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APPENDIX 12A
Aquatic Species Life Histories
12A.1 Description of Aquatic Species of Primary Management
Concern within the Extended, Secondary, and Primary Study Areas
This appendix provides additional information on the life history characteristics of the target aquatic
species assessed in the Sites Reservoir Project (Project) Environmental Impact Report/Statement
(EIR/EIS). This information is intended to provide a more holistic understanding of how these species use
the water bodies influenced by changes in operation of the Central Valley Project (CVP) and State Water
Project (SWP)UC attributable to the Project and to help clarify relationships that provide the logical
foundation for conclusions regarding the potential environmental consequences associated with Project
implementation. This appendix addresses the following species:
•

Chinook Salmon
−
−
−
−

•

Steelhead
−
−

•
•
•
•
•
•
•
•
•
•
•
•
•
•

Central Valley Winter-run Chinook Salmon
Central Valley Spring-run Chinook Salmon
Central Valley Fall-run and Late Fall-run Chinook Salmon
Upper Klamath and Trinity Rivers Spring-run Chinook Salmon

Central Valley Steelhead
Klamath Mountains Province Steelhead

Coho Salmon
Green Sturgeon
Delta Smelt
Longfin Smelt
Pacific Lamprey
River Lamprey
Sacramento Splittail
Hardhead
Eulachon
Southern Resident Killer Whale
White Sturgeon
Striped Bass
American Shad
Black Bass

12A.1.1

Chinook Salmon (Oncorhynchus tshawytscha)

Chinook salmon are anadromous (they spend much of their lives in the ocean and return to fresh water as
adults to spawn). There are four runs of Chinook salmon found in the Primary, Secondary, and Extended
study areas: winter-run, spring-run, fall-run, and late-fall-run.
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All four runs are found in the Sacramento River watershed. Only fall-run and spring-run are found in the
Trinity River watershed. The Feather River downstream of the Fish Barrier Dam supports spring- and
fall-run. The American River downstream of Nimbus Dam and the San Joaquin River system support
fall-run. Winter-run and spring-run are the two runs protected pursuant to the federal Endangered Species
Act (FESA) and the California Endangered Species Act (CESA). Life history characteristics that
differentiate the salmon runs include the time of year that adults return to fresh water to spawn, and state
of sexual maturity upon arrival to the streams where they were born (natal streams). Table 12A-1 shows
the timing of spawning and the early life stages of Sacramento River Chinook salmon upstream of
Hamilton City.
The major factors that limit the range and abundance of Chinook salmon are flow, water temperature,
barriers to upstream migration, habitat quality, entrainment in water diversions, and ocean conditions.
Climate change and its impact on water temperature, hydrology, and ocean conditions will have
potentially substantial effects on Chinook salmon populations in the future.
Chinook salmon exhibit two generalized freshwater life history types (Healey, 1991). “Stream-type”
Chinook salmon enter fresh water months before spawning and reside in fresh water for one year or more
following emergence, whereas “ocean-type” Chinook salmon spawn soon after entering fresh water and
migrate to the ocean within their first year. Table 12A-2 summarizes monitoring data for juvenile
Chinook salmon and shows the migration timing for the runs of Chinook salmon at points along the river.
The majority of juvenile Chinook salmon migrate downstream in the Sacramento River when flow and
turbidity are high.
12A.1.1.1 Central Valley Winter-run Chinook Salmon
Status
The California-Nevada chapter of the American Fisheries Society petitioned the National Marine
Fisheries Service (NMFS) to list the run as a threatened species in 1985 (AFS, 1985) and, following a
dangerously low year-class in 1989, NMFS issued an emergency listing for Sacramento River winter-run
Chinook Salmon as a threatened species (Federal Register, 1989); the California Fish and Game
Commission listed the winter run as endangered in the same year. After several years of low escapements
in the early 1990s, the status of winter-run was changed from threatened to endangered by NMFS in
1994, which was reaffirmed in 2005 and 2011 (Federal Register, 1994a, 2005b; NMFS, 2011).
Critical habitat was designated for winter-run Chinook salmon on June 16, 1993 (Federal Register,
1993a) and includes the Sacramento River from Keswick Dam downstream to Chipps Island at the
westward margin of the Delta; all waters from Chipps Island westward to the Carquinez Bridge, including
Honker Bay, Grizzly Bay, Suisun Bay, and the Carquinez Strait; all waters of San Pablo Bay westward of
the Carquinez Bridge; and all waters of San Francisco Bay (north of the San Francisco-Oakland Bay
Bridge) to the Golden Gate Bridge (Figure 12A-1). Critical habitat includes the river water, river bottom,
and the adjacent riparian zone.
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Table 12A-1
Life Stage Occurrence of Chinook Salmon and Steelhead in the Sacramento River

Adult Migration

Life Stage

Species

Jan

Feb

Mar

Winter-run Chinook

Apr

May

Jun

Spawning

Sept

Oct

Nov

X

Fall-run Chinook

X

Late-Fall-run Chinook

X

Steelhead

X
X

Spring-run Chinook

X

Fall-run Chinook
Late-Fall-run Chinook
Steelhead

Egg Incubation

Aug

Spring-run Chinook

Winter-run Chinook

X
X
X

Winter-run Chinook
Spring-run Chinook
Fall-run Chinook
Late-Fall-run Chinook
Steelhead
Winter-run Chinook

Juvenile
Rearing &
Migration

Jul

Spring-run Chinook
Fall-run Chinook
Late-Fall-run Chinook
Steelhead

Note:
Shading indicates the duration/timing of migration, spawning, and egg incubation, while ‘x’ indicates the peak timing.
Source: Hallock, 1989, Vogel and Marine, 1991
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Table 12A-2
Juvenile Chinook Salmon Migration Timing at Monitoring Stations on the Sacramento River
Species
Winter-run

Location

Jan

Feb

Mar

Apr

May

Jun

RBDD

Jul

Aug

Sept

Oct

Nov

X

XX

XX

X

X

XX

X

GCID
Spring-run

RBDD

XX

GCID
Fall-run

Knights Landing

X

RBDD

X

Knights Landing

XX

XX

GCID
Late-Fall-run

XX

Dec

XX

RBDD

XX

X

X

XX

X

X

X

X

X

XX

XX

XX

X
XX

X

XX
X

X

X

Average lengths (mm)
GCID
Knights Landing

XX
XX

XX

Average lengths (mm)
Notes:
XX = High Abundance
X = Moderate Abundance
= Low Abundance
GCID = Glenn-Colusa Irrigation District
mm = millimeter
RBDD = Red Bluff Diversion Dam
Source: CDFG, 2005; USFWS, 2002; CDFG, 2000a
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Dam construction has greatly diminished the range of winter-run Chinook salmon. Historically,
winter-run used winter high flows during their migration to access the headwaters of the Sacramento
River, such as the upper Sacramento, McCloud, Pit, and Fall rivers (Figure 12A-1). The upper reaches of
Battle Creek also may have supported winter-run before the development of hydroelectric dams.
Winter-run Chinook salmon may have also ascended into the upper reaches of the Feather and American
rivers (Yoshiyama et al., 2001). Since the construction of Shasta Dam, winter-run Chinook salmon have
been confined to the mainstem Sacramento River and Battle Creek (Figure 12A-1).
In contemporary records, there have been fewer winter-run Chinook salmon than either spring-run or
fall-run. The number of returning adult winter-run Chinook salmon in the Sacramento River has
decreased since 1969 (NMFS, 2009a). Winter-run Chinook salmon adult returns have declined from
approximately 120,000 in the mid- to late-1960s to a few hundred in the early 1990s. Beginning in the
mid-1990s and continuing through 2006, adult escapement showed a trend of increasing abundance,
approaching 20,000 fish in 2005 and 2006. However, recent population estimates of winter-run Chinook
Salmon spawning upstream of the RBDD have declined since the 2006 peak. The escapement estimate for
2007 through 2014 has ranged from a low of 738 adults in 2011 to a high of 5,959 adults in 2013. The
escapement estimate of 738 adults in 2011 was the lowest total escapement estimate since the all-time low
escapement estimate of 144 adults in 1994 (California Department of Fish and Wildlife [CDFW], 2014).
Factors that likely led to past increases in abundance include improved freshwater and marine habitat,
changes in hatchery production, restricted commercial harvest, improvements to Shasta Dam operations,
decreases in the length of time that the RBDD gates were in, and changes to operations at the CVP and
SWP Delta pumping plants (NMFS, 2009a). Poor ocean productivity (Lindley et al., 2009), drought
conditions from 2007 to 2009, and low in-river survival (NMFS, 2011) are suspected to have contributed
to the recent decline in escapement of adult winter-run Chinook Salmon.
General Biology and Life History
Adult Migration and Holding
Historically, adequate stream flows were necessary to allow adult passage to holding habitat in the upper
reaches of spawning streams and rivers, and high flows likely continue to be an important queue for
adults holding in the San Francisco bay to begin migration. The preferred temperature range for upstream
migration is 38 degrees Fahrenheit (ºF) to 56ºF (CDFG, 1998), but water temperatures between 57ºF and
67ºF are suitable (NMFS, 1997).
Adult winter-run Chinook salmon enter San Francisco Bay from November through June (Hallock and
Fisher, 1985) and migrate past RBDD from mid-December through early August (NMFS, 1997). The
majority of the run passes RBDD from January through May, and peaks in mid-March (Hallock and
Fisher, 1985). The timing of migration may vary somewhat because of changes in river flows from dam
operation and runoff. In recent years, upstream passage of winter-run adults at RBDD was addressed by
raising the gates between September 15 and May 15, which encompasses the vast majority of the
upstream migration period for winter-run Chinook Salmon. As of 2012, the gates at RBDD are open yearround to allow for upstream passage.
Adults hold in deep cold pools until they are sexually mature and ready to spawn in spring or summer.
This trait distinguishes winter-run salmon from the other Central Valley runs. Winter-run hold in the
Sacramento River mostly between Bend Bridge and Keswick Dam (NMFS, 1997) where the river is
confined between natural bluffs and volcanic formations, and the pools are between 20 and 60 feet deep.
SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-6

Appendix 12A: Fish Species Life Histories

Adult winter-run Chinook Salmon require large, deep pools with flowing water for summer holding,
tending to hold in pools with depths greater than 4.9 feet (greater than 1.5 m) that contain cover from
undercut banks, overhanging vegetation, boulders, or woody debris (Lindsay et al., 1986), and have water
velocities ranging from 0.5 to 1.2 feet/s (15 to 37 centimeters per second [cm/s]) (Marcotte, 1984).
In general, adult Chinook Salmon appear capable of migrating upstream under a wide range of
temperatures. In holding areas, water temperatures between 55ºF and 56ºF are ideal for gamete (male and
female sexual reproductive cells) development and egg viability. Suitability for holding adults begins to
decline when water temperatures are higher than 60ºF (NMFS, 1997; California Department of Water
Resources [DWR], 1988). Temperatures higher than 69.8ºF begin to cause mortality (McCullough, 1999)
and are lethal when greater than 80.6°F (Moyle et al., 1995). During the period that adults are holding,
late spring and summer water temperatures are dependent on the volume of coldwater storage and
releases to the Sacramento River.
Spawning and Egg Incubation
The onset of spawning begins in late April, peaks in May and June, and usually subsides by mid-August
(NMFS, 1997). When compared to the other runs of Chinook salmon, winter-run Chinook salmon may
select deeper spawning sites over seemingly equally suitable shallow sites. Winter-run Chinook salmon
have been observed spawning at depths in excess of 21 feet in Lake Redding (NMFS, 1997). Most
winter-run Chinook salmon spawn in the Redding area of the Sacramento River (CDFG, 2007). With the
changes in RBDD gate operations, volitional spawning below RBDD is negligible in most years. Since
fish passage improvements were completed at the ACID Dam in 2001, winter-run Chinook Salmon
spawning has shifted upstream. The majority of winter-run Chinook Salmon in recent years (i.e., more
than 50 percent since 2007) spawn in the area from Keswick Dam to the ACID Dam (approximately 5
miles) (NMFS, 2009a).
Chinook salmon spawn in gravel bedded areas in rivers and creeks with moderate flow and depths
typically greater than 9.5 inches (Allen and Hassler, 1986). Upon finding a suitable site, the female
excavates the nest (known as a redd), deposits her eggs, and pushes gravel over them once they have been
fertilized by the male. Gravels free of excessive fine sediment (less than 5 percent sand, silt, and clay) that
allow movement of water through the egg pockets are important for egg development and survival.,
Water circulation through the egg pocket delivers oxygen and removes metabolic waste (Platts et al.,
1979; Reiser and Bjornn, 1979). It is also important that excess sediment does not block the emergence of
fry from the gravel (Allen and Hassler, 1986). After spawning, Chinook salmon die, often within a few
days.
Dams reduce the suitability of spawning habitat by capturing sediment and reducing high flow events.
The capture of sediment behind dams causes the streambed in spawning areas to coarsen and Chinook
salmon are unable to excavate redds in the large cobble that remains. The loss of regular high flows,
which scour the streambed, causes fine sediment to clog the spaces between cobbles. The cobbles and fine
sediment that comprise the bed eventually become locked together and difficult or impossible to excavate
by spawning Chinook salmon.
Eggs develop in the gravel in approximately 40 to 60 days, where they remain for another four to six
weeks until the yolk sac is completely absorbed. The rate of development increases with increasing water
temperature (NMFS, 1997). Appropriate temperatures for incubation are between 42ºF and 56ºF; 52ºF is
ideal (DWR, 1988). At 57.5ºF, significant mortality begins to occur, and total mortality results at 62ºF
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(DWR, 1988; NMFS, 1997). Following absorption of the yolk sac, fry begin to emerge from the gravel
(Allen and Hassler, 1986). Emergence occurs from mid-June through mid-October. Post-emergent fry
inhabit calm shallow waters with fine substrates and depend on fallen trees, undercut banks, and
overhanging riparian vegetation for refuge (Healey, 1991). During the post-emergent fry (< 45mm fork
length) and juvenile stages, water temperatures generally between 53ºF and 57ºF are beneficial
(NMFS, 1997; DWR, 1988). A water temperature of 60ºF is considered the upper temperature limit for
juvenile Chinook growth and rearing (NMFS, 1997).
Juvenile Rearing and Migration
Winter-run fry emerge from the spawning gravels from mid-June through mid-October (NMFS, 1997).
Because spawning is concentrated upstream in the reaches below Keswick Dam, the entire Sacramento
River can serve as a nursery area for juveniles as they migrate downstream. Emigrating juvenile
Sacramento River winter-run Chinook Salmon pass the RBDD beginning as early as mid-July, typically
peaking in September, and can continue through March in dry years (Reclamation, 1991; NMFS, 1997).
Many juveniles apparently rear in the Sacramento River below RBDD for several months before they
reach the Delta (Williams, 2006). From 1995 to 1999, all Sacramento River winter-run Chinook Salmon
outmigrating as fry passed the RBDD by October, and all outmigrating presmolts and smolts passed the
RBDD by March (Martin et al., 2001).
Riparian zones on the Sacramento River are considered essential for the conservation of winter-run
Chinook salmon because they provide important areas for fry and juvenile rearing. For example, studies
of Chinook salmon smolts in the middle reaches of the Sacramento River found higher densities in natural
eroding bank habitats with woody debris than other habitat types (U.S. Fish and Wildlife Service
[USFWS], 2000). Dams have impacted juvenile Chinook salmon habitat. Dams block the recruitment of
woody debris, and management of releases for irrigation and flood management can disrupt the hydraulic
and geomorphic processes necessary to establish riparian forest (SRCAF, 2003).
Optimal rearing habitat includes abundant instream cover, such as undercut banks, submerged and
emergent vegetation, logs, roots, and dense riparian vegetation. These features provide cover from
predators and an abundant supply of invertebrate and larval fish prey. Before becoming independent
swimmers, fry also depend on calm shallow areas among these features to avoid getting swept
downstream (CDFG, 1998). Ephemeral habitats, such as floodplains and the lower reaches of small
streams, are also very important to rearing Chinook salmon (Maslin et al., 1997; Sommer et al., 2001a).
These areas can be much more productive than the main channel and provide a safe haven from predatory
fish (examples are the Cosumnes River Floodplain [Swenson et al., 2001] and the Yolo Bypass [Sommer
et al., 2001a]). It remains unclear whether these differences in feeding and growth translate into improved
survival., The use of side channels and low gradient floodplains also subjects juveniles to stranding when
high flows subside quickly (NMFS, 1997). In the intertidal zone, mudflats and tule marshes become
important habitat for juveniles during high tides. In the Suisun Marsh, Chinook salmon fry tend to remain
close to the banks and vegetation, near protective cover, and in dead-end tidal channels (Moyle et al.,
1986).
Delta and Estuarine Rearing
Juvenile winter-run Chinook salmon occur in the Sacramento-San Joaquin Delta from primarily
November through early May based on data collected from trawls in the Sacramento River at West
Sacramento, although the overall timing may extend from September to early May (NMFS, 2011). The
timing of migration varies somewhat because of changes in river flows, dam operations, seasonal water
SITES RESERVOIR PROJECT DRAFT EIR/EIS
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temperatures, and hydrologic conditions (water year type). Winter-run Chinook Salmon juveniles remain
in the Delta until they are between 5 and 10 months of age, after reaching a fork length of approximately
118 mm. Distinct emigration pulses from the Delta appear to coincide with periods of high precipitation
and increased turbidity (Del Rosario et al., 2013).
The entire population of the Sacramento River winter-run Chinook Salmon passes through the Delta as
migrating adults and emigrating juveniles. Because winter-run Chinook Salmon use only the Sacramento
River system for spawning, adults are likely to migrate upstream primarily along the western edge of the
Delta through the Sacramento River corridor. Juveniles likely use a wider area within the Delta for
migration and rearing than adults; juvenile winter-run salmon have been collected at various locations in
the Delta, including the SWP and CVP south Delta export facilities. Studies using acoustically tagged
juvenile and adult Chinook Salmon are ongoing to further investigate the migration routes, migration
rates, reach-specific mortality rates, and the effects of hydrologic conditions (including the effects of
SWP/CVP export operations) on salmon migration through the Delta. Tagging studies have indicated that
juvenile salmon entering the interior Delta via the Delta Cross Channel and Georgiana Slough survive at a
lower rate than fish migrating within the Sacramento River (Newman and Brandes, 2010; Perry et al.,
2010, 2012). Juvenile winter-run Chinook Salmon likely inhabit Suisun Marsh for rearing and may
inhabit the Yolo Bypass when flooded, although use of these two areas is not well understood.
There is little information regarding the residence of the juvenile winter-run Chinook salmon in the
estuary downstream of the Delta. Juveniles usually spend approximately 40 days migrating through the
estuary to marine waters, and demonstrate little or no real estuarine dependence in their growth and
development (MacFarlane and Norton, 2002).
Nearshore and Marine Residence
Winter-run Chinook salmon begin entering the ocean from January through June. Before entering the
ocean and estuary, juveniles undergo a physiological change known as smoltification that allows them to
thrive in the ocean’s saltwater environment. Winter-run Chinook salmon mature primarily at age three (67
percent) and two (25 percent). The remaining eight percent are four+ year olds (NMFS, 1997;
Fisher, 1994).
Information on winter-run Chinook ocean distribution is scarce. The data are derived from commercial
fisheries, and are biased in favor of locations where fisheries activities occur. Returns from marked
winter-run Chinook salmon indicate that most winter-run salmon caught in the ocean are landed between
Monterey and Fort Bragg. Mixed results make it difficult to tell if any winter-run Chinook salmon were
landed north of Fort Bragg (Hallock and Fisher, 1985). Regardless, it is believed that winter-run Chinook
salmon, similar to all Central Valley Chinook salmon, remain localized primarily in California coastal
waters. The timing of the onset of ocean upwelling is critical for juvenile salmon that migrate to the ocean
in the spring. Juveniles can grow rapidly, and survival is good if upwelling is well-developed when they
reach the ocean. If upwelling is not well-developed or is delayed, growth and survival can be poor
(NMFS, 2009b).
12A.1.1.2 Central Valley Spring-run Chinook Salmon
Status
The Central Valley spring-run Chinook salmon Evolutionarily Significant Unit (ESU) is listed as a
threatened species pursuant to both CESA and FESA. The State and federal listing decisions were
finalized in February 1999 and September 1999, respectively. The federal listing was reaffirmed in 2005
SITES RESERVOIR PROJECT DRAFT EIR/EIS
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when critical habitat for Central Valley spring-run Chinook salmon was designated on September 2, 2005
in the Sacramento River Watershed (Federal Register, 2005b). Spring-run Chinook salmon also occur in
the Trinity River downstream of Lewiston Dam. Spring-run in the Trinity River are included in the upper
Klamath and Trinity Evolutionarily Significant Unit (ESU) and are not listed pursuant to FESA or CESA,
but were proposed for listing in 1998.
Designated critical habitat for Central Valley spring-run Chinook Salmon includes stream reaches of the
American, Feather, Yuba, and Bear rivers; tributaries of the Sacramento River, including Big Chico,
Butte, Deer, Mill, Battle, Antelope, and Clear creeks; and the main stem of the Sacramento River from
Keswick Dam through the Delta. Designated critical habitat in the Delta includes portions of the Delta
Cross Channel, Yolo Bypass, and portions of the network of channels in the northern Delta. Critical
habitat for spring-run Chinook Salmon was not designated for the Stanislaus or San Joaquin rivers. A map
of spring-run critical habitat is shown in Figure 12A-2. Critical habitat includes the river, river bottom,
and the adjacent riparian zone.
Spring-run Chinook salmon populations once occupied the headwaters of all major river systems in the
Sacramento-San Joaquin Basin up to any natural barrier (Yoshiyama et al., 2001). Historically, they were
widely distributed in streams of the Sacramento-San Joaquin basin, spawning and rearing over extensive
areas in the upper and middle reaches (elevations ranging from 1,400 to 5,200 feet [450 to 1,600 m]) of
the San Joaquin, American, Yuba, Feather, Sacramento, McCloud, and Pit rivers (NMFS, 1998). Spring
Chinook Salmon runs in the San Joaquin River were extirpated in the mid- to late 1940s following the
closure of Friant Dam and diversion of water for agricultural purposes to the San Joaquin Valley.
Approximately 72 percent (1,066 miles) of available salmon spawning, holding, and rearing habitat have
been lost due to the construction of dams, barriers, and the dewatering of streams in the Sacramento-San
Joaquin Basin. In general, spring-run Chinook Salmon that are most genetically similar to the runs that
occurred historically in the Sacramento basin are currently confined to spawning primarily in Deer, Mill,
and Butte creeks, with perhaps a few spawning in the mainstem Sacramento River (Figure 12A-2)
(Yoshiyama et al., 2001).
Spring-run were at least the second most abundant run in the Central Valley prior to the 20th century
(CDFG, 1998) and may have been the most abundant (NMFS, 1997). The Central Valley river drainages
are estimated to have supported spring Chinook salmon runs as large as 600,000 fish in the early 1880s.
Spring-run Chinook Salmon have since declined to remnant populations totaling a few thousand fish,
sometimes approaching 30,000 to 40,000 in good years (Mills and Fisher, 1994; NMFS, 1999).
Populations of spring-run Chinook Salmon in Butte Creek have increased since the 1990s, and Butte
Creek currently has the largest naturally spawning spring-run population (CDFW, 2014). A few naturally
spawning fish are also present in Battle, Clear, Cottonwood, Antelope, Mill, Deer, and Big Chico creeks
(CDFW, 2014).
There have been many restoration efforts focused on spring-run recovery, including gravel augmentation
and channel restoration on Clear Creek and improvement of fish passage with the construction or
reconstruction of fish ladders and the removal of dams on Mill, Deer, Butte, Battle, and Clear creeks.
Regulatory agencies have also negotiated agreements with hydroelectric plant operators and water
agencies to increase flows during holding and spawning periods. Restrictions on ocean harvest to protect
winter-run Chinook Salmon, as well as improved ocean conditions, have likely had a positive impact on
spring-run Chinook Salmon adult returns to the Central Valley.
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General Biology and Life History
Adult spring-run Chinook Salmon may return between the ages of 2 to 5 years. Historically, adults of this
run are believed to have returned predominantly at ages 4 and 5 years at a large size. Most spring-run
Chinook Salmon now return at age 3, although some portion returns at age 4 (Fisher, 1994, McReynolds
et al., 2005) probably because of intense ocean harvest (which removes the largest fish from the
population and selects for fish that spend fewer years at sea). In 2003, an estimated 69 percent of the
spring run in Butte Creek returned at age 4 (Ward et al., 2004); however, in most years, the proportion of
age 4 adults is much smaller.
Adult Migration and Holding
Adult Central Valley spring-run Chinook Salmon begin their upstream migration in late January and early
February (CDFG, 1998) and enter the Sacramento River between February and September, primarily in
May and June (CDFG, 1998; NMFS, 1998). Lindley et al. (2006) reported that adult Central Valley
spring-run Chinook Salmon enter native tributaries from the Sacramento River primarily between midApril and mid-June. In the Sacramento River, upstream migration of spring-run Chinook Salmon overlaps
to a certain extent with that of winter-run Chinook Salmon; and adults from particular runs are not
generally distinguishable from one another by physical appearance alone. In the Klamath (Trinity) River
drainage, adults migrate up the Klamath River from April through August (Snyder, 1931; Strange, 2008).
Adults require large, deep pools with moderate ﬂows for holding over the summer prior to spawning in
the fall. Marcotte (1984) reported that suitability of pools declines at depths less than 7.9 feet (2.4 m) and
that optimal water velocities range from 0.5 to 1.2 feet/s (15 to 37 cm/s). In the John Day River in
Oregon, spring-run adults usually hold in pools deeper than 4.9 feet (1.5 m) that contain cover from
undercut banks, overhanging vegetation, boulders, or woody debris (Lindsay et al., 1986). As a result of
cold water releases from Shasta Reservoir and natural channel characteristics, numerous deep pools with
suitable holding habitat are located between Keswick Dam and Red Bluff (Northern California Water
Association and Sacramento Valley Water Users, 2011). Although there are several deep pools in the
upper Sacramento River that may provide holding habitat for adult spring-run Chinook Salmon, it is not
clear which pools are heavily used.
Water temperatures for adult spring-run Chinook Salmon holding and spawning are reportedly best when
less than 60.8°F (16°C), and are lethal when greater than 80.6°F (27°C) (Boles et al., 1988; CDFG, 1998).
Spring Chinook Salmon in the Sacramento River typically hold in pools below 69.8 to 77°F (21 to 25°C).
Adults may be particularly sensitive to temperatures during July and August, when energy reserves are
low and adults are preparing to spawn.
Spawning and Egg Incubation
The majority of spring-run Chinook Salmon used to spawn upstream in tributaries rather than in the
mainstem Sacramento River. Under historical conditions, it is doubtful that spring-run Chinook Salmon
spawned in the mainstem Sacramento in significant numbers (Lindley et al., 2004). However, the
completion and operation of Shasta Dam reduced water temperatures in the main stem downstream of
Keswick Dam, which permitted spring-run Chinook Salmon to spawn there, resulting in hybridization
with fall-run stocks. Although spring-run Chinook Salmon spawn earlier than fall-run, the timing of
spawning of the two runs overlaps enough that hybridization can occur where they share the same
spawning areas. Where the spring run is now forced to share spawning grounds in the mainstem
Sacramento River with the fall run, fall-run Chinook Salmon may dominate because of their longer
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growth period in the ocean, slightly larger size, and less time spent holding in the stream prior to
spawning.
Hybridization between the two runs has tended to be to the detriment of the spring run life history.
Because of this hybridization with fall-run Chinook Salmon in the mainstem channel, there are considered
to be only three “pure” self-sustaining populations of wild spring-run Chinook Salmon remaining in Deer,
Mill, and Butte creeks. Similar patterns have been observed in the Feather River, where the spring run
historically spawned upstream of the location of Oroville Dam, and where they are now forced to spawn
in the same area as the fall run, as well as in the Yuba and American rivers, where forced sympatry on the
spawning grounds and subsequent hybridization following dam construction led to CDFW concluding
that the spring run was “extinct” in those rivers.
The timing of spring run spawning in the mainstem Sacramento River has shifted later in the year, which
is believed to be a result of genetic introgression with the fall run (Association of California Water
Agencies and California Urban Water Agencies, 1996). Populations in Deer and Mill creeks, which do
not appear to have significantly hybridized with the fall run, generally spawn earlier than those in the
main stem (Lindley et al., 2004). Redd counts have indicated that spring-run Chinook Salmon spawning
typically begins in late August, peaks in September, and concludes in October in both Deer and Mill
creeks (Harvey, 1995; Moyle et al., 1995; Federal Register, 2004a).
In the Feather River, the time of river entry for spring-run Chinook Salmon has apparently shifted to later
in the season, and is now intermediate between timing of entry of spring run into other tributaries and
timing of entry of the fall run. Coded-wire tag data and anecdotal information from anglers indicate that
Feather River fish do not enter fresh water until June or July (Association of California Water Agencies
and California Urban Water Agencies, 1997). Overlap of spring- and fall-run spawning habitat is a
problem in the Feather River and has likely lead to hybridization between the two runs (CDFG, 1998).
In the Sacramento River and its tributaries, egg incubation for spring-run Chinook Salmon extends from
August to March (Fisher, 1994; Ward and McReynolds, 2001). Egg incubation generally lasts between 40
and 90 days at water temperatures of 42.8 to 53.6°F (6 to 12°C) (Vernier, 1969; Bams, 1970; Heming,
1982). At temperatures of 37°F (2.7°C), time to 50 percent hatching can take up to 159 days (Alderdice
and Velsen, 1978). Alevins remain in the gravel for 2 to 3 weeks after hatching while absorbing their yolk
sacs. Emergence from the gravels occurs from November to March in the Sacramento River basin (Fisher,
1994; Ward and McReynolds, 2001). In the Trinity River basin, emergence takes place from March until
early June (West et al., 1990).
Juvenile Rearing and Migration
Fry and juvenile rearing takes place in the natal streams, the mainstem of the Sacramento River,
inundated floodplains (including the Sutter and Yolo bypasses), and the Delta. During the winter, some
spring-run juveniles have been found rearing in the lower portions of non-natal tributaries and intermittent
streams (Maslin et al., 1997; Snider et al., 2001).
Once fry emerge from the gravel, they initially seek areas of shallow water and low velocities while they
finish absorbing the yolk sac (Moyle, 2002). As juvenile Chinook Salmon grow, they move into deeper
water with higher current velocities, but still seek shelter and velocity refugia to minimize energy
expenditures (Healey, 1991). USFWS catches of juvenile salmon in the Sacramento River near West
Sacramento showed that larger juvenile salmon were captured in the main channel and smaller fry were
typically captured along the channel margins (USFWS, 1997).
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The rearing and outmigration patterns exhibited by spring-run Chinook Salmon are highly variable, with
fish rearing anywhere from 3 to 15 months before outmigrating to the ocean (Fisher, 1994). Variation in
length of juvenile residence may be observed both within and among streams (e.g., Butte versus Mill
creeks, [USFWS, 1996]). Some may disperse downstream soon after emergence as fry in March and
April, with others smolting after several months of rearing, and still others remaining to oversummer and
emigrate as yearlings (USFWS, 1996). Scale analysis indicates that most returning adults have emigrated
as subyearlings (NMFS, 1998).
Extensive outmigrant trapping in Butte Creek has shown that spring-run Chinook Salmon outmigrate
primarily as juvenile (age 0+) fish from November through June, with a small proportion remaining to
emigrate as yearlings beginning in mid-September and extending through March, with a peak in
November (Association of California Water Agencies and California Urban Water Agencies, 1997; Hill
and Webber, 1999; Ward et al., 2004). Peak movement of juvenile spring-run Chinook Salmon in the
Sacramento River at Knights Landing generally occurs in December, and again in March. However,
juveniles also have been observed migrating between November and the end of May (Snider and Titus,
2000).
Coded-wire-tag studies conducted on Butte Creek spring-run Chinook Salmon have shown that juveniles
use the Sutter Bypass as a rearing area until it begins to drain in the late winter or spring (Hill and
Webber, 1999). Few juvenile Chinook Salmon are observed in the bypass after mid-May. Five recaptures
indicate that juveniles leaving the Sutter Bypass migrate downstream rapidly and do not use the mainstem
Sacramento River as rearing habitat (Hill and Webber, 1999).
Delta and Estuarine Rearing
Within the Delta, juvenile Chinook Salmon forage in shallow areas with protective cover, such as tidally
influenced sandy beaches and shallow water areas with emergent aquatic vegetation (Meyer, 1979;
Healey, 1980). Very little information is available on the estuarine rearing of spring-run Chinook Salmon
(Federal Register, 2004a). NMFS postulates that, because spring-run Chinook Salmon yearling
outmigrants are larger than fall-run Chinook Salmon smolts, and are ready to smolt upon entering the
Delta, they may spend little time rearing in the estuary (Federal Register, 2004a). Juvenile spring-run
Chinook salmon occur in the Sacramento-San Joaquin Delta from October through early May
(CDFG, 1998).
There is little information regarding the residence of the juvenile Chinook salmon in the estuary
downstream of the Delta. Juveniles usually spend approximately 40 days migrating through the estuary to
marine waters, and demonstrate little or no real estuarine dependence in their growth and development
(MacFarlane and Norton, 2002).
Nearshore and Marine Residence
Information on Chinook ocean distribution is scarce. The data are derived from commercial fisheries, and
are biased in favor of locations where fisheries activities occur. Once in the ocean, spring-run Chinook
Salmon perform extensive offshore migrations before returning to their natal streams to spawn. It is
believed that spring-run Chinook salmon, similar to all Central Valley Chinook salmon, remain localized
primarily in California coastal waters. The timing of the onset of ocean upwelling is critical for juvenile
salmon that migrate to the ocean in the spring. As described for winter-run, upwelling influences juvenile
growth and survival.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-14

Appendix 12A: Fish Species Life Histories

12A.1.1.3 Central Valley Fall-run and Late-Fall-run Chinook Salmon
Status
The Central Valley fall-run Chinook salmon ESU is comprised of two runs: fall and late-fall. NMFS
classifies late fall-run Chinook Salmon as part of the Central Valley fall-run and late fall-run Chinook
Salmon ESU, reasoning that the late fall-run population represents a life-history variation of the fall-run
salmon population rather than a distinct run (Federal Register, 2004b). However, agencies generally treat
late fall-run salmon in the Sacramento River basin as a distinct run, conducting separate carcass and redd
surveys for them, and publishing separate reports to address the fall-run and late fall-run populations.
Following a status review of the Central Valley fall- and late-fall-run Chinook salmon ESU, National
Oceanic and Atmospheric Administration (NOAA) Fisheries determined that listing this ESU as
threatened or endangered was not warranted. Long-term population trends appear generally stable or
increasing; however, it is unclear if natural populations are self-sustaining. Fall- and late-fall run
populations are heavily augmented with hatchery production, and natural fall-run Chinook are not readily
distinguishable from hatchery fall-run Chinook (Federal Register, 1999a). NOAA Fisheries designated
the Central Valley fall-run ESU as a Species of Concern on April 15, 2004 (Federal Register, 2004b). Fall
and late-fall-run Chinook are both California Species of Special Concern (CDFW, 2016).
Fall-run Chinook salmon are the most abundant and widely distributed of the four runs of salmon in the
Sacramento-San Joaquin Basin (CDFW, 2014). In the Sacramento-San Joaquin Basin, abundance of adult
fall-run Chinook salmon has varied from approximately 50,000 to more than 800,000 adults. From 2002
to 2009, the number of adult fall-run returning to the Central Valley and San Joaquin Valley dropped
substantially, but has recovered to near-average levels in recent years (CDFW, 2014). The declines were
largely the result of ocean conditions (Lindley et al., 2009). In the Central Valley, the fall-run range has
not been substantially diminished like that of spring- and winter-run (Figure 12A-3) (Fisher, 1994).
Late-fall-run are less abundant than fall-run and primarily return to the Sacramento River and Battle
Creek. Between 1967 and 1976, late fall-run salmon escapements averaged 22,000 adults (USFWS,
1996); however, between 1977 and 1985, escapements averaged only about 9,900 adults (CDFW, 2014).
Population estimates of late fall-run salmon after 1985 are complicated by changes in RBDD gate
operations, when Reclamation began raising the dam gates during winter months to facilitate the upstream
migration of winter-run Chinook Salmon. Run size estimates for late-fall-run Chinook salmon have
ranged from more than 40,000 to less the 1,000 adults (CDFW, 2014).
General Biology and Life History
Fall- and late-fall-run Chinook salmon are ocean-type Chinook salmon, emigrating predominantly as fry
and sub-yearlings and remaining off the California coast during their ocean migration. The primary
differences between the two runs are related to timing of migration into fresh water, timing of spawning,
timing of juvenile emergence, and length of time juveniles remain in fresh water (Moyle, 2002).
Adult Migration and Spawning
In the Central and San Joaquin valleys, fall-run migrate between June and December, with a peak in
September and October. Spawning begins in late September and October, peaks in November, and
subsides by late December (Vogel and Marine, 1991). Late-fall-run return from the ocean from midOctober through mid-April. Spawning begins in January, peaks in February and March, and subsides by
late April (Vogel and Marine, 1991). Run timing for Trinity River fall-run Chinook salmon is similar to
that of Central Valley fall-run Chinook salmon.
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Fall-run Chinook salmon typically spawn soon after arriving at their spawning grounds between late
September and December, with peak spawning activity in late October and early November. This is in
contrast to both the winter-run and spring-run Chinook salmon that mature in the river over a period of
months. Late-fall-run typically mature in fresh water and begin spawning from 1 to 3 months after
entering the river. Fisher (1994) reports that peak spawning in the Sacramento River occurs in early
February, but carcass surveys conducted in the late 1990s suggest that peak spawning may occur in
January (Snider et al., 1998, 1999, 2000).
Historically, late-fall-run Chinook salmon likely spawned farther upstream than fall-run, where water
temperatures remained tolerable for the juveniles through the summer. However, rivers are generally
higher and more turbid in winter, so late-fall-run adults are hard to observe, and less is known about them
and their historical range than about other runs (Williams, 2006). Spawning in the Sacramento River
occurs primarily from Keswick Dam to the RBDD, but spawning has been observed as far downriver as
Hamilton City (CDFG, 2007). In the San Joaquin Valley, fall-run spawn in the tributaries to the San
Joaquin River (Fisher, 1994).
Fall-run and late fall-run Chinook Salmon are generally able to spawn in deeper water with higher
velocities than Chinook Salmon in other runs because of their larger size (Healey, 1991). Late fall-run
salmon tend to be the largest individuals of the Chinook Salmon species that occur in the Sacramento
River basin (USFWS, 1996).
Juvenile Rearing and Migration
Fall-run Chinook Salmon in the Sacramento River generally exhibit two rearing strategies: migrating to
the lower reaches of the river or Delta as fry, or remaining to rear in the gravel-bedded reach for about 3
months and then smolting and outmigrating. The highest abundances of fry in the Delta are observed in
wet years (Brandes and McLain 2001). Fall-run Chinook Salmon fry rear during a time and in a location
where floodplain inundation is most likely to occur, thereby expanding the amount of rearing habitat
available. Relative survival of fry appears to be higher in the upper Sacramento River than in the Delta or
bay, especially in wet years (Brandes and McClain, 2001). Stream habitat requirements are similar to
those described for spring- and winter-run Chinook salmon.
Fall-run Chinook Salmon juvenile smolt during early spring, prior to increases in water temperatures.
Juvenile Chinook Salmon feed and grow as they move downstream in spring and summer; larger
individuals are more likely to move downstream earlier than smaller juveniles (Nicholas and Hankin
1989, Beckman et al., 1998), and it appears that in some systems juveniles that do not reach a critical size
threshold will not outmigrate, but will remain to oversummer (Bradford et al., 2001).
As fall-run Chinook Salmon fry and parr migrate downstream, they also use the lower reaches of nonnatal tributaries as rearing habitat (Maslin et al., 1997). During periods of high winter and spring runoff,
fall-run Chinook Salmon juveniles are also diverted into the bypasses that border the Sacramento River,
where growing conditions are generally better than mainstem rearing habitats, which can facilitate higher
rates of juvenile survival (Sommer et al., 2001b). Natural floodplain or riparian areas that become
inundated during high flows may also provide good habitat for juvenile Chinook Salmon and prevent
them from being displaced downstream (The Nature Conservancy, 2003).
Research conducted in the Central Valley suggests that seasonally inundated, shallow water habitats may
provide superior rearing habitat for juvenile salmonids than mainstem channels (Sommer et al., 2001b).
Juvenile fall-run salmon migrate downstream between January and June when floodplains and bypasses
SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-17

Appendix 12A: Fish Species Life Histories

are periodically flooded during wet water years. By promoting faster growth, prolonged floodplain
inundation likely helps the fall-run population by increasing juvenile salmon survival.
Late fall-run fry emerge from redds between April and June (Vogel and Marine, 1991) and the juveniles
typically rear in the stream through the summer before beginning their migration in the fall or winter
(Fisher, 1994). Late fall-run juveniles generally leave the Sacramento River by December (Vogel and
Marine, 1991), with peak emigration of smolts in October. Water temperatures in the lower Sacramento
River are often too high in May and June to support fry survival, so later-emerging fry that migrate
downstream likely suffer high rates of mortality and contribute little to the population. This suggests that
a significant fraction of late fall-run juveniles rear in the upper Sacramento River throughout the summer
before emigrating in the following fall and early winter as large subyearlings (Fisher, 1994). Summer
rearing is made possible by the cold water releases from the Shasta-Trinity divisions of the CVP.
Estuarine Rearing
There is little information regarding the residence of the juvenile Chinook salmon in the estuary
downstream of the Delta. Juveniles usually spend approximately 40 days migrating through the estuary to
marine waters, and demonstrate little or no real estuarine dependence in their growth and development
(MacFarlane and Norton, 2002).
Nearshore and Marine Residence
Juvenile fall-run Chinook salmon enter the ocean in spring and stay in nearshore waters in the vicinity of
their natal rivers for the first few months of their lives in the ocean. Following this period, they remain
between central California and southern Washington over the continental shelf. As described for
winter-run, upwelling influences juvenile growth and survival.
12A.1.1.4 Upper Klamath and Trinity Rivers Spring-run Chinook Salmon
Status
The Upper Klamath and Trinity Rivers ESU contains fall-run, late fall-run, and spring-run fish that spawn
in the Klamath and Trinity rivers upstream of the Trinity River’s confluence with the Klamath. Although
wild spring-run Chinook Salmon in the Klamath River system differ from fall-run Chinook Salmon
genetically, as well as in terms of life history and habitat requirements (National Research Council
[NRC], 2004), all are included within this ESU (Myers et al., 1998). The following profile pertains only
to the spring-run, and focuses on the South Fork Trinity River (SFTR), which supports one of the few
remaining stocks of wild spring-run Chinook Salmon within the greater Klamath Basin (Van Kirk and
Naman, 2008).
A status review in 1999 concluded that Upper Klamath and Trinity Rivers ESU did not warrant listing
(NMFS, 1999). A petition to list the Upper Klamath and Trinity Rivers ESU was submitted to NMFS in
January 2011 (CBD et al., 2011); in April 2011, NMFS announced that listing was not warranted. Of
primary importance in their decision was their conclusion that the spring-run and fall-run Chinook
Salmon in the basin constitute a single ESU (Federal Register, 2012a). The genetic structure of Chinook
Salmon populations in coastal basins (as opposed to the Central Valley) indicates that the spring- and fallrun life histories have evolved multiple times in different watersheds (Myers et al., 1998, Waples et al.,
2004). Three hatchery stocks from the Iron Gate and Trinity River hatcheries are considered part of the
ESU because they were founded using native, local stock in the watershed where fish are released
(Federal Register, 2012a).
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General Biology and Life History
General habitat requirements for Chinook Salmon are described earlier; the following describes lifehistory strategies and habitat requirements unique to the spring-run Chinook or of primary importance to
its life history. Spring-run Chinook Salmon display a stream-type life-history strategy—adults migrate
upstream while sexually immature, hold in deep cold pools over the summer, and spawn in late summer
and early fall. Juvenile outmigration is highly variable, with some age 0+ juveniles outmigrating in their
first spring, but others oversummering and then emigrating as yearlings the following spring.
Adult Upstream Migration, Holding, and Spawning
Adults spawn from September through early November in the South Fork Trinity River (State Coastal
Conservancy, 2009). Within the South Fork Trinity River (SFTR) watershed, spring-run Chinook Salmon
spawning takes place primarily between Hitchcock Creek and the East Fork of the SFTR on the mainstem
SFTR, in Plummer Creek, in the mainstem of Hayfork Creek and the lower reaches of Salt and Tule
creeks (U.S. Forest Service [USFS], 2001a; Reclamation, 1994), and possibly Big Creek (Chilcote et al.,
2013). The East Fork of Hayfork Creek is used as summer holding habitat by adults, according to USFS
(2001b), and adults have been observed during August in the lower SFTR below Surprise Creek and
below Mule Bridge (USFS, 2011). In the Trinity River, spring-run start spawning approximately the
second week of September and spawn through mid-October (USFWS and Hoopa Tribe, 1999).
Juvenile Rearing and Migration
Rearing in the SFTR basin takes place in the mainstem SFTR between Hitchcock Creek and the East Fork
of the SFTR (USFS 2001a). This area was noted to be an oversummering area by USFS (2001a). Rearing
also takes place in Plummer Creek (USFS 2001a).
Juvenile spring-run Chinook Salmon of the Upper Klamath and Trinity Rivers ESU generally remain in
fresh water for a year or more. On the South Fork Trinity River, outmigration occurs in late April and
May with a peak in May (Dean 1994, 1995); however, it is not possible to differentiate between spring
and fall juveniles, so spring-run outmigration timing may differ somewhat from the fall run. Age-1
juveniles (Type III) have been found to outmigrate from the South Fork Trinity River during the
following spring (Dean 1994, 1995).
12A.1.2

Steelhead (Oncorhynchus mykiss)

12A.1.2.1 Central Valley Steelhead
Status
The Central Valley Steelhead ESU was listed as a threatened species pursuant to FESA in March 1998
(Federal Register, 1998). In 2004, NMFS proposed that all west coast steelhead ESUs be reclassified to
Distinct Population Segments (DPSs) and proposed to retain Central Valley Steelhead as threatened. In
January 2006, after a status review (Good et al., 2005), NMFS issued its final decision to retain the status
of Central Valley Steelhead as threatened (Federal Register, 2006a). The DPS includes naturally spawned
anadromous O. mykiss (steelhead) populations below natural and manmade impassable barriers in the
Sacramento and San Joaquin rivers and their tributaries, excluding steelhead from San Francisco and San
Pablo bays and their tributaries and those from two artificial propagation programs: the Coleman Nimbus
Fish Hatchery and Feather River Hatchery steelhead hatchery programs.
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Critical habitat was designated on September 2, 2005 (Federal Register, 2005b). Critical habitat for the
Central Valley Steelhead DPS includes stream reaches of the American, Feather, Yuba, and Bear rivers
and their tributaries and tributaries of the Sacramento River including Deer, Mill, Battle, Antelope, and
Clear creeks in the Sacramento River basin; the Mokelumne, Calaveras, Stanislaus, Tuolumne, and
Merced rivers in the San Joaquin River basin; and portions of the Sacramento and San Joaquin rivers.
Designated critical habitat in the Delta includes portions of the Delta Cross Channel Yolo Bypass, Ulatis
Creek, and portions of the network of channels in the Sacramento River portion of the Delta as well as
portions of the San Joaquin, Cosumnes, and Mokelumne rivers and portions of the network of channels in
the San Joaquin portion of the Delta (Figure 12A-4). Critical habitat includes the river, river bottom, and
the adjacent riparian zone. Riparian zones are considered essential for the conservation of steelhead
because they provide important areas for fry and juvenile rearing.
Historically, Central Valley steelhead adult populations may have numbered between one and two million
(McEwan, 2001). Populations of naturally spawned Central Valley Steelhead have declined and are
composed predominantly of hatchery fish. The California Fish and Wildlife Plan of 1965 estimated the
combined annual run size for Central Valley and San Francisco Bay tributaries to be about 40,000 during
the 1950s (CDFG 1965b). The spawning population during the mid-1960s for the Central Valley basin
was estimated at about 27,000 (CDFG 1965a). These numbers likely consisted of both hatchery and wild
steelhead. McEwan and Jackson (1996) estimated the annual run size for the Central Valley basin to be
less than 10,000 adults by the early 1990s. Much of the abundance data since the mid-1960s were
obtained by visual fish counts at the RBDD fish ladders when gates were closed during much of the
steelhead migration season. Current abundance estimates are not available for naturally spawned fish
since RBDD gate operations were changed, so the extent to which populations have changed following
the 1987−94 drought is unknown. NMFS’ (2003) status review estimated the Central Valley Steelhead
population at less than 3,000 adults.
The majority of historical steelhead spawning habitat is now inaccessible because of the construction of
large dams; an estimated 80 percent of the spawning grounds in the Central Valley have been blocked
because of hydropower, flood control, and water supply dams (Figure 12A-4) (CDFG, 1996,
McEwan, 2001; Lindley et al., 2006).
General Biology and Life History
Steelhead are the anadromous form of rainbow trout (McEwan, 2001). Central Valley steelhead are found
in the Sacramento River downstream of Keswick Dam and the major rivers and creeks in the Sacramento
River watershed (Figure 12A-4). Naturally spawning steelhead populations have been found in the upper
Sacramento River and tributaries below Keswick Dam; Battle, Mill, Deer, and Butte creeks; and the
Feather, Yuba, American, and Mokelumne rivers (Comprehensive Monitoring, Assessment and Research
Program for the CALFED Bay-Delta Program, 1998). Steelhead also occur in Stony and Thomes creeks
(McEwan, 2001) and many of the other tributaries to the Sacramento River, including intermittent streams
in the Redding area. The tributary creeks support naturally spawning populations, although Battle Creek
populations are augmented by Coleman National Fish Hatchery. Recent monitoring programs have found
steelhead in additional streams, such as Auburn Ravine, Dry Creek, and the Stanislaus River. It is
possible that naturally spawning populations exist in many other streams but are undetected because of
the lack of monitoring or research programs.
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The populations in the Feather and American rivers are supported primarily by the Feather and Nimbus
hatcheries, respectively. Eel River steelhead were included in the founding stock for the Nimbus
Hatchery, and genetic studies have shown that American River steelhead are more closely related to Eel
River steelhead than Central Valley stocks. In the San Joaquin River system, naturally producing
populations are found in the eastside watersheds.
Steelhead exhibit two life history strategies: (1) stream maturing steelhead (summer steelhead); and (2)
ocean maturing steelhead (winter steelhead) (McEwan, 2001). Stream maturing steelhead typically enter
fresh water in spring, early summer, and fall. They ascend to headwater tributaries, hold over in deep
pools until mature, and spawn in winter. Ocean maturing steelhead typically begin their spawning
migration in fall, winter, and spring, and spawn relatively soon after entering fresh water. Ocean maturing
steelhead generally spawn January through March, but spawning can extend into spring and possibly
early summer months. This variability in life history patterns likely confers a survival advantage,
especially in unstable variable climatic and hydraulic conditions (CDFG, 1996). All steelhead in the
Central Valley are considered winter steelhead (ocean maturing) because spawning takes place a few
weeks to a few months after entering fresh water.
Adult Migration
Central Valley Steelhead generally leave the ocean and migrate upstream from August through March
(Busby et al., 1996), In the Sacramento River, steelhead migrate upstream nearly every month of the year,
with the bulk of migration from August through November and the peak in late September (Hallock et al.,
1961, McEwan, 2001). The peak of migration up the smaller tributary streams usually occurs in
November and again in February (Hallock et al., 1961; Hallock, 1989; CDFG, 1996), with the onset of
higher winter flows.
Spawning
Spawning in the upper Sacramento River generally occurs from December through April (Newton and
Stafford, 2011). The majority of steelhead in the mainstem Sacramento River spawn downstream of
Keswick Dam, with peak spawning from January through March when water temperatures throughout
much of the Sacramento River are suitable to support egg incubation and emergence. The highest-density
spawning within the mainstem is likely in the upstream portion of this area near Redding; however, the
downstream extent of spawning is likely determined by the location of suitable water temperatures to
support summer rearing of 0+ juveniles, which lack the swimming ability to move significant distances
upstream to follow the upstream retreat of cold water in summer. Most Sacramento River steelhead are
believed to spawn in the tributary streams.
Steelhead spawn in areas with suitable gravel and hydraulics. Work by Bovee (1978) found that steelhead
prefer water depths of 14 inches (36 cm) for spawning, with a range between 6 and 24 inches (15 and 61
cm), and water velocities of 2 feet/second (61 cm/second), with a range of 1 to 3.6 feet/second (30 to 110
cm/second), which is similar to the hydraulic conditions preferred by Chinook Salmon in the Central
Valley. Steelhead generally prefer to spawn in gravels, with optimal grain sizes ranging between 0.6 cm
and 10 cm (Bjornn and Reiser 1991). As described for Chinook salmon, substrates with only a small
amount of silt and sand (less than or equal to 5 percent) are important for successful spawning
(CDFG, 1996). Unlike Pacific salmon, not all steelhead die after spawning. Adults may return to spawn
as many as three times, but the percentage that repeat the spawning cycle is generally low (CDFG, 1996).

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-22

Appendix 12A: Fish Species Life Histories

Eggs usually hatch within four weeks, depending on stream temperature (CDFG, 1996). From
observations of more northern populations, preferred water temperatures for spawning and egg incubation
are likely between 39°F and 52°F, and egg mortality likely begins at 56°F (CDFG, 1996; McEwan, 2001;
Reiser and Bjornn, 1979). The yolk sac fry remain in the gravel after hatching for another four to six
weeks (CDFG, 1996) before emerging.
Fry and Juvenile Rearing
Once the fry emerge, they inhabit shallow areas along the stream margin and seem to prefer areas with
cobble substrates (CDFG, 1996). Further into development, juveniles will use a variety of habitats
(CDFG, 1996). Habitat use is affected by the presence of predators, and juvenile steelhead survival
increases when cover, such as wood debris and large cobble, is available (Mitro and Zale, 2002).
For juvenile steelhead to survive winter, they must avoid predation and high flows. Age 0+ steelhead can
use shallower habitats and can find interstitial cover in gravel-size substrates, while age 1+ or 2+
steelhead, because of their larger size, need coarser cobble/boulder substrate for cover (Bustard and
Narver 1975; Bisson et al., 1982, 1988; Fontaine, 1988; Dambacher, 1991). In winter, age 1+ steelhead
typically stay within the area of streambed that remains inundated at summer low flows, while age 0+ fish
frequently overwinter beyond the summer low flow perimeter along the stream margins (Everest et al.,
1986).
Summer habitat can generally be assumed to be more limiting for age 1+ and 2+ juvenile steelhead than
for age 0+ in many streams. Older age classes of juvenile steelhead (ages 1+ and 2+) prefer deeper water
in summer than fry and show a stronger preference for pool habitats, especially deep pools near the
thalweg with ample cover, as well as higher-velocity rapid and cascade habitats (Bisson et al., 1982,
1988; Dambacher, 1991). Fast, deep water, in addition to optimizing feeding versus energy expenditure,
provides greater protection from avian and terrestrial predators (Everest and Chapman 1972).
Juvenile Central Valley steelhead typically migrate to the ocean after spending from one to three years in
fresh water (CDFG, 1996). The majority of returning adult steelhead in the Central Valley have spent 2
years in fresh water before emigrating to the ocean (McEwan, 2001). A scale analysis conducted by
Hallock et al. (1961) indicated that 70 percent emigrated after 2 years, 29 percent after 1 year, and 1
percent after 3 years in fresh water. Juvenile emigration from the upper Sacramento River occurs between
November and late June, with a peak between early January and late March (Reclamation, 2004).
Juvenile Migration
Steelhead do not necessarily migrate at any set age or seemingly at any set season (CDFG, 1996). Some
individuals will remain in a stream, mature, and even spawn without ever going to sea; others will migrate
to sea at less than one year old, and some will return to fresh water after spending less than one year in the
ocean (CDFG, 1996). Juvenile emigration from the upper Sacramento River occurs between November
and late June, with a peak between early January and late March (Reclamation, 2004).
Estuarine Rearing
Estuaries can be important rearing areas for juvenile steelhead, especially in small coastal streams
(CDFG, 1996). The Delta serves as an adult and juvenile migration corridor, connecting inland habitat to
the ocean. The Delta may also serve as a nursery area for juvenile steelhead (McEwan and Jackson,
1996); however, much is unknown regarding historical and current role of the Delta as steelhead nursery
habitat. Summer temperatures are moderated by the marine influence of the nearby San Francisco Bay
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and Pacific Ocean (Lindley et al, 2006). Due to these conditions, residency time in the Delta tends to be
longer for the Central Valley steelhead than other salmonids. During their residency in the Delta,
pumping operations of the CVP and the SWP can have a detrimental impact on smolt escapement to the
ocean (CDFG, 1996). Based on fish facility salvage data, most steelhead move through the Delta from
November through June, with the peak salvage during February, March, and April. The majority of
steelhead salvaged range from 175 to 325 mm, with the most common size ranging from 226 to 250 mm.
12A.1.2.2 Klamath Mountains Province Steelhead
Trinity River steelhead populations are included in the Klamath Mountains Province Steelhead DPS. This
DPS occupies river basins from the Elk River in Oregon to, and including, the Klamath and Trinity rivers
in California. This DPS includes both winter and summer steelhead. Steelhead populations from this
region are genetically distinct from populations to the north and south (NMFS, 1994). After a status
review, NMFS concluded that the Klamath Mountains Province Steelhead DPS was not in danger of
extinction or likely to become so in the foreseeable future; therefore, it was not warranted for listing as
threatened or endangered (Federal Register, 2001).
Long-term data are not available to evaluate Klamath River steelhead population trends. CDFG (1965a)
estimated a basin wide annual run size of 283,000 adult steelhead (spawning escapement + harvest).
Busby et al. (1994) reported winter steelhead runs in the Klamath basin to be 222,000 during the 1960s.
In the Trinity River Basin, returning adults were estimated to number approximately 50,000 in the 1960s.
Hopelain (2001) used creel and gill net harvest data to estimate the winter-run steelhead population at
10,000 to 30,000 adults annually in the early 1980s. Population estimates of summer steelhead showed a
steep decline during the 1990s (Reclamation, 2008), but Koch (2001) reported increasing runs on the
Klamath and Trinity rivers following the late 1990s.
General Biology and Life History
General habitat requirements for steelhead are described in the Central Valley Steelhead profile; the
following describes life history strategies and habitat requirements unique to steelhead of the Upper
Klamath Mountains Province DPS or of primary importance to its life history. Both winter and summer
runs of steelhead are included in the DPS. Winter steelhead become sexually mature during their ocean
phase and spawn soon after arriving at their spawning grounds. Adult summer steelhead enter their natal
streams and spend several months holding and maturing in fresh water before spawning. Throughout the
entire year, at least one of the diverse life stages can be found present in the river (Israel, 2003). As with
the Central Valley DPS, this DPS is composed predominantly of winter steelhead.
In addition to runs of adult steelhead, the Klamath and Trinity rivers also support a run of immature
steelhead known as “half-pounders”, which spend 2 to 4 months in the ocean before returning to the river
in late summer and early fall (Barnhart, 1986). Half-pounders feed extensively in fresh water and are
highly prized by sport anglers. Half-pounders overwinter in the river without spawning before returning
to the ocean, and then return as mature adults during subsequent migrations. Half-pounders have a very
limited geographic distribution and are known to exist only in the Rogue, Klamath-Trinity, Mad, and Eel
river systems.
Winter-Run
Winter steelhead adults generally enter the Klamath River from July through October (fall run) and from
November through March (winter run) (USFWS, 1997). Winter steelhead primarily spawn in tributaries
from January through April (USFWS, 1997), with peak spawn timing in February and March (ranging
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from January to April) (NRC, 2004). Adults may repeat spawning in subsequent years after returning to
the ocean. Half-pounders typically use the mainstem Klamath River until leaving the following March
(NRC, 2004), although they also use larger tributaries such as the Trinity River (Dean 1994, 1995).
Fry emerge in spring (NRC, 2004), with fry observed in outmigrant traps in Bogus Creek and Shasta
River from March through mid-June (Dean, 1994). Age-0+ and 1+ juveniles have been captured in
outmigrant traps in spring and summer in tributaries to the Klamath River above Seiad Creek (CDFG,
1990a, 1990b). These fish are likely rearing in the mainstem or non-natal tributaries before leaving as
age-2+ outmigrants.
Juvenile outmigration primarily occurs between May and September with peaks between April and June,
although smolts are captured in the estuary as early as March and as late as October (Wallace, 2004).
Most adult returns (86 percent) originate from fish that smolt at age 2+, in comparison with only 10
percent for age-1 juveniles and 4 percent for age 3+ juveniles (Hopelain, 1998).
Summer-Run
Summer steelhead adults enter and migrate up the Klamath River from March through June while
sexually immature (Hopelain, 1998), then hold in cooler tributary habitat until spawning begins in
December (USFWS, 1997).
Juvenile summer steelhead in the Klamath Basin may rear in fresh water for up to 3 years before
outmigrating. Although many juveniles migrate downstream at age 1+ (Scheiff et al., 2001), those that
outmigrate to the ocean at age 2+ appear to have the highest survival (Hopelain, 1998). Juveniles
outmigrating from tributaries at age 0+ and age 1+ may rear in the mainstem or in non-natal tributaries
(particularly during periods of poor water quality) for 1 or more years before reaching an appropriate size
for smolting. Age-0 juvenile steelhead have been observed migrating upstream into tributaries, offchannel ponds, and other winter refuge habitat in the lower Klamath River. Juvenile outmigration can
occur from spring through fall. Smolts are captured in the mainstem and estuary throughout fall and
winter (Wallace, 2004), but peak smolt outmigration normally occurs from April through June, based on
estuary captures (Wallace, 2004). Temperatures in the mainstem are generally suitable for juvenile
steelhead, except during summer, especially upstream of Seiad Valley.
12A.1.3

Southern Oregon/Northern California Coast Coho Salmon ESU
(Oncorhynchus kisutch)

12A.1.3.1 Status
The SONCC Coho ESU includes naturally spawning populations of Coho salmon between Punta Gorda,
California and Cape Blanco, Oregon which includes the Klamath and Trinity rivers. Three artificial
propagation programs are considered to be part of the ESU: the Cole Rivers Hatchery, Trinity River
Hatchery, and Iron Gate Hatchery Coho Salmon programs. The SONCC Coho ESU is listed as threatened
pursuant to FESA (Federal Register, 1997) and CESA (CDFG, 2002a).
Critical Habitat for the SONCC Coho Salmon ESU was designated by NMFS on May 5, 1999 (Federal
Register, 1999b). Critical habitat for the SONCC Coho Salmon ESU encompasses accessible reaches of
all rivers (including estuarine areas and tributaries) between the Mattole River in California and the Elk
River in Oregon. Figure 12A-5 shows SONCC Coho salmon distribution and critical habitat in the
Klamath River and Trinity River basins.
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Coho Salmon were not likely the dominant species of salmon in the Trinity River before dam
construction. However, Coho were widespread in the Trinity Basin ranging as far upstream as Stuarts
Fork above Trinity Dam. Wild Coho in the Trinity Basin today are not abundant, and the majority of the
fish returning to the river are of hatchery origin. An estimated 2 percent (200 fish) of the total Coho
Salmon run in the Trinity River were composed of naturally produced Coho from 1991 through 1995 at a
point in the river near Willow Creek (USFWS, 1998). This, in part, prompted the threatened status listing
in 1997. These estimates included a combination of hatchery produced and wild Coho. About 10 percent
of the Coho were naturally produced since 1995.
The population of Coho salmon has decreased significantly since the 1950s. Coho salmon abundance,
including hatchery stocks, has declined at least 70 percent since the 1960s, and is currently six to
15 percent of its abundance during the 1940s (CDFG, 2004). It is estimated that in the 1940s, between
200,000 and 500,000 Coho returned to central and northern California streams each fall to spawn. Today,
Coho populations in southern Oregon and northern California have fallen to approximately
10,000 naturally produced adults. This decline is reflected in the continued drop in the number of Coho
salmon caught commercially. Commercially caught Coho salmon off the California and Oregon coasts
ranged between 700,000 and three million in the 1970s. Catches in the 1980s and 1990s dropped, with
catches in the 1980s being consistently below one million. Catches averaged less than 400,000 in the
1990s (Legislative Analyst’s Office [LAO], 1997).
According to NMFS, a leading factor in the decline of the Coho salmon is the degradation of its habitat
caused by various economic activities. These activities include timber harvesting, grazing, mining, water
diversions, urbanization, and road and dam construction. Other activities that adversely affect Coho
habitat include streambed alteration, unscreened water diversions, and loss of wetlands. Overfishing also
contributed to the species’ decline (LAO, 1997).
12A.1.3.2

General Biology and Life History

As an anadromous fish, Coho salmon spend most of their lives in the ocean and return to their native
freshwater streams to spawn and die. California Coho salmon have a fairly strict three-year lifecycle, with
approximately half spent in fresh water and half spent in saltwater (Moyle, 2002). Exceptions to the
three-year rule are jack males, which return to fresh water as two-year-olds. The combination of a
three-year lifecycle and a strong homing instinct means that each stream has three distinct Coho salmon
cohorts (groups of fish that hatched during a given spawning season), which are isolated both temporally
and spatially from one another. The jacks (early returning males), however, keep runs from being
genetically isolated from one another, as do rare early returning females (Moyle, 2002).
Adult Migration and Spawning
Coho salmon migrate up and spawn mainly in streams that flow directly into the ocean or tributaries of
large rivers (Moyle, 2002). Adult Coho salmon enter fresh water to spawn from August through January.
On the Klamath and Trinity rivers, Coho salmon begin entering the river in early- to mid-September, and
reach a peak in October to November. On coastal streams most Coho salmon return from November to
January (Moyle, 2002).
The early part of the run is dominated by males, with females returning in greater numbers during the
latter part of the run (Moyle, 2002). Spawning itself occurs mainly in November and December
(USFWS, 1979). Females usually choose spawning sites near the head of a riffle, just downstream of a
pool, where the water changes from a smooth to a turbulent flow and there is a medium to small gravel
SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-27

Appendix 12A: Fish Species Life Histories

substrate (Shapovalov and Taft, 1954). Coho salmon typically spawn in small streams or side channels
where the velocity is 1.0 to 3.4 feet per second and the stream depth ranges between 3.94 and
13.78 inches, depending on the velocity (Briggs, 1953; Bovee, 1978).
Coho salmon also prefer to construct their redds in areas where water upwells through the gravel bed,
eliminating wastes and preventing sediments from filling the spaces between spawning gravel
(CDFG, 2004). The flow characteristics of redd locations usually ensure good aeration, and the
circulation facilitates fry emergence from the gravel (Moyle, 2002).
Each female builds a succession of redds in the same place, moving upstream as she does so and
depositing a few hundred eggs in each (Briggs, 1953). Spawning takes approximately one week to
complete, during which time each female lays 1,400 to 3,000 eggs. There is a positive correlation between
the size of females and the number of eggs they produce, but California Coho salmon produce fewer eggs
than fish from more northern populations (Sandercock, 1991).
The optimum temperature for Coho salmon egg incubation is between 40°F and 55°F (Bjornn and
Reiser, 1991). In one study, Coho salmon embryos suffered 50 percent mortality at temperatures above
56.3°F (Beacham and Murray, 1990). In California, eggs incubate in the gravels from November through
April. California Coho salmon eggs hatch in approximately 48 days at 48°F, and in 38 days at 51.3°F
(Shapovalov and Taft, 1954).
Fry and Juvenile Rearing
After hatching, alevins 1 remain in the interstices of the gravel for two to 10 weeks until their yolk sacs
have been absorbed (Shapovalov and Taft, 1954; Laufle et al., 1986; Sandercock, 1991). Coho salmon fry
emerge from the gravel between March and July, with peak emergence occurring from March to May,
depending on when the eggs were fertilized and the water temperature during development (Shapovalov
and Taft, 1954). Juveniles prefer and presumably grow best at temperatures of 53.6°F to 57.2°F.
Temperatures exceeding 77°F to 78.8°F are invariably lethal (Moyle, 2002).
Upon emerging, alevins seek shallow water along stream margins. Initially they form shoals (groups of
juvenile fish), but as they grow bigger, the shoals break up and juveniles set up individual territories
(Moyle, 2002). At this stage, the fish are termed parr. Rearing areas used by juvenile Coho salmon
include low-gradient coastal streams, lakes, sloughs, side channels, estuaries, low-gradient tributaries to
large rivers, beaver ponds, and large slackwaters. Smaller streams with low-gradient alluvial channels
containing abundant pools formed by large woody debris are the most productive juvenile habitats
(CDFG, 2004).
Habitat use by juvenile Coho salmon in some California streams is complex (Nielson, 1992). There are
four distinct types of juveniles, termed estuarine, margin, thalweg, and early pulse juveniles. Estuarine
juveniles move downstream into estuaries soon after emergence and rear in intertidal areas. Margin
juveniles remain in stream margins and backwaters during summer, where growth is typically slow, so
that yearling fish move downstream at less than 70 millimeters standard length. Thalweg juveniles are the
“standard” juveniles that rear in the deeper parts of the main channel, feeding and growing steadily all
season long; they are approximately 100 millimeters standard length when they smolt and head out to sea.
Early pulse juveniles show two pulses of growth: in spring and in autumn, and transform into smolts at
1 A larval salmonid that has hatched but has not completely absorbed its yolk sac, and generally has not emerged from the
spawning gravel.
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greater than 100 millimeters SL. Their behavior is “trout like” because they rest in deep cover during the
day and forage on drifting invertebrates during dawn and dusk (Nielson, 1992).
Juvenile Migration
After one year in fresh water, smolts begin migrating downstream to the ocean in late March or early
April. In some years, emigration can begin prior to March (CDFG, 2004) and can continue until July
(Shapovalov and Taft, 1954; Sandercock, 1991). Peak downstream migration in California generally
occurs from April to early June (CDFG, 2004). The timing of emigration is influenced by the size of the
fish, flow conditions, water temperature, DO levels, day length, and the availability of food
(CDFG, 2004).
The outmigrants are primarily one year old and measure 10 to 13 cm fork length, although a few larger
two-year-olds may also be present. Parr marks are still prominent in early outmigrants, but later
outmigrants are silvery, having transformed into smolts (Moyle, 2002). Most of this movement takes
place at night and is interspersed with periods of holding and feeding in low velocity areas (Moyle, 2002).
Natural stream flow patterns are important in facilitating the downstream migration of Coho salmon
smolts. Increases in stream flow trigger downstream movement of Coho salmon (CDFG, 2004).
Short-term increases in stream flow are an important stimulus for smolt emigration (Spence, 1995).
Artificial obstructions, such as dams and diversions of water, may impede emigration where they create
unnatural flow patterns (CDFG, 2004).
Coho salmon have been observed throughout their range to emigrate at temperatures ranging from 36.6°F
up to as high as 55.9°F (Sandercock, 1991). Water temperature affects timing of emigration, and rapid
increases in temperature can trigger downstream migration (Spence, 1995). Coho salmon have been
observed emigrating through the Klamath River Estuary in mid- to late-May when water temperature
ranged from 53.6°F to 68°F (CDFG, 2004).
Estuarine Rearing
Adult Coho salmon use estuaries as a holding area as they prepare for their migration upstream. Juveniles
use estuaries for rearing and completion of smoltification. Juveniles may occupy estuaries for several
weeks before migrating out to sea. The phenomenon of smolts migrating is not a single unidirectional
event; smolts may move in and out of an estuary a few times before finally remaining in the marine
environment (CDFG, 2004).
Returning adults enter the freshwater environment through estuaries. Access to the estuaries, sufficient
cover, and adequate flow and water quality (including suitable temperature) are all important factors for
these fish. Once in the estuaries, upstream migration is generally associated with high outflow combined
with high tides (Sandercock, 1991).
Nearshore and Marine
Upon entry into the ocean, immature Coho salmon remain in nearshore waters, congregating in schools as
they move north along the continental shelf (Shapovalov and Taft, 1954; Anderson, 1995). Most remain
in the ocean for two years. Data on ocean distribution of California Coho salmon are sparse, but it is
believed that the Coho salmon scatter and join schools from Oregon and possibly Washington
(Anderson, 1995).
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12A.1.4

Green Sturgeon (Acipenser medirostris)

12A.1.4.1 Status
NMFS identified two DPSs for North American green sturgeon: the Northern DPS and the Southern DPS.
The DPSs are based on the rivers in which the green sturgeon spawn and findings of preliminary genetic
studies. The Southern DPS of North American Green Sturgeon includes all coastal and Central Valley
populations south of the Eel River, including the Sacramento River basin (Federal Register, 2006b). After
a status review was completed in 2002 (Adams et al., 2002), NMFS determined that the Southern DPS
did not warrant listing as threatened or endangered but should be identified as a Species of Concern. This
determination was challenged in April 2003, and NMFS was asked to consider new information on the
species. NMFS updated its status review in February 2005 and determined that the Southern DPS should
be listed as threatened under FESA. In April 2006, NMFS listed the Southern DPS of green sturgeon as
threatened (Federal Register, 2006b). Green sturgeon are also considered a State Species of Special
Concern by CDFW (2016). The listing of the Northern DPS pursuant to FESA was assessed, but was not
warranted (Adams et al., 2002).
The Southern DPS green sturgeon population is located within the Primary, Secondary, and Extended
study areas (Figure 12A-6). The Southern DPS is known to only spawn in the Sacramento River
(NMFS, 2005). As of 2012, there is no documentation of green sturgeon spawning in the San Joaquin
River. Young green sturgeon have been taken occasionally in the Santa Clara Shoal area in the San
Joaquin Delta, but these fish likely originated from elsewhere, most likely the Sacramento River
(NMFS, 2005).
NMFS designated critical habitat for Southern DPS green sturgeon on October 9, 2009 (Figure 12A-6).
Critical habitat includes riverine, estuarine, and coastal marine habitats in California, Oregon, and
Washington. Designated critical habitat in the Sacramento and San Joaquin river basins includes the
Sacramento River downstream of Keswick Dam, the Feather River downstream of Oroville Dam, and the
Yuba River downstream of Daguerre Point Dam; portions of the Sutter and Yolo bypasses; the legal
Delta, excluding Five Mile Slough, Seven Mile Slough, Snodgrass Slough, Tom Paine Slough, and
Trapper Slough; and San Francisco, San Pablo, and Suisun bays. Other designated areas include
Humboldt Bay and coastal marine habitats extending from the California/Oregon border to Monterey. The
lateral extent of critical freshwater habitat units is defined as the ordinary high-water line, as defined by
the U.S. Army Corps of Engineers. In areas where the ordinary high-water line has not been defined,
NMFS defined the width of the stream channel by its bankfull elevation (NMFS, 2009c).
The population size of Southern DPS green sturgeon is not known, but is considered substantially smaller
than the Northern DPS (Adams et al., 2002). In the Sacramento-San Joaquin River Basin, Green sturgeon
abundance is much lower than white sturgeon abundance. During tagging studies by CDFG, the majority
of sturgeon captured were white sturgeon; an average of only one adult green sturgeon has been captured
for every 134 adult white sturgeon. Preliminary green sturgeon genetics information for the Southern DPS
confirms that numbers are low in the Sacramento-San Joaquin River system (Israel and May, 2010).
The abundance of North American green sturgeon has declined by 88 percent throughout much of its
range (Musick et al., 2000). Although there is no direct evidence that populations of green sturgeon are
declining in the Sacramento River, the small size of the population increases the risk that a decline in
numbers would be difficult to detect until a collapse in the population occurs. The population is
threatened by habitat loss or degradation, lethally high Delta temperatures, entrainment in water
diversions, invasive species, and exposure to toxic materials (Moyle et al., 1995; NMFS, 2005).
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12A.1.4.2 General Biology and Life History
Less is known about the biology and abundance of green sturgeon than the white sturgeon. Sturgeon live
40 to 50 years, delay maturation to large sizes (125 cm total length), and spawn multiple times over their
lifespan. Adult Green Sturgeon do not spawn every year, and only a fraction of the population enters fresh
water where they might be at risk of a catastrophic event (Beamesderfer et al., 2007). Though there are
general descriptions of preferred habitat conditions for Green Sturgeon, much of this information is
derived from Rogue River and Klamath River data, and little is known about specific spawning, rearing,
or holding locations in the Sacramento River.
Adult Migration
Though Green Sturgeon spend most of their life in marine and estuarine environments, they periodically
migrate into freshwater streams to spawn, spending up to 6 months in fresh water during their spawning
migration. Upstream migration generally begins in February and may last until late July (Adams et al.,
2002). In the Rogue River, telemetry studies have shown that adult Green Sturgeon hold in low-velocity,
deep-water habitats prior to migrating upstream to spawn (Erickson et al., 2002). Green sturgeon
congregate in pools greater than 16.4 feet in depth with variable water velocities and flow patterns (U.C.
Davis [UCD] and DWR, 2010). The adults move around in the pools and may stray short distances, but
the scope of their movement is limited. In the Sacramento River, adult Green Sturgeon begin their
upstream spawning migrations into the San Francisco Bay in March and reach Knights Landing on the
Sacramento River during April (Heublein et al., 2006).
Spawning
During spawning, green sturgeon show fidelity for individual rivers (Bemis and Kynard, 1997), and
studies indicate that adults return to spawn every 3 to 5 years (Beamesderfer and Webb, 2002; Adams et
al., 2002). Adult green sturgeon begin their upstream spawning migrations into the San Francisco Bay in
March, reach Knights Landing during April, and spawn between March and July (Heublein et al., 2008).
Based on the distribution of sturgeon eggs, larvae, and juveniles in the Sacramento River, CDFG (2002b)
indicated that Green Sturgeon spawn in late spring and early summer above Hamilton City, possibly up to
Keswick Dam (Brown, 2007). Israel and Klimley (2008) state that Green Sturgeon spawn in the mainstem
from the confluence of Battle Creek to the area upstream of Molinos, but may also spawn below RBDD
closer to GCID in some years. The upper and lower extent of the spawning area on the Sacramento River
is not definitely known, but the lower extent is thought to be in the vicinity of Hamilton City. Opening of
the RBDD gates during the winter run Chinook migration has likely benefited green sturgeon by re
opening access to spawning areas (Adams et al., 2002), but the upper extent may be limited by coldwater
temperatures in the Redding area. Embryos are negatively affected by temperatures at or below 57°F. In
the laboratory, embryos thrived at temperatures between 62°F and 64°F, and hatching rates and the length
of embryos began to decrease at 57°F (Van Eenennaam et al., 2001).
During flood flows in the Sacramento River system, returning adult green sturgeon are attracted by high
flows in the Yolo and Sutter bypasses and move onto the floodplain and eventually concentrate behind
Fremont and Tisdale Weirs, where they are blocked from further upstream migration. Agency biologists
conduct rescues when fish become stranded behind the weirs (CDFG, 2011a).
The Feather River may also be an important spawning river (Moyle et al., 1995). Spawning in the Feather
River was confirmed by DWR in 2011. Green sturgeon may have spawned elsewhere in the
Sacramento-San Joaquin Basin before the development of major hydroelectric and water projects
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(Adams et al., 2002). Habitat modeling identified potential habitat on the Feather River upstream of
Oroville Dam that would have been suitable for sturgeon spawning and rearing prior to construction of
the dam (Mora et al., 2009). This modeling also suggests sufficient conditions are present in the San
Joaquin River to Friant Dam and in the tributaries, such as Stanislaus, Tuolumne, and Merced rivers
upstream to their respective dams, although it is unknown whether green sturgeon ever inhabited the
San Joaquin River or its tributaries. Other potential migration barriers include structures, such as the Red
Bluff Diversion Dam (prior to its gates-open operation in 2012), Sacramento Deep Water Ship Channel
locks, Sutter Bypass, and Delta Cross Channel gates on the Sacramento River, and Shanghai Bench and
Sunset Pumps on the Feather River (Federal Register, 2006b).
Information on green sturgeon in the Trinity River system is limited. However, the Klamath River Basin
is known to contain the largest spawning population of green sturgeon in California (Moyle, 2002). They
have a complex anadromous life history, spending more time in the ocean than any other sturgeon. They
migrate up the Klamath and Trinity rivers between late February and July to spawn. Gray’s Falls (RM 43)
is believed to be the upstream limit of sturgeon migration in the Trinity River. Klamath Basin green
sturgeon spawn from March through July, peaking mid-April to mid-June (Emmett et al., 1991). Juveniles
are found in the Trinity River near Willow Creek from June through September (USFWS, 1998), and
appear to outmigrate during their first summer to the lower river or estuary, where they rear for some time
before moving to the ocean (USFWS and Hoopa, 1999).
Little is known about sturgeon spawning habitat; they congregate in deep turbulent pools in the mainstem
of rivers with gravel and sand substrates, but may also use areas with bedrock bottoms (UCD and
DWR, 2010). Large numbers of eggs (6,000 to 140,000) are broadcast over the bottom where they settle
and become entrained in the spaces between cobbles (Adams et al., 2002). Green sturgeon eggs are not as
adhesive as white sturgeon eggs and likely depend more on pockets in the substrate to prevent getting
swept downstream (Adams et al., 2002). Eggs sink rapidly to the bottom into cover; they do not drift
(Kynard et al., 2005). Green sturgeon choose a spawning site based on fidelity for the site or its habitat
characteristics. Eggs have been found (using artificial substrate mats) at depths ranging from 1.9 to 24.9
feet, with an average depth of 14.7 feet. In areas where eggs were found, the dominant substrate was
medium-sized gravel (Poytress et al., 2009).
During incubation, water temperatures above 68ºF are lethal (Adams et al., 2002) and temperatures at or
below 57ºF negatively affect embryos (Van Eenennaam et al., 2001). Eggs hatch in approximately seven
to nine days at 59ºF, and the larvae develop into juvenile fish in approximately 45 days (Van Eenennaam
et al., 2001). Green sturgeon juveniles are much less common in rotary screw traps in the Sacramento
River in years when there is relatively low flow in the spring. This may be because fewer adults migrate
upstream and spawn in low flow years (Poytress et al., 2009).
Rearing
Young Green Sturgeon appear to rear for the first 1 to 2 months in the Sacramento River between
Keswick Dam and Hamilton City (CDFG, 2002b). Larval Green Sturgeon are captured at RBDD and the
GCID fish facility between May and August, with peak capture at RBDD in June and July and at the
GCID fish facility in July (Adams et al., 2002). Green Sturgeon larvae trapped at RBDD average 1.1
inches (2.9 cm) in length, while larvae trapped at the GCID fish facility average 1.4 inches (3.6 cm)
(Adams et al., 2002), suggesting that larvae move downstream soon after hatching; however, it is not
clear how long larval and juvenile Green Sturgeon remain in the middle Sacramento River.
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Larvae and post-larvae are present in the lower Sacramento River and North Delta between May and
October, primarily in June and July (CDFG, 2002b). Little is known of distribution and movements of
young-of-the-year and riverine juveniles, but observations suggest they may be distributed primarily in
the mainstem Sacramento River downstream of Anderson and in the brackish portions of the north and
interior Delta (Israel and Klimley, 2008). Juvenile Green Sturgeon have been captured in the Delta during
all months of the year (Borthwick et al., 1999, CDFG, 2002b). Catches of 1- and 2-year-old Southern
DPS Green Sturgeon on the shoals in the lower San Joaquin River, at the CVP/SWP fish salvage
facilities, and in Suisun and San Pablo bays indicate that some fish rear in the estuary for at least 2 years
(CDFG, 2002b). Larger juvenile and subadult Green Sturgeon occur throughout the estuary, possibly
temporarily, after spending time in the ocean (CDFG, 2002b, Kelly et al., 2006).
The rearing habitat preferences of Green Sturgeon larvae and juveniles in the Sacramento River are not
well understood. Laboratory research has identified water temperature thresholds for larval Green
Sturgeon. Water temperatures above 68°F (20°C) were found to be lethal to Green Sturgeon embryos by
Cech et al. (2000), and temperatures above 63 to 64°F (17 to 18°C) were found to be stressful by Van
Eenennaam et al. (2005). Cech et al. (2000) found that optimal growth of larvae occurred at 59°F (15°C),
with growth slowing at temperatures below 52°F (11°C) and above 62°F (19°C).
While in the riverine environment, juveniles occupy low-light habitat and are active at night (Kynard et
al., 2005). Older juveniles may be adapted to move through habitats with variable gradients of salinity,
temperature, and dissolved oxygen (Kelly et al., 2006, Moser and Lindley, 2007). Their diet during their
Sacramento River residence is unknown, but likely consists of drifting and benthic aquatic
macroinvertebrates (Israel and Klimley, 2008).
Both larval and juvenile green sturgeon are susceptible to entrainment in pumps and diversions in the
Delta and rivers. Screens designed to protect Chinook salmon and steelhead may not protect green
sturgeon because of differences in swimming ability and size; however, the behavior of juvenile and
larval green sturgeon in the river environment may decrease their encounters with diversions and pumps.
For example, larval and juvenile sampling conducted at the RBDD experimental pumping plant
(Reclamation, 1999 and 2001) indicates that entrainment of green sturgeon is rare. Screen criteria for
green sturgeon have not been developed by NMFS or CDFG.
Estuarine Areas
Juveniles appear to spend one to four years in fresh water and estuarine water, and disperse into saltwater
at lengths of 1 to 2.5 feet (Moyle et. al., 1995; Beamesderfer and Webb, 2002). Water temperatures of
59ºF are optimal for growth during this rearing stage (Adams et al., 2002). Green sturgeon juveniles feed
on the abundant benthic invertebrates including shrimp and amphipods, small fish, and possibly mollusks.
Adults and subadults also occupy the San Francisco Bay, San Pablo Bay, Suisun Bay, and
Sacramento-San Joaquin Delta. Adults and subadults primarily inhabit the Delta and bays during summer
months, most likely for feeding and growth (Kelly et al., 2006; Moser and Lindley, 2007), but also enter
the Delta and bays during their spring migration to the Sacramento River and during their winter
outmigration from the Sacramento River to the ocean.
A diversity of depths is important to support different life stages and habitat uses for green sturgeon
within estuarine areas. In a study of juvenile green sturgeon in the Delta, relatively large numbers of
juveniles were captured primarily in shallow waters from 1 to 3 meters deep, indicating juveniles may
require shallower depths for rearing and foraging (Radtke, 1966).
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Nearshore and Marine
Subadult and adult sturgeon tagged in San Pablo Bay oversummer in bays and estuaries along the coast of
California, Oregon, and Washington, between Monterey Bay and Willapa Bay, before moving farther
north in the fall to overwinter north of Vancouver Island. Individual Southern DPS Green Sturgeon
tagged by DFW in the San Francisco estuary have been recaptured off Santa Cruz, California; in
Winchester Bay on the southern Oregon coast; at the mouth of the Columbia River; and in Grays Harbor,
Washington (USFWS, 1996; Moyle, 2002). Most Southern DPS Green Sturgeon tagged in the San
Francisco estuary have been returned from outside that estuary (Moyle, 2002).
Subadult and adult Green Sturgeon generally migrate north along the coast once they reach the ocean,
concentrating in coastal estuaries like Willapa Bay, Grays Harbor, and the Columbia River estuary during
summer (Adams et al., 2002). The strategy underlying summer visits to coastal estuaries is unclear
because sampling indicates they have relatively empty stomachs, suggesting they may not be entering the
estuaries to feed (Beamesderfer, 2000).
12A.1.5

Delta Smelt (Hypomesus transpacificus)

12A.1.5.1 Status
Currently, the delta smelt is listed as a Threatened species pursuant to the Endangered Species Act (ESA)
by the USFWS (Federal Register, 1993b). In March 2006, a petition seeking to relist delta smelt as an
endangered species was submitted to the USFWS. The USFWS issued a 12-month finding on the petition
on April 7, 2010 indicating that reclassifying delta smelt from threatened to an endangered species is
warranted, but precluded by other higher priority listing actions (Federal Register, 2010a).
Delta Smelt were historically one of the most common species in the San Francisco Estuary, but exhibited
significant declines during the 1980s (CDFG, 2000). However, since 2000 the delta smelt, along with
other pelagic 2 fish species, have experienced a substantial decline in population abundance
(Sommer et al., 2007). The substantial declines in the delta smelt population in recent years, as well as
declines in other pelagic fish species, have led to widespread concern regarding the pelagic fish
community of the Bay-Delta. Several analyses by agencies and organizations, including the IEP, have
focused on identifying the factors potentially influencing the status and abundance of delta smelt and
other pelagic fish species within the Bay-Delta. Suspected causes being investigated by the IEP include:
stock-recruitment effects, a decline in habitat quality, increased mortality rates, and reduced food
availability.
Critical habitat for the delta smelt has been designated by USFWS within the Sacramento–San Joaquin
River system (Federal Register, 1994b). Critical habitat for delta smelt is defined by the USFWS as:
“Areas and all water and all submerged lands below ordinary high water and the entire
water column bounded by and contained in Suisun Bay (including the contiguous Grizzly
and Honker bays); the length of Goodyear, Suisun, Cutoff, First Mallard (Spring Branch),
and Montezuma sloughs; and the existing contiguous waters contained within the Delta.”
Upstream dams and Delta pumping plants affect delta smelt habitat by affecting flow, turbidity, and
salinity within the Delta (Bay Delta Conservation Plan [BDCP], 2007). The upstream dams and the
management of releases for flood control and water supply reduce the frequency and duration of high
2 Species occurring in the upper portion of open water, rather than close to the bottom or near the shore.
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flows, which reduces turbidity and the transport of nutrients and organic matter. Low winter and spring
outflow also increases the distance adult delta smelt must migrate to find suitable salinity levels for
spawning. Low spring outflows also do not effectively transport larvae to downstream rearing areas.
Water exports at the Delta SWP and CVP pumping plants reduce the abundance of zooplankton and
phytoplankton by directly exporting them or reducing residence time in Delta channels. Delta SWP and
CVP pumping plants also reduce the amount of rearing habitat available by shrinking the area having
suitable salinity levels for delta smelt. Delta smelt juveniles are also susceptible to entrainment in the
Delta pumping plants and mortality at fish salvage facilities. Other factors affecting delta smelt
abundance include the introduction of non-native animal and plant species (e.g., Corbula, Limnoitha,
Egeria), toxins, loss of habitat diversity, and Delta power plant cooling pumps (BDCP, 2007).
12A.1.5.2 General Biology and Life History
Delta smelt are a relatively small fish (2 to 4 inches long) and are endemic to the Sacramento-San Joaquin
Delta. Typically, delta smelt live approximately one year. Some individuals live a second year and can
reach lengths of 90 millimeters to 120 millimeters (Moyle, 2002). Overall, the Delta Smelt life cycle is
completed in the brackish and tidal freshwater reaches of the upper San Francisco Estuary; however,
salinity requirements vary by life stage (Moyle, 2002). They are a pelagic species, inhabiting open waters,
away from the bottom and shore-associated structural features (Nobriga and Herbold, 2009). They live
primarily in or just upstream of the low salinity zone between the freshwater and saltwater interface in the
Bay-Delta. Suisun Bay is usually the vicinity of this mixing zone, although changes in stream flow can
affect how far downstream low salinity waters occur (Moyle, 2002).
Distribution
Delta smelt are found within the Secondary and Extended study areas. Delta smelt spend their entire
lifespan within the Bay-Delta. According to a recent review (Merz et al., 2011), the distribution of Delta
Smelt includes an area from northern San Francisco Bay in the west, the confluence of the Sacramento
and Feather rivers in the north, and the junction of Old and San Joaquin rivers in the south. The highest
densities most frequently occur near the center of their range, which appears to extend from Suisun Marsh
down through Grizzly Bay and east Suisun Bay through the confluence of the Sacramento and San
Joaquin rivers, and into the lower portions of the Sacramento River, Cache Slough area, and the
Sacramento Deepwater Ship Channel.
Their abundance and distribution have been observed to fluctuate substantially within and among years.
Distribution and movements of all life stages are influenced by water transport associated with flows in
the Bay-Delta, which also affect the quality and location of suitable open-water habitat (Feyrer et al.,
2007; Nobriga et al., 2008). Smelt are short-burst swimmers that feed on plankton, and therefore, they are
typically found in places with low water velocities where the water is cool and well oxygenated
(Moyle, 2002). Water turbidity and salinity are also factors affecting their distribution.
Spawning
Delta Smelt are weakly anadromous and undergo a spawning migration from the low salinity zone to
freshwater in most years (Grimaldo et al., 2009; Sommer et al., 2011). Spawning migrations occur
between late December and late February, typically during “first flush” periods when inflow and turbidity
increase on the Sacramento and San Joaquin Rivers (Grimaldo et al., 2009, Sommer et al., 2011).
Notably, spawning movements are not always upstream. Under high outflow conditions, when total
outflow exceeds 100,000 cubic feet per second (cfs), adult smelt tend to concentrate and spawn in Suisun
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Bay, Cache Slough Complex, and Napa River (Hobbs et al., 2007; Sommer et al., 2011). During drier
years, when total outflow is less than 20,000 cfs, smelt tend to concentrate and spawn in the Cache
Slough Complex and western Delta.
Adult delta smelt begin their spawning migration into the upper Delta beginning in December or January.
Adults migrate upstream from the brackish water estuarine areas into shallow fresh or slightly brackish
waters in tidally influenced backwater sloughs and channel edge waters (Wang, 2010). Although the
timing and duration varies, spawning generally takes place during March and April (Moyle, 2002).
Although smelt can be found within a wide salinity range, from 0 to 18.4 parts per thousand (ppt)
(Swanson et al., 2000), spawning occurs within in freshwater (Wang, 2010).
Delta Smelt are believed to spawn in shallow water along edges of rivers and sloughs subject to tidal
influence (USFWS, 2001). Although the specific substrates or habitats used for spawning by Delta Smelt
are not known, spawning habitat preferences of closely related species (Bennett, 2005) suggest that
spawning may occur in shallow areas over sandy substrates. The adhesive eggs sink to the bottom and
attach to substrates such as cattails, tules, tree roots, submerged branches, sand, and rocks in shallow
waters (Moyle, 2002; Wang, 2010). Spawning apparently can occur at temperatures ranging from 4572°F (7-22°C) (Moyle, 2002), but most often takes place between 45 and 59°F (7 and 15°C) (Wang,
2010). Temperatures optimal for embryo and larvae have not yet been determined, but it is likely that
survival decreases as temperature increases beyond 64.4°F (Moyle, 2002). Embryonic development to
hatching takes nine to 13 days at 58.64°F to 61.7°F (Moyle, 2002).
Newly hatched delta smelt have a large oil globule that makes them semi-buoyant, allowing them to
maintain themselves just off the bottom (Moyle, 2002), where they feed on rotifers (microscopic
crustaceans used by fish for food) and other microscopic prey. Once the swim bladder (a gas-filled organ
that allows fish to maintain neutral buoyancy) develops, larvae become more buoyant and rise up higher
into the water column. At this stage (16 millimeters to 18 millimeters [0.6 to 0.7 inch] total length), most
are presumably washed downstream into the low salinity zone or the area immediately upstream of it
(Moyle, 2002).
During high outflow periods, larvae are distributed more widely as the spawning range extends further
west when Delta outflows are high (Hobbs et al., 2007). Dege and Brown (2004) found that larvae less
than 20 mm rear 5 to 20 km upstream of X2 (Dege and Brown, 2004; Sommer and Mejia, 2013). As
larvae grow and water temperatures increase in the Delta (to approximately 23°C), their distribution shifts
towards the low salinity zone (Dege and Brown, 2004; Nobriga et al., 2008), where they circulate with the
abundant zooplankton (Moyle, 2002). By fall, the centroid of Delta Smelt distribution is tightly coupled
with X2 (Sommer et al., 2011; Sommer and Mejia, 2013).
Rearing
Larval and juvenile delta smelt rear within the Bay-Delta for a period of approximately 6 to 9 months
(Moyle, 2002). Young smelt tend to feed on immature stages of calanoid copepods, and adult smelt may
feed on all life stages, as well as other large planktonic organisms. Growth is rapid, and juvenile fish are
30 millimeters to 40 millimeters (1.2 to 1.6 inches) long after 70 days (Nobriga and Herbold, 2009). The
most rapid growth occurs when they reach 30 millimeters fork length and are large enough to prey on a
wider variety of food sources.
Larval and juvenile smelt need a shallow food-rich nursery habitat for survival., Adequate flow and
suitable water quality is required for transport of juveniles downstream to rearing habitat (Moyle, 2002).
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The specific geographic area critical to the maintenance of suitable rearing habitat for Delta Smelt
extends eastward from Carquinez Strait, up the Sacramento River to its confluence with Three Mile
Slough, and south along the San Joaquin River including Big Break (USFWS, 1996). Within this area,
Delta Smelt typically rear in shallow (less than 10 feet [3 m]), open estuarine waters (Moyle, 2002), in
salinities ranging from 2-7 ppt (Swanson and Cech, 1995) where “fresh and brackish water mix and
hydrodynamics are complex as a result of the meeting of tidal and riverine currents” (Moyle, 2002).
These conditions are typically most common in Suisun Bay, which provides vital nursery habitat for
Delta Smelt. When the mixing zone is located in Suisun Bay, it provides optimal conditions for algal and
zooplankton growth, an important food source for Delta Smelt (Moyle, 2002). When freshwater outflow
is low, the mixing zone moves further up into the deeper, narrow channels of the Delta and Sacramento
River, reducing food availability and total area available to the smelt (Moyle, 2002).
12A.1.6

Longfin Smelt (Spirinchus thaleichthys)

12A.1.6.1 Status
Longfin smelt are listed by CDFG as a threatened species pursuant to CESA. Its status remains
unresolved at the federal level. In August 2007, USFWS was petitioned to list longfin smelt as
endangered. On April 9, 2009, USFWS found that the Delta population did not meet the definition of a
DPS, and as a result, did not warrant listing as a DPS. The Center for Biological Diversity challenged the
merits of this determination. In 2011, USFWS entered into a settlement agreement with the Center for
Biological Diversity and agreed to conduct a rangewide status review and prepare a 12-month finding to
be published by September 30, 2011. The 12-month finding on the petition to list the San Francisco BayDelta population of the Longfin Smelt as endangered or threatened was completed in March 2012.
USFWS determined that listing the Longfin Smelt rangewide was not warranted at the time, but that
listing the Bay-Delta DPS of Longfin Smelt was warranted but precluded by other higher priority listing
actions (Federal Register, 2012b).
Longfin smelt were once one of the most common fish species in the Delta. However, Longfin Smelt
numbers in the Bay-Delta have declined significantly since the 1980s (Rosenfield and Baxter, 2007,
Baxter et. al., 2010). Rosenfield and Baxter (2007) confirmed the positive correlation between Longfin
Smelt abundance and freshwater flow that had been previously documented by others (Stevens and Miller
1983; Baxter, 1999a; Kimmerer, 2002), noting that abundances of both adults and juveniles were
significantly lower during the 1987–94 drought than during either the pre- or post-drought periods.
Abundance of Longfin Smelt has remained low since 2000, even though freshwater flows increased
during several of these years (Baxter et al., 2010). Abundance indices derived from the FMWT, Bay
Study Midwater Trawl, and Bay Study Otter Trawl show marked declines in Longfin Smelt populations
from 2002 to 2009. Longfin Smelt abundance over the last decade is the lowest recorded in the 40-year
history of CDFG’s FMWT monitoring surveys (Federal Register, 2012b).
Research on declines of Longfin Smelt and other pelagic fish species in the Bay Delta since 2002
(referred to as pelagic organism decline) have most recently been summarized in the Interagency
Ecological Program 2010 Pelagic Organism Decline Work Plan and Synthesis of Results (Baxter et al.,
2010). Although there is substantial uncertainty about the causal mechanisms underlying the pelagic
organism decline, reduced Delta freshwater flows have been identified as one of several key factors
believed to contribute to recent declines in the abundance of Longfin Smelt (Baxter et al., 2010).
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12A.1.6.2 General Biology and Life History
Longfin smelt in California are anadromous. Adults and juveniles can be found in the open waters of
estuaries, mostly in the middle or at the bottom of the water column (Moyle, 2002). Most longfin smelt
have a relatively short lifespan of two to three years. Longfin Smelt spend approximately 21 months of
their life in brackish or marine waters (Baxter, 1999a; Dege and Brown, 2004). In the Bay-Delta, most
Longfin Smelt spend their first year in Suisun Bay and Marsh. The remainder of their life is spent in the
San Francisco Bay or the Gulf of Farallones (Moyle, 2008). Based on monthly survey results, Rosenfield
and Baxter (2007) inferred that the majority of Longfin Smelt from the Bay-Delta migrate out of the
estuary after the first winter of their life cycle and return during late fall to winter of their second year.
Longfin smelt can tolerate a broad range of salinity concentrations. Juvenile and adult Longfin Smelt have
been found throughout the year in salinities ranging from pure fresh water to pure seawater, although
once past the juvenile stage, they are typically collected in waters with salinities ranging from 14 to 28
ppt (Baxter, 1999a). Within the Delta, adult Longfin Smelt occupy water at temperatures from 16 to 20°C
(61 to 68°F) and spawn in water with temperatures from 5.6 to 14.5°C (41 to 58°F) (Wang, 2010).
Distribution
Longfin smelt are found within the Secondary and Extended study areas. The Bay-Delta population of
longfin smelt is the southernmost along the United States’ Pacific coast (Moyle, 2002). In contrast to
delta smelt, longfin smelt juveniles and adults are broadly distributed and inhabit the more saline regions
of the Bay-Delta and nearshore coastal waters. Merz et al. (2013) utilized recently available sampling data
(~1959-2012) from the Interagency Ecological Program and regional monitoring programs to provide a
comprehensive description of the range and temporal and geographic distribution of Longfin Smelt by life
stage within the San Francisco Estuary. Observations occurred as far west as Tiburon in Central San
Francisco Bay and south as far as the Dumbarton Bridge in South San Francisco Bay; north as far as the
town of Colusa on the Sacramento River and east as far as Lathrop on the San Joaquin River. Longfin
smelt were also observed in seasonally-inundated habitat of the Yolo Bypass and in tributaries like the
Napa and Petaluma rivers, Cache Slough, and the Mokelumne River (Merz et al., 2013).
Spawning
Longfin Smelt congregate in deep waters near the low salinity zone near X2 during the spawning period,
and they likely make short runs upstream, possibly at night, to spawn from these locations (CDFG, 2009;
Rosenfield, 2010). Longfin Smelt have been observed in their winter and spring spawning period as far
upstream as Isleton in the Sacramento River, Santa Clara shoal in the San Joaquin system, Hog Slough off
the South-Fork Mokelumne River, and Old River south of Indian Slough (CDFG, 2009). Merz et al.
(2013) found that adults were frequently detected in the central regions (from Carquinez Straight
upstream to the Confluence), adults were also detected relatively frequently upstream of the SacramentoSan Joaquin confluence.
Both adult and larval Longfin Smelt were detected relatively frequently upstream of the confluence,
unlike the juvenile and subadult life stages, likely indicating that Longfin Smelt spawning habitat extends
further upstream into freshwater areas than rearing habitat. Spawning adults appear to be able to disperse
into upper Delta reaches and into San Francisco Bay as well. The presence of adult Longfin Smelt in San
Francisco Bay during the spawning period likely relates to years with high Delta inflows, when low
salinity habitat shifted westward (Merz et al., 2013).
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Longfin Smelt in the Delta may spawn as early as November and as late as June, although spawning
typically occurs from January to April (CDFG, 2009, Moyle, 2002). The adhesive eggs are deposited on
rocks or aquatic plants in the freshwater sections of bays and river deltas. Baxter et al. (2010) found that
female Longfin Smelt produced between 1,900 and 18,000 eggs, with fecundity greater in fish with
greater lengths. The embryos hatch in approximately 40 days at 44.6°F (Moyle, 2002). Newly hatched
larvae are 5 millimeters to 8 millimeters long and are buoyant.
Rearing
Larval Longfin Smelt less than 12 mm (0.5 inch) in length are buoyant because they have not yet
developed an air bladder; as a result, they occupy the upper one-third of the water column. Longfin Smelt
develop an air bladder at approximately 12 to 15 mm (0.5 to 0.6 inch) in length and are able to migrate
vertically in the water column. At this time, they shift habitat and live in the bottom two-thirds of the
water column (CDFG, 2009). Longfin Smelt are dispersed broadly in the Delta by high flows and
currents, which facilitate transport of larvae and juveniles long distances. Longfin Smelt larvae are
dispersed farther downstream during high freshwater flows (Dege and Brown, 2004). Longfin Smelt
larvae were detected relatively frequently upstream of the Sacramento-San Joaquin confluence; greater
than 73 percent of the time in the Lower Sacramento, Upper Sacramento, Cache Slough and Ship
Channel, and Lower San Joaquin regions, and greater than 31 percent of the time in the East Delta and
South Delta regions during the smelt larval surveys (Merz et al., 2013).
The distribution of young-of-the year smelt largely coincides with that of the larvae (Baxter, 1999a;
Moyle, 2002). There is a strong positive correlation between winter and spring Delta outflow and longfin
smelt abundance the following year. There is also a strong correlation between juvenile survival and Delta
outflow, as well as the position of X2 (the location in the Delta at which salinity equals 2 ppt)
(Moyle, 2002). Strong Delta outflow appears to benefit longfin smelt survival because higher flows
transport longfin smelt young to more suitable rearing habitat in Suisun and San Pablo bays
(Moyle, 2002).
12A.1.7

Pacific Lamprey (Lampetra tridendata)

The Pacific Lamprey is a widely distributed anadromous species found in river systems along the
northern margin of the Pacific Ocean from central Baja California north along the west coast of North
America to the Bering Sea in Alaska (Ruiz-Campos and Gonzales-Guzman 1996, Lin et al., 2008). The
Pacific lamprey is found within the Primary, Secondary, and Extended study areas.
12A.1.7.1 Status
The USFWS received a petition to list the Pacific lamprey pursuant to FESA as either threatened or
endangered in January 2003 (Klamath-Siskiyou Wildlands Center et al., 2003). The petition was declined
by USFWS in 2004 because of insufficient evidence that listing was warranted (Federal Register, 2004c).
The Pacific lamprey is considered a species of special concern by CDFW (2016).
In recent years, state, federal, and tribal agencies have expressed concern at the apparent decline of
lamprey populations in the Northwestern United States (Close et al., 2002; Moser and Close, 2003;
CRBLTW, 2005). Widespread anecdotal accounts of decreased Pacific Lamprey spawning and carcasses
have been supported by a substantial reduction in counts of migrating individuals at dams since the late
1960s (Moser and Close, 2003, Klamath-Siskiyou Wildlands Center et al., 2003). Very few data on
Pacific Lamprey populations are available to assess status in the Sacramento-San Joaquin Basin; however,
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loss of access to historical habitat throughout California indicates that populations may be greatly
suppressed compared with historical levels (Moyle et al., 2009).
12A.1.7.2 General Biology and Life History
Pacific Lamprey are anadromous, rearing in freshwater before outmigrating to the ocean, where they
grow to full size prior to returning to their natal streams to spawn. Pacific Lamprey are thought to remain
in the ocean for approximately 18 to 40 months before returning to freshwater as sexually immature
adults, typically from late winter until early summer (Kan, 1975, Beamish, 1980). After entering
freshwater from the ocean, adult Pacific Lamprey typically spend approximately 1 year in freshwater
prior to spawning (Robinson and Bayer, 2005; Clemens et al., 2009; Stillwater Sciences, 2010; Lampman,
2011).
Ocean Residence
Pacific lampreys are predatory as adults in the ocean and estuary, latching onto large fish and extracting
blood and body fluids through a hole it creates with its rasp like tongue. adult Pacific Lamprey feed
parasitically on a variety of marine and anadromous fishes such as salmon, flatfish, rockfish, and pollock.
Pacific Lamprey are preyed upon by sharks, sea lions, and other marine animals (Richards and Beamish,
1981; Beamish and Levings, 1991; Close et al., 2002), and have been captured in depths from 300 to
2,600 feet and as far as 62 miles off the coast (USFWS, 2007).
Freshwater Residence
The adult freshwater residence period can be divided into three distinct stages: (1) Initial migration from
the ocean to holding areas, (2) pre-spawning holding, and (3) secondary migration to spawn (Robinson
and Bayer, 2005; Clemens et al., 2010, 2012).
The initial migration from the ocean to upstream holding areas occurs from approximately January until
early August (Stillwater Sciences, 2010; McCovey, 2011; Clemens et al., 2012). In the Eel River and the
nearby Klamath River, where ample information exists, entry into freshwater from the ocean generally
begins in January and ends by June (Petersen-Lewis, 2009; McCovey, 2011; Stillwater Sciences, 2010).
Most individuals cease upstream migration by mid-July, although some individuals continue moving into
August (McCovey, 2011). Data from mid-water trawls in Suisun Bay and the lower Sacramento and San
Joaquin rivers indicate that adults likely migrate into the Sacramento-San Joaquin Basin from late winter
through early summer (Hanni et al., 2006).
The pre-spawning holding stage begins when individuals cease upstream movement in the summer, and
continues until fish began their secondary migration to spawn, generally in late winter or early spring
(Robinson and Bayer, 2005; McCovey, 2011). During this holding period, most fish remain stationary
throughout the summer and fall, but some individuals undergo additional upstream movements in the
winter following high flow events (Robinson and Bayer, 2005; McCovey, 2011). In the Sacramento
River, adults, likely either in the holding or spawning stage, have been detected at GCID from December
through July and nearly year-round at RBDD (Hanni et al., 2006). It is expected that adult Pacific
Lamprey with varying levels of sexual maturity are present in the Sacramento-San Joaquin Basin
throughout the year.
After the pre-spawning holding period, individuals undergo a secondary migration from holding areas to
spawning areas. This migration generally begins in late winter and continues through July, by which time
most individuals have spawned and died (Robinson and Bayer, 2005; Stillwater Sciences, 2010;
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Lampman, 2011). During this secondary migration, movement to spawning areas can be both upstream
and downstream (Robinson and Bayer, 2005; Lampman, 2011).
Spawning
Spawning typically takes place from March through July depending on water temperature and local
conditions such as seasonal flow regimes (Kan, 1975; Brumo et al., 2009; Gunckel et al., 2009). Hannon
and Deason (2007) have documented Pacific Lamprey spawning in the American River between early
January and late May, with peak spawning typically occurring in early April. Spawning occurs in both the
mainstem of medium-sized rivers and smaller tributaries (Luzier et al., 2006, Brumo et al., 2009, Gunckel
et al., 2009), and generally takes place in pool and run tailouts and low gradient riffles. Spawning
substrate size typically ranges from approximately 25 to 90 mm (1.0 to 3.5 inches), with a median of 48
mm (1.9 inches) (Gunckel et al., 2009). Water velocity above redds ranges from 0.2 to 1.0 meters per
second (m/s) (median 0.6 m/s), and depth varies from approximately 0.2 to 1.1 meter (m) (0.7 to 3.6 feet)
(Gunckel et al., 2009).
Depending on water temperature, hatching occurs in approximately 2 to 3 weeks, and yolk-sac larvae
known as prolarvae remain in redd gravels for approximately 2 to 3 more weeks before emerging at night
as 8-to-9-mm larvae, and drift downstream to rear in depositional areas (Meeuwig et al., 2005, Brumo
2006). Pacific Lamprey typically die soon after spawning (Kan, 1975; Brumo 2006), although there is
some anecdotal evidence that this is not always the case (Moyle, 2002; Michael, 1980; Michael, 1984).
Juvenile Rearing and Outmigration
After larvae emerge from redds drifting downstream, the eyeless, toothless larvae known as ammocoetes
settle out of the water column and burrow into fine silt and sand substrate in low-velocity, depositional
areas such as pools, alcoves, and side channels (Moore and Mallatt, 1980; Torgensen and Close, 2004;
Stone and Barndt, 2005). Ammocoete presence has also been shown to be associated with presence of
woody debris (Roni, 2003; Graham and Brun, 2006). Rearing Pacific Lamprey ammocoetes appear to
prefer rearing temperatures below 68°F (20 degrees Celsius [°C]) (BioAnalysts, Inc., 2000); and
temperatures above 82.4°F (28°C) result in mortality of ammocoetes (van de Wetering and Ewing, 1999).
Depending on factors influencing their growth rates, they remain in this habitat from 4 to 10 years, filterfeeding on algae and detrital matter prior to metamorphosing into an adult form (Pletcher, 1963; Moore
and Mallatt, 1980; Beamish and Levings, 1991; van de Wetering, 1998). During the ammocoete stage,
individuals may periodically move and relocate in response to changing water levels, channel
adjustments, or substrate movements (Umpqua Land Exchange Project [ULEP], 1998). These factors
generally result in a gradual downstream movement that may lead to higher densities in downstream
reaches (Richards, 1980).
During metamorphosis, individuals develop eyes, a suctoral disc, sharp teeth, and more-defined fins
(McGree et al., 2008). After metamorphosis, smolt-like individuals known as macropthalmia migrate to
the ocean—typically in conjunction with high-flow events between fall and spring (van de Wetering
1998). Data from rotary screw trapping at sites in the Sacramento-San Joaquin Basin indicate that
emigration of Pacific Lamprey macropthalmia peaks from early winter through early summer; however,
some outmigration has been observed year-round in the mainstem Sacramento River at both RBDD and
GCID (Hanni et al., 2006). When abundant, outmigrating Pacific Lamprey may act to buffer predation on
juvenile and smolt salmon because they are easier to capture than salmonids (Close et al., 2002).
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12A.1.8

River Lamprey (Lampetra ayresi)

River Lamprey are found in large coastal streams from just north of Juneau, Alaska, to the San Francisco
Bay (Vladykov and Follett, 1958, Wydoski and Whitney, 1979). The Sacramento and San Joaquin basins
are at the southern edge of their range (Moyle et al., 2009). The river lamprey is found within the
Primary, Secondary, and Extended study areas.
12A.1.8.1 Status
USFWS received a petition to list river lamprey pursuant to FESA as either threatened or endangered in
January 2003 species (Klamath-Siskiyou Wildlands Center et al., 2003). In December 2004, USFWS
found that there was not substantial information that listing of river lamprey was warranted (Federal
Register, 2004c). The river lamprey is considered a species of special concern by CDFW (2016).
Little is known regarding their abundance and distribution within California; they seem to be primarily
associated with the lower portions of certain large river systems, and most records for the state are from
the lower Sacramento-San Joaquin system, especially the Stanislaus and Tuolumne rivers (Moyle et al.,
1995, Moyle, 2002). In the Sacramento River, they have been documented upstream to at least Red Bluff
Diversion Dam (RBDD) (Hanni et al., 2006; Moyle et al., 2009). River Lamprey have also been collected
in the Feather River, American River, Mill and Cache creeks (Vladykov and Follett, 1958; Hanni et al.,
2006; Moyle et al., 2009). River Lamprey have not been documented during rotary screw trapping efforts
in Clear, Battle, and Deer creeks, or in the Yuba River (Hanni et al., 2006). Other streams where they
have been found in California outside of the Central Valley include the Napa and Russian rivers, and
Alameda, Sonoma, and Salmon creeks (DWR et al., 2013). Quantitative data on populations are
extremely limited, but loss and degradation of historical habitats suggest populations may have declined
(Moyle et al., 2009).
12A.1.8.2 General Biology and Life History
Adult River Lamprey migrate from the ocean into spawning areas in the fall. Adults of both sexes
construct nests in gravel at the upstream end of riffles (Wydoski and Whitney, 1979; Beamish and
Youson, 1987; Moyle, 2002). Eggs are deposited and fertilized in these depressions, after which the
adults typically die, similar to other species of lampreys. In the Sacramento-San Joaquin basin of
California, most spawning is believed to occur in April and May (Vladykov and Follett, 1958; Scott and
Crossman, 1973) at temperatures of about 55 to 56°F (Wang, 2010).
After hatching, young ammocoetes drift downstream to settle in the silt-sand substrates of backwaters,
eddies, and pools, where they remain burrowed for approximately 3 to 5 years (Moyle, 2002). At this
stage, they are filter feeders, with a diet consisting of algae (primarily diatoms) and other organic detritus
and microorganisms (Wydoski and Whitney, 1979). Good water quality and temperatures not exceeding
77°F are believed to be necessary for their survival (Moyle, 2002). Their metamorphosis into adults
begins in July when they reach about 12 cm (4.7 in) (Beamish, 1980), and is not complete for about 9 to
10 months until around April the following spring. This is a more extended period of metamorphosis than
observed in other lamprey species. During this time, they are believed to live in deep waters of the river
channel. Just prior to the completion of metamorphosis, the juvenile lampreys (macropthalmia)
congregate immediately upstream of salt water and enter the estuary or ocean from May to July (Beamish
and Youson, 1987).
Adults spend 3 to 4 months in salt water, remaining close to shore and growing to lengths of about 25 to
31 cm. In the estuary or ocean, River Lamprey are obligate parasites, typically killing their host in the
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process of feeding. They most commonly parasitize fishes 10 to 30 cm long, feeding near the surface on
smelt, herring, and mid-size salmonids (Beamish, 1980; Roos et al., 1973; Beamish and Neville, 1995). In
the fall, adults migrate back upstream into spawning areas and cease to feed. Fidelity to the streams in
which they were spawned remains unknown.
The species is expected to use Delta habitats primarily as a migration corridor (DWR et al., 2013), and
have been collected in Suisun Bay, Montezuma Slough, and Delta sloughs during California Department
of Fish and Wildlife (DFW) plankton sampling efforts. CVP and SWP salvage data indicate that they are
found in the salvage primarily from December through March (DWR et al., 2013). Juveniles are weak
swimmers, frequently becoming entrained in water diversions or turbine intakes of hydroelectric projects
or becoming impinged on screens meant to bypass juvenile salmonids or other fish (USFWS, 2007).
12A.1.9

Sacramento Splittail (Pogonichthys macrolepidotus)

12A.1.9.1 Status
USFWS listed Sacramento Splittail as a threatened species on March 10, 1999, because of the reduction
in its historical range and because of the large population decline during the 1987-93 drought (USFWS,
1996, Federal Register, 1999c). On June 23, 2000, the Federal Eastern District Court of California found
the final rule to be unlawful and on September 22, 2000, remanded the determination back to USFWS for
a reevaluation of the final decision. After a thorough review, USFWS removed the Sacramento Splittail
from the list of threatened species (Federal Register, 2003) and reaffirmed this decision in 2010 (Federal
Register, 2010b).
12A.1.9.2 General Biology and Life History
Distribution
Sacramento Splittail are endemic to the Sacramento and San Joaquin River systems of California,
including the Delta and the San Francisco Bay. Historically, splittail were found in the Sacramento River
as far upstream as Redding, in the Feather River to Oroville, and in the American River upstream to
Folsom. In the San Joaquin River, they were once documented as far upstream as Friant (Rutter 1908).
Splittail are thought to have originally ranged throughout the San Francisco estuary, with catches reported
by Snyder (1905) from southern San Francisco Bay and at the mouth of Coyote Creek.
Splittail are largely absent from the upper river reaches where they formerly occurred, residing primarily
in the lower parts of the Sacramento and San Joaquin rivers and tributaries and in Central Valley lakes
and sloughs (Moyle, 2002, Moyle et al., 2004). In wet years, however, they have been known to ascend
the Sacramento River as far as RBDD and into the lower Feather and American rivers (Baxter et al.,
1996; Sommer et al., 1997; Baxter, 1999b, 2000). The Sutter and Yolo bypasses along the lower
Sacramento River appear to be important splittail spawning areas (Sommer et al., 1997). In wet years,
Sacramento Splittail have been found in the San Joaquin River as far upstream as Salt Slough (Saiki,
1984, Baxter, 1999b, Brown and Moyle, 1993, Baxter, 2000) and in the Tuolumne River as far upstream
as Modesto (Moyle, 2002), where the presence of both adults and juveniles during wet years in the 1980s
and 1990s indicated successful spawning.
Non-breeding Adults
Non-reproductive adult splittail are most abundant in moderately shallow, brackish areas, but can also be
found in freshwater areas with tidal or riverine flow (Moyle et al., 2004). Because splittail are adapted for
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living in brackish waters with ﬂuctuating conditions, they are tolerant of high salinities and low dissolved
oxygen (DO) levels. Splittail are often found in salinities of 10 to 18 ppt, although lower salinities may be
preferred (Meng and Moyle, 1995) and can survive low DO levels (0. 6 to 1.2 milligrams per liter for
young-of-the-year, juveniles, and subadults) (Young and Cech, 1995, 1996). Non-breeding splittail are
found in temperatures ranging from 5 to 24°C, depending on the season, and acclimated ﬁsh can survive
temperatures up to 33°C for short periods (Young and Cech, 1996). Juveniles and adult splittail
demonstrate optimal growth at 20 degrees Celsius (ºC) and signs of physiological distress only above
29ºC (Young and Cech, 1995).
Spawning
Adults typically migrate upstream from brackish areas in January and February and spawn in fresh water
on inundated floodplains in March and April (Moyle et al., 2004). Foraging in ﬂooded areas along the
main rivers, bypasses, and tidal freshwater marsh areas of Montezuma and Suisun sloughs and San Pablo
Bay before the onset of spawning may contribute to spawning success and survival of adults after
spawning (Moyle et al., 2004). Splittail are adapted to the wet-dry climatic cycles of Northern California
and thus concentrate their reproductive effort in wet years when potential success is enhanced by the
availability of inundated ﬂoodplain (Meng and Moyle, 1995, Sommer et al., 1997).
When spawning, splittail can be found in the lower reaches of rivers and ﬂooded areas. Otherwise they
are primarily conﬁned to the Delta, Suisun Bay, Suisun Marsh, the lower Napa River, the lower Petaluma
River, and other parts of the San Francisco estuary (Meng et al., 1994, Meng and Moyle, 1995). In
general, splittail are most abundant in Suisun Marsh, especially in drier years (Meng and Moyle, 1995),
and reportedly rare in southern San Francisco Bay (Leidy, 1984). Splittail abundance appears to be
highest in the northern and western Delta when population levels are low, and they are more evenly
distributed throughout the Delta during successful year classes (Sommer et al., 1997, Moyle, 2002).
Rising ﬂows appear to be the major trigger for splittail spawning, but increases in water temperature and
day length may also be factors (Moyle et al., 2004). Spawning typically occurs on inundated ﬂoodplains
from February through June, with peak spawning in March and April. Information indicates that splittail
spawn in open areas with moving, turbid water less than 5 feet (1.5 m) deep, among dense annual
vegetation and where water temperatures are below 15°C (Moyle et al., 2004).
Splittail eggs are deposited in ﬂooded areas among submerged vegetation, to which they adhere until
hatching. Splittail eggs begin to hatch within 3 to 7 days, depending on temperature (Bailey, 1994). Eggs
laid in clumps hatch more quickly than individual eggs (Moyle et al., 2004). Little is known regarding the
tolerance of splittail eggs and developing larvae to DO, temperature, pH, or other water quality
parameters, or to other factors such as physical disturbance or desiccation.
Larvae and Juveniles
Within 5 to 7 days after hatching, swim bladder inﬂation occurs, and larvae begin active swimming and
feeding (Moyle, 2002). After emergence, most larval splittail remain in ﬂooded riparian areas for 10 to 14
days, most likely feeding among submerged vegetation before moving off ﬂoodplains into deeper water
as they become stronger swimmers (Sommer et al., 1997, Wang, 2010). Floodplain habitat offers high
food quality and production and low predator densities to increase juvenile growth. Although juvenile
splittail rear in upstream areas for a year or more (Baxter, 1999b), most move to tidal waters after only a
few weeks, often in response to ﬂow pulses (Moyle et al., 2004). The majority of juveniles move
downstream into shallow, productive bay and estuarine waters from April to August (Meng and Moyle,
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1995). Growth likely depends on the availability of high-quality food, especially in the ﬁrst year of life
(Moyle et al., 2004).
12A.1.10

Hardhead (Mylopharodon concephalus)

Hardhead are a California Species of Special Concern (CDFW, 2016). They are a member of the minnow
family, Cyprinidae, and are similar in appearance to the Sacramento pikeminnow (Moyle, 2002).
Hardhead exist throughout the Sacramento-San Joaquin River Basin and are fairly common in the
Sacramento River and in the lower reaches of the American and Feather rivers, but in other parts of their
range, populations have declined or have become increasingly isolated (Moyle, 2002). Hardhead can also
inhabit reservoirs and are abundant in a few impoundments where water level fluctuations prevent bass
from reproducing in large numbers (Moyle, 2002). Hardhead tend to be absent from areas that have been
highly altered (Moyle et al., 1995) or that are dominated by introduced fish species, especially
centrarchids (species of the sunfish family) (Moyle et al., 1995). Hardhead are omnivorous; their diet
consists mostly of benthic invertebrates and aquatic plants, but also includes drifting insects. In reservoirs,
hardhead also prey upon zooplankton (Moyle et al., 1995).
Hardhead spawn mainly in April and May, but some may spawn as late as August in the foothill regions
of the upper San Joaquin River (Wang, 2010). They migrate upstream and into tributary streams as far as
45 miles to spawning sites. Spawning behavior has not been documented, but it is assumed to be similar
to that of the pikeminnow, which deposit their eggs over gravel-bottomed riffles, runs, and at the head of
pools (Moyle et al., 1995). Spawning substrates may also include sand and decomposed granite
(Wang, 2010).
Optimal temperatures for hardhead appear to be between 75°F and 82°F (Moyle et al., 1995), although
hardhead inhabit portions of the Sacramento River upstream of RBDD (USFWS, 2002) where
temperatures are maintained at approximately 56°F.
12A.1.11

Eulachon (Thaleichthys pacificus)

Eulachon are anadromous fish that occur in the lower portions of certain rivers draining into the
northeastern Pacific Ocean, ranging from northern California to the southeastern Bering Sea in Bristol
Bay, Alaska (Scott and Crossman, 1973, Willson et al., 2006). Spawning occurs in gravel riffles, with
hatching about a month later. The larvae generally move downstream to the estuary following hatching.
The southern population of Pacific Eulachon consists of populations spawning in rivers south of the Nass
River in British Columbia, Canada, to and including the Mad River in California (Federal Register, 2009).
On March 18, 2010, NMFS listed the southern DPS of Pacific Eulachon as threatened under the ESA
(Federal Register, 2010c); critical habitat was designated in 2011 (Federal Register, 2011). The Klamath
River is near the southern limit of the range of Eulachon (Eulachon BRT, 2010).
Large spawning aggregations of Pacific Eulachon used to regularly occur in the Klamath River (Fry,
1979), migrating in March and April to spawn, but they rarely moved more than 8 miles inland (NRC,
2004). DFW sampled in the Klamath River from 1989 to 2003 with no Pacific Eulachon captures (U. S.
Department of the Interior [USDI] and CDFG, 2011). The Yurok Tribe sampled extensively for Pacific
Eulachon in early 2011, and although tribal fishermen did not capture Pacific Eulachon from the Klamath
River itself, they did recover Pacific Eulachon from the surf zone at the mouth of the river (USDI and
CDFG, 2011).
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12A.1.12

Southern Resident Killer Whale (Orcinus orca)

12A.1.12.1 Status
Three distinct forms of Killer Whales, termed residents, transients, and offshores, are recognized in the
northeastern Pacific Ocean. Resident Killer Whales in U.S. waters are distributed from Alaska to
California, with four distinct communities recognized: Southern, Northern, Southern Alaska, and Western
Alaska (Krahn et al., 2002, 2004). Some evidence suggests that until the mid- to late-1800s, the Southern
Resident Killer Whale population may have numbered more than 200 animals (Krahn et al., 2002). This
estimate was based, in part, on a recent genetic analysis of microsatellite DNA, which found that the
genetic diversity of the Southern Resident population resembles that of the Northern Residents (BarrettLennard, 2000, Barrett-Lennard and Ellis, 2001), and concluded that the two populations were possibly
once similar in size. Recent efforts to assess the Killer Whale population during the past century have
been hindered by an absence of empirical information prior to 1974 (NMFS, 2006).
Of the four distinct communities of resident killer whales recognized, only the Southern Resident Distinct
DPS is listed as endangered (Federal Register, 2005c). The Southern DPS primarily occurs in the inland
waters of Washington state and southern Vancouver Island, particularly during the spring, summer, and
fall, but members of the population have been observed off coastal California in Monterey Bay, near the
Farallon Islands, and off Point Reyes (Heimlich-Boran, 1988, Felleman et al., 1991, Olson, 1998,
Osborne, 1999, Federal Register, 2005c).
Designated critical habitat for Southern Resident DPS Killer Whale (Federal Register, 2006c) does not
overlap with the study areas for this EIR/EIS, nor are there any discernible changes to the physical
environment that occur within designated critical that could be correlated to Project operations. The only
potential effects of Project operations on the identified physical or biological features essential to
conservation would be to prey quantity, quality, and availability. Project operations have the potential to
affect only a portion of juvenile salmon originating in California’s Central Valley streams. Salmon
originating in California streams are estimated to contribute between 3 and 5 percent of the salmon
population off the Washington coast based on analysis of troll catches. These estimates were made based
on data collected during the time of year when the Southern Residents are present. The majority of the
fish attributed to California streams that are affected by the Project are expected to be hatchery fish.
12A.1.12.2 General Biology and Life History
Southern Resident Killer Whales spend a significant portion of the year in the inland waterways of the
Strait of Georgia, Strait of Juan de Fuca, and Puget Sound, particularly during the spring, summer, and
fall, when all three pods are regularly present in the Georgia Basin (defined as the Georgia Strait, San
Juan Islands, and Strait of Juan de Fuca) (Heimlich-Boran, 1988, Felleman et al., 1991, Olson, 1998,
Osborne, 1999). The Southern Resident population consists of three pods, identified as J, K, and L pods.
Typically, K and L pods arrive in May or June and spend most of their time in this core area until
departing in October or November. During this time, both pods also make frequent trips lasting a few
days to the outer coasts of Washington and southern Vancouver Island (Ford et al., 2000). J pod continues
to spend intermittent periods of time in the Georgia Basin and Puget Sound during late fall, winter, and
early spring.
While the Southern Residents are in inland waters during the warmer months, all of the pods concentrate
their activities in Haro Strait, Boundary Passage, the southern Gulf Islands, the eastern end of the Strait of
Juan de Fuca, and several localities in the southern Georgia Strait (Heimlich-Boran, 1988, Felleman et al.,
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1991, Olson, 1998, Ford et al., 2000). In general, they spend less time elsewhere, including other sections
of the Georgia Strait, Strait of Juan de Fuca, and San Juan Islands, Admiralty Inlet west of Whidbey
Island, and Puget Sound. Individual pods are similar in their preferred areas of use (Olson, 1998),
although there are some seasonal and temporal differences in certain areas visited by each pod (Hauser,
2006). For example, J pod visits Rosario Strait more frequently than K or L pods (Hauser, 2006). The
movements of Southern Resident Killer Whales relate to those of their preferred prey—salmon. Pods
commonly seek out and forage in areas where salmon occur, especially those associated with migrating
salmon (Heimlich-Boran, 1986, 1988; Nichol and Shackleton, 1996). Notable locations of particularly
high use include Haro Strait and Boundary Passage, the southern tip of Vancouver Island, Swanson
Channel off North Pender Island, and the mouth of the Fraser River delta, which is visited by all three
pods in September and October (Felleman et al., 1991; Ford et al., 2000). These sites are major corridors
for migrating salmon.
Wild female Southern Resident Killer Whales give birth to their first surviving calf between the ages of
12 and 16 years (mean = about 14.9 years) (Olesiuk et al., 1990; Matkin et al., 2003). Females produce an
average of 5.4 surviving calves during a reproductive life span lasting about 25 years (Olesiuk et al.,
1990). Males become sexually mature at body lengths ranging from 5.2 to 6.4 meters, which corresponds
to between the ages of 10 and 17.5 years (mean = about 15 years) (Christensen, 1984; Perrin and Reilly,
1984; Duffield and Miller, 1988; Olesiuk et al., 1990), and are presumed to remain sexually active
throughout their adult lives (Olesiuk et al., 1990).
Southern Resident Killer Whales are known to consume 22 species of fish and one species of squid
(Scheffer and Slipp, 1948; Ford et al., 1998, 2000; Ford and Ellis, 2005; Saulitis et al., 2000). Ford and
Ellis (2005) found that salmon represent over 96 percent of the prey consumed during the spring, summer,
and fall. Chinook Salmon were selected over other species, comprising over 70 percent of the identified
salmonids taken. This preference occurred despite the much lower abundance of Chinook in the study
area in comparison to other salmonids and is probably related to the species’ large size, high fat and
energy content, and year-round occurrence in the area. Other salmonids eaten in smaller amounts include
chum (22 percent of the diet), pink (3 percent), coho (2 percent), sockeye (less than 1 percent), and
steelhead (less than 1 percent) (Ford and Ellis, 2005). This work suggested an overall preference of these
whales for Chinook during the summer and fall, but also revealed extensive feeding on chum salmon in
the fall.
Southern Resident Killer Whale survival and fecundity are correlated with Chinook Salmon abundance
(Ward et al., 2009, Ford et al., 2010). Southern Resident Killer Whales could potentially be affected by
changes in salmon populations caused by the Project, because their survival and fecundity appear
dependent on the abundance of Chinook Salmon (Ward et al., 2009; Ford et al., 2010).
Chinook Salmon originating from the Fraser River are the dominant prey of resident Killer Whales in the
summer months when they are usually in inland marine waters (Hanson et al., 2010). Less is known of
their diet during the remainder of the year (September through May), when they spend much of their time
in outer coastal waters, and may range from central California to northern British Columbia (Hanson et
al., 2010). However, it is believed likely that they preferentially feed on Chinook Salmon when available,
and roughly in proportion to their relative abundance (Hanson et al., 2010). Hanson et al. (2010) found
Southern Resident stomachs to contain several different ESUs of salmon, including Central Valley fallrun Chinook Salmon.
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NMFS (2008) estimated the biological requirements of Southern Resident Killer Whales including the
diet composition and number of salmon the population requires in their coastal range. NMFS estimated
that the current population of Southern Residents at the time (87) would be required to consume between
392,555 and 470,288 salmon based on diet compositions and bioenergetic needs in their coastal range.
These estimates were based on Chinook Salmon comprising 70 to 88 percent of their diet.
Based on observations of captive Killer Whales, studies have extrapolated the energy requirements of
wild Killer Whales and estimate an average size value for the five salmon species combined. Osborne
(1999) estimated that adult Killer Whales would consume 28 to 34 adult salmon per day, and that younger
Killer Whales (less than 13 years of age) would consume about 15 to 17 salmon per day to meet their
daily energy requirements. Extrapolating these results, the Southern Resident population (approximately
90 individuals) would consume about 750,000 to 850,000 adult salmon per year.
12A.1.13

White sturgeon (Acipenser transmontanus)

12A.1.13.1 Status
White Sturgeon have a marine distribution spanning from the Gulf of Alaska south to Mexico, but a
spawning distribution ranging only from the Sacramento River northward. Currently, self-sustaining
spawning populations are only known to occur in the Sacramento, Fraser, and Columbia rivers. In
California, the largest numbers are in the San Francisco Bay estuary, with spawning occurring mainly in
the Sacramento and Feather rivers. White sturgeon are considered a California species of special concern
(CDFW, 2016).
12A.1.13.2 General Biology and Life History
White sturgeon, similar to the green sturgeon, are anadromous fish that spend most of their lives within an
estuary, usually returning to fresh water only to spawn (Beamesderfer and Webb, 2002). White Sturgeon
are long-lived, late maturing, and have a high fecundity (Israel et al., 2015). Because White Sturgeon
require a long time to mature, large year classes are typically associated with years of high outflow
(Kohlhorst et al., 1991; Schaffter and Kohlhorst, 1999), and population size can fluctuate to extremes
(Schaffter and Kohlhorst, 1999). There is a relatively strong relationship between Delta outflow and year
class strength during the period when white sturgeon are spawning and young white sturgeon are
migrating downstream (March-July). There is a threshold at about 50,000 cfs such that year classes are
generally strong when flows are above the threshold (Gingras et al., 2014).
Adult Migration and Spawning
White sturgeon reside in estuaries of large rivers for much of their lives. They are found in brackish
portions of the estuary and they may move around a bay or estuary to find optimal brackish water areas
(Kohlhorst et al., 1991). Male sturgeon reach sexual maturity before the females, although time of onset
of maturity for both varies with photoperiod 3 and temperature. Males are sexually mature as early as three
to four years. Females mature as early as five years (Wang, 2010). White sturgeon do not necessarily
breed annually, and only a small percentage of the adult population spawns in a given season. Males may
spawn every one to two years, and females may spawn every two to four years. The sturgeon begin
migrating in streams during winter, with large peak flows triggering spawning between February and
early June. Upstream migration is usually initiated by a large pulse flow (Schaffter, 1997).
3 The duration of an organism’s daily exposure to light.
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In the Central Valley, white sturgeon spawn in the Sacramento River between Knights Landing and
Colusa and possibly farther upstream; most White Sturgeon spawn downstream of the Glenn-Colusa
Irrigation Dam. In some years, white sturgeon may also spawn in the Feather and San Joaquin rivers
(Moyle, 2002). White Sturgeon spawning has recently been confirmed in the lower San Joaquin River
(Jackson and Van Eenennaam, 2013), and the U.S. Geological Survey (USGS) is currently mapping and
characterizing White Sturgeon spawning habitat in the lower portion of the river (USGS, 2015).
Spawning occurs over deep gravel rifﬂes or in deep pools with swift currents and rock bottoms between
late February and early June when temperatures are between 8°C and 19°C. White Sturgeon have high
fecundities, and typical females may have as many as 200,000 eggs. Eggs become adhesive subsequent to
fertilization, and adhere to the substrate until they hatch 4 to 12 days later, depending on temperature
(Wang, 2010). Once the eggs have been deposited, the adults move back downstream to the estuary.
Larvae hatch in 1 to 2 weeks, depending on temperature. Once the yolk sac is absorbed (approximately
1 week after hatching), the larvae can begin to actively forage along the benthos.
Rearing
Juvenile sturgeon are often found in upper reaches of estuaries in comparison to adults, which suggests
that there is a correlation between size and salinity tolerance. White Sturgeon are opportunistic predators
and may feed on many introduced species. The diet of young sturgeon consists primarily of different
types of crustaceans, although they begin to increase the diversity of food items with age. Most food is
taken from the bottom of the estuary where the sturgeon may pick up clams, crabs, and shrimp. Larger
sturgeon begin to feed on other fish, such as anchovies, starry flounder, smelt, and striped bass (Moyle,
2002). They grow quickly in their first year, up to 30 cm FL in the Bay Delta, and the growth rate
generally decreases with age (Moyle, 2002).
Both larval and juvenile green sturgeon are susceptible to entrainment in pumps and diversions in the
Delta and rivers. Periodic high flows in the 1990s produced small increases in White Sturgeon salvage
catches, but salvage numbers were much lower than prior to 1985. USFWS (1996) reported that juvenile
sturgeon are probably more vulnerable to entrainment at the SWP and CVP at low to intermediate flows
during those years when river and Delta inflow are normal or below normal.
Estuarine and Ocean Residence
In the ocean, White Sturgeon have been known to migrate long distances, but spend most of their life in
brackish portions of large river estuaries. White Sturgeon primarily live in brackish portions of estuaries
where they tend to concentrate in deep sections having soft substrate. They move according to salinity
changes, and may swim into intertidal zones to feed at high tide.
Recent stomach content analysis of White Sturgeon from the San Francisco Bay estuary indicates that the
invasive overbite clam, Corbula amurensis, may now be a major component of the White Sturgeon diet
(Zeug et al., 2014), and unopened clams were often observed throughout the alimentary canal (Kogut,
2008). Kogut’s study found that at least 91 percent of clams that passed through sturgeon digestive tracts
were alive. This suggests sturgeon are potential vehicles for transport of adult overbite clams and also
raise concern about the effect of this invasive clam on sturgeon nutrition and contaminant exposure.
12A.1.14

Striped Bass (Morone saxatilis)

Striped bass occur in the Sacramento River, its major tributaries, and the Delta. Striped Bass move
regularly from salt to fresh water. They require a large body of water for foraging on fish (usually
SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-50

Appendix 12A: Fish Species Life Histories

estuaries or large reservoirs) and large cool rivers for spawning. Substantial striped bass spawning and
rearing occurs in the Sacramento River and Delta, although their range extends up into tributary rivers
and creeks. Striped bass are native to the Atlantic coast. They were first introduced to the Pacific coast in
1879, when they were planted in the San Francisco Bay Estuary (Moyle, 2002).
Adult Striped Bass are distributed mainly in the lower bays and ocean during the summer, and in the
Delta during fall and winter. Adult striped bass inhabit Central Valley streams throughout the year, with
peak abundance occurring in the spring months coincident with the spawning period. Spawning begins in
April, and peaks in May and early June. In the Yolo Bypass, Harrell and Sommer (2003) observed that
flow pulses immediately preceding floodplain inundation triggered upstream movement of Striped Bass,
resulting in successful spawning. Striped bass spawn in warmer temperatures ranging from 59ºF to 68ºF.
In the Sacramento River, most spawning is believed to occur between Colusa and the mouth of the
Feather River (Moyle, 2002). During low flow years, spawning occurs within the Delta itself.
Eggs are free-floating and negatively buoyant, and hatch in about two days as they drift downstream, with
larvae occurring in shallow and open waters of the lower reaches of the Sacramento and San Joaquin
rivers, the Delta, Suisun Bay, Montezuma Slough, and Carquinez Strait. Larvae in the Sacramento River
migrate into the water column from April to mid-June (Stevens, 1966). In the Sacramento River, embryos
and larvae are carried into the Delta and Suisun Bay (Moyle, 2002). In the San Joaquin River, embryos
remain in the same general area where spawning took place, as freshwater outflow is balanced by tidal
currents (Moyle, 2002). When larval bass from both rivers begin to feed, they are concentrated in the
most productive part of the estuary—where freshwater and salt water meet or near X2 (Moyle, 2002).
Striped Bass are tolerant of a wide range of environmental conditions, surviving temperatures up to 25°C
(77ºF) (and up to 34°C [93ºF] for shorter periods), rapid temperature swings, low oxygen levels between
3 and 5 milligrams per liter (mg/L), and high turbidity (Moyle, 2002). Hassler (1988), in a summary of
environmental tolerance studies, reported that Striped Bass could tolerate dissolved oxygen
concentrations ranging from 3 to 20 mg/L, and a pH range of 6 to 10, although the optimum level ranged
from 6 to 12 mg/L and 7 to 9, respectively. The information compiled by Hassler (1988) suggested
juveniles preferred rearing temperatures of 24 to 26°C (60.8 to 66.2°F). As Striped Bass grow, their
temperature preference shifts towards cooler water (Hill et al., 1989). Adult Striped Bass appear to prefer
water temperatures ranging from 20 to 24°C (68 to 75.2°F) (Emmett et al., 1991).
Typical of an anadromous species, salinity tolerance of Striped Bass also changes with age (Lal et al.,
1977; Hill et al., 1989). Eggs and larvae reportedly thrive at salinities less than 3 practical salinity units
(psu) (Mansueti, 1958; Dovel, 197l), and can tolerate salinities of 8 to 9 psu without ill effects (Morgan
and Rasin, 1973). Adults can apparently tolerate salinities from 0 to 34 psu or more (Rogers and Westin,
1978), with a range of 10 to 20 psu reported as optimal for larger juveniles (Bogdanov et al., 1967).
Striped Bass are a top predator in the Delta and are considered major predators on fish (Thomas 1967).
Fish become important in the diet of juveniles, especially late in the summer when young-of-the-year
Striped Bass and shad become available (Moyle, 2002). Striped Bass are primarily piscivorous as
subadults, (approximately age 2+). Stevens (1966) found that the importance of fish in the diet of
subadult and adult Striped Bass in the Sacramento-San Joaquin estuary varied seasonally. Fish were most
prevalent in the diet of subadults in fall, and occurred most frequently in the diet of adults in fall and
winter. Adult Striped Bass feed primarily on smaller Striped Bass, threadfin shad, and juvenile salmonids,
as well as pelagic ocean fishes (Moyle, 2002). Striped Bass are considered important predators on
juvenile salmon in the Sacramento River (Tucker et al., 1998; Moyle, 2002). The impact of Striped Bass
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on Delta Smelt and Sacramento Splittail is not known (Moyle, 2002). Delta Smelt were occasional prey
fish for Striped Bass in the early 1960s (Turner and Kelley, 1966) but went undetected in a recent study of
predator stomach contents (Nobriga and Feyrer, 2008). Striped Bass are likely the primary predator of
juvenile and adult Delta Smelt given their spatial overlap in pelagic habitats (NMFS, 2009d).
Though Striped Bass may commonly exhibit a roving school foraging strategy (Pickard et al., 1982), they
appear to take advantage of prey that is concentrated at screened diversions or pumps, and may be
partially responsible for the decline of some native fishes, including salmon, thicktail chub, and
Sacramento perch (Tucker et al., 1998). Striped Bass are considered to be a primary cause of juvenile
salmon mortality at the state water-export facility in the south Delta (USFWS, 1995). Tucker et al. (1998)
observed Striped Bass preying heavily on juvenile Chinook Salmon that passed through the diversion
facilities at Red Bluff Diversion Dam on the Sacramento River. Juvenile Chinook Salmon were found by
Thomas (1967) to be a major food item in the diet of Striped Bass in the spring and early summer during
smolt outmigration through the Sacramento and San Joaquin rivers and Delta.
12A.1.15

American Shad (Alosa sapidissima)

American shad are found within the Primary, Secondary, and Extended study areas. American shad occur
in the Sacramento River, its major tributaries, the San Joaquin River, and the Delta. Because of its
importance as a sport fish, American shad have been the subject of investigations by CDFG. American
shad are native to the Atlantic coast, and were planted in the Sacramento River in 1871 and 1881
(Moyle, 2002).
Adult American shad typically enter Central Valley streams from the ocean from late March through
early July, with the spawning migration peaking from mid-May through June (Moyle, 2002). Water
temperature is an important factor influencing the timing of spawning. American shad are reported to
spawn at water temperatures ranging from approximately 46ºF to 78.8ºF (Wang, 2010), although optimal
spawning temperatures are reported to range from approximately 60ºF to 70ºF. When suitable spawning
conditions are found, American shad school and broadcast their eggs throughout the water column.
Spawning takes place mostly in the main channels of rivers. At 62ºF, eggs hatch in six to eight days.
Larval American shad have been found in off-channel floodplain habitats. Approximately 70 percent of
the spawning run is comprised of first time spawners (Moyle, 2002).
In contrast to salmonids, distribution of spawning American shad are determined by river flow rather than
homing 4 behavior (Moyle, 2002). Shad have the ability to navigate and to detect minor changes in their
environment (Moyle, 2002).
12A.1.16

Black Bass (Micropterus sp.)

Largemouth and smallmouth bass mostly spawn in the spring and summer. They are more successful in
disturbed environments than native species. In general, they are adapted to warm, slow-moving, and
nutrient rich waters (Moyle, 2002). Largemouth and smallmouth bass are important sportfish in lakes,
reservoirs, and rivers. These species spawn in the nearshore, shallow littoral zone in reservoirs and are
susceptible to reduced spawning success from reservoir fluctuations. Each of these non-native species is
found within the Primary, Secondary, and Extended study areas.

4 Ability of some species to return to a specific area or location, such as a natal stream.
SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-52

Appendix 12A: Fish Species Life Histories

12A.2 References
Adams, P.B., C.B. Grimes, S.T. Lindley, and M.L. Moser. 2002. Status review for North American green
sturgeon, Acipenser medirostris. National Marine Fisheries Service, Santa Cruz, California. 57pp.
Alderdice, D.F., and F.P.J. Velsen. 1978. Relation between temperature and incubation time for eggs of
Chinook salmon (Oncorhynchus tshawytscha). Journal of the Fisheries Research Board of Canada
35: 69-75.
Allen, M.A., and T.J. Hassler. 1986. Species profiles: life histories and environmental requirements of
coastal fishes and invertebrates (Pacific Southwest) - Chinook salmon. U.S. Fish and Wildlife
Service, Biological Report 82(11.49). U.S. Army Corps of Engineers, TR EL-82-4. 26 pp.
AFS (American Fisheries Society). 1985. Petition to List the Winter -run of Chinook Salmon on the
Sacramento River of California as a Threatened Species. Submitted by Cay Goude of the
California-Nevada Chapter of the American Fisheries Society to Dr. William Gordon, Director,
National Marine Fisheries Service. October 31, 1985.
Anderson, K.R. 1995. A status review of the Coho salmon (Oncorhynchus kisutch) in California south of
San Francisco Bay. Report to the California Fish and Game Commission. California Department
of Fish and Game. 82 pp.
Association of California Water Agencies and California Urban Water Agencies. 1997. The Status of
Late-fall and Spring-run Chinook Salmon in the Sacramento River Basin Regarding the
Endangered Species Act. Special Report. Submitted to National Marine Fisheries Service.
Prepared by S. P. Cramer and D. B. Demko, S.P. Cramer and Associates, Inc., Gresham, Oregon.
Bailey, H. C. 1994. Sacramento splittail work continues. Interagency Ecological Program Newslette r7:
Article 3.
Bams, R.A. 1970. Evaluation of a revised hatchery method tested on pink and chum salmon fry. Journal
of the Fisheries Research Board of Canada 27: 1429-1452.
Barnhart, R.A. 1986. Species profiles: life histories and environmental requirements of coastal fishes and
invertebrates (Pacific Southwest) - steelhead. U.S. Fish and Wildlife Service, Biological Report,
82(11.60). U.S. Army Corps of Engineers, TR EL-82-4. 21 pp.
Barrett-Lennard, L.G. 2000. Population Structure and Mating Patterns of Killer Whales as Revealed by
DNA Analysis. Doctoral dissertation. University of British Columbia, Vancouver, B.C.
Barrett-Lennard, L.G., and G.M. Ellis. 2001. Population Structure and Genetic Variability in Northeastern
Pacific Killer Whales: Towards an Assessment of Population Viability. Research Document
2001/065. Department of Fisheries and Oceans Canada, Nanaimo, British Columbia.
Baxter, R.D., R. Breuer, L.R. Brown, L. Conrad, F. Feyer, S. Fong, K. Gehrts, L. Grimaldo, B. Herbold,
P. Hrodey, A. Mueller-Solger, T. Sommer, and K. Souza. 2010. Interagency Ecological Program
2010 Pelagic Organism Decline Work Plan and Synthesis of Results. Interagency Ecological
Program for the San Francisco Estuary.
Baxter, R.D., W. Harrell, and L. Grimaldo. 1996. 1995 Splittail spawning investigations. Interagency
Ecological Program Newsletter 9(4):27-31.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-53

Appendix 12A: Fish Species Life Histories

Baxter, R.D. 2000. Splittail and longfin smelt. Interagency Ecological Program Newsletter 13(2):19-21.
Baxter, R.D. 1999a.Osmeridae. Pages 179-215 in J.J. Orsi editor. Report on the 1980-1995 fish, shrimp,
and crab sampling in the San Francisco Estuary, California. Interagency Ecological Program for
the Sacramento-San Joaquin Estuary. Technical Report 63, Sacramento, California.
Baxter, R.D. 1999b. Status of splittail in California. California Fish and Game 85: 28-30.
Bay Delta Conservation Plan (BDCP). 2007. Options evaluation report. Available at:
http://baydeltaconservationplan.com/
Beacham, T.D., and C.B. Murray. 1990. Temperature, egg size, and development of embryos and alevins
of five species of Pacific salmon: a comparative analysis. Transactions of the American Fisheries
Society 119:927–945.
Beamesderfer, R.C.P., M.L. Simpson, and G.J. Kopp. 2007. Use of life history information in a
population model for Sacramento green sturgeon. Environmental Biology of Fishes 79: 315-337.
Beamesderfer, R.C.P., and M.A.H. Webb. 2002. Green Sturgeon Status Review Information. Report
prepared for State Water Contractors, Sacramento California. S. P. Cramer & Associates, Inc.,
Gresham, Oregon and Oakdale California. 46 pp.
Beamesderfer, R. C. 2000. Agenda and notes for green sturgeon workshop, 22-23 March 2000,
Weitchpec, California. Oregon Department of Fish and Wildlife, Portland.
Beamish, R.J. 1980. Adult biology of the River Lamprey (Lampetra ayresi) and the Pacific Lamprey
(Lampetra tridentata) from the Pacific coast of Canada. Canadian Journal of Fisheries and
Aquatic Science 37: 1906–1923.
Beamish, R.J., and C.D. Levings. 1991. Abundance and freshwater migrations of the anadromous
parasitic lamprey, Lampetra tridentata, in a tributary of the Fraser River, British Columbia.
Canadian Journal of Fisheries and Aquatic Sciences 48: 1250–1263.
Beamish, R.J., and C.M. Neville. 1995. Pacific salmon and Pacific herring mortalities in the Fraser River
plume caused by River Lamprey (Lampetra ayresi). Canadian Journal of Fisheries and Aquatic
Sciences 52: 644-650.
Beamish, R.J., and J.H. Youson. 1987. Life history and abundance of young adult Lampetra ayresi in the
Fraser River and their possible impact on salmon and herring stocks in the Strait of Georgia.
Canadian Journal of Fisheries and Aquatic Science 44:525-537.
Beckman, B.R., D.A. Larsen, B. Lee-Pawlak, and W.W. Dickhoff. 1998. Relation of fish size and growth
rate to migration of spring Chinook salmon smolts. North American Journal of Fisheries
Management 18: 537-546.
Bemis, W.E., and B. Kynard. 1997. Sturgeon Rivers: An Introduction to Acipenseriform Biogeography
and Life History. Environmental Biology of Fishes 48:167-183.
Bennett, W. A. 2005. Critical assessment of the delta smelt population in the San Francisco Estuary,
California. San Francisco Estuary & Watershed Science 3: Article 1.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-54

Appendix 12A: Fish Species Life Histories

BioAnalysts, Inc. 2000. A status of Pacific lamprey in the mid-Columbia region. Rocky Reach
Hydroelectric Project, FERC Project No. 2145. Prepared for Public Utility District No. 1 of
Chelan County, Wenatchee, Washington.
Bisson, P., J.L. Nielsen, R.A. Palmason, and L.E. Grove. 1982. A system of naming habitat types in small
streams, with examples of habitat utilization by salmonids during low streamﬂows. Proceedings
of the symposium on acquisition and utilization of aquatic habitat inventory information. Edited
by N. B. Armantrout, 62–73. American Fisheries Society, Western Division. Bethesda, Maryland.
Bisson, P.A., K. Sullivan, and J.L. Nielsen. 1988. Channel hydraulics, habitat use, and body form of
juvenile coho salmon, steelhead trout, and cutthroat trout in streams. Transactions of the
American Fisheries Society 117: 262–273.
Bjornn, T.C., and D.W. Reiser. 1991. Habitat requirements of salmonids in streams. Influences of forest
and rangeland management on salmonid fishes and their habitats. American Fisheries Society
Special Publication 19: 83–138.
Bogdanov, A.S., S.I. Doroshev, and A.F. Karpevich. 1967. Experimental transfer of Salmo gairdneri and
Roccus saxatilis from the USA for acclimatization in bodies of water of the USSR. Translated
from Russian by R. M. Howland, Narragansett Marine Game Fish Research Laboratory, R. I.
Vopr. Ikhtiol 42: 185–187. As cited Atlantic States Marine Fisheries Commission Atlantic Coast
Diadromous Fish Habitat, A Review of Utilization Threats, Recommendations for Conservation,
and Research Needs, Habitat Management Series #9, January 2009.
Boles, G.L., S.M. Turek, C.D. Maxwell, and D.M. McGill. 1988. Water Temperature Effects on Chinook
Salmon (Oncorhynchus tshawytscha) with Emphasis on the Sacramento River: a Literature
Review. California Department of Water Resources, Northern District, Red Bluff.
Borthwick, S.M., R.R. Corwin, and C.R. Liston. 1999. Investigations of fish entrainment by archimedes
and internal helical pumps at the Red Bluff Research Pumping Plant, Sacramento California:
February 1997-June 1998. Bureau of Reclamation, Red Bluff, California.
Bovee, K.D. 1978. Probability-of-use criteria for the family Salmonidae. Instream Flow Information
Paper No. 4. Cooperative Instream Flow Service Group, Ft. Collins, Colorado, 88 pp.
Bradford, M.J., J.A. Grout, and S. Moodie. 2001. Ecology of juvenile Chinook salmon in a small nonnatal stream of the Yukon River drainage and the role of ice conditions on their distribution and
survival., Canadian Journal of Zoology 79: 2043-2054.
Brandes, P.L., and J.S. McLain. 2001. Juvenile Chinook salmon abundance, distribution, and survival in
the in the Sacramento-San Joaquin Estuary. Contributions to the biology of Central Valley
salmonids. California Department of Fish and Game Fish Bulletin 179(1):39-138.
Briggs, J.O. 1953. The Behavior and reproduction of salmonid fishes in a small coastal stream. California
Department of Fish and Game Fish Bulletin 94:1-62.
Brown, K. 2007. Evidence of spawning by green sturgeon, Acipenser medirostris, in the upper
Sacramento River, California.
Brown, L.R., and P.B. Moyle. 1993. Distribution, ecology, and status of fishes of the San Joaquin River
drainage, California. California Fish and Game Bulletin 79: 96-113.
SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-55

Appendix 12A: Fish Species Life Histories

Brumo, A.F., L. Grandmontagne, S.N. Namitz, and D.F. Markle. 2009. Evaluation of approaches used to
monitor Pacific lamprey spawning populations in a coastal Oregon stream. Biology, management,
and conservation of lampreys in North America. Edited by L. R. Brown, S. D. Chase, M. G.
Mesa, R. J. Beamish, and P. B. Moyle. Pp. 204–222. American Fisheries Society, Symposium 72,
Bethesda, Maryland.
Brumo, A.F. 2006. Spawning, larval recruitment, and early life survival of Pacific lampreys in the South
Fork Coquille River, Oregon. Master’s thesis. Oregon State University, Corvallis.
Bureau of Reclamation (Reclamation). 2008. Biological assessment on the continued long-term
operations of the Central Valley Project and the State Water Project. Bureau of Reclamation,
Sacramento, California.
Bureau of Reclamation (Reclamation). 2004. Long-term Central Valley Project and State Water Project
operations criteria and plan. Biological Assessment. Bureau of Reclamation, Sacramento,
California.
Bureau of Reclamation (Reclamation). 2001. Larval fish entrainment by Archimedes lifts and an internal
helical pump at Red Bluff Research Pumping Plant, Upper Sacramento River, California. Red
Bluff Research Pumping Plant Report Series, Volume 12. U.S. Bureau of Reclamation, Red
Bluff, California. 14 pp.
Bureau of Reclamation (Reclamation). 1999. Investigations of fish entrainment by Archimedes and
internal helical pumps at the Red Bluff research pumping plant, Sacramento River, California:
February 1997 – June 1998. Red Bluff Research Pumping Plant Report Series, Volume 7.
U.S. Bureau of Reclamation, Denver, Colorado. 51 pp.
Bureau of Reclamation (Reclamation). 1994. Action Plan for the Restoration of the SFTR Watershed and
its Fishes. Prepared by Pacific Watershed Associates for U.S. Bureau of Reclamation and Trinity
River Task Force, Arcata, California. As cited by Trinity River Restoration Program Spring
Chinook in the South Fork Trinity River: Recommended Management Actions and the Status of
their Implementation, January 29, 2013.
Bureau of Reclamation (Reclamation). 1991. Guide to Upper Sacramento River Chinook Salmon Life
History. Prepared by D. A. Vogel and K. R. Marine, CH2M HILL, Redding, California, for U.S.
Bureau of Reclamation, Central Valley Project.
Busby, P.J., T.C. Wainwright, G.J. Bryant, L. Lierheimer, R.S. Waples, F.W. Waknitz, and I.V.
Lagomarsino. 1996. Status Review of West Coast steelhead from Washington, Idaho, Oregon and
California. U.S. Department of Commerce. NOAA Technical Memo. NMFS-NWFSC-27.
Busby P.J., T.C. Wainwright, and R.S. Waples. 1994. Status review for Klamath Mountains Province
steelhead. NOAA Technical Memorandum NMFS-NWFSC-19. National Marine Fisheries
Service, Seattle, Washington.
Bustard, D.R., and D.W. Narver. 1975. Aspects of the winter ecology of juvenile coho salmon
(Oncorhynchus kisutch) and steelhead trout (Salmo gairdneri). Journal of the Fisheries Research
Board of Canada 32: 667–680.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-56

Appendix 12A: Fish Species Life Histories

California Department of Fish and Game (CDFG). 2011a. Successful fish rescue completed at Tisdale and
Fremont weirs off Sacramento River. Department of Fish and Game News. April 15. Available:
http://cdfgnews.wordpress.com. Accessed August 2011.
California Department of Fish and Game (CDFG). 2009. A status review of the longfin smelt (Spirinchus
thaleichthys) in California. Report to California Fish and Game Commission.
California Department of Fish and Game (CDFG). 2007. Year 2007 aerial redd counts. Unpublished data.
Department of Fish and Game, Region 1, Redding, California.
California Department of Fish and Game (CDFG). 2005. October 2005 Sacramento River juvenile
salmonid emigration monitoring project located at Glenn-Colusa Irrigation District Fish Screen
Facility. Memorandum Report November 8. California Department of Fish and Game,
Sacramento Valley and Central Valley Region, Sacramento, California. 4 pp.
California Department of Fish and Game (CDFG). 2004. Recovery strategy for California Coho salmon.
Report to the California Fish and Game Commission. California Department of Fish and Game.
594 pp.
California Department of Fish and Game (CDFG). 2002a. Status review of California coho salmon north
of San Francisco. Candidate Species Status Review Report 2002-3. Report to the California Fish
and Game Commission.
California Department of Fish and Game (CDFG). 2002b. California Department of Fish and Game
comments to NMFS regarding green sturgeon listing. Sacramento.
California Department of Fish and Game (CDFG). 2000a. Timing, Composition and Abundance of
Juvenile Anadromous Salmonid Emigration in the Sacramento River Near Knights Landing
October 1996-September 1997. California Department of Fish and Game, Stream Evaluation
Program Technical Report No. 00-04. July. 74 pp.
California Department of Fish and Game (CDFG). 2000b. The status of rare, threatened, and endangered
animals and plants of California: delta smelt. CDFG, Habitat Conservation Planning Branch.
California Department of Fish and Game (CDFG). 1998. Report to the Fish and Game Commission: A
Status Review of the Spring-run Chinook Salmon (Onchorhyncus Tshawytscha) in the
Sacramento River Drainage. California Department of Fish and Game, Candidate Species Status
Report 98-01. 24 pp.
California Department of Fish and Game (CDFG). 1996. Steelhead Restoration and Management Plan for
California. Inland Fisheries Division, California Department of Fish and Game, Sacramento,
California. 227 pp.
California Department of Fish and Game (CDFG). 1990a. Juvenile salmonid sampling within the
Klamath-Trinity Basin, 1984. Draft report. Inland Fisheries Division, Arcata, California. As cited
by U.S. Fish and Wildlife Service Klamath River (Iron Gate Dam to Seiad Creek) Life Stage
Periodicities for Chinook, Coho, and Steelhead, July 1997.
California Department of Fish and Game (CDFG). 1990b. Distribution, abundance, fork length and
coded-wire tag recovery data for juvenile anadromous salmonids within the Klamath-Trinity
Basin, 1985. Draft report. Inland Fisheries Division, Arcata, California.
SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-57

Appendix 12A: Fish Species Life Histories

California Department of Fish and Game (CDFG). 1965a. Inventory (Salmon-Steelhead and Marine
Resources). California Department of Fish and Game, California Fish and Wildlife Plan Volume
III. 26 pp.
California Department of Fish and Game (CDFG). 1965b. California fish and wildlife plan. California
Department of Fish and Game, Sacramento.
California Department of Fish and Wildlife (CDFW). 2016. Natural Diversity Database. Special Animals
List. Periodic publication. October.
California Department of Fish and Wildlife (CDFW). 2014. GrandTab 2014.04.22. California Central
Valley Chinook Population Report. Compiled April 22, 2014. Fisheries Branch.
California Department of Water Resources (DWR). 1988. Water temperature effects on Chinook salmon
(Oncorhynchus tshawytscha) with emphasis on the Sacramento River: A literature review.
California Department of Water Resources, Sacramento, California. 43 pp.
California Department of Water Resources (DWR), Bureau of Reclamation (Reclamation), U.S. Fish and
Wildlife Service (USFWS), and National Marine Fisheries Service (NMFS). 2013.
Environmental impact report/ environmental impact statement for the Bay Delta Conservation
Plan. Draft. Prepared by ICF International, Sacramento, California. March.
Cech, J.J. Jr., S.I. Doroshov, G.P. Moberg, B.P. May, R.G. Schaffter, and D.M. Kohlhorst. 2000.
Biological assessment of green sturgeon in the Sacramento-San Joaquin watershed (Phase 1).
Project No. 98-C-15, Contract No. B-81738. Final report to CALFED Bay-Delta Program. As
cited by Adams et al., 2002.
CBD et al. (Center for Biological Diversity, Oregon Wild, Environmental Protection Information Center,
and The Larch Company). 2011. Petition to List Upper Klamath Chinook Salmon (Oncorhynchus
tshawytscha) as a Threatened or Endangered Species.
Chilcote, S., A. Collins, A. Cousins, N. Hemphill, A. Hill, and J. Smith. 2013. Spring Chinook in the
SFTR Rivers: Recommended Management Actions and the Status of their Implementation.
Trinity River Restoration Program, South Fork Trinity River Spring Chinook Subgroup.
Christensen, I. 1984. Growth and reproduction of killer whales, Orcinus orca, in Norwegian coastal
waters. Reports of the International Whaling Commission (Special Issue) 6: 253–258.
Clemens, B.J., M.G. Mesa, R.J. Magie, D.A. Young, and C.B. Schreck. 2012. Pre-spawning migration of
adult Pacific lamprey, Entosphenus tridentatus, in the Willamette River, Oregon, U.S.A.
Environmental Biology of Fishes 93: 245–254.
Clemens, B.J., T.R. Binder, M.F. Docker, M.L. Moser, and S.A. Sower. 2010. Similarities, differences,
and unknowns in biology and management of three parasitic lampreys of North America.
Fisheries 35: 580-594.
Clemens, B.J., S.J. van de Wetering, J. Kaufman, R.A. Holt, and C.B. Schreck. 2009. Do summer
temperatures trigger spring maturation in adult Pacific lamprey, Entosphenus tridentatus?
Ecology of Freshwater Fish 18: 418-426.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-58

Appendix 12A: Fish Species Life Histories

Close, D.A., M.S. Fitzpatrick, and H.W. Li. 2002. The ecological and cultural importance of a species at
risk of extinction, Pacific lamprey. Fisheries 27:19–25
Columbia River Basin Lamprey Technical Workgroup (CRBLTW). 2005. April 19. Critical uncertainties
for lamprey in the Columbia River Basin: results from a strategic planning retreat of the
Columbia River Lamprey Technical Workgroup.
http://www.fws.gov/columbiariver/lampreywg/docs/CritUncertFinal.pdf.
Comprehensive Monitoring, Assessment and Research Program for the CALFED Bay-Delta Program.
1998. Monitoring, assessment, and research on Central Valley steelhead: status of knowledge,
review of existing programs, and assessment of needs. Draft Report.
Dambacher, J.M. 1991. Distribution, abundance, and emigration of juvenile steelhead (Oncorhynchus
mykiss), and analysis of stream habitat in the Steamboat Creek basin, Oregon. Master’s thesis.
Oregon State University, Corvallis.
Dean, M. 1995. Life history, distribution, run size, and harvest of spring-run Chinook salmon in the South
Fork Trinity River Basin. Chapter VII - job VII in Trinity River Basin Monitoring Project 19921993.
Dean, M. 1994. Life history, distribution, run size, and harvest of spring-run Chinook salmon in the South
Fork Trinity River Basin. Chapter VII - job VII in Trinity River Basin Monitoring Project 19911992.
Dege, M., and L.R. Brown. 2004. Effect of outflow on spring and summertime distribution and
abundance of larval and juvenile fishes in the upper San Francisco estuary. In: F. Feyrer, L.R.
Brown, R.L. Brown, and J.J. Orsi (eds.), Early Life History of Fishes in the San Francisco
Estuary and Watershed. American Fisheries Society Symposium 39:49–66.
Del Rosario, R., Y.J. Redler, K. Newman, P.L. Brandes, T. Sommer, K. Reece, and R. Vincik. 2013.
Migration patterns of juvenile winter-run-sized Chinook salmon (Oncorhynchus tshawytscha)
through the Sacramento–San Joaquin Delta. San Francisco Estuary and Watershed Science 11(1).
http://www.escholarship.org/uc/item/36d88128.
Dovel, W.L. 1971. Fish Eggs and Larvae of the Upper Chesapeake Bay. Special Report 4. University of
Maryland, Natural Resource Institute. As cited Atlantic States Marine Fisheies Commission
Atlantic Coast Diadromous Fish Habitat, A Review of Utilization Threats, Recommendations for
Conservation, and Research Needs, Habitat Management Series #9, January 2009.
Duffield, D.A., and K.W. Miller. 1988. Demographic features of killer whales in oceanaria in the United
States and Canada, 1965-1987. In North Atlantic Killer Whales, pp. 297-306. Edited by J.
Sigurjónsson and S. Leatherwood. Workshop on North Atlantic Killer Whales. A special issue of
Journal of the Marine Research Institute Reykjavik 11. As cited in
http://www.orcahome.de/growthrate.htm.
Emmett, R.L., S.L. Stone, S.A. Hinton, and M.E. Monaco. 1991. Distribution and Abundance of Fishes
and Invertebrates in West Coast Estuaries. Volume 2: Species Life History Summaries. ELMR
Report No. 8. NOS/NOAA Strategic Environmental Assessment Division, Rockville, Maryland.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-59

Appendix 12A: Fish Species Life Histories

Erickson, D.L., J.A. North, J.E. Hightower, J. Weber, and L. Lauck. 2002. Movement and habitat use of
green sturgeon Acipenser medirostris in the Rogue River, Oregon, USA. Journal of Applied
Ichthyology 18:565-569.
Emmett, R.L., S.L. Stone, S.A. Hinton, and M.E. Monaco. 1991. Distribution and abundance of fishes
and invertebrates in west coast estuaries, Volume II: species life history summaries. ELMR Rep.
No 8. National Oceanic and Atmospheric Administration, National Ocean Service, Strategic
Environmental Assessments Division, Rockville, MD. 329 pp.
Eulachon Biological Review Team (Eulachon BRT). 2010. Status review update for eulachon in
Washington, Oregon, and California. http://www.nwr.noaa.gov/Other-MarineSpecies/upload/eulachon-review-update.pdf.
Everest, F.H., G.H. Reeves, J.R. Sedell, J. Wolfe, D. Hohler, and D.A. Heller. 1986. Abundance,
behavior, and habitat utilization by coho salmon and steelhead trout in Fish Creek, Oregon, as
inﬂuenced by habitat enhancement. Annual report, 1985 Project No. 84-11. Prepared by U.S.
Forest Service for Bonneville Power Administration, Portland, Oregon.
Everest, F.H., and D.W. Chapman. 1972. Habitat selection and spatial interaction by juvenile Chinook
salmon and steelhead trout in two Idaho streams. Journal of the Fisheries Research Board of
Canada 29: 91–100.
Federal Register. 2012a. Listing Endangered and Threatened species; 12-month finding on a petition to
list Chinook salmon in the Upper Klamath and Trinity rivers basin as Threatened or Endangered
under the Endangered Species Act. Federal Register 77: 19597-19605.
Federal Register. 2012b. Endangered and threatened wildlife and plants; 12-month finding on a petition to
list the San Francisco Bay-Delta population of the longfin smelt as endangered or threatened.
Federal Register 77: 19756.
Federal Register. 2011. Endangered and threatened species, designation of critical habitat for Southern
Distinct Population Segment of eulachon. Federal Register 76: 515-536.
Federal Register. 2010a. Endangered and threatened wildlife and plants; 12-month finding on a petition to
reclassify the delta smelt from threatened to endangered throughout its range. 50 CFR
17667-17680.
Federal Register. 2010b. Endangered and Threatened Wildlife and Plants; 12-month Finding on a Petition
to list the Sacramento Splittail as Endangered or Threatened. Federal Register 75: 62070-62095.
Federal Register. 2010c. Endangered and threatened wildlife and plants; threatened status for Southern
Distinct Population Segment of eulachon. Federal Register 75 13012-13024.
Federal Register. 2009. Endangered and threatened wildlife and plants; proposed threatened status for
Southern Distinct Population Segment of eulachon. Federal Register 75 13012-13024.
Federal Register. 2006a. Endangered and threatened species; final listing determinations for 10 Distinct
Population Segments of West Coast steelhead. Federal Register 71: 834-862.
Federal Register. 2006b. Endangered and threatened wildlife and plants: threatened status for southern
Distinct Population Segment of North American green sturgeon. 50 CFR 17757-17766.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-60

Appendix 12A: Fish Species Life Histories

Federal Register. 2006c. Endangered and threatened species; designation of critical habitat for Southern
Resident killer whale. Federal Register 71: 69054-69070.
Federal Register. 2005a. Endangered and threatened species: final listing determinations for 16 ESUs of
West Coast salmon, and Final 4(d) Protective Regulations for threatened salmon ESUs. 50 CFR
37160-37204.
Federal Register. 2005b. Endangered and threatened species; designation of critical habitat for
seven Evolutionarily Significant Units of Pacific salmon and Steelhead in California; Final Rule.
50 CFR 52488-52627.
Federal Register. 2005c. Endangered and threatened wildlife and plants: endangered status for Southern
Resident killer whales. Federal Register 70: 69903-69912.
Federal Register. 2004a. Endangered and threatened species: proposed listing determinations for 27 ESUs
of west coast salmonids. Federal Register 69: 33102-33179.
Federal Register. 2004b. Endangered and threatened species; establishment of species of concern list,
addition of species to species of concern list, description of factors for identifying species of
concern, and revision of candidate species list under the Endangered Species Act. 50 CFR
19975-19979.
Federal Register. 2004c. Endangered and threatened wildlife and plants; 90-Day finding on a petition to
list three species of lampreys as threatened or endangered. 50 CFR 77158-77167.
Federal Register. 2003. Endangered and threatened wildlife and plants; notice of remanded determination
of status for the Sacramento splittail (Pogonichthys macrolepidotus); Final Rule. 50 CFR
55140-55166.
Federal Register. 2001. Endangered and threatened species: final listing determination for Klamath
Mountains Province steelhead. Federal Register 66:17845-17856.
Federal Register. 1999a. Endangered and threatened species: threatened status for two Chinook salmon
Evolutionarily Significant Units (ESUs) in California; Final Rule. 50 CFR 50394-50415.
Federal Register. 1999b. Designated critical habitat; Central Coast and Southern Oregon/Northern
California coast Coho salmon; Final Rule and Correction. 50 CFR 24049-24062.
Federal Register. 1999c. Endangered and threatened wildlife and plants; determination of threatened
status for the Sacramento splittail. Federal Register 64: 5963–5981.
Federal Register. 1998. Endangered and threatened species: threatened status for two ESUs of steelhead
in Washington, Oregon, and California. 50 CFR 13347-13371.
Federal Register. 1997. Endangered and threatened species; threatened status for Southern
Oregon/Northern California Coast Evolutionarily Significant Unit (ESU) of Coho salmon.
50 CFR 24588-24609.
Federal Register. 1994a. Endangered and threatened species; status of Sacramento River winter-run
Chinook salmon, Final Rule. 50 CFR 440-450.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-61

Appendix 12A: Fish Species Life Histories

Federal Register. 1994b. Endangered and threatened wildlife and plants; critical habitat determination for
the delta smelt. 50 CFR 65256-65279.
Federal Register. 1993a. Designated critical habitat: Sacramento River winter-run Chinook salmon, Final
Rule. 50 CFR 33212-33218.
Federal Register. 1993b. Endangered and threatened wildlife and plants; determination of threatened
status for the delta smelt. 50 CFR 12854-12864.
Federal Register. 1989. Endangered and threatened species; critical habitat; winter-run Chinook salmon.
Federal Register 54: 32085-32088.
Felleman, F.L., J.R. Heimlich-Boran, and R.W. Osborne. 1991. Feeding ecology of the killer whale
(Orcinus orca). In Dolphin Societies, pp. 113-147. Edited by K. Pryor and K.S. Norris.
University of California Press, Berkeley.
Feyrer, F., M.L. Nobriga, and T.R. Sommer. 2007. Multi-decadal trends for three declining fish species:
habitat patterns and mechanisms in the San Francisco estuary, California, U.S.A. Canadian
Journal of Fish and Aquatic Science 64:723-734.
Fisher, F.W. 1994. Past and present status of Chinook salmon. Conservation Biology. 8(3):870-873.
Fontaine, B.L. 1988. An evaluation of the effectiveness of instream structures for steelhead trout rearing
habitat in the Steamboat Creek basin. Master’s thesis. Oregon State University, Corvallis.
Ford, J.K.B., G.M. Ellis, L.G. Barrett-Lennard, A.B. Morton, R.S. Palm, and K.C. Balcomb, III. 1998.
Dietary specialization in two sympatric populations of killer whales (Orcinus orca) in coastal
British Columbia and adjacent waters. Canadian Journal of Zoology 76: 1456-1471.
Ford, J.K.B., G.M. Ellis, and K.C. Balcomb. 2000. Killer Whales: the Natural History and Genealogy of
Orcinus orca in British Columbia and Washington State. Second edition. UBC Press, Vancouver,
British Columbia.
Ford, J.K.B., G.M. Ellis, P.F. Olesiuk, and K.C. Balcomb, III. 2010. Linking killer whale survival and
prey abundance: food limitations in the oceans’ apex predator? Biology Letters
doi:10.1098/rsbl.2009.0468.
Ford, J.K.B., and G.M. Ellis. 2005. Prey Selection and Food Sharing by Fish-eating Resident Killer
Whales (Orcinus orca) in British Columbia. Canadian Science Advisory Secretariat Research
Document 2005/041.
Fry, D.H., Jr. 1979. Anadromous fishes of California. California Department of Fish and Game,
Sacramento.
Good, T.P., R.S. Waples, and P. Adams (editors). 2005. Updated status of federally listed ESUs of West
Coast salmon and steelhead. U.S. Dept. Commer., NOAA Tech. Memo. NMFS-NWFSC-66, 598
p.
Gingras, M., J. DuBois, and M. Fish. 2014. Impact of Water Operations and Overfishing on White
Sturgeon. Presentation at the IEP Annual Workshop, Folsom, CA, 27 February 2014.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-62

Appendix 12A: Fish Species Life Histories

Graham, J.C., and C.V. Brun. 2006. Determining lamprey species composition, larval distribution, and
adult abundance in the Deschutes River, Oregon, subbasin. 2005 Annual Report. Bonneville
Power Administration, Portland, Oregon.
Grimaldo, L.F., T. Sommer, N. Van Ark, G. Jones, E. Holland, P.B. Moyle, P. Smith and B. Herbold.
2009. Factors Affecting Fish Entrainment into Massive Water Diversion in a Tidal Freshwater
Estuary: Can Fish Losses Be Managed? North America Journal of Fisheries Management
29:1253–1270.
Gunckel, S.L., K.K. Jones, and S.E. Jacobs. 2009. Spawning distribution and habitat use of adult Pacific
and western brook lampreys in Smith River, Oregon. Edited by L.R. Brown, S.D. Chase, M.G.
Mesa, R.J. Beamish, and P.B. Moyle. Pp. 173–189. Biology, management, and conservation of
lampreys in North America. American Fisheries Society, Symposium 72, Bethesda, Maryland.
Hallock, R.J. 1989. Upper Sacramento River Steelhead, Oncorhynchus mykiss, 1952-1988. A report to the
U.S. Fish and Wildlife Service. 89 pp.
Hallock, R.J. and F.W. Fisher. 1985. Status of winter-run Chinook salmon in the Sacramento River.
California Department of Fish and Game, Anadromous Fisheries Branch. Sacramento, California.
27 pp.
Hallock, R.J., W.F. Van Woert, and L. Shapovalov. 1961. An evaluation of stocking hatchery-reared
steelhead rainbow trout (Salmo gairdnerii gairdnerii) in the Sacramento River system. California
Department of Fish and Game Fish Bulletin 114. 74 pp.
Hanni, J., B. Poytress, and H.N. Blalock-Herod. 2006. Spatial and temporal distribution patterns of
Pacific and River Lamprey in the Sacramento and San Joaquin rivers and delta. U.S. Fish and
Wildlife Service, Stockton and Sacramento, California.
Hannon, J., and B. Deason. 2007. American River steelhead (Oncorhynchus mykiss) spawning, 20012007. U.S. Bureau of Reclamation, Sacramento, California.
Hanson, M.B., R.W. Baird, J.K.B. Ford, J. Hempelmann-Halos, D.M. Van Doornik, J.R. Candy, C.K.
Emmons, G.S. Schorr, B. Gisborne, K.L. Ayres, S.K. Wasser, K.C. Balcomb, K. BalcombBartok, J.G. Sneva, and M.J. Ford. 2010. Species and stock identification of prey consumed by
endangered Southern Resident Killer Whales in their summer range. Endangered Species
Research 11: 69-82.
Harrell, W.C., and T.R. Sommer. 2003. Patterns of adult fish use on California’s Yolo Bypass floodplain.
California Riparian Systems: Processes and Floodplain Management, Ecology, and Restoration,
pp. 88–93. 2001 Riparian Habitat and Floodplains Conference Proceedings. Edited by P. M.
Faber. Riparian Habitat Joint Venture, Sacramento, California.
http://www.water.ca.gov/aes/docs/HarrellSommer_2003.pdf.
Harvey, C.D. 1995. Juvenile Spring-run Chinook Salmon Emergence, Rearing and Outmigration Patterns
in Deer Creek and Mill Creek, Tehama County for the 1994 Broodyear. California Department of
Fish and Game, Redding.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-63

Appendix 12A: Fish Species Life Histories

Hassler, T.J. 1988. Species Profiles: Life Histories and Environmental Requirements of Coastal Fishes
and Invertebrates (Pacific Southwest): Striped Bass. Biological Report 82(11.82). U.S Army
Corps of Engineers, Vicksburg, Mississippi, and U.S. Fish and Wildlife Service, Washington,
DC.
Hauser, D.D.W. 2006. Summer Space Use of Southern Resident Killer Whales (Orcinus orca) within
Washington and British Columbia Inshore Waters. Master’s thesis. University of Washington,
Seattle.
Healey, M.C. 1991. The Life History of Chinook Salmon (Oncorhynchus tshawytscha). In C. Groot and
L. Margolis (eds), Life History of Pacific Salmon, p. 311-393. University BC Press, Vancouver,
BC. Available at: http://books.google.com
Healey, M.C. 1980. Utilization of the Nanaimo River Estuary by Juvenile Chinook Salmon,
Oncorhynchus tshawytscha. U.S. Fisheries Bulletin 77: 653–668.
Heimlich-Boran, S. L. 1986. Cohesive relationships among Puget Sound killer whales. In Behavioral
Biology of Killer Whales, pp. 261-284. Edited by B. Kirkevold and J. S. Lockard. Alan R. Liss,
New York
Heimlich-Boran, J.R. 1988. Behavioral ecology of killer whales (Orcinus orca) in the Pacific Northwest.
Canadian Journal of Zoology 66: 565-578.
Heming, T.A. 1982. Effects of temperature on utilization of yolk by Chinook salmon (Oncorhynchus
tshawytscha) eggs and alevins. Canadian Journal of Fisheries and Aquatic Sciences 39: 184-190.
Heublein, J.C., J.T. Kelly, C.E. Crocker, A.P. Klimley, and S.T. Lindley. 2008. Migration of green
sturgeon, Acipenser medirostris, in the Sacramento River. Environmental Biology of Fishes
84(3):245-258.
Heublein, J.C., J.T. Kelly, and A.P. Klimley. 2006. Spawning migration and habitat of green sturgeon,
Acipenser medirostris, in the Sacramento River. Presentation at the CALFED Science
Conference, Sacramento California. As cited in DWR et al., 2013
Hill, K.A., and J.D. Webber. 1999. Butte Creek Spring-run Chinook Salmon, Oncorhynchus tshawytscha,
Juvenile Outmigration and Life History 1995-1998. Inland Fisheries Administrative Report No.
99-5. California Department of Fish and Game, Sacramento Valley and Central Sierra Region,
Rancho Cordova, California.
Hill, J., J.W. Evans, and M.J. Van Den Avyle. 1989. Species Profiles: Life Histories and Environmental
Requirements of Coastal Fishes and Invertebrates (South Atlantic): Striped Bass. U.S. Fish and
Wildlife Service Biological Report 82(11.118). U.S Army Corps of Engineers.
Hobbs, J.A., W.A. Bennett, J. Burton, and M. Gras. 2007. Classification of Larval and Adult Delta Smelt
to Nursery Areas by Use of Trace Elemental Fingerprinting. Transactions of the American
Fisheries Society 136:518–527.
Hopelain J.S. 2001. Lower Klamath River angler creel census with emphasis on upstream migrating fall
Chinook salmon, coho salmon, and steelhead trout during July through October, 1983 through
1987. Inland Fisheries Administrative Report 01-1. California Department of Fish and Game,
Sacramento.
SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-64

Appendix 12A: Fish Species Life Histories

Hopelain J.S. 1998. Age, growth, and life history of Klamath River basin steelhead trout (Oncorhynchus
mykiss irideus) as determined from scale analysis. Inland Fisheries Administration Report 98-3.
California Department of Fish and Game, Sacramento.
Israel, J. 2003. Life history, ecology, and status of Klamath River steelhead. Report to University of
California, Davis, Center for Watershed Sciences.
Israel. J., A. Drauch, and M. Gingras. 2015. Life History Conceptual Model for White Sturgeon
(Acipenser transmontanus). DRERIP Delta Conceptual Model. Sacramento (CA): Delta Regional
Ecosystem Restoration Implementation Plan.
http://www.dfg.ca.gov/ERP/drerip_conceptual_models.asp (Accessed October 17, 2015).
Israel, J.A., and B. May. 2010. Indirect genetic estimates of breeding population size in the poly ploid
green sturgeon (Acipenser medirostris). Molecular Ecology 19:1058-1070.
Israel, J.A., and A.P. Klimley. 2008. Life history conceptual model for North American green sturgeon
(Acipenser medirostris). Prepared for the Delta Regional Ecosystem Restoration and
Implementation Plan (DRERIP) by University of California, Davis.
Jackson, Z. J., and J. P. Van Eenennaam. 2013. 2012 San Joaquin River Sturgeon Spawning Survey.
Stockton Fish and Wildlife Office, Anadromous Fish Restoration Program, U.S. Fish and
Wildlife Service, Lodi, California.
Kan, T.T. 1975. Systematics, variation, distribution, and biology of lampreys of the genus Lampetra in
Oregon. Doctoral dissertation. Oregon State University, Corvallis.
Kelly, J.T., A.P. Klimley, and C.E. Crocker. 2006. Movements of green sturgeon, Acipenser medirostris,
in the San Francisco Bay estuary, California. Environmental Biology of Fishes 79:281-295.
Kimmerer, W.J. 2002. Effects of freshwater flow on abundance of estuarine organisms: physical effects
or trophic linkages. Marine Ecology Progress Series 243:39-55.
Klamath-Siskiyou Wildlands Center, Siskiyou Regional Education Project, Umpqua Watersheds, Friends
of the Eel, Northcoast Environmental Center, Environmental Protection Information Center,
Native Fish Society, Center for Biological Diversity, Oregon Natural Resources Council,
Washington Trout, and Umpqua Valley Audubon Society. 2003. A petition for rules to list:
Pacific lamprey (Lampetra tridentata); River Lamprey (Lampetra ayresi); western brook lamprey
(Lampetra richardsoni); and Kern brook lamprey (Lampetra hubbsi) as threatened or endangered
under the Endangered Species Act. Submitted to the U.S. Fish and Wildlife Service.
Koch, D.B. 2001. Letter from CDFG to J. Blum, National Marine Fisheries Service, 16 February.
Kogut, N. 2008. Overbite clams, Corbula amerensis, defecated alive by White Sturgeon, Acipenser
transmontanus. California Fish and Game 94:143-149.
Kohlhorst, D.W., L.W. Botsford, J.S. Brennan, and G.M. Cailliet. 1991. Aspects of the structure and
dynamics of an exploited central California population of white sturgeon. In: Williot, P., editor.
Proceedings of the 1st International Symposium on the Sturgeon. CEMAGREF. France.
p 277-293.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-65

Appendix 12A: Fish Species Life Histories

Krahn, M.M., P.R. Wade, S.T. Kalinowski, M.E. Dahlheim, B.L. Taylor, M.B. Hanson, G.M. Ylitalo,
R.P. Angliss, J.E. Stein, and R.S. Waples. 2002. Status Review of Southern Resident Killer
Whales (Orcinus orca) under the Endangered Species Act. NOAA Technical Memorandum
NMFS-NWFSC-54. National Marine Fisheries Service.
Krahn, M., M.J. Ford, W.F. Perrin, P.R. Wade, R.P. Angliss, M.B. Hanson, B.L. Taylor, G.M. Ylitalo,
M.E. Dahlheim, J.E. Stein, and R.S. Waples. 2004. Status Review of Southern Resident Killer
Whales (Orcinus orca) under the Endangered Species Act. NOAA Technical Memorandum
NMFS-NWFSC-62. National Marine Fisheries Service.
Kynard, B, E. Parker, and T. Parker. 2005. Behavior of early life intervals of Klamath River green
sturgeon, Acipenser medirostris, with a note on body color. Environmental Biology of Fishes
72:85-97.
Laufle, J.C., G.B. Pauley, and M.F. Shepard. 1986. Species Profiles: Life Histories and Environmental
Requirements of Coastal Fishes and Invertebrates (Pacific Southwest) – Coho Salmon. U.S. Fish
and Wildlife Service. Biological Report 82(11.48). U.S. Army Corps of Engineers, TR EL-82-4.
Lal, K., R. Lasker, and A. Kuljis. 1977. Acclimation and rearing of striped bass larvae in seawater.
California Fish and Game 63: 210–218.
Lampman, R.T. 2011. Passage, migration, behavior, and autoecology of adult Pacific lamprey at
Winchester Dam and within the North Umpqua River Basin, OR. Master’s thesis, Oregon State
University, Department of Fisheries and Wildlife, Corvallis.
Legislative Analyst’s Office (LAO). 1997. Restoring Coho Salmon in California. October. Available at:
http://www.lao.ca.gov/1997/101497_coho_salmon/101497_coho_salmon.html. 4 pp.
Leidy, R.A. 1984. Distribution and ecology of stream ﬁshes in the San Francisco Bay drainage. Hilgardia
52: 1–175.
Lin, B., Z. Zhang, Y. Wang, K.P. Currens, A. Spidle, Y. Yamazaki, and D.A. Close. 2008. Amplified
fragment length polymorphism assessment of genetic diversity in Pacific lampreys. North
American Journal of Fisheries Management 28: 1182-1193.
Lindley, S.T., C. Grimes, M. Mohr, W. Peterson, J. Stein, J. Anderson, L. Botsford, D. Bottom, C.
Busack, T. Collier, J. Ferguson, J. Garza, A. Grover, D. Hankin, R. Kope, P. Lawson, A. Low, R.
MacFarlane, K. Moore, M. Palmer-Zwahlen, F. Schwing, J. Smith, C. Tracy, R. Webb, B. Wells,
and T. Williams. 2009. What caused the Sacramento River fall Chinook stock collapse?
Pre-publication report to the Pacific Fishery Management Council.
Lindley, S.T, R.S. Schick, A. Agrawal, M. Goslin, T.E. Pearson, E. Mora, J.J. Anderson, B. May,
S. Greene, C. Hanson, A. Low, D. McEwan, R.B. MacFarlane, C. Swanson, and J.G. Williams.
2006. Historical population structure of Central Valley steelhead and its alteration by dams. San
Francisco Estuary and Watershed Science 4(1):1-19.
Lindley, S.T., R. Schick, B.P. May, J.J. Anderson, S. Greene, C. Hanson, A. Low, D. McEwan, R.B.
MacFarlane, C. Swanson, and J.G. Williams. 2004. Population Structure of Threatened and
Endangered Chinook Salmon ESUs in California's Central Valley Basin. Technical Memorandum
NOAA-TM-NMFS-SWFSC-360. National Marine Fisheries Service, Southwest Fisheries
Science Center.
SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-66

Appendix 12A: Fish Species Life Histories

Lindsay, R.B., W.J. Knox, M.W. Flesher, B.J. Smith, E.A. Olsen, and L.S. Lutz. 1986. Study of Wild
Spring-run Chinook Salmon in the John Day River System. 1985 Final Report. Contract DEAI79-83BP39796, Project 79-4. Prepared by Oregon Department of Fish and Wildlife, Portland
for Bonneville Power Administration, Portland, Oregon.
Luzier, C.W., G. Silver, and T.A. Whitesel. 2006. Evaluate habitat use and population dynamics of
lampreys in Cedar Creek. 2005 Annual Report. Bonneville Power Administration, Portland,
Oregon.
MacFarlane, R.B., and E.C. Norton. 2002. Physiological ecology of juvenile Chinook salmon
(Oncorhynchus tshawytscha) at the southern end of their distribution, the San Francisco Estuary
and Gulf of the Farallones, California. California Department of Fish and Game Fish Bulletin
100: 244-257.
Mansueti, R. 1958. Eggs, Larvae and Young of the Striped Bass, Roccus saxatilis. Contribution 112.
Maryland Department of Research and Education, Solomans.
Marcotte, B.D. 1984. Life History, Status, and Habitat Requirements of Spring-run Chinook Salmon in
California. U.S. Forest Service, Lassen National Forest, Chester, California.
Martin, C.D., P.D. Gaines, and R.R. Johnson. 2001. Estimating the Abundance of Sacramento River
Juvenile Winter Chinook Salmon with Comparisons to Adult Escapement. Final Report, Report
Series: Volume 5. July. Prepared by U.S. Fish and Wildlife Service, Red Bluff, CA. Prepared for
U.S. Bureau of Reclamation, Red Bluff, CA.
Maslin, P., J. Kindopp, and W. McKenney. 1997. Intermittent streams as rearing habitat for Sacramento
River Chinook salmon (Oncorhynchus tshawytscha). Report to U.S. Fish and Wildlife Service
Grant # 1448-0001-96729. 95 pp.
McCovey, B.W., Jr. 2011. A small scale radio bio-telemetry study to monitor migrating Pacific lamprey
(Lampetra tridentata) within the Klamath River basin. Final progress report. Yurok Tribal
Fisheries Program, Klamath River Division, Hoopa, California.
McCullough, D.A. 1999. A review and synthesis of effects of alterations to the water temperature regime
of freshwater life stages of salmonids, with special reference to Chinook salmon. Prepared for the
U.S. Environmental Protection Agency, Region 10, Seattle, Washington. July. 291 pp.
McEwan, D., and T.A. Jackson. 1996. Steelhead restoration and management plan for California.
California Department of Fish and Game, Inland Fisheries Division, Sacramento.
McEwan, D.R. 2001. Central Valley steelhead. Contributions to the biology of Central Valley salmonids.
California Department of Fish and Game Fish Bulletin 179(1):1–43.
McGree M., T.A. Whitesel, and J. Stone. 2008. Larval metamorphosis of individual Pacific lampreys
reared in captivity. Transactions of the American Fisheries Society 137: 1866–1878.
McReynolds, T.R., C.E. Garman, P.D. Ward, and M.C. Schommer. 2005. Butte and Big Chico Creeks
Spring-run Chinook Salmon, Oncorhynchus tshawytscha, Life History Investigation 2003-2004.
Inland Fisheries Administrative Report No. 2005-1. California Department of Fish and Game,
Sacramento Valley and Central Sierra Region, Rancho Cordova, California.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-67

Appendix 12A: Fish Species Life Histories

Matkin, C.O., G. Ellis, L.B. Lennard, H. Yurk, E. Saulitis, D. Scheel, P. Olesiuk, and G. Ylitalo. 2003.
Photographic and Acoustic Monitoring of Killer Whales in Prince William Sound and Kenai
Fjords. Exxon Valdez Oil Spill Restoration Project. North Gulf Oceanic Society, Homer, Alaska.
Meeuwig, M.H., J.M. Bayer, and J.G. Seelye. 2005. Effects of temperature on survival and development
of early life stage Pacific and western brook lampreys. Transactions of the American Fisheries
Society 134:19–27.
Meng, L., and P.B. Moyle. 1995. Status of splittail in the Sacramento-San Joaquin Estuary. Transactions
of the American Fisheries Society 124: 538–549.
Meng, L., P.B. Moyle, and B. Herbold. 1994. Changes in abundance and distribution of native and
introduced ﬁshes of Suisun Marsh. Transactions of the American Fisheries Society 123: 498–507.
Merz, J.E., P.S. Bergman, J.F. Melgo, and S. Hamilton. 2013. Longfin smelt: spatial dynamics and
ontogeny in the San Francisco estuary, California. California Fish and Game, 99(3), pp. 122-148.
Merz., J.E., S. Hamilton, P.S. Bergman, and B. Cavallo. 2011. Spatial perspective for delta smelt: a
summary of contemporary survey data. California Fish and Game, 97(4), pp. 164-189.
Meyer, J.H. 1979. A Review of the Literature on the Value of Estuarine and Shoreline Areas to Juvenile
Salmonids in Puget Sound, Washington. U.S. Fish and Wildlife Service, Fisheries Assistance
Office, Olympia, Washington.
Michael, J.H. 1980. Repeat spawning of Pacific lamprey. California Fish and Game Notes 66:186–187.
Michael, J.H. 1984. Additional notes on the repeat spawning by Pacific lamprey. California Fish and
Game Notes 70:186–188.
Mills, T.J., and F. Fisher. 1994. Central Valley Anadromous Sport Fish Annual Run-size, Harvest, and
Population Estimates, 1967 through 1991. Inland Fisheries Technical Report. California
Department of Fish and Game.
Mitro, M.G., and A.V. Zale. 2002. Estimating abundances of age-0 rainbow trout by mark-recapture in a
medium-sized river. North American Journal of Fisheries Management 22:188-203.
Morgan, R.P., and V.J. Rasin. 1973. Effects of salinity and temperature on the development of eggs and
larvae of striped bass and white perch. Appendix X in Hydrographic and Ecological Effects of
Enlargement of the Chesapeake and Delaware Canal., Final Report DACW-61-71-C-0062. U.S.
Army Corps of Engineers, Philadelphia District. As cited by Environmental Defense Fund A
Focal Species and Ecosystem Functions Approach for Developing Public Trust Flows in the
Sacramento and San Joaquin River Delta, February 2010.
Moore, J.W., and J.M. Mallatt. 1980. Feeding of larval lamprey. Canadian Journal of Fisheries and
Aquatic Sciences 37: 1658–1664.
Mora, E.A., S.T. Lindley, D.L. Erickson, and A.P. Klimley. 2009. Do impassable dams and flow
regulation constrain the distribution of green sturgeon in the Sacramento River, California?
Journal of Applied Ichthyology 25:39-47.
Moser, M.L., and D.A. Close. 2003. Assessing Pacific lamprey status in the Columbia River Basin.
Northwest Science 77: 116–125.
SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-68

Appendix 12A: Fish Species Life Histories

Moser, M.L., and S.T. Lindley. 2007. Use of Washington estuaries by subadult and adult green sturgeon.
Environmental Biology of Fishes 79:243-253.
Moyle, Peter B. 2008. The Future of Fish in Response to Large-Scale Change in the San Francisco
Estuary, California. American Fisheries Society Symposium 64:000–000.
Moyle, P.B. 2002. Inland fishes of California; revised and expanded. University of California Press.
Berkeley, California.
Moyle, P.B., L.R. Brown, S.D. Chase, and R.M. Quinones. 2009. Status and conservation of lampreys in
California. Edited by L.R. Brown, S.D. Chase, M.G. Mesa, R.J. Beamish, and P.B. Moyle. Pp.
279–292. Biology, management, and conservation of lampreys in North America. American
Fisheries Society, Symposium 72, Bethesda, Maryland.
Moyle, P.B., R.D. Baxter, T. Sommer, T.C. Foin, and S.A. Matern. 2004. Biology and population
dynamics of Sacramento splittail (Pogonichthys macrolepidotus) in the San Francisco Estuary: a
review. San Francisco Estuary and Watershed Science. 2: Article 3.
Moyle, P.B., R.M. Yoshiyama, J.E. Williams, and E.D. Wikramanayake. 1995. Fish species of special
concern in California, 2nd edition. California Department of Fish and Game, Inland Fisheries
Division, Rancho Cordova, California. 277 pp
Moyle, P.B., R.A. Daniels, B. Herbold, and D.M. Baltz. 1986. Patterns in distribution and abundance of a
noncoevolved assemblage of estuarine fishes in California. Fishery Bulletin 84(1):105-117.
Musick, J.A., M. Harbin, S. Berkeley, G. Burgess, A. Eklund, L. Findley, R. Gilmore, J. Golden, D. Ha,
G. Huntsman, J. McGovern, S. Parker, S. Poss, E. Sala, T. Schmidt, G. Sedberry, H. Weeks, and
S. Wright. 2000. Marine, estuarine, and diadromous fish stocks at risk of extinction in North
America (Exclusive of Pacific Salmonids). Fisheries 25(11):6-30.
Myers, J.M., R.G. Kope, G.J. Bryant, D. Teel, L.J. Lierheimer, T.C. Wainwright, W.S. Grant, F.W.
Waknitz, K. Neely, S.T. Lindley, and R.S. Waples. 1998. Status Review of Chinook Salmon from
Washington, Idaho, Oregon, and California. NOAA Technical Memorandum NMFS-NWFSC-35.
National Marine Fisheries Service, Northwest Fisheries Science Center, Seattle, Washington.
National Marine Fisheries Service (NMFS). 2011. Central Valley Recovery Domain 5-Year Review:
Summary and Evaluation of Sacramento River Winter-run Chinook Salmon ESU. NMFS,
Southwest Region, Long Beach, California.
National Marine Fisheries Service (NMFS). 2009a. Public draft recovery plan for the Evolutionarily
Significant Units of Sacramento River winter-run Chinook salmon and Central Valley spring-run
Chinook Salmon and the Distinct Population Segment of Central Valley steelhead. National
Marine Fisheries Service, Protected Resources Division. Sacramento, CA. 273 pp.
National Marine Fisheries Service (NMFS). 2009b. What caused the Sacramento fall Chinook stock
collapse? Pre-publication report to the Pacific Fishery Management Council. March 18. 51 pp.
National Marine Fisheries Service (NMFS). 2009c. Endangered and Threatened Wildlife and Plants: Final
Rulemaking To Designate Critical Habitat for the Threatened Southern Distinct Population
Segment of North American Green Sturgeon. Federal Register Volume 74, No. 195, 52300.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-69

Appendix 12A: Fish Species Life Histories

National Marine Fisheries Service (NMFS). 2009d. Biological Opinion and Conference Opinion on the
Long-term Operations of the Central Valley Project and State Water Project. Southwest Region.
http://www.westcoast.fisheries.noaa.gov/central_valley/water_operations/ocap.html.
National Marine Fisheries Service (NMFS). 2008. Chinook prey availability and biological requirements
in coastal range of Southern Residents, re: Supplemental comprehensive analysis of Southern
Resident killer whales. Memorandum to D. R. Lohn, NMFS, from D. D. Darm, NMFS,
Northwest Region, Seattle, Washington. April 11.
National Marine Fisheries Service (NMFS). 2006. Proposed Recovery Plan for Southern Resident Killer
Whales (Orcinus orca). National Marine Fisheries Service, Northwest Region, Seattle,
Washington. As cited by Reclamation Biological assessment on the continued long-term
operations of the Central Valley Project and the State Water Project, August 2008.
National Marine Fisheries Service (NMFS). 2005. Green sturgeon (Acipenser medirostris) status review
update. National Marine Fisheries Service, Southwest Fisheries Center, Santa Cruz California.
35 pp.
National Marine Fisheries Service (NMFS). 2003. Updated status of federally listed ESUs of West Coast
salmon and steelhead. National Marine Fisheries Service. Northwest and Southwest Fisheries
Science Centers.
National Marine Fisheries Service (NMFS). 1999. Status Review Update for Deferred ESUs of West
Coast Chinook Salmon (Oncorhynchus tshawytscha) from Washington, Oregon, California, and
Idaho. Report of West Coast Biological Review Team to NMFS, Seattle, Washington.
http://www.nwr.noaa.gov/Publications/Biological-StatusReviews/loader.cfm?csModule=security/getfile&pageid=21676.
National Marine Fisheries Service (NMFS). 1998. Status review of Chinook salmon from Washington,
Idaho, Oregon, and California. National Marine Fisheries Service, Northwest Fisheries Science
Center. NOAA Technical Memorandum NMFS-NWFSC-35. 32 pp.
National Marine Fisheries Service (NMFS). 1997. NMFS proposed recovery plan for the Sacramento
River winter-run Chinook salmon. National Marine Fisheries Service, Southwest Region. Long
Beach California. 316 pp.
National Marine Fisheries Service (NMFS). 1994. Status Review for Klamath Mountains Province
Steelhead. National Marine Fisheries Service, Northwest Fisheries Science Center, Coast Zone
and Estuarine Studies Division, Seattle Washington. 85 pp.
National Research Council (NRC). 2004. Endangered and threatened fishes in the Klamath River basin:
causes of decline and strategies for recovery. The National Academies Press, Washington, D.C.
Available at: http://www.nap.edu/openbook.php?isbn=0309090970.
Newman, K.B., and P.L. Brandes. 2010. Hierarchical modeling of juvenile Chinook Salmon survival as a
function of Sacramento–San Joaquin Delta water exports. North American Journal of Fisheries
Management 30:157–169.
Newton, J.M., and L.A. Stafford. 2011. Monitoring Adult Chinook Salmon, Rainbow Trout, and
Steelhead in Battle Creek, California, from March through November 2009. Red Bluff, CA: U.S.
Fish and Wildlife Service.
SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-70

Appendix 12A: Fish Species Life Histories

Nichol, L.M., and D.M. Shackleton. 1996. Seasonal movements and foraging behaviour of northern
resident killer whales (Orcinus orca) in relation to the inshore distribution of salmon
(Oncorhynchus spp.) in British Columbia. Canadian Journal of Zoology 74: 983–991.
Nicholas, J.W., and D.G. Hankin. 1989. Chinook Salmon Populations in Oregon Coastal River Basins:
Descriptions of Life Histories and Assessment of Recent Trends in Run Strengths. Report EM
8402. Oregon Department of Fish and Wildlife, Research and Development Section, Corvallis.
Nielson, J.L. 1992. Microhabitat specific foraging behavior, diet, and growth of juvenile Coho salmon.
Transactions of the American Fisheries Society. 121:617-634.
Nobriga, M., and B. Herbold. 2009. The little fish in California’s water supply: a literature review and
life-history conceptual model for delta smelt (Hypomesus transpacificus) for the Delta Region
Ecosystem Restoration and Implementation Plan (DRERIP). 57 pp.
Nobriga, M.L., T.R. Sommer, F. Feyer, and F. Kevin. 2008. Long-term trends in summertime habitat
suitability for Delta smelt (Hypomesus transpacificus). San Francisco Estuary and Watershed
Science. 6(1): Article 1.
Nobriga, M.L. & Feyrer, F. 2008. Diet composition in San Francisco Estuary striped bass: does trophic
adaptability have its limits? Environ Biol Fish 83: 495.
Northern California Water Association and Sacramento Valley Water Users. 2011. Insights into the
Problems, Progress, and Potential Solutions for Sacramento River Basin Native Anadromous Fish
Restoration. Prepared by D. Vogel for Northern California Water Association and Sacramento
Valley Water Users. Red Bluff, California.
Olesiuk, P.F., M.A. Bigg, and G.M. Ellis. 1990. Life history and population dynamics of resident killer
whales (Orcinus orca) in the coastal waters of British Columbia and Washington State. Rep.
International Whaling Commission (Special Issue) 12: 209-244.
Olson, J.M. 1998. Temporal and Spatial Distribution Patterns of Sightings of Southern Community and
Transient Orcas in the Inland Waters of Washington and British Columbia. Master’s thesis,
Western Washington University, Bellingham. As cited in NMFS 2005.
Osborne, R.W. 1999. A Historical Ecology of Salish Sea "Resident" Killer Whales (Orcinus orca): with
Implications for Management. Doctoral dissertation. University of Victoria, Victoria, British
Columbia.
Perrin, W.F., and S.B. Reilly. 1984. Reproductive parameters of dolphins and small whales of the family
Delphinidae. In Reproduction in Whales, Dolphins and Porpoises, pp. 97-134. Edited by W. F.
Perrin, R. L. Brownell Jr., and D. P. DeMaster. International Whaling Commission (Special Issue
6), Cambridge, England.
Perry, R.W., J.G. Romine, N.S. Adams, A.R. Blake, J.R. Burau, S.V. Johnston, and T.L. Liedtke. 2012.
Using a non-physical behavioural barrier to alter migration routing of juvenile Chinook salmon in
the Sacramento–San Joaquin River delta. River Research and Applications, n/a-n/a. doi:
10.1002/rra.2628.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-71

Appendix 12A: Fish Species Life Histories

Perry, R.W., J.R. Skalski, P.L. Brandes, P.T. Sandstrom, A.P. Klimley, A. Ammann, and B. MacFarlane.
2010. Estimating survival and migration route probabilities of juvenile Chinook salmon in the
Sacramento–San Joaquin River delta. North American Journal of Fisheries Management 30:142–
156.
Petersen-Lewis, R.S. 2009. Yurok and Karuk traditional ecological knowledge: insights into Pacific
lamprey populations of the lower Klamath Basin. Edited by L. R. Brown, S. D. Chase, M. G.
Mesa, R. J. Beamish, and P. B. Moyle. Pp. 1-40. Biology, management, and conservation of
lampreys in North America. American Fisheries Society, Symposium 72, Bethesda, Maryland.
Pickard, A., A.M. Grover, and F.A. Hall, Jr. 1982. An Evaluation of Predator Composition at Three
Locations on the Sacramento River. Technical Report 2. Interagency Ecological Study Program
for the Sacramento-San Joaquin Estuary.
Platts, W.S., M.A. Shirazi, and D.H. Lewis. 1979. Sediment particle sizes used by salmon for spawning
with methods for evaluation. U.S. Environmental Protection Agency, EPA-600/3-79-043,
Corvallis, Oregon.
Pletcher, F.T. 1963. The life history and distribution of lampreys in the Salmon and certain other rivers in
British Columbia, Canada. Master’s thesis. University of British Columbia, Vancouver.
Poytress, W.R., J.J. Gruber, D.A. Trachtenbarg, and J.P. Van Eenennam. 2009. Upper Sacramento River
green sturgeon spawning habitat and larval migration surveys. Annual Report of U.S. Fish and
Wildlife Service to U.S. Bureau of Reclamation, Red Bluff, California.
Radtke, L.D., 1966. Distribution of smelt, juvenile sturgeon, and starry flounder in the Sacramento-San
Joaquin Delta with observations on food of sturgeon. p. 115-129. In J. L. Turner and D. W. Kelly
(comp.) Ecological Studies of the Sacramento-San Joaquin Delta. Part II Fishes of the Delta.
Reiser, D.W., and T.C. Bjornn. 1979. Habitat requirements of anadromous salmonids. In: Meehan, W.R.,
Technical PNW-96. 54 pp. Editor. Influence of forest and rangeland management on anadromous
fish habitat in the Western United States and Canada. USDA Forest Service GTR.
Richards, J.E. 1980. Freshwater biology of the anadromous Pacific lamprey Lampetra tridentata. Master’s
thesis. University of Guelph, Guelph, Ontario. As cited in Oregon Department of Fish and
Wildlife Oregon Lampreys: Natural History Status and Analysis of Management Issues, February
25, 2002.
Richards, J.E., and F.W.H. Beamish. 1981. Initiation of feeding and salinity tolerance in the Pacific
lamprey Lampetra tridentata. Marine Biology 63: 73–77.
Robinson, T.C., and J.M. Bayer. 2005. Upstream migration of Pacific lampreys in the John Day River,
Oregon: behavior, timing, and habitat use. Northwest Science 79: 106-119.
Rogers, B. A., and D. T. Westin. 1978. A Culture Methodology for Striped Bass. Report No. 660/3-78000. U.S. Environmental Protection Agency, Ecological Research Series, Washington D.C.
Roni, P. 2003. Responses of benthic fishes and giant salamanders to placement of large woody debris in
small Pacific Northwest streams. North American Journal of Fisheries Management 23: 1087–
1097.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-72

Appendix 12A: Fish Species Life Histories

Roos, J.F., P. Gilhousen, S.R. Killick, and E.R. Zyblut. 1973. Parasitism on juvenile Pacific salmon
(Oncorhynchus) and Pacific herring (Clupea harengus pallasi) in the Straight of Georgia by the
River Lamprey (Lampetra ayresi). Journal of the Fisheries Research Board of Canada 30:565568.
Rosenfield, J.A., and R.D. Baxter. 2007. Population dynamics and distribution patterns of longfin smelt in
the San Francisco Estuary. Transactions of the American Fisheries Society 136: 1577-1592.
Rosenfield, J.A. 2010. Life history conceptual model and sub-models for longfin smelt, San Francisco
Estuary population. Report for Delta Regional Ecosystem Restoration Implementation Plan.
California Department of Fish and Wildlife, Sacramento, CA. Available at:
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=28421.
Ruiz-Campos, G., and S. Gonzalez-Guzman. 1996. First freshwater record of Pacific lamprey, Lampetra
tridentata, from Baja California, Mexico. California Fish and Game 82: 144–146.
Rutter, C. 1908. The fishes of the Sacramento-San Joaquin basin, with a study of their distribution and
variation. Bulletin of the U.S. Bureau of Fisheries 27: 103-152.
Sacramento River Conservation Area Forum (SRCAF). 2003. Sacramento River Conservation Area
Forum handbook. Prepared for the Resources Agency, State of California. 238 pp.
Saiki, M.K. 1984. Environmental conditions and ﬁsh faunas in low elevation rivers on the irrigated San
Joaquin Valley ﬂoor, California. California Fish and Game 70: 145 157.
Sandercock, F.K. 1991. Life history of Coho salmon, Oncorhynchus kisutch. In C. Groot and L. Margolis
editors. Pacific salmon life histories. Vancouver: University of British Columbia Press.
Saulitis, E., C. Matkin, L. Barett-Lennard, K. Heise, and G. Ellis. 2000. Foraging strategies of sympatric
killer whale (Orcinus orca) populations in Prince William Sound, Alaska. Marine Mammal
Science 16: 94-109.
Schaffter, R.G. 1997. White Sturgeon spawning migrations and location of spawning habitat in the
Sacramento River, California. California Fish and Game 83: 1-20.
Schaffter, R.G., and D.W. Kohlhorst. 1999. Status of White Sturgeon in the Sacramento-San Joaquin
Estuary. California Fish and Game 85: 37-41.
Scheffer, V.B., and J.W. Slipp. 1948. The whales and dolphins of Washington State with a key to the
cetaceans of the west coast of North America. American Midland Naturalist 39: 257-337.
Scheiff A.J., J.S. Lang, and W.D. Pinnix. 2001. Juvenile salmonid monitoring on the mainstem Klamath
River at Big Bar and mainstem Trinity River at Willow Creek 1997-2000. Annual report of the
Klamath River Fisheries Assessment Program. U.S. Fish and Wildlife Service, Arcata Fish and
Wildlife Office, Arcata, California. Juvenile salmonid monitoring annual report 2001
Scott, W.B., and E.J. Crossman. 1973. Freshwater fishes of Canada. Fisheries Research Board of Canada
Bulletin No. 184.
Shapovalov, L. and A.C. Taft. 1954. The life histories of the steelhead rainbow trout (Salmo gairdneri)
and silver salmon (Oncorhynchus kisutch) with special reference to Waddell Creek, California,
and recommendations regarding their management. Fish Bulletin 98.
SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-73

Appendix 12A: Fish Species Life Histories

Snider, B., B. Reavis, and S. Hill. 2001. Upper Sacramento River Winter-run Chinook Salmon
Escapement Survey, May-August 2000. Stream Evaluation Program Technical Report No. 01-1.
California Department of Fish and Game, Habitat Conservation Division, Native Anadromous
Fish and Watershed Branch.
Snider, B., B. Reavis, and S. Hill. 2000. Upper Sacramento River Late-fall-run Chinook Salmon
Escapement Survey, December 1999 April 2000. Stream Evaluation Program Technical Report
No. 00-9. California Department of Fish and Game, Habitat Conservation Division, Native
Anadromous Fish and Watershed Branch.
Snider, B., B. Reavis, and S. Hill. 1999. Upper Sacramento River Late-fall-run Chinook Salmon
Escapement Survey, December 1998 April 1999. Stream Evaluation Program Technical Report
No. 99-3. California Department of Fish and Game, Habitat Conservation Division, Native
Anadromous Fish and Watershed Branch.
Snider, B., B. Reavis, and S. Hill. 1998. Upper Sacramento River Late-fall-run Chinook Salmon
Escapement Survey, December 1997-May 1998. Stream Evaluation Program Technical Report
No. 98-4. California Department of Fish and Game, Environmental Services Division.
Snider, B., and R.G. Titus. 2000. Timing, Composition, and Abundance of Juvenile Anadromous
Salmonid Emigration in the Sacramento River near Knights Landing, October 1996–September
1997. California Department of Fish and Game, Habitat Conservation Division, Stream
Evaluation Program Technical Report No. 00-04.
Snyder, J.O. 1931. Salmon of the Klamath River, California. California Fish and Game Bulletin 34:130.
Snyder, J.O. 1905. Notes on the ﬁshes of the streams ﬂowing into San Francisco Bay. United States
Bureau of Fisheries 5: 327–338.
Sommer, T., and Mejia, F. 2013. A place to call home: a synthesis of delta smelt habitat in the upper San
Francisco Estuary. San Francisco Estuary and Watershed Science 11(2). Available at:
http://www.escholarship.org/uc/item/32c8t244.
Sommer, T., F. Mejia, M. Nobriga, F. Feyrer, and L. Grimaldo. 2011. The Spawning Migration of Delta
Smelt in the Upper San Francisco Estuary. San Francisco Estuary and Watershed Science 9(2):1–
16.
Sommer, T., C. Armor., R. Baxter, R. Breuer, L. Brown, M. Chotkowski, S. Culberson, F. Feyrer, M.
Gingras, B. Herbold, W. Kimmerer, A. Mueller-Solger, M. Nobriga, and K. Souza. 2007. The
collapse of pelagic fishes in the upper San Francisco Estuary. Fisheries 32(6):270-277.
Sommer, T.R., M.L. Nobriga, W.C. Harrell, W. Batham, and W.J. Kimmerer. 2001a. Floodplain rearing
of juvenile Chinook salmon: Evidence of enhanced growth and survival., Canadian Journal of
Fisheries and Aquatic Science 58:325–333.
Sommer, T., D. McEwan, and G.H. Burgess. 2001b. Factors affecting Chinook salmon spawning in the
Lower Feather River. Contributions to the biology of Central Valley salmonids. California
Department of Fish and Game Fish Bulletin 179(1):269-297.
Sommer, T., R. Baxter, and B. Herbold. 1997. Resilience of splittail in the Sacramento-San Joaquin
estuary. Transactions of the American Fisheries Society 126: 961976.
SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-74

Appendix 12A: Fish Species Life Histories

Spence, B.C. 1995. Geographic variation in timing of fry emergence and smolt migration of Coho salmon
(Oncorhynchus kisutch). Ph.D diss. Oregon State University, Corvallis.
State Coastal Conservancy. 2009. Effects of Sediment Release following Dam Removal on the Aquatic
Biota of the Klamath River. Technical report. Prepared by Stillwater Sciences, Arcata, California,
for State Coastal Conservancy, Oakland, California.
http://www.usbr.gov/mp/kbao/kbra/docs/other/Klamath%20Dam%20Removal%20Biological%2
0Analysis_FINAL.pdf.
Stevens, D. E., and L. W. Miller. 1983. Effects of river flow on abundance of young Chinook salmon,
American shad, longfin smelt, and delta smelt in the Sacramento–San Joaquin river system. North
American Journal of Fisheries Management 3:425-437.
Stevens, D.E. 1966. Food Habits of Striped Bass, Roccus saxatilis, in the Sacramento-San Joaquin Delta.
Ecological Studies of the Sacramento-San Joaquin Delta, Part II, pp. 68–96. Edited by J. L.
Turner and D. W. Kelley. Fish Bulletin 136. California Department of Fish and Game.
Stillwater Sciences. 2010. Pacific lamprey in the Eel River basin: a summary of current information and
identification of research needs. Prepared by Stillwater Sciences, Arcata, California for Wiyot
Tribe, Loleta, California.
Stone, J., and S. Barndt. 2005. Spatial distribution and habitat use of Pacific lamprey (Lampetra
tridentata) ammocoetes in a western Washington stream. Journal of Freshwater Ecology 20: 171185.
Strange, J. 2008. Adult Chinook Salmon Migration in the Klamath River Basin, 2007 Biotelemetry
Monitoring Study Final Report. Yurok Tribal Fisheries Program, Klamath, California, and
University of Washington, School of Aquatic and Fishery Science, Seattle, Washington, in
collaboration with Hoopa Valley Tribal Fisheries, Hoopa, California.
Swanson, C., T. Reid, P.S. Young, and J.J. Cech, Jr. 2000. Comparative environmental tolerances of
threatened delta smelt (Hypomesus transpacificus) and introduced wakasagi (H. nipponensis) in
an altered California estuary. Oecologia 123: 384–390.
Swanson, C., and J.J. Cech, Jr. 1995. Environmental tolerances and requirements of the delta smelt,
Hypomesus transpacificus. Final report. Department of Wildlife, Fish and Conservation Biology,
University of California, Davis. As cited by the U.S. Army Corps of Engineers and The
Reclamation Board Standard Assessment Methodology for the Sacramento River Bank Protection
Project, August 2004.
Swenson, R.O., K. Whitener, and M. Eaton. 2001. Restoring floods on floodplains: riparian and
floodplain restoration at the Cosumnes River Preserve. Pages 224-229. In P. M. Faber, editor.
California riparian systems: processes and floodplain management, ecology, and restoration.
2001 riparian habitat and floodplains conference proceedings. Riparian Habitat Joint Venture,
Sacramento, California.
The Nature Conservancy. 2003. Contrasting Patterns of Juvenile Chinook Salmon (Oncorhynchus
tshawytscha) Growth, Diet, and Prey Densities in Off-channel and Main Stem Habitats on the
Sacramento River. Prepared by M. P. Limm and M. P. Marchetti for The Nature Conservancy,
Chico, California.
SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-75

Appendix 12A: Fish Species Life Histories

Thomas, J.L. 1967. The diet of juvenile and adult striped bass, Roccus saxatilis, in the Sacramento-San
Joaquin river system. California Fish and Game 53: 49–62.
Torgensen, C.E., and D.A. Close. 2004. Influence of habitat heterogeneity on the distribution of larval
Pacific lamprey (Lampetra tridentata) at two spatial scales. Freshwater Biology 49: 614–630.
Tucker, M.E., C.M. Williams, and R.R. Johnson. 1998. Abundance, Food Habits, and Life History
Aspects of Sacramento Squawfish and Striped Bass at the Red Bluff Diversion Complex,
California, 1994–1996. Red Bluff Research Pumping Plant Report No. 4. U.S. Fish and Wildlife
Service, Red Bluff, California.
Turner, J.L., and D.W. Kelley. 1966. Ecological Studies of the Sacramento-San Joaquin Delta. Fish
Bulletin 136. California Department of Fish and Game.
Umpqua Land Exchange Project (ULEP). 1998. Mapping rules for Pacific lamprey (Lampetra tridentata).
ULEP, Roseburg, Oregon. As cited by Friant Water Users Authority and Natural Resources
Defense Council Draft Restoration Strategies for the San Joaquin River, February 2003.
U.C. Davis and California Department of Water Resources (UCD and DWR). 2010. Green sturgeon
abundance and distribution unpublished data.
U. S. Department of the Interior and California Department of Fish and Game (USDI and CDFG). 2011.
Klamath Facilities Removal environmental impact statement/ environmental impact report. State
Clearinghouse #2010062060. U.S. Department of the Interior, through the Bureau of Reclamation
and California Department of Fish and Game, Sacramento, California.
U.S. Fish and Wildlife Service (USFWS). 2007. Fact sheet: Pacific lamprey - Lampetra tridentata.
Portland, Oregon.
http://www.fws.gov/oregonfwo/Species/Data/PacificLamprey/Documents/012808PLFactSheet.pdf
U.S. Fish and Wildlife Service (USFWS). 2002. Abundance and seasonal, spatial and diel distribution
patterns of juvenile salmonids passing the Red Bluff Diversion Dam, Sacramento River. U.S.
Fish and Wildlife Service, Red Bluff Fish and Wildlife Office, Red Bluff, California. Red Bluff
Research Pumping Plant Report Series: Vol. 14, 178 pp.
U.S. Fish and Wildlife Service (USFWS). 2001. Final biological opinion on the Sacramento River Bank
Protection Project on the lower Sacramento River in Solano, Sacramento, Yolo, Sutter, Colusa,
Glenn, Butte, and Tehama counties, California. Revised File Number 1-1-00-F-0126.
Sacramento, California.
U.S. Fish and Wildlife Service (USFWS). 2000. Impacts of riprapping to ecosystem functioning, lower
Sacramento River, California. U.S. Fish and Wildlife Service, Sacramento, California. 40 pp.
U.S. Fish and Wildlife Service (USFWS). 1998. Juvenile salmonid monitoring on the mainstem Trinity
River at Willow Creek and mainstem Klamath River at Big Bar, 1992-1995. Annual Report of the
Klamath River Fisheries Assessment Program. U.S. Fish and Wildlife Service, Coastal California
Fish and Wildlife Office, Arcata, California.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-76

Appendix 12A: Fish Species Life Histories

U.S. Fish and Wildlife Service (USFWS). 1997. Klamath River (Iron Gate Dam to Seiad Creek) life state
periodicities for Chinook, coho, and steelhead. Prepared by USFWS, Coastal California Fish and
Wildlife Office, Arcata.
U.S. Fish and Wildlife Service (USFWS). 1996. Recovery Plan for the Sacramento-San Joaquin Delta
Native Fishes. U.S. Fish and Wildlife Service, Region 1, Portland, Oregon.
U.S. Fish and Wildlife Service (USFWS). 1995. Working Paper on Restoration Needs: Habitat
Restoration Actions to Double Natural Production of Anadromous Fish in the Central Valley of
California. Volume 3. Prepared for USFWS under the direction of the Anadromous Fish
Restoration Program Core Group, Stockton, California.
U.S. Fish and Wildlife Service (USFWS). 1979. Klamath River fisheries investigations: progress,
problems, and prospects. Annual report. Arcata, California 49 pp.
U.S. Fish and Wildlife Service and Hoopa Valley Tribe (USFWS and Hoopa Tribe). 1999. Trinity River
flow evaluation final report. June. 513 pp.
U.S. Forest Service (USFS). 2011. Snorkel Survey Counts of Spring-run Chinook Salmon on the Salmon
River, California. Available from M. Meneks, U.S. Forest Service, Fort Jones, California.
U.S. Forest Service (USFS). 2001a. Hidden Valley, Plummer Creek and Rattlesnake Creek Watershed
Analysis. Prepared by Foster Wheeler Environmental Corporation for U.S. Forest Service,
Shasta-Trinity National Forest, Redding, California.
U.S. Forest Service (USFS). 2001b. Middle Hayfork-Salt Creek Watershed Analyses. Prepared by URS
Greiner Woodward Clyde for U.S. Forest Service, Shasta-Trinity National Forest, Redding,
California.
U.S. Geological Survey (USGS). 2015. Mapping Sturgeon Spawning Habitat in the Lower San Joaquin
River. http://ca.water.usgs.gov/projects/2011-20.html. Website accessed on June 2, 2015.
van de Wetering, S.J. 1998. Aspects of life history characteristics and physiological processes in smolting
pacific lamprey (Lampetra tridentata) in a central Oregon coast stream. Master’s thesis. Oregon
State University, Corvallis.
van de Wetering, S.J., and R.E. Ewing. 1999. Lethal temperatures for larval Pacific lamprey, Lampetra
tridentata. Confederated Tribes of the Siletz Indians, Siletz, Oregon. As cited by Confederated
Tribes of Warm Springs Reservation of Oregon Pacific Lamprey Passage Evaluation and
Mitigation Plan: Phase I, March 2012.
Van Eenennaam, J.P., J. Linares-Casenave, X. Deng, and S.I. Doroshov. 2005. Effect of incubation
temperature on green sturgeon embryos, Acipenser medirostris. Environmental Biology of Fishes
72: 145-154.
Van Eenennaam, J.P., M.A. Webb, X. Deng, and S.I. Doroshov. 2001. Artificial spawning and larval
rearing of Klamath River green sturgeon. Transactions of the American Fisheries Society.
130: 159-165.
Van Kirk, R.W., and S.W. Naman. 2008. Relative effects of climate and water use on base-flow trends in
the lower Klamath Basin. Journal of the American Water Resources Association 44: 1-18.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-77

Appendix 12A: Fish Species Life Histories

Vernier, J.M. 1969. Chronological Table of Embryonic Development of Rainbow Trout. Canada Fisheries
and Marine Service Translation Series 3913.
Vladykov, V.D., and W.I. Follett. 1958. Redescription of Lampetra ayersi (Gunther) of western North
America, a species of lamprey (Petromyzontidae) distinct from Lampetra fluviatilis (Linnaeus) of
Europe. Journal of the Fisheries Research Board of Canada 15: 47-77.
Vogel, D.A., and K.R. Marine. 1991. Guide to upper Sacramento River Chinook salmon life history.
CH2M HILL.
Wallace, M. 2004. Natural vs. hatchery proportions of juvenile salmonids migrating through the Klamath
River estuary and monitor natural and hatchery juvenile salmonid emigration from the Klamath
River Basin. July 1, 1998 through June 30, 2003. Final performance report. Federal Aid in Sport
Fish Restoration Act. Project no. F-51-R-6. Arcata, California.
Wang, J.C.S. 2010. Fishes of the Sacramento-San Joaquin Estuary and adjacent waters: a guide to the
early life histories. Interagency Ecological Study Program for the Sacramento-San Joaquin
Estuary, Technical Report 9. 680 pp.
Waples, R.S., D.J. Teel, J.M. Myers, and A.R. Marshall. 2004. Life-history divergence in Chinook
salmon: historic contingency and parallel evolution. Evolution 58: 386-403.
Ward, E.J., E.E. Holmes, and K.C. Balcomb. 2009. Quantifying the effects of prey abundance on killer
whale reproduction. Journal of Applied Ecology 46: 632-640.
Ward, P.D., T.R. McReynolds, and C.E. Garman. 2004. Butte and Big Chico Creeks Spring-run Chinook
Salmon, Oncorhynchus tshawytscha, Life History Investigation 2002–2003. Inland Fisheries
Administrative Report No. 2004-6. California Department of Fish and Game, Sacramento Valley
and Central Sierra Region, Rancho Cordova, California.
Ward, P.D., and T.R. McReynolds. 2001. Butte and Big Chico Creeks Spring-run Chinook Salmon,
Oncorhynchus tshawytscha, Life History Investigation 1998-2000. Inland Fisheries
Administrative Report No. 2001-2. California Department of Fish and Game, Sacramento Valley
and Central Sierra Region, Rancho Cordova, California.
West, J.R., O.J. Dix, A.D. Olson, M.V. Anderson, S.A. Fox, and J.H. Power. 1990. Evaluation of Fish
Habitat Conditions and Utilization in Salmon, Scott, Shasta, and Mid-Klamath Sub-basin
Tributaries. Annual report for Interagency Agreement 14-16-0001-89508. Prepared by U.S.
Forest Service, Klamath National Forest, Yreka, California, and Shasta-Trinity National Forest,
Weaverville, California.
Williams, J.G. 2006. Central valley salmon a perspective on Chinook and steelhead in the Central Valley
of California. 392 pp.
Willson, M.F., R.H. Armstrong, M.C. Hermans, and K. Koski. 2006. Eulachon: a review of biology and
an annotated bibliography. AFSC Processed Report 2006-12. National Marine Fisheries Service,
Alaska Fisheries Science Center, Juneau.
Wydoski, R., and R. Whitney. 1979. Inland fishes of Washington. University of Seattle Press, Seattle.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-78

Appendix 12A: Fish Species Life Histories

Young, P.S., and J.J. Cech, Jr. 1995. Salinity and dissolved oxygen tolerance of young of-the-year and
juvenile Sacramento splittail. Consensus building in resource management. American Fisheries
Society, California-Nevada Chapter.
Young, P.S., and J.J. Cech, Jr. 1996. Environmental tolerances and requirements of splittail. Transactions
of the American Fisheries Society 125: 664–678.
Yoshiyama, R.M., E.R. Gerstung, F.W. Fisher, and P.B. Moyle. 2001. Historical and Present Distribution
of Chinook Salmon in the Central Valley Drainage of California. Contributions to the biology of
Central Valley salmonids. California Department of Fish and Game Fish Bulletin 179(1):71-176.
Zeug, S.C., A. Brodsky, N. Kogut, A.R. Stewart, and J.E. Merz. 2014. Ancient fish and recent invaders:
white sturgeon Acipenser transmontanus diet response to invasive species-mediated changes in a
benthic prey assemblage. Mar. Ecol. Prog. Ser. Vol. 514: 163-174, 2014. doi:
10.3354/meps11002.

SITES RESERVOIR PROJECT DRAFT EIR/EIS
12A-79

This page intentionally left blank.

