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SUMMARY

Previous predator sampling of the Lake Washington system focused on predation of
sockeye salmon (Oncorhynchus nerka) and little effort was given to quantify predation of
Chinook salmon (O. tshawytscha). 1n 1999 and 2000, we sampled various fish species to better
understand the effect that predation has on Chinook salmon populations. Additionally, we
reviewed existing data to get a more complete picture of predation. We collected predatorsin
three areas of the Lake Washington basin where juvenile Chinook salmon may be particularly
vulnerable to predatory fishes. Two of these areas, the Cedar River and the south end of Lake
Washington are important rearing areas. In these areas, Chinook salmon may be vulnerable
because they are small and are present for arelatively long period of time. The other study area,
Lake Washington Ship Cana (LWSC,; includes Portage Bay, Lake Union, Fremont Cut, and
Salmon Bay), is a narrow migratory corridor where Chinook salmon smolts are concentrated
during their emigration to Puget Sound.

Cedar River.— Within the Lake Washington basin, an important wild run of Chinook salmon
occurs in the Cedar River. Juvenile Chinook salmon are present in the Cedar River from January
to July. Juvenile Chinook salmon appear to have two rearing strategies. 1) rear in the river and
then emigrate to the lake in May or June as a presmolt, and 2) emigrate to the lake asfry in
January, February or March and rear in the lake for several months. Both groups then emigrate
as smolts to Puget Sound in June or July. The main objectives of this study were to identify
important fish predators of juvenile Chinook salmon, estimate total predation by these predators,
and begin to understand the spatial and temporal variation in predation.

In 2000, we examined the stomach contents of 599 fish and only 8 juvenile Chinook
salmon were found. Most predation was by large rainbow trout (O. mykiss). Predation occurred
primarily in large, deep pools (“primary” pools). Because Chinook salmon do not appear to use
primary pools as rearing habitat and they must move through these pools when they emigrate
downstream, we assumed that predation may occur during this time when they are moving
downstream. Thus, there may be some degree of risk in emigrating to the lake asfry. Using a
habitat-based model, our estimate of the total predation of Chinook salmon was 24,000 fish,
which would be approximately 27% of the natural Chinook salmon production in the Cedar
River.

We also reviewed additional data collected in 1995-2000. A consumption estimate was
also made for 1998 when we sampled throughout the river. In 1998, predation was observed in
secondary pools (small main channel pools and side-channel pools) as well as primary pools.
Most of the incidence of predation was observed in stomach samples of cutthroat trout (O. clarki)
and torrent sculpin (Cottus rhotheus). Most predator sampling in May and June was conducted
in the lower 1.7 km of theriver as part of the lower Cedar River flood control project. Out of
177 large salmonids and 119 large cottids, only one Chinook salmon was found in the stomach
samples; a 238 mm forklength (FL) cutthroat trout had consumed a 88 mm FL Chinook salmon.



South End of Lake Washington.— Once Chinook salmon enter Lake Washington, they inhabit
shallow water less a meter deep (January to mid May) and are concentrated in the south end of
the lake near the mouth of the Cedar River. To better understand the effect that predators have
on the survival of Chinook salmon, we reviewed existing information from 1995-1997 that
originally focused on sockeye salmon predation. Nearshore predators were collected from
February to June, primarily with electrofishing equipment. In the three years combined, we
examined the stomach contents of 1,875 fish. A total of only 15 Chinook salmon were found.
The only predators observed to consume Chinook salmon were cutthroat trout, prickly sculpin
(C. agper), smallmouth bass (Micropterus dolomieui), and largemouth bass (M. salmoides).
Consumption of Chinook salmon by cutthroat trout was observed in February, March and early
April. Predation by prickly sculpin was only observed in February. Smallmouth bass consumed
Chinook salmon in May and June. Few largemouth bass were collected; however, we did
document alargemouth bass that had consumed a Chinook salmon in June. We estimated a total
of 1,400 Chinook salmon fry were consumed by littoral predators from February to mid May.
Most of the predation loss was attributed to prickly sculpin, who had a substantially larger
population size than the other predators. Based on consumption estimates and expected
abundance of juvenile Chinook salmon, predatory fishes probably consumed less than 10% of the
fry that entered the lake from the Cedar River.

Lake Washington Ship Canal.— In the Lake Washington basin, salmonid smolts must migrate
through the Lake Washington Ship Canal (LWSC; includes Montlake Cut, Portage Bay, Lake
Union, Fremont Cut, and Salmon Bay) and pass through the Ballard L ocks before they reach the
marine environment. Within the LWSC, smolts are vulnerable to several species of predatory
fishes, including northern pikeminnow (Ptychocheilus oregonensis), smallmouth bass, and
largemouth bass. Preliminary research done by the Muckleshoot Indian Tribe, U.S. Fish and
Wildlife Service, and University of Washington (UW) in 1995 and 1997 indicated that
smallmouth bass may be an important predator of salmonid smoltsin the LWSC. Sampling was
limited to afew dates and many areas of the LWSC were not sampled. 1n 1999, we conducted a
more intensive study to determine the overall consumption of smolts by littoral predatorsin the
LWSC.

Fish were collected at night with boat electrofishing equipment. Stomach contents were
removed and fish were tagged for a mark-recapture population estimate. Catch rates of northern
pikeminnow were low in comparison to bass. This may be due to their vulnerability to shoreline
electrofishing. In other systems, northern pikeminnow appear to inhabit deeper waters than bass.
From the end of April to the end of July, we removed the stomach contents of over 900
predators. Consumption of smolts was observed in both bass species and northern pikeminnow
from mid-May to the end of July. Predators were collected throughout the sample area,
however, few predators were collected in Salmon Bay.

Smallmouth bass of all size categories consumed salmonids. The smallest smallmouth

bass observed to have consumed a salmonid was 138 mm fork length (FL). Predation appeared
to be highest in June, when salmonids made up approximately 50% of their diet. Consumption



rates of salmonids by largemouth bass were generally low. Predation was only observed in fish
148-249 mm FL. Approximately 45% of the diet of northern pikeminnow consisted of
salmonids. Identification of smoltswas done visualy for freshly ingested smolts and by genetic
analysis for more digested fish. We identified 90% of all ingested salmonidsto species. Of
those, 45% were Chinook salmon smolts. The remainder were coho salmon (O. kisutch) (40%)
and sockeye salmon (15%). Based on the length of ingested salmonids, littoral predators appear
to prey mostly on subyearling fish. Even coho salmon and sockeye salmon appeared to be mostly
subyearling fish. Coho salmon were likely hatchery fish that were released from the UW
Hatchery.

Popul ation estimates were calculated for smallmouth bass and largemouth bass. We
estimated there were approximately 3,400 smallmouth bass and 2,500 largemouth bass in the
LWSC. Estimates were made for fish that were > 130 mm FL which should include al fish that
may consume smolts. A bioenergetics model and a direct meal-turnover model was used to
estimate total consumption of smolts. The bioenergetics model predicted smallmouth bass
consumed 27,300 salmonids and largemouth bass consumed 8,700. The direct meal-turnover
model predicted smallmouth bass consumed 41,100 salmonids and largemouth bass consumed
4,600. The highest consumption occurred in age 2 fish because of their large population size and
high growth rates. Incorporating the results of both models, there was little apparent difference
in the number of each salmonid species consumed by smallmouth bass. Largemouth bass
appeared to consume mostly sockeye salmon and coho salmon and few Chinook salmon. The
main salmonid consumed by northern pikeminnow was Chinook salmon (47%), followed by
coho salmon (32%) and sockeye salmon (21%).

The abundance of Chinook salmon that migrated through the LWSC in 1999 is unknown.
However, if we assume a 50% survival rate of hatchery Chinook salmon from Issaquah Hatchery
to LWSC, then approximately 1% of the Chinook salmon would be consumed by smallmouth
bass and largemouth bass, combined. No population estimate was made for northern
pikeminnow, but because salmonids made up a substantial portion of their diet, they have the
potential to be a significant predator if their population sizein LWSC is large.
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INTRODUCTION

In freshwater environments, predation by predatory fishes can exert significant mortality
on juvenile salmonid populations (Hunter 1959; Foerster 1968; Rieman et al. 1991). Because
many populations of anadromous salmonids have been declining in the Pacific Northwest,
information on predation can be extremely valuable to resource managers. Information on
predation is particularly important for highly altered environments or for areas that contain exotic
predators.

Puget Sound Chinook salmon (see Table 1 for scientific and common names mentioned
herein of fishes of the Lake Washington basin) have recently been listed as threatened under the
Endangered Species Act (ESA). Within the Lake Washington basin, wild Chinook salmon occur
in the Cedar River and Bear Creek. Because the Lake Washington system isa highly altered
system and is inhabited by several exotic species, losses to predation may be abnormally high.
Previous predator sampling of the Lake Washington system focused on predation rates of
sockeye salmon and little effort was given to quantify predation of Chinook salmon.
Additionally, many ingested salmonids could not be identified to species and thus the amount of
predation of Chinook salmon could not be accurately determined.

This report outlines predatory impacts at three areas of the Lake Washington basin where
juvenile Chinook salmon may be particularly vulnerable to predatory fishes. Two of these areas,
the Cedar River and the south end of Lake Washington are important rearing areas. In these
areas, Chinook salmon may be vulnerable because they are small and are present for arelatively
long period of time. The other study area, Lake Washington Ship Canal (LWSC; includes
Portage Bay, Lake Union, Fremont Cut, and Salmon Bay), is a narrow migratory corridor where
Chinook salmon smolts are concentrated during their emigration to Puget Sound. This report
presents new information on predation of juvenile Chinook salmon as well as reviews existing
predation data to provide a more complete picture of predation.



Table 1.— Scientific and common names of fishes of the Lake Washington basin mentioned in this report.

Family
Genus and species

Common Name

Salmonidae

Oncorhynchus tshawytscha

Oncorhynchus kisutch

Oncorhynchus nerka

Oncorhynchus clarki

Oncorhynchus mykiss

Prosopium williamsoni
Osmeridae

Soirinchus thaleichthys
Cyprinidae

Mylocheilus caurinus

Ptychocheilus oregonensis
Catostomidae

Catostomus macrocheilus
Cobitidae

Misgurnus anguillicaudatus
Ictaluridae

Ameiurus nebulosus
Gaster osteidae

Gaster osteus aculeatus
Centrarchidae

Lepomis gibbosus

Pomoxis nigromaculatus

Micropterus dolomieu

Micropterus salmoides
Percidae

Perca flavescens
Cottidae

Cottus aleuticus

Cottus asper

Cottus confusus

Cottus gulosus

Cottus rhotheus

Chinook salmon

Coho salmon

Sockeye salmon
Cutthroat trout

Rainbow trout / steelhead
Mountain whitefish

Longfin smelt

Peamouth

Northern pikeminnow

Largescale sucker

Oriental weatherfish

Brown bullhead

Threespine stickleback

Pumpkinseed
Black crappie
Smallmouth bass

Largemouth bass

Y ellow perch

Coastrange sculpin
Prickly sculpin
Shorthead sculpin
Riffle sculpin

Torrent sculpin

2



STUDY SITE

We examined predation of juvenile Chinook salmon in the Cedar River, the south end of
Lake Washington, and LWSC. The largest tributary to Lake Washington is the Cedar River
which enters the lake at the south end (Figure 1). The river originates at approximately 1,220 m
elevation, and over its 80-km course falls 1,180 m. Prior to 2003, only the lower 35.1 km were
accessible to anadromous salmonids. Landsburg Dam, awater 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. Besides Chinook
salmon, anadromous salmonids in the Cedar River includes sockeye salmon, coho salmon and
steelhead Sockeye salmon are by far the most abundant anadromous salmonid in theriver.
Adult returns in excess of 250,000 fish have occurred in some years. Because of water quality
issues, sockeye salmon are not allowed past Landsburg Dam.

Lake Washington is alarge monomictic lake with atotal surface area of 9,495 hectares
and amean depth of 33 m. The lake typically stratifies from June through October. Surface
water temperatures range from 4-6°C in winter to over 20°C in summer. Over 78% of the
shoreline is comprised of residential land use. During winter (December to February) the lake
level iskept low at an elevation of 6.1 m. Starting in late February the lake level is Slowly raised
from 6.1 min January to 6.6 m by May 1 and 6.7 m by June 1. The Ballard Locks, located at the
downstream end of the LWSC, controls the lake level. Within Lake Washington, we sampled
predators along a 4.4-km-long shoreline section in the south end of the lake (Figure 2). The
shorelineis highly developed with industrial and residential structures. Along the entire west
shore and a small part of the east shore are residential homes with private docks and other
shoreline structures. The Renton Airport, Boeing plant, and other structures are located on the
south shoreline. Most the west and south shorelineis armored. Much of the east shoreis
contained within Gene Coulon Memorial Beach Park, which is mostly unarmored.

The LWSC isa13.8-km-long artificial waterway that islocated between Lake
Washington and Puget Sound. The LWSC consists of five sections, Montlake Cut, Portage Bay,
Lake Union, Fremont Cut, and the Salmon Bay waterway (Figure 3). The largest part of the
LWSC is Lake Union which is 235 hectares in size and has a mean depth of 9.8 m. The
shorelines of Portage Bay, Lake Union, and Salmon Bay are highly developed with numerous
marinas, commercial shipyards, and house boat communities. The Fremont Cut and Montlake
Cut are narrow channels with steep banks.

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 LWSC.
These activities changed fish migration routes and environmental conditions encountered by
migrants.
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The largest run of wild Chinook salmon in the Lake Washington basin occursin the
Cedar River. Large numbers of adult fish also spawn in Bear Creek. Small numbers of Chinook
salmon spawn in several tributaries to Lake Washington and Lake Sammamish. Most hatchery
production occurs at the Washington Department of Fish and Wildlife' s ssaquah Hatchery.
Chinook salmon aso spawn below the hatchery and other adults are allowed to migrate upstream
of the hatchery if the hatchery production goal of returning adultsis met. Additional hatchery
production occurs at the University of Washington (UW) Hatchery in Portage Bay.

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
occursin 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.

Fry emerge from their redds from January to March. Juvenile Chinook salmon appear to
have two rearing strategies:. rear in the river and then emigrate in May or June as pre-smolts, or
emigrate as fry in January, February, or March and rear in the south end of Lake Washington or
Lake Sammamish for several months. Juvenile Chinook salmon are released from the Issaquah
Hatchery in May or early June and large numbers enter Lake Sammamish afew hours after
release (Brian Footen, Muckleshoot Indian Tribe, personal communication). Juveniles migrate
past the Chittenden Locks from May to September with peak migration occurring in June.
Juveniles migrate to the ocean in their first year, and thus Lake Washington Chinook salmon are
considered “ocean-type” fish.



Chapter 1. Predation by Predatory Fishesin the Cedar River

INTRODUCTION

Earlier research on predation of ocean-type Chinook salmon has focused on large rivers
(e.g., Columbia River) inhabited by large, coolwater predators such as native northern
pikeminnow and exotic smallmouth bass (i.e., Poe et al.1991; Tabor et al.1993). Some work has
also been done on predation shortly after hatchery releases of juvenile Chinook salmon
(Thompson 1959; Patten 1971; Footen and Tabor 2003). Little research has been done on
predation of wild, juvenile Chinook salmon in cold water systems (Hillman 1989, Hawkins and
Tipping 1999).

Juvenile Chinook salmon inhabit the Cedar River from January to June. During thistime
period, juvenile Chinook salmon may be vulnerable to a variety of predators, which include
rainbow trout/steelhead (referred to as rainbow trout herein), cutthroat trout, juvenile coho
salmon, and four species of sculpin. Each of these species has been documented to prey on
sockeye salmon fry, but their consumption of juvenile Chinook salmon is not well known.

The main objectives of this study were to identify important fish predators of juvenile
Chinook salmon in the Cedar River, estimate total predation by these predators, and determine
the importance that habitat type has on predation rates of juvenile Chinook salmon.

METHODS

We examined the influence of predatory fishes on juvenile Chinook salmon through two
approaches: 1) sampling conducted in 2000 which focused directly on predation of Chinook
salmon; and 2) review of existing predation data from 1995 to 2000 that originally focused on
predation of sockeye salmon fry. We generated consumption estimates for 2000 and 1998 in
which samples were collected throughout the river section where juvenile Chinook salmon occur.
Consumption rates were developed for different habitat types and then expanded based on habitat
survey data. The abundance of adult spawners varied from 227 in 1997 to 681 in 1995 (Table 2).
Peak incubation flow was below 3,000 cfsin each year except 1995. Dave Seiler (personal
communication) estimates that significant scour of Chinook salmon redds occurs at streamflows
above 3,000 cfs. The number of Chinook salmon fry and smolts was only estimated in 1999 and
2000 (Seiler et a. 2003).



Table 2.— Adult escapement, peak mean daily incubation streamflow (cfs), and estimated migration of juvenile
Chinook salmon (Seiler et al. 2003), Cedar River. Adult escapement is based on area-under-the-curve estimates (S.
Foley, WDFW, unpublished data).

Spawning Smolt Adult str% low Fry Smolt
year year Escapement (cf9) Date migration migration
1994 1995 452 2,730 Dec. 27, 94 - -
1995 1996 681 7,310 Nov. 30, 95
1996 1997 303 2,830 Jan. 2, 97 - -
1997 1998 227 1,790 Jan. 23, 98
1998 1999 432 2,720 Jan. 1, 99 67,293 12,811
1999 2000 241 2,680 Dec. 18, 99 45,906 18,817

FISH COLLECTIONS

2000 Chinook salmon predation study.— We collected predators from different habitat typesin
the Cedar River in 2000. Sampling was conducted from late-January to mid-April when
Chinook salmon were relatively small and particularly vulnerable to predation. Habitat in the
lower river was categorized into four habitat types; primary pools, secondary pools, mid-channel
areas of riffles (high velocity areas), and shoreline areas of riffles (low velocity areas). Primary
pools were defined as pools that were the dominant habitat type across the main channel and
occupied at least 50% of the wetted channel width (Schuett-Hames et al. 1994). We also
defined primary pools as pools that had a maximum depth > 1.5 m. At sites where the maximum
depth was < 1.5 m and occupied at least 50% of the wetted channel width, water velocities were
typically high and the habitat was more glide-like or riffle-like and thus were included with
riffles. Secondary pools were either sub-dominant habitat units in the main channel that
occupied less than 50% of the wetted channel width or were poolsin side channels. We
collected predatory fishesin all habitat types except the mid-channel riffle habitat. Juvenile
Chinook salmon do not appear to inhabit this area (R. Peters, USFWS, unpublished data) and we
have never observed any predation of Chinook salmon or sockeye salmon fry inthisarea. Large
numbers of sockeye salmon fry, which are more vulnerable to predation than Chinook salmon,
migrate through this habitat type (McDonald 1960) yet very little predation has been detected (R.
Tabor, unpublished data). Additionally, few trout or large sculpin appear to inhabit this area
during the winter and early spring (R. Tabor, unpublished data), thus, we feel thisis an unlikely
location for predation to occur.

At each site, we first snorkeled the site to enumerate the predators and juvenile Chinook
salmon. A snorkeler slowly moved upstream at each site and counted all fish observed. A total
of two or three passes were done, each by a different snorkeler. All snorkel surveyswere
conducted at night, since many fish hide during the day in the winter and spring. Snorkel
surveys were conducted one to three hours before sunrise. After snorkeling, we returned to each
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habitat unit and collected predatory fishes. Fish collections began at night, shortly before dawn,
and continued through dawn and into the daytime. Because the predators appeared to be only
active at night, we assumed that most of their feeding also occurred at night.

We used three gear types to collect predatory fishes: 1) electrofishing, 2) slurp guns or
hand-held dip nets, and 3) beach seine. To minimize shocking Chinook salmon, we only used
electrofishing equipment in areas (e.g., riprap in pools) where few were present. At locations
where Chinook salmon were common, we used slurp guns, hand-held dip nets, or beach seines to
collect predatory fish. Slurp guns, hand-held dip nets, and beach seines were only effective at
night; while electrofishing could be used either day or night. Slurp guns and dip nets were
primarily used to collect sculpin; however, some small salmonids (< 130 mm FL) were also
collected.

Review of existing predation data.— In addition to Chinook salmon predation data collected in
2000, we reviewed other predation data collected in the Cedar River from 1995 to 2000 that
originally focused on predation of sockeye salmon fry. We examined data from three studies: 1)
lower Cedar River flood control project, 1995-2000 (Tabor and Chan 1996a; Tabor and Chan
1996b; Tabor et al. 2001; R. Tabor, unpublished data), 2) sockeye predation study, 1997-1998
(Tabor et a. 1998; R. Tabor, unpublished data); and 3) Maplewood Golf Course revetment study,
2000 (Missildine et a. 2001). Predatory fishes for the lower Cedar River study were collected
from the mouth to rkm 1.8 (Logan Street bridge). Samples were generally taken once every three
weeks from February or March to June. The study reach was divided into two sections: 1) lower
convergence pool (low velocity area) and 2) upper riverine area (higher velocity water). The
convergence pool is backed up water from Lake Washington. The size of the convergence pool
and other habitats varied within each year depending on lake level and from year to year
depending on accumulation of sediments as well as dredging activity that occurred in the summer
of 1998. Predatory fish were collected primarily through electrofishing; however, some beach
seining was also conducted. Backpack el ectrofishing equipment was used to sample the riverine
area; whereas, boat and backpack el ectrofishing equipment was used to sample the convergence
pool

In 1997-1999, we examined the relationship between habitat type and predation of
sockeye salmon fry. Surveysin 1997 were conducted in the lower 20 km of theriver. A total of
nine sites were selected and surveyed roughly once every three weeks from February to June. In
1998, we sampled predatory fishes shortly after hatchery sockeye salmon fry were released at
Landsburg and thus sockeye salmon fry would be abundant at each site. Predatory fishes were
sampled on six dates when streamflows were relatively similar (530-611 cfs at Renton gauge
station). We began sampling at |east one hour after the predicted time the fry would pass a
particular site to insure the vast majority of sockeye salmon fry had migrated downstream.
Sampling occurred at night until approximately 0300 h. In our review of these data, we did not
include sites above rkm 30 because few Chinook salmon spawn upstream of thislocation
(Mavros et al. 2000). During the entire six survey nights, each sample site was only done once.
Most 1997 and 1998 sites were sampled with electrofishing equipment; however, beach seines or
dip nets were occasionally used.
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The Maplewood Golf Course revetment siteislocated at rkm 7.1. Predatory fish were
collected six times between late January and May, 2000. Sculpin were collected primarily with
slurp guns or dip nets and salmonids were usually collected with electrofishing equipment or
beach seines. Similar to Chinook salmon predation sampling in 2000, snorkel surveys were
conducted at this site to enumerate the predators and juvenile Chinook salmon.

FISH PROCESSING AND DIET ANALYSIS

After capture, fish were anesthetized with MS-222, identified to species, and length (fork
length or total length) was measured to the nearest millimeter. Stomach contents of fish were
removed using a gastric flushing apparatus. Gastric lavage has been shown to be effectivein
removing stomach contents for many fish species. All stomach contents were put in plastic bags,
placed onice, and later froze. Samples remained frozen until laboratory analysis.

In the laboratory, samples were thawed, examined with a dissecting scope, and divided
into major prey taxa. Insects and crustaceans were identified to order, while other prey items
were identified to a convenient, major taxonomic group. Each prey group was blotted by placing
the sample on tissue paper for approximately 10 seconds. Prey groups were weighed to the
nearest 0.001 gram.

Prey fish that were dightly digested were identified to species. Fishesin more advanced
stages of digestion were identified to family, genus, or species from diagnostic bones, gill raker
counts, pyloric caeca counts, or vertebral columns. The fork length of prey fishes was measured
to the nearest millimeter. If afork length could not taken, the original fork lengths of prey fishes
were estimated from measurements of standard length, nape-to-tail length, or diagnostic bones
(Hansel et a 1988; Vigg et al 1991). Because ingested salmonids were often too digested to
identify to species, analysiswas also conducted. Unidentified salmonid samples were sent to
the Conservation Biology Molecular Genetics Laboratory at the Northwest Fisheries Science
Center (NOAA Fisheries) and molecular genetic (DNA) analysis was conducted. Methodologies
were similar to those used by Purcell et al. (2004) except, when available, muscle tissue was
analyzed instead of bones. Only sailmonid prey greater than 32 mm FL was analyzed because
Chinook salmon fry are generally larger than 32 mm FL upon emergence from their redd. The
smallest Chinook salmon observed at the fry trap in 1999 or 2000 was 35 mm FL (Seiler et al.
2003). We assumed smaller salmonid prey were sockeye salmon fry which are often commonly
consumed.

CONSUMPTION ESTIMATES
Consumption of juvenile Chinook salmon by predatory fishes was calculated two separate ways,
a bioenergetics model (Hanson et al. 1997) and a simple meal-turnover method adapted from

Adamset al. (1982). Consumption rates were calculated for each habitat type and than expanded
based on the population size in each habitat type.
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Bioenergetics model.— We used the Wisconsin bioenergetics model 3.0 (Hanson et al. 1997) to
estimate predation of juvenile Chinook salmon. The bioenergetics model is an energy mass
balance equation in which energy consumed by afish is balanced by total metabolism, waste
losses, and growth. We modeled predation for four fish species: cutthroat trout, rainbow trout,
coho salmon, and torrent sculpin. Model parameters have already been developed for cutthroat
trout (Beauchamp et a. 1995), rainbow trout (Rand et al. 1993), and coho salmon (Stewart and
Ibarra 1991). For torrent sculpin, we used a prickly sculpin model (Moss 2001).

Magjor inputs into the model include growth, diet, water temperature, and caloric density
of the predator and prey. Predation of Chinook salmon by coho salmon was modeled from
February to May. The beginning weight was obtained from yearling coho salmon collected in the
field in February. Their weight in May was obtained from the Cedar River smolt trap (Seiler et
al. 2003). Predation was never observed in older coho salmon and they were not modeled.
Consumption by cutthroat trout, rainbow trout, and torrent sculpin was modeled for the entire
year. We used length frequency analyses as well as age and growth data from Wydoski and
Whitney (2003) to estimate the age and growth of rainbow trout and torrent sculpin. Growth of
cutthroat trout was taken from Nowak (2000) who estimated cutthroat trout growth in Lake
Washington. Because cutthroat trout appear to move substantially between the lake, the
mainstem of the Cedar River, and small tributaries, we felt this may be a reasonable
approximation of their growth. Diet information was obtained directly from field data. Mean
daily water temperature data was obtained from U.S. Geological Survey. These datawere
collected at their Cedar River site at Renton (rkm 2.6). Information on prey caloric density was
obtained from Cummins and Wuycheck (1971) and various other sources (Appendix A).

Direct meal-turnover method.— The basic formulafor the simple meal-turnover method (Adams
model) was;

C = consumption rate of Chinook salmon (number consumed/day), n = number of Chinook
salmon consumed within 24 h of capture, and N = number of predators sampled, including those
with empty stomachs. Based on the observed water temperatures, and sizes of the predators and
prey, more than 5% of the each salmonid consumed would still be present in the stomach 24 h
after it was captured. We compared the observed weight of each partially digested Chinook
salmon versus the predicted weight if it had been consumed 24 h prior to the time we collected
the predator. If the observed weight was larger than the predicted 24 h digestion weight than the
salmonid prey was considered to have been consumed within 24 h of sampling. Chinook salmon
in more advanced states of digestion were not used to calculate the daily consumption rate. The
grams evacuated after 24 h of digestion was estimated from digestion rates of He and
Wourtsbaugh (1993);
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salmonids: R,=0.053 e%*T and,
sculpin: R.=0.049 e 0072 T-0.060l0g(PS)

where R = evacuation rate (h %); T = temperature (°C); and PS = food particle size (g). The
salmonid equation was developed for brown trout Salmo trutta (0.9-1.6 kg) digesting rainbow
trout fingerlings (3.5-7.6 g). The sculpin equation used was a generalized equation devel oped
from digestion rates of 22 fish species. Meal weight was the estimated weight of the Chinook
salmon plus the digested weight of all other food itemsin the stomach (Vigg et al.1991). This
assumes that the observed weight of all other food itemsis the average amount of prey in the
stomach while the Chinook salmon was being digested. The predicted weight of each salmonid
after 24 h of digestion was then calculated with the following equation;

where D = digested salmonid weight after 24 h; P = original salmonid prey weight; E = grams
evacuated; and S= meal weight (g). An advantage of this modédl is that the predation rates are
based on digestion of salmonids and are not influenced significantly by differential digestion
rates between prey types. Hard-bodied prey such as crayfish can have a significantly different
digestion rate than prey fish (Bromley 1994). Other models which incorporate all prey typesin
the calculations can have large errorsif crayfish or other hard-bodied prey make up alarge
portion of the diet and a digestion equation is used that was developed for digestion of salmonids
(He and Wurtsbaugh 1993). Additionally, because predatory fish were not able to digest the
Chinook salmon within 24 hours, we did not have to consider diel feeding patterns.

Population estimates.— To estimate the number of Chinook salmon consumed, population sizes
of piscivorous fishes were needed. Fish density was estimated for each habitat type and then the
total population was estimated based on the total area of each habitat type. We used the bounded
count methodol ogy to estimate the abundance of salmonid predators (Regier and Robson 1967).
Two or three snorkelers estimated fish abundance along a shoreline transect. Salmonids were
divided into two categories; salmonids < 130 and > 130 mm FL. Often it wasdifficult to get
close enough to identify salmonids to species. The estimated fish abundance is calculated by
multiplying the highest of the three or two snorkel counts by two and subtracting the second
highest count:

N=2N, -N,,

where N is the estimated fish abundance, N,, is the largest count, and N, , isthe second largest
count. To determine the population size of each salmonid species, we used electrofishing catch
datato partition the snorkeling count estimate. We did not use snorkel counts to estimate the
population size of cottids because they are cryptic and more difficult to count, particularly in
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complex habitats such as cobble and boulders. Instead we used mark-recapture estimates from
1997 (Tabor et al. 1998).

Habitat survey.-- In 1998, we conducted a habitat survey of the study area to quantify the
different habitat types. We rafted the entire study areain late April and early May, 1998 when
the streamflow was 381 to 575 cfs (Renton gauge station, USGS, unpublished data). Theriver
was divided into various habitat types. Delineation of habitat types were adapted from Schuett-
Hames et a. (1994). We counted and measured the length and width of primary pools and
secondary pools. The remainder was considered riffle habitat and was not measured. Pools with
logjams were also noted. A logjam is defined as an accumulation of 10 or more large logs or
rootwads. At each primary pool and most secondary pools, we also measured the maximum
depth.

RESULTS

2000 CHINOOK SALMON PREDATION STUDY

Between January 24 and April 13, 2000, we sampled 15 primary pools, 13 secondary
pools and 5 riffle shoreline areas. A total of 445 cottids and 154 salmonids were sampled for the
consumption of Chinook salmon. Only eight Chinook salmon were observed in these predators,
seven by rainbow trout and one by torrent sculpin (Tables 3 and 4). Streamflow on sampling
days ranges from 493 to 800 cfs. Similarly, predation of Chinook salmon occurred within the
same range of flows. Seven of the eight Chinook salmon consumed were from predators
collected in primary pools (Table 5). The density of Chinook salmon was significantly lower in
primary pools than in secondary pools (Mann-Whitney U test = 34.0; P = 0.049). Likewise, the
density of Chinook salmon at the sites where predation by rainbow trout was observed was
significantly lower than sites where predation was not detected (Mann-Whitney U test = 13.0; P
=0.008). The exact location where Chinook salmon was consumed is unknown but we assume
that the predators did not make extensive movements to forage and probably consumed the fish
in the same habitat unit that they were captured.

Chinook salmon made up 1.3% of the overall diet of cottids, 5.7% of the diet of
salmonids < 130 mm and 6.1% of the diet of salmonids > 130 mm (Table 6).
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Table 3.— Predation of juvenile Chinook salmon in Cedar River (rkm 3-24), January-April, 2000. N = the number
of predator stomachs examined; number = the number of Chinook salmon found in the stomachs; min. = minimum;
max. = maximum; pred. = predator. Cottid lengths are total length and salmonid length are fork length. Other prey
fish included cottids, lamprey, threespine stickleback, and unidentified fish.

Famin Predator length (mm) Predation of Chinook Other Predation
Species N min.  max. mean number number/pred. Sockeye  Other
Cottidae 445 51 149 87.7 1 0.002 18 29
Coastrange sculpin 44 52 111 79.9 0 0
Prickly sculpin 3 106 149 127.3 0 0 0
Riffle sculpin 80 51 113 86.9 0 0
Shorthead sculpin 3 91 97 94.3 0 0
Torrent sculpin 315 52 148 88.5 1 0.003 18 26
Salmonidae 154 82 200 116.1 7 0.045 141 2
Coho salmon 20 65 118 92.1 0 0 2 0
Cutthroat trout 20 0] 154 123.1 0 0 38 2
Rainbow trout 114 96 228 1194 7 0.061 101 0

Table 4.— Predation of juvenile Chinook salmon by month in Cedar River (rkm 3-24), January-April, 2000. N =
the number of predator stomachs examined; # = the number of Chinook salmon found in the stomachs; pred. =

predator.

Cottids Salmonids < 130 mm Salmonids > 130 mm

Month
N # #/ pred. N # # / pred. N # # / pred.

January 86 1 0.012 26 0 0 0 0
February 195 0 0 35 2 0.057 9 1 0.111
March 149 0 0 54 0 0 14 4 0.286
April 15 0 0 3 0 0 7 0 0
Total 445 1 0.002 118 2 0.017 36 5 0.139
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Table 5.— Predation of juvenile Chinook salmon in three habitat typesin the Cedar River (rkm 3-24), January-
April, 2000. N = the number of predator stomachs examined; # = the number of Chinook salmon found in the
stomachs; pred. = predator.

Cottids Salmonids < 130 mm Salmonids > 130 mm
Habitat type
N # #/ pred. N # # / pred. N # # / pred.
Primary pools 200 1 0.005 80 2 0.025 30 4 0.133
Secondary pools 186 0 0 37 0 0 6 1 0.167
Riffle - shoreline 59 0 0 1 0 0 0 -- --
Total 445 1 0.002 118 2 0.017 36 5 0.139

Table 6.— Diet (%) of predatory fish in three habitat typesin the Cedar River (rkm 3-24), January-April, 2000. N

= the number of predator stomachs examined; Aqg. insects = aquatic insects; Other invert. = other invertebrate. Other
fish included cottids, lamprey, and unidentified fish.

Predator group Prey category
Habitat type _ . . .
N Chinook  Sockeye Otherfish Ag.insects Other invert. Other
Cottids
Primary pools 200 2.6 0.9 28.3 48.8 16.8 2.6
Secondary pools 186 0 5.2 11 49.9 40.7 31
Riffle - shoreline 59 0 1.0 04 78.7 17.0 3.0
Salmonids < 130 mm
Primary pools 80 8.3 12.9 0 45.3 315 21
Secondary pools 37 0 1.2 0 94.2 4.6
Riffle - shoreline 1 0 0 0 96.5 35
Salmonids > 130 mm
Primary pools 30 44 38.5 33 36.0 175 0.3
Secondary pools 6 22.0 20.0 0 56.4 0 16
Riffle - shoreline 0 - - - - - --

REVIEW OF EXISTING PREDATION DATA

Lower Cedar River flood control project.— Of the 4,346 stomach samples from the lower 2 km of
the Cedar River, only 13 juvenile Chinook salmon were observed (Tables 7 and 8). Predation by
cottids was low, only three Chinook salmon were observed in 3,260 stomachs examined. Prickly
sculpin was the only cottid species observed to predate on Chinook salmon. Consumption of
Chinook salmon by salmonids was observed primarily in cutthroat trout but rainbow trout and
coho salmon also had consumed Chinook salmon. Overall, 9 of the 13 Chinook salmon

16



consumed were from February and March samples (Table 8). The number of Chinook salmon
consumed per salmonid was higher in the convergence pool than the riverine area but the number
consumed per cottid was the same for the two locations.

During May and June, when juvenile Chinook salmon migrate downstream to the lake,
only large salmonids or large cottids would be expected to be large enough to consume juvenile
Chinook. We sampled atotal of 177 salmonids> 175 mm FL and 119 cottids > 125 mm TL
during this period in the lower river. Only one juvenile Chinook salmon was ever observed in
these stomach samples. A 238 mm FL cutthroat trout had consumed a 88 mm FL Chinook
salmon (June 8, 1999). In other sampling from other river locations in May and June, only six
salmonids > 175 mm FL and three cottids > 125 mm TL were sampled. No juvenile Chinook
salmon were found in their stomachs.

Sockeye salmon predation studies.— During the 1997-99 sockeye salmon predation sampling, we
observed atotal of 18 Chinook salmon in the stomach samples (Tables 9 and 10) ; seven from
cottids (N = 1,384) and 11 from sailmonids (N = 241). Predation of Chinook was only observed
in 1998 samples. In 1997 and 1999 combined, atotal of 626 cottids and 84 salmonids were
sampled. Fourteen of the 18 Chinook salmon observed were from samples collected on nights
when hatchery sockeye salmon fry were released at Landsburg. During this hatchery release
sampling, we observed the highest number of Chinook salmon per predator of any study
component: cottids: 0.02 Chinook salmon/stomach (N = 346); small sailmonids: 0.02 Chinook
salmon/stomach (N = 63); and large salmonids. 0.75 Chinook salmon/stomach (N = 8).

Predation of Chinook salmon in 1998 was observed in secondary pools (0.22 Chinook
salmon/salmonid; N = 36) as well as primary pools (0.03 Chinook salmon/salmonid; N = 91).
Predation by cottids was observed in secondary pools (0.016 Chinook salmon/cottid; N = 258)
and primary pools (0.014 Chinook salmon/cottid; N = 219). No predation was detected in riffle
shoreline areas (salmonids, N = 8; cottids, N = 156). Additionally, no predation of Chinook
salmon was detected in 125 cottids that were sampled in the mid-channel areas of riffles.
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Table 7.— Predation of juvenile Chinook salmon and other prey fish in the lower 2 km of the Cedar River,
February-June, 1995-2000. N = the number of predator stomachs examined; # = the number of Chinook salmon
found in the stomachs; min. = minimum; max. = maximum; pred. = predator. Cottid lengths are total length and
salmonid length are fork length. Other prey fish included primarily cottids, longfin smelt, lamprey, and unidentified
fish (larva fish were not included).

Area Predator length (mm) Predation of Chinook Other Predation
Family
Species N min. max. mean # #/ pred. Sockeye  Other
Riverine
Cottidae 942 50 163 76.0 1 0.001 361 54
Coastrange sculpin 124 50 111 74.4 0 0 6 5
Riffle sculpin 241 50 118 68.2 0 0 90 7
Prickly sculpin 399 50 163 83.9 1 0.003 218 31
Torrent sculpin 178 50 148 70.1 0 0 47 11
Salmonidae 231 69 398 143.8 2 0.004 304 13
Coho saimon 64 74 141 108.5 0 0 70
Cutthroat trout 66 69 398 147.1 2 0.030 179
Rainbow trout 101 80 254 164.1 0 0 55 6
Convergence pool
Cottidae 2,318 50 221 94.0 2 0.001 1,258 269
Coastrange sculpin 151 50 116 69.7 0 0 23 5
Riffle sculpin 179 50 119 71.6 0 0 66 1
Prickly sculpin 1,936 50 221 98.5 2 0.001 1,141 258
Torrent sculpin 52 53 118 75.5 0 0 28 5
Salmonidae 838 72 553 168.9 8 0.010 1,783 93
Coho salmon 308 72 271 111.0 2 0.006 323 4
Cutthroat trout 229 84 553 204.8 4 0.017 687 59
Rainbow trout 301 0 480 200.7 2 0.007 773 30
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Table 8.— Predation of juvenile Chinook salmon in two areas of the lower 2 km of the Cedar River, February-June,
1995-2000. N = the number of predator stomachs examined; # = the number of Chinook salmon found in the
stomachs; pred. = predator.

Area Cottids Salmonids < 130 mm Salmonids > 130 mm
Month
N # #/ pred. N # #/ pred. N # #/ pred.
Riverine
February 48 0 0 3 0 0 4 0 0
March 222 1 0.005 25 0 0 34 0 0
April 403 0 0 43 1 0.023 42 1 0.024
May 152 0 0 32 0 0 24 0 0
June 117 0 0 0 0 -- 24 0 0
Total 942 1 0.001 103 1 0.010 128 1 0.008
Convergence Pool
February 197 0 0 7 0 0 33 2 0.061
March 779 2 0.003 21 0 0 99 4 0.040
April 702 0 0 96 1 0.010 139 0 0
May 375 0 0 185 0 0 123 0 0
June 250 0 0 11 0 0 124 1 0.008
Total 2319 2 0.001 320 1 0.003 518 7 0.014

Of the 18 Chinook salmon observed in the stomach samples, six were from one site, a
secondary pool (rkm 18.1) at the mouth of the unnamed tributary from McDaniel’s Pond. A 146
mm FL cutthroat trout had consumed four Chinook salmon and a 92 mm TL torrent sculpin had
consumed two. At this site, we only sampled one cutthroat trout and eight cottids. The site
consisted primarily of a back-eddy pool. The upstream part of the site consisted of sand substrate
with some small woody debris. The mouth of the tributary was in the middle of the site.
Immediately downstream of the tributary mouth was arip rap shoreline where the predators were
collected.
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Table 9.— Predation of juvenile Chinook salmon and other prey fish in the Cedar River (rkm 2-26), February-May,
1997-1999. N =the number of predator stomachs examined; number = the number of Chinook salmon found in the
stomachs; min. = minimum; max. = maximum; pred. = predator. Cottid lengths are total length and salmonid length
arefork length. Other prey fish included cottids, larval fish, and unidentified fish.

Family Predator length (mm) Predation of Chinook Other Predation
Spedles N min. max. mean number  number/pred. Sockeye  Other

Cottidae 1,384 50 144 78.7 7 0.005
Coastrange sculpin 438 50 122 76.4 0 0 138 9
Prickly sculpin 50 55 138 95.6 0 0 110 8
Riffle sculpin 197 50 113 77.6 0 0 62 4
Shorthead sculpin 40 56 112 81.1 0 0 0 0
Torrent sculpin 659 50 144 79.2 7 0.010 457 46

Salmonidae 241 56 470 1142 11 0.047 106 0
Coho salmon 116 56 123 91.7 1 0.009 377 3
Cutthroat trout 52 98 216 1514 9 0.173 98 0
Rainbow trout 73 72 470 1233 1 0.047 20 0

Table 10.— Predation of juvenile Chinook salmon in Cedar River (rkm 2-26), February-June, 1997-1999. N = the
number of predator stomachs examined; # = the number of Chinook salmon found in the stomachs; pred. = predator.

Cottids Salmonids < 130 mm Salmonids > 130 mm

Month
N # #/ pred. N # #/ pred. N # #/ pred.

February 351 0 0 35 0 0 6 1 0.167
March 426 7 0.005 109 1 0.009 21 5 0.238
April 449 0 0 31 0 0 32 4 0.125
May 125 0 0 0 0 - 0 0
June 33 0 0 0 0 - 0 0
Total 1384 7 0.001 175 1 0.005 66 10 0.152

Maplewood Golf Course revetment study.— From January to May, 2000, we sampled atotal of
367 fish at the Maplewood Golf Course site (Tables 11 and 12). Chinook salmon were present
on each sample date (Table 12). Within the study site, they were usually concentrated in open,
shallow, sandy areas where large salmonids and large cottids were uncommon. Seventy percent
of the cottids sampled were torrent sculpin. Few large salmonids were collected. Of the 52
salmonids collected, only two were > 150 mm. Two juvenile Chinook salmon were observed in
the stomach samples, one from a 97 mm torrent sculpin and the other from a 130 mm rainbow
trout. Both occurrences of predation of Chinook salmon were on February 17, 2000.
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Table 11.— Predation of juvenile Chinook salmon and other prey fish at the Maplewood Golf Course revetment
site, rkm 7.1, Cedar River, January-May, 2000. N = the number of predator stomachs examined; number = the
number of Chinook salmon found in the stomachs; min. = minimum; max. = maximum,; pred. = predator. Cottid
lengths are total length and salmonid length are fork length. Other prey fish included cottids and unidentified fish.

Family Predator length (mm) Predation of Chinook Other Predation
Species N min.  max. mean number number/pred. Sockeye  Other
Cottidae 315 52 150 90.2 1 0.003 15 12
Coastrange sculpin 10 65 105 88.5 0 0 0 0
Riffle sculpin 81 52 124 91.6 0 0
Shorthead sculpin 3 101 120 109.7 0 0
Torrent sculpin 221 52 150 89.5 1 0.004 12 10
Salmonidae 52 82 200 114.8 1 0.020 21 0
Coho salmon 18 Q0 124 103.3 0 0 0
Cutthroat trout 7 93 137 108.3 0 0 0 0
Rainbow trout 27 82 200 124.2 1 0.040 20 0

Table 12.— Predation of juvenile Chinook salmon on six sampling dates at the Maplewood Golf Course revetment
site, rkm 7.1, Cedar River, 2000. Chinook abundance is the number of Chinook salmon observed (snorkel counts) at
the site just prior to the collection of predators. N = the number of predator stomachs examined; number = the
number of Chinook salmon found in the stomachs; pred. = predator.

Predation by Cottids Predation by Salmonids
Chinook

Date abundance N number number/pred. N number number/pred.
January 31 21 60 0 0 7 0 0
February 17 47 57 1 0.018 8 1 0.125
February 28 93 43 0 0 3 0 0
March 16 37 34 0 0 8 0 0
April 13 96 65 0 0 17 0 0
May 18 100 56 0 0 9 0 0
Total 315 1 0.003 52 1 0.019
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CONSUMPTION ESTIMATES

Population estimates indicated juvenile coho salmon were the most abundant salmonid in
primary pools (Table 13); however, most coho salmon were observed in four pools that had large
logjams. In the other primary pools, large rainbow trout (> 130 mm) were the dominant
salmonid. In secondary pools, most salmonids were < 130 mm, consisting primarily of coho
salmon and rainbow trout (Table 13).

Table 13.— Population estimates of predatory fishesin the Cedar River, February-April. Salmonid estimates were
based on snorkel surveysin 1998, 1999 and 2000; torrent scul pin estimates were based on mark-recapture datain
1997. Only species that consumed juvenile Chinook salmon are listed; also only habitats where predation of
Chinook salmon was detected islisted. Total habitat length is the length of each habitat for the entire Chinook
salmon rearing area (rkm 0 - 30). Cl = confidence interval; Pop. est. = population estimate.

Number of Total
Habitat type units habitat length  Pop. est. 95%
Sizeclass surveyed Fish/m (m) Cl
Primary pools
Rainbow trout
<130 19 0.33 2,721 894 570- 1,230
> 130 19 0.61 2,721 1,181 658 - 1,670
Cutthroat trout
<130 mm 19 0.06 2,721 174 114 - 236
> 130 mm 19 0.32 2,721 610 340 - 862
Coho salmon (< 130 mm) 19 0.86 2,721 2,327 1,662 - 3,005
Torrent sculpin (> 50 mm) -- 3.98 2,721 10,830 --
Secondary pools
Rainbow trout
<130 mm 34 0.24 3,352 797 440- 1,154
> 130 mm 34 0.10 3,352 328 70 - 563
Cutthroat trout
<130 mm 34 0.09 3,352 292 161 - 422
> 130 mm 34 0.04 3,352 141 30-241
Coho salmon (< 130 mm) 34 0.26 3,352 855 472 -1,239
Torrent sculpin (> 50 mm) -- 244 3,352 8,197 --
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Consumption estimates were made for 1998 and 2000 (Table 14). In other years, we only
sampled a small section of the total Chinook salmon rearing area and we were unable to make a
consumption estimate. In 1998 and 2000, we surveyed throughout the rearing area. Total
predation was considerably higher in primary pools than secondary pools. For the two years
combined, 67% of the predation (bioenergtics model) occurred in primary pools. Predation of
Chinook salmon by rainbow trout occurred primarily in primary pools (70%); whereas, predation
by cutthroat trout occurred primarily in secondary pools (74%). The bioenergtics model and the
direct consumption model gave similar results for the 2000 data. However, in 1998 the estimates
were quite different. The total predation loss was estimated to be 10,000 for the bioenergtics
model and 37,000 for the direct consumption model. In 1998, large numbers of sockeye salmon
fry were consumed and Chinook salmon made up asmall part of the diet and thus the
bioenergtics estimate was low. We estimated growth for the full year and a potential biasin our
estimate is an underestimation of growth during the period when sockeye salmon fry are quite
abundant. The direct consumption model was based on the number of Chinook salmon ingested,
regardless of their importance in the diet.

PREY SIZE ANALYSIS

Of the 41 juvenile Chinook salmon observed in predator stomachs (all study components
combined), we were able to estimate the original length of 39 fish. Cutthroat trout consumed a
wide-size range of Chinook salmon, from 33 to 88 mm FL; whereas the sizes consumed by
rainbow trout and coho salmon were all within a narrow range, from 33 to 42 mm FL (Figure 4).
Seventy-one percent of the Chinook salmon consumed by cutthroat trout were greater than 40
mm FL; whereas, only 10% of those consumed by rainbow trout were > 40 mm FL. Sizes of
Chinook salmon consumed by cottids were also within a narrow-size range, 33 to 49 mm TL
(only one Chinook salmon was > 41 mm TL.). Most cottids (9 of 11) that consumed Chinook
salmon were between 85 and 110 mm TL. The other two cottids were 67 and 75 mm TL.
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Figure 4.-- Sizes of Chinook salmon (n = 27) consumed by three species of predatory salmonids, Cedar River,
1995-2000. Data were combined from different data sources (see methods). The line represents the suggested
maximum size of Chinook salmon that salmonid predators could consume (46% of predator length; Pearsons and
Fritts 1999).
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Table 14.— Total consumption estimates (number of Chinook salmon) of four species of predatory fishesin the
Cedar River in 1998 and 2000. Consumption estimates were calculated two ways, a bioenergetics model and a direct
meal -turnover method (Adams model). The lower and upper consumption estimates were based on the 95%
confidence intervals of the population estimate. ND = no data.

1998 2000
Species Bioenergetics model Adams model Bioenergetics model Adams model
Month Est. 95% C.1. Est. 95% C.I. Est. 95% C.I. Est. 95% C.1.
Rainbow trout
January 0 0 -- 0 0 -
February 4,395 949 - 7,549 2,198 527 - 4,185 12,003 6,917 - 16,865 5,581 3,270 - 8,058
March 0 0 -- 11,655 5,097 - 17,725 13,778 7,235 - 20,749
April 0 0 - ND ND -
Tota 4,395 949 - 7,549 2,198 527 - 4,185 23,658 12,014 - 34,589 19,359 10,505 - 28,807
Cutthroat trout
January 0 0 -- 0 0 -
February 0 0 - 0 0 -
March 2,562 772 - 4,184 18,197 7,130 - 28,303 0 0
April 407 227-575 2,101 1,161 - 2,969 ND ND
Tota 2,969 999 - 4,757 20,298 8,291 - 31,272 0 0
Coho salmon
January 0 0 -- 0 0 -
February 0 0 - 0 0 -
March 528 377-682 2,327 1,662 - 3005 0 0
April 0 0 - ND ND -
Tota 528 377-682 2,327 1,662 - 3005 0 0
Torrent sculpin
January 0 0 - 563 2,664 -
February 0 0 - 0 0 -
March 2,106 12,285 0 0 -
April 0 0 - ND ND -
Tota 2,106 12,285 563 2,664
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DISCUSSION

We estimated that approximately 24,000 Chinook salmon fry were consumed in 2000. At
the fry trap there was an estimated 48,900 early migrants and 18,800 late migrants. Assuming that
other predation (fish predation in April-June and by other predators such as birds) was minor, the
percentage that was lost to fish predators would be 27%. Based on this estimate, predatory fishes
appear to have an important effect on the number of juvenile Chinook salmon produced in the
Cedar River.

Rainbow trout and cutthroat trout appeared to be the most important predators of Chinook
salmon. Taken together they accounted for 74% of the estimated predation loss (bioenergtics
model) in 1998 and 98% in 2000. Predation rates of rainbow trout and cutthroat trout were
substantially higher than other predators. Because they obtain alarge size and can forage
throughout the water column and in awide range of current velocities, they probably are more
likely to prey on Chinook salmon than other predatory fishes in the Cedar River such as cottids
and coho salmon. In Elokomin River, Washington, a system with similar predator species as the
Cedar River, Patten (1971) also found that cutthroat trout and rainbow trout had the highest
predation rate of newly released hatchery Chinook salmon. Similarly, Hawkins and Tipping
(1999) documented high predations rates of wild juvenile Chinook salmon by steelhead and
cutthroat trout in the Lewis River, Washington.

Although cutthroat trout and rainbow trout both had relatively high predation rates of
Chinook salmon, total predation loss by rainbow trout was much higher than by cutthroat trout
because of their larger population size. By examining the catch ratio of rainbow trout to cutthroat
trout from our 1995-2000 data, two general trends emerge. The ratio of rainbow trout to cutthroat
trout increases at upstream locations and the ratio decreases each month from February to June.
We did not sample upstream locationsin April, May and June, however samples collected in
February and March showed that rainbow trout represented 86% of the trout in locations from rkm
7 to rkm 35 but only 72% of the trout below rm 7. Additionally, from Landsburg Dam to Cedar
Falls (rkm 35 - 55) the vast mgjority of the trout are rainbow trout (D. Paige, Seattle Public
Utilities, personnel communication). Within the lower 7 km, 84% of the trout collected were
rainbow trout in March but by June only 18% of the trout were rainbow trout. During the time
period (January - April) when Juvenile Chinook salmon are most vulnerable, rainbow trout are
substantially more abundant than cutthroat trout.

The only extensive sampling conducted during the smolt outmigration period (May and
June) was done in the lower 2 km of theriver. During this period, juvenile Chinook salmon are
much larger and are probably only vulnerable to large salmonids (i.e. > 175 mm FL) and large
cottids (i.e. > 125 mm TL). Of the 177 large salmonids and 119 large cottids examined, only one
Chinook salmon was found. In May and June, there are several other alternative prey types
including catostomid eggs (May), larval catostomids (June), aguatic and terrestrial insects, and
crayfish. Milick (1977) found that drift of aquatic insects increased through the spring months.
The diet of large salmonids in May and June included fish eggs (43%), sockeye salmon fry (22%),
and larval fish (15%) and the diet of large cottids was primarily comprised of lamprey (34%),
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crayfish (19%), fish eggs (17%), and sculpin (16%). Based on the observed low predation ratesin
the lower river, size of the smolts, and the abundance of alternative prey, we assume that
predation rates of Chinook salmon by piscivorous fishes were low in other sections of theriver as
well.

The role sockeye salmon play on predation of Chinook salmon isunclear. The presence of
sockeye salmon fry may act as a buffer species and reduce the predation rate of juvenile Chinook
salmon by an individual predatory fish. Also, the large amount of added nutrients to the system
may benefit the forage conditions of juvenile Chinook salmon, which enables them to grow faster
and reduce their vulnerability to predators. Increased prey populations may also provide
aternative prey for predatory fishes. Alternatively, large numbers of sockeye salmon may
increase the overall population of predatory fish directly through consumption of sockeye salmon
eggs and fry and indirectly by increased nutrientsin the system. Thus, predation rates of Chinook
salmon may be low but the total amount of predation may be as high as in other systems where
sockeye salmon do not occur.

Predation of Chinook salmon by rainbow trout occurred primarily in large deep pools;
whereas, predation by cutthroat trout occurred primarily in secondary pools. Rearing juvenile
Chinook salmon typically inhabit shallow, low-velocity areas along the river’ s edge and their
habitat may not overlap much with rainbow trout. Few Chinook salmon were observed in the
large, deep poolsinhabited by rainbow trout. Chinook salmon may become vulnerable to
predation by rainbow trout when they migrate downstream. Predation was observed mostly in
February and March, which is the same time period when large numbers of Chinook salmon
migrate downstream to the lake. In general, cutthroat trout are more piscivorous than rainbow
trout (1dyll 1942; Nilsson and Northcote 1981; Tabor and Chan 1997) but because rainbow trout
typically inhabit higher velocity water than cutthroat trout (Bisson et al. 1988), rainbow trout may
be the dominant predator in mainstem of the Cedar River which has high water velocities, evenin
primary pools. Rainbow trout may prey mostly on migrating Chinook salmon fry while cutthroat
trout may prey on rearing Chinook salmon. In April, when downstream migration of juvenile
Chinook salmon istypically low (Seiler et al. 2003), predation was observed mostly by cutthroat
trout. In the south end of Lake Washington, amgjor rearing areafor Chinook salmon, predation
has been observed in cutthroat trout but not rainbow trout (see Chapter 2)

A major limitation of 1998 and 2000 consumption estimates was the small sample size of
salmonids > 130 mm. For the two years combined, we only sampled 39 of these sized fish. Our
sampling techniques (backpack electrofishing and dip netting) appear to work well for collecting
cottids and small salmonids but may not be effective for sampling large salmonids. Additional
sampling techniques, such as angling or raft electrofishing, needs to be employed to obtain a more
accurate estimate of predation of Chinook salmon by large salmonids.

Another potential biasin our large salmonid consumption estimate is the population
estimate which was based on snorkeling observations. Large salmonids tend to be far more wary
of snorkelers than small salmonids (Grant and Noakes 1987) and thus we could have easily
underestimated the number of large salmonids. Recent research by WDFW (D. Seiler,
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unpublished data) has indicated there is a sizeable population of large trout (> 200 mm FL) in the
Cedar River during the summer. Their abundance during the winter is unknown. We expect that
our population estimate of large salmonids islow and thus our estimates of predation of Chinook
salmon are probably conservative.

Because juvenile coho salmon can be an important predator of sockeye salmon fry and
other salmonid fry, they may also be a potential predator of juvenile Chinook salmon. Predation
of wild juvenile Chinook salmon by coho salmon was observed in the Lewis River, abeit
predation rates were generally low (Hawkins and Tipping 1999). Overal, we only observed three
juvenile Chinook salmon in the 526 coho salmon examined. The lengths of the coho salmon that
had consumed Chinook salmon were 106, 122, and 162 mm FL, which is generally much larger
than the average size of coho salmon sampled (mean, 105 mm FL) or the mean size observed at
the fry trap (Seiler et al. 2003). Based on alength frequency analysis, coho salmon greater than
130 mm FL are probably age 2 fish. Y earling coho salmon appear to be numerous but rarely
consume Chinook salmon. Age 2 coho salmon are probably rare but have arelatively high
predation rate and may have asimilar predation rate as trout that are greater than 130 mm FL.
Overdl, coho salmon do not appear to be a major predator of Chinook salmon in the Cedar River.

No predation of juvenile Chinook salmon by cottids was observed in April, May, or June.
The latest date a Chinook salmon was observed in a cottid stomach sample was March 18. By
April, Chinook salmon may be large enough to avoid predation by most cottids. Hillman (1989)
observed that predation of Chinook salmon and steelhead by shorthead scul pin ceased once the
salmonids grew to aprroximately 50 to 55 mm. In the Cedar River, coastrange sculpin and riffle
sculpin do not attain alarge size (maximum size, approximately 120 mm TL for both species) and
they have arelatively small gape (Patten 1971). Because torrent sculpin and prickly sculpin are
often greater than 120 mm TL and have arelative large gape, they may be able to prey on Chinook
salmon in April and May. However, predation may be minimal during this time because of
habitat segregation. Large cottids are usually found around large substrates such as cobble and
boulders (Tabor et a. 1998); whereas, Chinook salmon prefer small substrates such as sand and
gravel (R. Peters, USFWS, unpublished data). Additionally, prickly sculpin, the largest cottid
species, are primarily found only in the convergence pool in the lower 1 km of the river and
Chinook salmon appear to be only common there in February. In June, Chinook salmon are
usualy larger than 90 mm FL and thus may only be vulnerable to the largest cottids. Torrent
sculpin rarely exceed 140 mm TL. Prickly sculpin larger than 140 mm occur in the convergence
pool but their diet in June consists primarily of large benthic prey such as crayfish, cottids, and

lamprey.

Predation of juvenile Chinook salmon by cottids has been examined in three other systems
in Washington and Oregon. Patten (1971) studied predation by cottids shortly after large numbers
of Chinook salmon were released from a hatchery. All four cottid speciesin Elokomin River,
Washington consumed newly-released Chinook salmon (range, 39-80 mm). Prickly sculpin
appeared to be the most important predator. Their high predation rates were attributed to their
large size in comparison to the other sculpin. Torrent sculpin was also an important predator.
Reticulate sculpin had similar predation rates as torrent sculpin but their overall predation was
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lower due to their lower abundance. Coastrange sculpin rarely consumed Chinook salmon, which
was attributed to their comparatively small mouth. In Herman Creek, Oregon (Patten 1971),
where only prickly sculpin and reticulate sculpin were present, both species consumed newly-
released Chinook salmon (range, 45-64 mm). However, prickly sculpin had substantialy higher
predation rates. In the Wenatchee River, Hillman (1989) studied the predation of juvenile spring
Chinook salmon and juvenile steelhead by shorthead sculpin. The author found shorthead sculpin
preyed heavily on small (< 55 mm) Chinook salmon and steelhead from May to August.
Salmonids made up the vast majority of the diet during this period. Large numbers of juvenile
salmonids were clustered in shallow areas of pools and glides at night and shorthead sculpin
apparently moved approximately 30 m from their daytime riffle habitat to these shallow areas at
night to take advantage of this prey source. In September, the lengths of all juvenile salmonids
exceeded 55 mm and the predation no longer occurred.
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Chapter 2. Predation of Chinook salmon by Littoral Fishesin
South End of Lake Washington

INTRODUCTION

From January to April, large numbers of Chinook salmon fry migrate downstream out of
the Cedar River and into Lake Washington (Seiler et al. 2003). For example, in 2003, an
estimated 166,000 fry entered Lake Washington between January 15 and the middle of April (D.
Seiler, personal communication). Once Chinook salmon enter Lake Washington, they inhabit
shallow water less than a meter deep and are concentrated in the south end of the lake near the
mouth of the Cedar River (Tabor and Piaskowski 2002; Tabor et al. 2004). Chinook salmon are
present in the shallow nearshore area from January to mid May. After mid May, they move into
deeper water and are no longer concentrated in the south end of the lake. In the latter part of May,
hatchery Chinook salmon are released from the Washington Department of Fish and Wildlife's
Issaquah Fish Hatchery on Issaguah Creek. Within afew weeks, these fish are found throughout
Lake Washington.

The south end of Lake Washington, where Chinook salmon are concentrated, is the same
general areathat was sampled in 1995, 1996, and 1997 to study predation of sockeye salmon fry
by nearshore predators (Tabor and Chan 1996b, Tabor and Chan 1997, Tabor et al. 1998). During
laboratory analysis of the stomach samples, the presence of Chinook salmon was noted but several
salmonids could not be identified because they were too digested and therefore we were unable to
get an accurate estimate of predation of Chinook salmon. To obtain a better estimate, genetic
analysis was conducted on the unidentified salmonids to determine the species.

In this chapter we review existing data from the south end of Lake Washington and present
consumption estimates for various fishes on predation of Chinook salmon.

METHODS

In 1995 to 1997, predators were collected in the nearshore area of south Lake Washington
from February to June (Figure 2). Fish were collected primarily via boat electrofishing. Beach
seining was also used in 1995. Gill netting was used in 1996 and backpack electrofishing was
used in 1997.

The littoral zone of the south end of the lake was sampled with a 6-m Smith-Root
electrofishing boat. We used 60-Hz direct current to shock fish. Percent output was adjusted to
deliver 4-5 amps of electricity to the water. We established 15 transects in the littoral zone of
Lake Washington. Transect boundaries were chosen based on changes in habitat and easily
recognizable landmarks. We were able to sample virtually the entire shoreline of the study area.
However, due to large catchesin late May and June, we limited our sampling to nine transects
(64% of total length) which were representative of the other transects. We made one pass along
each transect, except at the large shallow areas where we made two to four passes. For transects
along the south and east shores, we passed parallel to shore where the water depth was
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approximately 1.5-4 m. Along the west shore, which has numerous boat docks, we shocked the
perimeter of each accessible boat dock, where water depths sampled ranged from 1-7 m.

In addition to boat el ectrofishing, beach seining was aso conducted in 1995. We used a
30-m-long beach seine with a maximum depth of 2 m in the wings and 2.4 m in the middle (bag).
The wings were made of 20-mm stretch mesh and the bag was made of 6-mm stretch mesh.
Beach seining was conducted at eight sites in the south end of Lake Washington. The seine was
deployed from a 7-m work boat. All sampling occurred at night. Initially each site was sampled
once and, time permitting, a second haul was conducted. Beach seining was conducted once
every two to three weeks from February 2 to May 31, 1995.

In 1996, predatory fish were also collected by gill nets. Variable mesh, sinking, horizontal
gill netswere set in the littoral zone, perpendicular to the shoreline. Each net was 42.7 m long,
1.8 m deep, and consisted of 6 panels of white polyfilament mesh. Stretched mesh size ranged
from 3.8t0 10.2 cm in 1.3 cmincrements. Nets were generally deployed just before dusk. Nets
were checked every 2-3 hours, the catch removed, and then the nets were immediately redeployed
in approximately the same location. Gill netting was terminated at dawn. A gill net was set at
each of two sites, 1) Cedar River delta and 2) west shore (approximately 1,200 m from the Cedar
River). Gill nets were deployed once every two to three weeks from March 14 to May 28, 1996.

In 1997, we aso used backpack electrofishing equipment to collect additional cottids.
Cottids are often difficult to sample with boat el ectrofishing equipment because they can be
difficult to see, especialy in turbid conditions, and the large dip nets are difficult to maneuver
around cobble and boulders where cottids often occur. Sampling in shallower water and using
small dip nets, we were able to more efficiently collect large numbers of cottids; however, we
were only able to effectively samplein water < 1.2 m deep. We selected four sites to collect
cottids, three sites along cobble/gravel shoreline and one along a sand/mud shoreline. Sampling
was done every three to four weeks from February through April.

Fish processing and laboratory analysis of stomach samples were the same as described in
Chapter 1. Genetic analysis was also done on unidentified salmonid prey greater than 32 mm FL
(see Chapter 1). Similar to Chapter 1, consumption rates were calculated two separate ways; a
bi oenergetics method (Hanson et al. 1997) and a simple meal-turnover method adapted from
Adamset a. (1982). We used a smallmouth bass bioenergetics model suggested by Petersen et al.
(2000). The model was originally developed by Roell and Orth (1993) and later refined by
Petersen et al. (2000). We used the largemouth bass model of Rice et a. (1983). For prickly
sculpin, we used a bioenergetics model developed by Moss (2001). Growth of cutthroat trout was
taken from Nowak (2000). Prickly sculpin age and growth was based on information from
Rickard (1980). We used data collected in the LWSC (see Chapter 3) to approximate the age and
growth of smallmouth bass and largemouth bass in the south end of Lake Washington.

Digestion equations used in the meal-turnover method for salmonids and cottids are

described in Chapter 1. For smallmouth bass and largemouth bass we used the following equation
from Rogers and Burley (1991),
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E — S(l_e-0.0lZS e )1.95

E = grams evacuated in 24 h; S=meal weight (g); T = temperature (°C); W = predator weight (g).

Popul ation estimates for salmonids were based on a single mark-recapture effort
conducted on May 1-3, 1995 (Tabor and Chan 1996b). Estimates were adjusted to account for
shoreline areas not sampled. Monthly estimates were also calculated based on differencesin catch
per unit effort between May and other months. For smallmouth bass, we used a multiple mark-
recapture population estimate. Smallmouth bass were marked and recaptured from February to
June, 1995. Because too few largemouth bass were collected to do a mark-recapture estimate, we
estimated their population size on the ratio in catch per unit effort between largemouth bass and
smallmouth bass times the population size of smallmouth bass. Cottid population estimates were
based on backpack electrofishing catch rates from 1997 sampling (Tabor et al. 1998). Catch per
shoreline length was determined for sand/gravel shorelines and cobble/gravel shorelines.
Electrofishing effort consisted of one pass along the shoreline. To estimate the total number of
cottids present along the shoreline, we used a catch efficiency estimate that was based on data
from mark-recapture work in the Cedar River (Tabor et al. 1998). We estimated that 18% of the
cottids were captured on the first pass. Mark-recapture work in the Cedar River was conducted
along low velocity shoreline sites and thus these sites were somewhat similar to shoreline sitesin
Lake Washington. Shoreline sections of south Lake Washington was categorized by the dominant
substrate as either sand/gravel, cobble/gravel, rip rap(boulders), or mixed. The mixed shoreline
was large areas that had a mix of al substrate types. This category was used for shoreline along
residential homes. We used the same number of cottid per shoreline for cobble/gravel asrip rap.
For mixed shorelines, we used an intermediate val ue between sand/gravel and cobble/gravel. The
total length of each shoreline type within the study area was estimated. A population estimate was
then determined for each shoreline type and added together to calculate atotal population size.

RESULTS

In the three 