmon at the east Mercer Island site was
generally the same as or higher than 2002 or 2003.
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particularly valuable. Shoreline improvements in more northern locations would be
beneficial, but the overall effect to the Chinook salmon population would be small in
comparison to restoration efforts in the south end.

In Lake Quinault, juvenile Chinook salmon in April were relatively small but
appeared to have dispersed around the entire lake. Lake Quinault is much smaller than
Lake Washington and there are natal systems on the east and south shorelines and every
shoreline area is probably within 7 km of a natal stream. However, even at our sites that
were the furthest from a natal stream, juvenile Chinook salmon were relatively abundant.
Chinook salmon in Lake Quinault may disperse around the lake faster than in Lake
Washington because of habitat conditions. Most of the shoreline of Lake Quinault
appeared to have good quality habitat (small substrates and gentle slope) for juvenile
Chinook salmon. In Lake Washington, much of the shoreline is armored with riprap or
bulkheads, which may be a partial barrier to juvenile Chinook salmon if they are moving
along the shore. Juvenile Chinook salmon may also disperse faster in Lake Quinault than
in Lake Washington if prey availability is lower. In Lake Washington, prey abundance
appears to be high (Koehler 2002) and thus Chinook salmon may be less inclined to
move.

Our results of surveys of index sites appear to be in general agreement with the
Cedar River WDFW fry trap results with one notable exception (Seiler et al. 2004; Seiler
et al. 2005a; Seiler et al. 2005b). In early February 2003, a large pulse of Chinook
salmon was observed in the lake and at the fry trap. Similar to fry trap results, we
observed fewer juvenile Chinook salmon in 2002 than 2003 and they moved into the lake
later in 2002. However, a large pulse of Chinook salmon was observed in late February
2002 at the fry trap but we did not detect it in the lake. Instead, we did not observe large
numbers of Chinook salmon at the southernmost index sites until late April. Similarly,
we did not observe a pulse of Chinook salmon in early February in 2004. In 2002 and
2004, juvenile Chinook salmon fry may have remained near the mouth of the river or
perhaps they dispersed rapidly around the south end of the lake. Little is known about
the movement patterns of Chinook salmon fry as they enter the lake.
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that are a fair distance from the release site. Probably 1,000 to 2,000 fish would need to
be marked to effectively estimate movement patterns. Enlarging the survey area would
help determine if some fish are moving long distances. Besides increasing the number
marked and enlarging the survey area, additional work needs to be done on the marking
technique. We did observe a few marked Chinook salmon that appeared to have some
type of injury in the caudal peduncle due to the marking process. Further testing of the
location of the mark, type of mark, and marking instrument needs to be conducted.
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CHAPTER 3. RESTORATION SITES

Introduction and Methods

We continued to monitor restoration sites in 2003 and 2004. A total of five
locations were surveyed: Seward Park (Figure 14), Martha Washington Park, Beer Sheva
Park, Rainier Beach Lake Park and Marina, and the old Shuffleton Power Plant Outflow
(Figure 15). Except for one site in Seward Park, surveys were conducted to collect pre-
project baseline information. The only restoration project that has been undertaken thus
far was a substrate replacement project in Seward Park.

Seward Park. In December 2001, the City of Seattle and the Army Corps of
Engineers (ACOE) deposited 2,000 tons of gravel along a 300-m shoreline section in the
northeast part of the park. This shoreline section was divided into two equal sections.
The north section (site 3b) received fine substrate and the south section (site 3a) received
coarse substrate. The general size composition of the substrate was 0.5 to 5.0 cm for the
north section and 2.5 to 15 cm for the south section. The new substrate extended out
approximately 5 m from shore.

Pre-project snorkel surveys were conducted in 2001 and post-project surveys were
initially conducted in 2002. Results from 2002 indicated that few Chinook salmon were
present in Seward Park sites and no increase in the use of the restored site was observed.
Surveys were conducted in 2003 and 2004 to continue monitoring of the restoration site
and determine if the use of the restoration site may have been somewhat reduced in 2002
because of cool water temperatures, which may have limited Chinook salmon movements
to northerly locations such as Seward Park. Also, Chinook salmon may have avoided
the restoration site because of low prey abundance associated with the new, clean
substrates.

Similarly to 2001 and 2002, snorkel surveys in 2003 were conducted at the
restoration site as well as five additional sites in Seward Park (Figure 14). The additional
sites served as controls and enabled us to make between-year comparisons of the
restoration site. Also, the other five sites are potential restorations sites and the survey
data could serve as baseline information. The restoration site and the five control sites
were the same sites used in 2000 by Paron and Nelson (2001) to assess the potential for
bank rehabilitation projects in Seward Park.

In 2003, we continued nighttime snorkeling surveys of the six sites in Seward
Park. A total of nine night snorkeling surveys were completed on an approximate
biweekly schedule from 19 February through 30 June. Survey protocols in 2003 were the
same as restoration project monitoring survey methods used in 2001 and 2002 (Tabor and
Piaskowski 2002; Tabor et al. 2004b). Surveys were conducted at a depth contour of 0.4
m water depth.

In addition to the six sites surveyed in 2000 to 2003, two supplemental sites (S-1
and S2) were also surveyed in 2003. We expected the abundance of Chinook salmon at
site S-1 would be the highest of any site in Seward Park from February to May because
the site had high quality habitat (gradual sloping beach with sand substrate) and was the
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entire population. Chinook salmon that are further offshore may be difficult to observe
because they may be spread out over a large area. Also, their surface activity may be
reduced because the abundance of surface prey may be lower at offshore areas and
Chinook salmon often switch to feeding on Daphnia (Koehler 2002) as the season
progresses. After mid-May, the use of visual observations to determine the location of
Chinook salmon may be problematic.
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CHAPTER 5. FEEDING AT TRIBUTARY MOUTHS

Introduction

Little is known about the importance of nonnatal tributaries for juvenile Chinook
salmon. The lower sections of many small tributaries to Lake Washington are in culverts
and enter the lake several meters below the lake surface and thus, are of little value to
juvenile Chinook salmon which inhabit shallow nearshore areas of the lake. Restoring
these streams to their natural location may provide additional habitat. In 2002, we
surveyed 17 tributaries of Lake Washington and Lake Sammamish (Tabor et al. 2004b).
Results indicated that Chinook salmon can often be quite abundant at the mouths of
tributaries. Additionally, K. Fresh (NOAA Fisheries, unpublished data) found that the
abundance of Chinook salmon may be much higher at the mouth of tributaries following
a storm event. In 2003 and 2004, we surveyed six tributaries to determine if Chinook
salmon forage on prey items that come into the lake via the tributary and determine how
storm events affect the diet and abundance of juvenile Chinook salmon.

Methods

The six tributary mouths that we examined included: Tibbetts Creek and
Laughing Jacobs Creek in Lake Sammamish (Figure 27) and Taylor Creek, Kennydale
Creek, Kennydale Beach tributary, and May Creek in Lake Washington (Figure 28). Our
goal was to sample each tributary mouth once during base flow and once during a high
flow event. Each time a tributary mouth was sampled, streamflow (Table 3) was
measured according to TFW stream ambient monitoring protocol (Pleus 1999). Stomach
samples of Chinook salmon were collected primarily during late March or April. Each
time a tributary mouth was sampled, we also collected stomach samples of Chinook
salmon from a lake reference site to compare their diets. All six tributaries were sampled
in 2003 during base streamflow conditions. Because there were few storm events in
2003, we were only able to survey one of the tributaries, Kennydale Creek, during high
streamflow conditions. At Kennydale Creek, we also surveyed once a mouth (base flow
conditions) in 2003 from February to June to determine if there is any type of temporal
effect. In 2004, we sampled May Creek and Taylor Creek during a high flow event as
well as during base flow conditions. An additional sample was also taken in 2004 at
Kennydale Creek during base flow conditions.
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Tributary mouths appear to be especially valuable habitat for Chinook salmon
during high streamflow conditions. Chinook salmon appear to respond both functionally
(change in diet) and numerically (change in abundance) to increased streamflow. At all
three tributary mouths, the diet breadth was higher at high streamflow than at base
streamflow conditions. A large percentage of the diet during high streamflow conditions
consisted of benthic prey such as chironomid larvae and oligochaetes. These prey items
may become more available due to streambed scour and prey are displaced downstream.
At May Creek, we found the abundance of Chinook salmon can increase during a high
flow event. An increase in prey availability as well as flow may attract Chinook salmon
and other salmonids such as cutthroat trout. At Taylor Creek, we were unable to
demonstrate an increase in Chinook salmon abundance due to an increase in streamflow.
Taylor Creek is much smaller than May Creek and thus the amount of prey and attraction
flow is most likely less. Also, May Creek may have been easier to sample with a small
beach seine than Taylor Creek because the delta of May Creek is confined between two
riprap banks and fish may be easily encircled with a beach seine.




